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1. SCOPE

SAE J2601 establishes the protocol and process limits for hydrogen fueling of vehicles with total volume capacities greater
than or equal to 49.7 L. These process limits (including the fuel delivery temperature, the maximum fuel flow rate, the rate
of pressure increase, and the ending pressure) are affected by factors such as ambient temperature, fuel delivery
temperature, and initial pressure in the vehicle’s compressed hydrogen storage system. SAE J2601 establishes standard
fueling protocols based on either a look-up table approach utilizing a fixed pressure ramp rate, or a formula-based approach
utilizing a dynamic pressure ramp rate continuously calculated throughout the fill. Both protocols allow for fueling with
communications or without communications. The table-based protocol provides a fixed end-of-fill pressure target, whereas
the formula-based protocol calculates the end-of-fill pressure target continuously. For fueling with communications, this
standard is to be used in conjunction with SAE J2799.

An important factor in the performance of hydrogen fuellng is the statlon s dispensing equment coollng capability and the
resultant fuel deliverj y € al“T” rating: T40, T30,
and T20, where T4( is the coldest Under reference conditions, SAE J2601 has a performance targdt of a fueling time of
3 minutes and a state of charge (SOC) of 95 to 100% (with communications), which can be-achiejed with a T40-rated
dispenser. Howevell, with higher fuel delivery temperature dispenser ratings (T30 or T20) andfor at high ambient
temperatures, fueling times may be longer.

Table 1 depicts the $cope of SAE J2601 and potential work items for future revisions within this or other documents of the
SAE J2601 series. $AE J2601 includes protocols which are applicable for two pressure classes (394 MPa and 70 MPa),
three fuel delivery temperatures categories (-40 °C, -30 °C, -20 °C) and compressed hydrogen storage system sizes (total
volume classificatior]) from 49.7 to 248.6 L (35 MPa > H35, and 70 MPa - H70), and from 248.6 L and above (H70 only).
Future versions of SAE J2601 work may incorporate warmer fuel deliverydemperatures (-10 °C and gmbient) and smaller
total volume capacities for motorcycles and other applications.

The fueling protocol$ herein were developed based on a set of key assumptions described in Section 7 and Appendix A.
These assumptions [should be carefully considered in the development and implementation of an op-board compressed
hydrogen storage syistem. In particular, hydrogen storage systems with properties which do not fall within the parameters
in Table A3 should be further evaluated to confirm compatibility with the protocols herein.

Table 1 - Content of the SAE J2601

Pressure Claks Designation H35 H|70
CHSS Capacity Range (Liters) <49.7 49.7 to 248.6 >248.6 <49.7 49.7 to 348.6 > 248.6
CHSS Capadity Range (kg) <1.19 1.19 to 5.97 >5.97 <2.0 2.0t0 10.0 >10.0
CHSS Capacity Categories (nomenclature) TBD A B C D TBD A, B,|C D
Maximum How Rate (g/s) <60 <60 <60 <60 <6 <60
T40
T30
Fuel Delivery Tempergdture Category T20 Not Included Not Included
T10
Ambient

1.1 Background

Stations should only be identified as SAE J2601 after demonstrating acceptance criteria (which is discussed in Appendix C),
in conjunction with a hydrogen station test apparatus (HSTA). It is strongly recommended that stations be validated that the
protocol is in compliance before fueling vehicles, as described in CSA HGV 4.3 or other equivalent document.

This standard establishes a formal industry-wide fueling standard that is meant to replace all previous protocols such as the
SAE TIR J2601, protocols established by non-ANSI-certified organizations, vehicle manufacturer (OEM) fueling
specifications, and all Clean Energy Partnership (CEP) and California Fuel Cell Partnership (CaFCP) fueling protocols.

It is understood, however, that other non-standard, development fueling protocols that differ from the protocols specified in
this standard may be used when the station provider has (a) an agreement from a vehicle manufacturer that the protocol is
appropriate for a particular vehicle system, and (b) a reliable method of identifying the particular vehicle is utilized in the
station design and operation.
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“70 MPa Hydrogen §
from: http://www.fch

btorage and Fueling Testing and Future Prospects,” 2009, Schneider, J., Sutherlg
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IrDA IrPHY 1.4 IrDA Serial Infrared Physical Layer Specification
IrDA IrLAP 1.1 Serial Infrared Link Access Protocol
2.1.7 ISO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 14687-2 Hydrogen Fuel - Product Specification - Part 2: Proton Exchange Membrane (PEM) Fuel Cell
Applications for Road Vehicles

ISO 17268 Gaseous Hydrogen Land Vehicle Refueling Coupling Devices

ISO 19880-1 Gaseous Hydrogen Fueling Stations Specification

ISO 23273 Fuel Cell Road Vehicles - Safety Specifications - Protection Against Hydrogen Hazards for
Vehicles Fueled with Compressed Hydrogen

21.8 U.S. Government

Copies of these dociiments are available online at https://quicksearch.dla.mil/.

MIL-HDBK-310 Global Climatic Data for Developing Military Products

MIL-STD-810G Department of Defense Test Method Standard: Environmental Engineering Considerations and
Laboratory Tests

2.1.9 WE-NET Puplications

WE-NET Task 7A-11 Communications Between Vehicle Onboard Tanks and a Hydrogen Fugeling System, 2002,
Lynch, F.

2.1.10 Japan JPE(Q Standards

Japan Petroleum Engergy Center,.“Technical Standard for Compressed Hydrogen Fueling
(Applied to Hydrogen Fueling:Station) JPEC-S 0003 (2016), Rev. March 4, 2016

3. DEFINITIONS

3.1 AVERAGE PRESSURE RAMP RATE (APRR)

The average increase in pressure (MPa/min) from the start of fueling to the end of fueling.

3.2 COMPRESSED HYDROGEN STORAGE SYSTEM (CHSS)

The Compressed Hydrogen Storage System CHSS (refer to SAE J2579) consists of the pressurized containment vessel(s),
pressure relief devices (PRDs), shut off device(s), and all components, fittings and fuel lines between the containment
vessel(s) and the shut off device(s) that isolate the stored hydrogen from the remainder of the fuel system and the
environment.

3.3 CHSS CAPACITY

The total water volume of the CHSS in liters, or the total mass of hydrogen stored in the CHSS at the nominal working
pressure (at 15 °C), which is equivalent to the CHSS 100% state of charge.


http://www.irda.qc.ca/en/
http://webstore.ansi.org/
https://quicksearch.dla.mil/
https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b
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3.4 CHSS CAPACITY CATEGORIES

The CHSS capacity category is a range of CHSS capacities which may fuel in a similar manner by a fueling protocol.

3.5 DISPENSER COMPONENTS

Any component of the dispenser that carries pre-cooled hydrogen to the CHSS. In most cases, this is any component
downstream of the heat exchanger up to and including the nozzle; e.g., hose breakaway, dispenser hose, and nozzle.

3.5.1

HYDROGEN DISPENSING EQUIPMENT

The equipment required to condition and transfer fuel from the station to vehicle CHSS for the purpose of fueling the vehicle.

3.5.2 CONNECT

A joined assembly
disconnecting) of fue

3.6.3 NOZZLE

Device connected to
transfer of fuel (see

3.56.4 RECEPTAC

Device connected to
also be referred to a

3.5.5 DISPENSEHR

The flexible hose as
3.5.6 HOSE BREA

A device which alloy
hose is the only com
3.6 FUELING WIT
3.6.1 COMMUNIC

Communications fue
as described in SAE

R OR COUPLING

of a nozzle and receptacle which permits rapid coupling (or connecting)
| supply nozzle to the vehicle fueling receptacle, as per SAE J2600.

a fuel dispensing system which engages the hydrogen surfaceWwehicle (HSV) re
CONNECTOR or COUPLING).

| E

a vehicle or storage system that receives the dispenser nozzle and permits trans
5 a fueling inlet (see CONNECTOR or COUPLING).

R HOSE
sembly which transfers hydrogen between the dispenser and nozzle.
AK-AWAY

s the hose to separate from the dispenser if exposed to a sufficient mechanical
ponent between the nozzle and hose break-away.

H COMMUNICATIONS AND NON-COMMUNICATIONS
ATIONS

ling means that a valid data connection has been established from vehicle to fuel
J2799.

and decoupling (or

ceptacle and permits

fer of fuel. This may

s5tress. Typically, the

ng station dispenser

3.6.1.1

NON-ASIL/SIL COMMUNICATIONS ASSUMPTION FOR SAE J2601

The IrDA communications defined in SAE J2799 2014 has not been ASIL/SIL classified to any standard at the time of
publishing this standard. This means until ASIL/SIL certification is achieved, the signals are not guaranteed to be accurate
and the station is responsible to ensure that process requirements are followed if it uses the communications signals.

The following are some of the guidelines that may be used to qualify components and systems for the station side SIL: IEC
61508/61511 and for vehicle side ASIL: ISO 26262.
3.6.2 NON-COMMUNICATIONS

Non-communications means that no valid data connection from vehicle to fueling station dispenser as per SAE J2799 exists,
or that the received data has not been recognized as valid (or wished to be used) by the dispenser.
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3.7 FUELING PROTOCOL CATEGORIES

Station fueling protocol will be defined by the vehicle’s nominal working pressure (NWP) and the station’s fuel delivery
temperature category. The category is denoted by the letter H followed by the nominal working pressure in MPa, a hyphen,
and the letter T followed by the absolute value of the fuel delivery temperature category in degrees celcius. For example,
H70-T40 is the station category for a hydrogen fueling protocol with a NWP of 70 MPa and a fuel delivery temperature
category of -40 °C.

3.8 FUELING PROTOCOL STANDARDIZATION
3.8.1  STANDARD FUELING PROTOCOL
A fueling protocol which has been reviewed and approved by the SAE Fuel Cell Standards Interface Task Force and is

defined in the main[body of SAE JZ60T. Tn this current version of SAE JZ260T, the standard fuelihg protocols are the
table-based (Sectior] 8), and MC Formula-based (Section 9).

3.8.2 NON-STANDARD, DEVELOPMENT FUELING

A fueling protocol wtlich has not yet been reviewed and approved by the SAE Fuel Cell Standards Inteffface Task Force and
thus is not defined ir] the main body of SAE J2601.

3.9 FUELING TIME AND FUELING EVENTS

Figure 1 illustrates the fueling time definitions for the main and overall fueling time as described in 3.9{1 to 3.9.8.

Station Prpssure
End of ffueling

Fueling
Leak-Check

Connection Pulse

Pressure Corridor

Py
Pinitial P,

Non-fueling time

startup Shuidown time

Initial
Leak
Check

| » Time

tstartup tfue""g

t
Startup time Main fueling time

Overall fueling time
Figure 1 - Representative hydrogen fueling time diagram
3.9.1 OVERALL FUELING TIME

The total amount of time between when the user initiates the fueling at the dispenser until the nozzle can be removed. It
includes the startup time, main fueling time, and shutdown time.
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3.9.2 NON-FUELING TIME

The amount of time during the overall fueling time when fueling pressure ramp rate is not applied. The non-fueling time
includes the startup and shutdown time, plus any planned interruptions during the main fueling time. However, non-fueling
events do not include stopping or pausing fuel flow due to safety issues, lack of performance, etc. See 3.9.3.1 through
3.9.3.4 for examples of events during the non-fueling time.

3.9.3 INTENDED NON-FUELING EVENTS
A planned event when gas does not flow during the overall fueling time in order to test the integrity of the system or to

change the source of fuel. See 3.9.3.1 through 3.9.3.4 for examples of intended non-fueling events. Intended non-fueling
events do not include stopping or pausing fuel flow due to safety issues or lack or performance.

3.9.3.1 CONNECTTON PULSE
The first flow of hydfogen from the station to the CHSS after connection of the nozzle, whereby’the |minimum amount of

hydrogen necessary|to open the check valve is dispensed into the CHSS. The purpose of the ¢onnectioh pulse is to equalize
the station pressure with the CHSS pressure under static conditions so that the initial pressure can belmeasured.

3.9.3.2 INITIAL LEAK CHECK

The initial leak check may be implemented after the nozzle is connected and priorto the start of main fleling time. This can
be accomplished by |pressurizing the fueling path and measuring any decrease in pressure.

3.9.3.3 FUELING|LEAK CHECK

A fueling leak chec may be implemented during fueling to determine if there are any leaks in the pystem. This can be
accomplished by pauising the fueling and measuring any decrease'in pressure.

3.9.34 BANK SWITCHING

Bank switching occufs when the station changes the flow source from one storage bank to another. Ddiring bank switching,
there may be a flow fate variation or short-term pause in fueling.

3.94 STARTUP TIIME
This period begins Ter the user initiates fueling and ends when the main fueling time begins. The startup time includes a
connection pulse andl initial pressure measurement, and may also include a CHSS capacity category determination, as well

as a leak check.

3.9.5 START OF FUELING

Immediately after thet)startup time when the station initiates the main fueling at the prescribed ramp rale and the upper and
lower tolerances on pressure are applied.

3.9.6 END OF FUELING (INTENDED)

Occurs when the station stops fueling at the target pressure or SOC.

3.9.7 MAIN FUELING TIME

The period of gas flow between the start of fueling and the end of fueling. The prescribed ramp rate and the upper and lower
tolerances on pressure are applied during the main fueling time. The main fueling time does not include the startup and
shutdown times, but can include other non-fueling times.

3.9.8 SHUTDOWN TIME

This period begins at the end of fueling (after main fueling time) and ends when the user can remove the nozzle.
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3.9.9

TERMINATE FUELING

This can occur prior to the end of fueling in the event that the station or vehicle has detected that a process requirement

has been exceeded,

the abort command is issued by the vehicle, or the user terminates the fueling.

3.10 HYDROGEN SURFACE VEHICLE (HSV)

Any surface vehicle which stores and uses hydrogen as a fuel. An example of an HSV is a fuel cell vehicle.

3.11 PRESSURE

3.11.1 CHSS PRESSURE (Pvenicle)

Pressure of hydroge
NOTE: For vehicles
3.11.2 STATION P
The pressure of the
3.11.3 INITIAL PRH

The pressure in the
there is no flow.

3.11.4 STARTUP H
The pressure in the

3.11.5 TARGET PH
The station pressure
3.11.6  NOMINAL W

The NWP is the gau

h gas within the vehicle CHSS.

with multiple vessels, this standard assumes all vessels are at equal pressure, at
RESSURE (Pstation)

hydrogen gas supplied to the vehicle by the station, measured neanthe hose brea
FSSURE (Po or Pinitial)

CHSS as measured by the station immediately after the.connection pulse during t

RESSURE (Pstartup)

CHSS as measured by the station at the.end of the startup time when there is no
ESSURE (Ptarget)

at which the hydrogen fueling protocol targets for the end of fueling.

ORKING PRESSURE (NWP)

je pressure that characterizes typical operation of a vehicle pressure vessel, cont

compressed hydrogen gas containers;-NWP is the vehicle vessel pressure, as specified by the manut

gas temperature of 1
3.11.7 MAXIMUM (

The MOP is the high

5 °C and 100%\SOC.

DPERATING PRESSURE (MOP)

all times.

-away (see 6.2.1.1).

ne startup time when

flow.

hiner, or system. For
acturer, at a uniform

Bst gauge pressure of a component or system that is expected during normal oper

stops, and transients

(p g--the MOP = 1 25 x NWP)

Ttion including starts,

3.11.8 MAXIMUM ALLOWABLE WORKING PRESSURE (MAWP)

The MAWP is the maximum gauge pressure of the working fluid (gas or liquid) to which a piece of process equipment or

system is rated with

3.11.9 PRESSURE

consideration for initiating fault management (e.g., the MAWP = 1.38 x NWP).

CLASS

The pressure class will be defined by the protocol’s nominal working pressure. The class is denoted by the letter H followed
by the nominal working pressure in MPa. For example, H70 is the pressure class for a hydrogen fueling protocol with a
NWP of 70 MPa.
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3.12 STATE OF CHARGE (SOC)

The ratio of CHSS hydrogen density to the density at NWP rated at the standard temperature 15 °C. SOC is expressed as
a percentage and is computed based on the gas density per Equation 1.1

p(P, T)

50C (%) =
(%) o (NWP, 15°C)

x 100

The densities of the two major pressure classes at 100% SOC are

Density of H35 at 35 MPa and 15 °C = 24.0 g/L

(Eg. 1)

o Density of H70 3
3.13 SOCuvehicle
SOC calculated with
3.14 SOCstation
SOC calculated with
3.15 STATION DES

Stations are to be ds¢
NWP pressure class

3.16 TEMPERATU
3.16.1 AMBIENT T
The ground-level ten
3.16.2 CHSS AVEH
The average temper
NOTE: If the vehiclg

dispenser d

Due to the
measureme

}

L/UNFaand 1o U =4U.Z2J/L

CHSS pressure and CHSS temperature.

station pressure and CHSS temperature.
BIGNATION

signated by their pressure class and fuel delivery'temperature category. For exar
of 70 MPa and fuel delivery temperature category of T40 is designated to be H7(

RE

EMPERATURE (Tamb)

nperature of the air measured at'the fueling station dispenser, not in direct sunligh

RAGE VEHICLE GAS TEMPERATURE (Tvenicle)

pture of the hydrogen)gas in the vehicle CHSS.
contains a temperature measurement device for the purpose of sending a temg

ccuracy~of/the sensor, the vehicle manufacturer should consider the tolerance
nt and’include them as criteria for the abort and measured temperature signals.

hple, a station with a
-T40.

—

erature signal to the

ring fueling;this temperature is also assumed to be the average temperature of the gas in the vehicle.

5 of the temperature

3.16.3 CHSS MEA

pURED TEMPERATURE (MT)

The measured temperature of the gas in the vehicle CHSS.

3.16.4 CHSS SOAK TEMPERATURE

The temperature of the CHSS after being exposed to a temperature greater or less than ambient temperature. The CHSS
soak temperature may differ from the ambient temperature. In Appendix A, Figure A5 shows the range of soak temperatures
relative to ambient temperature due to hot or cold soak conditions.

" The p(P,T) function for

hydrogen is available from the National Institute of Standards and Technology (NIST) at

https://www.nist.gov/publications/fundamental-equations-state-parahydrogen-normal-hydrogen-and-orthohydrogen. Note that the accuracy of the

NIST equation has been quantified up to 200 MPa at the publishing of this standard.


https://www.nist.gov/publications/fundamental-equations-state-parahydrogen-normal-hydrogen-and-orthohydrogen
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3.16.5 FUEL DELIVERY TEMPERATURE (Ttuel)

The temperature of the hydrogen gas supplied to the vehicle by the station, measured near the hose break-away during
fueling, and labeled as Trwe. Trel is @ generic term for the fuel delivery temperature and may be represented by the
instantaneous fuel delivery temperature Trel-inst Or the mass average of the fuel delivery temperature (Truel-ave OF Ttuel-ave-roll
for table-based protocol, MATo, MAT30, or MATc for MC Formula protocol).

3.16.5.1 INSTANTANEOUS FUEL DELIVERY TEMPERATURE (Ttuek-inst)

The instantaneous fuel delivery temperature.

3.16.5.2 TOTAL MASS AVERAGE FUEL DELIVERY TEMPERATURE (Truel-ave)

The fuel delivery temiperature weighted by the mass dispensed during the main fueling time after a i¢tal of 30 seconds of
mass flow have elapsed from the start of the main fueling time. See 8.1.2.2.2.

3.16.5.3 ROLLING|MASS AVERAGE FUEL DELIVERY TEMPERATURE (Ttuel-ave-roll)

The fuel delivery temperature weighted by the mass dispensed over a rolling 30 second\period of time, beginning after a
total of 30 seconds gf mass flow have elapsed from the start of the main fueling time((see 8.1.2.2.3).

3.16.5.4 MASS AVERAGE FUEL DELIVERY TEMPERATURE (MATo)

The fuel delivery temperature weighted by the mass dispensed from the beginning of the main fueling time. Used only for
the MC Formula profocol. See H.2.4 and J.2.3.1.

3.16.5.5 EXPECTHD MASS AVERAGE FUEL DELIVERY TEMPERATURE (MAT expected)
The expected end of fill fuel delivery temperature weighted by\the mass dispensed from the beginning of the main fueling
time (MATo). Used gnly for the MC Formula protocol. MATéxpected is only utilized during the first 30 se¢conds of mass flow
from the start of the main fueling time. See H.2.4 and J,2.3.1

3.16.5.6 THIRTY SECOND MASS AVERAGE FUEL DELIVERY TEMPERATURE (MATs30)

The fuel delivery tempperature weighted by the mass dispensed after a total of 30 seconds of mass floyv have elapsed from
the start of the main|fueling time. Used only for the MC Formula protocol. See H.2.4 and J.2.3.1.

3.16.5.7 CONTROL MASS AVERAGE FUEL DELIVERY TEMPERATURE (MATc)

A mathematical compination of-MATexpected, MATo, and MAT30 which is used as the control input to thg tina equation, which
determines the pressure ramp-rate. Used only for the MC Formula protocol. See H.2.4 and J.2.3.1.

3.16.6 FUEL DELIVERYTEMPERATURE CATEGORY

The fuel delivery temperature category identifies the range of allowable temperatures of the hydrogen gas. The fuel delivery
temperature category is designated by the letter “T” followed by the gas fuel delivery temperature representing the category.
For example, as per Tables 3 and 8, the fuel delivery temperature category for the range from -40 to -33 °C is designated
as T40.

3.16.7 DISPENSER COMPONENT TEMPERATURE MEASUREMENT

A temperature measurement which considers the temperature of the dispenser components.
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4. ABBREVIATIONS AND SYMBOLS

4.1 Abbreviations

APRR

CD

CHSS

FC

FCEV

Ha2

HSTA

HSV

IrDA

MAWP

MOP

MP

MT

NIST

NWP

oD

PRV

RT

SOC

TV

VN

Average Pressure Ramp Rate (MPa/min)
Cold Dispenser

Compressed Hydrogen Storage System
Fueling Command

Fuel Cell Electric Vehicle

Hydrogen

Hydrogen Station Test Apparatus
Hydrogen Surface Vehicle

Protocol Identifier

Infrared Data Association

Maximum Allowable Working Pressure
Maximum Operating Pressure
Measured Pressure

CHSS Measured Temperature
National Institute of Standards and Technology
Nominal Working Pressure

Optional Data

Pressure Relief Valve

Receptacle Type

State of Charge

Tank Volume

Version Number
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4.2 Symbols

421 Table-Based Protocol Symbols

APRRactual Interpolated value of the average pressure ramp rate (MPa/min) from a look-up table

APRRtarget Target average pressure ramp rate (MPa/min)

APRRGsec Prescribed pressure ramp rate at the beginning of the main fueling time (MPa/s)

APRRfinal APRR from fallback look-up table (based on ambient temperature and Po)

p(P,T) Gas density, a function of pressure, P, and temperature, T

Mstartup Mass dispensed during startup time

Po Initial CHSS pressure level prior to fueling

Ptarget Target fueling pressure

P'station Fueling pressure as measured by station

Pstartup Startup pressure

Pvenicte CHSS pressure

trueling Main fueling time; does not include intended non-fueling time during the main|fueling time

tend Shutdown time

tstartup Startup time measured in seconds

Tvehicle CHSS temperature data-réceived by station from vehicle during communicatipns fueling

Ttuel Fuel delivery temperature

Ttuel_inst Instantaneous-fuel delivery temperature

Ttuel-ave The totalymass average of the fuel delivery temperature after a total of 30 seconds of mass flow
duringthe main fueling time

Ttuel-ave-roll A30 second rolling mass average of the fuel delivery temperature after a tdtal of 30 seconds of
mass flow during the main fueling time

Tamb Ambient temperature as measured by fueling station, not in direct sunlight

SOCstation SOC calculated by using Pstation and MT

SOCvehicle SOC calculated by using Pvehicle and MT

VchHss Volume of the CHSS measured or otherwise determined by the station

Vstation_D Station volume value to be set between 137 to 174 in liters (for use with CHSS Capacity

Category D)
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422
a,b,cd

AC, BC, GC, KC, JC
Cv_cold

CD
CHSScapacity_category

h

MC Formula-Based Protocol Symbols

Coefficients utilized in the tsinal equation
Five constants utilized in the MC Equation

Specific heat capacity of hydrogen at constant volume

An optional flag variable that when TRUE, indicates that the “cold dispenser” criteria is met

An indicator of the CHSS Capacity Category as defined in Table 8

The enthalpy measured at the dispenser outlet. A function of Tre and Pstation

have

[

Indicator Cons RR
j

m

m

Minit_cold

Mfinal_cold

Madd
Mstartup
MATexpected
MATo

MAT30

The mass average of the dispenser outlet enthalpy calculated from the(star
time (i.e., from t = 0 seconds)

A calculation time step counter, which advances every 5 seconds

A flag variable, which when TRUE, indicates that the CHSS,'Capacity Catego
A calculation time step counter, which advances every second

The total mass dispensed from the beginning of the.main fueling time up to th

The mass flow rate of dispensed hydrogen

[ of the main fueling

y is indeterminate

e current time

The initial cold case mass in the 1 kg<Type lll vessel used in the MC Method ending pressure

control option

The mass corresponding to 100% SOC of the 1 kg Type lll vessel used in th¢ MC Method ending

pressure control option

The mass of hydrogenrequired to be added to the cold case initial mass to a
Mass dispensed during startup time

The expected-mass average of the fuel delivery temperature at the end of the
The mass average of Trel-inst calculated from the start of the main fueling time

The 'mass average of Tre-inst Calculated starting after a total of 30 seconds
elapsed

Chieve Mfinal_cold

fill
(i.e., t = 0 seconds)

of mass flow have

MATc

MCecold

MT

MP

A mathematical combination of MATexpected, MAT30, and MATo utilized as the
tfinal €quation

control input for the

A parameter representing a lumped heat capacity of the cold case CHSS; used to calculate Tcou

The CHSS measured temperature communicated via IRDA according to SAE

J2799

The CHSS measured pressure communicated via IRDA according to SAE J2799

A counter which advances at the same frequency as time step counter j, but

only if there is mass

flow; it is utilized to determine the point in the fill at which the calculation of MAT30 commences
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Pcontrol

Pfinal

Pinitial
Plimit_comm
Pimit_igh
Plimit_tow
APiow

Prmin
APoffset
Pramp
Pstation
Pstartup
Ptarget_non_comm
Ptarget_comm
APtol_nigh
APtol_low
Ptrans

PRR
PRRcapr
PRRcap_Factor
RRmax
RRmin
SOCtarget

t

tfinal
tfinal_min

tfinalfminiA

The dispenser outlet pressure which the dispenser control targets throughout the fill

The final pressure used in the derivation of the tina equation coefficients

Initial pressure of hydrogen in the CHSS as per the definition in 3.11.3

An upper limit on pressure for communication fills to provide protection against a fault in MT
The upper boundary of the pressure corridor which Pstation must stay within

The lower boundary of the pressure corridor which Pstation must stay within

An input to the equation for B; it replaces APtwi_ow in the B equation to reduce excess margin

The initial pressure used in the derivation of the t;;,, equation coefficients

An offset pressure added to Pramp to determine the control pressure Peontrol
The pressure upon which the PRR is based; used to define Piimi high, Piimit_low, BNd Pcontrol
Fueling pressure as measured by station at the dispenser outlet

Startup pressure

The target end of fill pressure for non-communieation fills

The target end of fill pressure for communication fills

A delta pressure added to Pramp to define Pimit_nigh; also used in calculating 3
A delta pressure subtracted fram Pramp to define Pimit_ow; also used in calculat|ng

A parameter which determines the weighting of MATo and MAT30 in the MATq equation
Pressure ramp rate; this represents the rate of change of Pramp (MPa/s)
A cap on the(PRR to limit the maximum flow rate and to prevent a from becoring too large

A factor/utilized in the equation to calculate PRRcap which determines the magnitude of PRRcapr

Thé:maximum calculated pressure ramp rate throughout the fill

'The minimum calculated pressure ramp rate throughout the fill

The end of fill target SOC, used in calculating Ptarget comm; €Xxpressed in percentage

Fueling time, representing the total time elapsed since the initiation of the main fueling time,
including the time elapsed during intended non-fueling events

The time required to fill from Pmin to Prnat under hot case conditions; input to the PRR equation
The minimum value for tfinai; tfinal_min is @ function of Pmin and the CHSScapacity_category

The minimum value for tfnal for the CHSScapacity_category A


https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

SAE INTERNATIONAL

J2601® MAY2020

Page 19 of 293

tfinalfminiB
tfinalfminic
tfinalfminicons
tminfcold
tstartup

Atcold
ttolflow

T adiabatic_cold

Tamb

Tcold

Trit_1, Tt 2
Thuel

Tfuel_inst
Tfuelfinsth, TfueliinsLB
Tinit_cold
TopOff
Uadiabatic_cold
Uadiabaticﬁcold
Uinit_cold
Uinit_cold
Vchss

Vcold

Pinit_cold

The minimum value for tinal for the CHSScapacity_category B
The minimum value for tsnal for the CHSSCapaCityﬁCategonj C

The minimum value for tinal When the CHSScapacity_category is indeterminate

A parameter used in MC equation representing the time elapsed after which Atcoq is calculated

Startup time measured in seconds
The difference between the fueling time t and tmin_cold

The time at which APiow is measured to determine if Pstation is less than Pramp

The cold case adiabatic temperature used in the MC Method ending\pre
calculations

Ambient temperature as measured by fueling station, not in direct sunlight

The MC Method ending pressure control option cold case‘gas temperaturg
Ptarget_non_comm and Plimit_comm

Regression equations used to calculate Tinit_cold

Fuel delivery temperature

Instantaneous fuel delivery temperature méasured at the dispenser outlet
Two independent measurements of the instantaneous fuel delivery temperaty
The initial gas temperature in the cold case CHSS; Tinit_cold is a function of Tan
An optional flag variable:that when TRUE, caps PRR at 0.33 MPal/s to reduce
The MC Method ending pressure control option cold case adiabatic specific ir
The MC Method-ending pressure control option cold case adiabatic internal e
The MC-Method ending pressure control option cold case initial specific interr
The-MC Method ending pressure control option cold case initial internal energ

Volume of the CHSS measured or otherwise determined by the station

ssure control option

; used to determine

re for redundancy
b and Pinitial

the pressure drop
ternal energy
hergy

al energy

Yy

The volume of the 1 kg Type Il vessel used in the calculation of Tcod in the MC Method ending

pressure control option

The MC Method ending pressure control option cold case initial density calcu
and Tinit_cold

lated based on Pinitial

A parameter which is multiplied by tfina to compensate for non-linearity in the PRR during the fill

A parameter which is multiplied by tinal to allow tolerance on pressure, i.e., the pressure corridor
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5. GENERAL FUELING PROTOCOL DESCRIPTION

SAE J2601 establishes a gaseous hydrogen fueling protocol for hydrogen surface vehicles with CHSS capacities between
49.7 L and 248.6 L (H35 and H70) and above 248.6 L (H70 only) and a maximum flow rate of 60 g/s. The standard assumes
that a station will perform fueling from its high pressure storage into the vehicle after successful vehicle connection and
completion of initial checks. The fueling station is responsible for controlling the fueling process within the operating
boundaries described below. Variables that affect the fueling process include, but are not limited to:

e Ambient temperature

e Dispenser pressure class and fuel delivery temperature

e CHSS size, shape, material properties, starting temperature, and pressure

e Dispenser to vehicle pressure drop and heat transfer

A representative fuedling profile is shown below in Figure 2. The profile consists of a startup-time whijch begins when the
nozzle is connected fo the vehicle and includes a connection pressure pulse. During the startup time, the station measures
the initial CHSS pressure and CHSS capacity category and may also check for leaks(The ’main fueling begins when gas
starts flowing into the vehicle. During this period, the pressure rises and the temperature of the CHSS irjcreases. The fueling
protocol should be designed such that the CHSS does not exceed the maximum operating temperature at any point during
the fill. The final stage is the shutdown, which occurs after hydrogen gas has stopped flowing and ends when the nozzle
can be disconnected.

Connection
Pulse

/

Station Pressure
Vehicle Tank Temperature

: ! | —
Startup ; : . Shutdown
Time Main fueling time Time
Overall
< Fueling Time >

(not to scale)

Figure 2 - Representative vehicle CHSS temperature and pressure profile during a fueling
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5.1 Performance Goals

In general, the goal of SAE J2601 is to provide a high density fueling as fast as possible while staying within the process
limits. The state of charge target when fueling with communications is 95 to 100% SOC under all operating conditions.

The fueling time can vary widely depending on ambient temperature, initial CHSS pressure, size of CHSS, final SOC, and
other conditions. In order to establish a fueling time goal, the SAE team agreed to define the parameters of a “reference”
fueling:

e Communications fueling tables

e Dispenser category = H70-T40

Ambient temperature = 20 °C

Initial CHSS pregsure = 10 MPa

Final SOC = 95%

Under these “refererjce” conditions, the goal of the fueling protocols in SAE J2601 is\that the main fueljng time is 3 minutes
or less.

5.2  Normal Operating Boundaries

The fueling protocolg in SAE J2601 are designed to ensure the hydrogen gas in the CHSS does not operate outside of the
normal operating boundaries which are defined by the process requirements listed in Section 6. Thgse limits include the
CHSS maximum temperature and MOP.

For a H70 CHSS, th¢se temperature and pressure limits are -40 to 85 °C and 0.5 to 87.5 MPa, respectively. Figure 3 shows
the boundaries for g H70 fueling. The maximum CHSS gas‘temperature and MOP are fixed limits af the right (overheat)
and top (overpressufe) portions of the graph. The maximum density (100% SOC) provides an additiorjal boundary.

Hydrogen Storage Systeém Fueling Window and Target Density - 70 MPa

100 —_
" ‘\\ . Overpressure | P> 87.5 MPa) -
&0 SOC=1008% )

[p = d40.28 / liter)

m h
a ]
i 51
g 50 E Tank Temperature L
w730\ 50C = 100% = Operating Limit
E {p=40.2 grams / liter) & [T=85C)
30 o
=
=W !
3
10 -
a
£ 20 a 20 &0 &0 B0 100

Temperature [“C)

Figure 3 - SAE J2601 normal H70 boundary conditions

In order to keep the CHSS within its operating boundaries (i.e., Figure 3), the station must adjust the flow of the gas
depending on the full set of initial conditions. For example, if a vehicle is fueled on a hot day, the initial CHSS temperature
may be warmer, so the station must fuel more slowly to ensure the CHSS does not exceed the maximum vehicle CHSS
operating temperature.

For more details on maximum operating limits for normal and fault operation boundaries, see F.2.
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5.3 Standard Protocol

A Standard Protocol

Complies with th

Complies with th

is defined as a protocol which:
e general fueling protocol description of Section 5; and

e general process requirements in Section 6; and

conditions via computer modeling and bench testing; and

Takes into account both the station and vehicle CHSS assumptions defined in Section 7 and Appendix A; and

Has demonstrated the ability to keep the CHSS within its operation boundary limits under all conceivable operating

Has been tested

e Has been review

The table-based pro
definition of a standz

It is recommended t
minimize any risk of

6. GENERAL PRO
This section is inten
requirements for the
which are discussed
may take additional

6.1

This standard applie

for H35 (35 MPa), and from 49.7 to 248.6 L (2 to)10 kg) and greater than 248.6 L (>10 kg) for H70 (70

and 8 for a breakdoy

6.2 Process Requ

6.2.1 Location
6.2.1.1 Station Pr

The sensors measu

CHSS Storagg Limits

and validated in the field at representative real world hydrogen stations; and
ed and approved by the SAE Fuel Cell Standards Committee Interface Taskorg

ocol described in Section 8 and the MC Formula-based protocol described in Sec

CHSS overheating in a subsequent fueling.
CESS REQUIREMENTS FOR HYDROGEN FUELING

jed to cover the general hydrogen fueling process requirements and does not cg
dispenser and station. Each fueling protocolbmay have additional requirement

safety precautions.

5 to fueling HSV with compressed hydrogen storage system capacity from 49.7 to 2
n of storage categories.

rements for Measurement and Sensors

essure @nd Fuel Delivery Temperature

ing-the station pressure and fuel delivery temperature shall be located upstrean

e.

tion 9 each meet the

rd protocol, and therefore, either protocol may be utilized in satisfying the requirenents of SAE J2601.

hat standard protocols and any non-standard protocols not be“offered in the sanpje station in order to

ntain all the detailed
5 and process limits

in subsequent sections. The requirements in-this document are minimum requirements. Manufacturers

48.6 L (1.2t0 6.0 kg)
MPa). See Tables 4

N of and as close as

possible to the disp
1m.

6.2.1.2

. | L Tl £l l b b ot =l lo. | L .
IOCTT TTUOT UTTAN"Avwdy. TTIT TTUW ITTTytu T VTUWWTTITT SoTTToUT AlTU TTUST UTTadiN“advwdy oIl

Ambient Temperature

Il be no greater than

The sensor used to measure the ambient temperature shall be protected from environmental conditions that may affect its

accuracy.
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6.2.2 Accuracy

The station pressure, fuel delivery temperature, and ambient temperature shall account for the sensor accuracy to ensure
the general process requirements in Section 6, as well as protocol specific process requirements in Sections 8 and 9, are

not exceeded?.

6.2.3 Frequency

The station pressure shall be recorded at a frequency to ensure the general process requirements in Section 6 are not
exceeded and the performance of the station can be verified?.

6.2.4 Reliability

As the station prespure, fuel delivery temperature, and ambient temperature measurements are

dispenser manufact
If redundancy is util
guidance.

6.3 Temperature |

6.3.1  Fuel Deliver

The instantaneous f
terminate vehicle fug

Although an upper

standard protocols i
the ambient temperz
components does nd
6.3.2 Vehicle CHS

For communications|
5 seconds if the CHY

6.4 Pressure Prog
6.4.1
The initial pressure s
protocol. If the initial

or 70 MPa), then the

6.4.2

lfrer should implement means to ensure their reliability. This may include redundg
zed, the most conservative value should be used. IEC 61508/61511 may-be r¢ferenced to provide

Process Requirements
y Temperature

Liel delivery (Tfuel-inst) temperature shall always be greater than or equal to -40
ling as soon as possible but within 5 seconds if TrueLinstis less than -40 °C.

imit on the instantaneous fuel delivery temperafure is not provided as a proce
h this document were designed based on thecassumption that the station compa
ture (see A.3.3). The station should implement an approach to ensure that temp
t exceed the ambient temperature (e.g., via protection from radiant heating due to
S Gas Temperature

fuelings, the station should netfuel or should terminate vehicle fueling as soon 3
bS gas temperature signalgds greater than 85 °C.

ess Requirements

Initial Pressuire

hall be used as Po in applying the table-based protocol and Pinitial in applying thg
pressuretis’less than 0.5 MPa or greater than the pressure class nominal workir
statign shall terminate the fueling procedure as soon as possible but within 5 seg

safety relevant, the
ncy or other means.

C. The station shall

ss requirement, the
nents are soaked at
prature of the station
xposure to sunlight).

s possible but within

MC Formula-based

g pressure (35 MPa
onds.

[essure

Operating P

For communications fuelings, the station should not fuel or should terminate fueling as soon as possible but within 5 seconds
if the CHSS pressure is greater than or equal to 125% NWP.

2 Specific sensor accuracy and frequency requirements are not specified in this document because this standard focuses on fueling protocol
requirements and tries to minimize the station requirements. The Task Force did not want to limit sensor options as long as all general process
requirements are maintained. Station providers should ensure that the worst-case accuracy of all sensors is taken into account.
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6.5 Other Process Requirements

6.5.1 State of Charge

In communication fueling, the station should terminate fueling as soon as possible but within 5 seconds if the SOC is greater
than or equal to 100%. The station may use SOCvehicle or SOCstation (more conservative value) based on the station
dispenser fueling methodology. Equation 1 of 3.12 or equivalent methods may be used to comply with this requirement.
6.5.2 Flow Rate

Fueling protocols shall be designed to not exceed a maximum flow rate of 60 g/s. After the initial connection sequence, the

station shall terminate fueling as soon as possible but within 5 seconds if the measured maximum flow rate of the hydrogen
gas exceeds 60 g/s.

6.5.3 Startup Timels

6.5.3.1  Maximum|Hydrogen Mass During Startup

The total mass of hydrogen transferred to the vehicle during startup shall be less than 200 g.
6.5.4 Tolerances
Station dispensers s

is performed safely
their signals.

hall consider appropriate tolerances in their protocol implementation methodologly to ensure a fueling
and accurately. Vehicles that communicate to the station should consider apprgpriate tolerances for

7. KEY MODELING ASSUMPTIONS

Thermodynamic modgleling was used to develop the table-based fueling protocol and several assumptions were made based

upon feedback from
assumptions. If the

with respect to the
are not violated and
7.1 Reference Co
In developing these

been assumed unde
break-away.

7.2 Vehicleand S

The vehicle referenc|

the station and vehicle manufacturers.This section and Appendix A (Tables A2 a
ehicle parameters are outside these*bounds (see Appendix A), then the CHSS
tandard protocols (and non-standard protocols, if applied) to ensure that CHSS ¢
that there are no performance-Qt-other concerns.

nditions

brotocols, the maximum total reference pressure drop from break-away to CHSS (
I the following reference conditions: CHSS pressure of 10 MPa, and a fuel temper,

ation Dispenser Assumptions

e pressure drop is 20 MPa from receptacle to CHSS and the station dispenser refg

nd A3) contain these
should be validated
perating boundaries

see Appendix A) has
hture of -15 °C at the

rence pressure drop

is 15 MPa from the

preak-away to the nozzle exit (combined total pressure drop of 35 MPa) at a ma

5s flow 1.5 times the

average mass flow required to fuel the entire storage capacity in 3 minutes; e.g., for a capacity of 5 kg: mass flow =
5000 g/180 s * 1.5 = 41.67 g/s.

8. TABLE-BASED FUELING PROTOCOL

The table-based fueling protocol uses the station fuel delivery temperature, ambient temperature, CHSS capacity category,
and CHSS initial pressure to select appropriate fueling parameters. Modeling has been used to develop a series of
parameter look-up tables that optimize the fueling process while ensuring that the process requirements of Section 6 are
satisfied at all times. Note that the key modeling assumptions are presented in Section 7, and details are provided in
Appendix A.

The station selects the correct look-up table based on fuel delivery temperature, CHSS capacity category, and the absence
or presence of a communications signal from the vehicle. Once the proper table is selected, the station determines the
specific fueling event parameters of average pressure ramp rate (APRR) and target pressure, based on ambient
temperature and CHSS initial pressure. Detailed instructions on how to use the tables are provided in Appendix G.
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For vehicles without communications, the station will fuel based on the look-up table APRR until the look-up table target
pressure is reached. For vehicles with communication, the same APRR will be applied. The station may use vehicle data,
including the communicated CHSS temperature, to calculate the SOC and fuel up to a pressure corresponding to an SOC
of 95 to 100%. However, the communications fueling tables target pressure takes precedence over the SOC calculation to
ensure that the CHSS stays within its operational boundaries.

A sample fueling table is shown in Table 2 and the complete set of standard fueling tables are included in Appendix D. It
should also be noted that for any given station fuel delivery temperature, ambient temperature, and CHSS capacity category,
the look-up tables provide the same APRR for both H35 and H70 fueling (for the same CHSS volume); only the ending
target pressures are different. This was done to address concerns about overheating if an H70 vehicle first fuels at an H35
dispenser and then immediately has an H70 fueling.

The table-based fueling protocol also contains a “top-off’ method for increasing the final SOC if the initial pressure is lower

than 5 MPa.
Table 2 - Sample fueling table, CHSS Capacity Category B/H70-T40 with communigations
prose | praet, | Topor. T
Ptarget Top-Off [ o arget Pressure Pyiget [MPa]
H70-T40 [MPa] [MPa] | [MPa/min]
Capacity APRR
Category B | [MPa/min]
comm
Initial Tank Pressuré," P, [MPa]
0,5 - 5 (no interpolation) 0,5 2 5 10 15 20 30 40 50 60 70 >70
N
) ) ) ) no no no no no no no no no no no no
>50 moiiEliy || |witdliy | ity || o fueling | fueling | fueling | fueling | fueling | fueling | fueling | fueling | fueling|| fueling | fueling | fueling
see see no
50 51 78,2 87,5 2,6 Top-Off | Top-Off 80,8 85,7 86,8 86,5 85,8 85,0 84,0 82,7 81,1 fueling
see see no
45 8,1 76,3 87,5 4,0 Top-Off | Top-Off 81;1 86,9 86,6 86,2 85,3 84,3 83,0 81,6 79,7 fueling
see see no
40 11,5 73,2 87,5 54 Top-Off Top-% 81,1 86,9 86,4 85,9 84,7 83,5 82,0 80,3 78,3 fueling
see s no
5 35 12,4 72,9 87,5 5,6 Top-Off | Top- 81,2 86,9 86,4 85,9 84,7 83,4 81,9 80,2 78,2 fueling
21 30 15,3 70,6 87,5 6,6 sees, [ phee 81,0 86,8 86,3 856 | 84,3 82,8 81,2 79,4 77,2 no
: | ) , ] Top-Oft | Top-Off , ! , ! , } , X , el
e \
N see no
gl 2 18,5 69,0 87,4 7.2 RTOP'W Topoff| 80 | 868 | 861 854 | 838 | 822 | 804 (| 785 | 761 |l
< see see no
g_ 20 21,8 67,9 87,4 7,6 § Top-Off | Top-Off 81,2 86,8 85,9 85,1 83,3 81,5 79,6 77,5 75,1 fueling
Sl 10 28,0 66,3 87,4 9 see see 81,2 86,8 85,7 84,7 826 | 805 78,3 76,1 73,4 no
Z ) ) ; Top-Off | Top-Off ) § 5 y | § ) ) ) fueling
K] o, no no
_g 0 28,5 0 Top-Off | no Top,—‘ Top-Off 78,4 84,6 86,8 85,6 84,4 83,1 80,6 78,1 75,6 73,1 fueling fueling
“| a0 28,5 0 Top-Off | n ‘Q no Top-Off | 82,2 87,1 86,4 85,2 84,0 82,8 80,4 77,9 75,4 72,9 no no
b P ‘o(a, p , ) ! ) g ) , ’ ’ ’ fueling | fueling
no no
-20 28,5 lo} Top—%:%‘op—Off no Top-Off 86,0 86,8 86,1 84,9 83,7 82,4 80,0 77,6 751 72,7 fueling fueling
-30 28,5 o i | no Top-Off | no Top-Off | 86,8 86,5 85,7 845 | 833 82,1 79,6 77,2 74,9 72,5 no o
8 & P P ) , ) ] k 8 , , ) ) fueling | fusling
-40 28,5 O TOp-Off [ 10 TOp-Off [ 10 T0p-Off 86,3 86,2 8574 84,2 83,0 81,8 793 770 74,6 72,3 fugl(i)ng fuglci)ng
’ ’ : : no no no no no no no no no no no no
<-40 iy || My | e || el fueling | fueling | fueling | fueling | fueling | fueling | fueling | fueling | fueling | fueling | fueling | fueling

There are optional “cold dispenser” (CD) tables which can improve fueling times (faster APRR) and may be implemented
with a high utilization station (performing back-to-back fuelings). They may only be applied by a station that meets the CD
criteria. See 8.12 for further details.

8.1  General Hydrogen Fueling Requirements

Stations using the table-based protocol shall meet all of the requirements in Section 6.
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8.1.1  Station Designators

Table 3 illustrates the fuel delivery temperature categories per pressure classes for the table-based fueling protocol. A
station is defined by the pressure class of fuel it delivers and its fuel delivery temperature capability. For example, the fuel
delivery temperature category for the range from -40 to -33 °C is designated as T40. There are three fuel delivery
temperature categories, designated by T40, T30, or T20. For CHSS Capacity Category D (see 8.2), the fuel delivery
temperature categories are designated by T40D, T30D, or T20D, and generally have a wider operating range of fuel delivery
temperatures.

Although a station may offer more than one combination of pressure class and fuel delivery temperature category with
multiple dispensers, it is recommended that stations utilize common fuel delivery temperature categories for all dispensers
(see A.3.9 for rationale). A dispenser shall not fuel a vehicle of a lower pressure class.

Table 3 - Fuel delivery temperature categories per pressure classes

Fuel Delivery ~40°C < Ty T33°C < T T26°C < Ty ~40°C < Iom Z40°C < Ty
Temperature Category < -33°C <-26°C < -17.5°C <-26%C < -17.5°C
35 MPa
Station e H35-T40 H35-T30 H35-T20 N/A N/A
Designator 7,‘3“,'\\’}?"‘ H70-T40/H70-T40D H70-T30 H70-T20 }70-T30D H70-T20D
8.1.2 Fuel Delivery Temperature

This section defines fhe fuel delivery temperature requirements for the table~based fueling protocol. Th¢ overall temperature
requirements are listed in 6.3.
8.1.2.1

Fuel Delivery Cool-down Requirement

The instantaneous fliel delivery temperature Trel-inst Shall fall within the fuel delivery temperature rangg listed in Table 3 for

its designated categ
If an intended non-fi
flow is allowed. If th
temperature fallback
resuming the fill with
resuming the fill; (c)

NOTE: The dispens
fuel delivery
dispenser m
flow has ela

NOTE: Depending ¢

fuel delivery|

pry after a total of 30 seconds of mass‘flow have elapsed from the beginning of t
eling event occurs within the last 10" seconds of this 30 second period, a total of
e station cannot meet this requifement, it shall do one of the following: (a) fol

procedure listed in 8.10 (if applicable); (b) pause (no flow) for a minimum of
the main fueling time trueingS€t back to zero and Pstartup Set to the most recent sta
ferminate the fueling as soon as possible but within 5 seconds.

er manufacturer should implement an approach which monitors the rate of change

ay be able towdetect a fault condition at an earlier time than waiting until the full
hsed.

e main fueling time.
40 seconds of mass
ow the fuel delivery
60 seconds before
ion pressure prior to

of the instantaneous

temperature, TieLihst, t0o ensure that it is decreasing at a rate which is expecte¢d. By doing so, the

30 seconds of mass

n dispenser and cooling system design, there may be conditions under which th
temperature to reach the upper boundary of the pre-cooling window within 30 s

to achieve.

requirement for the

conds is impractical
Conditions which exacerbate this difficulty are high ambient temperatures, and small CHSS volumes.

The SAE FC Standards Committee Interface Task Force plans to review data from the field to consider if any

changes to t

8.1.2.2

his requirement are necessary in a future revision to SAE J2601.

Fuel Delivery Temperature Tolerance

For any fuel delivery category, after a total of 30 seconds of mass flow have elapsed from the beginning of the main fueling
time (except if an intended non-fueling event occurs within the last 10 seconds of this 30 second period, then a total of
40 seconds of mass flow is allowed), the fuel delivery temperature shall maintain its corresponding temperature range listed
in Table 3 by adhering to the requirements in 8.1.2.2.1, 8.1.2.2.2, or 8.1.2.2.3. If the station cannot hold the fuel delivery
temperature within these fuel delivery temperature ranges, then it shall follow the fallback procedure in 8.10 (if applicable)
or terminate the fueling as soon as possible but within 5 seconds.

The station may use any one of the three temperature measurement methods listed in 8.1.2.2.1 to 8.1.2.2.3 to monitor the
fuel delivery temperature during the entire fueling.
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8.1.2.2.1 Instantaneous Fuel Delivery Temperature

After a total of 30 seconds of mass flow have elapsed from the beginning of the main fueling time (except if an intended
non-fueling event occurs within the last 10 seconds of this 30 second period, then a total of 40 seconds of mass flow is
allowed), the instantaneous fuel delivery temperature (Trwel-inst) Shall be within its corresponding temperature category range
shown in Table 3, except for during and within 10 seconds after an intended non-fueling event.

8.1.2.2.2 Total Mass Average Fuel Delivery Temperature

Tiuel-ave is defined as the total mass average of Trel-inst, beginning after a total of 30 seconds of mass flow have elapsed
from the beginning of the main fueling time, and is mathematically defined by Equation 2. In Equation 2, i represents a single
calculation cycle with a duration of 1 second.

71> 30

T _ Shol(my—m(i—1))%0.5(T fuel_ inse(i)* T fuel inst(i=1))]
fuel—ave(i) — Z%o(m(i)—m(i—n)

(Eq. 2)

After a total of 30 se
non-fueling event od
allowed), Tfuel-ave sh
more than 10 secon
greater than 0.6 g/s 1
(i.e., 0.01*604g/s =
8.1.2.2.3 Rolling |
Thuel-ave-roll is defined

elapsed from the b
represents a single ¢

conds of mass flow have elapsed from the beginning of the main-fueling time (e
curs within the last 10 seconds of this 30 second period, then|a total of 40 sec
all stay within the range shown in Table 3 at any time that thexmass flow rate is gr
ds. An additional requirement is that (Trel-inst - Truel-ave) £10°C at any time that t
or more than 10 seconds. This mass flow value is 1%.6f the maximal mass flow rg
D.6 g/s).

lass Average Fuel Delivery Temperature

s a 30 second rolling mass average of Treninst, beginning after a total of 30 secon
ginning of the main fueling time, and>is mathematically defined by Equation
alculation cycle with a duration of 1 second.

If30 <i <60

V3 ol(my—m(i-1))%0.5(T fuetineqi) +T fuetinst(i=1))]
Zho(mwpy-m(i-1))

Tfuel—ave—roll(i)

If 560

_ Sh_sol (M@ =m(i-1))X0.5(T fuetinst(i) +T fuetinst(i—1)]
Tso(mp—mi-1))

Tfuel—ave—roll(i)

xcept if an intended
bnds of mass flow is
bater than 0.6 g/s for
he mass flow rate is
te described in 6.5.2

is of mass flow have
. In this equation, i

(Ea. 3)

After a total of 30 secondsofmassftowtaveetapsed-fromthe 'ucgillllillg of-thermain fuciillg time (r_xcept if an intended
non-fueling event occurs within the last 10 seconds of this 30 second period, then a total of 40 seconds of mass flow is
allowed), Trel-ave-rol Shall stay within the range shown in Table 3 at any time that the mass flow rate is greater than 0.6 g/s
for more than 10 seconds. An additional requirement is that (Ttuekinst - Truel-ave-ro) <10 °C at any time that the mass flow rate
is greater than 0.6 g/s for more than 10 seconds.
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8.1.3

Minimum Startup Time

The startup time, tstartup, shall satisfy the following requirement.

avbmgtartup Eq. 4
tstartup = (APRRgec) ( q )
where:
APRR:sec = prescribed pressure ramp rate at the beginning of the main fueling time (MPa/s)
V = CHSS volume (if CHSS volume is indeterminate, the smallest CHSS volume shall be used, i.e., 49.7 L)
Mstartup = Mass d|spensed during startup time (grams)
a=1.717
b=-0.9773
c =0.9828
8.2 CHSS Capacity
Table 4 contains thelallowable CHSS capacity categories for the table-based fueling protocol.
Table 4 - CHSS capacity.categories
Pressure Tofal Amount of Hydrogen in Water Volume CHSS Capacity Category
Class CHSS at 100% SOC (kg) of CHSS (L) Idgntifier
H35 1.19t0 2.39 49.7 t0 99.4 A
H35 2.391t04.18 99.4 t0 174.0 B
H35 4.18 t0 5.97 174.0 to 248.6 C
H70 2.00 to 4.00 49.7 t0 99.4 A
H70 4.00 to 7.00 99.4t0 174.0 B
H70 7.00 to 10.00 174.0 to 248.6 Cc
H70 >10.00 >248.6 D

The station may cho
to implement a sub-s

Where a station is ¢
capacity category c3

ose to implemént all CHSS capacity categories (H35 A through C, H70 A through D), or may choose
et of the CHSS capacity categories (e.g., A, B, and C, but not D).

bpable ‘of*determining the CHSS capacity using a method that is accurate to within +15%, the CHSS
n be.uUsed to select the appropriate fueling look-up table.

If the station cannot

guarantee this degree of accuracy, or it the CHSSTtapacity category 15 indeterminate (for example, if

the measured CHSS capacity is 4.01 kg, but the accuracy is +15%, then the CHSS capacity category is indeterminate),
then the station shall use more conservative values. See G.2 for a detailed explanation of this conservative approach, along

with examples.
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8.3 Pressure Requirements
8.3.1 Initial Pressure

The initial pressure shall be used as Po in applying the table-based protocol. If the initial pressure is less than 0.5 MPa or
greater than the pressure class nominal working pressure (35 MPa or 70 MPa), then the station shall terminate the fueling
procedure as soon as possible but within 5 seconds.

NOTE: The initial pressure is measured by the station (see definition in 3.11.3). A communicated pressure from the vehicle

<0.5 MPa prior to the connection pulse is acceptable provided the initial pressure measured
pulse exceeds 0.5 MPa.

8.3.2 Pressure Tolerances for APRR

after the connection

During the main fueling period, the station applies a pressure, targeting an average pressure ramp rJte value (APRRtarget)

based on the fueling look-up tables, or in the case of CHSS Capacity Category D, the lesser-of the
value and a calculatg¢d value (see 8.7.1).

The pressure applied shall fall within upper and lower tolerance as defined below, based.on the main fu

fueling look-up table

eling period elapsed

time (teing).- The repulting tolerance corridor is depicted graphically in Figure 4. During the main fueling time, with an

exception for the firgt 15 seconds, the station shall maintain the station pressure within the upper ang
the station pressure [exceeds the upper pressure tolerance by 5 MPa or less, it shall’'come back within
5 seconds of the initial excursion, or shall stop fueling within 5 seconds ofthe initial excursion. If t
excursion is greater than 5 MPa, the station shall stop fueling within 5 secofids of the initial excursion. |
falls below the lower pressure tolerance, it shall come back within the.tolerance within a total of 15

excursion, not counting intended non-fueling time, and if it does not, the\station shall stop fueling within
of the initial excursi

Upper pressure toleffance:
(CHSS Capacity Cafegories A, B, C, D): Pstation < Pstartup + (APRRtarget) (tfueling) + APupper, Where APupper 7
Lower pressure toleffance:

(CHSS Capacity Categories A, B, C): Pstation = Pstartup + Max [((APRRtarget) (tfueling) - APlower), 0], where A
(CHSS Capacity Category D): Pstation = Pstartup + Max [((1 MPa/min) (trueling) - APiower), 0], where APiower
Intended non-fueling

treling does not advance duringintended non-fueling time). The station pressure must stay above
tolerance only when|mass is-flowing, which excludes intended non-fueling events.

lower tolerances. If
the tolerance within
he magnitude of the
the station pressure
Eeconds of the initial
a total of 15 seconds

7.0 MPa

Plower = 2.5 MPa

2.5 MPa

time (e.g., forbank switch or leak check) is not included in the main fueling peri¢d elapsed time (i.e.,

the lower pressure

Figure 5 depicts an actuakfueling that is interrupted by intended non-fueling time for CHSS Capacity

Categories A, B, and

C. When these non-itjeling times are removed from Figure 5, it reverts to Figure 4 and therefore satisfi¢s the pressure ramp
requirements. Figure 6 depicts the pressure tolerances when fueling under CHSS Capacity Category D, where the lower
pressure tolerance is based on an APRR of 1 MPa/min.
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Figure 4 - Pressure ramp boundaries (CHSS Capacity Categories A, B, C)
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Pressure ramp boundaries with non-fueling time (CHSS Capacity Categorie

R

Pressure

A

A

Taraet

startup

Intended Non-Fueling
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Figure 6 - Pressure ramp boundaries (CHSS Capacity Category D)
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8.4 Cycle Control

The dispenser shall not control hydrogen flow in a cyclic manner by repeatedly starting and stopping the fueling. The station
shall not decrease the flow of gas below 1% of the maximum flow rate more than ten times during the main fueling period.
This requirement includes the non-fueling events (leak checks, bank switching, etc.) during the main fueling period.

8.5 Abort Signal from Vehicle

If the dispenser utilizes communications, whether the fueling procedure is using communications or not, the station shall
continue to monitor the communications interface and shall terminate fueling as soon as possible but within 5 seconds upon
detection of an “abort” signal from the vehicle. The vehicle may use the abort signal to stop the fueling for any reason. This
allows the vehicle to monitor the fueling process and complement the station operation with a secondary layer of control.

8.6 Tolerances

The station shall acgount for its tolerances in applying this fueling protocol. Tolerances shall he‘appli¢d to ensure that the
pressure ramp rate and ending pressure remain within their specified boundaries or limits.

8.7 Table-Based Fueling Flow Chart

Figure 7 illustrates g general flow chart for communications and non-communicatiens, table-based, fdieling. More detailed
flow charts with subrputines are contained within Appendix B.

Start

\ 4

SAE J2799 Physical
and Functional
Requireants Check

N
// \\
A 12799 Phy@

Pa < and Functional > Fail
\R%uirements Pass;d/?/
N d
N d
N d
\\v//
\ A
Dispenser/Startdp Dispenser Start Up
Subroutine Subroutine

Station Apply Comm
Fueling Procedures?

N

Yes
| Y

Fueling Process
Non-Comm
Subroutine

No

Fueling Process
Comm Subroutine

End

Figure 7 - General flow chart for communications and non-communications fueling
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At the start of fueling, the station shall monitor the communications interface for SAE J2799 signals from the vehicle. If no
signal is present or if signals received do not pass the physical and functional requirements, as defined in SAE J2799, then
the station shall apply the non-communications fueling procedure as described in 8.8. If a signal is present and passes the
physical and functional requirements, then the station should apply the communications fueling procedure as described in
8.9.

NOTE: In Figure 7, the station dispenser startup routine may begin before the SAE J2799 physical and functional
requirements check, based on the station dispenser fueling methodology.
8.7.1 Determination of Fueling Table and Fueling Parameters

At the end of the fueling startup period, the station has all the information (rated dispenser fuel delivery temperature,
communications, determined CHSS capacity category, etc.) it requires to select the proper fueling look-up table and to

calculate the approp|
used by the station i

flate Tueling parameters based on table values. Figure B6 provides an example o0
h table selection.

After the station det¢rmines the appropriate fueling look-up table, the values of the measuredyambier

and the initial CHSS

Linear interpolation
interpolation for the 4
pressure limit (base

pressure (Po) will be used to determine the resulting APRR and target pressure (|

shall be used to derive actual fueling parameters from table Values. This will
APRRactual (based on ambient temperature) and two-dimensionallinterpolation for t
j on ambient temperature and CHSS initial pressure). If ope. of the interpolation

fueling” zone of the fable, then the dispenser should not fuel the vehicle. Appendix G provides guidan

For CHSS Capacity
average pressure ra
main fueling period,
as the lower of two

Categories A, B, and C, during the main fueling pefiod, the station applies a p
mp rate value (APRRtarget) equal to the APRRactuanyvalue. For CHSS Capacity C

the station applies a pressure, targeting an average pressure ramp rate value (A
values: (a) APRRacwa based on the appropriate fueling look-up table; (b) AR

the inputs and logic

t temperature (Tamb)
Dtarget).

be one-dimensional
ne target pressure or
values is in the “no
e for interpolation.

essure, targeting an
tegory D, during the
PRRtarget) calculated
RRcalculated based on

Equation 5.
IF CHSS Capucity Category = D (Eq. 5)
APRR icutatea = 285 X ~pionl
APRR g ger = Minimum(APRR cqicutateas APRRactuar )
where:

Vstation_b = @ volume set by the-station to be a value between 137 to 174 (liters)

Vcuss = the volume ofthe CHSS being fueled (liters)

APRRacual = the [APRR value from the applicable CHSS Capacity Category D look-up table

8.8  Non-Communications Fueling

All stations using the table-based fueling protocol shall have the ability to fuel according to the non-communications fueling
protocol.

The non-communications table-based fueling protocol assumes that no data is being passed from the vehicle to the station.
For a given CHSS volume category and ambient temperature, the APRR is the same as communications fueling procedure.
The primary difference is the end of fueling is defined only by target pressure.

8.8.1  Fueling Procedure

The non-communications fueling process uses the general description discussed in 8.7 to select the fueling parameters. A

non-communications fueling process flow is represented in Figures B1 and B2. Figures BS and B8 provide additional detail
of operation within the fueling process non-communications subroutine.
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8.8.2 End of Fueling

All non-communications fuelings shall end the fueling when the station pressure equals the selected non-communication
table target pressure (Ptrget). The station may apply a methodology to measure or calculate the pressure loss between
Pstation and Pvenicie and adjust the station pressure by this value. If this approach is used, the station shall take appropriate
measures to ensure that under all conditions, Pvenicie does not exceed the target pressure (Ptarget).

8.9 Communications Fueling

The communications table-based fueling protocol shall use the IrDA signal as defined in SAE J2799 to provide information
from the vehicle to the station. For the standard communications fueling procedure and for a given CHSS volume and
ambient temperature, the APRR is the same as non-communications fueling procedure. The primary difference is that the
station uses the SAE J2799 vehicle signals to determine the end of fueling at a higher SOC than non-communications. In
the communications[case, The target pressure 1S an upper imit.

If applicable, the usg of communications should consider 3.6.1.1, as well as local codes.

8.9.1  Fueling Progedure

The communicationg fueling process uses the general description discussed in 8.7 tasselect the fueling parameters.
In Appendix B, a commmunications fueling process flow is represented in Figures Bit, B3, and B4. Figursg

additional detail of operation within the fueling process communications subroutine.

s B5 and B8 provide

Figure B7 describeg
station cannot maint
8.9.2 Establishing

The dispenser shall
process. To prevent

the optional fallback procedure that may be applied in communications fueling
hin its fuel delivery temperature.

Communications

attempt to receive communications from the vehicle, based on SAE J2799, th
communications faults while the operator is connecting the fueling nozzle, thg

consider communicgtions as having been fully established until the nozzle is in place and the fueling s

begun. Once commuy
for as long as valid s
8.9.3 Loss of Com

If the data signal fror
dispenser shall term

nications are established, the dispenser shall proceed to fuel using the communicg
ignals continue to be recejved.

munications

h the vehicle is lostior fails the physical and functional requirements as defined in

using the non-comnpunications fueling procedure described in 8.8, assuming the station determine

continue with fueling

after the loss of the fuel command signal.

If the station choos

bs_fo~continue with a non-communication fueling after a loss in communicatio

in cases where the

roughout the fueling
dispenser shall not
artup procedure has
tions fueling process

SAE J2799, then the

nate the fueling\as soon as possible but within 5 seconds or shall optionally contingie fueling the vehicle

5 it is appropriate to

hs, the station shall

determine a new nof-communication target pressure based upon a new initial pressure determination
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8.9.4 Communications Data Fields Definition

SAE J2799 defines the IrDA communications data fields. This section defines their values and use for the table-based
fueling protocols. The data fields to be sent from the vehicle to the station are listed below and described in the following
sections. They should be placed in the order as follows:

ID: Protocol Identifier

VN: Version Number

TV: Tank Volume

RT: Receptacle Type

FC: Fueling Commapd

MP: Measured Presgure
MT: Measured Temperature
OD: Optional Data
8.9.4.1  Protocol Identifier

ID=SAE _,J2799|

The vehicle shall trapsmit the Protocol Identifier ID=SAE J2799, The “._,” symbol is to denote a spacg and used after SAE
in the identifier. The gispenser shall not fuel the vehicle if the Protocol Identifier from the vehicle does ngt match the Protocol
Identifier of the tablefbased fueling protocol used by the dispenser.

8.9.4.2 Data Communications Software Version Number

For the table-based fueling protocol, the following.are the communication version numbers
VN=01.00 or 01.10 gre valid communications protocol as defined in SAE J2799.

The data field definitjons are found in 8.94.

The dispenser shall pot fuel the yehicle if the Version Number from the vehicle does not match VN=01.00 or VN=01.10.

VN=01.00 applicablg stations-shall be able to receive and use VN=01.00 data communications.

VN=01.10 applicablg stations shall be able to receive and use both VN=01.00 and VN=01.10 data comphmunications.

8.9.4.3 Tank Volume
Range: 0000.0 to 5000.0

The vehicle shall transmit the storage volume of the vehicle CHSS in liters (water volume at the nominal working pressure)
to the dispenser.
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8.9.4.4 Receptacle Type
[RT=H35| or |RT=H70|

The vehicle shall transmit the SAE J2600 pressure class for the vehicle's original fuel receptacle which shall also correspond
to the CHSS NWP. The dispenser shall not dispense fuel if the RT is less than the pressure class of the station dispenser.

8.9.4.5 Fueling Command
The vehicle shall use the following fueling commands

|[FC = Dyna|

When the vehicle trinsmits |[FC = Dynal| and no optional data command, the dispenser shall dispen$e fuel based on the
table-based communications fueling protocol defined in 8.9.

IFC = Stat|

|FC = Stat| shall not [pe used. If this command is received by the station, then the station shall considdr communications to
have failed the physical and functional requirements.

IFC = Halt|

|[FC = Halt| is optiongl for vehicles. If a station does not implement the JFE€,/= Halt|, then the station ghall respond to this
command by terminating the fueling process.

If the station uses this fueling command |FC = Halt|, then it shall;pause the fueling. The station shall re-start the fueling
process if the fueling command |FC = Dyna| is received for at least 2 seconds. The station shall end {he fueling process if
the fueling command |FC = Halt| is received for over 60 seconds.
|FC = Abort|

When the vehicle trgnsmits [FC = Abort|, the dispenser shall terminate the fueling process as soon as possible but within
5 seconds.

8.94.6  Measured Pressure
Range: 000.0 to 100,.0
The vehicle shall trapsmit the measured CHSS gas pressure in MPa. If the dispenser monitors the measured pressure, it

should terminate the fueling*as’soon as possible, but within 5 seconds, if the measured pressure exceeds the MOP as
defined in 3.11.7.

8.9.4.7 Measured|Temperature

Range: 16.0 to 425.0

The vehicle shall transmit its CHSS measured gas temperature in Kelvin. The measured temperature should be
representative of the average CHSS gas temperature. If the dispenser monitors the measured temperature, it shall terminate
the fueling as soon as possible but within 5 seconds if the measured temperature exceeds the maximum operating vehicle
CHSS gas temperature as defined in 6.3.2.

8.9.4.8 Optional Data

For the SAE table-based fueling protocol, the optional data command is ignored.
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8.9.5 Communications Overfueling Density Limit

The tables for the communication fueling protocol include a communication end pressure which is used to ensure the density
of the CHSS never exceeds 120% SOC. These precautions by the station are similar to the non-communications fueling
protocol. See Figure A9 for further detail.

8.9.6 End of Fueling

The station may use vehicle data, including the communicated CHSS temperature, to calculate the SOC and should end

the fueling at a pressure corresponding to an SOC of 95 to 100%. However, the pressure targets in the communications
fueling tables take precedence over the SOC calculation to ensure that the CHSS stays within its operational boundaries.

8.10 Fuel Delivery Temperature Fault and Fallback Procedure

For communications| fueling only, if a station cannot maintain the requirement of its fuel delivery tem
described in 8.1.2 then it shall either terminate fueling (as soon as possible but within 5 seconds).or “1
fuel delivery tempergture category. If the fallback option is chosen, then the station shall chodse thg
table and calculate ajnew target pressure using the same ambient temperature and CHSS initial pressu
during fueling startup. The station shall calculate the new fallback pressure ramp rate (FPRRtarget) usin

berature category as
allback” to a warmer
e appropriate fueling
e as were measured
g Equation 6:

(Pﬁnal target — Pl)

FPRR
[1 / APRRﬁnal *(Pﬁnal target— PO) “1

target

station fallback ] (Eq 6)

where:
APRRinal =

APRR from fallback look-up table (based on ambient temperature and Po)

FPRRiarget = targ
Pfinaltarget = target

= pressure at
Po = CHSS initia

tstationfallback = Mai

If the fallback pressdire ramp rate, EPRRtarget is less than the topoff pressure ramp rate (see 8.11),

set to the topoff pres

et fallback pressure ramp rate

fueling pressure at the warmer fuekdelivery temperature category
fallback point

| pressure as measured during fueling startup

h fueling time at fallback point

sure ramp-rate, when a topoff ramp rate is available.

thén FPRRtarget may be

Fallback shall not bé¢

terminate the fill with
(and faster APRR), i

allowed for non-communications fueling. If communications is lost during fallbz
%) seconds Statlons shall not use the faIIback procedure to swrtch toa colder fuel

nck, the station shall
delivery temperature
delivery temperature

category. The fallback procedure can onIy be used once durlng a fuellng and the statron shaII termmate the fueling (as soon
as possible but within 5 seconds) if the fuel delivery temperature exceeds a fallback fuel delivery temperature upper limit.
Where the station fuel delivery temperature has returned to the initial fuel delivery temperature category after a fallback, the
fill can continue, provided that the fill profile uses the target pressure and APRR associated with the warmer (fallback)
temperature category.

Figure 8 shows an example of the fallback procedure where the station begins fueling at the T40 fuel delivery temperature
category then later falls back to the T30 fuel delivery temperature category when the fuel delivery temperature
exceeds -33 °C. Figure B7 provides an example of the station fallback fueling process flow.


https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

SAE INTERNATI

Page 37 of 293

ONAL J2601® MAY2020
P Final target
FPRR
Pl
T40 APRR\niti al
‘ T30 APRR,, .,
PO Time
Start. of T[uul >-33C
Fueling

8.11 Top-Off Fuelin

Stations shall use th
fueling procedure is
H70 communication
at a slower APRRtaf
conditions where thq
Table, 5 °C Tamb and

Figure 8 - Fallback procedure example - T40 to T30

9

Hefined in this section. The flow diagrams are in Appendix B, and fueling tables ar|
tables in Appendices D and E. Once the target pressure is achieved, the station
het UNtil target SOC is achieved, an abort signal.is received, or the target pres
fueling table does not provide clear instructions (such as in the H70 T40 CHSS
1 MPa Po), the dispenser should utilize thevalues for the next warmest explicitly

(using the same example of the H70 T40 CHSS Capacity Category B Table, use 10 °C Tamp and 1 MPa |

Examples C and D fi
The top-off procedur

Top-off fueling prov
temperature rise is a
The faster initial APH
intervenes to end thg
are important when
pressure ramp rates

8.12 Cold Dispenss

For communications

br additional examples of how to utilizethe tables for top-off fueling.

e shall only be used for H70 pressure class and communications fueling protocol
des two benefits. By starting with a faster APRR and later shifting to a slowe
ccelerated, causing more heat to transfer out of the fuel sooner and resulting in fa
RR also provides the«customer with a faster partial fill followed by a slower top-of
fill early will then hHave received a significant partial fill in a reasonable amount of
fueling from lowinitial pressure, as CHSS heat development in these cases 1

r Fueling lLook-Up Tables

fueling only and for CHSS Capacity Categories A, B, and C only, stations may o

fueling procedure W

e top-off fueling procedure to increase the SOC if the ifitial pressure is less thap 5 MPa. The top-off

e found in part of the
shall fuel the vehicle
sure is reached. For
Capacity Category B
described conditions
Po). See Appendix G,

r APRR, the CHSS
ster overall fill times.
f. The customer who
time. These benefits
equires slow fueling

ptionally use the CD

hich allows for increased APRR when all of the dispenser components arg

at sufficiently cold

temperature. The CD fueling procedure can use a higher APRR because if the dispenser components begin the fueling at
a lower temperature, less heat is generated within the CHSS. Colder dispenser components can occur when two or more
vehicles are fueled consecutively with minimal time in between.

The CD fueling procedure shall only be used for the H70 pressure class and the T30 and T40 gas delivery temperature
categories. The CD fueling procedure shall only be used when the temperature of the dispenser components and Truel at
the start of fueling are colder than either 0 °C or -10 °C following the guidance below. The CD fueling procedure shall only
be used with communications fuelings. The station shall use the same procedure to select appropriate APRR and target
pressure as for standard communications fuelings. However, stations shall select the appropriate CD table, determined
using Table 5. The CD tables are listed in Appendix E.
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Table 5 - Cold dispenser (CD) look-up tables overview for Appendix E

Maximum Station
Component and Cold Dispenser
Trwel Temperature Communications
°C H70-T30 H70-T40
Comm Comm
0 H70-T30 H70-T40
CDO CDO
Comm Comm
-10 H70-T30 H70-T40
CD-10 CD-10

As this is a safety;
IEC 61508/61511 or
the specification, des
should be field teste

Station manufacture
to ensuring that the
conditions, such as §

The dispenser comp
fuel cooldown. The @
warmest, which will g
should consider the
temperature measur
path. The dispenser

The CD fueling pro
However, the CD ta
manufacturers shoul

An example of a sec
in Appendix E.

relevant, information-based (station temperature sensors, etc.) decision mad
equivalent shall be adhered to which includes safety integrity levels (SIL) as(wel
ign, installation, operation, and maintenance of a safety instrumented system.Las
J in accordance with CSA HGV 4.3 or equivalent.

s and operators should be aware that accurate temperature measurement on the
CHSS temperature does not exceed its maximum operating temperature. Further|
unlight, may affect the accurate temperature measurement of‘thé station.

pnent temperature measurement(s) shall consider the effects of dispenser compqg
ispenser component measurement(s) should be in adocation(s) where the hydrog
enerally be closest to the vehicle and downstream.ef the Trel measurement. The n
mass of the component, its heat transfer propérties, and environmental facto
bment of the nozzle component or an in-stream hydrogen temperature measurem

bles were not tested and verified to the same level as the standard fueling table
d perform these tests prior to usirig-the procedure in the field.

bnd optional cold dispenser fueling table is shown in Table 6 and the complete setf

component temperature measurement shall‘be used in accordance with Figure Bg.

b by the dispenser,
as requirements for
tly, correct operation

Station side is critical
more, environmental

nent temperature on
en is expected to be
easurement location
's. An example is a
ent in the nozzle flow

cedure tables were generated using.the same modeling approach as the standard fueling tables.

s. Therefore, station

of tables is included
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Table 6 - Sample fueling table, cold dispenser,
CHSS Capacity Category B/H70-T40 with communications

H70-T40 Target Target Top-Off-
CHSS ER Pr;:::re I?rrg:_sgfrfe APRR Target PTESSUTE, Prarget [MPA]
Capacity [MPa/ [MPa] [MPa] [MPa/min]
Category B min] ”
comm Initial Tank Pressure, P, [MPa]
coo 0,5 - 5 (no interpolation) 0,5 2 5 10 15 20 30 4h 50 60 70 >70
no o o o no B no no no no np no no no no
e fueling iz i) | el || el fueling g el fueling fueling fueling fuelir],g(\\ugl(i)ng fueling fueling fueling fueling fueling
50 9,7 76,5 87,5 3,9 Tos;%ff seeo"f'f”' 81,1 87,2 86,8 86,5 85,7 847 83,5 82,3 80,8 fugl‘i’ng
45 | 135 | 740 87,5 52 | ropoff seeloP | a4 | ar1 86,6 , | (86,1 85,1 839 | 826 | 81,1 794 | fding
40 17,1 71,2 87,5 6,3 Tos;%ﬁ seeo?p' 81,1 87,0 864 85,8 84,5 831 81,5 79,9 78,0 fuglci)ng
— see see Top- no
G| % 17,6 71,3 87,4 6,3 Top.Off G 81,2 87,0 86,4 85,8 84,5 83,0 81,5 79,9 780 | fdling
£ 30 | 202 69,8 87,4 6,7 Tos;%ﬁ seeo?p' 81,1 87,0 86,3 85,5 84,0 825 80,8 79,0 77,0 fu;‘l‘i’ng
[
Py see see Top- no
g 25 22,9 68,7 87,4 7,2 Top.Off " 81,1 86,9 86,1 85,3 83,6 819 80,1 78,2 760 | o ding
o see see Top- no
qg,_ 20 25,7 67,6 87,4 8,0 Top.Off e 81,1 86,9 86,0 85,0 83,2 81)3 79,3 77,3 749 | 6 ding
o see see Top- no
2| 0 28,5 68,4 87,4 7,9 Top.Off off | |, 839 86,6 85,6 84,5 82,4 80,3 78,1 75,9 733 | fieling
c
o no Top- _ _ no no
2 0 28,5 o no Top-Off | no Top-Off | 78,4 84,6 86,8 85,6 84,4 83,1 80,6 781 75,6 73,1 fuelng | fusling
< ) no Top- . . no no
10 28,5 o no Top-Off | no Top-Off | 82,2 871 86,4 85,2 84,0 82,8 80,4 779 75,4 729 | o ding | fusling
no Top- no no
-20 28,5 o no Top-Off | no Top-Off | 86,0 86,8 86,1 84,9 83,7 82,4 80,0 776 75,1 727 | ding | fusling
no Top- no no
-30 28,5 o no Top-Off | no Top-Off | 86,8 86,5 85,7 84,5 83,3 82,1 79,6 7712 74,9 725 | fding | fusling
-40 28,5 ”°0Tf‘f’p' no Top-Off | no Top-O{( 86,5 86,2 85,4 84,2 83,0 81,8 79,3 7710 74,6 72,3 fugl(i)ng fugl‘i’ng
no q q no A no no no no no np no no no no
ueling (N ueling ueling ueling ueling ueling ueling ueling ueling ueling ueling ueling
<-40 fueli no fueling | no fueling | no f@ fueli no fueling fueli fueli fueli fueli fueli f fueli fueli fueli fueli
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9. MC FORMULA-BASED FUELING PROTOCOL

The MC Formula-based fueling protocol uses the station fuel delivery temperature and pressure, ambient temperature,
CHSS capacity category, and CHSS initial pressure to calculate appropriate fueling parameters, in real-time for the duration
of the fill. Modeling has been used to derive the parameters and coefficients utilized by the MC Formula-based protocol in
order to optimize the fueling performance while ensuring that the process requirements of Section 6 are satisfied at all times.
The key modeling assumptions are presented in Section 7, and details are provided in Appendix H.

The station selects the appropriate parameters and coefficients based on the pressure class, the fuel delivery temperature
category, the CHSS initial pressure, the CHSS capacity category, and the ambient temperature. These are used to calculate
the pressure ramp rate (PRR) and target pressure, which are both updated periodically throughout the fill. There are two
options provided for ending pressure control (i.e., determination of the target pressures): The MC Method, or ending
pressure tables. EithHer option may be ufilized. le for each option.

For vehicles withoutjcommunications, the station will stop the fill when the calculated non-communication target pressure
is reached. For vehig¢les with communication, the station will stop the fill at a pressure corresponding t¢ a CHSS SOC of 95

to 100%. The station|may use vehicle data, including the communicated CHSS temperature, to' calculat
target pressure corrgsponding to the target SOC. However, the MC Formula-based protocel also calcul
which takes precedg¢nce over the communication target pressure to ensure that the~CHSS stays

e the communication
ates a limit pressure,
vithin its operational

boundaries. SAE J2F99 defines the fueling messages utilized for communications. fills. Section 9.9 dgfines the use of the

communications signpals for the MC Formula-based protocol.

As with the table-bag
category, the MC F
pressures are differe
and then immediatel

and CHSS capacity
ly the ending target
at an H35 dispenser

ed protocol, for any given station fuel delivery temperature, ambient temperature
brmula-based protocol utilizes the same PRR for.both H35 and H70 fueling; o
nt. This is done to address concerns about overheating if an H70 vehicle first fuels|
y has an H70 fueling.

cold dispenser” (CD) coefficients which can improve fueling times during back-tg
e H70 pressure class). They shall onlybe applied by a station that meets the CD

-back fueling events
criteria. See 9.10 for

There are optional “
(only applicable to th
further details.

The MC Formula-ba
and coefficients utiliz

sed flow charts and control logi¢-are detailed in Appendix |. The subroutines confaining the equations
ed are detailed in Appendix'J:
9.1

General Hydrqgen Fueling Requirements

Stations using the MIC Formula-based_protocol shall meet all of the requirements in Section 6.

9.1.1  Station Designators
Table 7 illustrates the fuel.delivery temperature categories per pressure class for the MC Formula-basg¢d protocol. A station
is defined by the prepsufe-class of fuel it delivers and its fuel delivery temperature capability. For exanjple, the fuel delivery
temperature categonyfor the range from -40 to -33 °C is designated as T40. There are three fuel gelivery temperature
categories, designated by T40, T30, or T20. Although a station may offer more than one combination of pressure class and
fuel delivery temperature category with multiple dispensers, it is recommended that stations utilize common fuel delivery
temperature categories for all dispensers (see A.4 for rationale). A dispenser shall not fuel a vehicle of a lower pressure
class.

MAT 30 represents the mass average of Trel calculated starting after a total of 30 seconds of mass flow have elapsed. MAT3o
is defined in more detail in H.2.4. The station designator for the MC Formula-based protocol is based on the capability of
the station to achieve a value of MAT3o less than or equal to the upper boundary temperature of the fuel delivery temperature
category by the end of the main fueling time.
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In addition to being used as a station designator, the fuel delivery temperature category is also used to determine the ending
pressure targets when ending pressure tables are used as the ending pressure control option. In this case, for the purpose
of determining the correct pressure target to use, the fuel delivery temperature category is based on MATc instead of MAT 3o,
where MATc represents the mass average of Tre used as the control input (see H.2.4 for an explanation of how MATc is
determined). There may be fueling scenarios where MAT30 meets the intended fuel delivery temperature category for station
designation, while MATc does not. This is more likely to occur when the initial SOC in the CHSS is high because MATc
includes the warm gas from the cool-down period in its calculation whereas MAT30 does not.

Table 7 - Fuel delivery temperature categories per pressure classes

Fuel Delivery —40°C < MAT,, < T40limit | —33°C < MAT3p < —26°C | —26°C < MAT;, < —17.5°C
Temperature Category
Station 35 MPa NWP H35-T40 H35-T30 H35-T20
Designator | 70 MPa NWP H70-T40 H70-T30 70-T20
where
Tamb (°C) T40limit (°C)
=20 -33
15 -32.5
10 -32
0 -29
-10 -28
-20 -27
-30 -26.5
-40 -26

9.1.2 Fuel Delivery Temperature

This section defineq the fuel delivery temperature requirements for the MC Formula-based fueling |protocol. These are
additional to the overall temperature requirements listed in6-3.

9.1.2.1 Fuel Delivgry Temperature Tolerance

For any fuel delivery category, Tren-inst Shall always be 2-40 °C, and after a total of 30 seconds of mags flow have elapsed
from the beginning ¢f the main fueling time, MAT30 shall be <-17.5 °C at any time that the mass flow rate is greater than
0.6 g/s for more thap 10 seconds. If an-intended non-fueling event occurs within the last 10 secondls of this 30 second
period, a total of 40 $econds of mass flow’is allowed (i.e., MAT3o0 shall be £-17.5 °C after a total of 40 seconds of mass flow
have elapsed). If th¢ station cannot.meet these requirements, it shall do one of the following: (a) gause (no flow) for a
minimum of 60 secohds before résuming the fill with the main fueling time t and parameters n, j, and i{set back to zero and

Pstartup Set to the mogt recent station pressure prior to resuming the fill; or (b) terminate the fueling as goon as possible, but
within 5 seconds.

NOTE: The dispensetmanufacturer should implement an approach which monitors the rate of change|of the instantaneous
fuel delivery GernsT, it i fChT d. By doing so, the
dispenser may be able to detect a fault condition at an earlier time than waiting until the full 30 seconds of mass
flow has elapsed.
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9.1.3

Minimum Startup Time

The startup time, tstartup, shall satisfy the following requirement.

where:

b,,,C
aVvV Mgeartup

tstartup = (PRR)

PRR = prescribed pressure ramp rate at the beginning of the main fueling time (in MPa/s)

(Eq. 7)

V = CHSS volume (if CHSS volume is indeterminate, the smallest CHSS volume shall be used, i.e., 49.7 L)

Mstartup = Mass d

a=1717
b=-0.9773
c =0.9828

9.2 CHSS Capaci

Table 8 defines the

category will be used to select the proper tinal value, and if ending pressure tables are utilized, the pre

The station shall det
the tfinal Value using

which bound the CH
CHSS sizes which b

If the station cannot
utilize the most cons
employed, utilize the
accuracy is +15%, th

The station may cho
to implement a sub-s

spensed during startup time (in grams)

Yy

bllowable CHSS capacity categories for the MC Formula-based fueling protocol.

The CHSS capacity
ssure targets.

ermine the CHSS capacity using a method thatis accurate to within £15%. The stgtion then determines

bne of two methods: (a) the higher of two ‘calculated tinal values for the upper an
5S capacity category; or (b) interpolating between the two calculated tfinal values fo
pbund the CHSS capacity category, based on the measured CHSS capacity. See

guarantee the £15% accuracy, oritthe CHSS capacity category is indeterminate,
ervative (highest) tinal value for,CHSS Categories A, B, and C, and, when ending

lowest calculated pressure target. For example, if the measured CHSS capacit
en the CHSS capacity category is indeterminate.

ose to implement all CHSS capacity categories (H35 A through C, H70 A throug
et of the CHSS capacity categories (e.g., A, B, and C, but not D).

Table 8 - SAE J2601, CHSS capacity categories

d lower CHSS sizes
the upper and lower
1.2.2 and J.2.4.

then the station shall
pressure tables are
y is 4.01 kg, but the

h D), or may choose

Total Amount of Hydrogen
Pressure iFCHSS at 100% SOC Water Volume of CHSS CHSS Capagity Category
Class (kg) (L) Identifier
H35 1.19t0 2.39 49.7t099.4 A
H35 2.39t04.18 99.4 10 174.0 B
H35 4.18 10 5.97 174.0 to 248.6 C
H70 2.00 to 4.00 49.7t099.4 A
H70 4.00 to 7.00 99.4 10 174.0 B
H70 7.00 to 10.00 174.0 to 248.6 Cc
H70 >10.00 >248.6 D
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9.3 Pressure Requirements

9.3.1 Initial Pressure

The initial pressure shall be used as Pinitiar in applying the MC Formula-based protocol. If the initial pressure is less than

0.5 MPa or greater than the pressure class nominal working pressure (35 MPa or 70 MPa), then the station shall terminate

the fueling procedure as soon as possible but within 5 seconds.

NOTE: The initial pressure is measured by the station (see definition in 3.11.3). A communicated pressure from the vehicle
<0.5 MPa prior to the connection pulse is acceptable provided the initial pressure measured after the connection
pulse exceeds 0.5 MPa.

9.3.2 Station Pressure Corridor

9.3.2.1 Station Prgssure Tolerance

During the main fue]ing time, the MC Formula-based protocol calculates a pressure ramp.rat€ PRR and ramp pressure
Pramp, at a frequency of once every second (see J.2.6). The ramp pressure is utilized to ealculate [an upper and lower
pressure limit which form the boundaries of a pressure corridor. An upper pressure tolerance APl high js added to the ramp
pressure Pramp to cglculate the upper pressure limit Pimit_nigh, and for CHSS Capagity” Categories A, B, and C, a lower
pressure tolerance APt 10w is subtracted from the ramp pressure Pramp to calculate‘the lower pressiire limit Piimit_ow. For
CHSS Capacity Catggory D, a lower pressure tolerance APwi_ow is subtracted ffom a pressure based|on a pressure ramp
rate of 1 MPa/min (0.0167 MPa/s). The upper pressure tolerance is 7 MPa,.and the lower pressure tolerance is 2.5 MPa.

During the main fueling time, with an exception of the first 15 seconds,.the*station shall maintain the sthtion pressure within
the upper and lower jpressure limits. If the station pressure exceeds the)upper pressure limit by 5 MPaor less, it shall come
back within the limit ithin 5 seconds of the initial excursion, or shall, stop fueling within 5 seconds of the initial excursion. If
the magnitude of the excursion is greater than 5 MPa, the station\shall stop fueling within 5 seconds of| the initial excursion.
If the station pressuile falls below the lower pressure limit, it shall come back within the limit within a tptal of 15 seconds of
the initial excursion, jnot counting intended non-fueling timej<and if it does not, the station shall stop fugling within a total of
15 seconds of the inftial excursion.

Upper pressure limit|(CHSS Capacity Categories A;,B, C, D):

Pstation < Piimit_nigh Whelre Plimit_nigh = Pramp + APtol_high, Where APtol nigh = 7.0 MPa

Lower pressure limit|(CHSS Capacity Categories A, B, C):

Pstation = Plimit_low where Plimit_low = MaX[Pstartup, Pramp - APtoI_Iow], where APtoI_Iow =2.5 MPa
Lower pressure limit|(CHSS-Capacity Category D)

Pstation = Plimit_low whele Plimit_low = MaX[Pstartup, Pstartup +0.0167 x t - APtoI_Iow], where APtoI_Iow = 2.5 MPa

An illustration of the pressure corridor for CHSS Capacity Categories A, B, and C is shown in Figure 9 for a fueling without
intended non-fueling time, and in Figure 10 for a fueling with intended non-fueling time. An illustration of the pressure corridor
for CHSS Capacity Category D is shown in Figure 11 for a fueling without intended non-fueling time. Note that, although
the ramp pressure and upper and lower pressure limits are illustrated as straight lines in Figures 9, 10, and 11, due to the
variable pressure ramp rate of the MC Formula-based protocol, in practice, the slope of the ramp pressure and upper and
lower pressure limits will change with the change in the pressure ramp rate on a continuous basis. The width of the pressure
corridor, however, always remains constant.

In the MC Formula-based protocol, intended non-fueling time (e.g., for bank switch or leak check) is included in the main
fueling period elapsed time t (i.e., t continues to advance during intended non-fueling time). During the intended non-fueling
time, the ramp pressure is held constant, but the pressure ramp rate continues to be calculated. Once the intended non-
fueling time has passed, the fill resumes at the most recently calculated pressure ramp rate. This is depicted in Figure 10
by an increase in the slope of the ramp pressure and upper and lower pressure limits.

H.2.6.2 provides a more detailed explanation of the pressure corridor and its derivation.
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Pressure
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Figure 9 - lllustration of pressure corridorlimits
for CHSS Capacity Categories A, B, €
Pressure
A
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Figure 10 - lllustration of pressure corridor limits
with non-fueling time for CHSS Capacity Categories, A, B, C
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9.3.2.2 Control Pr
The pressure corridg
dispenser’s ability to
for pressure control,
in the station pressu
time during the fill.

ONAL J2601° MAY2020
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Figure 11 - lllustration of pressure corridor limits
for CHSS Capacity Category D
essure

r defined in 9.3.2.1 and illustrated in Figures®-and 10 is intended to give allowanc

the dispenser should target a specific region of the pressure corridor to account for|
Fe. The control pressure is utilized as-a target pressure that the dispenser is aimi

e for variability in the

control the station pressure. Depending on the control method and precision of the components used

inherent fluctuations
g for at any point in

In the MC Formula-tpased protocol, the ramp préessure is utilized as the input to the variable pressurg¢ ramp rate equation

and as a means for
offset from the ramp
dispenser’s pressure
possible, while at th
the control pressure

9.4 Cycle Control

The dispenser shall

jefining the upper and lower pressure limits of the pressure corridor. The control

control characteristics. To minimize the overall fueling time, the offset value sho
b same time, enabling sufficient control margin. H.2.7 provides a more compreh

hot control hydrogen flow in a cyclic manner by repeatedly starting and stopping th

bressure is set as an

pressure. This offset. may'be a constant, or may be a variable parameter which clhanges based on the

Ild be set as high as
ensive description of

e fueling. The station

shall not decrease th

e-flow of gas below 1% of the maximum flow rate more than ten times during the

main fueling period.

This requirement includes the non-fueling events (leak checks, bank switching, etc.) during the main fueling period.

9.5 Abort Signal from Vehicle

If the dispenser is capable of communications, whether the fueling procedure is using communications or not, the station
shall continue to monitor the communications interface and shall terminate fueling upon detection of an “abort” signal from
the vehicle as soon as possible but within 5 seconds. The vehicle may use the abort signal to stop the fueling for any reason.
This allows the vehicle to monitor the fueling process and complement the station operation with a secondary layer of

control.

9.6 Tolerances

The station shall account for its tolerances in applying this fueling protocol. Tolerances shall be applied to ensure that the

station pressure and

fuel delivery temperature remain within their specified boundaries or limits.
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9.7 MC Formula-Based Fueling Flow Chart

Figure 12 illustrates a general flow chart for communications and non-communications, MC Formula-based, fueling. More
detailed flow charts with subroutines are contained within Appendix |, and complete descriptions of these subroutines with
all required formulas are contained within Appendix J.

All shall statements in Appendix J are mandatory requirements for implementing the MC Formula-based protocol.

Start

\ 4

SAE J2799 Physical
and Functional | p————— = = See Figure .15

Requirements Check

SAEJ2799 Physical
and Functional
Requirements Passed
AND
ation Apply Com|

FuéNg\Pmced es?

Dispenser Start Up
Subroutine

Indicator Comim
Fills FALSE

Indicator Comm
Fill = TRUE

t—Ves:

———————— See Figure .1 & Section J.1

AN
// \
S AN
//Dispenser Start Up\\

[ No . Subroutine passed?//

Fueling Process

Subroutine | |~ T~~~ See Figure I.2 & Section J.2

End

Figure 12 - General flow chart for MC Formula-based fueling

9.7.1 Dispenser Startup

The dispenser startup process is illustrated by a flow chart found in Figure 11, and the formulas utilized are detailed in the
dispenser startup subroutine, found in J.1. The station shall pass the dispenser startup subroutine, or if it fails, shall end the
fueling.

At the start of fueling, the station shall monitor the communications interface for SAE J2799 signals. If no signal is present
or if signals received do not pass the physical and functional requirements, as defined in SAE J2799 (and Figure 115), then
the station shall apply the non-communications fueling procedure as described in 9.8. If a signal is present and passes the
physical and functional requirements, then the station should apply the communications fueling procedure as described
in 9.9.

NOTE: In Figure 12, the station dispenser startup routine may begin before the SAE J2799 physical and functional
requirements check, based on the station dispenser fueling methodology.
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9.7.2 Fueling Process

Once the station has passed the dispenser startup subroutine, it has all the information (ambient temperature, initial CHSS
pressure, determined CHSS capacity category, expected MAT, etc.) it requires and shall then execute the fueling process
as described in the fueling process subroutine. The fueling process subroutine flow chart is illustrated in Figure 12 and the

formulas utilized in the fueling process subroutine are detailed in J.2.

9.8 Non-Communications Fueling

All stations using the MC Formula-based fueling protocol shall have the ability to fuel without communications from the

vehicle.

The non-communications MC Formula-based fueling protocol assumes that no data is being passed from the vehicle to the

station. For a given
communications fue
9.8.1  Fueling Prog
The non-communicz
process flow chart ag
Fill” shall be setto F
the fill.

9.8.2 End of Fueli

All non-communicat

communication target pressure Ptarget non_comm. The station pressure shall be compared to the non-c

pressure at least ong
apply a methodology
by this value. If this g
does not exceed the

The MC Formula-ba
tables. See H.3 for 3
control option utilize
as prescribed in the

9.9 Communicatig
The communications

information from the
ambient temperature

CHSS volume category and ambient temperature, the tinal and resulting PRR |

edure

tions fueling process uses the general description discussed in 9-{.\The station
b represented in Figures 10 and 12. For a non-communications fugling the flag varig
ALSE. This indicates to the dispenser that the non-communication pressure target

"9
ons fuelings shall end the non-communications fueling when the station pressg

e every 100 ms, as prescribed in the evaluate end of fill criteria subroutine, J.2
to measure or calculate the pressure loss between Pstation and Pvenicie and adjust
pproach is used, the station shall take. appropriate measures to ensure that under
target pressure (Ptarget).

5ed protocol allows two options'for ending pressure control: (a) the MC Method, o
detailed explanation of these\two ending pressure control options. Regardless of]
, a non-communication pressure target Ptarget non_comm shall be calculated at least
fdetermination of pressure targets and limits subroutine, J.2.7.

ns Fueling

MC Formula-based fueling protocol shall use the IrDA signals as defined in S
vehicle to_the station. For the communications fueling procedure and for a give

If applicable, the use

ing procedure. The primary difference is the end of fueling is defined by a separa1

the same as in the
e target pressure.

shall use the fueling
ble “Indicator Comm
shall be used to end

ure equals the non-
bmmunication target
.8. The station may
the station pressure
all conditions, Pvenicie

(b) ending pressure
the ending pressure
once every second,

A\E J2799 to provide
n CHSS volume and

, the finas and resulting PRR is the same as the non-communications fueling procedure.

of communications should consider 3.6.1.1, as well as local codes.

9.9.1

Fueling Procedure

The communications fueling process uses the general description discussed in 9.7. The station shall use the fueling process
flow chart as represented in Figures 10 and 12. For communications fuelings, the flag variable “Indicator Comm Fill” shall be

set to TRUE.

9.9.2 Establishing

Communications

The dispenser shall attempt to receive communications from the vehicle, based on SAE J2799, throughout the fueling
process. To prevent communications faults while the user is connecting the fueling nozzle, the dispenser shall not consider
communications as having been fully established until the nozzle is in place and the fueling startup procedure has begun.
Once communications are established, the dispenser shall proceed to fuel using the communications fueling process for as
long as valid signals continue to be received.
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9.9.3 Loss of Communications

If the data signal from the vehicle is lost or fails the physical and functional requirements as defined in SAE J2799 (see
Figure 115), then the dispenser shall terminate the fueling as soon as possible but within 5 seconds or shall optionally set
the flag variable “Indicator Comm Fill” to FALSE and continue fueling the vehicle using the non-communication target
pressure Ptarget non_comm, assuming the station determines it is appropriate to continue with fueling after the loss of the fuel
command signal.

9.9.4 Communications Overfueling Density Limit

A pressure limit is determined for communication fueling, Pimit_comm. This pressure limit value is used as a secondary means
of protection to limit the over fueling density in the event of a fault in the CHSS measured temperature MT, which causes
the communication pressure target to be incorrect. The determination of Pimit comm depends on the ending pressure control
option utilized. For tfie'ending pressure tables option, Pimit_comm 1S TOOKEd Up from a set of pressure imit tables. For the MC
Method ending press$ure control option, Pimit_comm is calculated based on a cold case gas temperatute’[lcod and a maximum
density correspondirjg to 115% SOC, or Psnal, Whichever is lower. See H.3.1.4 for the rationale and further detail. See J.2.7
for the formulas used to calculate Piimit_comm.

9.9.5 End of Fuelipng
The station may usd vehicle data, including the communicated CHSS temperature, to calculate the communication target
pressure and should end the fueling at a pressure corresponding to an SOC 0f-95 to 100%. All communications fuelings
shall end when the gtation pressure or vehicle pressure equals the calculated.communication target pressure Ptarget comm Or
limit pressure Piimit_cdqnm, Whichever is reached first.
9.9.6 Communications Data Fields Definition

SAE J2799 defineq the IrDA communications data fields. JFhiS section defines their values apd use for the MC
Formula-based fuelipg protocols. The data fields to be sent frem the vehicle to the station are listed beJow and described in
the following sectionp. They should be placed in the order-as;follows:
ID: Protocol Identifief
VN: Version Numbe
TV: Tank Volume

RT: Receptacle Typ¢
FC: Fueling Commapd

MP: Measured Pressgure

MT: Measured Temperature

OD: Optional Data
9.9.6.1  Protocol Identifier
[ID=SAE _, J2799|

The vehicle shall transmit the Protocol Identifier ID=SAE J2799. The “_,” symbol is to denote a space and used after SAE
in the identifier. The dispenser shall not fuel the vehicle if the Protocol Identifier from the vehicle does not match.
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9.9.6.2 DataCom

For the MC Formula-

munications Software Version Number

based fueling protocol, the following are the communication version numbers

VN=01.00 or 01.10 are valid communications protocol as defined in SAE J2799-2014.

The data field definit

ions are found in 9.9.6.

The dispenser shall not fuel the vehicle if the Version Number from the vehicle does not match VN=01.00 or VN=01.10.

VN=01.00 applicable stations shall be able to receive and use VN=01.00 data communications.

VN=01.10 applicable stations shall be able to receive and use both VN=01.00 and VN=01.10 data communications.

9.9.6.3 Tank Volu
Range: 0000.0 to 50

The vehicle shall tra
to the dispenser.

9.9.6.4 Receptacl
[RT=H35]| or |RT=H7

The vehicle shall tran
to the CHSS NWP. 1

9.9.6.5

The vehicle shall use¢ the following fueling commands

|[FC = Dyna|

When the vehicle tra
fueling protocol defin

IFC = Stat]

|FC = Stat| shall not
have failed the phys

IFC = Halt]

Fueling Command

me
00.0

nsmit the storage volume of the vehicle CHSS in liters (water volume at'the nomin

e Type
0l

smit the SAE J2600 pressure class for the vehicle's original fuel receptacle which 3
[he dispenser shall not dispense fuel if the RT¢is less than the pressure class of tf

nsmits |FC = Dyna|, the dispenser shall dispense fuel based on the MC Formula-ba
edin 9.9.

be used. fthis command is received by the station, then the station shall considg
cal and_functional requirements.

al working pressure)

hall also correspond
e station dispenser.

sed communications

r communications to

|FC = Halt| is optional for vehicles. If a station does not implement the |FC = Halt|, then the station shall respond to this
command by terminating the fueling process.

If the station uses this fueling command |FC = Halt|, then it shall pause the fueling. The elapsed time during an |FC = Halt|
is included in the main fueling period elapsed time t. During [FC = Halt|, the ramp pressure and control pressure are held
constant, but the pressure ramp rate continues to be calculated. If the fueling command |FC = Dyna| is received for at least
2 seconds, the station shall re-start the fueling process and resume the fill at the most recently calculated PRR. The station

shall end the fueling

IFC = Abort|

process if the fueling command |FC = Halt| is received for over 60 seconds.

When the vehicle transmits |FC = Abort|, the dispenser shall terminate the fueling process as soon as possible but within

5 seconds.
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9.9.6.6 Measured Pressure

Range: 000.0 to 100.0

The vehicle shall transmit the measured CHSS gas pressure in MPa. If the dispenser monitors the measured pressure, it
isnhg.u1lﬁl.t;e.rminate the fueling as soon as possible but within 5 seconds if the measured pressure exceeds the MOP as defined
9.9.6.7 Measured Temperature
Range: 16.0 to 425.0

The vehicle shall transmit its CHSS measured gas temperature in Kelvin. The measured temperature should be

representative of the
the fueling as soon &
CHSS gas temperat

9.9.6.8 Optional O

For the SAE MC For
9.10 Cold Dispenss

For communications|
dispenser (CD) fueli
are at sufficiently co
times. The CD fuelin
a lower temperature
vehicles are fueled @

The CD fueling procédure shall only be used for the H7Q_pressure class. The CD fueling procedure shd

the temperature of t
below. The CD fuel
Tables J9 through J

As this is a safety:
IEC 61508/61511 or
the specification, des
should be field teste

Station manufacture
to ensuring that the
conditions, such as §

s possible but within 5 seconds if the measured temperature exceeds the maxim
ire as defined in 6.3.2.

ata
mula-based fueling protocol, the optional data command is ignofed:
r Fueling

fueling only and for CHSS Capacity Categories A, B~and C only, stations may oq
ng procedure, which utilizes a separate set of tinaicoefficients, when all of the dis
Id temperature. This results in smaller tina valuesyand thus a higher PRR, facili
g procedure can use smaller tinal values because 'when the dispenser component
less heat is generated within the CHSS. €aélder dispenser components can occ
onsecutively with minimal time in between,

ne dispenser components and Tiier-at the start of fueling are colder than 0 °C fo
ng procedure shall only be used with communications. The CD tsnai coefficien
6.

relevant, information-based (station temperature sensors, etc.) decision mad
equivalent shall be adhered to which includes safety integrity levels (SIL), as wel
ign, installation, operation and maintenance of a safety instrumented system. Lag
 in accordanee with CSA HGV 4.3 or equivalent.

s and operators should be aware that accurate temperature measurement on the
CHSS temperature does not exceed its maximum operating temperature. Further|
unlight, may affect the accurate temperature measurement of the station.

average CHSS gas temperature. It the dispenser monitors the measured temperature, it shall terminate

im operating vehicle

tionally use the cold
penser components
ating shorter fueling
5 begin the fueling at
Ir when two or more

Il only be used when
lowing the guidance
tables are listed in

e by the dispenser,
as requirements for
tly, correct operation

Station side is critical
more, environmental

The dispenser component temperature measurement(s) shall consider the effects of dispenser component temperature on
fuel cooldown. The dispenser component measurement(s) should be in a location(s) where the hydrogen is expected to be
warmest, which will generally be closest to the vehicle and downstream of the Trel measurement. The measurement location
should consider the mass of the component, its heat transfer properties, and environmental factors. An example is a
temperature measurement of the nozzle component or an in-stream hydrogen temperature measurement in the nozzle flow
path. The dispenser component temperature measurement shall be used in accordance with the MC-Formula-Based
dispenser startup subroutine, Figure I1.

The CD fueling procedure tinal coefficient tables were generated using the same modeling approach as the standard fueling
tables. However, the CD tsnal coefficient tables were not tested and verified to the same level as the standard tsna coefficient
tables. Therefore, station manufacturers should perform these tests prior to using the procedure in the field.
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10. NON-STANDARD, DEVELOPMENT HYDROGEN FUELING PROTOCOLS

All dispensers which are certified to SAE J2601 shall have the capability to fuel vehicles using one or more of the standard
fueling protocols defined herein. Public dispensers may fuel vehicles using development fueling protocols as means for field
validation after engineering due diligence is performed. However, they shall not use them as the primary fueling protocol
and shall have a method of ensuring an unattended public user cannot access them without authorization from the station
provider and vehicle OEM. The use of authorization systems, such as access codes or authorization cards, which can be
accessed by public users, have been problematic in the past. The use of development fueling protocols should be done
responsibly and it is ultimately the responsibility of the station provider to ensure that a development fueling protocol is only
utilized for the intended vehicle(s) and user(s).

The purpose of utilizing a non-standard fueling protocol in a demonstration or in a development capacity is to bring data
and real world experience (to verify the protocol's capability to operate within the constraints of Section 6), back to the
SAE Fuel Cell Standards Interface Task Force 1or Tuture incorporation into the SAE J260T standard,
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APPENDIX A - FUELING PROTOCOL RATIONALE AND DEVELOPMENT PROCESS

For the table-based fueling protocol described in Section 8, the SAE J2601 team used thermodynamic modeling and
simulation to develop the tables listed in Appendices D and E. The simulations used the boundary conditions and process
requirements listed in Sections 5, 6, and 8 to determine the appropriate average pressure ramp rate (APRR) and target
pressure (end pressure) which met the goals discussed in 5.1. This appendix describes the modeling approach for the
table-based fueling protocol. This protocol was developed for the fueling of Type Ill/IV CHSSs on road today. If other storage
systems on vehicles are utilized, it is recommended that they be evaluated before implementing this protocol.

A1 SIMULATION MODEL

A numerical simulation model was employed to evaluate the evolution of gas pressure and temperature inside the CHSS.
The components of this model are depicted in Figure A1. The fuel gas is delivered by the station with a given pressure Py

(corresponding to Phiation In Section 3) and a given fuel temperature Ty, (corresponding to Trel in

pressure and tempefature vary as the simulation proceeds, the pressure is ramped up with a linear. depI

to time, while the temperature may ramp down from ambient to a value in the respective fuel delivery ter
(see Section 8). Thg pressure drop between fuel station and vehicle CHSS is used in combination
coefficient to calculgte the mass flow rate mi, delivered by the dispenser. The specific enthalpy h

ection 3). Both fuel
ndence with respect
hperature categories
vith a pressure drop
s computed from its

stationary contribution h(Pr,, Tr,,) plus its dynamic contribution w;u/z with the gas velocity wy,,. The fresh fuel from the

station enters a contfol volume “gas in fuel line” where it exchanges heat with the thermal masses cons

tituted by the fueling

hose, pipes, and components. The thermal masses belonging to the station and to'the vehicle are separate. Each thermal

mass is characterizefd by its mass, specific heat capacity, and thermal conductivity. For each thermal m
differential equationp is solved for their temperature. The thermal mass-fepresenting the station
discretized in radial direction in order to allow for a one-dimensional temgerature profile T;;. The vehic
with a lumped mass|that has a homogeneous temperature Tr,. Both thermal masses exchange heat

at ambient temperatpre T,,,, the respective heat fluxes are Q,, and'Q;,. They also exchange heat wi
control volume. A heat transfer coefficient based on a Nusselt-equation for forced convection insiq
compute the two heat fluxes st and Q,,f. They affect the enthalpy Hy, of the gas in the fuel line, this i
temperature T,. The fuel gas then enters the CHSS with-a"specific enthalpy hg,. The mass flow

inlet/outlet port of egch vehicle vessel equals the flow rate 1., from the station divided by the numbe
in the CHSS. In the pase of multi-vessel systems, only~one vessel is simulated as a representative. R
and energy balance jare solved in order to obtain the:gas mass m and internal energy U at any time. |
gas inside the CHS
flow rate m;, is posifjve and the inflowing gas cafries the specific enthalpy h;, = hg,. For a defueling/g
m;, is negative and the outflowing gas has'the specific enthalpy of the gas inside the vessel, h;, = h
gas inside the vessdl (e.g., P, T, h) are computed from the gas equation of state with the given densit
gas mass divided by[the vessel volume, p = m/V and the given specific internal energy from the total in

ass, a set of ordinary
's components was
e side was modeled
ith the environment
h the fuel gas in the
€ a pipe is used to
5 reflected in the fuel
ate m;, through the
I of identical vessels
or this vessel, mass
is assumed that the

is perfectly mixed at all timesyi.e., there are no spatial gradients. In the case of flieling the CHSS, the

xtraction simulation,
All properties of the
computed from the
ernal energy divided

by the gas mass, u 5 U/m. A highlyzaccurate equation of state was used that describes all relevant re
compressibility, Joule-Thomson &ffect). (See footnote under 3.12.) The heat transfer rate Q,; bet
internal surface (linef) is computed from a set of Nusselt equations for various geometries and for forced

| gas behavior (e.g.,
en gas and vessel
and free convection.

The vessel wall is discretized-in radial direction and the transient heat conduction equation is solved infjone dimension. This
yields the temperatufe_profile T, inside the vessel wall at any given time. On the outer surface, the vgssel wall exchanges
heat with the envirornient, the heat transfer coefficient is again based on a set of Nusselt equations fof various geometries
and for free convection.

The hydrogen gas temperature in the CHSS increases during fueling due to the heat transferred from the station, vehicle
thermal masses, the Joule-Thomson heating of the fuel as it is throttled through the fuel line orifices, and the heat of
compression inside the CHSS. Different materials and designs of CHSSs will lead to different degrees of compressive
heating during fueling due to differences in heat transfer characteristics, the heat capacity, and storage volume. The fueling
protocol in this Standard is based on input from automotive OEMs and CHSS manufacturers on extreme-case heating in a
CHSS that reflects the range of configurations of current storage technology. These extreme cases are described in the
following sections. They influence fixed model parameters (e.g., masses, surface areas, volumes), initial conditions of all
states for which ordinary differential equations are solved (e.qg., Ty, Ty, m, U), and boundary conditions (e.9., Tom, Trs, Mey)-
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Figure A1 - Simulation model

A2 GENERAL ASSUMPTIONS
As described in 5.2,[there are two primary operating limits that shall not be violated during fueling: ap upper temperature
limit of 85 °C that is|mainly imposed by the integrity, of-plastic liner materials, and an upper pressure [imit originating from
the structural strength of the vessel composite ouénwrap. The density limit that may lead to overfueling is only an indirect
constraint because if does not directly lead to essel damage, although overfueling in extreme cold weather or cold soaked
CHSSs may lead to pxceeding the upper pressure limit as a consequence of a subsequent gas tempgrature increase. The
procedure in developing the look-up tables:in Appendices D and E is split into two steps. Each step basically addresses the
observation of one of the two limits:
The first step is to dptermine an.average pressure ramp rate APRR such that the temperature limit will not be violated in

any conceivable opgrating condition. This is achieved by setting all model parameters, initial conditions, and boundary
conditions such that the higheést conceivable gas temperature is obtained at the end of the fueling |process. This set of
conditions is referred to as/“hiot case” assumptions in the following sections.

The second step is ill not be violated in
any conceivable operating condition. This is achieved by setting all model parameters, initial conditions, and boundary
conditions such that the lowest conceivable gas temperature is obtained at the end of the fueling process. This set of
conditions is referred to as “cold case” assumptions in the following. Certain tradeoffs were made in Step 1 in order to allow
for faster fueling under default conditions. These tradeoffs require that the target pressure be constrained in Step 2 in order
not to violate the upper temperature limit by means of hot case simulation runs.

A3 HOT CASE AND COLD CASE ASSUMPTIONS

In the case of non-communications fueling, there is very little information about the condition of the CHSS available to the
fueling station. The only information the fueling station can rely on is the local ambient temperature at the station and the
rated fuel delivery temperature of its dispensed fuel. The station is also required to determine an estimate of the initial
pressure inside the CHSS by pressurizing the fuel line for a short time in order to open all check valves in the line. Similarly,
the station shall estimate the CHSS internal gas volume.
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There are a large number of indeterminates to the fueling station. In the course of developing the pressure ramp rates and
the fueling target pressures, two combinations of all worst-case assumptions have been made for all indeterminates. This
way it can be ensured that the values in the tables are conservative. Table A1 lists all conditions that lead to the highest
(“hot case”) and the lowest (“cold case”) CHSS gas temperatures at the end of the fueling process.

Table A1 - Assumptions for “hot soak” and “cold soak” zones

Parameter/lnitial Cond./Boundary Cond. Hot Case Cold Case
Station fuel delivery temperature Upper bound Lower bound
Station pipe diameter Small: 5 mm Large: infinite
Dispenser components thermal mass High thermal mass: S2 Low thermal mass: S1
Dispenser components initial temperature Ambient Ambient

Vehicle components thermal mass

Common representative thermal mass

Vehicle comporjents initial temperature Ambient Amnbient
Pressure drop in f:leigz from dispenser to Large: 35 MPa Small: 17 MPa
Pressurg ramp rate type HPRR APRR
Intermediate pressure leak checks None Every 3000 ps| pressure increase
Vehicle yessel geometry Large/small vessel Small vessels
Vehiclg vessel count Single vessel Multiple idgentical vessels
Vehicle vessel liner material Plastic (Type 1V) Aluminym (Type IlI)
Vehicle viessel soak state Hot soak Cold soak
Vellicle history None Driving from initially full

A.3.1 Station Fuel Delivery Temperature

The fuel delivery tenpperature at the station is defined to stay withingiven bounds (see 8.1.2).

The set of hot case pssumptions always uses the upper bound for simulation, which is the warmest possible gas allowed
for a given dispenser type throughout the fueling. It is assumed that the first slug of gas is at ambient temperature if ambient
is warmer than the |fuel delivery temperature bound.(This warm slug gradually cools down to the| actual fuel delivery
temperature at a lindar ramp and within a maximum cool-down time of 30 seconds (see Figure A2). In/the few cases when
ambient temperaturg is lower than the upper fuel'delivery temperature bound, the fuel delivery temgerature immediately

starts at the upper bpund (see Figure A3).

In the cold case fuelipg simulations, the fuel-delivery temperature at the break-away-coupling immediatgly starts at the lower
bound, independent pf the ambient temperature (see Figures A2 and A3). Even in the few cases when gmbient temperature
is lower than the lower fuel delivery.temperature bound, the fuel delivery temperature is held constarft at the lower bound

(not illustrated).
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A3.2 Station Pipe Diameter

The internal pipe diameter at the fuel delivery location inside the dispenser (i.e., where the temperature and pressure sensor
are located) determines the fuel gas velocity inside the pipe which in turn affects the dynamic contribution to the fuel gas
enthalpy. A feasible range of pipe diameters has been taken into consideration in the modeling assumptions.

The hot case uses the smallest assumed internal pipe diameter 5 mm which leads to the highest fuel gas velocity and thus
to the highest total enthalpy for a given fuel temperature and pressure.

The cold case assumes the largest possible internal pipe diameter which is assumed “infinite” in the model. In this case,
there is no dynamic contribution to the total energy corresponding to zero gas velocity.

A.3.3 Station and Vehicle Fuel Line Components

As the fueling procefss parameters “fuel delivery temperature” and “station pressure” are both measnIJred near the break-
away-coupling (see §.2), it is important to consider the thermal mass of dispenser components(pipe, Qreak-away-coupling,
hose, and nozzle) and of vehicle components (receptacle, pipes, valves, etc.). These thermal\masse$ transfer heat to the
hydrogen fuel during fueling due to their specific heat capacity and heat transfer characteristics. All pgrameters are based
on real station and vehicle designs and represent the variability in existing designs.

Hot case assumptions use station parameters S2 (see Table A2) with high heat capacity and large heaf exchanging surface
areas to ambient ang to fuel gas. This represents a high thermal mass that needs to be cooled dowr] by the fuel gas and
which in turn introduges a large amount of heat into the fuel gas.

The cold case uses $tation parameters S1 with low heat capacity and small heat exchanging surface areas to ambient and
to fuel gas.

Note that in Table A2, the inside diameters are only used to calculate the internal surface area for heat transfer. These
diameters do not influence the pressure drop, which is calculated independently (see A.3.4).

The following assumptions are made for both hot and cold case: There is only one set of parameters for vehicle components.
Both station and vehjicle components are initially soaked at ambient temperature, as they are directly|exposed to ambient
conditions and essentially consist of stainless steel;\which has a characteristic high thermal conductivity.

Table A2 - Station and vehicle fuel line components

Geometry Units StaStl‘Ion- Stast|2c>n- Vehicle
Internal gas¢Wolume liters 0.2 0.4 0.2
Total external length mm 4937 4479 5538
Exterpal*diameter mm 17 30 10
Internal diameter mm 7 10 1.3
Wattthickness TTITT 5 10 5
mass (f effective thermal mass in kg 6 10 4
simulation)

Material Properties

Density kg/m® | 6328 3694 7900
Thermal conductivity W/m/K 0.5 1.5 Inf
Specific heat capacity J/kg/K 728 558 659
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A3.4 Pressure Drop in Fuel Line from Dispenser to Vehicle

The pressure drop coefficient used for calculating the mass flow rate is calibrated from the reference pressure drop situation
defined in 7.2. The pressure drop under reference conditions determines the value of the coefficient. A high pressure drop
leads to two effects that both yield a higher CHSS gas temperature at the end of fueling: First, the fueling is delayed (i.e.,
the peak mass flow occurs at a later time). This consequently delays the temperature rise inside the CHSS and gives the
gas less time to exchange heat with the internal liner surface. Secondly, more Joule-Thomson heating is introduced into the
CHSS because a higher station pressure is required to generate a given mass flow rate, and the enthalpy of hydrogen fuel
gas increases with pressure.

The reference flow condition is a function of the CHSS size and is defined as follows:

e 1.5 times the average mass flow required to fuel the entire storage capacity in 3 minutes (e.g., for a capacity of 5 kg:

mass flow = 5000 g/T80 s * 1.5 =41.67 g/s)

Vehicle CHSS pfessure = 10 MPa

e H2 temperature pt break-away = -15 °C

Under this reference
on the station side, f
CHSS, to be 20 MPs

Hot case modeling 4
inlet/outlet port: 15

components (receptacle, pipes, valves, etc.).

Cold case modeling
inlet/outlet port: 15 M
A.3.5 Pressure
Section 8 defines ug

applied to the linear
the upper and lower

Figure A4 illustrates
increased ramp refe
temperature becaus

flow condition, the fueling model utilizes a pressure drop coefficient that calculat
om break-away to nozzle, to be 15 MPa, and the pressure drop.on the vehicle sid
(for the hot case) or 2 MPa (for the cold case).

ssumes the highest reference pressure drop of 35 MPa/from the station break-ay
[MPa over dispenser components (pipe, break-away, hose, and nozzle) plus 2
assumes a low reference pressure drop*0f. 17 MPa from the station break-aw
Pa over dispenser components plus 2 MRa over vehicle components.

Ramp Rate Type

per and lower tolerances on_the pressure at the station. The tolerances are con
pressure rise. lts slope is referred to as average pressure ramp rate (APRR). Th

tolerances allows for some deviation in the station’s pressure rise.

a fueling event where the station delays fueling by the time tLower and then ramps

bs the pressure drop
e, from receptacle to

vay to vehicle vessel
0 MPa over vehicle

ay to vehicle vessel

stant offsets that are

e corridor defined by

up its pressure at an

Ired to as hot pressure ramp rate (HPRR). This pressure ramp will lead to a hi
b the greater_slope reduces the time for heat transfer from gas in the CHSS to th

her final CHSS gas
inside liner surface.

It is therefore used for all hot casé simulation runs. There is a constant conversion factor between APRR and HPRR that is

derived from simple

APRR = HPRR * (1-

(AP!ower+ APupper)/(MOP = PO))

peometrical'considerations and that uses the pressure corridor bandwidth parameters (see Figure A4):

For the H70 protocols, MOP is 87.5 MPa, the lowest initial pressure Po is 2 MPa, and the pressure bounds are defined in

Section 8, so this eq

uation simplifies to:

APRR =0.889 * HPRR

This conversion is used for all simulation runs, including H70 and H35 protocols and top-off simulation runs. H35 protocols
do not use their individual MOP of 43.8 MPa to compute the conversion factor. They use a common conversion with H70
protocols in order to ensure protocol interaction compatibility. This means if a partial or complete H35 fueling is succeeded
by a H70 fueling, then both protocols must use the same ramp rates to avoid overheating.

There is no equivalent consideration for cold case simulations; they always use APRR and follow the dashed line in
Figure A4. Note that the final look-up tables in Appendices D and E report the value of APRR; the value of HPRR is not
reported.
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Figure A4 - Hot pressure ramp rate(HPRR)
and average pressure ramp rate (APRR)
A.3.6 Intermediate Pressure Leak Checks
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e CHSS and are consequently part-of the cold case set of assumptions. Modeling 3

iven pressure levels
e hot gas inside the
reduce the final gas
ssumes leak checks

ery 3000 psi (20.7 MPa) pressure-increase at the dispenser. For the H70 simulafions, this equates to

For the modeling assumptions,;the following leak checks were simulated: a 10
the first, second, and third leak check, respectively.

ht in the hot case assumptions, the pressure ramps up without interruption.

1SS System: Vessel Geometry, Count, and Material

les are net\derived from a single hydrogen vehicle storage system, but rather ref
Acteristics-across all OEM applications that were considered during table develoq

he pfetocol development, along with some of their key parameters. It should be]
HSS¢systems, but rather collections of parameters designed according to the cor

case fueling conditio

ns—Table A3 identifies which CHSSs were used for hat and cold case conditions |

second, 20 second,

lect the full scope of
ment. Table A3 lists
noted that not all of
cept of hot and cold

The vehicle CHSS is one of the most important indeterminates to the fueling station in non-comm fueling. There are a large
number of factors that can vary in a large range and that have a significant impact on final gas temperature. These factors
can be divided into three main categories:

The vessel geometry describes the general shape of the vessel(s) in the CHSS. The major parameters are internal gas

volume, internal surface area, and wall thickness. Recall that the station and vehicle fuel line components introduce a
given amount of heat into the fuel gas in order to cool down. A big vessel contains more gas to consume this given
amount of heat; it will therefore have a lower final gas temperature than a smaller vessel. At the same time, large vessels
tend to have a smaller surface-to-volume ratio, i.e., they have less heat exchanging area per unit volume and therefore
will get hotter than a smaller vessel. In addition, the vessel parameters listed in Table A3 do consider that vessels with
larger diameter require a larger composite wall thickness; this inhibits the heat flux to the environment. The geometry
of the hot case vessels is generic and was created as follows: small vessels have an outer length of 800 mm; the
diameter grows to increase internal gas volume. The outer diameter is limited to 600 mm; for large vessels the outer

diameter is fixed

to 600 mm and the outer length grows with internal volume.
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The number of vessels is an important parameter for cold case simulations. All hot case simulations are conducted with
single vessels because they have the smallest surface-to-volume ratio. Multiple small vessels have a significantly higher
surface area for the same volume and are therefore considered cold case relevant. All cold case CHSSs are constituted
with repeated identical 1 kg vessels. For example, the 10 kg cold case HSS contains ten vessels. For the simulation of
the heat exchange with the fuel line components, it is assumed that the complete flow passes the thermal masses
before it splits up into the individual vessels. Note that repeated vessels are not simulated explicitly, only one
representative is simulated.

The liner material is another very important control factor. The Type IV plastic liners have an extremely low thermal
conductivity and a large temperature gradient builds up across the liner thickness during the fueling process. For that
reason, Type IV vessels result in a much higher final gas temperature after fueling when compared to Type Ill vessels.
The aluminum’s thermal conductivity on the other hand is so high that there is hardly a temperature gradient inside the
liner during fueling. The liner temperature rises permanently during fueling and the aluminum liner serves as a heat

sink.
Table A3 - CHSS vessels
Cold Case Tanks Hot Case Tanks
. 1kg-35MPa- | 1kg-70MPa- | 2kg-70MPa- | 4kg-70MPa- | 7kg-70MPa- | 10kg-70MPa-
General Units
Typelll Typelll TypelV TypelV TypgelV TypelV
Nominal working pressurd (NWP) MPa 35 70 70 70 70 70
Storage capacity system kg 2 2,4,7,10 2 4 10
Storage capacity vessel kg 1 1 2 4 10
Number of vessels in sysfem - 2to6 2,4,7,10 1 1 1
Defueling rate system (max) gls 1.4 1.4 - - -
Defueling rate per vessel (max) gls 0.7t0 0.2 0.7 t0 0.14 - - -
Vessel Geometry Spdcification
Required internal gas wolume liters 42 25 50 99 174 249
Total external length, withput necks mm 800 835 800 800 938 1298
External diameter mm 300 240 347 493 600 600
Internal diameter mm 267 200 293 420 513 513
Wall thickness liner (cylindrical section) mm 3.25 3.25 5 5 5
Wall thickness carbon wrgpping mm 13:2 16.7 222 316 343 38.3
(cylindrical section)
Internal liner surface area m? 0.7 0.5 0.8 1.1 116 2.2
L?ner m?ss (= effective th¢rmal mass in kg 6.0 47 36 51 7la 10.1
simulation)
Composite mass (= effecfive thermal kg 14.8 14.9 27.9 57.2 od.4 135.6
mass in simulation)
Vessel Wall Material Properties
Composite Wrapping composite composite
Density kg/m® 1494 1494 1494 1494 1494 1494
Thermal conductivity W/m/K 0.74 0.74 0.5 0.5 0|5 0.5
Specific heat capacity J/kg/K 1120 1120 1120 1120 1120 1120
Liner aluminium plastic
Density kg/m® 2700 2700 945 945 945 945
Thermal conductivity W/m/K 164 164 0.5 0.5 0.5 0.5
Specific heat capacity J/kg/K 1106 1106 2100 2100 2100 2100

A.3.8

Vehicle Vessel Soak State: Initial CHSS Temperatures

The temperature of the vehicle storage system (gas and vessel wall) at the onset of fueling is not available to the dispenser
and could potentially be warmer or colder than ambient temperatures because of transport, storage, parking, and other
conditions (e.g., vehicle package location). The industry-wide consensus on the temperature deviation from ambient or
so-called “soak” temperature is shown in Figure A5. The rationale for the specified “hot soak” and “cold soak” zones are

listed in Table A4.
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"Soak" Temperature °C

"Hot Soak" and "Cold Soak" Temperatures before Refueling

Cold Soak Zone 3

—4—Cold Scak Temp

= Hot Soak Temp

-0

Figure A5 - “Cold soak” and “hot soak” CHSS temperatures

Table A4 - Assumptions for “hot soak” and “cold soak™ zones

Cold Soak Zone 1
45 40 -35 -30 25 -20 <15 10 5 0

Ambient Air Temperature at Station °C

compared to ambient temperature

5 10 15 20 25 30 35 40 45 50 55

Tdmperatures (°C) Assumptions
Ambient || Cold Soak | Hot Soak Cold Soak Hot Soak
Cold Soak Zone:1:
-40 -40 15 Vehicle minimum ambient Hot Soak Zone 1:
operating température of -40 °C Vehicle stored infa climate
controlled garagé¢ at 15 °C
-30 -40 15
Cold Soak Zone 2: Hot Soak Zore 2:
0 10 15 CHSS is 10 °C colder than CHSS is < 15°C wafmer than
10 0 25 ambient due to local climate [ ambient due to diulnal effects,
20 10 30 and storage variations. local climate, andl storage
35 25 40 variations.
Cold Soak Zone 3:
40 25 40 Vehicle stored in a climate Hot Soak Zofe 3:
controlled garage or CHSS is as warm as ambient
50 25 50 underground parking at 25 °C.

A3.9

Vehicle History

After soaking at a certain temperature and prior to fueling, the vehicle may be operated by means of gas addition (i.e.,
fueling) or extraction (e.g., driving the vehicle). This potential operation is another source for heating up or cooling down the
gas inside the CHSS relative to ambient temperature.

For the hot case fueling simulations, a partial fueling history was assumed in order to initialize the CHSS with the highest
conceivable gas and vessel wall temperatures at the given initial pressure Po. However, the fueling tables do not use the
CHSS initial pressure as a parameter for looking up the pressure ramp. Instead, hot case fueling simulations started with
the lowest permissible initial pressure, independent of the actual CHSS pressure. This means, a fueling history followed by
the actual fueling event was simulated as a single fueling event starting at the lowest pressure. Potential circumstances
(roadside fueling, equipment malfunctions, service procedures, certain ambient temperature fill protocols, etc.) may arise
which result in the initial start-of-fill temperature of the CHSS being hotter than assumed in the simulations. Future versions
of SAE J2601 may incorporate additional development of methods to detect temperatures or verify starting temperature
assumptions (see Appendix M).
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For the cold case fueling simulations, a vehicle driving history was assumed in order to initialize the CHSS with the lowest
conceivable gas and vessel wall temperatures. The gas temperature in the vehicle storage system decreases during vehicle
operation due to depressurization. Different materials and designs of vehicle storage systems will lead to different degrees
of cooling during vehicle operation. This is due to differences in heat transfer characteristics, heat capacity, and storage
volume of on-board storage systems. The cooling effects of vehicle operation are specific to each vehicle. The modeling
and testing of these effects were done according to OEM’s worst-case CHSS specification. The driving history constrained
the CHSS gas temperature and pressure to the existing CHSS certification temperature limit of -40 °C during defueling and
a minimum system pressure of 0.5 MPa.

A.3.10  Step 1 - Pressure Ramp Rate

Pressure ramp rates are generally designed to avoid overheating a CHSS under worst-case conditions. These worst-case
conditions for overheating are collected in the set of hot case assumptions. The simulation runs for determining the highest

pressure ramp rate t
The CHSS initial pre
for an exemplary am
fueling, thereisara

steeper because the
is “full” (95% SOC) o
is held constant. T

conditions at the en

to find the optimal ra
occur at any time du
ramp rate must be d
rate will generally s3
high ambient temper]
conditions and large
increase the resultin
in smaller ramp rate
the target pressure

below 90%.

A second tradeoff
computed in the san
tables in Appendice
initial CHSS pressur
identified by the Top|
to overheating the (
pressure; this is des

The pressure ramp 1
be said in advance W

;o
sure is 2 MPa. Figure AG6 illustrates a H70 fueling simulation in a pressure-tempg
ient temperature 0 °C. The CHSS temperature is initialized at the hot soak ‘tempe

id temperature increase inside the CHSS at the beginning; later the slope ofthe fu

pressure increase dominates over the temperature increase. The simulation stops
reaches the upper temperature limit 85 °C. During the simulation, the préssure ra

e procedure of computing the optimal pressure ramp rate thatfulfills both S(
is an iterative process. It requires a number of fueling simulations with different
p rate. There is a third condition to be fulfilled by the optimakramp rate: the peak

ing the fueling simulation shall not exceed 60 g/s. This isdllustrated in Figure A7. If

bcreased, which will automatically decrease the peak flow rate. Therefore, the res|
tisfy only one of the conditions: (a) the final gas temperature reaches 85 °C (thi
atures and small CHSSs), or (b) the peak flow ratesreaches 60 g/s (this typically oc

CHSSs). The final SOC, however, is always 95%. Note that the SOC target

) pressure ramp rate. In an earlier version ofthé-protocol the SOC target 100% was

5. However the final SOC target 100% can never be reached in non-communicat
see A.5) limits final CHSS pressure. such that hot case conditions typically res

as made in order to generatelhigher pressure ramp rates: an alternative pres
e fashion as described before;-but starting with an elevated initial CHSS pressurg
5 D and E report this alternative higher pressure ramp rate whenever the rate c
e would fail to permit at3-minute fueling. The cases in which the higher ramp rates
-Off option in the communications fueling tables. The higher pressure ramp rate g
HSS if the actual initial pressure is below 5 MPa. The precaution to avoid this
cribed in A.5.

ates weré determined for the smallest and the largest CHSS in each size categg
hich one-will be limiting the ramp rate. The reasons for this are two opposing effeg
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pbmputed with 2 MPa
are reported can be
ould potentially lead
is a reduced target

ry because it cannot
ts. On the one hand,

s a-higher surface-to-volume ratio; this leads to a lower final gas temperature bgcause of better heat
n-the other hand, the smaller CHSS receives the same fixed amount of extra heat from the thermal
fuel line masses whi i i TS the larger CHSS.
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The fastest pressurg
This upper bound al
reached at cold amb

The peak mass flow
resulting pressure rg
4.3 minutes

The pressure ramp fates were designed for H70 CHSSs only. All H35 protocols use the same pressu
rotocols. Corresponding protocols used the same vessels during the simulations:
2 kg) uses the same/vessels as H70 CHSS Capacity Category B (4 to 7 kg) and
.0 kg) uses the_same vessels as H70 CHSS Capacity Category C (7 to 10 kg).
in order to ensure safe protocol interaction, i.e., a partial H35 fueling may be ¢

corresponding H70 ¢
Category B (2.4 to 4
Category C (4.2 to ¢
chosen on purpose
fueling and vice vers

For the same reasor,
This ensures safe p

ramp rates reported in the look-up tables. arfe’ additionally clipped at an upper
ows fueling a CHSS according to the H7Q protocol from 2 MPa to 87.5 MPa in e
ent temperatures in most protocols for, GHSS capacity categories A and B.

limitation became active only in the CHSS Capacity Category C at low ambier
mp rate is 19.9 MPa/min for all [ow ambient temperatures. It permits fueling frq

a.

temperature, °C

110 ;
target: '
100 T<85°C @ 95% SOC
90
81.2MPa
80
o
A i
[ . :
S ’{i/'
@ 50p——
w
p
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— [
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0 (15°C, 2 MPa) et——"""_|
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Figure A6 - Step 1 - pressure ramp rate simulation

alue 28.5 MPa/min.
actly 3 minutes. ltis

t temperatures. The
m 2 to 87.5 MPa in

re ramp rates as the
H35 CHSS Capacity
H35 CHSS Capacity
This procedure was
pntinued with a H70

the ®ommunications fueling protocols use the same pressure ramp rates as the
otocol |nteract|on between communications and non- communlcatlons fuel|ng protocols, i.e., a partial

communications fueh

on-comm protocols.

e of communications

fueling over non-comm is a higher SOC at the end of fueling, but not a faster fuel|ng event In fact, communications fueling
takes longer than non-comm fueling because the fueling stops later, i.e., at a higher target pressure.

In the creation of this document, the Interface Task Force of the SAE Fuel Cell Standards Committee assumed that a vehicle
would fill from one dispensing system. The analysis, testing, simulation and development of the standard did not consider
conditions under which the vehicle is fueled using multiple dispensers. The committee did align the pressure ramp rates for
H35 and H70 fueling to minimize the potential for overheating under the scenario where a user fills first at H35 and then
completes the fill at H70. Although this minimizes the potential for overheating, it does not completely eliminate it if both
dispensers are warm at the beginning of each fill.
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Examples of fueling scenarios not fully considered:

e Fueling under H35, then fueling under H70 non-communication fueling

e Fueling under H70 fueling with multiple re-starts at a unique dispenser each time

Under one of the above scenarios, gas temperatures within the CHSS could exceed the limit. While one of the fueling
scenarios above could potentially occur, the probability of occurrence is small. For this reason, and due to the difficulty of

bounding these scenarios, they were not considered.

It is recommended that stations utilize common fuel delivery temperature categories for all dispensers, as this reduces the
risk of the CHSS gas temperature exceeding the limit under these unlikely scenarios.

90
peak S
80 flow '! \\g\?
70 e rate
flow limit 60 g/s
BOW/ 2 S
i 7 .S
50 o
~ Q‘
40 / \\/
7 \
30 // // \___'\H
/ s Mass ﬂoW}'g}g;-______
20 / / ”f&‘: g9 /S
e
10 L/ /
% 20 40 60 80 100 120 140 160 180
time, s

Figure A7 Typical pressure and mass flow development
The pressure ramp [ates obtained.with the described procedure are hot pressure ramp rates (HPRR) by definition. They
are scaled by the constant facter-explained earlier in this appendix to obtain the tabulated average pressure ramp rate
values APRR.

A.3.11 Step 2 - Targét-Pressure

The second step in defining the fueling process is to compute the target pressure (i.e., the pressure at the station at which
the fueling process is stopped) to ensure that the CHSS stays within its operating boundaries under any conceivable
condition. For this purpose, the cold case simulation assumptions were made. With the two tradeoff modifications made to
the calculation of the pressure ramp rates in Step 1 (i.e., targeting at 95% SOC instead of 100% and starting at 5 MPa in
some cases) it is also required to simulate the fueling process under hot case conditions again to exclude the possibility of
overheating.
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A.3.12  Non-Communications Target Pressure

Figure A8 illustrates the cold case simulation for the H70 example at 0 °C ambient temperature and 0.5 MPa CHSS pressure
prior to fueling. The cold case simulation starts with full CHSS (100% SOC) soaked at the cold soak temperature -10 °C.
The system is drained from hydrogen in the driving history simulation indicated with a dotted line. When the CHSS gas
temperature reaches the lower operating limit -40 °C, the extraction mass flow rate is reduced in order to maintain the lower
operating temperature while the pressure continues to drop. The history simulation is stopped when the CHSS pressure
reaches the initial fueling CHSS pressure Po. In the example, a value of 0.5 MPa was chosen. Note that the initial CHSS
pressure is the second dimension in the look-up tables (ambient temperature is the first). The final values of the CHSS
states (i.e., gas mass, internal energy, and wall temperatures Tw) are used to initialize the fueling simulation. The cold case
fueling simulation stops when the SOC has reached a value 100%, and the corresponding CHSS pressure Pcc is stored as
a result. There is no cold case simulation that ever reaches the upper temperature limit 85 °C. The cold case simulations
were only conducted for the larger CHSS in each size category because the two opposing effects described for the hot case
simulations in Step 1 3 5 only by the number
of identical vessels in the system (H70: 2, 4, 7, or 10), the geometry of the vessels is always the sam& . herefore, all CHSSs

have the same surface-to-volume ratio. The extra amount of heat coming from the fuel line therma
evenly distributed tq all vessels in the system. Therefore, the largest system with the highestvesse
lowest gas temperatpre.

No hot case simulatjons were performed in Step 2. Instead, the hot case pressure(imit Prc is set t
Step 1 fueling targef at 95% SOC and 85 °C; this is 81.2 MPa and 41.1 MPa for,the for the H70
respectively. The fadt that some hot case fuelings starting at pressures lower than'2 or 5 MPa (depend
chosen to deliver thg ramp in Step 1) will overheat when fueled to Pxc was not taken into consideratio

For each ambient temperature and initial CHSS pressure, there are two €HSS gas pressure limitati
case simulation and|Pxc for the hot case consideration. The lower of the two values is used as the li
pressure. The targe{ pressures reported in the look-up tables in Appendices D and E are final simu
station if the cold case is limiting, 81.2 MPa otherwise. It is expected that the final fuel pressure insi
smaller than the fueling pressure target due to the pressure drop from dispenser to CHSS. Inspectio
tables shows that thé¢ hot case pressure limit Puc is never active because all cold case simulation end

After determining th
smaller than 5 MPa)
out that no hot case simulation leads to overheating. The reason for this is the fact that the targ
determined by the c¢ld case simulations and the/fueling always stops earlier than 81.2/41.1 MPa.

b fueling target pressures, hot case simulations for all initial pressures (especial

masses however is
count will have the

b the value from the

and H35 protocols,
ng on the simulation
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it for the final CHSS
tion pressure at the
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or;[s, Pcc from the cold
|
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were conducted, stopping at thé-target pressure in order to check the final gas teperatures. It turned

et pressures are all
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Figure A8 - Step 2 - non-communications target pressure simulation
A.3.13  Communig¢ations Target Pressure
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and Fuel Cell Vehicles or to SAE J2579. Both require a hydraulic test with ten cyqd
ossible fueling\station over-pressurization. For 70 MPa CHSSs, this is a pressuy
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ction (e.g., switching
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'echnical Regulation
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Fjgure A9 - Step 2 - communications fueling: rationale for'120% SOC limitatign

Figure A9 illustrates|
before, the upper p
pressure limit may
87.5 MPa: consider
stopped at 120% SC
well below 87.5 MP
warmer location or tf
may be hot soaked 4§
temperature, the CH
computing the cold g

Figure A10 illustratg
pressure prior to fuel
at the cold soak ten
lower temperature li
values of the CHSS
the value 120%, and
were only conducteq
pressure.

the rationale for raising the fueling target pressure_for the communications pro
ssure limit that may occur once and only in the.case of communications failu

e
;I’e reached by the following course of events, ‘even if the communications targ

a cold case fueling at low ambient temperatdre and medium initial CHSS preg
DC at a still very cold CHSS gas temperature below 0 °C. The final pressure Pc
p. Subsequently, the CHSS is exposed-fo different ambient conditions (e.g., s
e vehicle is parked for half a year fromrstarting in winter and ending in summer). B
t 50 °C ambient temperature. Thecorresponding hot soak temperature is 50 °C;

SS gas pressure will reach exactly 105 MPa. Hence, 120% SOC is chosen as
ase final pressures Pcc.

s the cold case simulation for the H70 example at 0 °C ambient temperature
ng. As in the non-comm simulation, the cold case simulation starts with full CHSS

mit and stopping ‘at the initial fueling pressure Po; this is indicated with a dotted
states are usédto initialize the fueling simulation. The cold case simulation stops
the corresponding final CHSS pressure Pcc is stored as a result. As before, the @
for the.larger CHSS size in each size category because the smaller size will aly

The hot case simul

focols. As explained
re is 105 MPa. This
pt pressure is below
sure. This fueling is

inside the CHSS is
hipped to a different
ventually, the CHSS
Eee Table A4. At this
the target SOC for

and 0.5 MPa CHSS
100% SOC) soaked

perature -10 °C. The system is drained from hydrogen in the driving history simulation, obeying the

line. Again, the final
as the SOC reaches
old case simulations
vays end at a higher

y is ignored) and the

hot soak temperature +15 °C. The system is fueled with the HPRR, and the simulation stops when the upper temperature
limit 85 °C is reached. The corresponding pressure Pic is stored as a result. As in Step 1, both the smallest and the largest
vessel size for each size category were simulated.

For each ambient temperature and initial CHSS pressure, there are three final CHSS gas pressures (one cold case Pcc and
two hot case Prc results). The limiting case is the simulation run with the lowest final CHSS pressure. The look-up tables in
Appendices D and E report final simulation pressure at the station for the limiting case as target pressure. It is expected
that the final fuel pressure inside the CHSS will be smaller than the fueling pressure target due to the pressure drop from
dispenser to CHSS. As a result, now all hot case simulations determine the target pressure. This is because the 120%
limitation for the cold case simulations results in very high pressures, typically above 87.5 MPa.
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Figure A10 - Step 2 - communications target pressure simulation
A.3.14  Communigations Top-Off Fueling

To increase the AP
simulations has be¢
3 minutes. Having 4
5 MPa, this methodg
5 MPa at each ambi
SOC is the so-called

Top-off fueling is a
allows the station to
target pressure. Figu

RR for standard fuelings described before, the initial CHSS pressure for Step
n increased from 2 to 5 MPa, if the simulation with 2 MPa yielded a poor fuel
dvantages for fuelings at all ambient'temperatures and for initial pressures equ
logy decreased the maximum possible SOC for fuelings starting at initial CHSS
bnt temperature for which the faster ramp rate is applied. The countermeasure to
top-off fueling, applicable/for.communications fuelings following SAE J2799.

do a follow-up fueling)without interruption of the fill, but with a reduced top-off APH
re A11 shows a standard fueling succeeded with a follow-up top-off fueling.

1 (standard fueling)
ng time longer than
al to or higher than
pressures less than
avoid these very low

ontinued fueling at a.réduced pressure ramp rate that starts immediately after a standard fueling. It

RR and a new top-off
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Figure A11 - Station pressure bounds for standard. and top-off fueling

pressure ramp rate and top-off target pressure follows the same two step proceq
pressure ramp rate and target pressure.

OP-OFF PRESSURE RAMP RATE

ramp rates were designed iteratively~in the same fashion as the standard pre
value that ends a hot case top-offfueling at 100% SOC without violating the 85
ulation is run in order to initialize'the CHSS states at the end of the standard fu

pet pressure. This is depicted in Figure A12. The dispenser will hold the
, continuing the standard fueling fuel delivery temperature without any additional
pnc was recorded fordater use in determining the top-off target pressure. The resu
R using the same.conversion factor as in Step 1. It is applied to all top-off fuelings th
veen 0.5 MPa and’5 MPa. Only the CHSS size that limited the standard fueling

ure as the design of

ssure ramp rates by
C temperature limit.
eling. This standard
bnds at the tabulated
temperature at the
cool-down time. The
ting HPRR was then
at succeed standard
target pressure was
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Figure A12 - Step T1 - top-off pressure ramp rate simulation

[op-Off Target Pressure

A cold case top-off flieling simulation was employed to determine-the maximum final pressure to prevent overfueling. As in

Step 2 for communig
procedure. The actu
described before; s
simulation, fuels with
used to initialize the

The smaller of the t
fueling station from t

ations fueling, the 120% SOC limitation was'used. See Figure A13 for an illustra
pl top-off simulation was initialized by twe subsequent history simulations: First, {
bcond, the standard fueling process\that is initialized with the final states fron
the APRR, and ends at the tabulated communications target pressure. The final C
top-off simulation. The simulation ends at 120% SOC and the final pressure Pcc i

vo simulation end pressures Pcc and Pt limits the top-off target pressure. The
he limiting simulation is_used in the look-up tables.
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Figure A13 - Step T2 - top-off target pressure simulation
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A5 STEP 3 - PERFORMANCE CHECK

Step 2 to 3: The modeling performed under hot case conditions stops at 85 °C, 60 g/s, or 100% SOC, whichever is reached
first. This makes sure that the resulting End Pressure results also in CHSS average gas temperatures below 85 °C.

A.6 COLD DISPENSER

Additional look-up tables were created to improve the fueling speed for the case of pre-cooled station equipment. The
simulations performed to create these tables are identical to the ones described before, with the following two modifications
to the hot case assumptions: First, the initial station temperature does not equal ambient but a given tabulated temperature
(0 °C or -10 °C), but only if the given temperature is colder than ambient. The station then ramps down from its initial

temperature to the upper temperature tolerance in 30 seconds. This procedure can be visualized in Figure A2 by replacing
ambient temperature with the given initial station temperature. Secondly, the temperature Tis of the station fuel line

components is initial

All pressure ramp ra
compared to the def

All subsequent stepg
top-off ramp rate an
modified Hot-Case 4
A7 LABORATO
Experimental tests W
validation of tables i

electric vehicles at r
SAE Technical Paps

Vehicle Hydrogen Fdeling Standard.”

zed with the same given temperature rather than ambient.

es are then computed as described above. Due to the reduced initial station.and
bult tables, a higher pressure ramp rate is obtained, especially for high ambient te

for computing target pressure (non-communications and communjeations), as we
| target pressure, were recalculated following the same procedure-as described
ssumption and the new pressure ramp rates.

RY FIELD VALIDATION AND SENSITIVITY STUDIES

ere conducted to validate the standard SAE J2604 fueling protocol for the correl
the lab and in the field. Additionally, field experience of SAE J2601 has been gai
bal hydrogen stations. These trials and the sensitivity studies were documented i
rin 2014, SAE Paper 2014-01-1833, “Validation and Sensitivity Studies of SAE J
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APPENDIX B - SAE J2601 SUBROUTINE FLOW CHARTS

As per 8.7, this appendix details the subroutines flow charts for table-based fueling. The following subroutines are examples
of control logic for SAE J2601, table-based fueling. An overview to the subroutines flow charts is as follows:

Figure BO SAE J2601 table-based fueling overview

Figure B1 General dispenser start up subroutine

Figure B2 Start fueling process non-communications subroutine

Figure B3 Fueling start subroutine: communications fueling page 1 of 2
Figure B4 Fueling start subroutine: communications fueling page 2 of 2
Figure BS Fueling process check subroutine

Figure B6 Determine fueling table subroutine

Figure B7 Fuel delivery temperature fallback fueling subroutine

Figure B8 Fuel detivery temperature check subroutine

Figure B9 Physigal and functional (P&F) requirements subroutine

Start

A/

SAE J2799 Physical
and Functional
Requireants Check

Y
N

SAE J2799 Physical

and Functional Fail
\R{quirements Passgﬂ/
AN /

P
Pass

AN
AN

N

\ 4 A4
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Station Apply Comm,
Fueling Procedures?
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Yes
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Fueling Process
Non-Comm
Subroutine

Fueling Process
Comm Subroutine

End

Figure B0 - SAE J2601 table-based fueling overview
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Figure B1 - General dispenser start up subroutine
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Figure B2 - Start fueling process non-communications subroutine
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Figure B3 - Fueling start subroutine: communications fueling page 1 of 2
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Figure B4 - Fueling start subroutine: communications fueling page 2 of 2
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Figure B5 - Fueling process check subroutine
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Figure B6 - Determine fueling table subroutine
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Figure B7 - Fuel delivery temperature fallback fueling subroutine
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Figure B8 - Fuel delivery temperature check subroutine
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APPENDIX C - ACCEPTANCE CRITERIA FOR SAE J2601 PERFORMANCE TESTS

The adherence of a fueling dispenser to the fueling protocols specified in this standard should be verified by a hydrogen
station test apparatus and procedure such as CSA HGV 4.3 (or equivalent). The performance tests are designed to
demonstrate that the protocol meets the minimum criteria as per SAE J2601. Specifically, they are designed to demonstrate
that fuel is delivered within the specified temperature range, at the specified ramp rate and up to the specified pressure
target.

The dispenser should demonstrate capability to meet the general process limits in Section 6, and the specific fueling process
requirements, as described in Section 8 for the table-based approach, or Section 9 for the MC Formula-based protocol.

The dispenser shall demonstrate that it can fuel hydrogen within these limits while meeting the stop criteria of the fueling
protocol. It is essential that a dispenser can demonstrate under every fueling that it is within the limits described in
SAE J2601 with the fesignation of “shall.

The station provider|should do due diligence to meet the other criteria which are designated as-'shoulfl” or “optional.”
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APPENDIX D - SAE J2601 STANDARD TABLES

The tables found in this appendix are the standard “look-up table” for communications and non-communications hydrogen
fueling in SAE J2601. See Appendix G for table value interpolation guideline

Note that the SAE J2601 tables are in European/International format for commas and periods (this is opposite to the
convention used for the U.S.).

Below is the key to the tables found in Appendix D:

Table D1 H35-T40: CHSS Capacity Category A non-communications
Table D2 H35-T30: CHSS Capacity Category A non-communications
Table D3 H35-T20: CHSS Capacity Category A non-communications
Table D4 H35-TR0: CHSS Capacity Category A communications
Table D5 H35-T]30: CHSS Capacity Category A communications
Table D6 H35-TR0: CHSS Capacity Category A communications
Table D7 H35-TKH0: CHSS Capacity Category B non-communications
Table D8 H35-T|30: CHSS Capacity Category B non-communications
Table D9 H35-TR0: CHSS Capacity Category B non-communications
Table D10 H35-TY0: CHSS Capacity Category B communications
Table D11 H35-T]30: CHSS Capacity Category B communications
Table D12  H35-T20: CHSS Capacity Category B communications
Table D13 H35-TYB0: CHSS Capacity Category C non-communications
Table D14  H35-T|30: CHSS Capacity Category C non-communications
Table D15  H35-T20: CHSS Capacity Category C non-communications
Table D16  H35-TKW0: CHSS Capacity Category C communications
Table D17  H35-T|30: CHSS Capacity Category C communications
Table D18  H35-T)20: CHSS Capacity Category C communicatiens
Table D19  H70-TK0: CHSS Capacity Category A non-communications
Table D20  H70-T[30: CHSS Capacity Category A non-cammunications
Table D21 H70-T[20: CHSS Capacity Category A non-communications
Table D22  H70-TK0: CHSS Capacity Category A communications
Table D23  H70-T|30: CHSS Capacity Category Alcommunications
Table D24  H70-T[20: CHSS Capacity Category~A communications
Table D25  H70-T40: CHSS Capacity Categery B non-communications
Table D26  H70-T|30: CHSS Capacity Category B non-communications
Table D27  H70-T[20: CHSS Capacity-€ategory B non-communications
Table D28  H70-T40: CHSS Capacity Category B communications
Table D29  H70-T|30: CHSS Capacity Category B communications
Table D30  H70-Tj20: CHSS Capacity Category B communications
Table D31 H70-T0: CHSS Capacity Category C non-communications
Table D32  H70-Tj30: CHSS Capacity Category C non-communications
Table D33  H70-Tj20:.CHSS Capacity Category C non-communications
Table D34  H70-TU0~CHSS Capacity Category C communications
Table D35  H70-T36€HSSCapacity Category € commurications
Table D36  H70-T20: CHSS Capacity Category C communications
Table D37  H70-T40D: CHSS Capacity Category D non-communications
Table D38  H70-T30D: CHSS Capacity Category D non-communications
Table D39  H70-T20D: CHSS Capacity Category D non-communications
Table D40  H70-T40D: CHSS Capacity Category D communications
Table D41 H70-T30D: CHSS Capacity Category D communications
Table D41 H70-T20D: CHSS Capacity Category D communications
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Table D1 - H35-T40: CHSS Capacity Category A non-communications

H35-T40 . APRR T.a.rget Pressure, Ptarget [MPa]
CHSS Capacity X Initial Tank Pressure, P, [MPa]
Category A Non-Comm [MPa/min]
0,5 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling n}}‘@\%g no fueling no fueling no fueling

50 3,2 40,1 40,0 39,9 39,5 39,1 38,7 37,7 36,7 no fueling

45 5,8 40,2 40,1 40,0 39,7 39,4 39,0 37,8 36,7 no fueling

_ 40 8,6 40,4 40,3 40,2 39,9 39(6 39,2 37,9 36,7 no fueling
% 35 9,7 40,4 40,4 40,2 40,0 39,6 39,2 37,9 36,7 no fueling
|_'E 30 12,5 40,2 40,1 39,9 39,6 39,2 38,7 37,2 35,9 no fueling
g 25 15,7 40,0 39,9 39,7 39,3 38,8 38,2 36,5 no fueling no fueling
g;_ 20 19,3 39,8 39,7 39,4 38,9 38,4 37,7 35,8 no fueling no fueling
§ 10 27,0 39,3 39,2 38,8 38,2 37,5 36,6 34,2 no fueling no fueling
::E: 0 28,5 38,6 38,4 38,0 37,2 36,3 35,3 32,5 no fueling no fueling
E -10 28,5 37,8 37,6 371 36,2 35,1 33,9 30,8 no fueling no fueling
< -20 28,5 37,0 36,8 36,2 35,1 33,9 32,5 no fueling no fueling no fueling
-30 28,5 36,3 35,9 35,2 34,0 32,6 31,1 no fueling no fueling no fueling

-40 28,5 36,3 35,9 35,2 34,0 32,6 31,1 no fueling no fueling no fueling

<-40 no fueling no fueling no fueAIingk" - no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D2 - H35-T30: CHSS Capacity Category A non-communications

H35-T30

CHSS Capacity

Category A Non-Comm

APRR
[MPa/min]

Ambient Temperature, Tams [°C]

>50

Target Pressure, Piarget [MPa]

Initial Tank Pressure, P, [MPa]

19

ZU
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Table D3 - H35-T20: CHSS Capacity Category A non-communications

H35-T20 - APRR T.a.rget Pressure, Ptarget [MPa]
CHSS Capacity X Initial Tank Pressure, P, [MPa]
Category A Non-Comm [MPalmin]
05 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling no fue@ no fueling no fueling no fueling

50 <1 no fueling no fueling no fueling no fueling no fueling noyfueling no fueling no fueling no fueling

45 2,3 40,6 40,4 40,2 39,7 39,3 38,8 37,6 36,7 no fueling

_ 40 3,6 40,6 40,4 40,2 39,8 39,4 38,9 37,8 36,7 no fueling
% 35 3,9 40,5 40,4 40,2 39,8 394 39,0 37,8 36,7 no fueling
|_‘% 30 5,0 40,1 40,0 39,8 39,4 38,9 38,5 371 35,9 no fueling
g 25 6,2 39,8 39,7 39,4 39,0 38,5 38,0 36,4 no fueling no fueling
g;_ 20 7,6 39,5 39,4 39,1 38,6 38,1 37,4 35,7 no fueling no fueling
§ 10 10,2 38,9 38,7 38,4 37,8 371 36,4 34,2 no fueling no fueling
"g' 0 15,3 38,6 38,4 38,0 37,2 36,3 35,3 32,5 no fueling no fueling
:E -10 16,9 38,0 37,7 37,2 36,2 35,2 34,0 30,8 no fueling no fueling
< -20 18,6 37,3 37,0 36,4 35,2 34,0 32,6 no fueling no fueling no fueling
-30 20,3 36,7 36,3 35,6 34,2 32,8 31,2 no fueling no fueling no fueling

-40 22,1 36,9 36,5 35,7 34,3 32,8 31,2 no fueling no fueling no fueling

<-40 no fueling no fueling no fuelingr‘;\\ur;o fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D4 - H35-T40: CHSS Capacity Category A communications

H35-T40 Target Pressure, Piarget [MPa]
. APRR
CHSS Capacity [MPa/min] Initial Tank Pressure, P, [MPa]
Category A Comm

>50

Ambient Temperature, Tamb [°C]
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Table D5 - H35-T30: CHSS Capacity Category A communications

H35-T30 . APRR T.a.rget Pressure, Piarget [MPa]
CHSS Capacity X Initial Tank Pressure, P, [MPa]
Category A Comm [MPalmin]
0,5 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling no fuelin9\<f.) no fueling no fueling no fueling

50 1,7 42,9 42,9 42,8 42,7 42,5 42,2 41,4 40,6 no fueling

45 3,9 43,2 43,2 43,1 42,8 42,5 42,2 41,0 40,0 no fueling

_ 40 6,0 43,3 43,2 43,1 42,7 42,3 41,8 40,3 39,2 no fueling

% 35 6,7 43,4 43,3 43,1 42,8 42,4 41,8 40,4 39,2 no fueling

|_'% 30 8,7 43,4 43,3 43,1 42,7 42,2 41,6 39,9 38,7 no fueling

g 25 10,9 43,4 43,3 431 42,6 42,0 41,3 39,5 no fueling no fueling

E_ 20 13,2 43,4 43,3 43,0 42,4 41,7 40,9 39,0 no fueling no fueling

E 10 17,4 43,4 43,3 42,9 42,1 41,3 40,4 38,3 no fueling no fueling

‘g 0 25,3 43,3 431 42,5 41,5 40,4 39,3 36,7 no fueling no fueling

E -10 28,1 43,4 43,2 42,6 41,5 40,4 39,3 36,7 no fueling no fueling

< -20 28,5 43,4 431 42,5 41,5 40,4 39,2 no fueling no fueling no fueling

-30 28,5 43,4 431 42,5 41,5 40,4 39,2 no fueling no fueling no fueling

-40 28,5 43,4 43,1 4275 41,5 40,3 39,2 no fueling no fueling no fueling

<-40 no fueling no fueling no fueling rwfueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D6 - H35-T20: CHSS Capacity Category A communications

Target Pressure, Pirge: [MPa]

H35-T20 APRR
CHSS Capacity [MPa/min] Initial Tank Pressure, P, [MPa]
Category A Comm

40 | 4L | 20
TV T U

>35

>50

no fueling no fueling no fueling no fueling no fueling no fueling no fueling

45 2,3 43,2 43,2 43,0 42,8 42,5 A 40,9 39,9

40 3,6 43,3 43,2 43,0 42,7 42,3 (\'\ /41,8 40,3 39,2
[T) N\ 4
e 35 3,9 43,4 43,3 43,1 42,8 42,1;)(]‘/O 41,8 40,3 39,2
£ v
~ 30 5,0 43,4 43,3 43,1 42,7 Qéil\ 41,6 39,9 38,7
g 25 6,2 43,5 43,3 43,1 42,6 Q 42,0 41,3 39,5
©
E_ 20 7,6 43,5 43,4 43,1 42,5 N 41,8 41,0 39,0
E 10 10,2 43,6 43,4 43,0 4@ 41,4 40,5 38,3
- N
5 0 15,3 43,5 43,3 42,7 \r\@ﬂ 40,6 39,4 36,8
'E -10 16,9 43,6 43,4 42,8 Q41,7 40,6 39,4 36,7
< -

-20 18,6 43,7 43,4 42,8 \\® 41,8 40,6 39,4

)
-30 20,3 30,3 43,5 41,8 40,7 39,4
29

-40 221 27,7 43,6 \£43,0 41,9 40,7 39,5
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Table D7 - H35-T40: CHSS Capacity Category B non-communications

H35-T40 - APRR T.a.rget Pressure, Ptarget [MPa]
CHSS Capacity X Initial Tank Pressure, P, [MPa]
Category B Non-Comm [MPalmin]
0,5 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling no quJ,@ no fueling no fueling no fueling

50 5,1 38,7 38,6 38,4 38,2 38,0 37,9 37,2 36,4 no fueling

45 8,1 38,7 38,6 38,5 38,3 38,0 37,9 37,2 36,4 no fueling

_ 40 11,5 38,8 38,7 38,5 38,3 38,1 38,0 371 36,4 no fueling
% 35 12,4 38,7 38,6 38,4 38,2 37,9 37,8 371 36,3 no fueling
|_'% 30 15,3 38,5 38,4 38,2 37,8 37,5 37,4 36,4 35,7 no fueling
g 25 18,5 38,4 38,2 38,0 37,5 371 36,9 35,7 no fueling no fueling
E_ 20 21,8 38,2 38,1 37,7 37,2 36,6 36,4 35,0 no fueling no fueling
E 10 28,0 371 36,7 37,2 36,4 35,7 35,2 33,5 no fueling no fueling
‘g 0 28,5 36,7 36,1 36,4 35,4 34,5 34,0 32,0 no fueling no fueling
E -10 28,5 36,3 36,8 36,0 34,7 33,3 32,7 30,6 no fueling no fueling
< -20 28,5 36,0 36,5 35,7 34,4 32,8 31,6 no fueling no fueling no fueling
-30 28,5 35,5 36,1 354 34,0 32,5 31,2 no fueling no fueling no fueling

-40 28,5 35,3 35,9 35,1 33,8 32,3 31,1 no fueling no fueling no fueling

<-40 no fueling no fueling no fueling {-‘:\\wr;o fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D8 - H35-T30: CHSS Capacity Category B non-communications

H35-T30

CHSS Capacity

Category B Non-Comm

APRR
[MPa/min]

Ambient Temperature, Tams [°C]

>50

Target Pressure, Piarget [MPa]

Initial Tank Pressure, P, [MPa]
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Table D9 - H35-T20: CHSS Capacity Category B non-communications

H35-T20 - APRR Target Pressure, Piarget [MPa]
CHSS Capacity - Initial Tank Pressure, P, [MPa]
Category B Non-Comm [MPalmin]
05 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling no fue&@ no fueling no fueling no fueling

50 1,0 39,4 39,2 38,9 38,4 38,0 376 37,0 36,4 no fueling

45 2,2 38,7 38,6 38,3 38,0 37,7 37,5 37,0 36,4 no fueling

_ 40 3,3 38,5 38,3 38,1 37,9 37,6 37,5 37,0 36,4 no fueling
% 35 3,5 38,2 38,1 37,9 37,7 37,5 37,4 37,0 36,4 no fueling
|_‘% 30 4,5 37,9 37,7 37,5 37,3 37,0 36,9 36,3 35,7 no fueling
;“,f 25 5,5 37,6 37,4 37,2 36,9 36,6 36,5 35,7 no fueling no fueling
g_ 20 6,7 37,3 37,2 36,9 36,5 36,2 36,0 35,0 no fueling no fueling
§ 10 8,8 36,9 36,6 36,3 35,7 35,2 349 33,5 no fueling no fueling
E 0 13,2 371 36,7 36,0 35,2 34,3 33,9 32,0 no fueling no fueling
:E -10 14,2 36,9 36,5 35,7 344 33,5 32,7 30,6 no fueling no fueling
< -20 15,2 36,7 36,3 35,5 34,2 33,0 31,5 no fueling no fueling no fueling
-30 16,1 36,3 36,0 35,3 33,9 32,8 31,2 no fueling no fueling no fueling

-40 17,1 36,3 35,9 35,2 33,8 32,6 31,1 no fueling no fueling no fueling

<-40 no fueling no fueling no fueIing(“\\Vno fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D10 - H35-T40: CHSS Capacity Category B communications
H35-T40 Target Pressure, Piaget [MPa]
CHSS Capacity APRR Initial Tank Pressure, P, [MPa]
Category B Comm [MPa/min]
0.5 5 10 15 | 20 30 >35

>50

Ambient Temperature, Tams [°C]
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Table D11 - H35-T30: CHSS Capacity Category B communications

H35.730 Target Pressure, Piaget [MPa]
. APRR

CHSS Capacity : Initial Tank Pressure, P, [MPa
Category B Comm [MPa/min] Al .

I I
o

>50

Ambient Temperature, Tamb [°C]
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Table D12 - H35-T20: CHSS Capacity Category B communications

T P , Ptarget [MP.
H35.T20 APRR arget Pressure, Piarget [MPa]
CHSS Capacity X Initial Tank Pressure, P, [MPa]
[MPa/min]
Category B Comm |

>50

Ambient Temperature, Tams [°C]
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Table D13 - H35-T40: CHSS Capacity Category C non-communications

H35-T40 . APRR T.a.rget Pressure, Parget [MPa]
CHSS Capacity X Initial Tank Pressure, P, [MPa]
Category C Non-Comm [MPa/min]
0,5 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling no fu?lkﬁ@ no fueling no fueling no fueling

50 7,6 38,9 38,8 38,7 38,4 38,2 38,1 37,2 36,4 no fueling

45 11,0 39,0 38,9 38,7 38,5 38,2 38,1 37,2 36,4 no fueling

_ 40 14,5 39,1 39,0 38,8 38,5 38,2 38,1 371 36,4 no fueling
% 35 15,3 38,9 38,8 38,6 38,3 38,0 37,9 371 36,3 no fueling
|_'% 30 17,9 38,7 38,6 38,4 38,0 37,6 37,4 36,4 35,7 no fueling
g 25 19,9 38,5 38,3 38,0 37,6 371 36,9 35,7 no fueling no fueling
g 20 19,9 38,1 37,9 37,6 371 36,6 36,3 35,0 no fueling no fueling
E 10 19,9 37,4 37,2 36,7 36,1 35,4 35,1 33,5 no fueling no fueling
‘g 0 19,9 36,9 36,6 35,9 35,1 34,3 33,9 32,0 no fueling no fueling
E -10 19,9 36,6 36,3 35,5 34,3 331 32,6 30,6 no fueling no fueling
< -20 19,9 36,3 35,9 35,3 34,0 32,5 31,5 no fueling no fueling no fueling
-30 19,9 35,9 35,5 34,9 33,6 32,6 31,1 no fueling no fueling no fueling

-40 19,9 35,6 35,3 34,7 33,4 32,4 31,0 no fueling no fueling no fueling

<-40 no fueling no fueling no fueling {-:\\kﬁ‘o fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D14 - H35-T30: CHSS Capacity Category C non-communications

H35-T30 Target Pressure, Prget [MPa]

CHSS Capacity
Category C Non-Comm

APRR
[MPa/min] Initial Tank Pressure, P, [MPa]
I I

10 15

>50

Ambient Temperature, Tams [°C]
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Table D15 - H35-T20: CHSS Capacity Category C non-communications

H35-T20

CHSS Capacity

Category C Non-Comm

APRR
[MPa/min]

Ambient Temperature, Tamb [°C]

>50

Target Pressure, Pyrget [MPa]

Initial Tank Pressure, P [MPa]
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Table D16 - H35-T40: CHSS Capacity Category C communications

CH:S?’5C'T4° - APRR T.a.rget Pressure, Piarget [MPa]
Catons ?:szlrtnym [MPa/min] Initial Tank Pressure, P, [MPa]
gory 6;5 2 5 16 45 26 30 35 >35
>50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling\ & no fueling no fueling no fueling
50 7,6 42,9 42,8 42,8 42,6 42,4 42,1 41,2 40,6 no fueling
45 11,0 42,9 42,8 42,7 42,4 42,1 41,7 40,7 39,9 no fueling
_ 40 14,5 42,9 42,8 42,6 42,2 41,8 41,3 40,1 39,2 no fueling
% 35 15,3 42,9 42,8 42,6 42,2 41,8 41,2 40,0 39,2 no fueling
|_E 30 17,9 42,9 42,8 42,5 421 41;5 40,9 39,6 38,6 no fueling
g 25 19,9 429 42,7 42,4 41,9 41,3 40,6 39,2 no fueling no fueling
g;_ 20 19,9 42,7 42,6 42,2 41,6 40,9 40,2 38,7 no fueling no fueling
§ 10 19,9 42,4 42,3 41,9 41,2 40,4 39,6 37,9 no fueling no fueling
::E: 0 19,9 42,0 41,8 41,3 40,4 39,5 38,5 36,5 no fueling no fueling
E -10 19,9 41,9 41,6 41,1 40,3 39,3 38,4 36,3 no fueling no fueling
< -20 19,9 41,7 41,5 41,0 40,1 39,2 38,3 no fueling no fueling no fueling
-30 19,9 41,6 41,4 40,9 40,0 39,1 38,1 no fueling no fueling no fueling
-40 19,9 41,5 41,2 40,7 39,8 38,9 38,0 no fueling no fueling no fueling
<-40 no fueling no fueling no fueling ')\\gfueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D17 - H35-T30: CHSS Capacity Category C communications

H35-T30 - APRR T-a-rget Pressure, Parget [MPa]
c(a:tzgfrggpgzlrtnym [MPa/min] Initial Tank Pressure, P, [MPa]
05 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling no fuelin <C) no fueling no fueling no fueling
50 3,1 42,9 42,9 42,8 42,6 42,4 42,1 41,2 40,5 no fueling
45 4,9 43,0 42,9 42,8 42,5 42,2 41,7 40,7 39,9 no fueling
_ 40 71 43,0 42,9 42,7 42,3 41,9 41,4 40,1 39,1 no fueling
% 35 7,5 43,0 42,9 42,7 42,3 41,8 41,3 40,0 39,1 no fueling
|_E 30 9,3 43,0 42,9 42,7 42,2 41,6 41,0 39,6 38,6 no fueling
g 25 11,2 43,0 42,9 42,6 42,0 41,4 40,7 39,1 no fueling no fueling
g;_ 20 13,3 43,0 42,9 42,5 41,9 41,2 40,4 38,7 no fueling no fueling
§ 10 17,0 431 42,9 42,4 41,6 40,8 39,9 38,0 no fueling no fueling
::E: 0 19,9 43,1 42,8 42,2 41,1 40,0 38,9 36,5 no fueling no fueling
E -10 19,9 42,9 42,6 42,0 41,0 39,9 38,8 36,4 no fueling no fueling
< -20 19,9 42,8 42,5 41,9 40,8 39,7 38,6 no fueling no fueling no fueling
-30 19,9 42,7 42,4 41,7 40,7 39,6 38,5 no fueling no fueling no fueling
-40 19,9 42,5 42,2 41,6 40,5 39,5 38,3 no fueling no fueling no fueling
<-40 no fueling no fueling no fueling la ; vo fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D18 - H35-T20: CHSS Capacity Category C communications

H35-T20 - APRR T.a.rget Pressure, Parget [MPa]
CHSS Capacity X Initial Tank Pressure, P, [MPa]
Category C Comm [MPalmin]
05 2 5 10 15 20 30 35 >35

>50 no fueling no fueling no fueling no fueling no fueling no fueling no fuelin <C) no fueling no fueling no fueling

50 1,2 43,0 42,9 42,8 42,5 42,3 42,0 41,2 40,5 no fueling

45 2,2 43,0 43,0 42,8 42,5 42,1 41,7 40,7 39,8 no fueling

_ 40 3,3 431 43,0 42,8 42,4 41,9 11,4 40,1 39,1 no fueling

% 35 3,5 43,1 43,0 42,8 42,4 41,9 41,4 40,0 39,1 no fueling

|_'E 30 4,5 431 43,0 42,7 42,3 41,7 41,1 39,6 38,6 no fueling

g 25 5,5 431 43,0 42,7 421 41,5 40,8 39,2 no fueling no fueling

g;_ 20 6,6 43,2 43,0 42,6 42,0 41,3 40,5 38,7 no fueling no fueling

§ 10 8,7 43,2 43,0 42,6 41,8 40,9 40,0 38,0 no fueling no fueling

::E: 0 12,9 43,2 42,9 42,3 41,3 40,2 39,0 36,5 no fueling no fueling

E -10 13,6 43,1 42,9 42,3 41,2 40,1 38,9 36,4 no fueling no fueling

< -20 14,4 431 42,8 42,2 411 40,0 38,8 no fueling no fueling no fueling

-30 15,0 43,0 42,7 42,1 41,0 39,9 38,7 no fueling no fueling no fueling

-40 15,7 43,0 42,7 42,0 40,9 39,8 38,6 no fueling no fueling no fueling

<-40 no fueling no fueling no fueling (-.‘\*{ov fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Table D19 - H70-T40: CHSS Capacity Category A non-communications

H70-T40 Target Pressure, Piarget [MPa]
é';':gsofyazaﬁgz_ [M‘:Zﬁfin] Initial Tank Pressure, Po [MPa]
Comm 0,5, 2 5 10 15 20 30 40 , 50 60 70 >70

>50 no fueling no fueli‘\g no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fuelinq\\()nl) fueling | no fueling | no fueling | no fueling
50 3,2 no fueIiLg 77,2 76,8 76,4 76,1 75,7 75,2 748 74,3 73,7 72,7 no fueling
45 5,8 75,3 76,5 76,2 75,8 75,8 75,5 75,1 74,9 74,3 73,7 72,7 no fueling
_ 40 8,6 72,2 74,9 76,0 75,7 75,7 75,5 75,1 74,9 74,3 73,6 72,6 no fueling
% 35 9,7 71,3 74,2 75,8 75,4 75,5 75,4 74,9 74,7 741 73,5 72,6 no fueling
|_E 30 12,5 69,1 73,2 75,1 74,6 74,8 74,6 73,9 73,7 72,9 72,2 71,3 no fueling
g 25 15,7 66,4 71,2 74,5 73,9 74,2 73,8 72,9 72,6 71,6 70,9 no fueling | no fueling
g;_ 20 19,3 66,2 70,9 74,0 73,1 73,4 73,0 71,8 71,5 70,3 69,5 no fueling | no fueling
§ 10 27,0 66,1 70,9 73,1 7,7 72,0 74,2 70,4 69,2 68,0 66,7 no fueling | no fueling
::E: 0 28,5 73,8 73,3 72,3 70,4 70,5 69,4 68,1 66,6 65,3 63,9 no fueling | no fueling
E -10 28,5 73,1 72,6 71,6 71,2 69,7 68,2 66,2 63,9 62,5 61,2 no fueling | no fueling
< -20 28,5 72,4 71,9 70,9 70,6 69,1 67,6 65,4 62,2 59,7 no fueling | no fueling | no fueling
-30 28,5 71,4 71,0 70,1 69,8 68,4 67,0 64,8 61,7 58,6 no fueling | no fueling | no fueling
-40 28,5 70,9 70,5 69,6 69;4 68,0 66,5 64,4 61,4 58,4 no fueling | no fueling | no fueling
<-40 no fueling no fuelipg | no fueling | no fueling @iﬁ\é)ling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
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Table D20 - H70-T30: CHSS Capacity Category A non-communications

H70-T30 Target Pressure, Piarget [MPa]
Cca '::gsofyazaﬁgz_ [Mﬁzmn] Initial Tank Pressure, P, [MPa]
Comm 0,5 2 5 10 15 20 30 40 ., 50 60 70 >70

>50 no fueling no fuelirfjg | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fuelinq\‘bk fueling | no fueling | no fueling | no fueling

50 1,7 74,5 76,6 77,9 77,3 76,8 76,3 75,5 74,8 74,2 73,6 72,8 no fueling

45 3,9 741 76,4 76,6 76,1 75,9 75,6 75,1 74,7 74,3 73,6 72,7 no fueling

_ 40 6,0 71,0 74,3 76,2 75,8 75,7 75,5 75,0 74,8 74,2 73,6 72,7 no fueling
% 35 6,7 70,1 73,6 75,9 75,5 75,5 75,3 74,8 74,6 74,1 73,5 72,6 no fueling
|_'% 30 8,7 67,7 72,1 75,2 74,7 74,7 74,5 73,9 73,6 72,9 72,2 71,3 no fueling
g 25 10,9 65,6 71,1 74,5 73,9 74,0 73,7 72,9 72,5 71,6 70,9 no fueling | no fueling
§ 20 13,2 66,1 71,3 73,9 73,1 73,3 728 71,8 71,4 70,6 69,5 no fueling | no fueling
E 10 17,4 64,4 69,8 72,8 71,6 71,7 710 70,2 69,1 68,0 66,7 no fueling | no fueling
‘g 0 25,3 62,4 68,5 72,7 70,9 70,8 69,6 68,3 66,7 65,4 63,9 no fueling | no fueling
E -10 28,1 62,7 68,7 72,3 70,3 70,2 68,6 66,5 64,1 62,6 61,2 no fueling | no fueling
< -20 28,5 66,8 72,7 71,6 71,2 69,7 68,1 65,7 62,3 59,7 no fueling | no fueling | no fueling
-30 28,5 71,3 71,8 70,8 70,5 69,0 67,4 65,1 61,8 58,7 no fueling | no fueling | no fueling

-40 28,5 71,7 71,3 70,3 70,0 68,5 67,0 64,7 61,5 58,5 no fueling | no fueling | no fueling

<-40 no fueling no fuelirflg | no fueling | no fueling Pei@%l‘l‘ng no fueling | no fueling | no fueling | no fueling | np fueling | no fueling | no fueling | no fueling
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Table D21 - H70-T20: CHSS Capacity Category A non-communications

H70-T20 Target Pressure, Prget [MPa]
Cca '::gsofyazaﬁgz_ [M':':/han] Initial Tank Pressure, P, [MPa]
Comm 0,5 2 5 10 15 20 30 40 50 60 70 >70

>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling(\sg b fueling | no fueling | no fueling | no fueling
50 <1 no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fu@@ ’ np fueling | no fueling | no fueling | no fueling
45 2,3 74,0 76,5 77,3 76,7 76,2 75,8 75,1 74,6 74,1 73,6 72,7 no fueling
_ 40 3,6 71,0 74,2 76,5 76,0 75,7 75,4 74,9 74,6 741 73,6 72,7 no fueling
% 35 3,9 71,3 74,5 76,0 75,6 75,4 75,1 74,6 74,4 74,0 73,5 72,7 no fueling
|_E 30 5,0 69,8 73,6 75,1 74,6 74,4 74,1 73,6 73,3 72,8 72,2 71,3 no fueling
j;j 25 6,2 67,7 72,2 74,2 73,7 73,6 73,2 72,6 72,3 71,6 70,9 no fueling | no fueling
g;_ 20 7,6 66,3 71,4 73,5 72,8 72,8 72,4 71,5 71,2 70,4 69,5 no fueling | no fueling
E 10 10,2 63,1 69,4 72,3 71,8 711 70,6 69,8 68,9 67,9 66,8 no fueling | no fueling
‘g 0 15,3 59,2 66,4 72,2 71,4 70,2 69,2 67,9 66,5 65,3 63,9 no fueling | no fueling
:E -10 16,9 59,8 66,7 71,7 71,0 69,6 68,1 66,0 63,9 62,6 61,2 no fueling | no fueling
< -20 18,6 60,3 67,1 71,3 70,6 69,2 67,7 65,3 62,2 59,7 no fueling | no fueling | no fueling
-30 20,3 60,9 67,5 70,6 70,1 68,7 67,2 64,9 61,7 58,6 no fueling no fueling no fueling
-40 22,1 61,5 67,9 70,4 69,9 68,4 66,9 64,6 61,5 58,5 no fueling | no fueling | no fueling
<-40 no fueling no fueling | no fueling | no fueling r}e’i&rﬁ;g no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D22 - H70-T40: CHSS Capacity Category A communications

H70-T40
CHSS
Capacity
Category
A Comm

>50

APRR
[MPa/
min]

Target Target Top-Off-

Pressure | Pressure APRR
Prarget Top-Off [MPa/ Target Pressure, Pirget [MPa]
[MPa] [MPa] min]

Initial Tank Pressure, P, [MPa]

0,5 - 5 (no interpolation)

Ambient Temperature, Tamb [°C]
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Table D23 - H70-T30: CHSS Capacity Category A communications

Target Target Top-Off-
H70-T30 Pressure | Pressure APRR
CHSS APRR Prarget Top-Off [MPal Target Pressure, Piarge: [MPa]
Capacity | [MPa/ [MPa] [MPa] min]
iaéegory min] Initial Tank Pressure, P, [MPa]
omm
0,5 - 5 (no interpolatjon) 0,5 2 5 10 15 20 30 4 50 60 70 >70
[$
no . . . q 0 no no no no n n no no no no
>50 fueling e I e ofe ellng: fueling fueling fueling fueling fqe&bl/ fuellng fueling fueling fueling fueling
50 1,7 74,5 87,5 0,8 seeo?"' se%?p' 81,0 87,0 86,7 86,4 85,7 84lo 83,9 82,7 81,1 fugl‘i’n g
45 | 39 74,1 87,5 2,4 se%?p' se%"f':p' 81,4 87,2 86,9 86,5 85,6 846 83,3 81,8 798 | fioin g
40 6,0 71,0 87,5 3,9 se%?p' se%?p' 81,2 87,2 86,7 86,3 85,2 839 82,4 80,6 78,3 fugfi’n g
5| 35 | 67 70,1 87,5 4,4 seefop- | see TP | 507 87,2 86,8 86,3 85,1 83[8 82,3 80,5 782 | o ding
gl 30 | 87 67,7 87,5 5,6 se%?"' seeo?p' 80,9 87,2 86,6 86,1 84,7 83|3 81,6 79,6 772 | o oh g
[
g 25 | 10,9 65,6 87,5 6,9 se%?"' seeo?p' 81,0 87,1 86,5 85,8 84,3 826 80,8 78,7 76,2 fugﬁ’ng
® - -
§| 20 | 132 66,1 87,5 8,2 seeo?" se%?p 81,3 87,0 86,3 85,5 83,8 819 79,9 77,7 75,1 fugﬁ’ng
£ . -
S| 10 | 17,4 64,4 87,4 7,3 se%?p se%"f':p 81,2 86,6 85,8 84,9 82,9 8o|s 78,6 76,2 734 | pon g
= ) .
gl o 25,3 62,4 87,4 8,7 seeo':fp se%?p 81,1 86,2 85,0 83,7 81,3 787 76,0 73,2 fuglci’ng fuglci’ng
£ ) .
<| 10 | 281 62,7 87,4 9,0 se%"[fp se%}",’.’ D 81,2 85,9 84,7 83,4 80,9 78|3 75,7 73,0 fuglci’n g fuglci’n g
20 | 285 | 668 87,3 8o | SeeToP- | seeTORC| g5 | 54 | s42 | s20 | s04 | 770 | 753 | 728 | MO g | fuchg
30 | 285 71,3 87,3 8,7 se%?"' &E}”' 86,2 84,9 83,6 82,4 79,9 77/4 75,0 72,5 fugl?ng fugﬁ’ng_
i
no Top- no Top- mo Top- no no
40 | 285 ot s s 75,5‘ 81,9 85,7 84,4 83,2 81,9 79,4 7700 74,6 723 | fiding | fueling
<-40 no no fueling | no fueling | ng fueling e\ing no fueling no no no no no n no no no no
fueling ?e\ fueling fueling fueling fueling fueling fuellng fueling fueling fueling fueling
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Table D24 - H70-T20: CHSS Capacity Category A communications

H70-T20
CHSS
Capacity
Category
A
Comm

>50

APRR
[MPa/
min]

Target
Target Pressur Top-Off-
Pressure APRR
P e Top- MPa/ Target Pressure, Prget [MPa]
target Off [ . a
[MPa] [MPa] min]

Initial Tank Pressure, P, [MPa]

0,5 - 5 (no interpolati

Ambient Temperature, Tams [°C]
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Table D25 - H70-T40: Capacity Category B non-communications

H70-T40 Target Pressure, Piarget [MPa]
cgfeza:ri;ys [M‘:';mn] Initial Tank Pressure, P, [MPa]

Non-Comm 0,5 2 5 10 15 20 30 40 50 60 70 >70
>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling(\&b b fueling | no fueling | no fueling | no fueling
50 5,1 77,8 77,6 77,3 76,9 76,6 76,2 75,7 753 74,7 73,9 72,8 no fueling
45 8,1 76,3 77,2 76,9 76,5 76,4 76,2 75,6 75;3 74,7 73,9 72,7 no fueling
_ 40 11,5 73,2 75,6 76,8 76,3 76,4 76,2 75,6 75,3 74,6 73,9 72,7 no fueling
% 35 12,4 72,9 75,3 76,4 76,0 76,1 75,9 75:3 75,1 74,5 73,8 72,7 no fueling
|_E 30 15,3 70,6 73,9 75,8 75,2 75,4 75,1 74,3 741 73,3 72,4 71,3 no fueling
g 25 18,5 69,0 72,8 75,1 74,5 74,7 74,3 73,3 73,0 72,0 71,1 no fueling | no fueling
g;_ 20 21,8 67,9 72,1 74,5 73,7 74,0 734 72,2 71,9 70,7 69,7 no fueling | no fueling
§ 10 28,0 66,3 711 741 73,2 72,4 71,6 70,9 69,6 68,4 66,9 no fueling | no fueling
::E: 0 28,5 74,0 73,4 72,4 70,6 70,7 69,6 68,6 67,1 65,7 64,0 no fueling | no fueling
.'E -10 28,5 73,4 72,9 71,9 70,0 70,0 68,4 66,5 64,4 62,9 61,2 no fueling | no fueling
< -20 28,5 72,9 72,3 71,3 71,0 69,5 68,0 65,7 62,4 60,0 no fueling no fueling no fueling
-30 28,5 72,1 71,6 70,6 70,4 69,0 67,4 65,2 61,8 58,7 no fueling | no fueling | no fueling
-40 28,5 71,6 71,1 70,2 70,0 68,5 66,9 64,8 61,5 58,5 no fueling | no fueling | no fueling
<-40 no fueling no fueling | no fueling | no fueling rzo\;Qe\l)ng no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D26 - H70-T30: Capacity Category B non-communications

H70-T30 Target Pressure, Prget [MPa]
cgfeza:ri;ys [M‘:Zﬁfin] Initial Tank Pressure, P, [MPa]

Non-Comm 0,5 2 5 10 15 20 30 40 , 50 60 70 >70
>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fuelingosf.hl) fueling | no fueling | no fueling | no fueling
50 2,5 76,7 78,2 78,0 77,4 76,9 76,5 75,6 751 74,5 73,8 72,8 no fueling
45 4,4 74,9 76,9 771 76,6 76,3 76,0 75,4 75,0 74,5 73,8 72,7 no fueling
_ 40 6,4 72,8 75,5 76,7 76,2 76,1 75,8 75,3 75,0 74,5 73,8 72,7 no fueling
% 35 7,0 72,5 75,3 76,2 75,8 75,7 75,5 75,0 74,8 74,3 73,7 72,7 no fueling
|_‘% 30 8,8 70,6 74,1 75,5 75,0 75,0 74,7 74,1 73,8 731 72,4 71,3 no fueling
g 25 10,9 68,0 72,3 74,8 74,2 74,3 73,9 73,1 72,8 71,9 711 no fueling | no fueling
%‘_ 20 13,2 66,4 71,3 74,2 73,4 73,6 734 72,1 7,7 70,6 69,7 no fueling | no fueling
§ 10 16,9 64,7 70,0 72,9 7,7 71,9 71,3 70,5 69,4 68,3 66,9 no fueling | no fueling
‘g‘ 0 23,6 61,9 68,2 72,6 70,8 70,7 69,6 68,6 67,1 65,7 64,0 no fueling | no fueling
:E -10 25,4 61,9 68,2 721 71,5 70,1 68,5 66,4 64,4 62,9 61,2 no fueling | no fueling
< -20 27,3 61,9 68,2 71,6 711 69,6 68,0 65,6 62,4 60,0 no fueling no fueling no fueling
-30 28,5 62,1 68,4 70,8 70,5 69,0 67,4 65,1 61,8 58,7 no fueling | no fueling | no fueling
-40 28,5 62,0 68,4 70,3 70,0 68,5 67,0 64,7 61,5 58,5 no fueling no fueling no fueling
<-40 no fueling no fueling | no fueling | no fueling lzo'&\ﬁng no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D27 - H70-T20: Capacity Category B non-communications

H70-T20 Target Pressure, Pige: [MPa]
Cgsega:ri;yB [Mﬁzmn] Initial Tank Pressure, P, [MPa]

Non-Comm 0,5 2 5 10 15 20 20 40 | 50 60 70 >70
>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueIirK l) fueling | no fueling | no fueling | no fueling
50 1,0 74,2 76,4 79,6 78,9 78,1 77,5 76,4 754 74,5 73,7 72,8 no fueling
45 2,2 74,0 76,4 77,8 771 76,6 76,2 75,4 74,8 74,2 73,7 72,7 no fueling
_ 40 3,3 71,3 74,5 76,9 76,4 76,0 75,6 75,0 74,6 74,2 73,7 72,7 no fueling
% 35 3,5 71,4 74,6 76,3 75,8 75,5 75,2 747 74,4 74,0 73,6 72,7 no fueling
|_E 30 4,5 70,5 741 75,4 74,8 74,6 74,2 73,6 73,4 72,9 72,3 71,3 no fueling
j;j 25 5,5 68,6 72,8 74,5 73,8 73,7 73,3 72,6 72,3 7,7 71,0 no fueling | no fueling
g 20 6,7 67,1 71,9 73,6 72,9 72,8 724 71,6 71,3 70,6 69,7 no fueling | no fueling
E 10 8,8 64,8 70,4 72,2 7,7 71,1 70,6 69,9 69,0 68,1 66,9 no fueling | no fueling
‘g 0 13,2 60,2 67,4 71,9 71,1 70,0 69,0 68,0 66,8 65,6 64,0 no fueling | no fueling
E -10 14,2 59,9 67,1 71,3 70,6 69,2 67,8 65,8 64,2 62,8 61,2 no fueling | no fueling
< -20 15,2 60,1 67,2 70,8 70,1 68,8 67,3 65,0 62,0 59,9 no fueling | no fueling | no fueling
-30 16,1 60,2 67,1 70,0 69,5 68,1 66,7 64,5 61,5 58,6 no fueling no fueling no fueling
-40 17,1 60,4 67,3 69,7 69,2 67,8 66,4 64,2 61,2 58,4 no fueling no fueling no fueling
<-40 no fueling no fueling | no fueling | no fueling @\&\Iilng no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D28 - H70-T40: Capacity Category B communications

Target Target Top-Off-
Pressure | Pressure APRR

- T P , Prarget [MP
CH;’oaI?t?/ APRR Prarget Top-Off [MPa/ arget Pressure, Parget [MPa]
Cat':gory [MPa/ | [MPa] [MPa] min]

B Comm | ™" Initial Tank Pressure, P, [MPa] o~

0,5 - 5 (no interpolat

>50

Ambient Temperature, Tamb [°C]
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Table D29 - H70-T30: Capacity Category B communications

Target Target | Top-Off-
Pressure | Pressure APRR
: Prrcot Top-Off [MPal Target Pressure, Prget [MPa]
H70-T30 APRR g ra
CapaCIty [MPa[ [MPa] [MPa] LI |
Category min]
Sl Initial Tank Pressure, P, [MPa]
0,5 - 5 (no interpolafion) 0,5 2 5 10 15 20 30 40 50 60 70 >70
no . . no . . no no no no . no ng no no no no
>S50 fueling O ENT | el fueling TR IEITE | Teilelig fueling fueling fueling fueling-,gb fueling fuelipg fueling fueling fueling fueling
see Top- see Top- no
50 2,5 76,7 87,5 1,3 Off Off 81,7 87,2 86,9 86,6 85,8 840 83,9 82,7 81,1 fueling
see Top- see Top- no
45 4,4 74,9 87,5 2,3 Off Off 81,3 87,2 86,8 86,4 85,4 84,8 83,1 81,6 79,7 fueling
see Top- see Top- no
40 6,4 72,8 87,5 3,4 Off Off 81,5 87,1 86,6 86,1 84,9 83,6 82,1 80,3 78,2 fueling
—_ see Top- see Top- no
o 35 7,0 72,5 87,5 3,6 off off 81,4 87,2 86,6 86,1 84,9 836 82,0 80,3 78,2 fueling
= see Top- | see Top- no
'_5 30 8,8 70,6 87,5 4,4 off off 81,3 874 86,5 85,9 84,5 829 81,3 79,4 77,2 fueling
g| 25 10,9 68,0 87,5 53 | SeeTop- | seeTop- | g4, 87,1 86,4 85,6 84,0 82,8 80,5 78,5 76,1 no
E Off Off fueling
o see Top- | see Top- no
qg,_ 20 13,2 66,4 87,5 6,1 Off Off 81,2 87,0 86,2 85,3 83,6 817 79,7 77,5 75,0 fueling
S see Top- see Top- no
= 10 16,9 64,7 87,4 55 Off Off 81,2 86,8 85,9 84,8 82,8 80,6 78,4 76,1 73,4 fisling
c \
o see Top- | seeTo no no
._g 0 23,6 61,9 87,4 7,2 Off Off C)\ 81,2 86,4 85,1 83,8 81,2 786 75,9 731 fueling fueling
<| 10 | 254 61,9 87,4 7,5 se%?p' m"p' 81,1 86,2 84,9 83,6 81,0 788 75,6 73,0 fugﬁ’ng fugl?ng
see Top-_||_see Top- no no
-20 27,3 61,9 87,4 7,9 off off 81,2 86,1 84,7 83,4 80,7 780 75,4 72,8 fueling fueling
30 | 285 62,1 87,5 g2 | SeGOPT| SeCIOP | gq5 85,9 845 | 832 804 | 778 75,2 726 | fioing | fusling
eTop- | see Top- no no
-40 28,5 62,0 87,5 8,5 Off Off 81,1 85,8 84,4 83,0 80,2 776 75,0 72,4 Hialing fusling
no . . no . . no no no no no nd no no no no
<40 | fueling | MO fueling | nofueling fm5| nofueling | nofueling | eling | fueling | fueling | fueling | fueling | fuelhg | fueling | fueling | fueling | fueling |
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Table D30 - H70-T20: Capacity Category B communications

Target Target | Top-Off-
Pressure | Pressure APRR
gZO;EiZtO APRR Prarget Top-Off [MPa/ Target Pressure, Perget [MPa]
Cat': goé [MPa/ [MPa] [MPa] min]
B Comm | Minl | Initial Tank Pressure, P, [MPa]
0,5 - 5 (no interpolafion) 0,5 2 5 10 15 20 30 40 50 60 70 >70
>50 no no fueling | no fueling no no fueling | no fueling no no no no na (14' ng no no no no
fueling fueling fueling fueling fueling fueling fueli fuelipg fueling fueling fueling fueling
5 | 1,0 74,2 87,5 04 [ SeCIOPT | SeCEOP g1 87,2 86,8 86,4 85,6 84)6 83,6 824 | 809 | O
a5 | 22 74,0 87,5 14 [ SSSIOP" | SeeEOPT | g16 | a73 | 869 | 8640 854 | sap | 830 | 815 | 797 | MO g
40 3,3 71,3 87,5 1,7 seeo?p' seeo?p' 80,7 87,1 86,7 86,1 85,0 836 82,1 80,3 78,2 fugl?n g
—_ see Top- see Top- no
G| 3 3,5 71,4 87,5 1,8 off off 80,9 87,1 86,6 86,1 84,9 835 82,0 80,3 78,1 fueling
2| 30 45 70,5 87,5 2,2 se%?p' se%?p' 81,3 86,9 86,4 85,8 84,5 83p 81,3 79,4 7741 fugl?n g
[
& see Top- see Top- no
g 25 5,5 68,6 87,5 2,6 e e 81,0 86,8 86,2 85,5 84,1 824 80,5 78,5 76,1 fueling
o see Top- | see Top- no
é,_ 20 6,7 67,1 87,5 3,1 e e 81,1 86,7 86,0 85,2 83,6 818 79,8 77,6 75,0 fueling
S| 10 8,8 64,8 87,5 38 | SeSIOP | see P g1, 86,5 85,6 84,7 82,8 80,8 78,5 76,1 734 | tding
k<
S see Top- see Top- no no
.é 0 13,2 60,2 87,5 53 G G 81,3 86,1 84,9 83,7 81,2 787 76,0 73,2 fueling | fueling
< | . see Top- see Top-. no no
10 14,2 59,9 87,4 54 off off | 811 86,0 84,8 83,5 81,0 7844 75,7 73,0 fueling | fueling
-20 15,2 60,1 87,4 54 EEE LG | EEE e 81,1 85,9 84,6 83,3 80,8 781 75,5 72,8 no no
Off . fueling fueling
see Top- op- no no
-30 16,1 60,2 87,3 54 e A 81,0 85,7 84,5 83,2 80,6 770 75,3 72,7 fuelng | fusling
) see Top-& |) see Top- no no
40 17,1 60,4 87,3 55 off . G 81,1 85,6 84,3 83,0 80,3 7y 75,1 725 | ading | fusling
no A . no ‘ A no no no no no ng no no no no
<40 | fyeling | Mo fueling | nofueling | | 5 jo ?‘\aé ing | nofueling | ¢ ing | fueling | fueling | fueling | fueling | fuelhg | fueling | fueling | fueling | fuelin
9 9 9 g 9 g 9 g g 9 g g |
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Table D31 - H70-T40: Capacity Category C non-communications

Target Pressure, Prget [MPa]

H70-T40 APRR
Cagaﬁgx_gztrt:‘gxry [MPa/min] Initial Tank Pressure, P, [MPa]
0,5 2 5 10 15 20 30 40 , 50 60 70 >70

>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fuelingosf.hl) fueling | no fueling | no fueling | no fueling

50 7,6 77,9 78,8 78,4 77,9 77,3 77,3 76,5 76,0 75,2 74,3 72,8 no fueling

45 11,0 75,8 77,4 78,1 77,6 77,0 77,2 76,4 76,0 75,1 74,2 72,8 no fueling

_ 40 14,5 72,8 75,3 77,9 77,3 76,7 77,0 76,2 75,9 75,0 74,2 72,7 no fueling
% 35 15,3 72,2 75,1 77,4 76,8 76,2 76,6 758 75,6 74,8 74,0 72,7 no fueling
|_E 30 17,9 70,5 73,9 76,7 76,0 76,2 75,7 74,8 74,5 73,6 72,7 71,3 no fueling
g 25 19,9 71,1 75,0 75,9 75,2 75,3 74,8 73,7 73,4 72,3 71,3 no fueling | no fueling
g;_ 20 19,9 75,7 75,4 75,0 741 74,3 734 72,5 721 71,0 69,9 no fueling | no fueling
§ 10 19,9 74,0 73,7 731 72,0 72,3 71,6 70,8 69,6 68,6 67,0 no fueling | no fueling
;:: 0 19,9 73,0 72,5 71,6 71,2 70,2 69,4 68,4 67,1 65,8 64,1 no fueling | no fueling
E -10 19,9 72,3 71,8 70,9 70,4 69,1 67,7 66,0 64,4 63,0 61,2 no fueling | no fueling
< -20 19,9 71,5 71,0 70,2 69,7 68,4 67,1 64,9 62,0 60,1 no fueling no fueling no fueling
-30 19,9 70,5 70,1 69,3 68,9 67,7 66,3 64,3 61,4 58,5 no fueling | no fueling | no fueling

-40 19,9 70,0 69,6 68,8 68,4 67,2 65,9 63,9 61,1 58,4 no fueling no fueling no fueling

<-40 no fueling no fueling | no fueling | no fueling lzo'&\ﬁng no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D32 - H70-T30: Capacity Category C non-communications

Target Pressure, Piarget [MPa]

Capasi:)?-(-:r:?egory [Mﬁzmn] Initial Tank Pressure, P, [MPa]
€ Non-Comm 0,5 2 5 10 15 20 30 40 50 60 70 >70

>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling(\o.b b fueling | no fueling | no fueling | no fueling

50 3,1 76,1 77,5 78,8 78,1 77,5 771 76,2 75,5 74,8 74,0 72,8 no fueling

45 4,9 75,1 76,9 78,0 77,4 76,8 76,6 75,9 75:4 74,8 74,0 72,8 no fueling

_ 40 7.1 72,8 75,5 77,5 77,0 76,8 76,4 75,8 75,4 74,7 74,0 72,7 no fueling
% 35 7,5 72,5 75,3 77,0 76,4 76,3 76,0 75,4 75,1 74,5 73,9 72,7 no fueling
|_E 30 9,3 70,8 74,2 76,2 75,6 75,6 75,2 74,4 741 73,4 72,6 71,3 no fueling
j;j 25 11,2 69,0 73,0 75,5 74,8 74,8 74,4 73,4 73,0 72,2 71,3 no fueling | no fueling
g;_ 20 13,3 67,2 71,9 74,8 74,1 74,1 73,5 72,4 72,0 70,9 69,9 no fueling | no fueling
E 10 17,0 64,7 70,0 73,4 72,3 72,4 57 70,9 69,7 68,6 67,1 no fueling | no fueling
‘g 0 19,9 70,6 73,2 72,3 71,8 70,7 69,8 68,7 67,2 65,9 64,1 no fueling | no fueling
.'E -10 19,9 73,0 72,5 71,5 71,0 69,6 68,1 66,3 64,6 63,1 61,2 no fueling | no fueling
< -20 19,9 72,3 71,8 70,8 70,3 68,9 67,5 65,2 62,2 60,2 no fueling | no fueling | no fueling
-30 19,9 71,2 70,8 69,9 69,5 68,2 66,7 64,6 61,5 58,6 no fueling no fueling no fueling

-40 19,9 70,7 70,3 69,4 69,0 67,7 66,3 64,2 61,2 58,4 no fueling | no fueling | no fueling

<-40 no fueling no fueling | no fueling | no fueling ?e‘f‘Qe\n)ng no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D33 - H70-T20: Capacity Category C non-communications

Target Pressure, Piarget [MPa]

H_70-T20 APRR o
Capacity Category [MPa/min] Initial Tank Pressure, P, [MPa]
€ Non-Comm 0,5 2 5 10 15 20 30 40 50 60 70 >70

>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling(\o.b b fueling | no fueling | no fueling | no fueling

50 1,2 74,3 76,4 80,1 79,3 78,5 77,9 76,7 75,6 74,7 73,9 72,8 no fueling

45 2,2 74,0 76,4 78,6 77,9 77,2 76,8 75,8 754 74,4 73,8 72,8 no fueling

_ 40 3,3 71,3 74,4 77,7 77,0 76,6 76,1 75,4 74,9 74,4 73,8 72,8 no fueling
% 35 3,5 71,4 74,6 77,0 76,4 76,0 75,6 74,9 74,6 741 73,7 72,7 no fueling
|_E 30 4,5 70,5 741 76,1 75,5 75,0 74,6 73,9 73,5 73,0 72,4 71,3 no fueling
g 25 5,5 68,6 72,8 75,2 74,6 741 73,7 72,9 72,5 71,8 711 no fueling | no fueling
g 20 6,6 67,1 71,9 74,5 73,8 73,3 72,8 71,9 71,4 70,6 69,8 no fueling | no fueling
E 10 8,7 65,1 70,6 73,0 72,2 71,6 71,0 70,1 69,2 68,3 67,0 no fueling | no fueling
‘g 0 12,9 60,4 67,5 72,4 71,2 70,2 69,4 68,3 67,0 65,8 64,1 no fueling | no fueling
.'E -10 13,6 60,4 67,5 71,3 70,5 69,2 67,8 66,0 64,4 63,0 61,2 no fueling | no fueling
< -20 14,4 60,0 67,2 70,7 70,0 68,7 67,3 64,9 62,0 60,1 no fueling | no fueling | no fueling
-30 15,0 60,2 67,3 69,9 69,3 68,0 66,6 64,4 61,4 58,5 no fueling no fueling no fueling

-40 15,7 60,2 67,2 69,5 68,9 67,6 66,2 64,0 61,2 58,4 no fueling | no fueling | no fueling

<-40 no fueling no fueling | no fueling | no fueling ?e‘f‘Qe\n)ng no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D34 - H70-T40: Capacity Category C communications

H70-T40
Capacity
Category

C Comm

Ambient Temperature, Tamb [°C]

>50

APRR
[MPa/
min]

Target Target | Top-Off-
Pressure | Pressure | APRR
Prarget Top-Off [MPa/ Target Pressure, Parget [MPa]
[MPa] [MPa] min]

Initial Tank Pressure, P, [MPa]

0,5 - 5 (no interpolati
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Table D35 - H70-T30: Capacity Category C communications

Target Target | Top-Off-
Pressure | Pressure | APRR
(I:-I:ga.{:?t?/ APRR Plrgot Top-Off [MPa/ Target Pressure, Prget [MPa]
Category [MPa/ [MPa] [MPa] min]
C Comm min] | Initial Tank Pressure, P, [MPa]

0,5 - 5 (no interpolation)

>50

Ambient Temperature, Tamb [°C]
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Table D36 - H70-T20: Capacity Category C communications

H70-T20
Capacity
Category
C Comm

>50

APRR
[MPa/
min]

Target Target Top-Off-

Pressure | Pressure APRR
Prarget Top-Off [MPa/ Target Pressure, Piarget [MPa]
[MPa] [MPa] min]

Initial Tank Pressure, P, [MPa]

0,5 - 5 (no interpolatjon)

Ambient Temperature, Tamb [°C]

A
O a
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Table D37 - H70-T40D: Capacity Category D non-communications

Target Pressure, Piaget [MPa]

H70-T40D APRR
Capacity Category [MPa/min] Initial Tank Pressure, P, [MPa]
D Non-comm 0’5 2 B 10 15 20 20 40 1 50 60 70 >70
>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fuelinx\ l) fueling | no fueling | no fueling | no fueling
50 7,6 73,6 72,6 72,6 72,2 71,9 71,9 71,5 7142 71,0 71,2 71,9 no fueling
45 11,0 731 72,2 72,6 71,8 71,6 71,5 71,2 71,0 70,9 71,1 71,9 no fueling
40 14,5 71,3 71,8 72,2 71,4 71,2 71,2 70,9 70,8 70,8 711 71,9 no fueling
o
e 35 15,3 71,4 71,3 71,3 71,1 70,9 70,8 70,6 70,6 70,7 71,0 71,9 no fueling
£
~ 30 17,9 70,5 71,0 71,0 70,2 70,0 69,9 69,6 69,5 69,6 69,9 70,8 no fueling
g 25 19,9 68,6 69,7 69,6 69,3 69,0 68,9 68,6 68,4 68,5 68,8 no fueling | no fueling
®
g_ 20 19,9 67,1 68,9 68,8 68,4 68,1 67,9 67,5 67,4 67,4 67,7 no fueling | no fueling
E 10 19,9 64,7 67,8 67,3 66,3 65,9 65,6 65,1 64,7 64,5 64,6 no fueling | no fueling
‘g 0 19,9 60,4 67,3 66,8 65,9 64,9 64,0 63,4 63,0 62,9 63,2 no fueling | no fueling
'g -10 19,9 60,4 66,8 66,3 65,4 64,5 63,5 61,5 60,8 60,6 60,9 no fueling | no fueling
<
-20 19,9 60,0 66,3 65,8 65,0 64,1 63,0 61,2 59,4 57,5 no fueling | no fueling | no fueling
-30 19,9 60,2 65,8 65,3 64,5 63,7 62,7 61,0 59,3 57,5 no fuelin no fuelin no fuelin
9 ¢} 9
-40 19,9 60,2 65,3 64,8 64,1 63,3 62,4 60,7 59,1 57,5 no fuelin no fuelin no fuelin
9 ¢} 9
\"
<-40 no fueling no fueling | no fueling | no fueling @\&Iing no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D38 - H70-T30D: Capacity Category D non-communications

Target Pressure, Piarget [MPa]

H70-T30D APRR
Capacity Category X Initial Tank Pressure, P, [MPa]
D Non-Comm [MPa/min]
0,5 2 5 10 15 20 30 40 50 60 70 >70
>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fuelin b fueling | no fueling | no fueling | no fueling
e
50 3,1 73,6 72,6 72,6 72,2 71,9 71,9 71,5 71,2 71,0 71,2 71,9 no fueling
45 4,9 731 72,2 72,6 71,8 71,6 71,5 71,2 71,0 70,9 711 71,9 no fueling
40 7.1 71,3 71,8 72,2 71,4 71,2 71,2 70,9 70,8 70,8 711 71,9 no fueling
(&)
= 35 7,5 71,4 71,3 71,3 711 70,9 70,8 70,6 70,6 70,7 71,0 71,9 no fueling
£
~ 30 9,3 70,5 71,0 71,0 70,2 70,0 69,9 69,6 69,5 69,6 69,9 70,8 no fueling
g 25 11,2 68,6 69,7 69,6 69,3 69,0 68,9 68,6 68,4 68,5 68,8 no fueling | no fueling
©
g;_ 20 13,3 67,1 68,9 68,8 68,4 68,1 67,9 67,5 67,4 67,4 67,7 no fueling | no fueling
§ 10 17,0 64,7 67,8 67,3 66,3 65,9 65,6 65,1 64,7 64,5 64,6 no fueling | no fueling
’ds:: 0 19,9 60,4 67,3 66,8 65,9 64,9 64,0 63,4 63,0 62,9 63,2 no fueling | no fueling
'g -10 19,9 60,4 66,8 66,3 65,4 64,5 63,5 61,5 60,8 60,6 60,9 no fueling | no fueling
<
-20 19,9 60,0 66,3 65,8 65,0 64,1 63,0 61,2 59,4 57,5 no fueling no fueling no fueling
-30 19,9 60,2 65,8 65,3 64,5 63,7 62,7 61,0 59,3 57,5 no fueling no fueling no fueling
-40 19,9 60,2 65,3 64,8 64,1 63,3 62,4 60,7 59,1 57,5 no fueling | no fueling | no fueling
<-40 no fueling no fueling | no fueling | no fueling ?e‘i&l)ng no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D39 - H70-T20D: Capacity Category D non-communications

H70-T20D Target Pressure, Piarget [MPa]
Cg:el:;a:;;yD [Mﬁzmn] Initial Tank Pressure, P, [MPa]

Non-Comm 0,5 2 5 10 15 20 30 40 . 50 60 70 >70
>50 no fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling(\ODl) fueling | no fueling | no fueling | no fueling
50 1,2 73,6 72,6 72,6 72,2 71,9 71,9 71,5 71,2 71,0 71,2 71,9 no fueling
45 2,2 731 72,2 72,6 71,8 71,6 71,5 71,2 710 70,9 71,1 71,9 no fueling
_ 40 3,3 71,3 71,8 72,2 71,4 71,2 71,2 70,9 70,8 70,8 711 71,9 no fueling
% 35 3,5 71,4 71,3 71,3 71,1 70,9 70,8 70,6 70,6 70,7 71,0 71,9 no fueling
|_E 30 4,5 70,5 71,0 71,0 70,2 70,0 69,9 69,6 69,5 69,6 69,9 70,8 no fueling
g 25 5,5 68,6 69,7 69,6 69,3 69,0 68,9 68,6 68,4 68,5 68,8 no fueling | no fueling
g 20 6,6 67,1 68,9 68,8 68,4 68,1 67,9 67,5 67,4 67,4 67,7 no fueling | no fueling
E 10 8,7 64,7 67,8 67,3 66,3 65,9 65,6 65,1 64,7 64,5 64,6 no fueling | no fueling
‘g 0 12,9 60,4 67,3 66,8 65,9 64,9 64,0 63,4 63,0 62,9 63,2 no fueling | no fueling
I'E -10 13,6 60,4 66,8 66,3 65,4 64,5 63,5 61,5 60,8 60,6 60,9 no fueling | no fueling
< -20 14,4 60,0 66,3 65,8 65,0 64,1 63,0 61,2 59,4 57,5 no fueling | no fueling | no fueling
-30 15,0 60,2 65,8 65,3 64,5 63,7 62,7 61,0 59,3 57,5 no fueling no fueling no fueling
-40 15,7 60,2 65,3 64,8 64,1 63,3 62,4 60,7 59,1 57,5 no fueling | no fueling | no fueling
<-40 no fueling no fueling | no fueling | no fueling r?a‘f‘Q&n’r;g no fueling | no fueling | no fueling | no fueling | ng fueling | no fueling | no fueling | no fueling
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Table D40 - H70-T40D: Capacity Category D communications

H70-T40D
Capacity
Category
D Comm

>50

APRR
[MPa/
min]

Target Target Top-Off-
Pressure | Pressure APRR
Prarget Top-Off [MPa/ Target Pressure, Parget [MPa]
[MPa] [MPa] min]

Initial Tank Pressure, P, [MPa]

0,5 - 5 (no interpolation)

Ambient Temperature, Tams [°C]
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Table D41 - H70-T30D: Capacity Category D communications

H70-T30D
Capacity
Category

D Comm

Ambient Temperature, Tamb [°C]

>50

APRR
[MPa/
min]

Target Target | Top-Off-
Pressure | Pressure | APRR
Prarget Top-Off [MPa/ Target Pressure, Piarget [MPa]
[MPa] [MPa] min]

Initial Tank Pressure, P, [MPa]

0,5 - 5 (no interpolati
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Table D42 - H70-T20D: Capacity Category D communications

Target Target Top-Off-
H70- Pressure | Pressure APRR
T20D APRR Prarget Top-Off [MPa/ Target Pressure, Parget [MPa]
Capacity [M!’al [MPa] [MPa] min]
Category | min] Initial Tank Pressure, P, [MPa]
D Comm -
0,5 - 5 (no interpolatjon)

>50

Ambient Temperature, Tamb [°C]
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APPENDIX E - COLD DISPENSER (CD) OPTIONAL LOOK-UP TABLES (H70)

The following tables are optional tables that can be used for the purpose of reducing fueling time after a repeated fueling.
The CD tables are for communications only. In order to use the CD, the dispenser shall utilize a SIL-rated temperature
sensor at the coupling location. This reference temperature (either CD 0 °C, CD -10 °C) is the start temperature for which
these tables are used. The rest of the fueling procedure is identical to the standard tables in Appendix D. See Appendix G
for table value interpolation guideline. Note that the SAE J2601 tables are in the international format for commas and periods
(this is opposite to the convention used for the U.S.).

Below is the key to the tables found in Appendix E:

E.1 COMMUNICATIONS COLD DISPENSER LOOK-UP TABLES

E.1.1 0 °C Compunications Cook-Up Tables

Table E1 H70-TB0 CHSS Capacity Category A communications (CD 0 °C)
Table E2 H70-T|30 CHSS Capacity Category A communications (CD 0 °C)
Table E3 H70-TKHO0 CHSS Capacity Category B communications (CD 0 °C)
Table E4 H70-Tj30 CHSS Capacity Category B communications (CD 0 °C)
Table E5 H70-TK0 CHSS Capacity Category C communications (CD 0 °C)
Table E6 H70-T|30 CHSS Capacity Category C communications (CD 0 °C)

E1.2 -10 °C Communications Look-Up Tables

Table E7 H70-TB0 CHSS Capacity Category A communications (CD%10 °C)
Table E8 H70-Tj30 CHSS Capacity Category A communications (€D -10 °C)
Table E9 H70-TB0 CHSS Capacity Category B communications (CD -10°C)
Table E10 H70-Tj30 CHSS Capacity Category B communications (CD -10 °C)
Table E11 H70-TB0 CHSS Capacity Category C communications (CD -10 °C)
Table E12 H70-Tj30 CHSS Capacity Category C communications (CD -10 °C)
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E.2 COMMUNICATIONS COLD DISPENSER LOOK-UP TABLES

E.2.1 0 °C Communications Look-Up Tables
Fable-E—H70-F40-CHSS-€ A , o D66
Target Target Top-Off-
H70-T40
Pressure | Pressure APRR
cCHS§t APRR Prarget Top-Off [MPa/ Target Pressure, Piarget [MPa]
o :&Z‘;‘r{, [MPa/ [MPa] [MPa] min]
A Comm | Min] Initial Tank Pressure, P, [MPa]
cDo 0,5 - 5 (no interpolat|on) 0,5 2 5 10 15 20 30 49 50 60 70 >70
no ) ) ) ) ; no no no no, no n no no no no
et fueling i el | e tbizling) | ol | e sl g iz fueling fueling fueling . @%ﬂling fueling fuellng fueling fueling fueling fueling
5 | 74 76,1 87,5 4,1 see P | e PT | 809 87,1 86,9 86,6 85,8 849 83,8 82,5 809 | ¢ g
45 1,1 73,6 87,5 6,1 seeo?p' seeo?p' 81,4 87,0 86,7 86,2 85,3 841 82,8 81,3 79,5 fugl‘i’ng
40 14,9 70,3 87,5 8,0 se%.:‘?p' se%.:‘?p' 81,2 87,0 86,4 85,9 84,7 83|3 81,8 80,1 78,1 fugl‘i’ng
| 35 | 156 70,0 87,5 8,3 seeo?p' seeo?p' 81,0 87,0 86,5 85,9 84,7 83|3 81,8 80,1 78,0 fugl(i)ng
& see Top- see Top- no
|_.E‘, 30 18,5 68,7 87,5 9,5 Off Off 81,1 86,9 86,3 85,7 84,2 82|7 81,1 79,2 77,0 fueling
gl 25 21,4 68,0 87,4 10,2 seeo?p' seeo?p' 81,3 86,9 86,2 85,4 83,8 821 80,3 78,4 76,0 fugl‘i’ng
®
8| 20 | 247 67,3 87,4 108 | Se¢1oP" se%;‘;'_"‘\< 81,3 86,9 86,0 85,2 83,4 81|5 79,6 77,5 750 | ¢ cling
. )
5 see Top- | see Top* no
| 10 28,5 69,3 87.4 8,8 ot “off 84,3 86,7 85,7 84,7 82,6 80|5 78,4 76,1 73,3 fueling
c
o no Top- no Top- ho Top- no no
_g 0 28,5 Off Off Off 81,5 87,2 86,5 85,5 84,3 83,2 80,7 78|3 75,8 73,2 fueling fueling
< | no Top- no Top- ho Top- no no
10 28,5 Off Off Off 86,9 86,6 86,0 84,9 83,8 82,6 80,3 7719 75,5 72,9 fueling fueling
. no Top- no Top- o Top- no no
20 28,5 Off Off r Off 86,4 86,1 85,4 84,3 83,2 82,1 79,8 77|5 75,2 72,7 fueling fueling
g no Top- no Top- o Top-, 9 no no
30 28,5 o o I‘ off 85,9 85,6 84,9 83,8 82,7 81,5 79,3 77]0 74,8 72,4 fueling | fueling
no Top- | no Top- o% & no no
-40 28,5 ot ot L 85,4 85,1 84,4 83,3 82,1 81,0 78,8 76|6 74,4 72,2 fueling | fueling
<-40 no no fueling | no fueling | no fueling | no fueling no fueling no no no no no no no no no no
fueling fueling fueling fueling fueling fueling fueling fueling fueling fueling fueling
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Table E2 - H70-T30 CHSS Capacity Category A communications (CD 0 °C)

H70-T30 Target Target Top-Off-
Pressure | Pressure | APRR
CgHaSc?t APRR Prarget Top-Off [MPal Target Pressure, Piarget [MPa]
Cat‘:e gor‘; [MPa/ [MPa] [MPa] min]
AComm | minl [ Initial Tank Pressure, P, [MPa]
,5 - 5 (no interpolatjon : >
CDo 0,5 - 5 (no interpolat| 0,5 2 5 10 15 20 30 40 50 60 70 70
no . : no : . no no no no no ng no no no no
e fueling o Lellig) | el fueling iz g | el fueling fueling fueling fueling fueli q/ fuelipg fueling fueling fueling fueling
see Top- | see Top- no
50 4,2 75,7 87,5 2,0 off off 81,2 87,4 87,1 86,7 85,9 84,p 83,8 82,5 80,8 fueling
45 6,6 73,4 87,5 3,1 see Top- | seeTop-| g 87,3 86,9 86,5 85,4 84,p 82,9 81,3 79,5 no
Off Off fueling
see Top- | see Top- no
40 9,2 71,2 87,5 4,2 Off Off 81,1 87,1 86,6 86,1 84,9 83,p 81,9 80,1 78,0 fueling
see Top- | see Top- no
ST 35 9,6 70,9 87,5 4,3 Off Off 81,1 87,1 86,6 86,1 84,8 83, 81,9 80,1 78,0 fisling
= see Top- | see Top- no
|_'E, 30 11,5 69,4 87,5 5,1 Off Off 81,4 87,0 86,4 85,8 84,4 82,B 81,1 79,2 77,0 fueling
g see Top- | see Top- no
5 25 13,5 67,2 87,5 5,8 off off 81,1 86,9 86,2 85,5 84,0 82,8 80,4 78,4 76,0 fueling
©
8| 20 | 155 66,0 87,5 6,6 see fop- | see Top-| g, ; 86,7 86,0 85,2 83,5 81,p 79,6 77,5 75,0 no
g- Off Off fueling
o see Top- | see Top- no
= 10 18,8 64,4 87,4 7,2 Off Off 81,1 86,5 85,6 84,7 82,8 80,y 78,4 76,1 73,3 fusling
c
o see Top- | see Top- no no
_g 0 25,3 62,4 87,4 8,7 Off Off 81 ,1 86,2 8510 8317 81 ’3 78’ y 76’0 73’2 fue|ing fue|ing
< | see Top- | see Top- no no
10 28,1 62,7 87,4 9,0 Off Off 81,2 85,9 84,7 83,4 80,9 78,B 75,7 73,0 fueling fueling
see Top- | see Top-/ no no
-20 28,5 66,8 87,3 8,9 off Off. 85,7 85,4 84,2 82,9 80,4 77.p 75,3 72,8 fueling fueling
see Top- S&' op- no no
-30 28,5 71,3 87,3 8,7 Off ‘(3 Off 86,2 84,9 83,6 82,4 79,9 7.4 75,0 72,5 fueling fueling
40 | 285 | nofueling | no fueling no 75,5 81,9 85,7 84,4 83,2 81,9 79,4 77.p 74,6 72,3 no no
fueling fueling fueling
\
no . . no . no no no no no ng no no no no
e fueling e fueling P@ng g izl fueling fueling fueling fueling fueling fuelipg fueling fueling fueling fueling
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Table E3 - H70-T40 CHSS Capacity Category B communications (CD 0 °C)

H70-T40 Target Target Top-Off-
- Pressure | Pressure APRR
CHS§ APRR Praraet Top-Off [MPa/ Target Pressure, Ptarget [MPa]
Gapacity | mpaj | [MPa] | [MPa] | min]
ategol .
B cé;mrrny min] Initial Tank Pressure, P, [MPa]
Coo 0,5 - 5 (no interpolat|on) 0,5 2 5 10 15 20 30 40 50 60 70 >70
LS
no ) . . . . no no no no no~ I n no no no no
>50 || figling | Mfueling | nofueling/| np fueling || nofueling || nofueling | ¢ oo | fualing | fueling | fueling f@% fuellng | fueling | fueling | fueling | fueling
50 9,7 76,5 87,5 3,9 seeo?p' seec;‘?p' 81,1 87,2 86,8 86,5 85,7 847 83,5 82,3 80,8 fugfi’n g
45 | 135 74,0 87,5 52 seefopt | see P | 14 87,1 86,6 86;1 85,1 839 82,6 81,1 794 | fding
40 17,1 71,2 87,5 6,3 seeo?p' seeo?p' 81,1 87,0 86,4 85,8 84,5 831 81,5 79,9 78,0 fugl(i)ng
— see Top- see Top- no
o 35 17,6 71,3 87,4 6,3 Off Off 81,2 87,0 864 85,8 84,5 83]0 81,5 79,9 78,0 fueling
2| 30 | 202 69,8 87,4 67 | 9P | P | s 87,0 86,3 855 | 84,0 825 | 808 790 | 710 | Gl
S
oy see Top- see Top- no
§ 25 22,9 68,7 87,4 7,2 Off Off 81,1 86,9 86,1 85,3 83,6 81|9 80,1 78,2 76,0 fueling
© = =
g| 20 | 257 67,6 87,4 8,0 seec;fop seeo?p 81,1 869 86,0 85,0 83,2 813 79,3 77,3 749 | oo g
£ see Top- see Top- no
(7}
t 10 28,5 68,4 87,4 7,9 Off Off 83,9 86,6 85,6 84,5 82,4 80|3 78,1 75,9 73,3 fueling
(=4
S no Top- no Top- ho Top- no no
._E 0 28,5 Off off Off 78,4 84,6 86,8 85,6 84,4 83,1 80,6 781 75,6 731 fueling fueling
< | . no Top- no Top- ho Top- no no
10 28,5 Off Off Off 82,2 87,1 86,4 85,2 84,0 82,8 80,4 7719 75,4 72,9 fueling fueling
. no Top- no Top- o Top- no no
20 28,5 Off Off r Off 86,0 86,8 86,1 84,9 83,7 82,4 80,0 77|16 751 72,7 fueling fueling
g no Top- no Top- o Top- no no
30 28,5 Off Off Off 86,8 86,5 85,7 84,5 83,3 82,1 79,6 7712 74,9 72,5 fueling fueling
no Top- no Top- o Top- no no
-40 28,5 Off Off Off 86,5 86,2 85,4 84,2 83,0 81,8 79,3 7710 74,6 72,3 fueling fueling
<-40 no no fueling | no fueling | np fueling Qa\ing no fueling no no no no no n no no no no
fueling N CQ) fueling fueling fueling fueling fueling fuellng fueling fueling fueling fueling
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Table E4 - H70-T30 CHSS Capacity Category B communications (CD 0 °C)

ST Pressure | Presoure | APRR
Cg::z:?t y APRR Pearaet Top-Off [M!’a / Target Pressure, Pt [MPa]
Category [m:‘a;l [MPa] [MPa] min] _
B Comm | Initial Tank Pressure, P, [MPa]
CcDo 0,5 - 5 (no interpolatjon) 0,5 2 5 10 15 20 30 44 50 60 70 >70
\'

et fuglci)ng ofe Bl | e iieliug | oieling || e iusii) | e Gl fuglci)ng fuglci)ng fuglci)ng fuglci)ng fu;l(':@ >)fu2ICihg fuglci)ng fuglci)ng fuglci)ng fuglci)ng
50 42 75,7 87,5 2,0 seeo?p' seeo?p' 81,2 87,4 87,0 86,6 858 848 83,6 82,3 80,7 fUQI‘i’ ng
45 | 66 73,4 87,5 3,1 seeo?p' seeo?p' 80,9 87,3 86,9 86,4 85,3 84p 82,7 81,1 794 | o om g
40 9,2 71,2 87,5 3,4 se%.:‘?p' se%.:‘?p' 81,0 87,2 86,7 86,0 84,7 83,2 81,7 79,9 78,0 fugl‘i’ng
G| % 9,4 71,4 87,5 3,5 seeo?p' seeo?p' 81,2 87,2 86,6 86,0 84,7 83,0 81,6 79,9 77,9 fugl(i)ng
E 30 | 13 | 696 87,5 a0 | SSSIOP | seefoP- | gy 87,1 865 85,8 84,3 82 80,9 79,1 770 | fcling
g 25 | 131 67,8 87,5 4,6 seeo?p' seeo?p' 81,0 87,0 86,3 85,5 83,8 82,1 80,2 78,2 76,0 fuglci)ng
§ 20 15,0 66,7 87,4 49 seeo?p' seeo?p' 81,3 86,9 86,1 85,2 83,4 81,4 79,4 77,3 74,9 fugl‘i’ng
E 10 | 179 | 644 87,3 55 seeo?p' seeo?p' 81,0 86,7 85,8 84,8 82,7 80,5 78,3 76,0 733 | oo g
% 0 23,6 61,9 87,4 7,2 se%.:‘?p' se%.:‘?p' 81(2 86,4 85,1 83,8 81,2 785 75,9 73,1 fugl‘i’ng fugl‘i’ng
<| 0 | 254 61,9 87,4 7,5 seeo?p' seeoI‘?F: OB 86,2 84,9 83,6 81,0 788 75,6 73,0 fugl‘i’ng fugl(i)ng
20 | 273 | o619 87,4 79 | S8 0P seep?k') 2 | 861 | 847 | 834 | 807 | 78p | 754 | 728 [ 08 ) 00
30 | 285 62,1 87,5 8,2 seeo?p' (sﬁ*ﬁ”' 81,3 85,9 84,5 83,2 80,4 778 75,2 72,6 fu;‘l‘i’ng fugl‘i’ng
-40 | 285 62,0 87,5 8,5 se%;?{ .J‘é%?p' 81,1 85,8 84,4 83,0 80,2 776 75,0 724 | o on g . g
= fugfi)ng itz Uil | o ibellg | o) | o Qe\kh\g itz Ul fugfi)ng fugfi)ng fugfi)ng fugl(i)ng fugl(i)ng fuglcihg fugfi)ng fugfi)ng fugfi)ng fugl(i)ng
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Table E5 - H70-T40 CHSS Capacity Category C communications (CD 0 °C)

HT0-T40 Proseuro | Proseure | APRR
Cg;_lasc?ty APRR P Top-Off [M!’a/ Target Pressure, Piarget [MPa]
Category [M!’al [MPa] [MPa] min]
C Comm min] Initial Tank Pressure, P, [MPa]
CDo 0,5 - 5 (no interpolation) 0,5 2 5 10 15 20 30 1) 50 60 70 >70
et fuglci)ng ofe el | ezl | 3 oisli | e Uil i ellng: fuglci)ng fuglci)ng fuglci)ng fuglci)ng fqe?&;il/ fu2I|)ng fuglci)ng fuglci)ng fuglci)ng fuglci)ng
50 | 12,0 76,0 87,4 34 seeo?p' seeo?p' 81,3 87,2 86,8 86,5 856 84}5 83,4 82,1 80,7 | o ob g
45 | 158 73,4 87,4 4,0 seeo?p' se"b;?p' 81,2 87,1 86,6 86;1 85,0 83}7 82,4 81,0 793 | oo g
40 | 190 70,9 87,4 47 se%.:‘?p' seeo"f'f”' 81,2 87,0 86,4 85,7 84,4 82|9 81,4 79,8 779 | fioin g
z| 3 | 193 | 708 87,4 a8 | SSGPP| SGR | e1a | ero | sea)| ss7 | 844 | sfo | w14 | 797 | 779 | D0
E 3 | 199 73,8 87,3 5,0 seefop- | see TP | g5 86,8 86,1 85,3 83,8 82|3 80,6 78,9 770 | ding
g 25 | 199 78,4 87,4 46 seefopt | see P | a7 86,4 85,7 84,9 83,3 81l6 79,8 78,0 759 | fding
E 20 | 19,9 ”°gf?p' "°gf?p' ”°0Tf?p' 83,2 87,4 86,9 86,1 85,3 84,4 82,7 8ojo 79,0 77,1 749 | o8 g
é 10 19,9 ”°on?p' "°gf‘f’p' ”°0Tf‘f’p' 87,2 87,0 86,5 85,6 84,6 83,7 81,8 79|8 77,8 75,7 73,3 fugfi’n g
g o | 199 [ "0 | "0 | [P 86,6 86,3 85,7 84,6 83,4 82,3 80,0 7|7 75,4 729 | ading | fusling
<| 0 | 199 [ MOJOP | MOTOP | OTOP- | gg4 86,1 855 | 844 | 832 | 821 | 798 | 75 | 752 | 728 | o000 00
20 | 19,9 | Mg [ MO0 [ [°J% | 862 85,9 853 | 842 | 830 | 819 | 796 | 773 | 750 | 726 | qfno | qding
30 | 199 | MOJOPT | Mmoo | poToR | ggp 85,7 850 | 839 | 828 | 87 | 794 | 71t | 748 | 724 | qdio | pding
40 | 19,9 | Mg [ O SR | O TP 85,8 85,5 84,8 83,7 82,6 81,4 79,2 76|9 74,6 723 | Niting | fusing
= fugfi)ng iz Ui | 9 el | o ol m%z\ling itz Ul fugl(i)ng fugfi)ng fugl(i)ng fugl(i)ng fugfi)ng fugll)ng fugl(i)ng fugfi)ng fugl(i)ng fugl(i)ng
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Table E6 - H70-T30 CHSS Capacity Category C communications (CD 0 °C)

H70-T30 Target Target | Top-Off-
y Pressure | Pressure [ APRR
CHS§ APRR Prarqet Top-Off [MPa/ Target Pressure, Pirget [MPa]
g:g’;g [MPa/ [MPa] [MPa] min]
¢ Comm | Minl Initial Tank Pressure, P, [MPa]
Coo 0,5 - 5 (no interpolatjon) 0,5 2 5 10 15 20 30 40 50 60 70 >70
[§
no A A no A q no no no no no. | no no no no no
>50 | fyeling | Mo fueling | nofueling | | g ojn, | NOfueling | nofueling | ¢, iny | fueling | fueling | fueling fugﬁ;@l‘ fuelihg | fueling | fueling | fueling | fueling
50 | 44 75,9 87,5 18 [ SSSIoP" | seefoP | 414 87,3 86,9 86,5 85,6 84, 83,4 82,1 806 | fding
45 | 67 73,9 87,5 26 | S9E0P | SeC TP | 814 87,2 86,7 86,2 85,1 83,p 82,5 81,0 793 | fding
40 9,2 71,3 87,5 3,4 se"b;?p' se"b;?p' 81,0 87,1 86,5 85,9 84,5 83,1 81,5 79,8 77,9 fugfi’n g
_ see Top- | see Top- no
o| 3 9,4 71,4 87,5 3,5 s s 81,2 87,1 86,5 85,9 84,5 83,1 81,5 79,8 779 | figing
gl 3 [ 113 69,6 87,5 4,0 seeo;?p' seeo;?p' 81,1 87,0 86,4 85,6 84,1 82, 80,8 78,9 76,9 fugl(i)ng
[
g 25 | 131 67,8 87,5 a6 | SO EOP | SeR P g1 87,0 86,2 85,4 83,7 81,p 80,1 78,1 759 | fieing
® - -
§| 20 [ 150 66,7 87,4 5,0 seeo?p seeo?p 81,3 86,9 86,0 85,1 83,2 81, 79,3 77,2 749 | o0 g
£ . .
S| 10 [ 179 64,4 87,3 55 se‘:;‘?p se‘:;‘?p 81,0 86,8 85,7 84,7 82,6 80,4 78,2 75,9 73,3 fugl‘i’ng
= ) )
gl o 19,9 70,6 87,3 5,8 seeo"f':p seeo'lf'fop 873 86,0 84,7 83,5 80,9 78,B 75,7 73,1 fugl‘i’n g fugl?ng
£ . .
<| .0 | 199 73,4 87,3 57 | %P seeo;?':_ Cer,0 85,8 84,5 83,2 80,7 78, 75,5 729 | it | fusing
20 | 19,9 76,3 87,3 56 |Seefop| see ?w 86,8 85,6 84,3 83,0 80,4 77p 75,3 727 [ ding | fusling
30 | 19,9 78,8 87,3 55 seeo?p' oIfOP- 86,6 85,3 84,1 82,8 80,2 77) 75,1 72,6 fugl‘i’ng fugl‘i’ng
P
40 | 19,9 81,1 87,3 55 seeoT° '\,') seeo?p' 86,4 85,2 83,9 82,6 80,0 77,6 75,0 72,5 fugl‘i’ng fugl‘i’ng
N
no A . no A no no no no no no no no no no
=Y fueling i iellng | e el fueling Sl | el fueling fueling fueling fueling fueling fuelipg fueling fueling fueling fueling
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-10 °C Communications Look-Up Tables

Table E7 - H70-T40 CHSS Capacity Category A communications (CD -10 °C)

81,1

81,2

81,2

81,1

81A\Q
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Table E8 - H70-T30 CHSS Capacity Category A communications (CD -10 °C)

H70-T30
CHSS
Capacity
Category
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Table E9 - H70-T40 CHSS Capacity Category B communications (CD -10 °C)

H70-T40
CHSS
Capacity
Category
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Table E10 - H70-T30 CHSS Capacity Category B communications (CD -10 °C)

H70-T30
CHSS
Capacity
Category
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Table E11 - H70-T40 CHSS Capacity Category C communications (CD -10 °C)

H70-T40
CHSS
Capacity
Category
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Table E12 - H70-T30 CHSS Capacity Category C communications (CD -10 °C)

H70-T30
CHSS
Capacity
Category
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APPENDIX F - DISPENSER FUEL DELIVERY TEMPERATURE AND CONTROL SPECIFICATION
F.1 DISPENSER FUEL DELIVERY TEMPERATURE AND COMMUNICATIONS SPECIFICATION

Fueling dispenser flow restriction shall be upstream of vehicle interface. Fueling dispenser shall be capable of setting the
temperature of the fuel delivery temperature hydrogen gas at the break-away consistent with the fueling protocol.

Installation of fuel delivery temperature equipment shall be downstream of the smallest flow restriction in the complete
fueling path. Otherwise, the Joule-Thomson effect will lead to a significant temperature increase of the hydrogen gas
delivered to the vehicle, thereby making the fuel delivery temperature less effective.

If a station has communications fueling capability, the fueling dispenser shall be capable of fueling vehicles with and without
communications between the vehicle and dispenser.

F.2 PRESSURH CONTROL
The fueling station shall execute three levels of pressure control; see Table F1 for pressurelevels and fault management.
o 1st Level (nhormal control process): Terminate fueling when target pressure (from SAE J2601 tablgs) is reached.

e 2nd Level (pringipal fault management: redundant electronic protection level);"Terminate fueling when 125% NWP
(87.5 MPa for a f0 MPa dispenser; 43.8 MPa for a 35 MPa dispenser) is reached.

e 3rd Level (secopdary fault management: fully mechanical protection“level): When fueling statipn PRV set point is
reached. The PRV set point should be no greater than 1.25*NWPR *+10% = 1.375*"NWP (96.25 MPa for a 70 MPa
dispenser and 48.13 MPa for a 35 MPa dispenser).

Table F1 - Pressure levels and fault management from SAE J2579

Pressure Vesfsel Terminology Used in SAE J2579
Terminolo;E to “Bridge the Gap” Container Terminology
Secondary Relief Faylt .
Maximum- Developed Pressure
Management < (MDP)
(less than 1.2 x MAWP)
Primary Relief Fault MDP

Management > 1.5 x NWP (pr SP)

(less than 1.1 x MAWP) for Fueling Station Faults

Maximum Allowable Working 1.38 x NWP |(or SP)

MAWP Pressure
Relief Device Set point < Initiation Ig;ﬁ:fugxir;?gsg)ement by > (Fill station fhieling relief valve set
(Raliaf Davica Sat naoint) pOInt)
{ReliefDevice-Setpeiny
Maximum Operating Pressure
oimum Opraing Prossre | o) 5 | AN S
(MOP) Initiation of Fault Management by fuelin F)) P 9
Dispenser 9

Service pressure (SP) or working

Nominal Working Pressure (NWP) > pressure
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F.3 ASSUMPTIONS FOR SAE J2601 DISPENSER CONTROL
The following are dispenser control guideline assumptions for SAE J2601 to maintain fueling protocols.
1. Validated to SAE J2601, in accordance with CSA HGV 4.3, or equivalent, to ensure proper execution of fill;

2. Fuel delivery temperature measurement, ambient temperature measurement and station pressure measurement meet
the requirements in 6.2; and

3. Has a (“watch-dog”) monitoring timer or equivalent (to ensure that the controller is executing and not hung-up) then the
above is adequate fault detection/management to ensure safety of the fueling process.
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APPENDIX G - INTERPOLATION OF TABLES - EXAMPLES
G.1 CONVENTIONAL INTERPOLATION (CHSS CAPACITY CATEGORY IS DETERMINED)
Linear interpolation shall be used to derive actual parameters from table values. This will be one-dimensional interpolation
for the APRRacwal (based on ambient temperature; see Figure G1) and two-dimensional interpolation for the target pressure
(based on ambient temperature and initial CHSS pressure; see Figure G2). Note: If one of the interpolation values is in the
“no fueling” zone of the table, then the dispenser should not fuel the vehicle.

EXAMPLE A: Interpolate average pressure ramp rate at 18 °C ambient temperature.

The ambient temperature measured from the station is used to linear interpolate an average pressure ramp rate (see
Figure G1).

Average Pressure Ramp Rate Table Data

30

25

201

2) station interpolatesto find Average Pressure Ramp Rate

Average Pressure Ramp Rate [MPa/min]

-40 =30 -20 -10, 0 10 20 30 40 50
Ambient Temperature [*C)
1) Station reads Ambient Temperature of 24°C

Figure G1 - Interpolation of average pressure ramp rate and ambient temperature

—~—

EXAMPLE B: Interpoplate fuelingtarget pressure at an Initial CHSS Pressure of 35 MPa. Note that the pxample table below
uses the international format for commas and periods (the U.S. format is the opposite).
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Using the tables - target pressure example:

H70-T40 Average Target Pressure, Pucge [MPa
4_7kg Pressure
Ramp Rate,
non- APRR Initial Tank Pressure, P, [MPa]
comm [MPaimin]
05 2 5 10 15 20 30 40 50 60 70 =70

> 50 nofusling [no no no | nefueling |ne no no no no no no no
o 50 51 77,8 | 776 77,3 76,9 766 | 76,2 | 757 | 753 | 747 | 739 | 728 [ne
e | 45 81 76,3 | 77.2 76,9 76,5 764 | 76,2 | 756 | 753 | 747 | 739 | 727 [ne
g 40 11,5 73,2 75,6 76,8 76,3 76,4 76,2 75,6 753 74,6 739 72,7 |mo
- 35 124 729 | 753 76,4 76,0 76,1 759 | 753 | 751 745 | 738 | 727 |me
.ﬂ_; 30 15,3 70,6 73,9 758 75,2 754 751 74,3 741 73,3 724 713 |no
.E 25 18,5 69,0 | 72,8 751 74,5 747 | 743 | 733 | 730 | 720 | 711 [nofusling|ne

1 H 20 21,8 67,9 | 721 74,5 73,7 740 |f 9 722 | 719 69,7 | nofueling[no

£ L0_| 250 56,5 | 71,1 73,1 75,2 724 [\ 70,9 | 069, [ 660 [ne
2o 285 740 | 734 | 724 706 | 707 | 696 | 686 | 671 | 657 | 640 |ne
c -10 28,5 734 729 71,9 70,0 70,0 68,4 66,5 64,4 62,9 61,2
g -20 28,5 72,9 72,3 71,3 71,0 69,5 68,0 65,7 62,4 60,0 [me
E -30 285 721 71,6 70,6 70,4 69,0 67,4 65,2 61,8 58,7 [no
< =40 28,5 71,6 71,1 70,2 70,0 68,5 66,9 64,8 61,5 58,5 no

<40 | no no no o | nofueling | no no no no no no no

Figure G2 - H70-T40, 7 to 10 kg non-comm table example
Steps:
1. Interpolate engulfing points in table for boundary conditions:
- For Ambienfl Temperature of 18 °C: 10 °C and 20 °C
- For Initial CHSS Pressure of 35 MPa: 30 MPa and 40 MPa
2. Interpolate lineaf between fueling target pressure values-for the first initial CHSS pressure support point (30 MPa) and
the two ambient| temperature support points: Ptarget2,= 70,9 MPa + (72,2 MPa - 70,9 MPa) * (18|°C - 10 °C)/(20 °C -
10 °C) = 71,94 NIPa
3. Interpolate lineaf between fueling target pressure values for the second initial CHSS pressure support point (40 MPa)
and the two ambient temperature support points: Ptargets = 69,6 MPa + (71,9 MPa - 69,6 MPa) * (18 °C - 10 °C)/(20 °C
-10°C) = 71,44|MPa
4. Interpolate lineaf between interim fueling target pressure values from (2) and (3) using the initial CHSS pressure support
points: Fueling [Target Pressure = 71,94 + (71,44 MPa - 71,94 MPa) * (35 MPa - 30 MPa)/(40 MPa - 30 MPa) =
71,69 MPa = 71J7 MPa

EXAMPLE C: Interpplate T.0p-Off Average Pressure Ramp Rate

For ambient tempera : SUKE -
5 MPa, do the |nterpolat|on as descnbed in F|gure G1 Use the average pressure ramp rates for the f|rst part of the fueling
(standard fueling) and interpolate the top-off-APRR for the second part of the fueling (top-off fueling) in the same way using
the top-off-APRR values (see values framed in red in Figure G3). Note that the example in Figure G3 uses the international
format for commas and periods (the U.S. format is the opposite).

For conditions where the fueling table does not provide clear instructions, such as in Figure G3, 15 °C Tamb and 1 MPa Py,
the dispenser should utilize the values for the next warmest explicitly described conditions; i.e., use 20 °C Tamp and 1 MPa
Po.
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P;r:gztre P;r:gztre Ti‘:’-lilt);f- Target Pressure, Py [MPa]
H70-T40 Average Parget | Top-Off [MPalmin] Lo
[MPa] [MPa]
?-10kg Pressure Ramp
Rate, APRR
comm [MPalmin]
Initial Tank Pressure, P, [MPa]
0,5 - 5 (no interpolation allowed) 0,5 2 5 10 15 20 30 40 50 &0 70 =70
> 50 no fuelin no fueling no fueling no fuelin no fueling no fueling | no fueling no fueling| no fueling| no Fusling| no fueling| no fueling) no fueling| no fueling| no fueling| no fueling

(=) 50 7.6 7.9 87,5 2,8 see Top-Off | see Top-Off| 81,1 86,2 86,9 86,6 85,8 849 83,8 82,6 81,0 | nofueling
9-_0‘ 45 11,0 75,8 87,5 3,8 see Top-0ff | see Top-Off| §1.4 &7,0 86,7 86,2 85,2 84,1 82,8 81,4 79,6 |nofueling

E 40 14,5 72,8 874 4.5 see Top-Off | see Top-Off| 81,2 &7,0 86,4 85,9 84,6 83,3 81,8 80,2 78,2 |nofueling
L 35 15,3 72,2 874 4.6 see Top-Off | see Top-Off| 81,1 &7,0 86,4 85,9 84,6 83,2 81,7 80,1 78,2 |nofueling
f 30 17,9 70,5 874 5,0 see Top-Off | see Top-Off| 81,1 86,9 86,3 85,6 84,2 82,6 81,0 79,2 77,2 |nofueling
‘E 25 19,9 71,1 87,3 5.4 see Top-0ff | see Top-Off| 83,2 86,8 86,0 85,3 83,7 82,0 80,2 78,3 |nofueling| no fueling
H 20 19,9 74 87,3 5.6 see Top-Off| see Top-Off| 371 86,4 85,5 84,7 83,0 81,2 79,3 77,4 |nofueling) no fueling
E' 10 19,9 no Top-0fF | no Top-Off no Top-OFF 87,3 a7 86,6 85,7 84,8 839 82,0 80,0 75,0 75,9 |nofueling|
& 0 19,9 no Top-0fF | no Top-Off no Top-OFF 86,6 86,3 85,7 84,6 834 82,3 80,0 7,7 754 72,9 |nofueling|
k- -10 19,9 no Top-0fF | no Top-Off no Top-OFF 86,4 86,1 85,5 844 83,2 821 79,8 77,5 75,2 72,8 |nofueling|
% -20 [Ty T TOp-OFF | Mo Top-0T T Top-IIT LLrrs oET Lilsfng LTy oo Ly TG T o ling| no fueling|

[ -30 19,9 no Top-0fF | no Top-Off no Top-OFF 86,0 85,7 85,0 839 82,8 8,7 79,4 7 74,8 o ing| no fueling|
=L -40 19,9 no Top-0fF | no Top-Off no Top-OFF 85,8 85,5 84,8 ing| no fueling|

<40 Jno fueling o fueling nao fueling o fueling o fueling nofueling | no fueling g no fueling

Figure G3 - H70-T40, 7 to 10 kg comm table example
EXAMPLE D: Interpplate Fueling Target Pressure at an Initial CHSS Pressure of 35 MPa

For ambient temperItureS where top-off is available in the tables and the initia .CHSS pressure is b¢tween 0.5 MPa and
5 MPa, interpolate the target pressure linear between the support points for ambient temperature fof the first part of the
fueling (standard fudling) and interpolate the target pressure top-off for thesecond part of the fueling (fop-off fueling) in the
same way using thetarget pressure top-off values (see values framed in‘ted in Figure G4).

brasaure | prossure | TR0
prargst | Topolf APRR Target Pressure, Pigs: [MPal
H70-T40 [MPa/min]
Averdge Pressure [MPa] [MPa]
7-1 ﬂkg Ramjpp Rate, APRR
fiPaimin]
comm _
Initial Tank Pressure, P, [MPa]
0,5 - 5 {no interpolation allowed) 0,5 2 5 10 15 20 30 40 50 5 70 =70
> 50 o fusling o fueling o hueling o fueling o fucling nofueling | no fueling| no fueling| no hueling| na fueling | no fueling| no fueling| na fusling| no fldeling| no fueling| no fusling|

5 |50 76 77,9 87,5 28 &apm seeTop-Off | 81,1 | 862 | 869 | 866 | 858 | 849 | 838 | 816 | 810 [nofuelng
e | 45 11,0 75,8 87,5 38 . Top-Off | seeTop-Off | 81,4 | 87,0 | 867 | 862 | 852 | 841 | 828 | 8{4 | 796 [nakusing

2 [ 40 14,5 72,8 87,4 45 | SeeTop-Off | seeTop-Off | 81,2 | 87,0 | 864 | 859 | 846 | 833 | 818 | 842 | 78,2 |nofuelng
- | 35 153 72,2 87,4 46 see Top-Off | see Top-Off | 81,1 | 87,0 | 864 | 859 | 84,6 | 832 | 81,7 | 81 | 782 |nafueling
g [ 30 17,9 70,5 87,4 50 see Top-Off | see Top-Off | 81,1 | 869 | 863 | 856 | 84,2 | 826 | 81,0 | 742 | 772 |nafuelng
2 [ 2 19,9 71,1 87,3 54 see Top-Off | seeTop-Off | 83,2 | 868 | 860 | 853 | 837 | 820 | 80,2 | 743 |nefusling|nafucling
S [0 19,9 774 87,3 56 see Top-Off | see TopOff | 87,1 | 864 | 855 | 847 | 830 | 812 | 79,3 | 744 |nefusing|nafusing
£ 10 19,9 no Top-Cf_|_no Jap-8ii] _na Top-0f 87,3 87,1 86,6 | 857 | 84,3 | 839 | 82,0 | 800 | 78,0 | 749 [nefusing|nafucing
2 0 19,9 no Top-Cf_|_noTap=Bif | naTop-0f 86,6 86,3 857 | 846 | 834 | 823 | 80,0 | 777 | 754 | 719 |nefusing|nafusing
2 [ 0 19,9 no Top-Cff, | \0aTap-0if | _naTop-0f 86,4 86,1 855 | 844 | 832 | 821 | 798 | 775 | 752 | 718 |nefusling|nafusing
2 19,9 no Tops08 oo Top-0if_| _na Top-0f 86,2 85,9 853 | 842 | 830 | 819 | 796 | 77,3 | 750 |nafblng|nofusing|nafusing
£ [ 30 19,9 noTap*Off | noTop-Oif | noTop-0f 86,0 85,7 850 | 839 | 828 | 81,7 | 794 | 771 | 748 |neibing|nefusing]nefusling
< [ 19,9 i Top O | noTap-Off | o Top-0ff 85,8 855 84,8 | 837 | 826 | 814 | 79.2 | 769 | 746 |noffeling|nefusing|nofusling

< A0 a fueling ‘t:gir\g no fueling no fueling na fueling no fhueling o fueling| no fueling| no fueling | no fueling [ no fueling no fueling| na fusling| na ffeling| na fueling| na fueling|

Figure G4 - H70-T40, 7 to 10 kg comm table example

Interpolation is not allowed in Initial CHSS pressure direction for initial CHSS pressures between 0.5 MPa and 5 MPa and
for ambient temperatures which show values for top-off fueling.

It shall be used the same way as described in EXAMPLE B for higher initial CHSS pressures at these top-off indicating
ambient temperatures or for ambient temperatures where no top-off is allowed.

For ambient temperatures, e.g., 18 °C in Figure G4, where at least one interpolation point for fueling target pressure states
“no top-off,” no top-off shall be applied and the fueling target pressure interpolation shall be used following EXAMPLE B,
applying the target pressure, e.g., 77,4 MPa at 20 °C ambient temperature for 0,5 to 5 MPa initial pressure as one or two of
the interpolation support points to calculate Ptargetz and Ptargets (described in EXAMPLE B).
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G.2 INTERPOLATION WHEN CHSS CAPACITY CATEGORY IS INDETERMINATE (CONSERVATIVE APPROACH)
Given the starting conditions (ambient temperature, vehicle start pressure and the anticipated temperature window for the
refueling), the APRR and target pressure is identified according to each of the three applicable tables for CHSS Capacity
Categories A, B, and C. Of these three values, the lowest (slowest pressure ramp rate and lowest target pressures) shall
be used for the fueling.

NOTE: The APRR and target pressure chosen will not necessarily come from the same table.

An example is worked through below:

Step 1

Identify initial conditions for fueling.

Initial Conditions

Initial Pressure 5.5 MPa
Ambient Temp. 15 °C
Pre-cooling T40

IR Com? No

Pressure Rating H70

Volume Unknown
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Step 2 Step 3
Perform interpolation of
Select relevant tables for these initial conditions. Table values within the table
they came from.
D19 - H70-T40, 2-4 kg, noncom Table D19 - Interpolated
values
T b [°C] APRR Target Pressure [MPa] APRR 23,150 I\:InF:z/
am
- MPa/mi
[MPa/min] Initial Pressure [MPa] P_Target | 73,435 MPa
5 10
20 19.3 74.0 73.1
10 27.0 73.1 71.7
D25 - H70-T40, 4-7 kg, noncom Table’'D25 - Interpolated
values
MPa/
T b [°C] APRR Target Pressure [MPa] APRR 24,900 min
am
- MPa/mi
[MPa/min] Initial Pressure [MPa] P_Target | 74,215 | MPa
5 10
20 21.8 74.5 73.7
10 28.0 74.1 73.2
D31 - H70-T40, 7-10 kg, noncom ULl A S Tl
values
APRR Target Pressure [MPa] APRR NIP'a/
T_amb [*C] [MPa/min] min
Initial Pressure [MPa] P_Target | 73,950 MPa
5 10
20 19.9 75.0 74.1
10 19.9 73.1 72.0
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Step 4

Select most conservative values.

Final Values used as Fueling Parameters

- MPa/min

Table D31 Interpolated

APRR from values
Table D19 Interpolated
P_Target 73,435 MPa from values
Figyre G5 - Example of steps to determine conservative APRR and pressure targets
G.2.1 Communigations Loss During Fueling Using the Conservative Approach

Follow the Steps 1t
between the vehicle
the equivalent value

NOTE: The most ca
fueling.

As an example, for t
e Ambient temp =
e Start pressure =
Conservative APRR
(from the 2 to 4 kg t3
Conservative Comm
(from the 7 to 10 kg

=> |loss of Comms =

Conservative APRR

hrough 4 in Figure G5 for a fueling with communications, then-atthe point when
and station are lost, use the same information (ambient temperature and start pr
5 for a non-comms fueling.

nservative value may not necessarily come from the-same table for non-comms 1

ne initial conditions for an H70-T40 fueling:

30 °C

30 MPa

is 12.5 MPa/min

ble, instead of 15.3 MPa/min from the 4 to 7 kg table or 17.9 MPa/min from the 7
S target pressure,=\84.2 MPa

able - insteadof 84.5 MPa from the 2 to 4 kg table or 84.3 MPa from the 4 to 7 kd

>

remains as 12.5 MPa/min

the communications
bssure) to determine

ueling as for comms

to 10 kg table)

table)

(from the 2 to 4 kg table, instead of 15.3 MPa/min from the 4 to 7 kg table or 17.9 MPa/min from the 7 to 10 kg table)

Conservative Non-comms target pressure = 73.9 MPa

(from the 2 to 4 kg table - instead of 74.3 MPa from the 4 to 7 kg table or 74.5 MPa from the 7 to 10 kg table)

G.2.2

Temperature Fallback During Fueling Using the Conservative Approach

Follow the Steps 1 through 4 above for a fueling with the expected temperature window, then at the point when the
temperature falls outside of the appropriate window, use the same information (ambient temperature and start pressure) to
determine the equivalent values for a fueling under the new pre-cooling conditions.

NOTE: The most conservative value may not necessarily come from the same table for the different pre-cooling conditions.
Also, note that this does not apply for non-comms fueling, which cannot “fallback.”
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As an example, for the initial conditions for an H70-T40 fueling:

e Ambient temp =

e Start pressure =

30°C

30 MPa

Conservative T40 APRR is 12.5 MPa/min

(from the 2 to 4 kg table, instead of 15.3 MPa/min from the 4 to 7 kg table or 17.9 MPa/min from the 7 to 10 kg table)

Conservative T40 target pressure = 84.2 MPa

(from the 7 to 10 kg table - instead of 84.5 MPa from the 2 to 4 kg table or 84.3 MPa from the 4 to 7 k

table)

=> reduction in Truel

Conservative T30 Af
(from the 2 to 4 kg t3
Conservative T30 ta
(from the 7 to 10 kg

Therefore, the conse
G.23 Top-Off D

Follow the Steps 1t
same information (a

NOTE: The most co
that this doe

As an example, for t
e Ambient temp =
e Start pressure =
Conservative APRR

(from the 2 to 4 kg t3

F> T30 tables (Comms)

PRR is now 8.7 MPa/min

ble, instead of 8.8 MPa/min from the 4 to 7 kg table or 9.3 MPa/min, from the 7 to
rget pressure = 84.3 MPa

able - instead of 84.7 MPa from the 2 to 4 kg table or 845 MPa from the 4 to 7 kg
rvative FPRR target = (84.3 MPa - P1)/[1/(8.7 * (84.3"- 30) - tstation fallback)]

iring Fueling Using the Conservative Approach

rough 4 above for a fueling up to the top=off point, then at the point when top-off i
bient temperature) to determine the equivalent values for the top-off fueling.

5 not apply for non-comms fugling, which cannot “top-off.”

ne initial conditions for an H70-T40 fueling:

30 °C

3 MPa

is 12.5<MPa/min

ble;instead of 15.3 MPa/min from the 4 to 7 kg table or 17.9 MPa/min from the 7

10 kg table)

table)

5 applicable, use the

nservative value may not necessarily come from the same table for before and afier top-off. Also, note

to 10 kg table)

Conservative comms target pressure (before top-off) = 69.1 MPa

(from the 2 to 4 kg table - instead of 70.6 MPa from the 4 to 7 kg table or 70.5 MPa from the 7 to 10 kg table)

=> TopOff =>

Conservative top-off

APRR is 5.0 MPa/min

(from the 7 to 10 kg table, instead of 7.8 MPa/min from the 2 to 4 kg table or 6.6 MPa/min from the 4 to 7 kg table),

Top-off target pressure = 87.4 MPa

(from the 7 to 10 kg table, instead of 87.5 MPa from the 2 to 4 kg and 4 to 7 kg tables)
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G.24

Additional Examples - APRR

Table G1 includes an example of APRRs for demonstrating selection of the “conservative” APRR from the ambient

temperature:

Table G1 - Table of conservative APRR

APRR 70 MPa, T40
Tempe‘r:xrtr:.:::r'\;amb [°C] 2 to 4 kg Category 4 to 7 kg Category 7 to 10 kg Category
50 3.2 5.1 7.6
45 5.8 8.1 11.0
40 8.6 11.5 14.5
B5 9.7 12.4 153
B0 12.5 15.3 179
P5 15.7 18.5 19.9
PO 19.3 21.8 19.9
10 27.0 28.0 19.9
0 28.5 28.5 19.9
{10 28.5 28.5 19.9
120 28.5 28.5 199
130 28.5 28.5 199
40 28.5 285 199

If the ambient tempdrature is 20 °C, the lowest value shall be selected;that of the 2 to 4 kg category:
If the ambient tempdrature is 10 °C, the lowest value shall be selected; that of the 7 to 10 kg category

When interpolating hetween values, for instance if the ambient temperature is 15 °C, the value should

9.3 MPa/min.

19.9 MPa/min.

be chosen from the

lowest of the three: 23.15 MPa/min (2 to 4 kg category);,24.9 MPa/min (4 to 7 kg category), and 19.9 [MPa/min (7 to 10 kg

category); therefore,|the value 19.9 MPa/min is chosen-from the 7 to 10 kg category table.

If, however, the ambjent temperature is 19.5 °C, the value should be chosen from the lowest of the thiee: 19.685 MPa/min

(2 to 4 kg category)

19.685 MPa/min is chosen from the 2 to 4:Kg category table.

G.25 Additional

Examples - Target'Pressure

22.11 MPa/min (4 to_ 7-kg category), and 19.9 MPa/min (7 to 10 kg category);

therefore, the value

Table G2 includes an example for selection, by interpolation, of the “conservative” target pressur¢s from the ambient
temperature and vehicle start\pressure:

Table G2 - Truncated table of conservative target pressures

APRR 70 MPa, T40

2 to 4 kg Category 4 to 7 kg Category 7 to 10 kg Category
Vehicle start | 16 yipa | 15 MPa | 20MPa | 10 MPa | 15 MPa | 20 MPa | 10 MPa | 15 MPa | 20 MPa
pressure:
Ambient
Temperature,
Ta_mb [°C]
35 86.8 86.4 86.0 86.9 86.4 85.9 87.0 86.4 85.9
30 86.8 86.3 85.7 86.8 86.3 85.6 86.9 86.3 85.6
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If the ambient temperature is 35 °C and the vehicle start pressure is 10 MPa, the lowest value shall be selected; that of the
2 to 4 kg category: 86.8 MPa.

If the ambient temperature is 30 °C and the vehicle start pressure is 20 MPa, the lowest value shall be selected; that of
either the 4 to 7 kg or 7 to 10 kg category: 85.6 MPa.

If the ambient temperature is 32.5 °C and the vehicle start pressure is 12.5 MPa, the target pressure value should be chosen
from the lowest of the 3: 86.583 MPa (2 to 4 kg category), 86.598 (4 to 7 kg category) and 86.645 (7 to 10 kg category);
therefore, the value 86.583 MPa is chosen from the 2 to 4 kg category table.

If, however, the ambient temperature is 32.5 °C and the vehicle start pressure is 17.5 MPa, the target pressure value should
be chosen from the lowest of the 3: 86.107 MPa (2 to 4 kg category), 86.043 (4 to 7 kg category) and 86.038 (7 to 10 kg
category); therefore, the value 86.038 MPa is chosen from the 7 to 10 kg category table.

(The accompanying APRR would be 11.07 MPa/min in both of the latter two cases.)
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APPENDIX H - MC FORMULA-BASED FUELING PROTOCOL RATIONALE AND DEVELOPMENT PROCESS

H.1 INTRODUCTION

The MC Formula-based fueling protocol described in Section 9 is an adaptive fueling protocol, which dynamically adjusts
the rate of change in dispenser pressure and the end of fill target pressure, based on inputs which are measured by the
dispenser, namely the ambient temperature, the initial gas pressure in the CHSS, mass flow and the measured gas pressure
and temperature at the dispenser outlet. Like the table-based protocol described in Section 8, the MC Formula-based
protocol utilizes initial conditions measured by the dispenser to calculate the appropriate pressure ramp rate and ending
pressure target. However, unlike the table-based protocol which utilizes these parameters throughout the fill, the MC
Formula-based protocol utilizes these fixed parameters only for the first 30 seconds of the fill, after which they are calculated
and updated at a frequency of once every second for the remainder of the fill.

The MC Formula-bafed protocol Tollows . process requiremenis|(Section 6), and key
modeling assumptiops (Section 7). Similar to the table-based protocol, the MC Formula-basedprofocol was developed
using computer modeling. The same fueling model described in A.1 was used in deriving the eoefficients and parameters
for the equations which dictate the overall fueling time, the instantaneous pressure ramp_fate”and the ending pressure

target. Likewise, the
Formula-based protg

The structure of the
control. The pressur
assumptions. It is b3

same general assumptions (A.2), and hot case and cold case assumptions (A.3)
col.

MC Formula-based protocol is divided into two parts - pressure . ramp rate control,
b ramp rate control dictates the instantaneous pressure ramprate (PRR) and is b
sed on a regression equation which defines the amount<f time (tfinal) required to

pressure (Pmin) to the¢ final pressure (Psinal) without exceeding the gas temperature limit of 85 °C within

The regression equa
The coefficients for
which are looked up
pressure ramp rate g

The ending pressure
at which the fill shoul
There are two option

The first option is ba
CHSS based on the
dispenser and elaps

tion for tanal is @ cubic polynomial based on the mass average of the fuel deliver
his cubic equation are calculated for discrete ambient temperatures, resulting in a
trinal is the control input parameter to a pressure ramp rate equation, which dictat
nd the control pressure the dispenser should\follow.

control is calculated separately from-the pressure ramp rate control and dictates|
s for ending pressure control: the<MC Method or ending pressure tables.
5ed on a methodology called\thie MC Method which calculates the end of fill gas te

initial CHSS pressure and-€HSS gas temperature in combination with the meag
ed fueling time. Because of the cold case assumptions, this end of fill gas temps

expected temperatu

e. The end of fill gas'temperature is then used to calculate a pressure target which

at the appropriate dgnsity. The MC Méthod is a lumped heat capacity model where MC represents the
of the control volumé and is denoted.in units of kJ/K. The M and the C in the name are derived from
times specific heat cppacity.

The second option for ending pressure control is a set of lookup tables providing non-communica
targets, and communicatienfueling pressure limits. These lookup tables function the same way as thos

based protocol. Ho

f

re utilized in the MC

and ending pressure
sed off the hot case
Il from the minimum
the hot case CHSS.
y temperature (Truel).
table of coefficients,
bs the instantaneous

the station pressure

H end. The ending pressure control utilizes the cold case assumptions, just like the {able-based protocol.

mperature within the
ured enthalpy of the
rature is the coldest
ensures the fill stops
combined heat mass
the concept of mass

utilized in the table-

Fon fueling pressure

ver, the determination of which ending pressure table to be used is based on the|mass average of the

fuel delivery temperature, which is updated continuously throughout the Till.

The dispenser manufacturer should choose one or the other of these two ending pressure control options.

H.2 PRESSURE

RAMP RATE CONTROL

Sections A.1 through A.3 should be referenced for an understanding of the computer model, assumptions and boundary
conditions utilized in the derivation of the tina cubic equation coefficients. This section will describe the simulations
conducted, the derivation of the coefficients, and how the coefficients are utilized in the MC Formula-based protocol for
pressure ramp rate control.
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H.2.1 Constant Pressure Ramp Rate Simulations

The tiinal cubic equation coefficients are derived from a series of fueling simulations conducted at a constant pressure ramp
rate. Pressure ramp rates are generally designed to avoid overheating a CHSS under worst-case conditions. These
worst-case conditions for overheating are collected in the set of hot case assumptions. The simulation runs for determining
the highest pressure ramp rate that will still not overheat the CHSS therefore use hot case parameters, initial and boundary
conditions. Figure H1 illustrates a H70 fueling simulation in a pressure-temperature state diagram for an exemplary ambient
temperature 0 °C. The CHSS temperature is initialized at the hot soak temperature 15 °C. During fueling, there is a rapid
temperature increase inside the CHSS at the beginning; later the slope of the fueling curve becomes steeper because the
pressure increase dominates over the temperature increase. The simulation stops whenever the CHSS is “full” (97% SOC)
or reaches the upper temperature limit 85 °C. During the simulation, the pressure ramp rate at the station is held constant.
The procedure of computing the optimal pressure ramp rate that fulfills both SOC and temperature conditions at the end is
an iterative process. It requires a number of fueling simulations with different pressure ramp rates to find the optimal ramp
rate. There is a third ur at any time during

the fueling simulatiop shall not exceed 60 g/s. This is illustrated in Figure H2. If it does, the pressur
decreased, automatically decreasing the peak flow rate. Therefore, the resulting pressure ramp_rate
only one of the condjtions: (a) the final gas temperature reaches 85 °C (this typically occurs for, high a

b ramp rate must be
will generally satisfy
mbient temperatures

and small CHSSs), pr (b) the peak flow rate reaches 60 g/s (this typically occurs for cold ambient
CHSSs). The final $OC however is always 97%. Note that the SOC target 97% is a'tradeoff to in
pressure ramp rate (and decrease the fueling time).

conditions and large
crease the resulting

A second tradeoff s were derived: one
with an initial CHSS
is strongly a functior
coefficients derived

an initial CHSS pres
is that the majority of
at an initial CHSS pr,

similar to that emplg

s made in order to generate higher pressure ramp rates; two’sets of coefficien
ressure of 5 MPa, and another with an initial CHSS pressureof 0.5 MPa. The end gf fill gas temperature
of the initial gas pressure; higher initial pressures result in lower ending gas temperatures. Thus, the
or an initial CHSS pressure of 5 MPa result in a reddction of the fueling time over those derived with
bure of 0.5 MPa. The justification for utilizing two,sets of coefficients based on the ipitial CHSS pressure
fills are initiated with an initial CHSS pressure_higher than 5 MPa. For the small fraction of fills initiated
essure below 5 MPa, to avoid overheating, @ Separate set of coefficients are utilized. This approach is
yed for the table-based protocol (see A.4) where, instead of utilizing two sets of APRRs, a pressure
target in combination with a significantly reduced top-off. pressure ramp rate is utilized. The top-offl pressure ramp rate
approach could not pe utilized with the MC Formula-based protocol because it is based on a known|APRR, whereas the
PRR for the MC Fofmula-based protocol is variable..The end result is essentially the same, howevgr, in that the overall
fueling time is reduced for fills initiated with a CHSS fpressure below 5 MPa.

110 ;
100 target:
T <85°C @ 97% SOC
90
83.5MPa
80
o o, SOC
ﬁ 60 29 g‘/\zgz—/ff_____/
w
o
= 40
30 > X
o o
20 O
10 Hot Case: /ﬁ
(15°C, 5 MPa) @d—1_—"
0 (15°C, 0.5 MPa)#t=——-"""
-40 -20 0 20 40 60 80

temperature, °C

Figure H1 - Step 1 - Pressure ramp rate simulation
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Simulations were co
994 L (4 kg), 174.0
were not conducted,
fueling where a fill is
dispenser. Each fue
declining linearly ove
remainder of the fill.

Fueling simulations
listed in Table H1.

90
peak X
80 flow g "“@\?
70 — rate
flow limit 60 g/s |
Bowwww .
_E 7 2
50 &
~ Q‘
AR ad
SU 7 /
Massg fi ]
10 L/ //
% 20 40 60 80 100 120  1400° 160 180
time, s

Figure H2 - Typical pressure and mass flow development

hducted under hot case conditions on the four boundary single vessel H70 spec

| (7 kg), and 248.6 L (10 kg) (see Table A3). A separate set of simulations for the
as the coefficients utilized for H35 and H70.arethe same. This is done to account f
conducted first at an H35 dispenser and then immediately followed by a completig
ing simulation was run with the fuel.delivery temperature starting at ambient tg
r a 30 second period to a predetermined fuel delivery temperature, which is then

lvere conducted at the ambient temperatures, fuel delivery temperatures, and ini

Table H7 - Matrix of fueling simulation conditions

CHSS: 49.7 L (2 kg),
H35 pressure class
or potential historical
n of the fill at an H70
mperature and then
held constant for the

lial CHSS pressures

Fuel Delivery Temperature
Tamb (°C/K) -40 °C -35°C -30 °C -25°C -20 °C -15°C
Rinitiat (MPQ). Pinitial (MPa) Pinitiat (MPa) Pinitial (MPa) Pinitiat (MPa) Pinitial (MPa)

50/323.15 (0.5¢5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
45/318.15 (055:5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
40/313.15 (05, 5) (0.5, 5) (0.5, 5) (0.5, 5) (0.5, 5) (0.5,5)
35/308.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
30/303.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
25/298.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
20/293.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
15/288.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
10/283.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
5/278.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
0/273.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
-10/263.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
-20/253.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
-30/243.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
-40/233.15 (0.5, 5) (0.5,5) (0.5, 5) (0.5,5) (0.5, 5) (0.5,5)
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The output for each of the simulation conditions listed in Table H1 was the fueling time tfinal, defined as the time required to
fill the CHSS from initial CHSS pressure of Pinitial to the pressure Prinal 0f 83.5 MPa, as well as the mass average of the fuel
delivery temperature over this time period, referred to as MAT (see Equation H1, where j represents a time step of 1 second).
For each ambient temperature and initial CHSS pressure, tinal is plotted against MAT and then a regression best fit approach
is utilized to derive a set of coefficients for the tinai cubic equation, a, b, ¢, and d (see Equation H2). This approach is
illustrated in Figure H3. Those simulations where the pressure ramp rate was constrained by the limitation of peak flow rate
not exceeding 60 g/s were not utilized in the regression fit.

MAT = Zé[(m(j)_m(j—}))XO'S(Tfuel(i)+Tfuel(1'—1))] (Eq. H1)
Zo(my=m(j-n)
trina = a X MAT® + b x MAT? + ¢ X MAT +d (Eq. H2)
1000
| 50°c | | as°c | a0°c
900
800 4Lk g
700 /

30°C

600 / /
500 25°C =
400

0 T e E
R £
mz WN =

MAT °C

Total Fill Time Required t-final (sec)

Figure H3 - Regression fit of tfina to MAT

The statistical accurpcy_of/a regression fit can be defined by the coefficient of determination, denoted as R2. Except for
ambient temperaturgs-of(45 °C and above, R? is higher than 0.9999 in all cases. For ambient tempefatures of 45 °C and
above, where fueling-tires—ean-beceme-exponentialylongerat-the-warmerfuel-delivery-temperatures, a manual process
was utilized to generate a best regression fit while also ensuring that all tina values are conservative; i.e., equal to or longer
than the simulation resultant tfinal value under all fuel delivery temperatures.

H.2.2 Calculation of tfinal

Equation H2 provides a means for calculating tfinal @s a function of the MAT and a set of coefficients (a, b, ¢, and d), for a
specific ambient temperature and a specific CHSS vessel. A set of coefficients (a, b, ¢, and d), were derived for each
ambient temperature under which simulations were conducted, for each CHSS vessel size (49.7 L, 99.4 L, 174.0 L, and
248.6 L), and for the minimum initial pressures Pmin = 0.5 MPa and Pmin = 5 MPa. This creates a set of eight tables of
coefficients (four for each CHSS vessel size and two for each Pmin value). These tables of coefficients are found in Tables J1
through J8 for a warm dispenser, and Tables J9 through J16 for a cold dispenser.
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Once the initial pressure has been determined after the initial pressure pulse, Pmin can be determined. Thus, 4 sets of
coefficients (a, b, ¢, and d), need to be calculated for each boundary CHSS vessel. The coefficients are interpolated between
the ambient temperatures listed in Tables J1-J16, as shown in Equation H3, as an example, for the 49.7 L boundary CHSS

vessel. This is done

for each of the boundary CHSS vessels: 49.7 L,99.4 L, 174.0 L, and 248.6 L.

Interpolation for 49.7 L boundary CHSS

a(Tamb_above)_a(Tamb_below)] X [Tamb_Tamb_beloW]

[
QAa97 = a(Tamb_below) + _
[Tamb_above Tamb_below]

[b (Tamb_above)_b(Tamb_below)] X [Tamb _Tamb_below]

b4-9.7 = b(Tambfbelow) +

[Tamb_above_Tamb_below]

(Eq. H3)

trinal is then calculate
for calculating tfinal. T
on the more conser|
whichever is higher
boundary CHSS bag
Capacity Category is
J.2.4 and Equation J
H.2.3 Variable H
Consider a case whg
of the equation for a
fill, regardless of the

Now, consider the c3
pressure ramp rate
arrives at Prsinal at the
fill starts at Pinitiai Wit
value shown in blue,

C(Tamb_above)_C(Tamb_below)l X lTamb_Tamb_belowl

— [
649'7 N C(Tamb_bEIOW) + [Tamb_above_Tamb_beloW]

d _ d(T )+ [d(Tamb_above)_d(Tamb_below)]X[Tamb_Tamb_below]
49.7 — amb_below

[Tamb_above _Tamb_below]

When Option 2 is utilized, tina is determined by interpolating between ffina of
ed on the measured CHSS volume, or the minimum<value tfina_min, Whichever is
not determined, then the highest tina value of all fodr of the boundary CHSS ve
63.

ressure Ramp Rate

re the value tfnal is pre-determined and deesn't change during the fill. In this case, t
erage pressure ramp rate (APRR), as'shown in Equation H4. Because tinal does
starting pressure, the fill will always)utilize the APRR.

APRR = Pfinal_Pmin

tfinal

se where tinal changes during the fill. When tsnal is allowed to change during the fil
PRR) must be derived that ensures that the dispenser pressure follows a rate
elapsed time oOf.tinal. An illustration of this is shown in Figures H4 and H5. In Figu
h a calculated. tina Shown in black. As the fill progresses, at point Pramp and t, tfina
causing_ the rate of change of the pressure to decrease such that it arrives at Piin

of the new tinal. In Figure H5;the exemplary fill starts at Pinitat With a calculated tinal Shown in black. As

point Pramp and t, tfina
that it arrives at Pfinal

changes to a lower value shown in blue, causing the rate of change of the press
atthe elapsed time of the new tfinal.

b

| for each boundary CHSS vessel. If the CHSS Capacity Category-is’determined, {here are two options
he dispenser manafacturer may choose either option. When-Option1 is utilized, [tinal is chosen based
vative tina Of the lower boundary CHSS and upper boundary CHSS, or the migpimum value tfinal_min,

he upper and lower
higher. If the CHSS
5sels is utilized. See

alis the denominator
't change during the

(Eq. H4)

, an equation for the
of change path that
e H4, the exemplary
changes to a higher
| at the elapsed time
he fill progresses, at
ure to increase such



https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

SAE INTERNATIONAL J2601® MAY2020 Page 154 of 293

Piina 7|

P

ramp |

P

initial

min |

|
l
t

Yinal tinal

Figure H4 - lllustration of the effect on the pressure path with an increase in tenal

Pﬁnal 7]

P

ramp |

P

initial

O imfp’
- __p

tinal tinal

Figure H5 - lllustration of the effect on the pressure path with a decrease in tfihal

To keep the illustratipn simple,\the change in PRR is only shown to occur once in Figures H4 and H5, byt the same approach
is used whenever tin changes. The equation which dictates the PRR with a changing tiina is Equation| H5. In Equation H5,
Pramp represents the ramp-pressure at an elapsed time of t during the fill.

P —P,
PRR = — /et Framp_ (Eq. H5)
i « final™Vinitial —t
final Pfinal_Pmin

The equation which dictates the ramp pressure Pramp as a function of the PRR is Equation H6, where j represents a time
step of 1 second.

Pramp + PRR (Eq. H6)

Pramp]-_'_1 =
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H.24 Mass Average Fuel Delivery Temperature

Equation H2 expresses tinal as a function of the mass average fuel delivery temperature MAT (Equation H1). The relationship
between tina and MAT is based on the MAT at Psinal Or the end of the fill. At the beginning of the fill, MAT can be significantly
warmer than at the end of the fill, especially if the dispenser is initially warm. If MAT were used directly in the equation for
trinal, tinal Would be very large at the beginning of the fill and get progressively smaller as the fuel delivery temperature cools
and MAT becomes colder. This would create a PRR which is very small at the beginning of the fill and very large at the end
of the fill. This is not desirable for a number of reasons. A small PRR at the beginning of the fill when the dispenser is warm
causes the cool-down period to be significantly longer than it otherwise would be due to the small mass flow rate.
Additionally, large changes in the PRR increase enthalpy, which if not compensated for could cause overheating, and if
accounted for, will cause the overall fueling time to be longer. And finally, there must be a limit or cap placed on PRR to
constrain the maximum flow rate, so if PRR is small at the beginning of the fill, PRR cannot fully compensate later in the fill
due to this limit, again causing the overall fueling time to be longer than it should be.

To minimize the abgve detrimental effects, PRR should be as constant as possible, which in turn.requires tfina, and thus
MAT, to be as constant as possible. The approach chosen breaks the fill into sections and establishes|a set of rules for the
MAT input used in tHe equation for tina. The sectioning of the fill into Rules 1 through 3 is illustrated in|Figure H6.

— Fuel Delivery Temp Rule 1 t $ 1m0 sec

T | ___ MAT from beginning of
amb fill (MAT,)
Rule v > <
—_ MAT from 30 sec into the uleg ' t 230 and P < Pyans
fill (MAT,)
[ ___ Transitional weighted Rule 3 t t 230 and P 2 Pyans
5 average of MAT, and MAT;,
<
o
o
5
|—
Expected |
MAT

30 sec Plrans Pﬂnal
Rule 1 Rule 2 Rule 3

Figure H6 - lllustration of sectioning of the fill into regions

b
wiIr

Instead of using MAT directly in the equation for tinai, @ proxy for MAT named MATc¢ (C stands for control input) is utilized.
MATc is determined based on the region of the fill, where specific rules are applied, as illustrated in Figure H6.
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H.2.4.1 Rule 1

The first region where Rule 1 is applied is defined by the fueling time t being less 30 seconds. When the fill is in this region,
the Expected MAT (symbol MATexpected) is utilized for MATc. Expected MAT is defined as the expected value for MATo at
the end of the fill. It is not important that this value be precisely correct, as its purpose is to serve as a proxy for MAT during
the cool-down phase of the fill. The acceptable range for Expected MAT is 237.15 K £ MATexpected < 255.65 K. The upper
value of 255.65 K is because this corresponds to the upper boundary of a T20 station, which is the warmest MAT allowed.
The lower value of 237.15 K is due to running worst-case fueling simulations with different MATexpected Values where the fuel
delivery temperature only reached 255.65 K at t = 30 seconds. Under this worst-case scenario, no overheating was seen
with MATexpected @s cold as 255.65 K. There may be situations where the dispenser utilizes an MATexpected Which is colder
than what is actually expected. For example, under hot ambient temperatures, in order to achieve a fuel delivery temperature
of at least 255.65 K within 30 seconds, it may require the dispenser to input an MATexpected Which is significantly colder than
the MAT expected at the end of the fill. As long as is MATexpected 2 237.15 K and MATexpected £ 255.65 K, any value may be

used.

H.2.4.2 Rule 2
After a total of 30 seq
and remain relatively
fueling time t being

onds of mass flow have elapsed, the fuel delivery temperature should belclose to i
stable for the remainder of the fill. Thus, the second region where Rule 2 is app
greater than or equal to 30 seconds and the control pressure{symbol Pcontror)

transitional pressure
Psinal. For example, fi
to 46.75 MPa. In thi

30 seconds of mass| flow (symbol MAT3o) is utilized for MATc. The equation for MAT3o is shown in

represents a time s
intended non-fueling
calculation of MAT3o
stepj(i.e., every 1 se
of the fill, then the p
occur at a j value, ar

H.2.4.3 Rule 3
Once the control pre
gradually transition t
Rule 3 is applied is
non-fueling events d
or equal to the trans
MATo where the we
shown in Equation H

(symbol Ptrans). Ptrans is defined as the midpoint between the initialpressure Pinitial, 3
r a fill with an initial pressure of 10 MPa, since Prinal is alwaysequal to 83.5 MPa,
region where Rule 2 is applicable, the mass average©f the fuel delivery temp

p of 1 second. Note that for illustration purposes, in Equation H7 for MAT3o, if
events, such as a leak check or bank switch, occur'during the first 30 seconds o

cond), but only if there is mass flow. If thereiis\an intended non-fueling event durin
pint at which the calculation of MAT30 commences will be when the counter n re
d fueling time t value, higher than 30.

MAT.. = Yhol(m - 1)) X0.5(T fuet inst(j)* T ruel inst(j-1)]
30 = ¥i
Z30(m—m(j-1)

b MATo by the end.of the fill, as this is the value upon which tsinal is based. Thus, th
jefined by thewfueling time t being greater than or equal to 30 seconds (again, as
uring the first 30 seconds for illustration purposes) and the control pressure Pcont
itional pressure Prans. This transition to MATo is realized by using a weighted ay
ghting-factor is a function of the control pressure Pcontrol. The equation for this
8,

s target temperature
ied is defined by the
being less than the
nd the final pressure
Ptans would be equal
brature after the first
quation H7, where |
is assumed that no
the fill. In the actual

in J.2.3.1, a counter named n is utilized, which advances at the same time step ffequency as the time

j the first 30 seconds
aches 30, which will

(Eq. H7)

ssure Pcontrol has exceeded the transitional pressure Prans, it is important that the control input MATc

e third region where
suming no intended
ol being greater than
erage of MAT30 and
weighted average is

Pfinal_Pcontrol _ Pfinal_Pcontrol

IF Peontror < Pfinal' MAT; = MAT;5y X ( ) + MAT, X (1

)

Pfinal—Ptrans Pfinal—Ptrans

ELSE MAT, = MAT,

(Eq. H8)
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H.2.5 Limits on Pressure Ramp Rate

H.2.5.1 Minimum Limit on tfinal

In the derivation of the coefficients for the tina equation, some of the fueling simulations were limited by the constraint of not
exceeding the peak flow rate of 60 g/s. As noted in H.2.1, these simulations were not utilized in the regression fit. Therefore,
the tinal €quation itself cannot be relied upon to limit the pressure ramp rate such that the peak flow rate does not exceed
60 g/s. An additional constraint on tinal must be applied. The approach utilized is to set a minimum tsina value for each CHSS
volume category. A parameter labeled tfina_min is utilized for this purpose. tfina_min is determined such that the peak flow rate
will not exceed 60 g/s for the largest CHSS volume in a given CHSS volume category. tinal_min also ensures that the highest
pressure ramp rate, defined as the hot pressure ramp rate (HPRR; see A.3.5), is the same for both the table-based protocol
and the MC Formula-based protocol. Because a separate set of tinal coefficients are utilized for Pmin of 0.5 MPa and 5 MPa,
tfinal_min i also a function of Pmin. The tinai_min values, along with the corresponding maximum HPRR, for each CHSS volume
category and Pmin arfg shown in Table HZ.

Table H2 - tfina_min as a function of CHSS volume category and Ppmin

E (sezon
Pmin = 0.5 MPa Pumin = 5 MP4
49.7 -A99.4 L) 321 155 147
($99.4 - I?74.0 L) 321 155 147
(l7a.0 -C248.6 L) 22.4 222 210
H.2.5.2 Maximum Limit on PRR

The minimum limit o
not to exceed the pe|
protocol uses a vari
pressure ramp rate

PRR is 110% of the

N tinal ensures that the overall fueling time and maximum HPRR are limited with su
ak flow rate of 60 g/s under a constant pressure ramp rate. However, because thg
bble pressure ramp rate approach, it is also necessary to place a limit or cap d
PRR to further ensure that the peak flow rate is not exceeded. The limit utilized f]
maximum HPRR. Because some stations may not be able to sustain a pressur

fficient margin so as

MC Formula-based
n the instantaneous
br the instantaneous
e ramp this high, the

0% of the maximum
osen by the station

cap on pressure ran
HPRR, represented
manufacturer. The e

p rate is defined as g range of values, from 90% of the maximum HPRR to 11
by a factor named RRRcap_ractor. The appropriate value for PRRcap_Factor is CH
quation defining this_range for the cap on pressure ramp rate is Equation H9.

0.9 < PRRc4p ractor < 1.1 (Eq. H9)

_ Pfinal=Pmin
PRRcap = PRRcap Factor X = —
final_min

H.2.6

AccountinJ for Deviations from ldeal Conditions

Sections H.1 through H.2.4 have described the process whereby the pressure ramp rate and ramp pressure can be
calculated as a function of the fuel delivery temperature and elapsed fueling time. However, in the application of this
approach to actual fueling, there are a number of factors which must be accounted for. These factors are explained below.
H.2.6.1 Increase in Enthalpy Due to Variation in PRR

The derivation of the tina equation is based on constant pressure ramp rate fueling simulations. Because the MC
Formula-based protocol allows the PRR to vary, the effect of this variation in PRR on the ending gas temperature must be
accounted for. In conducting fueling simulations at a constant pressure ramp rate and a given MAT, the required fueling
time tinal is based on the mass average of the enthalpy dispensed. If the PRR during the fill deviates from the constant
pressure ramp rate, the mass average of the enthalpy dispensed will be different. Typically, the mass average enthalpy will

be higher for a fill with a variable pressure ramp rate versus a constant pressure ramp rate, regardless of whether the PRR
is lower in the early part of the fill and higher in the latter part, or vice-versa. This effect is illustrated in Figure H7.
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Figure H7 1 lllustration of the effect on mass average enthalpy due to variable pressuré ramp rate

Other phenomena affect the ending gas temperature as well, such as the heat trahsfer rate between the gas and the CHSS
vessel liner. In someg cases—for example, when the pressure ramp rate starts high and then decreages—the increase in
enthalpy can be offsgt, at least partially, by the higher heat transfer rate dde)to a higher gas temperature earlier in the fill.
However, these effgcts and the relationship between them are quite ecomplex, and while accounted for in the fueling
simulation model, they are difficult to account for in a theoretically therough manner in the fueling prptocol itself. Thus, a
practical empirical approach was utilized to account for the potential increase in enthalpy due to a varigble PRR.

The empirical appropch was developed by studying the effect that a variable PRR has on the ending gas temperature in
the fueling simulatipns. Larger variations in PRR caused; larger changes in enthalpy, and thus| higher ending gas
temperatures. To offset the higher ending gas temperature) the fueling time needs to be extended. Thug, an approach which
extends the fueling time by a factor which is a function ©f the variation in the PRR was chosen. The factor which is used to
extend the fueling time is a, shown mathematically in-Equation H10, where j represents a time step of|1 second, and PRR,
RRmin, and RRmax ar¢ in units of MPal/s.
IFj=0 a =1 (Eq. H10)
ELSE IF j>0
IF PRR < RR,;;, RRyyin = PRR

IF PRR > RRyyay, RRiax = PRR

=0

[Fm = ﬂfnr greater than 5 seconds_ RR

TITTIT

o = [100+18.5(Rng,x—RRmin)]
100

trina = @ X [a X MAT® + b x MAT? + ¢ X MAT + d]

To verify the efficacy of this approach, multiple fueling simulations were run where parameters which influence the PRR
were allowed to deviate from the norm. For example, fuel delivery temperature cool-down periods from 0 to 60 seconds
were tested, mismatch in expected MAT from actual MAT were tested, both warmer and colder than actual were tested,
large swings in the fuel delivery temperature using a sinusoidal function with an amplitude of +5 °C were tested, and finally
a combination of all of these variation in parameters together were tested. The result of the latter simulation where all of
these parameters were varied together is shown in Figure H8. a extended the fill time by approximately 6%, while keeping
the peak gas temperature below 85 °C.
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Figure H8 - Fueling simulation where the efficacy of a was verified
based on variations in multiple parameters

i is to facilitate the inclusion of pauses in the filhdue to leak checks or extended
time events) as fueling time. The rationale for counting these pauses as fueling tim
] the CHSS vessel liner continues during these pauses in mass flow. During an

flow rate greater tha

very little effect on the enthalpy, and the small variation in RRR these pauses cause will be accounted f
However, for longer| pauses, i.e., those of duration 5,seconds or greater, the effective PRR is zer
constant. This is notjaccounted for in the PRR equation-as the PRR is actually increasing during thesg

mass flow rate is ze

To verify the efficac
fueling simulation as
seconds, respective
pauses, to 1.089 in

than sufficient to ac
temperature less thg

the control time step of 1 second, the ramp pressure Pramp is held constant. Shor

y of the a equation in accounting for pauses in the fill greater than 5 seconds ir

shown in Figure H8.was run with pauses at 22, 43, and 58 MPa, for duratior]
y (total of 60 secohds). Because RRmin was set to zero, a increased from 1.059
he case with pausés, causing the overall fueling time to be extended by 17 secq
count for the dincrease in mass average enthalpy of approximately 11 kJ/kg, res
n 85 °C, as.shown in Figure H9.

bank switches (i.e.,
b is that heat transfer
y pause in the mass

pauses in flow have
or by the a equation.
D since Pramp is held
pauses. Thus, if the

o for longer than 5 seconds,.RRmin is set to zero in the a equation, as shown in Equation H10.

duration, the same
s of 15, 20, and 25
in the case without
nds. This was more
ulting in a peak gas
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H.2.6.2 Deviatio]
The MC Formula-bg
pressure, Pramp, is C
station to control the
must be limited and
the station pressure.
H.2.6.2.1 Statio

To allow for deviatig
Pramp. This pressure

limits of the corridor,
tolerance is 2.5 MP
Equation H11.

GasDisp Outlet Temp without LC (MPa)
~=~=GasDisp Outlet Pressure with LC (MPa)
Gas Temp Vessel without LC(C)

Peak Gas Temp without LC =84.95 C
Peak Gas Temp with LC=84.75 C

= ===GasTemp Vessel with LC (C)
———RR without LC (MPa/min)
~===RR with LC (MPa/min)

80 | Gas Temp Disp Outlet without LC (C)
~===Gas Temp Disp Outlet with LC (C) -
60 e -
X GasTemp (w/LC) .~ Dispenser
a0 Gas Temp (no LC) v Pressure(w/LC)

/Dispenser ______
\ Pressure(noLC)

T

Pressure (MPa), damp Rate (MPa/min), Temperature (C)

0 \— L

\ Ramp Rate (no LC) Ramp Rate (w/LC)

150 200

Fill Time (sec)

Figure H9 - Fueling simulation where the efficacy of a was verified
with three pauses in mass flow

hs in Station Pressure

sed protocol calculates a ramp pressure_that ideally should be followed by the d
hlculated based on the dispenser having perfect control. In actual application, it
station pressure Pstation to match the ramp pressure Pramp perfectly. Deviations bety
accounted for. The following twa, Sections explain the approach utilized to accol

n Pressure Corridor

hs of the station pressure Pstation during fueling, a pressure corridor is built aroun
corridor defines an upper limit pressure and a lower limit pressure. The width of the
the same as that used for the tablethased protocol, as defined in 8.3.2 and A.3.5. To define the uppe
a toleranceabove and below the ramp pressure is used. The upper tolerance is 7.
b, again, (the same as is utilized for the table-based protocol. This is expressg

Plimit_high = Pramp + APtol_higlu where APtol_high =7MPa

ispenser. This ramp
s impossible for the
een Pstation and Pramp
nt for fluctuations in

d the ramp pressure
corridor is 9.5 MPa,
" and lower pressure
0 MPa and the lower
d mathematically in

(Eq. H11)

Piimit_1ow = Pramp = APy sows where APio 10w = 2.5 MPa

By creating a tolerance above the ramp pressure, it is also necessary to extend the fueling time tfina such that the station
pressure Pstation cannot reach Prinal before trinal is reached. This is illustrated in Figure H10. In Figure H10, the rise in station
pressure is assumed to start at time twi_ow (i.€., a delayed start), and then proceed at the highest pressure ramp rate HPRR,
defined by reaching the pressure Prinal at the time tio_ow + tfinal. TO allow for a constant upper and lower tolerance around the
ramp pressure, tinal must be extended by a factor 8, the derivation of which is shown in Equation H12. By extending tfinal in
this way, even if Pstation = Plimit_nigh, it will not reach Pfinal before tinal is reached.
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Pfinal—=APtol_ high—BPtol low=Pmin __ Pfinal=Pmin

(tfinal"'ttol_low)_ftol_low

trinal = trinar X
inal inal
s s Pfinal—APtol_high—APtol_low—Pmin

trinal = B % trinal

Pfinal_Pmin

ﬁ_

Pfinal=APtol_high—APtol_low—Pmin

Pfinal_Pmin ]

(ffinal"'ftol_low)_ftol_low

trima = B X [a X MAT® + b x MAT? + ¢ X MAT + d]

(Eq. H12)

Pfinal ]

Added to
account for
delayed start

APto_nigh

I:’min

APtolerance

I:,Iimit_lt:\w

<—HPRR starts at t = tia o

0 1"tol_low

= & HPRR

=—— Ramp
Pressure

(trinal * teol_1ow) (trina) (trnar * tiol 1ow)

In Figure H10 and E
This is a worst-case
rising from time t = (
means the overall fu

To eliminate or redu

delayed start or not.

Figure H10.- lllustration of pressure corridor derivation

Huation H12, the derivation of B assumes that the rise in station pressure is delay
assumption, which’in most cases, does not happen. The usual case is for the stati
. The time fw_low causes the factor 3 to be approximately 4% larger than it would
eling time/will be 4% longer than it needs to be.

ce thedime two 0w from the overall fueling time, a method is employed to measure
The'way this is done is to measure the difference between Pramp and Pstation at i

ed by the time tol_tow.
on pressure to begin
be otherwise, which

ivhether the fill has a
me ttolflow. If Pstation is

dlat H" Y H - ol ' dlo ot tlo H la 1o ol 1 ol 4 s
greater than Pramp at-this—pointitindicates-that-thepressurerisehrasnot-been—detayed-in-starting—at

be eliminated from the derivation of the factor p.

the time ttol 1ow Can

There are two possibilities at time ttol low: Pstation is equal to or above Pramp, Or Pstation is below Pramp. These scenarios are
illustrated in Figures H11 and H12, respectively. At time t = tiol_low, Pstation is compared to Pramp, and the parameter APiow is
measured. Equation H13 is utilized to calculate the time twi_iow, which is a function of the pressure ramp rate PRR.

t APtol_low _
tol_low —

PRR

2.5
PRR

(Eq. H13)
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The parameter APiow is defined as the difference between Pramp and Pstation, @s shown in Equation H14.
WHEN t = t;o; 10w (Eq. H14)
IF Pramp = Pstation > 0
THEN APy = Pramp = Pstation
ELSE APy, =0

The equation for B is modified to utilize the measured value APpw instead of APtwi_iow, @s shown in Equation H15.

ﬁ _ Ffinal=FPmin (Eq H15)

Pfinal=APtol_high—APlow—Pmin

Att=t
Pimit_nigh tol_tow
I:'station 2 l:’r.'-.'lmp
AP\o = 0 MIPa
7’
[¢}]
S
=
7]
7]
Q
=4
o
l:’Iimit_low
l:.initial

ttol_low Time

Figure H11 - lllustration of a non-delayed start of fueling
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H.2.6.3 Combin
In H.2.6.1, the parar
variations in the pres
margin to apply a tol
trinal is multiplied by th

H.2.7 Control P
In H.2.3, the equatio
pressure tolerance A
tolerance APtol_low IS

Pimit low define the ug

Although the ramp
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Figure H12 - lllustration of a delayed start offueling
ng a and B in the trinal Equation
heter a was defined and explained. a extends figal to account for the increase in

erance on pressure, such that a pressure corridor can be defined. To account for
e factor a and B respectively. Thus, thefinal expression for the tfina equation is shq

trinat = @ X B X [a XMAT? + b X MAT? + ¢ x MAT + d]

essure

h for the pressure ramp.rate PRR and the ramp pressure Pramp are given. As exp
Ptoi_nigh is added to/the ramp pressure Pramp to form the upper pressure limit Piimi
Eubtracted from thejramp pressure Pramp to form the lower pressure limit Pimit_ow. T

per and lower.boundaries of the pressure corridor, respectively.

ressureis_utilized as an input to the pressure ramp rate equation, and to define
ressure corridor, it is not necessarily utilized as the control pressure by the dis

pressure Pcontrol is d

fined.as the pressure that the dispenser is targeting at any point in time. In oth

enthalpy caused by

sure ramp rate. In H.2.6.2, the parameter § was/defined and explained. B extends final to allow sufficient

both of these cases,
wn in Equation H16.

(Eq. H16)

ained in H.2.6.2.1, a
 high, and a pressure
bgether, Plimit_nigh and

the upper and lower
penser. The control
br words, the control

pressure is the contrpl-parameter that the dispenser follows in controlling the station pressure Pstation. T

he pressure corridor

is defined as the operating boundaries for the stafion pressure, which means that any pressure within
Therefore, in setting the control pressure, the dispenser should determine how much margin is required to keep from
overshooting the upper pressure limit Pimit_nigh, and how much margin is required to keep from undershooting the lower
pressure limit Plimit_iow.

this corridor is valid.

If the risk to overshooting or undershooting is equal, then the middle of the pressure corridor could be chosen as the control
pressure. However, it should be kept in mind that in order to ensure the best fill performance, the minimum margin needed
to avoid overshooting the upper pressure limit should be utilized.

The approach utilized for defining the control pressure Pcontrol is to define an offset pressure APoset, which is added to the

ramp pressure Pramp,

as shown in Equation H17, and as illustrated in Figure H13.

Pcontrol = Pramp + APoffset

(Eq. H17)
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APoiset does not have to be a constant. It can vary during the fill based on the control characteristics of the dispenser. As an
example, the risk to overshooting the upper pressure limit is usually greatest after a pause in the fill due to a leak check or
cascade bank switch. To mitigate this risk while still keeping the shortest fueling time possible, the dispenser manufacturer
may choose to set a smaller value for APosiset during the pause and shortly after the fill resumes, and then once the pressure
control has stabilized, set a larger value for APoset to keep the fueling time as short as possible.

D
P
targ t Control Pressure —

Ramp Pressure = —

Pressure

P. .. . Pressure Corridor — width of 9.5 MPa

initial

Time

Figure H13 - lllustration of control pressure as an offset from the ramp pressure

H.2.8 Validation|of MC Formula Pressure Ramp Rate Control

To demonstrate the efficacy of the MC-Formula pressure ramp rate control and to validate that it is sufficiently conservative
to ensure that overheating does not-oeccur, fueling simulations and bench tests were conducted uynder a spectrum of
worst-case boundary conditions. For the fueling simulations, the MC Formula pressure ramp rate contyol was programmed
into the fueling modgl explained.in’A.1, so that it could operate in the same manner as a real-world hyldrogen station using
the MC Formula-baged protocel. This allowed a much larger and broader set of conditions to be analyzed than could be
done in a laboratory|test or field test environment A series of fueling simulations were conducted on|the hot case CHSS,
where the following
temperature, fuel deli
(to test both coefficient maps) and the time step for the calculations. In totaI 89 S|mulat|ons were conducted with all results
showing gas temperature below the limit of 85 °C.

Additionally, bench tests were conducted on a representative hydrogen storage vessel, under as close to the worst-case
boundary conditions as possible. The storage vessel and set-up conditions were identical to that used for the validation of
the table-based protocol. Six fueling tests were conducted to test against overheating with the fueling conditions chosen to
address the broadest set of conditions possible for the number of tests available, and, where possible, to align the test
conditions with the table-based protocol validation tests. These tests successfully demonstrated that the maximum gas
temperatures were below the limit of 85 °C.

The details of the simulation conditions and results, as well as the laboratory test conditions and results, can be found in
Section 8 and Appendix B of SAE Paper 2014-01-1833, “Validation and Sensitivity Studies of SAE J2601, the Light Duty
Vehicle Hydrogen Fueling Standard.”
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Field validation testing of the MC Formula-based protocol was also conducted on both a test tank and representative OEM
fuel cell vehicles. Over 100 fueling tests at a real world representative fueling station were conducted, analyzed, and
documented in SAE Paper 2015-01-1177, “Field Validation of the MC Default Fill Hydrogen Fueling Protocol.”

Note that in the above two referenced SAE papers, the “MC Default Fill” is synonymous with the MC Formula-based protocol.
The name of the protocol was subsequently changed by the SAE Fuel Cell Standards Interface Task Force.

H.3 ENDING PRESSURE CONTROL

The MC Formula-based protocol allows for two options in determining the ending pressure control: the MC Method, or
ending pressure tables. The dispenser manufacturer should choose one or the other of these two options. The MC Method
is a formula-based approach to calculating the appropriate ending pressure targets and limits. The ending pressure tables
provide looked-up values as a means of providing the appropriate ending pressure targets and limits. The MC Method

ending pressure corftrol requires signiicanily fewer stored parameters € ending pressure tardets ending pressure
control, but has a higher calculation intensity.

For both ending presisure control options, a non-communication pressure target is calculated based on
which limits the mfaximum SOC to 100%, even under worst-case conditions. For communi
communications pregssure target is calculated based on the communicated measured“\temperature
combination with either the vehicle communicated measured pressure or the station(measured press|
for communications fueling is between 95 to 100% SOC, where SOC is based on.the calculated den
CHSS. The communications pressure target is used as the primary ending pressure stopping point
there is a possibility|that the communicated temperature and/or pressure from the vehicle could be

cold case conditions,
cations  fueling, the
from the vehicle in
ure. The SOC target
5ity of the gas in the
. However, because
ncorrect, a pressure
hich is a worst-case

limit is also utilized.|This pressure limit is based on a maximum SOC 0of{15% for the cold case, w
condition. For the erlding pressure tables, the pressure limit is calculated<as described in A.7 for the |
which in some case$ results in a maximum SOC of less than 115% SOQC. Figure H14 illustrates the
pressure limits utilizgd for non-communication fueling and for communications fueling.

ot case simulations,
pressure targets and
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Figure H14 - lllustration of pressure targets and limits for ending pressure control

The logic and derivation of these two ending pressure control methodologies are described in H.3.1 and H.3.2, respectively.
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H.3.1 The MC Method

The MC Method is an analytical method based on a lumped heat capacity model, which utilizes a thermodynamic
characterization of a compressed hydrogen storage vessel. The characterization is described by MC, which is a parameter
that quantifies the capability of the hydrogen storage vessel to absorb the heat generated during fueling, expressed in terms
of kJ/K. MC is an equation which is a function of initial conditions, fueling conditions, and the fueling time. By calculating
MC, along with initial CHSS pressure and temperature, and the measurement of enthalpy and mass flow at the dispenser
outlet throughout the fill, the end of fill gas temperature in the storage vessel can be calculated, from which a target pressure
can be calculated.

H.3.1.1 Theory

As shown in Figure H15, the MC Method is based on a control volume analysis of the fueling process. The energy added
during fueling is delned as the mass average enthalpy of the gas entering the control volume jml h;dm. As shown in
Equation H18, the h¢at transferred from the hydrogen can be defined as the difference of the finakinterphal energy m,u, and

the initial internal energy m,u, subtracted from the enthalpy added. Because heat transfer to‘the’ enyironment is ignored,
MC is a representatipn of the storage vessel’s ability to absorb the heat Q.

Q = [, hidm = (mauy —myu,) (Eq. H18)

Control Volume Boundary

jh‘ dm —'>

n;

(mzuz _”5’1”1)

v

Figure H15 - lllustration of the.control volume utilized in the MC Method

The heat transfer ca
expressed in terms ¢
fill, m, represents th

n also be defined as the diffefence in the adiabatic internal energy and the final
f temperature in Equation(H19, where m, represents the mass in the storage ves
b initial mass in the storage vessel, and C, represents the specific heat capacity of

nternal energy, also
bsel at the end of the
nydrogen at constant

volume. Figure H16 gives a visual illustratior of this phenomenon.

(Eq. H19)

Q= m, (uadiabatic - uz) = mZCv(Tadiabatic - Tfinal)

_ m1u1+f:£12 hidm
Where Ugdiabatic =
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Figure H16 - lllustration of the heat Q removed quantified by Tadiabatic and Tfinal
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If a “characteristic volume” is defined, as shown in Figure H17, which is a mathematical construct with the characteristics of
a thermal mass with an infinite conductive and convective heat transfer coefficient, the thermal mass being characterized
as “MC,” then the heat transfer can be expressed in terms of the initial and final gas temperatures as shown in Equation H20.

Q = MC(Trinar — Tinitiar) (Eq. H20)

Characteristic
Volume
Q

Combined mass
and specific heat =0
capacity = MC —

QEm'irmmenl
Adiabatic
Boundary

Figure H17 - lllustration of a characteristic volume

Equations H.19 and H.20 can be combined such that the final gas temperature T;;,,, can be expressed in terms of the initial
gas temperature, thg adiabatic gas temperature and MC, as shown inEquation H21.

mZCV(Tadiabatic - Tfinal) = MC(Tfinal - Tinitial) (Eq H21)

M2CpTadiabatictMCXTinitial
MC+myCy

Tfinal -

MC is not a constant, but varies as a function of the fueling time t as well as the initial conditions. Tlhe equation used to
represent MC was derived through analysis of hydrogen fueling tests on both Type Ill and Type IV gtorage vessels. The
equation which besf| fits the data is shown in Equation H22, where U, iqpacic represents the end of [fill adiabatic internal
energy of the hydrogen in the storage vessel, U,,;.io; represents the initial internal energy of the hydrogen in the storage
vessel, and At reprgsents the elapsed time after the first 30 seconds of the fill. The coefficients of fhe MC equation are
unique to the storage vessel under.consideration and can be derived either through a series of hydrpgen fueling tests or
fueling simulations.

MC = AC + BC x In |Zadiabatic 4 G 5 (1 — g=KCxAL)JC (Eq. H22)
Uinitial

H.3.1.2 Derivatiotrof-Me Equat;uu Coeffictents

To derive the coefficients of the MC Equation utilized for ending pressure control in the MC Formula-based protocol, a series
of fueling simulations were run. The fueling model described in A.1 was utilized in combination with the 70 MPa cold case
storage vessel (CHSS) specifications shown in Table A3. Heat transfer from the station and vehicle components Q'sf and
Q,,f were not considered, so the enthalpy at the dispenser outlet is the same as the enthalpy entering the control volume of
the storage vessel. A set of twenty-five simulations were run according to the conditions listed in Table H3. These conditions

were chosen so as to provide a wide range of values for the two independent variable terms in the MC equation, —%4tabatic
initial
and At.


https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

SAE INTERNATIONAL J2601® MAY2020 Page 168 of 293

Table H3 - Conditions of fueling simulations on 70 MPa cold case CHSS

Fuel Start CHSS Approx. Record Time

Sim Amb Delivery | Pressure Soak Fill time APRR End of Fill | (minutes after
No. | Temp (°C) | Temp (°C) (MPa) Temp (°C) (s) (MPa/min) | Condition fill stops)

1 0 -40 2 0 35 146.6 100% SOC 60

2 20 -40 2 20 90 57.0 100% SOC 60

3 40 -40 2 40 180 28.5 100% SOC 60

4 0 -40 20 0 35 115.7 100% SOC 60

5 20 -40 20 20 90 45.0 100% SOC 60

6 40 -40 20 40 180 22.5 100% SOC 60

7 0 -40 40 0 35 81.4 100% SOC 60

8 20 -40 40 20 90 31.7 100% SOC 60

9 40 -40 40 40 180 15.8 100% SQE 60

10 0 -40 60 0 35 471 100%-SOC 60

11 20 -40 60 20 90 18.3 100%,S0C 60

12 40 -40 60 40 180 9.2 100% SOC 60

13 0 -22.5 2 0 35 146.6 100% SOC 60

14 20 -22.5 2 20 90 57.0 100% SOC 60

15 40 -22.5 2 40 180 28.5 100% SOC 60

16 0 -22.5 20 0 35 115.7 100% SOC 60

17 20 -22.5 20 20 90 45.0 100% SOC 60

18 40 -22.5 20 40 180 22.5 100% SOC 60

19 0 -22.5 40 0 35 81.4 100% SOC 60

20 20 -22.5 40 20 90 31.7 100% SOC 60

21 40 -22.5 40 40 180 15.8 100% SOC 60

22 0 -22.5 60 0 35 471 100% SOC 60

23 20 -22.5 60 20 90 18.3 100% SOC 60

24 40 -22.5 60 40 180 9.2 100% SOC 60

25 15 N/A 70 15 Defuel @ 0.7 g/s until Press|= 2 MPa

From the output of the fueling simulations, the parameters listed in Table H4 were calculated for each simulation. Table H4
represents the outpyt for fueling simulation No~1.shown as an example.

Table H4 - Example output from fueling simulation No. 1 on 70 MPa cold case CHSS

t(s) | Ukidbatic/Uinital | MC (kJIK) | At(s) | AMC(30) | Tanal (K)

34 28.84 5.32 4 0.26 327.89

30 26.61 5.05 0 0 326.20

80 28.84 7.37 30 2.31 321.70
120 28.84 10.58 90 553 314.39
489 2654 12-94 458 786 34632
300 28.84 16.19 270 1114 | 305.80
600 28.84 19.84 570 1479 | 301.90
1200 28.84 22.42 1170 | 17.36 | 299.67
2400 28.84 26.69 2370 | 2164 | 296.64
3600 28.84 31.35 3570 | 2629 | 294.04

The first line in Table H4 represents the end of fill conditions of the simulation. In this case, the total fill time is 34 seconds,
the ending gas temperature Ty, is 327.9 K, and MC is 5.32 kJ/K. Note that the fueling simulations continue after the end
of fill condition of 100% SOC is reached. Heat transfer from the gas to the storage vessel wall is allowed to continue for
60 minutes after the fill ended. This allows MC and Ty, to be calculated for times up to 3600 seconds, which is necessary
for deriving the coefficients of the MC equation.
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With the data shown in Table H4 for each of the simulation runs, it is possible to derive the coefficients of the MC equation,
Equation H22. Because MC is a function of Jadiabatic 54 At, it is necessary to separate these two independent parameters

initial

in deriving the MC coefficients. The first step is to utilize simulation output data where At is equal to zero, which isolates the
first two terms of the MC equation. Since At is defined as the fueling time beyond the first 30 seconds, At is equal to zero

when t is equal to 30 seconds. MC is plotted against W for simulations 1 through 24, as shown in Figure H18, and

initial

then a best fit of the data is performed using the equation AC + BC X In /M to derive the coefficients AC and BC.

initial

The second step
GC % (1 _ e—KCXAt‘)]C
t > 30 seconds and |
or At. Thus, AMC is
Figure H19.
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Figure H18 - Best fit.of MC equation at At =0

n deriving the MC equation, coefficients is to isolate the second part o
. This is done by calculating*a parameter AMC, which is the difference b
IC at time t = 30 seconds{ and plotting this against time at t > 30 seconds and tinje at t = 30 seconds,
plotted against At, and a. best fit is calculated using the equation GC x (1 — e~}

the MC equation
pbtween MC at time

(xA8)JC  as shown in
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Figure H19 - Best fit of AMC versus At
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From these two best fit processes, an overall best fit of the MC equation to the simulation data is obtained, resulting in the
determination of the five coefficients of the MC equation, Equation H22. The final values of these coefficients is shown in

Table H5.

Table H5 - Final values of MC equation coefficients

AC | 1.10487E+00
BC | 2.20466E+00
GC | 2.22198E+01
KC | 1.63097E-03
JC | 8.23284E-01

H.3.1.3

In order to utilize the
be calculated. The c
utilized. The cold cag
of entering it. For def
25 in Table H3. To ¢
enthalpy exiting the
need for iteration, an
temperature Tinit_cold
set at -40 °C, as exp

Trit

H.3.1.4 Ending |
The ending pressure
calculate Tcois are gi
J.2 is different than t
denotes the MC Met
of the cold case utiliz

Derivatipn of Defueling Equation

bld soak boundary conditions from Table A4, along with the maximum defueling ra

MC Method to calculate the ending pressure target, an initial temperaturein the ¢
t

e initial temperature is calculated by using the MC Method, with gas, exiting the cq
ueling, a unique set of MC equation coefficients were derived using'the results fro

ontrol volume is a function of the gas temperature, which is alse’what is being sol
d to simplify this calculation, a regression equation was devéloped which calculate
ps a function of the ambient temperature Tamb and the-initial pressure Pinitiat. A [0
ained in A.6. The final regression equation is expressed in Equation H23.
Trir 1 = 273.15 + Pipjpiq X 081 — 12.21
5 = 27315 4 (Tymp — 273.15) X (0.89 — Pyyiiins X 6.74E-06) + (Pipiriar X 0.31 — 43
IF Trit 2 > Trie 1, THEN Tiiivota = Tric. 10 ELSE Tinit_cota = Tric 2
AND IF Tinit,cold < 23315, Tinit?cold = 23315

Pressure Calculation using MC Method

is calculated from'the cold case end of fill calculated gas temperature Tcod. The
enin J.2.2, J.2.3,.and J.2.5. The nomenclature used in defining the parameters
nat utilized in.H:3.1, as the denotation of these parameters is for the cold case sce

hod parametérs in general terms. To relate the parameters of the general MC Met
ed in J.2,"Fable H6 is provided as a reference.

bld case CHSS must

e from Table A3 are

ntrol volume instead
M simulation number
biculate the cold case initial temperature using the MC Method;-an iterative solutipn is required, as the

ed. To eliminate the

5 the cold case initial
ver cap on Tinit_cold iS

(Eq. H23)

45)

equations utilized to

pf the MC Method in
hario, whereas H.3.1
hod in H.3.1 to those
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Table H6 - Relationship of general MC Method nomenclature to that of cold case nomenclature

Cold Case MC Cold Case General MC Method
Method Nomenclature Reference Nomenclature General Case
Section J.2 Equation(s) Section H.3.1 Reference Equation(s)
Tinit_cold J.34 Tinitial H.21, H.22
Minit_cold J.41 m; H.18
Mfinal_cold J.40 m, H.18, H.19, H.21
Uinit_cold J.43 Uy H.18
Uinit_cold J.44 Uinitiat H.22
m
Maqr>-Have 3-64 [ 2.’1 i HA8+H, 19
‘}m1
Uadibbatic_cold J.64 Uadiabatic K22
Uadifbatic_cold J.65 Ugdiabatic H.19
Tadihbatic_cold J.66 Tadiabatic H.19, Hl21
Qv_cold J.67 C, H.19, HI21
Atcoid J.35, J.68, J.69 At H.22
MCecold J.69 MC H.20, H.21), H.22
M cold J.70 Trinar H.19, H.20,, H.21

Teold is the final outp
calculated. Tcold is

communication fueli]vg. The target density for non-communicationfills is 40.2 g/L and 24.0 g/L for H70 a
i

For communication
the measured CHSS
to account for senso,
discounts or reducegq
sensors utilized.

A limit pressure is alg
which corresponds t
rationale for setting t
when fueling to the o
computing the cold
table-based protoco
utilizing cold case cg

Equations J.82, J.83

ut of the MC Method calculations. With Teo and aitarget density, a target end o

s, the target density is also based on40.2 g/L and 24.0 g/L for H70 and H35, rg
temperature MT is used instead of Tl as the temperature input. A discount facta
[ accuracy in the measurement of pressure and temperature. For example, if SOQ
the target density by 2%. SOCgget is set by the dispenser manufacturer based o

o calculated from Tcoafor communication fills based on a limit of 115% SOC for th
b maximum density-0f46.23 g/L for the H70 pressure class and 27.6 g/L for H35
ne limit at 115% S0OCis that it corresponds to the maximum cold case SOC for the

case final/pressures Pcc. However, in calculating the communications pres
, Pcc is_never utilized (Prc is always the limiting pressure). Simulations of the
nditions-and fueling to the communication pressure targets result in a maximum §

, and J.84 in J.2.7.2 are used to calculate the non-communication pressure targe

fill pressure can be

used to calculate the target pressure for nen<communication fueling and & limit pressure for

nd H35, respectively.

spectively, however,
r SOCrtarget is applied
target IS set to 98, this
n the accuracy of the

e cold case scenario,
pressure class. The
table-based protocol

ommunication pressure targets (see A.7). Note thatin A.7, 120% SOC is chosen as the target SOC for

sure targets for the
able-based protocol
bOC of 115%.

, the communication

pressure target, and

thecommumnication pressure fimit, Tespectivety— T TeSe equations TEPresent a

versus temperature at constant density (target density).

H.3.1.5

Validation of MC Method Ending Pressure Control

curve fit of pressure

The ending pressure control using the MC Method is designed to be conservative. This is because the coefficients of the
MC equation were derived using a best fit approach; thus, the MC equation does have some tolerance which must be
accounted for. The tolerance in the MC equation is accounted for through the calculation of the mass average enthalpy.
The mass average enthalpy is measured at the dispenser outlet, and thus ignores the transfer of heat from the environment
to the gas through the station and vehicle components, as well as the heat stored in these components prior to fueling. This
means that the actual enthalpy entering the CHSS is higher than that being measured at the dispenser outlet. Because the
calculated enthalpy is lower than the actual enthalpy entering the CHSS, the calculated ending gas temperature is colder,
resulting in a lower ending pressure target. Thus, the MC Method calculated pressure target is conservative, even when
considering the tolerance in the MC equation. To demonstrate and validate this, fueling simulations and bench testing were

performed.
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To validate the ending pressure control using the MC Method, fueling simulations were conducted on the cold case CHSS.
The objective was to show that the ending SOC is always equal to or less than 100%. The MC Method ending pressure
control and MC Formula pressure ramp rate control were programmed into the fueling model explained in A.1, and then a
series of fueling simulations were conducted on the cold case CHSS, where first, the CHSS was defueled under cold soak
starting conditions, and subsequently refueled using the MC Formula PRR control. Ambient temperature, initial pressure,
and fuel delivery temperature were varied to validate the ending pressure control under a wide range of conditions. In total,
48 simulations were conducted for the H70 cold case CHSS and 45 simulations were conducted for the H35 cold case
CHSS. The maximum SOC for the H70 simulations was 99.7% and the maximum SOC for the H35 simulations was 100%.

Additionally, a laboratory test was conducted using a set of two 2.3 kg Type Il vessels, again under cold soak and defueling
conditions with subsequent refueling. The ending SOC of this test was 97.1%.

The details of the simulation conditions and results, as well as the laboratory test conditions and result, can be found in
Section 8 and Appendix B of SAE Paper 2014-01-1833, “Validation and Sensitivity Studies of SAE JR601, the Light Duty
Vehicle Hydrogen Fdeling Standard.”

Field validation testifg of the MC Formula-based protocol was also conducted on both a test tank and|representative OEM
fuel cell vehicles. er 100 fueling tests at a real world representative fueling station wefe conducted, analyzed, and
documented in SAE [Paper 2015-01-1177, “Field Validation of the MC Default Fill Hydrogen‘Fueling Pfotocol.”

Note that in the abovg two referenced SAE papers, the “MC Default Fill” is synonymous'with the MC Formula-based protocol.
The name of the profocol was subsequently changed by the SAE Fuel Cell Standards Interface Task Force.

H.3.2 Ending Prgssure Tables

As an alternative to the MC Method described in H.3.1 for the ending.pressure control, a set of ending|pressure tables may
be utilized, which function in the same manner as the pressure targets utilized in the table-based protgcol.

H.3.2.1 Rationale

Ending pressure tables providing fixed pressure target and pressure limit values may be utilized for enfing pressure control
of the MC Formula-lJased protocol because the fueling-time is bounded by the lower pressure limit of {he pressure corridor
and the mass average of the fuel delivery temperature used for control (MATc) is categorized by T40, T30, or T20, with a
separate set of pressure targets for each fuel delivery temperature category.

The bounding of the[fueling time is illustrated in Figure H20.
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Figure H20 - lllustration of how the fueling time
is bounded by the lower limit of pressure corridor
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The fueling time is also bounded by the fuel delivery category. The slowest possible fueling time within a fuel delivery
category is at the upper boundary of that category, as illustrated in Figure H21.

)
T40 T20
[ Slowest possible
§ fueling time within r
= fuel delivery category
(o))
£
S \.
i ‘/-{ J2601 Tables ===
MC Formula s
-40 °C -33°C -26 °C L17.5°C

Fuel Delivery Temperature

Figure H21 - lllustration of how the fueling time
is bounded by the fuel delivery.category

slowest possible fueling time within a fuel delivery category, along with the sloyest possible fueling
ure corridor, the longest possible fueling time'is calculated for each ambient temperature and starting
a table of pressure targets is calculated in the same manner as explained in A.5 through A.7.

When combining the
time within the press
pressure. From this,
H.3.2.2

Applicatjon

There are two consig
is which table of pre

pressure limit from the given table.

H.3.2.2.1 Choosg

Each table of endin
category, communic

The pressure class,
to the fill (main fuel

erations in applying ending pressure tables to the MC Formula-based protocol. T
ssure targets or limits to usexFhe second consideration is the determination of t
ing the Table

j pressure tables is classified by the following attributes: pressure class, fuel
htions or non:communications, CHSS capacity category, and warm dispenser or

CHSS capacity category, and warm dispenser or cold dispenser classification can
ng itimé) commencing. The fuel delivery temperature category, and potentially

he first consideration
e pressure target or

jelivery temperature
old dispenser (CD).

be determined prior
communications or

non-communicationg Celassifications are updated throughout the fill. Communications versus pon-communications
classification will only change It communications Is lost during a communications fueling and the dispenser continues the fill
using non-communications. The fuel delivery temperature category classification has the highest potential for changing
during the fill, although the typical case is for the dispenser to keep the fuel delivery temperature within the intended category
throughout the fill.

Instead of determining which table to use during each 1 second time step calculation, non-communication pressure targets
and communication pressure limits are calculated for all potential cases in the ending pressure initialization step. Nine non-
communication pressure targets and nine communication pressure limits are calculated (three fuel delivery temperature
categories, T40, T30, and T20, and three CHSS Capacity Categories A, B, and C). This approach facilitates rapid
determination of the correct non-communication pressure target and communication pressure limit to utilize during each 1
second time step calculation.

For the purpose of determining the correct pressure target and limit value to use, the fuel delivery temperature category is
based on MATc, which is the mass average of the fuel delivery temperature utilized as the control input for the tina equation
(for the purpose of determining the station designator, the fuel delivery temperature category is based on MAT30; see 9.1.1).
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Since MATc is the most likely parameter to change during the fill, the logic for choosing the correct non-communication
pressure target and communication pressure limit value based on the fuel delivery temperature category is shown in
Equation H24. Note that for the T20 fuel delivery temperature category, the upper boundary temperature of -17.5 °C is not
utilized in making the determination of whether to use the T20 non-communication pressure target and communication
pressure limit. This is because MATc may exceed this upper boundary temperature during the fill, especially if the initial
pressure is relatively high, while the fill still stays within the process limit requirements.

IF —40°C £ MAT; < —33°C, THEN USE T40 Pressure Targets and Limits (Eq. H24)
ELSE
IF —33°C < MAT; < —26°C, THEN USE T30 Pressure Targets and Limits
ELSE
IF —26°C < MAT;, THEN USE T20 Pressure Targets and Limits
H.3.2.2.2 Calculation of the Pressure Target and Limit from the Tables

For a given ending gressure table, the actual pressure value to utilize is determined by the ambient t¢mperature Tam» and
starting pressure Pinigal. Interpolation is utilized as described by Example B in Appendix G. For cases when the initial pressure
is less than 5 MPa, the table value is directly used and interpolation is only conducted on ambient temlperature.
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APPENDIX | - SAE J2601 MC FORMULA-BASED FLOW CHARTS
1.1 INTRODUCTION

As per 9.7, this appendix details the flow charts for MC Formula-based fueling. These flow charts provide an explanation of
the control logic for MC Formula-based fueling. These flow charts are to be used in conjunction with the subroutines detailed
in Appendix J. Where appropriate, a reference to the applicable section and/or equation of Appendix J is called out in the
flow charts.

An overview to the subroutines flow charts is as follows:

Figure 10 SAE J2601 MC Formula-based fueling overview

Figure 11 SAE J2601 MC Formula-based dispenser start up subroutine
Figure 12 SAE JZ60T MC Formula-based fueling process subrouiine

Figure 13 SAE J2601 MC Formula-based PRR control initialization subroutine

Figure 14 SAE J2601 MC Formula-based end pressure control initialization subroutine - ending pressure tables
Figure 15 SAE J2601 MC Formula-based end pressure control initialization subroutine - MC’"Methpd
Figure 16 SAE J2601 MC Formula-based mass average calculation subroutine

Figure 17 SAE J2601 MC Formula-based calculation of tinal subroutine

Figure 18 SAE J2601 MC Formula-based calculation of Teold subroutine

Figure 19 SAE J2601 MC Formula-based calculation of PRR and Pcontrol SUbroutine

Figure 110 SAE J2601 MC Formula-based determination of pressure targets;and limits subroutine - ending pressure
tables|- page 1 of 2

Figure 111 SAE J2601 MC Formula-based determination of pressure.fargets and limits subroutine - ending pressure
tables|- page 2 of 2

Figure 112 SAE J2601 MC Formula-based determination of pressure targets and limits subroutine t MC Method

Figure 113 SAE J2601 MC Formula-based evaluate end of fill criteria subroutine

Figure 114  SAE J2601 MC Formula-based process check subroutine

Figure 115  SAE J2799 physical and functional requirements subroutine
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C

Start

"
'

SAE J2799 Physical
and Functional
Requirements Check

s

SAE12799 physical

See Figure 1.15

Indicatdr Comm
Fill =[TRUE

Yes

Indicatgr Comm

Fill =

FALSE

Fueling Procedures ?

v

Dispenser Start Up
Subroutine

X
e
— No—<

\\
Dispenser Start Up \\>

° \\Su broutine passed?//

AN e

Fueling Process
Subroutine

See Figure I.1

See Figure 1.2

& Section J.1

& Section J.2

C

End

)

Figure 10 - SAE J2601 MC Formula-based fueling overview
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Start Dispenser Start Up
Subroutine

Fueling
Command
Abort?

Terminate
Fueling

Fail Dispenser
Start Up
Subroutine

Ambient
Temperature

-40°C < Ambient
JTemperature < 50°

Initial
Pressure Pulse

Leak Check

/Fail Dispenser

Start Up
Subroutine

passed?

Station
Component
Temperature

YES
v

Measure Initial
Pressuré

Initial
Pressure

Pinitial

Cold Dispenser
Criteria met?

YES . Indicator
lsFIt (iom;n < Communication
ueling? Fill
Can Station use Is station YES CHSS Volume CHSS
SAE J2799 allowed and capable to Measurement & Set »/ Volume
TV signal to determine measure CHSS Indicator Cons RR e v,
CHSS volume? Volume? = False cHss
A4
Determine CHSS SAE set 1 = Inbicator
Indicator VA Volume & Set Indicator » cbns RR
12799 -
Cons RR ¢ Indicator Cons RR TV signal Cons RR =True
= False
-«

Initial
Pressure

Fail Dispenser Start
Up Subroutine

0.5MPa < Initial
Pressure <35 or 70

Pinitial MPa?

Startup

Measure Startup Pressure

Pressure

v

Pass Dispenser Start
Up Subroutine

Pstartup

Figure I1 - SAE J2601 MC Formula-based dispenser start up subroutine
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Color Code Indicates Subroutine
Calculation Frequency \

D:D Frequency < 5 seconds
D:D Frequency < 1 seconds
D:D Frequency < 0.1 seconds

o

/Fueling Process

Subroutine

PRR c.onFrOI See Section J.2.1
Initialization ;
Subroutine and Figure I.3

v

End Pressure

Control || SeeSectionJ.2.2 and
Initialization Figure l.4 or 1.5
Subroutine

YES

Command

Set Prior Fueling

Set Dyna Time = 3s

Indicator
Comm Fill

Is it Comm
Fueling?
= Dyna;
NO

Siopt

a
tart-ecotthg

\ 4

—

Fueling Time t

LRSS (SIS See Section J.2.3
Calculation .
subroutine | ¢ and Higure 1.6
‘,
\ 2 /
. Calculation of
See Section J.2.4 Caleulation of PRR and See Section J.2.6
and Figure .7 Subroutine | P-Control and Higure 1.9
Subroutine
Flow Fuel to
See Sectidn J.2.5 Calculation of s End Pressure Vehicle
and Fi furé |'8 T-cold Control Option + _
p ' Subroutine MC Method? .
Determine Press See Section J.2.7
| Targets & Limits and Higure .10 & 11
=il Subroutine or Figure 1.12
| End of Fill .
. See Section J.2.8
See Figure .15 l Check dn 113
i Subroutine and higure 1.
SAE 12799 SAE 12799 v -
X Physical and
Fueling . FAIL .
> Functional Process Check See Section J.2.9
Command . . .
Requirements Subroutine and Higure 1.14
Passed? L
PASS
tation Pressure YES Is it Comm Indigator
> Non-Comm Fueling? Comjm Fill
A\ 4 Fueling Target
Pressure
Fueling YES Indicator
Command = Comm Fill j=j+1
Abort? -
= FALSE A
NO = Terminate Tuenng
v YES
YES

Fueling Fuelin NO Prior Fueling | | NO
Command = ommangd _ Halt Time > 60s? Command = Fueling oW :uT to Dyna
Halt? S Command vaEE

Time < 2s?

No Fuel Flow Set Halt Timg =0s Prior Fueling
to Vehicle P & Start counting Halt Command = Fueling
Time Command
Set Dyna Time =0
and start counting
Dyna Time

Figure 12 - SAE J2601 MC Formula-based fueling process subroutine
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Start PRR Control
Initialization
Subroutine

Set time step
counters to zero

Set Pressure Parameters

Initial
Pressure
Pinitial

Set Pmin =5 MPa

If Pinitial < 5 MPa

Set Pmin

\ 4

Section J.2.1

Set Pfinal = 83.5MPa
Set Ptrans = (Pfinal+Pinitial)/2 MPa

0.5 MPa

Startup Set initial Ramp
Pressure P Pressure to Startup
Pstartup Pressure

Set minimum
calculated Pressure
Ramp Rate to 1 and

maximum to zero

'

Set non-linearity
Compensation
Parameter to 1

'

Set Pressure
Tolerance Limits

Calculate B

Set Top Off flag
variable to False,

v

Set the value for
tfinal amin depending
on the decision

|

Choose tfinal
coefficient tables for
Normal or Cold
Dispenser fueling

APtol_high
APtol_low

CD=TRUE or
CD = FALSE

Set Pramp = Pganup

Set RRmin = 1 MPa/sec

Set RRmax = 0 MPa/sec

Set APgothigh =7 MPa ”
Set APtoldow = 2.5 MPa See Eq. J.12
Sét APiow = 2.5 MPa L

Y

See Eq.J.13

TopOff = FALSE

tfinal_min_A (sec)
tfinal_min_B (sec)
tfinal_min_C (sec)
tfinal_min_D (sec)
tfinal_min_cons (sec)

See Eq. J.15

Use TableJ.... See Eq.J.16 and J.17

Ambient
Temperature Get coefficients a, b, ¢, d
from Look Up Tables for > :’ :' z' g gam:’zb‘we;
Table¢ I through J8, or Tamb_above and Tamb_below e 2
Tablesy9 through J16
Interpolation to get
T i b e [seebas18
e P coefficients for each » i e -
a,b, c,d (Tamb_below) boundary CHSS a174.0, b174.0, c174.0, d174.0 through J.21
o a248.6, b248.6, C248.6, d248.6
P R
S?at;eé::r;;g:p > 0.9 < PRReAP_Factor < 1.1 (Mpa)
Set control pressure
Py . 05 APoftset < 7 (Mpa)
paramator i Set Peontrol = Pramp + APoffset
Set expected mass
average dispenser > 237.15K < MATexpected < 255.15K

temperature

End PRR Control
Initialization
Subroutine

Figure I3 - SAE J2601 MC Formula-based PRR control initialization subroutine
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Pressure Class

Start of
End Pressure
Control Initialization
Subroutine

End Pressure

Tables”

" s co:yTRUE?\ <

Section J.2.2

Control Initialization .
e Section J.2.2.1
Ending Pressure
No—Pp mcm Pressure Class

through K9

Lookup Tables K1

CD=TRUE or
Y v - CD=FALSE

No Yes

A 4
CHSS Volume > Is Veyss > 248.6L7
Verss
Yes
i ¢ v

Lookup Table K10

Lookup Tables K11
through K19

Ptargét_hon_comm_T40_A (MPa)

See Eq.J.2

and Example B in Appendix 6]7

A 4
Interpolate to
calculate Non-

Indjcator Comm Fill

CD=TRUE or
CD = FALSE

Ptarget_non_comm_T40_B (MPa)
Rtarget_non_comm_T40_Cc (MPa)
Ptarget_non_comm_T30_A (MPa)
Ptarget_non_comm_T30_8 (MPa)

Communication > Ptarget_non_comm_T30_C (MPa)
Pressure Targets Ptarget_non_comm_T20_A (MPa)
Ptarget_non_comm_T20_8 (MPa)
Ptarget_non_comm_120_C (MPa)
of
v Ptarget_non_comm_D (MPa)
| If Communication N,
g Fueling
I
Yes
Set SOCtarget
between 95% and. > 95 < SOCtarget < 100
100% SOG
/A

Is CD=TRUE?

Yes

CHSS Volume
VCHSS

NO@GESS is H35

4

Lookup Tables K20
through K28

Lookup Tables K29
through K31

Lookup Tables K32
through K40

Lookup Tables K41
through K49

See Eq. J.30 and Example B in Appendix G]i

A 4
Interpolate to
calculate
Communication
Pressure Limits

Plimit_comm_T40_A (MPa)
Plimit_comm_T40_8 (MPa)
Plimit_comm_T40_c (MPa)
Plimit_comm_T30_A (MPa)
Plimit_comm_T30_8 (MPa)
Plimit_comm_T30_c (MPa)
Plimit_comm_T20_A (MPa)
Plimit_comm_T20_8 (MPa)
Plimit_comm_T20_c (MPa)
OR
Plimit_comm_T40_0 (MPa)
Plimit_comm_T30_D (MPa)
Plimit_comm_T20_D (MPa)

\ 4

End of
End Pressure P
<

Control Initialization
Subroutine

Figure 14 - SAE J2601 MC Formula-based end pressure control
initialization subroutine - ending pressure tables
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Initial
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Ambient
Temperature

Start of
End Pressure

Control Initialization
Subroutine

Section J.2.2

End Pressure
Control Initialization 4‘:Section J2.2.2
“MC Method”

Calculate regression
variables

> Thit_1, Tfie_2 (K)

Tinit_cold = Tfit_1

Tinit_cold = Tfit_2

r
See Eq.J.34
L q

pinit_cold

S
Volume

Yes

Set Tinit_cold = 233.15 K

A 4

‘ Setparametey ‘ > tmin_cold = 30 seconds

tmin_cold |

Set SOCtarget
between 95% and
100% SOC

SOCtarget

Calculate cold case

initial density as
function of Pinital and

Set pinit_cold® p(Tinit_cold, Pinitial) (kg/m"3)

Tinit_cold

v

Calculate a 1kg

Pressure Class is

Yes
v

Pressure Class is

Yes

Set Veold = 0.0247 m"3

Set Veold = 0.0416 m"3

Mass of hydrogen in
thissingle Type Il1 Set mfinal_cold = 1 kg
Vessel Volume is kg

Calculate the cold

single Type Ill vessel

mingl_cold

init_cold

Calculate mass of

achieve 100% SOC

case initial mass of
e T Set minit_cold (kg) See Eq.J).41
hydrogen required to
be added to the cold Set madd (kg) See Eq. J.42
case initial mass to

M ¢
Calculate cold case
™ » eorr=—ot oo tietke T Seetoi43
internal energy L
Pinitial

Uinit_cold

Minit_cold

A

A

The five constants
utilized in the MC
Education are set

AC = 1.10487E +00

BC = 2.20466E +00

KC = 1.63097E -03
JC=8.23284E -01

End of
End Pressure

Control Initialization
Subroutine

Calculate cold case
initial internal energy et k) See Eq. .44

Figure 15 - SAE J2601 MC Formula-based end pressure control

initialization subroutine - MC Method
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Ptrans
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MATc= MAT30 (K)
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[/ ' g o
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MATo_8 (K) See Eq. J.47
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A
MATo_8
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MATo
A
v Yes: MAT30.A (K) + SeeEq.J).49
n
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for Aand B in case of
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Yes MAT30.8(K) See Eq. J.50]
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A
MAT30_8
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MAT30_A
A
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ELSE If n >30 AND

End of
Mass Average
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Subroutine

trans < Peontrol < Pfin) ves AU See fq.1.52
No
If Ending Pressure Control Option is
“MC Method” ELSE If 30 AND
n> Yes MATC = MATo (K)
Pcontrol > Pfinal
Yes
¢ See Eq. J.54
A > ha(j) = h(Tfuel_(j), Pstation(;))
5| Calculate dispenser outlet
>, ha(j) = h(Ttuel_8(j), Pstation(j))
Pstation(j)
j —
Yes—p have_a = ha(o)
A
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h_s(), h_s(-1) Yes—p have_8 = hs(0)
Y
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entalpy fomAnd® L

Figure 16 - SAE J2601 MC Formula-based mass average calculation subroutine
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of tfinal Subroutine
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a248.6, b248.6, c248.6, d248.6 A\ 4
Calculation of total tfinal_49.7 (sec)
MATe | time required, tfinal, - tfinal_99.4 (sec) See Eq. J.58
7| for each boundary g tfinal_174.0 (sec) trough J.61
CHSS volume tfinal_248.6 (sec)
o, B
See Eq. J.62
A 4
If Indicator N § _
Calculation of Cons RR = FALSE 0—7 tfinal_min = tfinal_min_cons
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CHSScapacity - and tfinal_min
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boundary CHSS tfinal_small = tfinal”49.7)
volume
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tfinal farge =.tfinal_99.4

tfinal_min_A (sec) tfifal_min = tfinal_min_A
tfinal_min_8 (sec)

tfinal_min_c (sec)

tfinal_min_D (sec) tfinal_small = tfinal_99.4

tfinal_min_cons (sec)

tfinal_49.7 (sec) CHSScapacity = B tfinal_large = tfinal_174.

tfinal_99.4 (sec)
tfinal_174.0 (sec)
tfinal_248.6 (sec)

tfinal_min = tfinal_min_8

No

tfinal_small = tfinal_174,

If
CHSSeapacity = C

tfinal_large = tfinal_248.

tfinal_min = tfinal_min_d}

No

tfinal_small = tfinal_248

If
CHSScapacity = D

tfinal_large = tfinal_248.

U e s e R S N e e

See Eq. J.63
CHSS Volume tfinal_min = tfinal_min_D)
Venss
\ 4
Indicator Cons RR P Calculation of tfinal ——— If Indicator
d ‘ Cons RR = FALSE

tfinal_49.7 (sec) OPTION 2: Interpolate tfinal (see Eq.).63)

tfinal_99.4 (sec)
tfinal_174.0 (sec) No
tfinal_248.6 (sec)

Yes—7/ OPTION 1: tfinal = MAXIMUM ( tfinal_min, tfinal_smdll, tfinal_large )

> tfinal = MAXIMUM ( tfinal_min, tfinal_49.7, tfinal_99.4, ffinal_174.0, tfinal_248.6 )

tfinal_min (sec)
tfinal_small (sec)
tfinal_large (sec)

End of Calculation
of tfinal Subroutine

Figure 17 - SAE J2601 MC Formula-based calculation of tinai subroutine
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See Eq. J.65
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See Eq. J.66
and Section J.3

\ 4
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Calculate time,

\ 4
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See Eq. J.67
and Section J.3
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BC /L
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Y
ke /L
P Calculate MCcold > MCeold (kJ/K) [See Eq.J).69
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Tinit_cold P Calculate Teold - Teold (K) [See Eq.J.70
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End of Tcold

Calculation
Subroutine

Figure I8 - SAE J2601 MC Formula-based calculation of Tcoa subroutine
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/{:See Eq.).75

Rramp < 0.98 Pfinal

f tinal
i Pfinal
]
PRR

/ Pramp
/ PRRa

No

IF TopOff = TRUE

Yes

PRRcap (MPa/sec)
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J
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i PRR Pressure for next
time step j+1
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Subroutine
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Figure 19 - SAE J2601 MC Formula-based calculation of PRR and Pcontror subroutine
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Ptarget_non_comm =
VINIMUM
(Prarget_non_comm_T40_,
Ptarget_non_comm_T40_8,
Prarget_non_comm_Tdo_c)

Prarget_non_comm =
Ye:
Ptarget_non_comm_T30_A

If Indicator
Cons RR = TRUE

1f 240.15 < MATc <
2

TFEHSSCapacity_category
47.15 =A

Prarget_non_comm =
Yes SRS
Plarget_non_comm T30_8

Ptarget_non_comm =

Prarget_non_comm_T30_C

Prarget_non_comm =

Prarget_non_comm_D

Ptarget_non_comm =
MINIVOM
(Prarget_non_comm_T30_,

If Indicator
Cons RR = TRUE

Prarget_non_comm_T30_8,

Ptarget_non_comm_130_C)

Prarget_non_comm =
Yes nen-
Ptarget_non_comm_T20_A

If 247.15 < MATc

Tf CHSScapacity_Category
A

1f CHSScapacity_Category

Y Ptarget_non_comm =

Ptarget_non_comm_T20_8

Ptarget_non_comm =

If CHSScapacity_Category
C Prarget_non_comm_T20_C

Prarget_non_comm =
Ptarget_non_comm_D

“

etermination of
Ending Pressure
Targets & Limits
“Ending Pressure
Tables” continue to
page 2

Prarget_non_comm =
MINIMUM
(Prarget_non_comm_T20_4,

If Indicator

Con=RAEIRDE Ptarget_non_comm_T20_8,

Ptarget_non_comm_T20_C)

Figure 110 - SAE J2601 MC Formula-based determination of pressure targets
and limits subroutine - ending pressure tables - page 1 of 2
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Determination o
Ending Pressure
Targets & Limits
“Ending Pressure
Tables” page 2

Indicator Comm Fill

Pressure Class

Indicator Comm Fill =

Determination of
Communication Fill
Pressure Target

If Pressure Class = H70

If Pressure Class = H35

See Eq. J.80

Indicator Cons RR

End of “Determination of
Pressure Targets & Limits
Subroutine” - Ending

Pressure Tables

0

This Subroutine has a Calculation
Frequency < 1 seconds

Ptarget_comm = (0.0144 * SOCtarget - 0.439) *
(0.2782*MT-4.7145E-05*MT2-6.18)-0.1

Ptarget_comm = (0.0123 * SOCtarget - 0.227) *
(0.1346*MT-1.3637E-05*MT"2-2.65)-0.12

CHSSCapacity_Category

MATc

PRESSURE CLASS

(Mpa)
(mPa)
(MmPa)
(MPa)
(MmPa)

Plimit_comm_T40_A
Plimit_comm_T40_B
Plimit_comm_T40_C
Plimit_comm_T30_A
Plimit_comm_T30_B

(MmPa)
(MPa)
(MmPa)
(mPa)

Plimit_comm_T30_C
Plimit_comm_T20_A
Plimit_comm_T20_8
Plimit_comm_T20_C

(MPa)
(MPa)
(MPa)

Plimit_comm_T40_D
Plimit_comm_T30_0
Plimit_comm_T20_0

—» C ication Fill

Pressure Limit

1f 233.15 < MATC <

If 240.15 < MATc <
247.15

1f 247.15 < MATc

Yes

Yes——

Plimit_comgr==

If CHSScapacity_Category Yes—P
Plimit_comm_140_A
N Plimit_comm =
If CHSScapacity_Category Yes-
= Plimit_comm_T40_8
No
o Plimit_comm =
If CHSScapacity_Category Yes-
Plimit_comm_T40_C
No
. Plimit_comm =

If CHSSCapacity_category
Plimit_comm_T40_D

Plimit_comm =
MINIMUM
(Plimit_comm_T40_A,
Plimit_comm_T40_8,
Plimit_comm_T40_C)

If Indicator
Cons RR = TRUE

. Plimit_comm =

If CHSScapacity_Category Pl TR
mit_comm_T30_

No

. Plimit_comm =

If CHSSCapacity_Category
Plimit_comm_T30_8

No

. Plimit_comm =

If CHSScapacity_Category
Plimit_comm_T30_C

=c

No

. Plimit_comm =

If CHSScapacity_Category
D Plimit_comm_T30_D

No

Plimit_comm =
MINIMUM
(Plimit_comm_T30_,
Plimit_comm_T30_8,
Plimit_comm_T30_C)

If Indicator
Cons RR = TRUE

Plimit_comm =

If CHSScapacity_Category
A Plimit_comm_T20_A

End of “Determination of
Pressure Targets & Limits
Subroutine” - Ending

Pressure Tables

No

Plimit_comm =

If CHSScapacity_Category
Plimit_comm_T20_8

No

. Plimit_comm =

If CHSScapacity_Category
Plimit_comm_T20_¢

No

. Plimit_comm =

If CHSSCapacity_Category
Plimit_comm_T20_D

No

Piimit_comm =
MINIMUM
(Ptimit_comm_T20_A,
Plimit_comm_T20_8,
Plimit_comm_T20_C)

If Indicator
Cons RR = TRUE

Figure 111 - SAE J2601 MC Formula-based determination of pressure targets
and limits subroutine - ending pressure tables - page 2 of 2
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Start of “Determination
of Pressure Targets &
Limits Subroutine” -
MC Method

Section J.2.7

h 4

Determination of
Pressure Targets &
Limits for “MC
Method”

4‘:Section J.2.7.2

A 4

(L1

This Subroutine has a Calculation
Frequency < 1 seconds

Calculate Non —
Communication Fill

Pressure Class

If Pressure Class = H70

Yes—7

Ptarget_non_comm = 0.2782*Tcold - 4.7145E-05*Tcold"2 - 6.18

Pressure Target

L

If Pressure Class = H35

Yes—7

Ptarget_non_comm = 0.1346*Tcold 4, 1.3637E-§5*Tcold"2 - 2.65

See Eq. J.83

Indicator Comm Fill

Pressure Class

Calculate
Communication Fill
Pressure Target

Indicator Comm Fill =
TRUE

If Pressure Class = H70

No

If Pressure Class = H35

See Eq. 4.84

A 4

Calculate
Communication Fill
Pressure Limit

If PréSsure Class = H70

If Pressure Class = H35

End of “Determination of
Pressure Targets & Limits

Subroutine” -
MC Method

Figure-l12 - SAE J2601 MC Formula-based determination of pressure
targets and limits subroutine - MC Method

Ptarget_comm = (0.0144 * SO(target - 0.439) *
(0.2782*MT-4.7145E-05*MT"2-6.18)-0.1

Yes—7

Ptarget_comm = (0.0123 * SOCkarget - 0.227) *

ves 7 (0.1346*MT-1.3637E-05*M]A2-2.65)-0.12
Ve - Plimit_comm = MINIMPM [ 83.5,
” 0.3457*Tcold - 6.6942E-05{Tcold"2 - 7.29 ]
- Plimit_comm = MINIMUM [43.75,
Ye: >

0.1622*Tcold - 1.8904E-05*Tcold”2 - 3.40]
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Start of “Evaluate End of Fill

Criteria Subroutine”

Indicator Comm Fill

\ 4

Evaluate End of Fill
Criteria for Non-

Pstation

Section J.2.8

See Eq. J.85

Indicator Comm Fill = FALS
AND

Communication

\ 4

Pstation 2 Ptarget_non_comm

(L T]

This Subroutine has a Calculation
Frequency < 0.1 seconds

END FILL

=<
)
»

Ptarget_non_comm Fueling
Indicator Comm Fill /L See Eq. J.86
A\ 4 -
Pstation /L Evaluate End of Fill Indicator Comm Fill = TRUE
o Criteria for AND
7 Communication Pstation > MINIMUM [Ptarget_corfit, ‘Rlimit_comm]
Ptarget_comm Fueling

Plimit_comm

MP

End of “Evaluate End of Fill

Criteria Subroutine “

Fi

—~

Indicator Comm Fill = TRUE
AND
MP 2 MINIMUM][Ptarget_comm, Plimit_comm]

END FILL

=<
™
[

END FILL

<
[
»

gure 113 - SAE J2601 MC Formula-based evaluate end of fill criteria subroutine
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Start of “Process Check
Subroutine”

Section J.2.9 D:D

This Subroutine has a Calculation
Frequency < 1 seconds

If Pstation < 87.5 MPa

Yes

Ift>15AND
Pstation < Plimit_high

Pstation
(< L. 1 88—‘
o I
Plimit b / and footnoteJ Yes
Plimit_lo IFt>15
AND
e If Pstation 2 Plimit_low
See Eq. J.89
Vel and footnote
A 4
Indicator Confm Fill
»| Calculate Process
7] Check Conditions If - 40°C < Tamb < - 50°C
MT
Ttuel
. /L
FAIL
MAT30
T 1
See Egs. J.87

through .94

Yes

If
n 230 sec
AND
MT30< 255.65 K

See Eq.J.93
and footnote

Yes

PASS

End of “Process Check

Subroutine”

Figure 114 - SAE J2601 MC Formula-based process check subroutine
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/ﬁart Physical an
Functional (P&F)
Requirements

Subroutine

Signal_Counter =0

»i
)

Y

NO Is data YES
required for OD
data field?

Fail P&F
Requirement
Subroutine

\ 4

Increase Signal_Counter per 1;
Set t_interval=0 and start
counting t_interval

SAE J2799 Wait for
IrDA Signal SAE J2799 IrDA Data

\ 4

. NO
Is t_interval =

100ms +/- 20%? A

rame Chec
Sequence (CRC)
OK?

NO

ata Link Frame
oK? A

ata Integrity OK? NO

(ASCII, Delimiter,
Tag, Data Value

Pass P&F
Requirement
Subroutine

Figure 115 - Physical and functional requirements subroutine
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APPENDIX J - SAE J2601 MC FORMULA-BASED EQUATIONS AND COEFFICIENTS

This appendix details the parameters, equations and formulas for implementing the MC Formula-based protocol. This
appendix should be utilized in conjunction with the flow charts in Appendix |. Each subroutine in the Appendix | flow charts
is directly referenced to a section of this appendix. The flow charts should be utilized as a means for understanding the
order of the calculations required, whereas the subroutines detailed in this appendix should be utilized as a means for
understanding the specific parameters, equations, and formulas required.

All equations in the dispenser startup subroutine and the fueling process subroutine of Appendix J shall be implemented as
stated, and shall follow the order of calculation as defined in the flow charts in Appendix I.

Although an explanation for each parameter and equation, as well as guidance for their use, is provided, Section 3 should
be utilized as a reference for definitions, and Section 4 as a reference for abbreviations and symbols utilized in the

subroutines. Additiofially, Appendix H should be referenced for a more thorough explanation of the strji

of the MC Formula-g

J.1 DISPENSER
The dispenser startu
subroutine. The flow|
J.1.1 Check for
The dispenser first

dispenser shall term
temperature is within
J.1.2 Initial Pres
An initial pressure py
right after the initial
check passes, or if th
this value as Pinitial.

J.1.3 Cold Disp
If the dispenser has
temperature against
dispenser criteria a
dispenser criteria ar

J.1.4 CHSS Vol

ased protocol.

R STARTUP SUBROUTINE

chart for the dispenser startup subroutine is shown in Figure 11,

Fueling Command Abort

hecks if there is an abort from the IR communicatioh. data field named FC. If t
nate the startup process. If there is not an abort command, the dispenser next che
the defined limits.

sure Pulse, Leak Check, and Determine Initial CHSS Pressure

Ise equilibrates the station pressure and’CHSS pressure. If utilized, a leak check ro
pressure pulse. If the leak check fails, the dispenser shall terminate the startup
e leak check routine is not utilized,the dispenser then measures the initial CHSS
bnser Fueling

mplemented cold dispenser fueling, as described in 9.10, the dispenser checks th

met according ‘to 9.10, the dispenser sets the flag variable CD to TRUE. O
not met, ofrdf-cold dispenser fueling is not utilized, the dispenser sets the flag va

ume and CHSS Capacity Category Determination

cture and derivation

p subroutine is used to determine essential initial conditions which are”utilized i the fueling process

here is an abort, the
cks that the ambient

utine is implemented
process. If the leak
pressure, and stores

e station component

the cold dispenser criteria to determine if the cold dispenser tina coefficients can Bpe utilized. If the cold

therwise, if the cold
iable CD to FALSE.

The dispenser next

determines the CHSS volume and from this, the CHSS Capacity Category CH

SSCapacity_Category. The

MC Formula-based CHSS capacity category is defined in 9.2, Table 8.

IF 497 < VCHSS < 994, CHSSCapacity,Category = A
IF 994 < VCHSS < 1740, CHSSCapacitnyategory =B
IF 1740 < VCHSS < 24’86, CHSSCapacity,Category = C

IF VCHSS > 2486' CHSSCapaCity?Category =D

(Eq. J1)

There are two pathways for determining the CHSS volume - one for use with communication fueling, and the other for use
with non-communication fueling.
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J.1.4.1 CHSS Volume and CHSS Capacity Category with Communication Fueling
If the dispenser can use the SAE J2799 TV signal to determine the CHSS volume, the dispenser chooses the CHSS capacity
category based on the TV signal, and sets the Indicator Cons RR flag variable to FALSE.

If the dispenser cannot use the SAE J2799 TV signal to determine the CHSS volume, and the dispenser is capable of
measuring the CHSS volume, then the CHSS volume is measured, the CHSS capacity category is determined, and the
Indicator Cons RR flag variable is set to FALSE.

If the dispenser cannot use the SAE J2799 TV signal to determine the CHSS volume, and the dispenser is capable of
measuring the CHSS volume but the CHSS capacity category is indeterminate, the CHSS volume is not measured and the
Indicator Cons RR flag variable is set to TRUE. In this case, tinal Will be calculated for all CHSS capacity categories, and the
most conservative value will be used, resulting in the most conservative pressure ramp rate.

If the dispenser canfot use the SAE J2799 TV signal to determine the CHSS volume, and the dispen
measuring the CH3S volume, then the CHSS volume is not measured, the CHSS capagity) cat

ser is not capable of
egory is considered
tulated for all CHSS

indeterminate, and
capacity categories,
J.14.2 CHSS V|

If the dispenser is ¢
category is determin

If the dispenser is no
volume is not meast
CHSS capacity cate
rate.
J.1.5 Process G
The final step in the
the dispenser press
0.5 MPa, and less th
equal to 0.5 MPa, ar
J.2 FUELING P
After the dispenser
shown in Figure 10. ]

used throughout the
initial conditions for t

e Indicator Cons RR flag variable is set to TRUE. In this case, tina Wil\\be cal
and the most conservative value will be used, resulting in the most conservative {

olume and CHSS Capacity Category Determination Non-Communication Fueling

apable of measuring the CHSS volume, then the CHSS (volume is measured,
£d, and the Indicator Cons RR flag variable is set to FAKSE.

t capable of measuring the CHSS volume or if the CHSS capacity category is inde
red and the Indicator Cons RR flag variable is set'to TRUE. In this case, tfinal Wil
jories, and the most conservative value will be-used, resulting in the most conser

heck for Initial CHSS Pressure

Hispenser startup subroutine is to*check that the Initial CHSS pressure is within th
ure class. For an H70 pressure-class, the initial CHSS pressure must be gred
an or equal to 70 MPa. For'an H35 pressure class, the initial CHSS pressure mu
d less than or equal to 35 MPa.

ROCESS SUBROUTINE

ressure ramp rate.

the CHSS capacity

terminate, the CHSS
be calculated for all
ative pressure ramp

b bounds allowed for
ter than or equal to
st be greater than or

startup subroutine has been completed, the dispenser moves into the fueling pr

he pressure ramp rate control (J.2.1) and for the end pressure control (J.2.2).

J.2.1 PRR Cont

rol’Initialization Subroutine

cess subroutine, as

'he beginnihg-of the fueling process subroutine is used to initialize a number of pprameters which are
fueling process. The following two sections describe the equations and processes utilized to set the

J.2.11

Initialization of Parameters with Non-Discretionary Settings

The settings of the parameters in this subsection do not allow for discretion. The parameters shall be set and/or calculated
as indicated.

The initial step is to set the time step counters to zero. j and i are two independent time steps utilized in the MC
Formula-based protocol.

The time step i is used to advance the calculation of tina and Tcod, as defined in subroutines “Calculation of tfina” (J.2.4) and
“Calculation of Tead” (J.2.5), respectively. Because these parameters do not change frequently, the magnitude of change is
relatively small and the calculation intensity is relatively high, they are calculated at a lower frequency than that of the other
control parameters. The time step i shall be 5 seconds, meaning that the calculations are performed every 5 seconds. A
time step shorter than 5 seconds may be used, if desired, but time step i shall not be shorter than time step j.
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Set i=0 (Eq. J2)
The time step j is used to calculate all other control parameters, as defined in subroutines “Mass Average Calculation”
(J.2.3), “Calculation of PRR and Pecontro” (J.2.6), “Determination of Pressure Targets and Limits” (J.2.7), “Evaluate End of Fill
Criteria “ (J.2.8), and “Process Check” (J.2.9). The time step j shall be set to 1 second, meaning that the calculations are
performed every second.

Set j=0 (Eq. J3)
The counter n is used to determine the point in the fill after which a total of 30 seconds of mass flow have elapsed. The
counter n advances at the same frequency as time step counter j, but only advances if there is mass flow. It is utilized to

determine the point i

n the fill at which the calculation of MAT30 commences.

Prinal is @ parameter
fueling scenario will

Ptrans is @ parameter
of measure for Pirans

Pinitial is @ measured
which tfinal is derived
The unit of measure

Pstartup is used to set

RRmin is the minimun
unit of measure for R

RRmax is the maximu
The unit of measure

Set n=20

each 85 °C when starting the fill from the minimum pressure Pmin. The ynit'of mea
Set Pfinal = 83.5

used in the mass average fuel delivery temperature control {MATc) equation (Eq
is MPa.

Pfinal*Pinitidl
Set Ptrans - 2

value from the dispenser start-up subroutine.(Pmin is the minimum starting press
as explained in H.2.1 and H.2.2. If Pinitiar < 9'MPa, Pmin is 0.5 MPa, and if Pinitial 2 5
for Pinitial and Pmin is MPa.

IF Pipitiat < 5 MPay Py = 0.5, ELSE Py = 5.0

the initial ramp pressure Pramp( The unit of measure for Pramp is MPa.

Set Pramp = startup

h calculated pressure’ramp rate throughout the fill. It is utilized in the equation for ¢
Rmin is MPa/s.

Set RRpyy = 1

m calCulated pressure ramp rate throughout the fill. It is utilized in the equation
for-RRmax is MPal/s.

(Eq. J4)

utilized in the variable pressure ramp rate equation. It represents the preSsure at which the hot case

sure for Prinal is MPa.
(Eq. J5)

Lation J52). The unit

(Eq. J6)

ire parameter under

MPa, Pmin is 5 MPa.

(Eq. J7)

(Eq. J8)

(Equation J71). The

(Eq. J9)

or o (Equation J71).

Set RRyux =0

(Eq. J10)

a is a parameter which is multiplied by tina to compensate for non-linearity in the pressure ramp rate during the fill (see
Equations J58 through J61 and Equation J71). See H.2.6.1 for a detailed explanation of a. The higher the difference between
RRmax and RRmin the higher a becomes. a is calculated for each time step j. The unit of measure for a is dimensionless.

Seta=1

(Eq. J11)
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APl high is an upper tolerance on the ramp pressure Pramp. APt nigh is @ value which is added to Pramp to provide an upper
limit pressure Pimit_nigh Which the dispenser pressure Pstation shall not exceed (see process check subroutine in J.2.9). APtor_iow
is a lower tolerance on the ramp pressure Pramp. APtwi_iow is @ value which is subtracted from Pramp to provide a lower limit
pressure Pimit_low Which the dispenser pressure Pstation Shall not fall below (see process check subroutine in J.2.9). APiow is a
parameter that is measured at time t = tw_ow, Which subsequently is used to re-calculate the factor p (see Equation J72).

The unit of measure

for APtol_nigh, APtol_low, and APiow is MPa.
Set APtol,high = 7
Set APtOl_lOW = 25

Set APy, = 2.5

(Eq. J12)

B is a parameter wh
through J61). See H
Equation J72). The

TopOff is a logical f
reduced near the en
to increase the endir

Note that TopOff is “

tfinal_min is the minimy
dictates the maximu
category and initial

category is indeterm
seconds.

2.6.2 for a detailed explanation of B. § is calculated during initialization, andyagain
nit of measure for f is dimensionless.

Pfinal_Pmin

Set f =

Pfinal=Pmin—BPtol_high —APtol_low

ag variable that is set to either TRUE or FALSE. When TopOff is TRUE, the p
j of the fill to lower the pressure drop between the dispenser pressure and the CH

pptional”; the dispenser may choose to implementitor not.

Set TopOff =FALSE

nate. See H.2.5.1 for a more.detailed explanation of tfinai_min. The unit of measure

ich is multiplied by tnal to allow for the pressure tolerance APl nhigh and APginew

g SOC in the CHSS. The condition which activates TopOff to be TRUE is Equatid

m value for tfnal. tfinal i inversely proportional to the pressure ramp rate PRR. Tt
M overall (or average) pressure ramprate which is possible. tfina_min is @ function d
bressure Pinitiat. A tinal_min iS calctlated for each CHSS capacity category, A (tfind
C (tfinal_min_c), and D ({tinai_min_p)- A conservative value:tfinal_min_cons iS also calculated for use in cases wher

(see Equations J58
at time t = ttol_low (See

(Eq. J13)

fessure ramp rate is
[SS pressure in order
nJ74.

(Eq. J14)

erefore, tfinal_min also
f the CHSS capacity
I_min_A), B (tfinal_min_s),
e the CHSS capacity
for tinal and tfinalimin is
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THEN

Set tfinal_min

IF Pinitial < 5 MPa

Set trinalmin 4 = 155
Set trinalmin B = 155

Set trinalmin ¢ = 222

ELSE

THEN

There are four coeff
given ambient temp
detailed explanation

The coefficients a, b
tables, for use with
Tables J9 through J

VcHss

Set tfinal?min D= 222 x (248.6

Set tfinal?min _cons = 222

IF Pinitial = 5 MPa

Set tfinal?min A= 147
Set tfinal?min B 147
Set tringiin ¢ = 210

VcHss

Set teiaimin p = 210 X (24.3_6

210

Set tfinal?min _cons =
cients (a, b, ¢, and(@),*which are utilized in the tfina €qu

of the tfinal equation and coefficients a, b, ¢, and d.

If the criteria of 9.10

)

prature Tamb, boundary CHSS volume, and minimum pressure Pmin. See H.2.1 3

¢, and d‘are provided in a set of lookup Tables J1 through J16. Tables J1 throug
b warmdispenser or when a cold dispenser is not integrated or does not meet
6 are-for use with a “cold dispenser” and shall only be used if the dispenser meet
are)met, the cold dispenser flag variable CD is set to TRUE in the dispenser start

)

ation. Each coefficient is 4

(Eq. J15)

discrete value for a
nd H.2.2 for a more

n J8 are the “normal
he requisite criteria.
s the criteria of 9.10.

Lip subroutine.

All of the digits in the coefficient Tables J1 through J16 are significant.
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Table J1 - Table of coefficients for 49.7 L boundary CHSS with CD = FALSE and Pmin = 0.5

Tamb (°C/K) a b c d
50/323.15 -0.7732152 585.8593 -147183.73 12270144
45/318.15 0.0927714 -63.41554 14463.47 -1100136
40/313.15 0.020384 -14.097 3277.2 -255773.3
35/308.15 0.009682 -6.43912 1447.971 -109965
30/303.15 0.00256616 -1.43936 270.86 -17181
25/298.15 -0.00018982 0.4843 -181.015 18490
20/293.15 0.00020773 0.12289 -79.69 9440
15/288.15 0.0011237 -0.594127 103.997 -6043
10/283.15 0.00132477 -0.7799 156.73 -10807
5/278.15 0.0019454 -1.29693 295,944 -23050
0/273.15 0.00077381 -0.463295 96.814 -7106
-10/263.1p 0.00077591 -0.4807 104.18 -7919
-20/253.1p -0.00067296 0.60984 -170.165 15124
-30/243.1p 0.00021984 -0.077138 5.172 255.7
-40/233.1p 0.000232478 -0.0722243 -0.4924 1149

Table JP - Table of coefficients for 99.4 L boundary CHSS with CD(= FALSE and Pmjn = 0.5

Tamb (°C/K) a b c d
50/323.15 1.1462427 -805.95758 188923.82 14763290
45/318.15 0.12728894 -88.669728 20627.75 -1602334
40/313.15 0.01362863 -8.260816 1651.2 -108438
35/308.15 0.00459226 -1.80716 112.064 14112
30/303.15 0.000043 1.14407 -526.8 60268
25/298.15 0.00023559 0.7645 -383.873 45116.8
20/293.15 0.00202084 -0.72322 17.42 9783
15/288.15 0.00431385 -2:519 480.38 -29613.4
10/283.15 0.0023259 112621 152.89 -3780
5/278.15 -0.00146812 1.58788 -497.62 48436
0/273.15 0.00411881 -2.69214 590.798 -43511
-10/263.15 0.00337783 -2.15258 458.639 -32638.6
-20/253.15 -0.0035514 3.035924 -837.335 75323
-30/243.15 0.0055517 -3.842547 893.505 -69736
-40/233.15 0.0035207 -2.346046 525.1 -39448

Table J3 - Table of.coefficients for 174.0 L boundary CHSS with CD = FALSE and Pntin = 0.5

Tamb (°C/K) a b d d
50/323.15 0.9268339 -657.517 155528.3 12265725
45/318.15 0.07921025 -53 348011 11978.32 -896503
40/313.15 0.0249784 -15.523 3175.39 -212923
35/308.15 0.02517224 -15.823577 3283.684 -224295
30/303.15 0.02413323 -15.64356 3368.772 -240766
25/298.15 0.025086 -16.7493 3729.139 -276767.5
20/293.15 0.0242024 -16.408 3713.878 -280575
15/288.15 0.00934463 -5.7358 1156.276 -76093
10/283.15 0.0069356 -4.069 769.682 -46032
5/278.15 0.00551525 -3.2227 605.9843 -35875.5
0/273.15 0.00976311 -6.567066 1476.306 -110857
-10/263.15 0.0104087 -7.07709 1608.83 -122217
-20/253.15 0.0080489 -5.32725 1175.232 -86326.7
-30/243.15 0.0065696 -4.25041 912.935 -64955.7
-40/233.15 0.00257318 -1.289612 180.796 -4540.2
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Table J4 - Table of coefficients for 248.6 L boundary CHSS with CD = FALSE and Pmin = 0.5

Tamb (°C/K) a b c d
50/323.15 0.2662904 -182.73827 41776.75 -3181410
45/318.15 0.0584734 -38.19249 8278.407 -594895
40/313.15 0.00617452 -1.37227 -374.704 83913
35/308.15 0.0019644 1.5696 -1061.016 137370
30/303.15 -0.0080091 8.39276 -2620.55 256485
25/298.15 -0.0033995 4.540487 -1572.302 163049
20/293.15 -0.0027867 3.79686 -1325.566 138178
15/288.15 -0.0049967 5.31436 -1676.392 165514.8
10/283.15 -0.00343584 4.01186 -1323.242 134198
5/278.15 0.0016587 -0.0973 -231.264 38359.8
0/273.15 0.006548 -3.9771 786.21 -49965
-10/263.15 -0.0016567 2.24234 -786.47 82675
-20/253.15 0.00326382 -1.4996 160.73 2851
-30/243.15 0.0031083 -1.41579 146.895 3490.2
-40/233.15 0.0027597 -1.1819 94.19 7484.3
Table J5 - Table of coefficients for 49.7 L boundary CHSS with CD ="FALSE and Pmin =5
Tamb (°C/K) a b c d
50/323.15 0.5412013 -379.1329 88600.8 -6906304
45/318.15 0.0514442 -36.2126 8535.106 -673023
40/313.15 0.00706393 -4.66896 1048.03 -79773
35/308.15 0.0039647 -2.471 526.2 -38342.9
30/303.15 0.00006517 0.2768 -124.63 13392
25/298.15 -0.000478 0.61478 -197.145 18768.7
20/293.15 0.00088071 -0.43825 70.601 -3667.7
15/288.15 0.0011843 -0.69919 141.59 -9904
10/283.15 0.0018624 «1.237747 281.67 -21903
5/278.15 0.00186084 -1.29269 307.125 -24858
0/273.15 0.00008452 0.01345 -14.392 1605
-10/263.15 0.0001608 -0.0477 1.0987 340.2
-20/253.15 0.0001541 -0.04517 0.4927 419
-30/243.15 0.000157 -0.05101 2.169 303.34
-40/233.15 0.00002487 -0.00238 1.133 -365.2
Table J6 - Table-of coefficients for 99.4 L boundary CHSS with CD = FALSE and Pmin =5
Tamb (°C/K) a b c d
50/323.15 0.4522741 -318.7519 74944.26 -5877949
45/318.15 0.0416164 .28 22303 6406.944 -486773
40/313.15 0.0008569 0.6705 -436.37 54608
35/308.15 -0.00120471 2.096348 -767.206 80352.9
30/303.15 0.0004433 0.61375 -347.6567 42215
25/298.15 0.00260556 -1.1645 127.14 756
20/293.15 0.00135946 -0.366034 -44.804 13224.7
15/288.15 0.00347128 -2.03413 389.029 -24028.4
10/283.15 0.00439055 -2.7963 594.36 -42132.7
5/278.15 -0.00780848 6.28166 -1661.04 144902
0/273.15 0.00408545 -2.78004 636.37 -48976
-10/263.15 -0.00087722 0.95603 -302.221 29691.8
-20/253.15 0.00056196 -0.1596 -15.1666 5153
-30/243.15 0.00059066 -0.198721 -1.922 3825.4
-40/233.15 0.0006335 -0.23966 9.6234 2816



https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

SAE INTERNATIONAL

J2601® MAY2020

Page 199 of 293

Table J7 - Table of coefficients for 174.0 L boundary CHSS with CD = FALSE and Pmin =5

Tamb (°C/K) a B Cc d
50/323.15 0.44703053 -319.4646 76166.61 -6057967
45/318.15 0.0243003 -14.3591 2740.5 -166210
40/313.15 0.02419946 -15.509441 3293.4 -231338.6
35/308.15 0.02431024 -15.70205 3364.745 -238911.2
30/303.15 0.0210368 -13.8062 3013.98 -218715
25/298.15 0.02611283 -17.860686 4078.3 -310812
20/293.15 0.00590649 -3.22952 542.579 -25683.4
15/288.15 0.01086815 -7.097156 1540.516 -111017.8
10/283.15 0.019704 -13.7608 32114 -250363.6
5/278.15 0.00069773 0.23241 -226.89 31553
0/273.15 0.01021522 -7.11209 1656.445 -129000
-10/263.15 0.0106218 -7.448146 1747 .1 -137025.6
-20/253.15 0.00934097 -6.515163 1519.8187 -118515
-30/243.15 -0.00115032 1.418468 -480.926 49735
-40/233.15 -0.0008313 1.1738 -419.7 44726.6
Table J8 - Table of coefficients for 248.6 Lboundary CHSS with CD\=FALSE and Pmin = 5
Tamb (°C/K) a B Cc d
50/323.15 0.17459569 -120.800282 27872.643 -2144558
45/318.15 0.0128136 -5.564232 492.34 25487
40/313.15 0.0020037 1.14502 -873.35 116180
35/308.15 -0.00153372 3.66264 -1471.974 163728.8
30/303.15 0.0044367 -1.258945 -146.17 46458
25/298.15 -0.000686 2.2684 -960.344 109488.2
20/293.15 -0.0022991 3.248 -1156.191 122351
15/288.15 0.000566 09 -524.75 66435.6
10/283.15 0.00919033 5756565 1181.764 -78949
5/278.15 0.00288917 -1.1815 69.4 11606
0/273.15 0.0025998 -1.1628 110.06 4757
-10/263.15 0.00247675 -1.11031 106.038 4395.6
-20/253.15 0.0024533 -1.12972 119.393 2628
-30/243.15 0.00261086 -1.19564 120.97 3886.8
-40/233.15 0.0074823 -4.800655 1007.894 -68651

Table J9 - (Cold

dispenser)table of coefficients for 49.7 L boundary CHSS with CD = TRUE

land Pmin = 0.5

Tamb (°C/K) [ a b c d
50/323.15 0.5003696 -353.4108 83238.994 -6537335
45/318.15 0.042544 =29 73507 8955 086 -544154
40/313.15 0.00554388 -3.37733 686.56 -46538
35/308.15 0.00355474 -1.9946 365.366 21613
30/303.15 0.00152269 -0.66906 75.946 -460
25/298.15 0.00125052 -0.574657 74.7 -1871.6
20/293.15 0.00143918 -0.7887 142.724 -8504
15/288.15 0.00210174 -1.32335 283.553 -20684.6
10/283.15 0.0021646 -1.4102 313.411 -23733
5/278.15 0.00191225 -1.27565 291.134 -22670.5
0/273.15 0.00077381 -0.463295 96.814 -7106
-10/263.15 0.00077591 -0.4807 104.18 7919
-20/253.15 0.00020697 -0.05851 -0.972 848.7
-30/243.15 0.00021984 -0.077138 5.172 255.7
-40/233.15 0.00023248 -0.0722243 -0.4924 1149
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Table J10 - (Cold dispenser) table of coefficients for 99.4 L boundary CHSS with CD = TRUE and Pmin = 0.5

Tamb (°C/K) a b c d
50/323.15 0.9687701 -690.801 164236.563 -13018382.8
45/318.15 0.0566422 -38.515 8742.2 -662298
40/313.15 0.01060865 -6.09423 1122.283 -64669.1
35/308.15 0.00587212 -2.75385 336.242 -2956
30/303.15 0.00420311 -1.90616 212.224 1018.3
25/298.15 0.00442132 -2.31857 368.586 -15797
20/293.15 0.00510249 -3.00313 576.603 -35728.4
15/288.15 0.00469629 -2.8143 554.4147 -35679
10/283.15 0.00193625 -0.834954 79.237 2496
5/278.15 0.0039197 -2.448 509.32 -35250.8
0/273.15 0.00411665 -2.69058 590.425 -43481.4
-10/263.15 0.00338305 -2.156543 459.642 -32723.2
-20/253.15 -0.0046816 3.8971 -1055.91 93801.8
-30/243.15 0.0055517 -3.84255 893.506 -69736
-40/233.15 0.0035207 -2.346046 525.1 -39448

Table J11 - (Cold

dispenser) table of coefficients for 174.0 L boundary CHSS with CD = TRUH

Tamb (°C/K) a b -, d d
50/323.15 0.6662714 -475.11105 112976.363 -8957980
45/318.15 0.06999041 -46.99349 10507.25 782122
40/313.15 0.04451 -29.9278 6705.56 -500516
35/308.15 0.0350106 -23.108694 5073.096 [370192.5
30/303.15 0.03142684 -21.0506 4698.94 -349426
25/298.15 0.02840683 -19.237836 4346.643 [327562.5
20/293.15 0.025896 -17.6966 4037.7 £307499.2
15/288.15 0.01302785 -8.47722 1834.54 -131901
10/283.15 0.00974828 617516 1294.175 -89485
5/278.15 0.0051173 -2.92573 531.74 -29664
0/273.15 0.0087316 -5.79951 1286 -95135.2
-10/263.15 0.0098242 -6.642391 1501.12 -113325
-20/253.15 0.01035215 -7.06227 1610.78 -122763
-30/243.15 0.0065708 -4.2513 913.16 -64975
-40/233.15 0.00257318 -1.27955 175.8 -3921

' and Pmin = 0.5

Table J12 - (Cold dispenser)table of coefficients for 248.6 L boundary CHSS with CD = TRUE and Pmin = 0.5

Tamb (°C/K) [ a b c d
50/323.15 | - 0.224659 -155.053 35663.1 12733398.6
45/318_15 ~ 00424084 =26 38049 5375 542 -356045
40/313.15 0.00767545 -2.48003 -109.735 63339
35/308.15 -0.0060228 7.57232 -2569.99 264147
30/303.15 -0.0031548 4.8039 -1740.749 184922
25/298.15 0.000358 1.75584 -887.716 107185
20/293.15 -0.0062946 6.48235 -2012.528 196854
15/288.15 -0.00883637 8.21091 -2405.888 226828
10/283.15 -0.00368842 4.17696 -1359.133 136786
5/278.15 0.0021689 -0.481 -135.46 30413
0/273.15 0.006548 -3.9771 786.21 -49965
-10/263.15 -0.0016567 2.24234 -786.47 82675
-20/253.15 0.00326382 -1.4996 160.73 2851
-30/243.15 0.0031083 -1.41579 146.895 3490.2
-40/233.15 0.0027597 -1.1819 94.19 7484.3
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Table J13 - (Cold dispenser) table of coefficients for 49.7 L boundary CHSS with CD = TRUE and Pmin =5

Tamb (°C/K) a b c d
50/323.15 0.308322 -222.299 53466.2 -4289070
45/318.15 0.0131114 -8.729216 1952.33 -146631
40/313.15 0.0009067 -0.16645 -57.85 11214.8
35/308.15 0.00083135 -0.15323 -52.138 10112
30/303.15 0.0011923 -0.538035 66.706 -1278
25/298.15 0.00179313 -1.06327 212.61 -14379
20/293.15 0.00189269 -1.194744 256.796 -18812.2
15/288.15 0.0018112 -1.17689 261.384 -19832.66
10/283.15 0.00155155 -1.014717 227.605 -17492.4
5/278.15 0.0018946 -1.322 315.15 -25569
0/273.15 0.00008452 0.01345 -14.392 1605
-10/263.15 0.0001608 -0.0477 1.0987 340.2
-20/253.15 0.0001541 -0.04517 0.4927 419
-30/243.15 0.000157 -0.05101 2.169 303.34
-40/233.15 0.00002187 -0.00238 1.133 -365.2

Table J14 - (Co

d dispenser) table of coefficients for 99.4 L boundary CHSS with CD = TRUE and Pmin =5

Tamb (°C/K) a b s Vc d
50/323.15 0.24854436 -176.1897 41674.45 -3288765
45/318.15 0.0177394 -10.85412 2178.823 -142643
40/313.15 0.0051423 -2.46973 320.1 -5418
35/308.15 0.003695 -1.490055 99.04 11208
30/303.15 0.0054339 -3.064446 549.824 -30364
25/298.15 0.00387363 -2.096993 351.604 -16971
20/293.15 0.00451234 -2.71847 537.32 -34594
15/288.15 0.00518451 -3:3236 710.6 -50631
10/283.15 0.0052048 .3.4158 750.332 -55148
5/278.15 -0.00591136 4.8539 -1303.33 115059
0/273.15 0.00411386 -2.8016 641.824 -49435.9
-10/263.15 -0.00086939 0.9501 -300.729 29567
-20/253.15 0.0007818 -0.326638 27.1244 1585
-30/243.15 0.00071957 -0.296622 22.858 1735
-40/233.15 0.0007854 -0.35504 38.83 352.2

Table J15 - (Col

b dispenser) table of coefficients for 174.0 L boundary CHSS with CD = TRUE and Pmin = 5

Tamb (°C/K) [ a B c d
50/323.15 0.16079266 -111.07096 25580.75 -1964148
45/318_15 009771 07 88782 15733 43 -1216166
40/313.15 0.0401005 -27.2827 6188.9 -467989.8
35/308.15 0.0376002 -25.5509 5789.08 -437223.6
30/303.15 0.03626885 -25.04764 5773.3 -444042
25/298.15 0.007091 -3.8635 642.12 -29429
20/293.15 0.01050209 -6.67089 1398.784 -96493
15/288.15 0.01252871 -8.349878 1853.77 -137006.5
10/283.15 0.0126522 -8.5783 1941.24 -146558.4

5/278.15 0.01155257 -7.953264 1829.8477 -140639
0/273.15 0.01025578 -7.1429 1664.24 -129657

-10/263.15 0.0106099 -7.43914 1744.83 -136835
-20/253.15 0.00935027 -6.52224 1521.61 -118666
-30/243.15 0.0015371 -0.62249 35.674 6154
-40/233.15 0.001586 -0.7024 65.626 2886.6
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Table J16 - (Cold dispenser) table of coefficients for 248.6 L boundary CHSS with CD = TRUE and Pmin = 5

Tamb (°C/K) a B Cc d
50/323.15 0.13039754 -89.40084 20422.852 -1554315.5
45/318.15 0.02685119 -16.04746 3089.05 -187994
40/313.15 0.00108558 1.8785 -1074.64 134902.5
35/308.15 -0.0001017 2.6552 -1242.473 146855
30/303.15 0.00356175 -0.55124 -340.15 64331.6
25/298.15 -0.00362681 4.5323 -1543.93 159800
20/293.15 0.0037787 -1.32835 -9.997 26839
15/288.15 0.0056244 -2.909158 429.72 -13164
10/283.15 0.01180977 -7.73242 1677.6 -120356
5/278.15 0.00307266 -1.32414 105.95 8512.9
0/273.15 0.0025998 -1.1628 110.06 4757
-10/263.15 0.00247675 -1.11031 106.038 4395.6
-20/253.15 0.0024533 -1.12972 119.393 2628
-30/243.15 0.00022912 -0.037312 -4.279 1.4
-40/233.15 0.00022921 -0.04172 -3.18 -6

A set of tina coefficignts is calculated for each boundary CHSS - 49.7, 99.4, 174.0,) and 248.6 L basged on the measured

ambient temperature
coefficients a, b, ¢, a
CHSS, there are twg

49.7 lite
99.4 lite
174.0 lite

248.6 litd

49.7 liten
99.4 liter

174.0 liten

Tamb and minimum pressure Pmin. The first step in this calculation process is to ch
hd d from the table of coefficients (Tables J1 through J8, or Tables J9 through J16
coefficient tables: one for Pmin = 0.5 MPa, and one for Ppin = 5 MPa.

Choose tiinal Coefficients Tables for “Normal*Fueling, CD = FALSE
' boundary CHSS — IF P,,;,, = 0.5 MPa UseT'able J1, ELSE IF P,;, =5 MPa Use
" boundary CHSS — IF P,,;,, = 0.5 MP&Use Table J2, ELSE IF P,;, =5 MPa Use
r boundary CHSS — IF P,;, = 0:55MPa Use Table |3, ELSE IF P,,;, =5 MPa Usé€
r boundary CHSS — IF Pj;;»= 0.5 MPa Use Table |4, ELSE IF P,,;, =5 MPa Usé€
Choose tiinal Coefficients Tables for “Cold Dispenser” Fueling, CD = TRUE
boundary CHSS = IF P,;, = 0.5 MPa Use Table |9, ELSE IF P,,;,, =5 MPa Use ]
boundary GHSS — IF P,,;, = 0.5 MPa Use Table J10, ELSE IF P,,;, =5 MPa Use

boundary CHSS — IF P,;, = 0.5 MPa Use Table J11, ELSE IF P,,;,, =5 MPa Us¢

bose the appropriate
. For each boundary

(Eq. J16)
Table |5
Table |6
Table |7
Table |8

(Eq. J17)
[able J13
Table J14

Table J15

248.6 liter boundary CHSS — IF P,,;,, = 0.5 MPa Use Table J12, ELSETF P,,;, = 5 MPa Use Table J]16

Once the correct table has been determined, two sets of coefficients are looked up for each boundary CHSS based on the
ambient temperature Tamp: One set for the temperature value directly above the Tamb, and one set for the temperature value
directly below the Tamb. For each coefficient table, choose the coefficients a, b, ¢, and d directly above and directly below
the measured ambient temperature Tamo.

The next step is to interpolate the coefficients based on the actual ambient temperature Tamp to arrive at a final set of
coefficients for each boundary CHSS. For example, if the actual measured ambient temperature is 32 °C, interpolation is
performed between the coefficients at 35 °C and 30 °C. The interpolation equations are shown in Equations J18 through J21.


https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

SAE INTERNATIONAL

J2601® MAY2020

Page 203 of 293

Interpolation for 49.7 L boundary CHSS

a(Tamb_above)_a(Tamb_below)] X [Tamb_Tamb_below]

[
QAa97 = a(Tamb_below) + _
[Tamb_above Tamb_below]

b _ b(T )+ [b(Tamb_above)_b(Tamb_below)]X[Tamb_Tamb_below]
49.7 — amb_below

[Tamb_above_Tamb_below]

C(Tamb_above)_C(Tamb_below)] X [Tamb_Tamb_below]

_ [
Ca97 = C(Tamb’bEZOW) + [Tamb_above_Tamb_below]

d4_9.7 — d(Tamb_below) + [d(Tamb_above)_d(Tamb_below)]X[Tamb_Tamb_below]

[Tamb_above _Tamb_below]

Interpolation for 99.4 L boundary CHSS

[a(Tamb_above)_a(Tamb_below)] X [Tamb_Tamb_below]

Qgg.4 = a(T, +
994 ( amb’belOW) [Tamb_above_Tamb_below]

b99.4_ — b(Ta‘mb_below) + [b(Tamb_above)_b(Tamb_below)]x[Tamb_Tamb_below]

[Tamb_above_Tamb_below]

¢(Tamb_above) _C(Tamb_below)] X [Tamb _Tamb_below]

_ [
Co9.4 = C(Tamb’bEZOW) + [Tamb_above_Tamb_below]

doos = d(T, )+ 4T amb above)=d(T gy wetow) X[TampTamp vetow]
99.4 — amb_below

[Tamb_above_Tamb_below]
Interpolation for 174.0 L*boundary CHSS

[a(Tamb_above)_a(Tamb_below)] X [Tamb_Tamb_beloW]

A1740 = a(Tamb_beluw) + —
[Tamb_above Tamb_below]

_ [b(Tamb_above)_b(Tamb_below)]X[Tamb_Tamb_below]
b174.0 - b(Tamb,below) +

[Tamb_above _Tamb_below]

[C(Tamb_above)_C(Tamb_below)] X [Tamb_Tamb_below]

C174.0 = C(Tamb_below) + _
[Tamb_above Tamb_below]

D [d(Tamb_above)_d(Tamb_below)]X[Tamb_Tamb_below]
d174.0 - d(Tamb below) +
- [Tamb_above_Tamb_below]

Interpolation for 248.6 L boundary CHSS

_ [au amb_above) Al amb_below)] [‘ amb— 1 amb_below]
2486 = A(Tamp_petow) + T _r
[ amb_above amb_below]

—_ [b(Tamb_above)_b(Tamb_below)]x[Tamb_Tamb_below]
b24-8.6 - b(Tamb below) +
N [Tamb_above_Tamb_beloW]
_ [C(Tamb_above)_C(Tamb_below)]X[Tamb_Tamb_below]
C2486 = C(Tamb,below) +

[Tamb_above_Tamb_below]

—_ [d(Tamb_above)_d(Tamb_below)]X[Tamb_Tamb_beloW]
d24-8.6 - d(Tamb_below) +

[Tamb_above_Tamb_below]

(Eq. J18)

(Eq. J19)

(Eq. J20)

(Eq. J21)
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J.2.1.2 Initialization of Parameters with Discretionary Settings

The settings for the parameters in this subsection shall be determined by the discretion of the dispenser manufacturer within
the acceptable range provided. The discretion allowed in setting these parameters is so the dispenser manufacturer may
tune or optimize some aspects of the MC Formula to the dispenser design and performance characteristics. These
characteristics may include the precision of pressure control, the ability of the dispenser to keep the highest pressure ramp
rates, the pre-cooling system characteristics and their effect on the rate of change and stability of the fuel delivery
temperature, etc.

PRRcaP Factor is a settable parameter used in the calculation of PRRcap, which enforces a limit on the maximum
instantaneous pressure ramp rate during the fill. PRRcar_ractor is utilized in the “Calculation of PRR and Pcontrol Subroutine,”
Equation J73. A limit is placed on PRR to ensure that the maximum flow rate is not exceeded and to prevent a from becoming
too large, which can actually cause the overall fill time to be longer. PRRcar is a function of PRRcapP_Factor, Pfinal, Pmin and
tfinal_min. See H.2.5.2 fora detalled exptanation of PRRcar.

PRRcap_ractor may be set to any value between 0.9 and 1.1. The dispenser manufacturer should ¢hoose a setting for
PRRcap_ractor based pn the capability of the dispenser to keep the station pressure within the\pressufe corridor under the
maximum PRR. To achieve the best possible fueling performance, the dispenser manufacturer should utilize the highest
value for PRRcapr_radior Which still allows the dispenser to keep the station pressure within the pressufe corridor under the
maximum PRR and expected vehicle CHSS capacities. Table J17 shows the effect the-setting of PRRcap Factor has on the
value of PRRcap fof the CHSS Capacity Categories A, B, C, and the case where the CHSS (apacity Category is
indeterminate.

Table J17 - Effect of the setting of PRRcar_Factor On the maximum pressure ramp ratd PRRcap

PRReap
PRRcap Factor CHSS Capacity A CHSS CapacityB CHSS Capacity C CHSS Capacly
MPa/s MPa/min MPa/s MPa/min MPa/s MPa/min MPa/s MPa/min
0.9 0.48 28.8 0.48 28.8 0.34 20.2 0.34 20.2
1.0 0.53 32 0.53 32 0.37 22.4 0.37 22.4
1 0.59 35.2 0.59 35.2 0.41 24.7 0.41 24.7
0.9 < PRReap ractor < 1.1 (Eq. J22)

Set PRRCAP?Factor

APofiset is @ parametér used to detefmine the dispenser control pressure Pcontrol. The control pressurel Peontrol is defined as
the pressure that the| dispenser istargeting at any point in time. In other words, the control pressure is the control parameter
that the dispenser fgllows in-controlling the station pressure Pstation. Pcontrol is determined as an offset [from Pramp. APoffset is
initialized in this sulyroutine;\however, it does not need to be a constant, and therefore may changé during the fill. The
dispenser manufactyrer should determine the appropriate offset value based on the characteristics of the dispenser control.
A larger offset resulis‘invshorter fueling times, but provides a smaller margin between Pcontror and Pimif nigh. See H.2.7 for a
detailed explanation. APotiset may be set to any value between 0 and 7. The unit of measure for Pcontrol, Pramp, and APoffset is
MPa.

0 < APyproee <7 (Eq. J23)
Set APyppse;

Set Peontrot = P‘ramp + APoffset: (Eq J24)

MATexpected is the expected mass average fuel delivery temperature at the end of the fill. MATexpected is determined by the
dispenser manufacturer based on the characteristics of the pre-cooling system utilized. For example, MATexpected Mmay be a
function of the pre-cooling system set point temperature and the ambient temperature. Alternatively, MATexpectes may be set
to the midpoint of the fuel delivery temperature category (e.g., for a T30 station, MATexpected may be set to 243.65 K).
MATexpected is only utilized for the first 30 seconds of mass flow where it is the input to the MATc equation (Equation J53).
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The dispenser manufacturer may choose any value for MATexpected between 237.15 K and 255.65 K. See H.2.4 for a more

detailed explanation

J.2.2

of MATexpected. The units for MATexpected is Kelvin (K)
237.15 < MAT,ppecreq < 255.65

Set MA Texpected

End Pressure Control Initialization Subroutine

(Eq. J25)

This subroutine is divided into two sections, J.2.2.1 and J.2.2.2, based on the ending pressure control method chosen by
the dispenser manufacturer. Section J.2.2.1 is only applicable to the use of ending pressure tables for ending pressure
control. Section J.2.2.2 is only applicable to the MC Method for ending pressure control.

J.2.2.1 End Pre
Ending pressure tal
target values and cg
CHSS measured ter
limit over filling in th

target to be incorrecy.

J.2.2.11 Non-Q
Non-communication
T20, as well as for
except when the CH
are not needed). A {
subroutine for use I3
for each of these cat

5sure Control Initialization - Ending Pressure Tables

les are provided in Appendix K. These tables are utilized to calculate non-com
mmunication pressure limit values. A communication pressure target is also calg
hperature MT. The communication pressure limit value is used as arsecondary m
p event of a fault in the CHSS measured temperature MT, which-causes the com

ommunication Pressure Targets

pressure target values are calculated for the three fuel delivery temperature categ
he three CHSS capacity categories A, B, and, C:(nine non-communication pre
SS capacity category is D (in which case pressure targets for CHSS capacity ca

munication pressure
ulated based on the
pans of protection to
Mmunication pressure

ories, T40, T30, and
ssure target values),
fegories A, B, and C

ressure target is calculated for each of these‘eategories during the end pressur

control initialization

ter in the evaluate end of fill criteria subroutine (J.2.8). The reason that a pressurg target is calculated
pgories is that the fuel delivery temperature category, and potentially the CHSS capacity category, may

change as the fill progresses. Thus, it is necessary to presdetermine the pressure target for each of these categories so it

is available and can
delivery temperature

be utilized in the evaluate end of {ill ‘criteria subroutine based on the real-time det
category and CHSS capacity category.

Non-communication
tables, Tables K1 th
interpolation calcula

pressure targets are calculated using interpolation on the non-communication pr|
ough K19. For a visuahrepresentation of the interpolation process, see Example H
ions are shown mathématically in Equation J26.

rmination of the fuel

bssure target lookup
in Appendix G. The

Equation J26 is utilized to conduct the interpolation required to calculate the actual non-communicafion pressure targets

using inputs of ambi

nt temperature Tamb, and initial pressure, Pinitarl. In Equation J26, Pinitial_below repre

in the table directly pelow the_actual initial pressure Pinitia, and Pinitial_above represents the Pinitial Value
above the initial pregsure Piital. In Equation J26, Tamb_below represents the Tamp value in the table dire
ambient temperaturg Tamb,.aNd Tamb_above represents the Tamb value in the table directly above the actual

sents the Pinitial Value

in the table directly
ctly below the actual
Ambient temperature

Tamb. Ptavle representstthe actual table pressure target vaIue at Plnmal _above OF P|n|t|al below and at Tamb_ab
that if Pinitat <5 MPa, TAterf i j
Pabove are not calculated).

As an example, in Table K1, Ptave (20,30) =

ve OF Tambibelow. Note
P <5 (i.e., Pbelow and

74.6 MPa, where 20 represents Pinitial_above OF Pinitial_below, and 30 represents

Tamb_above OF Tamb_below. IN Equation J26, Puelow is an intermediate calculation representing the below pressure target value
after interpolating on Tamb, and Pabove is an intermediate calculation representing the above pressure target value after
interpolating on Tamp. The final Ptarget non_comm value is a result of interpolating Poeiow and Pabove 0N Pinitial.
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Interpolation for Non-Communication Pressure Target (Eq. J26)
IF Pintial = 5 MPa
THEN
Pbelow — Ptable (Pinitialibelow: Tambibelow) + [Ptable(Pinitial_belowv Tamb_above% ;Ptable(PiT;al_below' T(]lmb_below)] X [Tamb_ Tamb_below]
amb_above amb_below
_ [Ptable(Pinitial_above: Tamb_above) - Ptable(Pinitial_above: Tamb_below)] X [Tamb - Tamb_below]
Pabove - Ptable (Pinitial_abovev Tamb_below) +
[ Tamb_above - amb_below]
P - —p— [Papove = Phetow ] X [Pintiaqi— Pinitial petow|
arget_non_comm etow [ Pinitial,above - Pinitial,belaw]
ELSE
IF Pintial < 5 MPa
THEN
[Ptable(P<5» Tamb_abmze) - Ptable(P<5v Tamb_below)] X [Tamb_ Ta b_below]

Ptarge*ﬁnon?comm = table(P < 5' Tamb,below) +

[ Tamb_above - Tamb_below]

sider Table K1, with Pinitiat = 23 MPa and Tamb = 32 °C. In this case, Pinitial_below T
amb_above = = 35. Ptargetinonfcomm is calculated as follows:

As an example, con
Tambfbelow = 30, and T

20, Pinitialiabove = 30,

[75.4— 746\]"% [32— 30 ]

=746+
[85-30]

=749

Pbelow

['74.9- 73.9 ] x [32-30]

=739 + 35-30]

=743

Pabove

[74.3 —74.9] x [23— 20]
[ 30 —20]

=749 + =74.7

Ptarget?nonfcomm

Equation J26 is utiliZ

for each CHSS caps

pressure target tablg

ed to calculate a nen=communication pressure target for each fuel delivery tempé
city category. Equations J.27 and J.28 are used for determining the appropriat
to utilize for ealculating each of these pressure targets. The pressure target t

rature category and
non-communication
bles are designated

CHSS capacity categ
non-communication pressure target table which is appllcable to aII fueI dellvery temperature categorles
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IF Pr

Determination of Non-Communication Target Pressure Tables - H70

For CHSS capacity categories A, B, and C

IF Pressure Class = H70, USE TABLE K1 to calculate Pigrget non_comm. T40.4

IF Pressure Class = H70, USE TABLE K2

IF Pressure Class = H70, USE TABLE K3

IF Pressure Class = H70, USE TABLE K4

to calculate Ptarget_non_comm_T40_B
to calculate Ptarget_non_comm_T40_C

to calculate Ptarget_non_comm_T30_A

IF Pressure Class = H35, USE\.TABLE

IF Pressure Class = H35;"USE TABLE

IF Pressure Class =135, USE TABLE

IF Pressure Class = H35, USE TABLE

IF PresSure Class = H35, USE TABLE

[E-Pressure Class = H35, USE TABLE

IF Pressure Class = H70, USE TABLE K5

IF Pressure Class = H70, USE TABLE K6

IF Pressure Class = H70, USE TABLE K7

IF Pressure Class = H70, USE TABLE K8

K11

K12

K13

K14

K15

K16

to calculate Ptarget_non_comm_T30_B

to calculate Ptarget_non_comm_T30_C

to calculate Ptarget_non_comm_TZO_A

to calculate Ptarget_non_comm_TZO_B

IF Pressure Class = H70, USE TABLE K9 to calculate Pigrget non_comm T20_c
For CHSS Capacity Category D
pssure Class = H70 AND CD = FALSE, USE T@BLE K10 to calculate Pigrget non_d

Determination of Non-Communication Target Pressure Tables - H35

to calculate Ptarget_non_comm_T40_A
to calculate Ptarget_non_comm_T40_B
to calculate Ptarget_non_comm_T40_C
to calculate Ptarget_non_comm_T30_A
to calculate Ptarget_non_comm_T30_B

to calculate Ptarget_non_comm_T30_C

pmm_D

IF Pressure Class = H35, USE TABLE

IF Pressure Class = H35, USE TABLE

IF Pressure Class = H35, USE TABLE

K17

K18

K19

to calculate Ptarget_non_comm_TZO_A
to calculate Ptarget_non_comm_TZO_B

to calculate Ptarget_non_comm_TZO_C

(Eq. J27)

(Eq. J28)
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J.2.2.1.2 Communication Pressure Target

A communication pressure target is calculated continuously during the fill. The pressure target is calculated based on an
end of fill target density of 40.2 g/L for the H70 pressure class and 24.0 g/L for H35 pressure class. However, the pressure
target may be reduced to account for sensor tolerance. The amount the SOC target is reduced for sensor tolerance is
determined by the dispenser manufacturer. A parameter SOCtarget is used to define the target SOC, where SOCtarget = 100
represents a target density of 40.2 g/L for the H70 pressure class and 24.0 g/L for H35 pressure class. Communication fills
should achieve a final SOC in the CHSS of 295% and <100%. Thus, SOCtarget shall be set between 95 and 100, where the
value 95 represents 95% SOC and the value 100 represents 100% SOC. The unit of measure for SOCtarget is percent (%).

Set SOCrarger

J.2.21.3 Communication Pressure Limits

(Eq. J29)

A pressure limit is ddtermined for communication fueling, Pimit_comm. This pressure limit value is used)as
of protection to limit over filling in the event of a fault in the CHSS measured temperattre’ MT|
communication prespure target to be incorrect. Pressure limit values are calculated for thethree fuel
categories, T40, T30, and T20, as well as for the three CHSS capacity categories,A, B, and C
communication presgure limit values, except when the CHSS capacity category is D((in "which case
CHSS capacity catepories A, B, and C are not needed). A pressure limit is calculatedfor each of the
the end pressure control initialization subroutine for use later in the evaluate end of fill'criteria subroutin
that a pressure limit |s calculated for each of these categories is that the fuel delivery temperature cats
the CHSS capacity ¢ategory, may change as the fill progresses. Thus, it is-nécessary to pre-determi
for each of these cafegories so it is available and can be utilized in the evaluate end of fill criteria sub
real-time determinatjon of the fuel delivery temperature category and CHSS capacity category.

Communication pregsure limits are calculated using interpolation; on the communication pressure
Tables K20 through|K49. For a visual representation of the interpolation process, see Example B
interpolation calculafions are shown mathematically in Equation J30.

a secondary means
, Which causes the
Helivery temperature

for a total of nine
pressure targets for
5e categories during
b (J.2.8). The reason
gory, and potentially
ne the pressure limit
routine based on the

limit lookup tables,
in Appendix G. The

Equation J30 is utili
inputs of ambient te
table directly below
initial pressure Pinitia
temperature Tamb, ar
Ptable represents the
Pinital <6 MPa, interp
are not calculated).

red to conduct the interpolation required to calculate the actual communication
perature Tamb, and initial pressure, Pinital. IN Equation J30, Pinital_below represents

. In Equation J30, Tamb belowjrepresents the Tamp value in the table directly belo

actual table pressuré:limit value at Pinitial_above OF Pinitial_below @and at Tamb_above OF

As an example, in T
Tambfabove or Tambfbelo
Tamb, and Pabove is a
final Plimiticomm value

able K20; Rtavie (20,30) = 85.7 MPa, where 20 represents Pinitial_above O Plinitial_belo
. Prelowsisaan intermediate calculation representing the below pressure limit value
h intermediate calculation representing the above pressure limit value after interq
sra result of interpolating Poeiow and Pabove ON Pinitial.

pressure limits using
he Pinitial Value in the

e actual initial pressure Piniiaf,_@nd Pinitial_above represents the Pinitial Value in the taljle directly above the

the actual ambient

d Tamb_above represents the Tamp value in the table directly above the actual ambignt temperature Tam.

amb_below. Note that if

plation is conducted.only on ambient temperature using the table value for P <5 (i.e., Poelow and Pabove

, and 30 represents
pfter interpolating on
olating on Tamb. The
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THEN

Pyetow = Prabie (Pinitialfbelow' Tamb,below) +

Pabove = Ptable (Pinitial_abovev Tamb_below) +

Interpolation for Communication Pressure Limit

IF Pintial = 5 MPa

(Eq. J30)

[Ptable(Pinitial_below' Tamb_above) - Ptable(Pinitial_below» Tamb_below)] X [Tamb_ Tamb_below]

[ Tamb_above - Tamb_below]

[Ptable(PinitiaLabaver Tamb,abave) — Ptable(Pinitial,abaver Tamb,below)] X [Tamb_ Tamb,below]

[ Tamb,above_ Tamb,below]

P L _ P + [Pabave - Pbelow] X [Pintial_ Pinitial,belaw]
limit_comm _— I below D 1
tnttiat_vetow ]

THEN
Plim

As an example, con
Tambfbelow = 30, and T

Equation J30 is utiliz

CHSS capacity category. Equations J31 through-J33 are used for determining the appropriate commun|

table to utilize for ca
capacity category (A

Note that for the H3]

Note that if the CHS
capacity categories

D
T rar_apore

ELSE IF Ppyiq1 < 5 MPa

[Ptable(P<5» Tamb_above) - Ptable(P<5v Tamb_below)] X [Tamb_ Tamb_l

elow]

it_comm = Ptable (P <5, Tamb,below) + —
[Tamb_above Tamb_below]

sider Table K20, with Pinitial = 23 MPa and Tamb = 32 °CIn‘this case, Pinitial_below J
[amb_above = 35. Piimit_comm is calculated as follows:

_ [86.0—85.7 | x [32x30]
Pyeiow = 85.7 + 35301 = 85.8
Popove = 845 + [84.9- 845\ x [32-30] _ 84.7

{85-30]

84.7 — 85.8] x [23— 20]

T30 20] =855

[
Plimit?comm = 85@)+

bd to calculate a communigation pressure limit for each fuel delivery temperature g

Iculating each of these pressure limits. The pressure limit tables are designated
, B, C) and fuel delivery temperature category (T40, T30, T20).

pressure class; cold dispenser fueling is not applicable.

S capacity-category is D, it is not necessary to calculate the communication pres|
\, B, and C.

20, Pinitialfabove = 30,

ategory and for each
ication pressure limit
based on the CHSS

sure limits for CHSS
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Determination of Communication Pressure Limit Tables - H70, “Normal” Fueling, CD = FALSE

For CHSS capacity categories A, B, and C

IF Pressure Class = H70 AND CD = FALSE,

USE TABLE K20 to calculate Pyt comm T40 4

IF Pressure Class = H70 AND CD = FALSE, USE TABLE K21 to calculate Pyt comm T40 B
IF Pressure Class = H70 AND CD = FALSE, USE TABLE K22 to calculate Pyt comm T40.c
IF Pressure Class = H70 AND CD = FALSE, USE TABLE K23 to calculate Pyt comm T30 4
IF Pfessure Class = H/U0 AND CD = FALSE, USE TABLE KZ2% to calculate Pimir comm|r3o.B
IF Pressure Class = H70 AND CD = FALSE, USE TABLE K25 to calculate Pjgi chmm|r30.c
IF Pressure Class = H70 AND CD = FALSE, USE TABLE K26 to calculate Pjipit comm|r20.4
IF Pressure Class = H70 AND CD = FALSE, USE TABLE K27 to calcwlate Pyt comml|r20.8
IF Pyessure Class = H70 AND CD = FALSE, USE TABLE K28, to’calculate Pymit commlrz0.c
For CHSS Capacity Category D
IF Pessure Class = H70 AND CD = FALSE, USE TABLE K29 to calculate Pyt comm|ra0 D
IF Pyessure Class = H70 AND CD = FALSE, USE TABLE K30 to calculate Pypit comm|r3op
IF Pyessure Class = H70 AND CD = FALSE, USE TABLE K31 to calculate Pypit comm|rz0 p
Determination of Communication(Pressure Limit Tables - H70, “Cold Disp,” CD = TRUE
IF Pressure Class = H70 AND-CD = TRUE, USE TABLE K32 to calculate Pyt comm Jra0.a
IF Pressure Class = H70'AND CD = TRUE, USE TABLE K33 to calculate Pyt comm Jra0.B
IF Pressure Class—= H70 AND CD = TRUE, USE TABLE K34 to calculate Py comm frao c
IF Pressute €lass = H70 AND CD = TRUE, USE TABLE K35 to calculate Pyt comm |r30.a
IF Pressure Class = H70 AND CD = TRIE [ISE TARLE K36 to calculate pll:uu:l,_uuuuu_ 30.B
IF Pressure Class = H70 AND CD = TRUE, USE TABLE K37 to calculate Py comm T30 c
IF Pressure Class = H70 AND CD = TRUE, USE TABLE K38 to calculate Pyt comm 120 4
IF Pressure Class = H70 AND CD = TRUE, USE TABLE K39 to calculate Pyt comm 1208
IF Pressure Class = H70 AND CD = TRUE, USE TABLE K40 to calculate Pyt comm 120 c

(Eq. J31)

(Eq. J32)
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Determination of Communication Pressure Limit Tables - H35

(Eq. J33)

J.2.2.2 End Pre

Equation J34 is use

IF Pressure Class = H35, USE TABLE K41 to calculate Pyt comm T40 4
IF Pressure Class = H35, USE TABLE K42 to calculate Pyt comm T40 B
IF Pressure Class = H35, USE TABLE K43 to calculate Pyt comm_ T40.c
IF Pressure Class = H35, USE TABLE K44 to calculate Pt comm T30 4
IF Pressure Class = H35, USE TABLE K45 to calculate Pyt comm T30 B
IF Pressure Class = H35, USE TABLE K46 to calculate Pimit comm T30 ¢
IF Pressure Class = H35, USE TABLE K47 to calculate Pyt comm 50 2
IF Pressure Class = H35, USE TABLE K48 to calculate Pyt somm.T20 B
IF Pressure Class = H35, USE TABLE K49 to calculate Pyt comm_ 20

ssure Control Initialization - MC Method

0 to calculate the initial CHSS temperature Tinit_coid“With cold case assumptions,

began at the cold so@k temperature and 100% SOC, and then was defueled at the maximum flow rate,

and A.3.9. Tt 1 and
variables used in cal

Tyt

Equation J35 is used
the time elapsed afte
The unit of measure

Tnt_2 represent a regression fit to the defueling data generated using simulationg

Trie 1 = 273.15 + Pjgiaq X 0.31 — 12.21
) = 27315 + (Typ — 273.15) X (B89 — Pyiyiay X 6.74E-06) + (Ponseiar X 0.31 — 43
IF Tyir 2 > Tpie 1, THEN Tinie cota = Trit 1, ELSE Tinit cota = Trit 2
AND AF-Tiit cond < 233.15, THEN Tinig cora = 233.15

to set the parameter tmin_cold to 30 seconds. This parameter is used in the MC equ
r which the/parameter Atcold is calculated. Atcod is the difference between the fueli
for t and tmin_cold is S€CONdS.

Set tmin _cold = 30

meaning the CHSS
bs explained in A.3.8
, and are temporary

culating Tinit_cols. The unit of measure for Tams~and Tinit_cold in Equation J34 is Kelvip (K).

(Eq. J34)

45)

ation and represents
ng time t and tmin_cola.

(Eq. J35)

A pressure target is

calculated tor communication fueling based on an end of fill target density of

0.2 g/L for the H70

pressure class and 24.0 g/L for H35 pressure class. However, the pressure target may be reduced to account for sensor
tolerance. The amount the SOC target is reduced for sensor tolerance is determined by the dispenser manufacturer. A
parameter SOCtarget is used to define the target SOC, where SOCiarget = 100 represents a target density of 40.2 g/L for the
H70 pressure class and 24.0 g/L for H35 pressure class. Communication fills should achieve a final SOC in the CHSS of
295% and <£100%. Thus, SOCtarget shall be set between 95 and 100, where the value 95 represents 95% SOC and the value
100 represents 100% SOC. The unit of measure for SOCtarget is percentage (%).

Set SOCyqrger (Eq. J36)
The cold case initial density pinit_cold i calculated based on Pinitial and Tinit_cold. The equation to calculate density is not given
here, as the dispenser should have this capability. If desired, a reference equation for density is given in J.3.4, Equation J98.
The unit of measure for pinit_cold is kg/m?3.

Set Pinit_cold = p(Pinitial' Tinit_cold) (Eq J37)
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A 1 kg Type lll vessel is used in the calculation of the ending pressure, as detailed in A.3.7. The volume of this vessel is set
for either H70 or H35 fueling. Units are in m3.

IF Pressure Class = H70, THEN Set V,,,; = 0.0247 (Eq. J38)
IF Pressure Class = H35, THEN Set V,,,; = 0.0416 (Eq. J39)

The mass of hydrogen in the Type Il vessel at 100% SOC is 1 kg. The unit of measure for mfinai_coid is kg.
Set Mginai cota = 1 (Eq. J40)

The cold case initial mass of hydrogen in this single Type Il vessel is calculated based on the initial density pinit_cold and the
volume Veoid. The unp-ef-measureforrmtroriske-

Set Mt cota = Veota X Pinit_cold (Eq. J41)

The mass of hydroggn required to be added to the cold case initial mass to achieve 100% SOC is calculated. The unit of
measure for madd is kg.

Set Mgqq = Mfinar cota — Minit_cold (Eq. J42)
The cold case initia] specific internal energy is calculated based on the initial pressure Piniar and |the cold case initial
temperature Tinit_cola.| The equation to calculate specific internal energy is_not,given here, but guidance|for the calculation of

specific internal enefgy is given in J.3.2, and if desired, a reference equation for specific internal energy is also provided,
Equation J96. The uhit of measure for uinit cold is kJ/kg.

Set Winie cora = U(Piiriat Tinit cola) (Eq. J43)

The cold case initial internal energy Uinit_coid is calculated based on the cold case initial specific internal energy uinit_cold and
the cold case initial mass minit cold. The unit of measure for Uinit cold is kJ.

Set Uinit_cold = Uinit_cold X Minit_cold (Eq. J44)

There are five constants utilized in the MC Equation. See H.3.1 for a detailed explanation of the MC efjuation and how it is
used in calculating the end of fill pressurettarget and limit. The five constants utilized in the MC equation are set. The unit
of measure for AC, BC, and GC are kd/K~KC and JC are dimensionless.
AC = 1.10487E + 00 (Eq. J45)

BC = 2.20466E + 00

GC = 2.22198E + 01

KC = 1.63097E — 03

JC =8.23284F — 01
J.2.3 Mass Average Calculation Subroutine

This subroutine is used to calculate the mass average of the fuel delivery temperature measured at the dispenser outlet
and the mass average of enthalpy measured at the dispenser outlet. The mass average of enthalpy is only calculated if the
MC Method is used as the ending pressure control option. These mass average calculations shall be conducted using the
time step j, which means they are calculated once every second.

The mass average calculations in this subroutine utilize inputs from the station pressure sensor and the fuel delivery
temperature sensor. The location, accuracy and reliability requirements for these sensors are listed in 6.2.
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A method of fault detection (sensor drift or failure) of the fuel delivery temperature measurement should be utilized. Although
this Standard does not prescribe a methodology for ensuring the integrity of this measurement, the requirements of 6.2.4
should be adhered to. As an example of a potential methodology, redundancy may be applied, so that the mass average of
two temperature measurements is compared, and if the absolute value of their difference is greater than a limit criteria, the
dispenser faults and stops the fill. The limit criteria should be determined by the dispenser manufacturer based on sensor
type used and its standard error. An example of a limit criteria is the standard error of the sensor. It should be noted that
the mass average calculation is inherently more accurate the more mass that is dispensed. Thus, the dispenser
manufacturer may decide to implement the limit criteria after a certain amount of time has passed or mass has been
dispensed. Alternatively, the limit criteria can be progressive in nature, such that it decreases with increasing elapsed time
or mass dispensed.

In addition to implementing a fault detection methodology, the error of the temperature measurement should also be
considered and the requirements of 6.2.2 adhered to. Typically, a temperature sensor will employ a standard measurement

error of +X, where
measurement is util

temperature calculagion, the + measurement error should be added to the measured valug). and

temperature utilized
measured value. Alt
corrected by the cali

If redundancy is employed and two fuel delivery temperatures are measured, then.two mass average

as A and B) should &
J.2.3.1 Mass A

A key control input f

zed as the control input, for the fuel delivery temperature utilized in the mass.g
in the mass average enthalpy calculation, the + measurement error should be
ernatively, if the sensor has been calibrated by an accredited laboratory; the me
prated error for both the mass average temperature and enthalpy calculations.

e calculated and the most conservative value utilized as the econtrol input.

erage Calculation of the Fuel Delivery Temperature Subroutine

most conservative
verage fuel delivery
for the fuel delivery
subtracted from the
bsured value can be

values (represented

br determining the pressure ramp rate is the mass,average of the fuel delivery te

perature measured

at the dispenser ouflet. There are two mass average calculations,, MATo and MATs0. MATo begins the calculation at the

beginning of the mai
have elapsed. See H
pressure ramp rate ¢

In the equations in
represents the total
measured at the cur
and Truel inst B repre
dispensed up to the
- mg-1) represents the
be calculated as the
function, and thus th
measure for Ttuel_inst

IFj=0,

.2.4 for a detailed explanation of how the mass average of the fuel delivery temp
ontrol. The unit of measure for MATo.and MAT30 is Kelvin (K).

this subroutine, Trel_inst is the fuel delivery temperature measured at the disp
mass dispensed from the beginning of the main fueling time. Tre instig) represe

sent two separate measurements when redundancy is employed. mg repres

change in mass over the last time step j. It is important that the denominator in Eq

sum of mg) - mg-1f, rather than just using the value m. This is because the mass a
e change in mass for the numerator and denominator must be summed in the sz
s Kelvin (K)_The unit of measure for m is grams.

T . .
THENMAT, ; = Truer st a0y ELSE MAT, , = Yol(mey—m(j—1))x0.5(T puelinst_a() *+T ruet]

h fueling time from t = 0 seconds. MAT 30 begins the calculation after a total of 30 geconds of mass flow

rature is used in the

enser outlet, and m
nts the temperature

ent time step j. Trel instj-1) represents the temperature measured at the previous time step j-1. Truel_inst A

bnts the total mass

current time step j. mg-fjrepresents the total mass dispensed up to the previous time step j-1. Thus, mg

uations J46 and J47
erage is a weighting
me way. The unit of

'nst_A(j—l))]

2h(mey=mj-1))

(Eq. J46)

IFj=0,

Z(J)[(m(j)_m(j—1))X0'5‘(Tfuel_inst_B(j)+Tfuel_

inst_B(j—l))] (Eq J47)

THEN MAT[LB = TqulJTlStﬁB(O)’ ELSE MATOfB = Z{J(m(j)_m(]_l))

MAT, = MAXIMUM[MAT, ,, MAT, ;|

(Eq. J48)
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In Equations J49 and J50 for MAT30, and Equation J52, which utilizes MAT3o, a parameter named n (a counter), is utilized
for determining the point in the fill at which these calculations shall commence. The calculation of MAT30 begins after a total
of 30 seconds of mass flow have elapsed. Because the time step counter j advances every second, regardless of whether
there is mass flow or not, a separate counter n, which updates at the same frequency as j, is utilized. The difference between
n and j is that n only updates when there is mass flow during the calculation cycle, which means that n does not advance
during an intended non-fueling event such as a leak check or bank switch. Since, by definition, the calculation of MAT30
begins after a total of 30 seconds of mass flow, the calculation of MATs0 begins when n=30. Since the summation terms in
the numerator and denominator of Equations J49 and J50 utilize the time step j, the time at which the calculation begins is
denoted by j at n=30, which represents the value of j when the counter n reaches 30. If there are no intended non-fueling
events during the first 30 seconds of the fill, then j and n will reach 30 at the same time.

If an intended non-fueling event occurs when 20 < n < 30, then subtract 10 seconds from n. In this case, a total of 40 seconds
of mass flow are allowed prior to the MAT30 cacluation beginning. The purpose of subtracting 10 seconds is to allow the fuel
delivery temperaturg Trel mst tO get COd agaim after the warming which occurs during the intended montfueling event.

It is important that th
the value m - mgjan=
numerator and deno

e denominator in Equations J49 and J50 be calculated as the sum of mg) >-m-1), father than just using
o). This is because the mass average is a weighting function, and thus\the change in mass for the
minator must be summed in the same way.

) an=30l (M) =M (j-1))¥05(T fuel inst_agh ¥Tyuel inst_a¢j-1))]

IF n > 30, THEN MAT;q 4 = - (Eq. J49)
Yian=30(M()~M(=1))
]: = N~ j— 0.5(Zfyel ins N*T Fuel_ins j—
IF n > 30, THEN MAT30_B — Z]@n_30[(m(]) m(j 1]-'))x ( fugllinst B()*T fuel inst_B(j 1))] (Eq JSO)
Zians=sot™m)~m(j-1)
MAT;, = MAXIMUM[MAF3 4, MAT;0 5] (Eq. J51)

The mass average q
MATc. MATc is calc
determination is exp

f the fuel delivery temperature which is-{tilized as the control input for the tfinal €
ilated from either MATexpected, MAT30,,0F'a combination of MATz0 and MATo. The
ained in H.2.4. Equation J52 is utilized to calculate MATc.

Juation is labeled as
logic for making this
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IF
n <30 (Eq. J52)

THEN

MAT; = MATexpected
ELSE

IF Peontrot < Perans
THEN
MAT, = MAT;,
ELSE
IF Perans < Peontrot < Prinai
THEN
MAT: = MATsg x (Jeetmt) + waty Q= e
ELSE
IF Peontrot™ Prinal
THEN
MAT, = MAT,

The counter n is only advanced if mass is flowing, as represented in Equation J53. During an intendgd non-fueling event,
the counter n does not advance.

IFm>0 n=n+1 (Eq. J53)
J.23.2 Mass A¥erage Calculation of Enthalpy Subroutine
This subroutine is oply applicable if the MC Method is utilized as the ending pressure control option. If ending pressure

tables are the endingp pressure control option, this subroutine is not applicable.

In the equations in this subroutine, Trel_inst is the temperature measured at the dispenser outlet, Pstation is the station pressure
measured at the dispenser outlet, h represents the enthalpy measured at the dispenser outlet, and m represents the total
mass dispensed from the beginning of the main fueling time. h() represents the enthalpy measured at the current time step
j- hg-1) represents the enthalpy measured at the previous time step j-1. Truel_inst A @and Truel_inst 8, and ha and hs, represent two
separate measurements when redundancy is employed. mg) represents the total mass dispensed up to the current time
step j. m¢-1) represents the total mass dispensed up to the previous time step j-1. Thus, mg) - mg-1) represents the change in
mass over the last time step j. The unit of measure for Truel_inst is Kelvin (K). The unit of measure for Pstation is MPa. The unit
of measure for m is grams.

Equations J54 through J57 are used to calculate the mass average of the dispenser outlet enthalpy have. The equation for
enthalpy as a function of temperature and pressure is not given here, but guidance for the calculation of enthalpy is given
in J.3, and if desired, a reference equation for enthalpy is provided by Equation J95. The unit of measure for h and have is
kJ/kg.
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It is important that the denominator in Equations J55 and J56 be calculated as the sum of mg) - m¢-1), rather than just using
the value m. This is because the mass average is a weighting function, and thus the change in mass for the numerator and
denominator must be summed in the same way.

haciy = h(Truet inst acjy Pstation(iy)r ey = "M(Truet inse B(jy Pstation(j))

_ Zollmgy=m(j-1))x0:5(hagy +hag-1)]
Zo(mgy=mgi-1y)

IFj=0, have_A = hA(O) ELSE have_A

_ Zol(mg=m(j-1)x05(hp¢ +hpg-1)]

IFj =0, have?B = hB(O) ELSE have?B = Z(])(m(j)—m(j—n)

(Eq. J54)

(Eq. J55)

(Eq. J56)

J.2.4 Calculation
This subroutine is u
control input to the p
H.2.2 and H.2.3, res

The calculations in {|
5 seconds. A time st

tfinal IS calculated for
capacity categories

determined by the d
calculating tfina. The
the more conservativ
is higher. When Op
interpolating betwee
value tfinal_min, Whiche

When the CHSS capacity category cannot be determined by the dispenser, the flag variable “Indicatg

TRUE and tfinal is chg

Although Equations
and “Indicator Cons
category (e.g., tfinal_o
and consistent appr|
TRUE.

have = MINIMUM lhave_A' have_BJ
bf tinal Subroutine

bed to calculate tinal, Which is defined as the total time required to fill from Pmin g
bectively. The unit of measure for tinal is seconds.

his subroutine shall be conducted using the time step i, which means they are ¢
Eep shorter than 5 seconds may be used, if desired, but-time step i shall not be shq

each boundary CHSS: 49.7 L, 99.4 L, 174.0 L, and.248.6 L. These form the bou
A\, B, and C, listed in Table 8 of 9.2. As described’in J.1.4, when the CHSS capa
spenser, the flag variable “Indicator Cons RR”js set to FALSE. In this case, ther
dispenser manafacturer may choose eithér option. When Option1 is utilized, tfina
e tinal Of the lower boundary CHSS and upper boundary CHSS, or the minimum val
ion 2 is utilized (only applicable to CHSS Capacity Categories A, B and C), t
N tinal Of the upper and lower boundary CHSS based on the measured CHSS voly
ver is higher.

sen based on the most conservative tina of all of the boundary CHSS, or the minim
158 through J61 calculate tinal for every boundary CHSS, if the CHSS capacity cat
RR” is FALSE, it-is only necessary to calculate tina for the boundary CHSS of

b4 and tina_174°for CHSS capaicty Category B). The equations are written this wa
bach that is<applicable under all cases, and regardless of whether “Indicator C

Calculation of tfinal for 49.7 L boundary CHSS

(Eq. J57)

Pfinal. trinal is the key

ressure ramp rate equation. For a detailed explanation of tinal and thie pressure ramp rate equation, see

hlculated once every
rter than time step j.

ndaries of the CHSS
city category can be
b are two options for
is chosen based on
e tfinal_min, Whichever
nal iS determined by
me, or the minimum

r Cons RR” is set to
Lim value tfinal_min_cons.

egory is determined,
the CHSS capacity
to provide a logical
bn RR” is FALSE or

(Eq. J58)

trinalas7 = @ X B X (Aa97 X MATZ + byo7 X MATE + Ca97 X MAT; + dyo7)
Calculation of tfina for 99.4 L boundary CHSS

trinat 994 = @ X B X (Agg94 X MATE + bgg 4 X MATE + Cag4 X MAT, + dgg 4)
Calculation of tina for 174.0 L boundary CHSS

trinai 1740 = @ X B X (A1740 X MATE + by74.9 X MATE + C1740 X MAT¢ + dy740)

(Eq. J59)

(Eq. J60)
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Calculation of tfinal for 248.6 L boundary CHSS
trinal 2486 = @ X B X (Azag6 X MATE + byag 6 X MATE + Cpa56 X MAT; + dp4g6)
Calculation of tfinal_smalla tfinal_large' and tfinal_min

IF Indicator Cons RR = FALSE

THEN
IF CHSSCapacity_Category =4, trinal_smatl = trinali 497 tfinal large = tfinal 99.4» trinalmin = tfinalmin 4
IF CHSS apacity_Category — b, Urinal_smatl = Ufinai 99.4» Yfinal large = Lfinal 174.00 Lfinalmin =Afinal min B
IF CHSSCapacity_Category =C, trinal_smatt = trinai 174.00 tfinal large = tfinai 248.6) Lrinal min=— Cfnaimin ¢
IF CHSSClpacity_Category =D, trinal_small = trinal_248.60 final_large = trinal_248.6) Nfinal min = Cffnalmin D
ELSE
trinalmin = tfinalmin _cons
Calculation of tfinal
IF Indicator Cons RR»=" FALSE
THEN
OPTION 1:
tfinal = MAXIMUM(tfinal_min' tfinal_small' tfinal_large)
OHTION 2: Interpolate tinai ‘(Only Applicable to CHSS Capacity Categories A, B and|C)
IF CMSScapacity categoty = A trinat interp = trina 497 + (Cinal 9094 — trinat 49.7) X %L;j;)
IF CH SSCapacity_Category =B, trinal_interp = tfinal 99.4 + (tfinal_174.0 - tfinal_99.4) X %%
IF CHYS capgeity category = C» tinarinterp = trinai 1740 + (trinat 2486 — trinar174.0) X %%ﬂg)
trinat = MAXIMUM (trinar interps trinat min)
ELSE

trinat = MAXIMUM ( trinar mins trinal 497> Cinal 99,40 tinal 174.0» Uinal 248.6)

(Eq. J61)

(Eq. J62)

(Eq. J63)
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J.2.5 Calculation of Teold Subroutine
This subroutine is only applicable if the MC Method is utilized as the ending pressure control option. If ending pressure
tables are the ending pressure control option, this subroutine is not applicable.

This subroutine is used to calculate the cold case CHSS gas temperature using the MC Method equations. See H.3.1 for a
detailed explanation of the MC Method and how it is used to calculate the end of fill pressure target. Tco represents the
cold case gas temperature and is used to calculate the pressure target for non-communication fills and the pressure limit
for communication fills.

The calculations in this subroutine shall be conducted using the time step i, which means they are calculated once every
5 seconds. A time step shorter than 5 seconds may be used, if desired, but time step i shall not be shorter than time step j.

Equation J64 calculdtes the adiabatic internal energy. The unit of measure Tor Uadiabatic_cold 1S KJ.

Uadiabatic_cold = Uinit_cold + Maaa X have (Eq J64)
Equation J65 calculgtes the specific adiabatic internal energy. The unit of measure for Uadiabatic_cold is kJ/kg.
Ugdiabatic_co
Ugdiabatic_cold = —adiabatic.cold (Eq J65)

Mfinal_cold

ure as a function of

Equation J66 calcul
pressure and specif
reference equation f

htes the cold case adiabatic temperature Tadiabatic_coid. The equation for tempera
c internal energy is not given here, but guidance for-this calculation is given in
br temperature is provided by Equation J97. The unit'of measure for Tadiabatic_cold iS

.3, and if desired, a
Kelvin (K).

Tadiabatic,cold = f(Pstation'uadiabatic,cold) (Eq J66)
Equation J67 calcul
capacity as a functio
desired, a reference

htes the cold case specific heat capacity* at constant volume cv coid. The equation for specific heat
h of pressure and temperature is not given here, but guidance for this calculation jis given in J.3, and if
equation for specific heat capacity is,provided by Equation J99. The unit of measufe for cv_coud is kd/kgK.

(Eq. J67)

Cv_cold = f(Pstation' Tadiabatic_cold)

Equations J68 and |
The unit of measure

69 are used to calculate MCcola. For a detailed explanation of MCcols and how it
for MCecold is kJ/K.

is used (see H.3.1).

LE 6> tin _cold» Atcoig =t — tmin _cold» ELSE Atcoiq =0 (Eq. J68)
MC,yq = AC + BC X In /W + GC x (1 — e KC*Atcowa)JC (Eq. J69)
init_cold

The final step in this|subroutine is to calculate Tcad. Tead represents the cold case gas temperature infthe cold case CHSS
and is used in the Determination of pressure targets and limits subroutine in J.2.7.2 to calculate the pressure target for
non-communication fills and the pressure limit for communication fills. For a detailed explanation of Tcod (see H.3.1). The
unit of measure for Teo is Kelvin (K).

T __ Mfinal_ coldXCv_coldXTadiabatic_coldtMCcoldXTinit cold
cold —
MCcold+ Mfinal_cold*Cv_cold

(Eq. J70)

J.2.6 Calculation of PRR and Pcontror Subroutine

This subroutine is used to calculate the pressure ramp rate PRR, ramp pressure Pramp, control pressure Pcontrol, limit
pressures Piimit_nigh and Pimit_ow, and the factors, a and B, used in the tina equation. The ramp pressure is the pressure upon
which the pressure ramp rate is based. The control pressure is the pressure that the dispenser control is targeting at any
point in time during the fill. The upper and lower limit pressures define the pressure corridor and are limits on the station
pressure that are not to be breached. See H.2.3 and H.2.5 for a detailed explanation of the variable pressure ramp rate
PRR, H.2.6 for a detailed explanation of a, B, Piimit_nigh, and Pimit_1ow, and H.2.7 for a detailed explanation of Pcontrol.
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The calculations in this subroutine shall be conducted based on a time step j, which is advanced every 1 second. Thus,
each calculation in this subroutine is conducted once every second.

Equation J71 is used to calculate a. a is a factor which accounts for variability in the pressure ramp rate during the fill. ais
multiplied by the tfina equation to extend the fueling time based on the amount of variability in the pressure ramp rate. The
unit of measure for « is dimensionless. The unit of measure for RRmin and RRmax is MPal/s.

Note that in Equation J71, for the first calculation cycle when j = 0, a is not calculated and the initialization value of 1 is
utilized. Also note that if the mass flow rate is zero for longer than 5 seconds (for example, during an intended non-fueling

event), the minimum pressure ramp rate RRmin is set to zero.

THEN

Equation J72 is us
Equation J13. Howe
that causes the fueli
is given in H.2.6.2.1
minus the station pr
factor B to be recalg
manufacturer may ¢
will cause the fueling

Note that in Equatio
calculated, and therg
the criteria of t = ttol_ig
once, exactly at the f

IFj>0

(Eq. J71)

IF PRR < RRyn, THEN RR,;, = PRR
IF PRR > RR,yqy, THEN RRypa, = PRR

IF m = 0 for greater than 5 seconds, THEN RR;;= 0

|

bd to re-calculate B. The factor B is initialized in-the PRR control initializatio
ver, the inclusion of parameter APl ow in the B equation (see Equation J13) pro
ng time to be longer than it may need to be Adetailed explanation of the 3 factor
To eliminate this excess margin and optimize the fueling time, a measurement
bssure is made shortly after fueling commences at time t = tiol_low. This measure
ulated. B is only recalculated once -during the fill. The re-calculation of B is opt
noose to utilize the B factor initially_calculated in J.2.1, Equation J13, throughout
time to be up to 4% longer.

100+18.5(RRmax—RRmin)
100

h J72, for the first calculation cycle when j = 0, because the PRR is not yet kng

w satisfied. Also note that the measurement of Pramp - Pstation in the calculation of AR
rst time that the critéria of t = tl_iow is satisfied. If Pstation is greater than or equal to Pr.

n subroutine, J.2.1,
Vides excess margin
d how it is derived,

n
1: the ramp pressure

ent then allows the
onal. The dispenser
the fill, although this

wn, tiol low Cannot be

fore, this step is skipped, and the initialized value of f is utilized. The initialized value of B is used until

low IS only conducted
mp, then APtoIrow =0.

(Eq. J72)

IFj>0
THEN
Ltol_low — %
IF t =ty jow fOT the first time
THEN
APy, = MAXIMUM( 0, Pramp — Pstation)
AND

‘B _ Pfinal_Pmin

Pfinal=Pmin— APtol_high— APlow
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A cap PRRcar is placed on the pressure ramp rate PRR to limit the maximum flow rate and to prevent a from becoming too
large, which can actually cause the overall fill time to be longer. The highest average pressure ramp rate that can occur is

if tina is calculated to be tinal_min. I this case, the highest average pressure ramp rate over the whole fill would be Z£za="min

final_min
The cap on PRR is set so that it can never be higher than 110% of the highest average pressure ramp rate. This approach
allows the PRR to vary sufficiently, while ensuring that the flow rate and a do not become too large. The factor PRRcar_Factor,
which determines the magnitude of PRRcar, is set in the PRR control initialization subroutine, J.2.1.2, Equation J22. The
unit of measure for PRRcar Factor is dimensionless and the unit of measure for PRRcap is MPal/s.

Pfinal—Pmi
PRRcap = PRRcup pactor X L2120
- tfinal_min

(Eq. J73)
TopOff is an optional logical flag vanable that is set to either TRUE or FALSE. When TopOff is TRUE, the pressure ramp
e dispenser pressure
33 MPals is utilized
MPa. Using a lower
ncreasing the overall

and the CHSS presgure in order to increase the endmg SOC in the CHSS The limiting value of0
because at this preqsure ramp rate, the pressure drop between dispenser and CHSS is typicalty-<1
(i.e., less than 0.33 NIPa/s) limiting value may reduce the pressure drop even further, but at the-cost of i
fueling time.

If the TopOff pressu

in Equation J74. Equation J74 is not utilized during the first calculation cycle when(j)='0, because the

pressure target and
is MPa, and the unit

e ramp rate is utilized, the criteria to determine when the TopOff flag variable is

the PRR have not yet been determined. The unit of measure for Pstation, Ptarget non
of measure for PRR is MPal/s.

Activated is provided
necessary inputs of
| comm, and Ptargetfcomm

The use of the Topdff pressure ramp rate is optional.

Conditions for Activation of TopOff Flag Variable (Eq. J74)
IF j>0
THEN
IF Indicator Comm Fill = TRUE
THEN
IF Pm‘; statfon— > 0,965 — 0.09 x PRR
THEN
TOPOFF = TRUE
ELSE
IF Indicator Comm Fill = FALSE
IF Pmr; staslen— > 0,965 — 0.09 X PRR
THEN

TOPOFF = TRUE

Equation J75 is used to calculate the pressure ramp rate PRR. See H.2.3 and H.2.5 for a detailed explanation of pressure
ramp rate control and equations. Note that the incorporation of a TopOff pressure ramp rate is optional. If TopOff is not
utilized, then ignore the condition in Equation J75 where TopOff = TRUE. The unit of measure for PRR is MPal/s.
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THEN

Pressure Ramp Rate Equation

Pfinal_Pstartup

IF trinar X ( ) —t>10 AND Prgmp < 0.98 X Pfinay

Pfinal_Pmin

Pfinal_Pramp

PRR =
tfinalx<

Pfinal=Pstartup

)

PRR = MINIMUM [PRR, PRR,p]

Pfinal_Pmin

(Eq. J75)

ELSE

THEN

The ramp pressure |
advance the pressur
an intended non-fue
may be held constd
requirement Eq. J89
is MPa.

THEN

TF TopOff =TRUE

THEN PRR = MINIMUM [PRR, 0.33]

PRR = PRR

IF TopOff = TRUE

PRR = MINIMUM [PRR0.33]

Pramp @advances throughout the fill based on'the PRR calculated in Equation J75. S
e during the fill, it is always calculated forithe next time step j + 1, i.e., 1 second i
ing event where the flow rate drops to-zero, such as during a leak check or a ba
nt during this pause (if Pramp is not held constant, then the lower pressure |
still applies). Pramp begins advancing again once gas flow resumes. The unit

Ramp Pressure Equation

IFm>0

Pramp(j+1) = Pramp + PRR

ELSE

ince Pramp is used to
advance. If there is
k switch, then Pramp
mit Plimit_low process
bf measure for Pramp

(Eq. J76)

THEN

OR

IF m=20

Pramp(j+1) = P‘ramp

Pramp(j+1) = Pramp + PRR
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The control pressure Pcontrol is defined as the pressure that the dispenser is targeting at any point in time. In other words,
the control pressure is the control parameter that the dispenser follows in controlling the station pressure Pstation. Pcontrol iS
determined as an offset APofiset from Pramp. APofiset is initialized in the PRR control initialization subroutine, J.2.1.2,
Equation J23; however, it does not need to be a constant, and therefore may change during the fill. To provide the option
for APoitset to change, the value of APoiset is set each loop through this subroutine. The dispenser manufacturer should
determine the appropriate offset value based on the characteristics of the dispenser control. A larger offset results in shorter
fueling times, but provides a smaller margin between Pcontror and Pimit_nigh. See H.2.7 for a detailed explanation, and for an
example of how APofiset may be varied. APotiset may be set to any value between 0 and 7. The unit of measure for Pcontrol and
APofiset is MPa.

Control Pressure Equation (Eq. J77)

Set APossoor (determined by dispenser mfg)

Pcontrol(j+1) = Pramp(j+1) + APoffset

The upper and lower
a pressure corridor

of the first 15 second
on Pstation against Pii
measure for Plimit_nigh

limit pressures Pimit_nigh and Pimit_low, respectively, are utilized to set the upper ang
vhich the station pressure Pstation Shall not penetrate during the maing fueling tim
s (as well as additional conditions as per 9.3.2). The process check-subroutine, J.2
it_high and Piimit_ow t0 ensure that the station pressure stays within the pressure
and Pliimit_iow is MPa.

lower boundaries of
b, with the exception
.9, performs a check
corridor. The unit of

Upper and Lower Pressure Limit Equation (Eq. J78)

Piimit_nigh = Pramp + ARG hig
g P g

IF CHSS Capacity Category = A,B,or C

THEN
Pzimit,zow = MAXIMUM (Pstartup ’ Pramp - APtolJow)
ELSE
IF CHSS Capacity Category = D
Piimitsow = MAXIMUM (Pstareup: Ptartup + 0.0167 X t — APy; 10,)
J.2.7 Determindtion of Pressure Targets and Limits Subroutine

o independent and
ilired. Section J.2.7.1
describes the determination of pressure targets and limits for “ending pressure tables” as the ending pressure control option.
Section J.2.7.2 describes the determination of pressure targets and limits for the “MC Method” as the ending pressure
control option.

The calculations in this subroutine shall be conducted based on a time step j, which is advanced every 1 second. Thus,
each calculation in this subroutine is conducted once every second.
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J.2.71 Determination of Pressure Targets and Limits - Ending Pressure Tables

For end of fill determination, there are two pressure targets utilized, one for non-communication fueling Ptarget_non_comm, and
one for communication fueling Ptarget_comm. Additionally, there is a pressure limit utilized for communication fueling, Pimit_comm,
used as a secondary protection in case of a fault condition in the MT signal. The non-communication pressure targets and
the communication pressure limits were calculated in the end pressure control initialization subroutine, J.2.2.1.InJ.2.7.1, a
determination is made for which one of these pre-calculated non-communication pressure targets and communication
pressure limits is applicable to current conditions, and the communication pressure target is calculated as a function of the
CHSS measured temperature MT.

J.2.7.11 Determine Non-Communication Pressure Target

If the CHSS Capacity Category is A, B, C, or indeterminate, then nine non-communication pressure targets were calculated
in the end pressure%ontrol initialization subroutine, based on the fuel delivery temperature categorieg T40, T30, T20, and

the CHSS capacity gategories A, B, and C. If the CHSS Capacity Category is D, then a single non<communication pressure
target was calculated in the end pressure control initialization subroutine.

Equation J79 is utilized to determine which of these pre-calculated non-communication pressure targetk is applicable based
on the known mass Iverage fuel delivery temperature and the known CHSS capacity categofy in the clirrent time step. This
determination is madle each time step, as these parameters may change during the ffill."Note that for the T20 fuel delivery
temperature category, the upper boundary temperature of 255.65 K is not utilized in/making the detefmination of whether
to use the T20 non-gommunication pressure target. This is because MATc may-exceed this upper bgundary temperature
during the fill, especially if the initial pressure is relatively high, while the fill still stays within the procegs limit requirements.

Determination of Non-Communication, Pressure Target (Eq. J79)

IF 233.15 £ MAT, (= 240.15

THEN
IF CHSSCapacity_Category =A, THEN P target_non_comm — P target_non_comm_T40_A
IF CHSScapacity_category/~B5 THEN Piarget non_comm = Prarget non_comm_ra0_5
IF CHSSCapacity_Category =C, THEN P, target_non_comm — P target_non_comm_T40_C
IF CHSSCapacity_Category =D, THEN P, target_non_comm — P target_non_comm_D
IF Indicator Cons RR = TRUE
THEN

.
Ptarget?non?comm = MINIMUM [rtargetfnonfcomm7T4-07Ar Ftarget?non?comm7T4ofB' Ftarget?non?commj407€]

IF 240.15 < MAT, < 247.15
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IF CHSSCapacity_Category = A' THEN Ptarget_non_comm = Ptarget_non_comm_T30_A
IF CHSSCapacity_Category = B' THEN Pta‘rget_non_comm = Ptarget_non_comm_T30_B
IF CHSSCapacity_Category = C' THEN Ptarget_non_comm = Pta‘rget_non_comm_T30_C

IF CHSSCapacity_Category = D' THEN Pta‘rget_non_comm = Pta‘rget_non_comm_D

IF Indicator Cons RR = TRUE

SAE INTERNATI
THEN
THEN

Ptarget
THEN
THEN

Ptarget
J.2.7.1.2

A pressure target is

class and 24.0 g/L fq
control initialization s
and the unit of mea
+0/-0.08 MPa over t

non_comm = MINIMUM [PtargetfnonfcommeSQAr Ptarget?non?comm?TSOfB' Ptarget,non?com

IF 247.15 < MAT,

IF CHSSCapaCity?Category = A' THEN Ptarget?non?comm < Ptarget?non?commeZOfA
IF CHSSCapacity,Category =B, THEN Ptarget,non_comm = Ptarget,non,comm,TZO,B
IF CHSSCapaCity?Category = C' THEN Ptarget_non?comm = Ptarget?non?commeZOfC

IF CHSSCapaCity?Category = D' THEN. Ptarget?non?comm = Ptarget?non?comme

IF Indicator Cons RR = TRUE

non_comm = MINIMUM [PtargetfnonfcommezofAr Ptarget?non?comm?TZOfB' Ptarget?non?com

Determine Communication Pressure Target

calculated foreommunication fills based on an end of fill target density of 40.2 g/L
r the H35.pressure class, which has been discounted by SOCtarget. SOCltarget is s€
ubroutine, J.2.2.1. The unit of measure for Ptarget comm is MPa, the unit of measure
surexfor SOCtarget is percent (e.g., 100% is expressed as 100). Equation J80

n_T3 o,c]

n_T2 o,c]

for the H70 pressure
| in the end pressure
for MT is Kelvin (K),
has an accuracy of

heZrange of temperatures 233.15 K < MT < 358.15 K and range of target SOC ¢

)5 < SOCtarget < 100,

referencing data from the National Institute of Standards and Technology (NIST).

Calculate Communication Fill Pressure Target

(Eq. J80)

IF Press Class = H70, Pyarger comm = (00144 X SOCyqrger — 0.439) X (0.2782 x MT — 4.7145E — 05 x MT? — 6.18) — 0.1

IF Press Class = H35, Pyarger comm = (0.0123 X SOC,qrger — 0.227) X (0.1346 x MT — 1.3637E — 05 X MT? — 2.65) — 0.12

J.2.71.3

Determine Communication Pressure Limit

A pressure limit is determined for communication fueling, Piimit_comm. This pressure limit value is used as a secondary means
of protection to limit over filling in the event of a fault in the CHSS measured temperature MT, which causes the
communication pressure target to be incorrect.
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If the CHSS Capacity Category is A, B, C, then nine communication pressure limits were calculated in the end pressure
control initialization subroutine, based on the fuel delivery temperature categories T40, T30, T20, and the CHSS capacity
categories A, B, and C. If the CHSS Capacity Category is D, then three communication pressure limits were calculated in
the end pressure control initialization subroutine, based on the fuel delivery temperature categories T40, T30, T20.

Equation J81 is utilized to determine which of these pre-calculated communication pressure limits is applicable based on
the known mass average fuel delivery temperature and the known CHSS capacity category in the current time step. This
determination is made each time step, as these parameters may change during the fill. Note that for the T20 fuel delivery
temperature category, the upper boundary temperature of 255.65 K is not utilized in making the determination of whether
to use the T20 communication pressure limit. This is because MATc may exceed this upper boundary temperature during
the fill, especially if the initial pressure is relatively high, while the fill still stays within the process limit requirements.

Determination of Communication Pressure Limit (Eq. J81)
IF 233.15 < MAT, < 240.15
THEN
IF CHSScapacity_category = A THEN Piimit comm = Piimit_cofam_T40_a
IF CHSScapacity_category = By THEN Pyt comm = Piithit comm_ 408
IF CHSScapacity category = C» THEN Ppmit comin, = Piimit_comm_Ta0_c
IF CHSScapacity_category = D, THEN Piiis somm = Plimit_comm_r40.0
IF Indicator Cons.RR = TRUE
THEN
Piimit_comm = MINIMUM [P tivhit_comm_r40_4» Plimit_comm_ra0_g, P limit_comm_T40_C]
IF) 240.15 < MAT, < 247.15
THEN
IF CHSS¢épacity_category = A THEN Piimit comm = Piimit_comm_130_4
LWECHSScapacity_category = B» THEN Pymit comm = Piimit_comm_r30_8
IF CHSScapacity category = C» THEN Piimit comm = Piimit_comm_t30.¢
IF CHSScapacity category = Dy THEN Piimit comm = Pimit_comm_130_D
IF Indicator Cons RR = TRUE
THEN

Plimit?comm = MINIMUM [Plimitfcomm7T307Ar Plimit?comm?TSOfBr Plimit?comm?TSOfC]

IF 24715 < MAT,


https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

ONAL J2601® MAY2020

Page 226 of 293

IF CHSSCapacity_Category = A, THEN Plimit_comm = Plimit_comm_TZO_A

IF CHSSCapacity_Category =B, THEN Plimit_comm = Plimit_comm_TZO_B

IF CHSSCapacity_Category =C, THEN Plimit_comm = Plimit_comm_TZO_C

IF CHSSCapacity_Category =D, THEN Plimit_comm = Plimit_comm_TZO_D

IF Indicator Cons RR = TRUE

SAE INTERNATI
THEN
THEN
J.2.7.2 Determi

For end of fill detern

Plimit_comm = MINIMUM [Plimit_comm_TZO_A' Plimit_comm_TZO_B' Plimit_comm_TZO_C]
hation of Pressure Targets and Limits - MC Method

nination, there are two pressure targets calculated, one for non-cemmunication fi

and one for communication fueling Ptarget_ comm. Additionally, there is a pressure limit;calculated for co

Plimit_comm, used as a
is calculated as a fi
communication pres|
gas temperature ung

A pressure target is
pressure class and 2
for Teod is Kelvin (K
358.15 K, referencin

IF Pressure Class 5

IF Pressure Class 5

A pressure target is

class and 24.0 g/L fq
control initialization 3
and the unit of meas
over the range of ter

secondary protection in case of a fault condition in the MT signal. The communic
inction of the CHSS measured temperature MT. Theshon-communication pres
sure limit are calculated as functions of the parameter T, which represents thg
er cold case conditions.

calculated for non-communication fills based<on an end of fill target density of
1.0 g/L for the H35 pressure class. The unit of measure for Ptarget_non_comm is MPa an
. Equation J82 has an accuracy of +0:01 MPa over the range of temperature
y data from the National Institute of Standards and Technology (NIST).

Calculate Non-Communication Fill Pressure Target

H70, Prarget non comm =.02782 X Teoq — 4.7145E — 05 X Tpp4” — 6.18

H35, Prarget non comm = 01346 X Tepiq — 1.3637E — 05 X Typ14” — 2.65

calculated for‘'ecommunication fills based on an end of fill target density of 40.2 g/L
r the H35 préssure class, which has been discounted by SOCtarget. SOCltarget is s€
ubroutine;-d.2.2.2. The unit of measure for Ptarget comm is MPa, the unit of measure
lire fof, SOCtarget is % (e.g., 100% is expressed as 100). Equation J83 has an accu
hperatures 233.15 K < MT < 358.15 K and range of target SOC 95 < SOCitarget < 1

from the National Ing

Jeling Ptarget_non_comm,
mmunication fueling,
htion pressure target
sure target and the

minimum end of fill

10.2 g/L for the H70
H the unit of measure
5 233.15 K £ Teold <

(Eq. J82)

for the H70 pressure
| in the end pressure
for MT is Kelvin (K),
acy of +0/-0.08 MPa
00, referencing data

titute of Standards and Technology (NIST).

IF Press Class = H70, Piarget_ comm

Calculate Communication Fill Pressure Target

(Eq. J83)

(0.0144 X SOCyqrger — 0.439) X (0.2782 X MT — 4.7145E — 05 X MT? — 6.18) — 0.1

IF Press Class = H35, Parger comm = (0.0123 X SOC;qrger — 0.227) X (0.1346 x MT — 1.3637E — 05 X MT? — 2.65) — 0.12

A pressure limit is calculated for communication fills based on a limit of 115% SOC, which corresponds to maximum density
of 46.23 g/L for the H70 pressure class and 27.6 g/L for the H35 pressure class. See H.3.1.4 for an explanation and rationale
for this density limit. The pressure limit Pimit_comm iS used as secondary protection in case of a fault condition in the MT signal.
The unit of measure for Piimit comm is MPa and the unit of measure for Tcod is Kelvin (K). Equation J84 has an accuracy of
1+0.01 MPa over the range of temperatures 233.15 K < Teoa < 358.15 K, referencing data from the National Institute of
Standards and Technology (NIST).
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Calculate Communication Fill Pressure Limit

(Eq. J84)

IF Pressure Class = H70, Py comm = MINIMUM [83.5, (0.3457 X T,;q — 6.6942E — 05 X Too1q” — 7.29)]

IF Pressure Class = H35, Pymit comm = MINIMUM [43.75, (0.1622 X Togq — 1.8904E — 05 X To014° — 3.40)]

J.2.8

Evaluate End of Fill Criteria Subroutine

This subroutine is utilized to determine if the end of fill criteria are met, which will then end the fill. The calculations in this
subroutine shall be conducted at a frequency of no less than 10 Hz (ten calculations per second).

The condition for the end of fill criteria to be met for non-communication fueling is for the station pressure to be greater than

or equal to the non-

mmunication-nressure-taraat - Thae station shall gand tha fill immaediataelrwhaen this
FRARCHHeaHOR-PY tH-E-+taHget+—+ taHoR Re—tRe-Hr—HRAeaatey-AWHeR-+H

criterion is satisfied.

In Equation J85, as

IF

The condition for the
vehicle pressure MP|
The dispenser may

immediately when th

IF Indicaton
OR
IF Indicat
J.2.9 Process G
This subroutine is u
process condition ¢
possible, but within §
the pressure corrido
switch.

The unit of measure

Trert

per 6.2.2, the station pressure measurement shall account for the sensor error.
Evaluate End of Fill Criteria for Non-Communication Fueling
Indicator Comm Fill = FALSE AND Pgation = Prarget non comm: -THEN END F

end of fill criteria to be met for communication fueling is for'either the station p
to be greater than or equal to the communication pressure target, or the communi
Ltilize either criteria (i.e., station pressure Pstation Or vehicle pressure MP). The stg
is criterion is satisfied.

Evaluate End of Fill Criteria for Communication Fueling

CommFill = TRUE AND Pygpion = MINIMUM [Pyarger comms Piimit comm |, THE

pr Comm Fill = TRUE AND MP"> MINIMUM [Pyarger comms Puimit comm |, THEN
heck Subroutine

bed to check if temperature, pressure, and mass flow rate are within the proces
hecks are not satisfied, the process check subroutine fails, and the fill shall tg

seconds. Noté.than in Equation J89, the station pressure must stay above the Ig
only whenmass is flowing, which excludes intended non-fueling events such as

for Pstation, Pliimit_nigh, and Pimit_ow is MPa. The unit of measure of Tamb is °C. The un

Truet, and MAT3o is K

(Eq. J85)
LL

ressure Pstation O the
cation pressure limit.
tion shall end the fill

(Eq. J86)

N END FILL

END FILL

5 limits. If any of the
rminate as soon as
wer limit pressure of
b leak check or bank

t of measure for MT,

blvin' (K). The unit of measure for t is seconds, and the unit of measure for m is g

S.

The calculations in this subroutine shall be conducted based on a time step j, which is advanced every 1 second. Thus,
each calculation in this subroutine is conducted once every second.

IF Pyarion < 87.5, THEN PASS, ELSE FAIL

IF t > 15 AND IF Pyarion < Piimit nign» THEN PASS, ELSE FAILt

IF t > 15 AND IF Pyqion = Piimic tow» THEN PASS, ELSE FAIL't
IF -40 < Ty < 50, THEN PASS, ELSE FAIL

IF Indicator Comm Fill = TRUE AND MT < 358.15, THEN PASS, ELSE FAIL

(Eq. J87)
(Eq. J88)
(Eq. J89)
(Eq. J90)

(Eq. J91)
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IF Tyye = 233.15, THEN PASS, ELSE FAIL (Eq. J92)

IF n > 30 AND IF MATs, < 255.65, THEN PASS, ELSE FAIL* (Eq. J93)

IFt>0 AND IF i < 60, THEN PASS, ELSE FAIL (Eq. J94)

Note to Eq. J88: As per 9.3.2.1, if the station pressure exceeds the upper pressure limit by 5 MPa or less, it shall come

back within the limit within 5 seconds of the initial excursion, or shall stop fueling within 5 seconds of the initial excursion.
If the magnitude of the excursion is greater than 5 MPa, the station shall stop fueling within 5 seconds of the initial

Note to Eq. J89: the station pressure must stay above the lower limit pressure of the pressure corridor only when mass

is flowing, which excludes intended non-fueling events such as a leak check or bank switch. Also, as per 9.3.2.1, if the

T
excursion.
T
station pressure
excursion, not ¢
the initial excurs
I Note to Eq. J93
> 40. Additionall
0.6 g/s for more
J.3 REFERENGC

Application of the M
calculation of hydrg

for calculating the th

Reference Databasgq.

Equations J95 throy
required in the MC M
reference equations

J.3.1 Enthalpy (

h = (4.92522E -
0.000000454324 X |
0.0000132881 x P2
0.0000901478 x P3
0.0000852825 x P*

falls below the lower pressure limit, it shall come back within the limit within 15
bunting intended non-fueling time, and if it does not, the station shall stop fueling
on.

If an intended non-fueling event occurs between 20 < n < 30, then enforce this
y, the requirement for MAT30 < 255.65 only applies when the mass flow rate h3
than 10 seconds (see 9.1.2.1).
E EQUATIONS

C Formula-based protocol utilizing the MC Method for the ending pressure co

ermo physical properties of hydrogen are as’accurate as possible compared tq

gh J99 are given as a reference for¢alculating thermo physical properties of
ethod. These equations are generally accurate to within 0.5 to 1%. The programr

kJ/kg)

15 x P> — 0.0000000000016076 x P* + 0.000000000214858 x P®> — 0.000000
P — 0.00000987705) X T3 + (0.00000000055184 x P* — 0.000000141472 x P3
— 0.000497343 x P + 0.0108438) x T2 + (0.00000000202796 x P> — 0.000000
— 0.00639724 X P? + 0.225139 X P + 10.4372) X T + (—0.000000255167 x P°
— 0.0419306 x P® + 0.894471 x P> — 27.6592 X P + 112.034)

t

seconds of the initial
within 15 seconds of

requirement from n
s been greater than

htrol option requires

gen thermo physical properties. The thermo physical properties used in thé application of the
MC Formula-based protocol should be referenced to NIST data. Theprogrammer should ensure that t

ne equations chosen
the NIST Standard

hydrogen which are
ner may utilize these

or another set of reference equations provided they have documented and comparable accuracy.

(Eq. J95)
0146189 x P? +

664561 x P* +
+

where:

P = absolute pre

ssure in units of MPa

T = absolute temperature in units of Kelvin

Example input/outpu

t:

Inputs Output

P (MP

a) T (K) h (kJ/kg) - NIST

h (kJ/kg) - Eq. above

70.1

288.15 4232.1

4232.0

J.3.2
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J.3.3 Specific Internal Energy (kJ/kg)
(Eq. J96)

u = 496.1 X [(—0.000000251102 x P% + 0.00003270544 x P + 0.020635744157) x T + (0.000110237178 x P? —
0.014948338423 x P — 0.706955972653)]

where:
P = absolute pressure in units of MPa

T = absolute temperature in units of Kelvin

—

Example input/outpu

Inputs Output) -~
P (MPa) T (K) u (kJ/kg) - NIST u (kl/kg) - Eq. above
70.1 288.15 2488.8 2499 4

J.3.4 Temperatiire (K)
(Eq. J97)

T = (0.000001148 x P2 — 0.000148149 X P + 0.0976624642) x u +4-0.0047605417 x P? + 0.6412591317 X P +
34.3729762461)

where:
P = absolute pressure in units of MPa
u = specific internal energy in units of kd/kg

Example input/output:

Inputs A\ Output
P (MPja) u (kJ/kg) T (K) - NIST T (K) - Eq. above
70.1 2488.8 288.15 287.19

J.3.5 Density (k/m3)

(Eq. J98)

p=(—1.1671E — 16|XP* + 0.000000000000035429 x P?® — 0.00000000000380467 x P% + 0.000000000151947 x P —
0.00000000000376254) x T* + (0.000000000000159364 x P* — 0.0000000000491286 x P + 0.00000000538378 X
P2 — 0.000000222007 x P + 0.00000000512189) x T3 + (—0.0000000000826768 x P* + 0.000000026014 x P3 —
0.00000293356 x P2 + 0.00012714 X P — 0.00000263185) x T2 + (0.0000000195877 x P* — 0.00000634261 x P® +
0.0007478 x P? — 0.0354828 x P + 0.000608078) x T + (—0.0000018437 x P* + 0.000623884 x P®> — 0.0798237 X
P2 + 477618 x P — 0.0536549)

where:
P = absolute pressure in units of MPa

T = absolute temperature in units of Kelvin
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Example input/output:

Inputs

Output

P (MPa)

T (K)

p (kg/m?) - NIST

p (kg/m?) - Eq. above

70.1

288.15

40.21

40.21

J.3.6

Specific Heat Capacity at Constant Volume (kJ/kgK)

(Eq. J99)

¢, = 0.49608 X [(—2.6305218E — 13 X T3 + 2.9504059885E — 10 x T? + —0.000000114316 x T + 0.000015724461) x
X P34+ (2.239406732E — 11 XT3 + —0.000000026242 X T? + 0.000010846506 X T + —0.001653192666) X P? +

(—0.000000000909

84 XT3 + 0000001163147 X T2 4+ —0000549326926 X T + 0106819055) X P +

(0.000000183407 x|T3 + —0.000222580465 X T? + 0.091271823485 x T + 8.231398432926)]

where:

P = absolute pressure in units of MPa

T = absolute temperature in units of Kelvin

—

Example input/outpu

Inputs o4 Output
P (MPja) T (K) cp(kJ/kgK) - NIST ¢, (kJ/kgK) - Eq. above
70.1 288.15 10.703 10.678
J.4 REFERENCE CALCULATIONS

When first programming the MC Formula-based protocoly it is important to check the calculations fg
hrough J33 provide the correct tinal value for inputs of ambient temperature an
through J25 correspond to the tinal coefficient Tablesy4 through J8. Tables J26 through J33 correspond
Tables J9 through J16.

values. Tables J18

The values in Tableg J18 through J33 are tg.be compared to the equations for tfina found in Equations J

values of a and B ar¢ set to 1.0.

Table J18 =\Reference values for tinas based on Table J1 coefficients

r tfina @gainst known
H MATc. Tables J18
to the trinal coefficient

58 through J61. The

MATc (°C/K)

Tams (CC/K) || -40/233.15 | -35/238.15 | -30/243.15 | -25/248.15 | -20/253.15 || -17.5/255.65
50/323.15 1376.1 1950.5 4196.6 7534.6 11384.5 13320.3
45/318.15 586.2 742.9 1042.9 1555.8 2351.0 2876.3
40/313.15 350.5 496.7 666.2 874.4 1136.4 1292.4
35/308.15 3134 4445 599.5 785.7 1010.4 1139.4
30/303.15 250.9 351.0 470.7 612.1 777.0 868.9
25/298.15 206.6 284.7 380.2 493.0 622.9 694.3
20/293.15 173.2 237.3 315.1 406.6 511.9 569.8
15/288.15 149.3 205.3 271.7 349.4 439.2 488.9
10/283.15 129.9 179.3 236.9 303.9 381.2 4241
5/278.15 105.2 149.2 197.9 252.6 315.0 349.4
0/273.15 89.1 126.0 167.3 213.8 265.8 294.2
-10/263.15 73.9 108.4 146.5 189.0 236.2 261.8
-20/253.15 71.3 97.0 129.2 167.3 210.8 234.4
-30/243.15 54.6 81.8 113.0 148.4 188.1 209.6
-40/233.15 54.5 755 101.2 131.8 167.4 187.1



https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

SAE INTERNATIONAL

J2601® MAY2020

Page 231 of 293

Table J19 - Reference values for tinas based on Table J2 coefficients

MATc (°C/K)

Tamb (°C/K) -40/233.15 -35/238.15 -30/243.15 -25/248.15 -20/253.15 -17.5/255.65
50/323.15 544.0 738.6 1582.0 3933.8 8653.8 12170.5
45/318.15 267.4 487.0 820.2 1362.5 2209.2 2776.6
40/313.15 216.5 358.5 574.3 874 .1 1268.1 1503.7
35/308.15 205.8 332.8 533.6 811.5 1170.0 1380.5
30/303.15 180.0 277.8 434.3 649.7 923.8 1082.9
25/298.15 160.0 238.4 363.5 535.4 754.3 881.4
20/293.15 142.7 208.9 311.1 450.8 629.7 734.2
15/288.15 129.9 189.2 276.6 395.4 548.9 639.6
10/283.15 124.7 172.7 247.5 350.8 484.3 563.0

5/278.15 124.7 155.5 213.3 296.9 405.2 468.3

0/273.15 92.6 133.5 187.0 256.0 343.8 395.6
-10/263.15 91.0 125.4 172.8 235.7 316.8 364.9
-20/253.15 118.2 127.4 161.5 217.9 2939 338.4
-30/243.15 69.0 106.1 149.4 203.1 271.2 312.1
-40/233.15 71.1 100.9 139.1 188.5 251.6 289.1

Table J20 - Reference values for tiinas based on Table:J3 coefficients
MATc (°C/K)

Tamb (°C/K) -40/233.15 -35/238.15 -30/243.15 ~25/248.15 -20/253.15 -17.5/255.65
50/323.15 274.0 524.8 1008.5 2420.4 5455.5 7798.9
45/318.15 195.4 354.2 675.1 1217.7 2041.2 2576.9
40/313.15 176.4 280.3 500.4 855.3 1363.8 1681.5
35/308.15 170.8 269.3 475.9 809.4 1288.6 1588.8
30/303.15 155.4 238.1 400.7 661.3 1038.1 1275.6
25/298.15 141.9 214 .4 345.5 554 .1 859.1 1053.5
20/293.15 130.4 194.8 303.4 474.3 725.7 887.3
15/288.15 132.6 181.6 277.6 427.7 638.8 769.4
10/283.15 133.2 1703 251.8 382.7 568.4 683.3
5/278.15 126.3 156.1 221.8 327.5 477 .4 570.2
0/273.15 100.6 139.5 198.8 285.8 407.8 484.3
-10/263.15 96.3 133.7 189.1 270.2 384.9 457.3
-20/253.15 105.1 132.3 180.6 256.2 365.0 433.7
-30/243.15 109.1 130.1 173.3 243.6 345.9 410.6
-40/233.15 122.4 130.8 166.7 232.0 328.6 389.2
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Table J21 - Reference values for tinas based on Table J4 coefficients

MATc (°C/K)
Tamb (°C/K) -40/233.15 -35/238.15 -30/243.15 -25/248.15 -20/253.15 -17.5/255.65
50/323.15 290.5 370.1 825.4 1856.0 3661.7 4917.6
45/318.15 192.2 291.6 570.3 1072.0 1840.7 2338.8
40/313.15 210.2 246.2 434.3 778.9 1284.7 1599.5
35/308.15 212.3 242.3 421.0 749.8 1230.1 1527.7
30/303.15 219.6 222.8 359.6 623.9 1009.7 1246.3
25/298.15 198.2 204.6 316.6 531.6 847 .1 1041.7
20/293.15 197.5 195.6 284 .1 460.8 723.5 886.6
15/288.15 219.8 198.9 265.2 415.0 644.6 788.1
10/283.15 2194 195.1 248.7 377.5 579.0 706.2
5/278.15 173.5 169.6 220.0 326.1 489.1 592.3
0/273.15 136.9 150.4 198.9 287.4 420.8 505.8
-10/263.15 204.0 175.8 200.4 276.7 403.5 485.4
-20/253.15 173.5 162.1 192.3 266.6 387.3 465.9
-30/243.15 171.9 159.2 186.8 257.0 372.1 447.3
-40/233.15 173.7 158.3 182.5 248.1 357.4 429.1
Table J22 - Reference values for tina based on Table:J5 coefficients
MATc (°C/K)
Tamb (°C/K) -40/233.15 -35/238.15 -30/243.15 ~25/248.15 -20/253.15 -17.5/255.65
50/323.15 784.3 1179.7 1951.4 3505.5 6247.8 8191.4
45/318.15 451.7 645.0 865.4 1151.4 1541.7 1788.0
40/313.15 302.3 424.2 565.1 730.1 924.7 1034.7
35/308.15 267.5 378.1 506.9 656.7 830.5 927.4
30/303.15 207.0 290.4 390.0 505.8 637.9 710.0
25/298.15 165.1 229.9 308.4 400.2 504.9 562.0
20/293.15 132.1 185.9 249.4 323.0 407.6 454 1
15/288.15 110.1 156.9 211.1 273.5 345.0 384.5
10/283.15 89.4 1324 180.0 233.7 294.7 328.5
5/278.15 62.8 102.3 143.6 188.2 237.3 264.1
0/273.15 51.8 82.0 115.8 153.4 194.8 216.9
-10/263.15 414 68.4 98.8 132.7 170.2 190.3
-20/253.15 31.5 55.9 83.5 114.5 149.0 167.6
-30/243.15 26.0 47.4 71.9 99.5 130.5 147.2
-40/233.15 46.8 65.0 84.0 103.6 123.9 134.3
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Table J23 - Reference values for tinas based on Table J6 coefficients

MATc (°C/K)
Tamb (°C/K) -40/233.15 -35/238.15 -30/243.15 -25/248.15 -20/253.15 -17.5/255.65
50/323.15 319.1 643.6 1187.0 2288.2 4286.7 5728.4
45/318.15 220.8 4121 678.8 1052.2 1563.4 1880.5
40/313.15 176.2 288.1 464.2 705.1 1011.4 1189.3
35/308.15 165.8 266.3 428.6 651.7 934.9 1098.6
30/303.15 139.9 217.2 341.0 511.7 729.5 856.3
25/298.15 120.0 182.0 278.8 412.5 584.9 686.2
20/293.15 110.9 156.8 232.9 340.3 480.0 562.2
15/288.15 94.8 138.1 203.7 294 .2 4121 482.3
10/283.15 834 123.0 179.6 256.6 357.2 417 .4
5/278.15 131.8 124.9 153.2 210.7 291.7 339.1
0/273.15 51.8 85.6 126.4 177.2 241.1 278.9
-10/263.15 80.0 91.1 118.6 162.0 220.4 255.2
-20/253.15 63.4 79.6 107.8 148.6 2024 234.2
-30/243.15 60.9 75.0 100.3 137.2 186.2 215.3
-40/233.15 60.9 72.0 93.7 126.5 171.0 197.7
Table J24 - Reference values for tinas based on TableJ7, coefficients
MATc (°C/K)
Tamb (°C/K) -40/233.15 -35/238.15 -30/243.15 ~25/248.15 -20/253.15 -17.5/255.65
50/323.15 94.5 483.5 868.3 1584.1 2966.3 4012.1
45/318.15 169.3 276.4 533.8 959.6 1571.9 1953.7
40/313.15 139.6 216.8 382.8 656.0 1054 .4 1306.3
35/308.15 135.3 207.4 362.9 619.9 996.7 1235.8
30/303.15 120.2 179.3 299.6 496.8 786.9 971.6
25/298.15 104.4 159.0 253.4 407.2 640.0 792.1
20/293.15 123.1 145.8 218.0 344.0 528.5 644.0
15/288.15 100.4 131.6 196.2 302.4 458.2 557.3
10/283.15 76.2 1193 178.1 267.6 402.4 491.5
5/278.15 130.0 1245 155.4 223.5 329.1 396.2
0/273.15 60.0 91.9 133.0 191.1 273.8 326.8
-10/263.15 55.9 87.8 126.7 180.6 257.4 306.9
-20/253.15 58.9 86.0 121.0 171.0 2429 289.2
-30/243.15 134.6 114.4 124.0 162.6 229.2 272.9
-40/233.15 144.3 119.4 123.5 156.0 216.2 256.5



https://saenorm.com/api/?name=739419a05b64353cfb50f8a584f4810b

SAE INTERNATIONAL

J2601® MAY2020

Page 234 of 293

Table J25 - Reference values for tinas based on Table J8 coefficients

MATc (°C/K)

Tamb (°C/K) -40/233.15 -35/238.15 -30/243.15 -25/248.15 -20/253.15 -17.5/255.65
50/323.15 163.4 298.1 629.8 1289.4 2407.9 3180.1
45/318.15 207.2 230.5 433.2 825.1 1415.8 1788.6
40/313.15 195.0 195.5 324.9 584.6 976.2 1221.9
35/308.15 197.2 190.8 312.7 561.8 936.9 1171.4
30/303.15 173.3 171.5 265.3 457.9 752.7 939.5
25/298.15 197.6 169.9 231.1 380.8 618.3 769.9
20/293.15 210.0 168.0 206.4 323.3 517.0 642.1
15/288.15 186.5 155.1 188.9 288.3 453.8 561.5
10/283.15 1349 133.8 173.3 260.1 401.2 494 .2

5/278.15 178.3 147.7 161.3 221.2 329.6 402.6

0/273.15 158.2 134.0 144.5 191.7 277.6 335.6
-10/263.15 152.9 129.8 139.6 184.2 265.5 320.5
-20/253.15 146.7 125.1 134.6 177.1 2544 306.8
-30/243.15 186.7 148.9 144.5 175.6 244 .1 293.0
-40/233.15 210.1 169.5 156.2 175.8 233.8 279.1

Table J26 - Reference values for tiinas based on Table:J9 coefficients
MATc (°C/K)\ -

Tamb (°C/K) -40/233.15 -35/238.15 -30/243.15 | “25/248.15 -20/253.15 -17.5/255.65
50/323.15 381.8 569.6 961.4 1932.3 3857.7 86601.5
45/318.15 251.3 395.0 571.7 813.4 1151.9 9997.9
40/313.15 207.4 299.5 420.8 575.5 767.6 3823.4
35/308.15 199.8 287.4 402.3 547 .1 724.5 3362.8
30/303.15 175.7 247.2 339.6 454 1 591.8 2480.4
25/298.15 155.8 216.8 293.7 387.5 499.2 1998.9
20/293.15 139.1 193.0 258.8 337.7 430.8 1688.1
15/288.15 126.9 176.9 235.9 305.3 386.8 1541.7
10/283.15 115.5 1625 216.3 278.6 351.0 1378.1
5/278.15 99.9 1424 189.4 242 .4 302.8 1136.1
0/273.15 89.1 126.0 167.3 213.8 265.8 894.7
-10/263.15 73.9 108.4 146.5 189.0 236.2 803.8
-20/253.15 64.6 94.3 128.4 167.2 210.7 705.2
-30/243.15 54.6 81.8 113.0 148.4 188.1 640.3
-40/233.15 54.5 75.5 101.2 131.8 167.4 612.7
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