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1. SCOPE

SAE TIR J2601 es
criteria include max

ablishes safety limits and performance requirements for gaseous hydrogem-fiel dispensers. The
mum fuel temperature at the dispenser nozzle, the maximum fuel flow rate) the maximum rate of

pressure increase ad other performance criteria based on the cooling capability of the station’s.dispenser.

This document esta
and guidelines for “q
dispenser. The proc
provides details of th

The mechanical con
fueling vehicles ope
geometry for fueling
communication. It is
which case the resu
working pressures.
J2601 in the next re
Figure 1 illustrates th

This document appli
7.5 kg for 35 MPa.
duty vehicles and m
difference between
could be different.

blishes fueling guidelines for “non-communication fueling” in the absence of vehicle communication

ommunication fueling” when specified information is transmitted (from”the vehicl
ess by which fueling is optimized using vehicle-transmitted information is speci
e communication data transmission protocol.

hector geometry is not covered in this document. SAE-J2600 defines the conne
ating with a nominal working pressure of 35 MPa. SAE'TIR J2799 defines the m
vehicles to 70 MPa and also provides specifications for the hardware for vehicle
expected that SAE J2600 will be revised to include the receptacle content of
Iting SAE J2600 will provide connector hardware requirements for gaseous hy
The vehicle-to-station communication portion of SAE TIR J2799 is to be integ

and verified at the
ied. This document

tor requirements for
echanical connector
Hto-station dispenser
SAE TIR J2799, in
drogen fueling at all
rated into SAE TIR

vision, and it is planned that the 70 MRa*nozzle in SAE TIR J2799 will be replaced by SAE J2600.

e scopes and relationships of SAE J2600, SAE TIR J2799, and SAE TIR J2601.

es to light duty vehicle fueling for'vehicles with storage capacity from 1 to 10 kg
t is intended to be revised .in(the next two years to include separate requireme
otorcycles, forklifts and also,for residential hydrogen fueling appliances. Since
the onboard storage capacity of heavy-duty and light-duty vehicles, the perforn

for 70 MPa and 1 to
nts for fueling heavy
there is a significant
nhance specifications

Standard Designation H35 H70
. Heavy Duty . eavy Duty
Storage Capacity Classification [motsorrn::flcle': [Iighlt-ldg:ttyD:t:rﬂkg] [b)”.a' ’ ) [motsorrnc?)lflcle': [Iighlt-ldg:ttyD:t:rﬂkg] [b)”.a' ’ )
’ commercial truck) ’ conjmercial truck)
Fueling Conmeetion Device J2600 J2799 (to J2600 in future)
Vehiclg-to-Station € ication J2799 (to J2601 in future) J2799 (to J2801 in future)
A= 40C 2601 in future [ J2607 TIR in 2009 | 2601 in future 2601 in future [ J2B01 TIR in 2009 | 2401 in future
Fuellng Type B = -20C 2601 in future | J26071 TIR in 2009 | 2501 in future 2601 in future | J2B01 TIR in 2009 | 2401 in future
e L ZoUT T TOTE (O] | || ) Tt I (1T ZoUT T TOTE ZoUT T TOTE Zo01 in future
Type 3 Cooling D= None | 2601infuture | J2601 TIR in 2009 | 2601in future | 2601 in future 2601 in future 2601 in future
Residential 2601 in future 2601 in future 2601 in future 2601 in future 2601 in future 2601 in future

FIGURE 1 - SUMMARY OF FUELING INTERFACE STANDARDS AND SCOPE OF CURRENT SAE TIR J2601

This document applies to fueling using an average pressure ramp rate methodology which is to be verified with a
hydrogen dispenser test apparatus as defined CSA HGV 4.3. This document includes provisions for optional alternative
communications fueling protocols and is planned to be revised in the future to include specifications for additional fueling

processes to allow

more freedom than the present document.

New dispenser protocol proposals would need to be

verified with data and experience demonstrating the fueling algorithm’s capability to operate within the constraints of

Section 5.
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It is expected that this document will be used in conjunction with the CSA HGV 4.3 Hydrogen Dispenser Temperature
Compensation Confirmation Report, which will to provide a test method and equipment specification for confirming that
the performance of a fuel dispenser is consistent with the requirements of SAE TIR J2601.

This document establishes a formal industry-wide fueling guideline that supersedes all temporary guidelines informally
established by non-ANSI-certified organizations, such as the vehicle manufacturer (OEM) document Fueling Specification
for 70 MPa Compressed Hydrogen Vehicles, Version A posted on the NextEnergy website and all CaFCP Fueling
Protocols. It is understood, however, that other fueling protocols that differ from the look-up table-based protocol specified
in this document 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 method of identifying the particular vehicle and limiting the
protocol to that vehicle is utilized in the station design and operation. The intent is that developments be brought to the
SAE TIR J2601 team to enable modification of the document to allow for a more performance based approach for future
revisions. The current_document is table-based, providing concise performance targets and dispenser performance
specifications for bgth communicated and non communicated fills as shown in Figure 2 and defailed in Sections 5
through 9.

Fueling Procedure Summary

Communication Yes

Signal?

| Dispehser Type |

Dispensef Type

| Ambient Temperature | Vehicla M irements Ambient
Y Vehicle Data HSS Initial Pressure Py Temperatjre
Vehicle Measurements HSS Capacity
HSS Initial Pressure P, .
HSS Capacity o \tfei‘}lt:!z_
agh:clk ity No Alt Ramp Rate Yes
Authorization?

k. = Y e YV
Lookup Tables-A.B. C, orD HSS Py * @ APRR : Ramp Rateg :
Average Pressure Ramp Rate (APRR) |€ - = Lookup Tables i Table A APRR :
Fueling Target Pressure Py e HSE Gapacty A, B, G, orD j_AltforB.Cprb ;

T ]
v M
> While Valid Vehicle Data Receivgd
W
Fuel While EuelWhile
Patation < Piarget - APstatlen if datalost or Puiation < 125% NWP - AP 40,
- Socststi:un <100% - Asocststian
ANDif Lookup ehicle command = Abort
Table APRRs -
applied Toehice < 85°C
. Ponice < 125% NWP
End ]
[ ]dmybox-stationony [ ] minehox-venicle interaction End

FIGURE 2 - FLOW SHEET OF DECISION TREE FOR EACH FUELING PROCEDURE

This TIR is intended to evolve over time before it is standardized. The goal is to establish a protocol guideline in the initial
publication and request industry to give feedback and improvement suggestions before standardizing within a two-year
timeframe.
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2. REFERENCES

2.1 Applicable Do

cuments

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

211

SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA

and Canada) or 724

SAE J2574 Fyel-Cell \ehicle Terminclogy:

SAE J2578 Recommended Practice for General Fuel Cell Vehicle Safety

SAE TIR J2579 Technical Information Report for Fuel Systems in Fuel Cell and Other Hydrogen Fu
SAE TIR J2719 Information Report on the Development of a Hydrogen Quality Guideline for Fuel C
SAE TIR J2760 Pressure Terminology Used in Fuel Cells and Other Hydrogen/ehicle Applications
SAE TIR J2799 7(Q MPa Compressed Hydrogen Surface Vehicle FuelingyConnection Device and

Station Communications

SAE Paper 2005-01

Ufilizing Vehicle Representative Test Cylinders?®

2.1.2 ISO Publica

Available from Ame
4900, www.ansi.org.

ISO 14687-2  Hyd

ISO 13849-1  Safe
2.1.3 EN Publicati

Available from http:/

-776-4970 (outside USA), www.sae.org.

0002 “Gaseous Hydrogen Station Test Apparatus: Verification of Hydrogen Dis

ions

rican National Standards Institute{ 25 West 43rd Street, New York, NY 10036

rfogen Fuel - Product Specifications
ty of machinery - Safety-related parts of control systems
ons

www.din.de/cmd?level=tpl-home&languageid=en

EN50014:1997, EN
ENS5

5004521998, ENS0016:1995, EN50017:1998, ENS50018:2002, ENS50019:20
0021:1998, Electrical apparatus for potentially explosive atmospheres

Bled Vehicles

|l Vehicles

Optional Vehicle to

benser Performance

8002, Tel: 212-642-

DO, EN50020:1994,

EN60079-14: 1998, Electrical apparatus for explosive gas atmospheres — part 14: electrical installations in hazardous
areas (other than mines)
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2.1.4 |EC Publications

Available from International Electrotechnical Commission, 1211 Geneva

20,Switzerland, Tel: +44-22-919-02-11, www.iec.ch.

3, rue de Varembe, P.O. Box 131,

IEC 61508 Application of Safety Instrumented Systems for the Process Industries

IEC 62061 Safety of machinery - Functional safety of safety related electrical, electronic and programmable
electronic control systems

2.1.5 |ETF Publications

Available from http:/

\AAANAL fnqe r\rq/rfr\c/rfr"l 174 himl

RFC1171 The
2.1.6  API Publicat

Available from Ams
http://api-ec.api.org.

API RP 2003
2.1.7 Military Publ

Available from http:/

Point-to-Point Protocol for the Transmission of Multi-Protocol Datagram Over, Poi
ons

rican Petroleum Institute, 1220 L Street, NW, Washington, BDE€)20005-4070,

Profection against Ignitions Arising Out of Static, Lightning, and*Stray Currents

cations

www.everyspec.com/MIL-STD/MIL-STD+%280900+-+1099%29/

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

MIL-STD-810G Dep|
Lab

2.1.8 CSA Americ

Available from http:/

artment of Defense Test Method\ *Standard: Environmental
bratory Tests

Engineering

a Documents

www.csa-america.org/

CSA America HGV 4

CSA America HGV 4

CSA America HGV 4.

.1 Technical Interim Report Hydrogen Gas Vehicle (HGV) Dispensing System

ht-to-Point Links

Tel: 202-682-8000,

Considerations and

"2

(Gas Vehicle (HGV)

.2 Technical Interim Report Hoses and Hose Assemblies for Hydrogen
Dispensing Systems

3 «.JFechnical Interim Report Hydrogen Fueling Parameter Verification

4

CSA America HGV

CSA America HGV 4.5

Systems

lechnical Interim Report breakaway bDevices Tor Hydrogen Gas L)lspensing Hoses and

Technical Interim Report Priority and Sequencing for Hydrogen Gas Dispensing Systems

CSA America HGV 4.6 ~ Technical Interim Report Manually Operated Valves for Hydrogen Gas Dispensing Systems

CSA America HGV 4.7  Technical Interim Report Automatic High Pressure Operated Valves for Hydrogen Gas
Dispensing Systems

CSA America HGV 4.8  Technical Interim Report Hydrogen Gas Vehicle Fueling Station Compressor Guidelines

CSA America HGV 4.10 Hydrogen Fittings
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2.1.9 NHA Papers

Available from http://www.hydrogenassociation.org/general/publications.asp

Optimizing Hydrogen Vehicle Fueling, 2005, Schneider, J. Ward, et al.

70 MPa Hydrogen Storage and Fueling Testing and Future Prospects, 2009, J. Schneider, I. Sutherland, et al

2.1.10

IrDA Publications

Available from http://www.irda.org/displaycommon.cfm?an=1&subarticlenbr=8

IrDA IrPHY 1.4 IrD/
IrDA IrLAP 1.1 Seri
3. DEFINITIONS

3.1 CAPACITY

3.1.1 Light Duty V
Onboard storage ca
designed for timely f
35 MPa: In order to
best fuel all vehicleg
vehicles in a reason
approach. These ar|

3.1.1.1 70 MPa

Seriallnfrarad Phyucical | avar Snacification
SHar—hHarear—rSicatt=afer—opeciication

8l Infrared Link Access Protocol

ehicle Hydrogen Storage Capacity

pacity of light duty gaseous hydrogen will to be 10 kg©hless when fully filled. Th
ueling of onboard storage with a capacity from 1 kg‘up to 10 kg. Capacity Categg
fuel the range of available OEM storage containers, a data study was carried out

able amount of time, capacity categories had<to be established to separate the
b as follows:

Less than or equal t¢ 7 kg hydrogen for total capacity.and single cylinder; Greater than 7 kg up to 10 k

3.1.1.2 35MPa

Less than or equal t 7.5 kg hydrogen tetal capacity.

3.1.2 The peak fu
delivered to

The daily station ca
delivered to 7 kg-cay

bling capacity_shall be expressed in kg/h and is defined by the total quantity of h
7 kg-capacity.vehicles according to the Fueling Protocol in a 1 h period.

pacity ‘shall be expressed in kg/day and is defined by the total quantity of hy
acity, vehicles according to the Fueling Protocol over a 12 h period.

is fueling protocol is
ries for 70 MPa and
to determine how to

to an acceptable fill level within a short amount™of time. It was determined thdt in order to fuel the

tables-based fueling

g hydrogen.

ydrogen that can be

drogen that can be

3.1.2.1

Assumption for capacity calculation IS that each fueling takes place at U °C ambient, starts at initial HSS

pressure of 2 MPa, adds 7 kg to achieve 100%SOC at 80 MPa, and is followed by a 2-min interval before the

next vehic

3.1.2.2

le can fuel at the same dispenser.

Ambient temperatures greater than 0 °C may reduce actual station output. Potential ambient temperature

effects on fueling time can be understood from the non-communication pressure ramp rates in Tables 8-1 to
8-8. Output loss due to ambient temperature effects can be mitigated by Type A dispensing and/or by multiple
dispensers operating in parallel.

3.2 DISPENSER COMPONENTS

3.21

Hydrogen Dispensing System (Dispenser)

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

vehicle.


https://saenorm.com/api/?name=dd12fda620a0ba053f065d375116117f

SAE

J2601 Issued MAR2010

Page 7 of 54

3.2.2 Connector

A joined assembly of Hydrogen Surface Vehicle (HSV) nozzle and receptacle which permits quick connect and disconnect
of fuel supply to the vehicle.

3.2.3 Nozzle

Device connected to a fuel dispensing system which engages the HSV receptacle and permits transfer of fuel.

3.2.4 Receptacle

Device connected to a vehicle or storage system that receives the dispenser nozzle and permits transfer of fuel. This may

also be referred to a

s 2 fuelina inlet
)

3.3 TEMPERATU
3.3.1  Ambient Ter
The ground-level ter
3.3.2  Fuel Deliver
The temperature o
temperature. Statio
than the pre-cooling
3.3.3 Vehicle Tan

The average temper
for the purpose of s

RE
nperature
nperature of the air measured at the fueling station, and not in direch sunlight.
y Temperature
the hydrogen gas at the dispenser nozzle during™\fueling; this is identica
hardware set temperature.

Gas Temperature

bnding a temperature signal to the dispenser during fueling, this temperature is

the (nominal) average temperature of the gas in the vehicle tank. Due to accuracy and sensor rel

vehicle manufacturg
criteria for the abort

3.3.4 Soak Temps
Temperature of veh
fueling station. Figu
soak conditions. Soa
3.4 PRESSURE

3.4.1 HSS Pressu

Signal.
rature of Vehicle Storage-Tank
icle storage tank after parking, which may differ from the ground-level ambie

k temperatureis independent of the thermal effects of fueling or defueling.

to the pre-cooling

N dispensers are classified based on their fuel delivéry temperature capability, which may be different

ature of the gas in the vehicle tank. [f-the vehicle tank contains a temperature measurement device

also assumed to be
ability concerns, the

r should consider the tolerances of the temperature measurement by the vehicle and include as

nt temperature at a

re A1 shows the range of soak temperature relative to ambient temperature du¢ to hot soak or cold

re (Pvehicle)

Pressure of hydrogen gas within the vehicle Hydrogen Storage System (NOTE: For vehicles with multiple tanks, this
document assumes all tanks are at equal pressure and are filled in parallel).
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3.4.2 Station Pres

Pressure measured

3.4.3 Settled Pres

sure (Pstation)
at the pressure transducer in dispenser at the nearest point to the nozzle.

sure

Pressure of hydrogen gas within a vehicle storage tank with gas temperature equilibrated at ambient temperature.

3.4.4 Target Fueling Pressure (Piarget)

Pressure associated with maximum fill according to this Protocol. This is the pressure at which fueling should cease.

3.4.5 Nominal W

Puenicie COrresponding

3.5 STATE OF CH

Ratio of hydrogen d¢nsity within the vehicle storage system to the full-fill density. SOC.is expressed

is computed based ¢

inside the vehicle tafk, and p is the calculated density

The p(P,T) function
http://www.boulder.n

kina Praccura
KRG+ FessuUt
to a full fill equilibrated at 15 °C.

IARGE (SOC)

n the gas density as per formula below. NOTE: P and T are the pressure and te

g F T)
o (NWP, 16°C)

$0€ (%) = X100

for hydrogen is available from the Natiofal Institute of Standards and Tg
ist.gov/div838/Hydrogen/PDFs/Hydrogen-2006-01-0434.pdf NOTE: The acc

equation has only be

3.5.1 100% SOCs
3.5.1.1  Density of]
3.5.1.2 Density of]

3.6 COMMUNICA

3.6.1  “Non-Comm

connection from vehicle)to fueling station dispenser as described in SAE J2799 has been es

received da
signal from
communicat

en quantified up to 45 MPa at the publishing of this document.

H, at 15 °C and 35 MPa = 24.0 g/L

H, at 15 °C and 70 MRa = 40.2 g/L

TION / NON-CONMMUNICATION

unication” when used in combination with a fueling procedure or fueling type
a has not been recognized as valid by the dispenser. However, if the station

the «vehicle, then the station should stop fueling, regardless of whether the fue
on-or communication.

Density Reference Values at 15 2Cyand the NWP of the hydrogen storage systenp

bs a percentage and
mperature of the gas

(Ea. 1)

chnology (NIST) at
hracy of the NIST

means that no data
ablished, or that the
receives an “abort”
ing mode was non-

3.6.2

“Communication” when used in combination with a fueling procedure or fueling type means that a data connection

from vehicle to fueling station dispenser as described in SAE J2799 has been established and the received data
has been recognized as valid by the dispenser. In this document there are two types of communications ramp
rate: Default, utilizing non-communications APRR and Alternative (ALT) communications using same APRR for
Type ‘A’ Dispensers, with different rates possible with types ‘B, C and D’ dispensers.
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4. ABBREVIATIONS AND SYMBOLS

4.1 Abbreviations

e APRR Average Pressure Ramp Rate (MPa/min)

e ALT Alternative, non-specified, Hydrogen Fueling Methodology within limits describe in Section 9
e CAN Controller Area Network

e CHG Compressed Hydrogen Gas (H.)

e CRC Cyclic Redundancy Check

e ECU Electronic Control Unit

e FC Fueling Command (Fuel, Halt, Abort)

e FMEA Failure Modes and Effects Analysis

e FS Ueling Statton

e FTA ault Tree Analysis

e H, ydrogen gas

e HDTA ydrogen Dispenser Test Apparatus

e HSS ydrogen Storage System (on board vehicle)

e HSV ydrogen Surface Vehicle

e IR nfrared light

o DA nfrared Data Association

e LFL ower Flammability Limit (of hydrogen)

e MAWP aximum Allowable Working Pressure (fueling station)

e NIST ational Institute of Standards and Technology

e NWP ominal Working Pressure (vehicle fuel system), based on 15 °C settled pressurg.
e PRD ressure Relief Device (thermally activated gas'release device in vehicle fuel sysfem)
e PRV ressure Relief Valve (Mechanical valve in fugling station; over-pressure protection)
o SAE ociety of Automotive Engineers

e SNV ignal not Valid

e SOC tate of Charge (in %)

e TCU ank Control Unit (of vehicle)

4.2 Symbols

o p(PT) as density, a function.ofpressure, P, and temperature, T

e PO nitial HSS pressuretevel prior to fueling

e Ptarget arget Fueling Pressure (see 3.4.4)

e Pstation ueling pressure.as measured by station (see 3.4.2)

e Pend station at the-end of fill

e Pvehicle SS Pressure (see 3.4.1)

o dP ressure drop between Pstation and Pvehicle

e APstation ncertainty in Pstation measurement, as defined in CSA HGV 4.9

o ftfueling ueling time

e tend tfueling at the end of fill

o tleak check Time allotted for leak checks during the fill (10 seconds per check — up to 10 seconds

total for 35 MPa dispenser, up to 30 s total for 70 MPa dispenser)

e Tvehicle HSS temperature data received by station from vehicle during communication fueling
o Tfuel Fuel Delivery Temperature (see 3.3.2)

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

e SOCstation SOC calculated by station dispenser using Pstation + APstation and Tvehicle
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5. GENERAL REQUIREMENTS FOR FUEL SYSTEM AND INTERFACE

5.1  Operating Con

ditions of the Vehicle Fuel System

The fueling station is responsible for control of the fueling process. The Fueling Protocol specifies the fueling process
based on the expectation that vehicle fuel systems have the following constraints in their operation. The following is also
described in SAE J2579.

5.1.1  Maximum pr

essure within the vehicle fuel system 125% NWP

5.1.2 Gas temperature within the vehicle fuel system less than or equal to 85 °C

5.1.3 Gas density

within the vehicle fuel cyefﬁm < 100% SQOC (cnn 3 R)

5.1.4 Operating w

5.1.5 The Fueling
vehicle fuel

ndow for pressure, temperature, and SOC

Protocol is defined such that designers of vehicle fuel systems can)confirm
system during fueling will remain within the operating window shown in Figure

hat the gas in their
3 where it does not

exceed 125% NWP or 85 °C or 100% SOC.
Hydrogen Storage System Fueling Window - 70MPa Case
100 ‘
0

o o OV

807 Overill N

70 (p>40.2 grams / liter) A
—_ )
T ol B Y .
2 g ic
o 50 - c = m
5 < 2
% 40 | E e
o =

30 - 50C=100% ﬁ_u Tank Temperature Limit

(p=40.2 grams Hiter) Eﬂ (T=85°C)
20 -| 3
2
10
0
-80 -60 -40 -20 o 20 40 60 80 100
Temperature (°C)
FIGURE 3 - OPERATING WINDOW OF FUELING PROCESS (70 MPA NWP FUEL SYS

5.1.6 In developin
than 20 MP

g thisiprotocol, the maximum total pressure drop from receptacle to HSS was

h wunder the following conditions: a vehicle tank pressure of 10 MPa, a fuel temy

the nozzle a

(e.g., for a capacity of 5 kg : mass flow = 5000 g/180 s * 1.5 = 41.67 g/s).

5.1.7 Vehicle fuel

system in accordance with SAE TIR J2579.

TEMS)

assumed to be less
erature of -15 °C at

nd a mass flow T.5 tmes the average mass 1low required to Till the entire storage capacity in 3 min

5.1.8 Data communicated from the vehicle to the station dispenser shall follow all protocols specified in SAE J2799.

5.1.9 NOTE: Vehicles and station component selection should consider the applicable ambient conditions in 5.2.1 and
the fuel temperature tolerances in Section 6.
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5.2 Fueling Process Limits

Fueling dispenser algorithms shall ensure that the fueling process falls within the guidelines of the Fueling Protocol as
described in this document. The Fueling Protocol specifies common industry requirements for fueling within the following

defined limits.
5.2.1
522
523

5.2.4 Station PRV,

5.2.5 Station max

5.2.6
5.2.7 Hydrogen flg
cycle are all
includes lea

5.2.8 The fuel ten]

6. DEFINITION OR

Fueling dispenser
implements a certai
in the Fueling Type

If a Fueling dispens
consist of the letter
protocol according tq

The Fueling dispens
coldest fuel delivery
rates. The following

NOTE: This docum
requirement

Fueling dispenser tyf
document.

Fuel flow rate at dispenser nozzle < 60 g Ha/s (3.6 kg/min)

f

Ambient temperature range at fueling station = -40 °C and < +50 °C.

Pstation < 125% NWP of the vehicle fuel system

No lower bound on the starting pressure or SOC in the vehicle fuel system at the onset of fueling.

-setpeirt—=4-4>4-26-NWR=4375xNWP(SAEJ2766}

developed pressure = 1.2 x 1.25 x NWP = 1.5 x NWP (SAE J2760)

w should not be controlled in an on/off manner. No more than A0_complete stoq
checks where required (e.g., NFPA)

perature at the dispenser nozzle shall be =-40 °C.

FUELING STATION DISPENSER TYPES

pes determine which tables are used far<fueling a vehicle fuel system. A

fueling type shall be capable of delivering the fuel at the nozzle within the parar

finition.

br Type is specified for more thanlone NWP level, then the nomenclature for th
defining the Fueling Type and-the NWP level in MPa (e.g., fueling type “A-7(
Fueling Type “A” at a NWP.ef70 MPa).

er Type lettering system‘relates to the pre-cooling capability of the dispenser.

and the fastest fueling-rates, while “D” represents the absence of cooling capabili

are the fueling type categories for 70 MPa and 35 MPa NWPs.

bnt assumes.components comply with the performance limits specified in the i
5 listed in(Section 2.

pesyper pressure level as defined below. No other dispenser types are defined

s in flow during a fill

bwed (defined as the number of times flow drops to below 1% ofthe max flow rate). This allowance

fueling station that
heter limits specified

e Fueling Type shall
” means the fueling

“A” represents the
ly and slower fueling

ndividual component

or accepted per this

70 MPa:

“A” = -40C Ty, Capable Dispenser (-40C < Tye < -33C)

“B” = -20C Ty Capable Dispenser (colder of -22.5C or Ty < Tre < -17.5C)

“C"= 0 C Ter- Protocol not specified or recommended in this document

“D” = No-Pre-cooling or ambient Ty, - Protocol not specified or recommended in this document

35MPa:
“AH

-40C Ty Capable Dispenser (-40C < Tye <-33C)

“B” = -20C Tr.eCapable Dispenser (colder of -22.5C or Tamp < Trel < -17.5C)
“C” = 0 C TeCapable Dispenser (colder of -2.5C or Tamp < Truel < 2.5C)
“D” = No-Pre-cooling or ambient Ty, Capable Dispenser (protocol development based on Ty = Tamp £5C)
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The pre-cooling temperature (Tse) is the temperature at the nozzle outlet within the tolerances specified above. This
temperature should be reached within 15 s after the start of the fueling ramp, and maintained on a mass-averaged-basis
over any 30 s period. For type “B” and “C” stations, if the ambient temperature, T.np, is less than the pre-cooler set
temperature, it is assumed that Tqe = Tamp. Each fueling type will have a corresponding “look-up table” for fueling
parameters based on key inputs such as ambient temperature, measured initial pressure of HSS, and measured capacity
category of HSS (see 3.1).

Adherence of the dispenser to this protocol must be confirmed with the CSA 4.3 HDTA prior to general customer fueling.
7. COMMON PROCEDURES FOR COMPRESSED HYDROGEN FUELING

7.1 Fueling Diagram: Tolerance of Ramp Rate

7.1.1  Fueling is tibe conducted according to the illustration in Figure 4. The reference pressureg are measured from
Pswtion- The fueling diagram and tolerances specify the operating bandwidth for the fueling-prqcess. The ramp rate
is shown wjth no tolerance as the allowable deviation has two separate requirements. [The first ramp rate
tolerance is |a tolerance on ramp rate measured over any 10 s interval of the fueling-procesg. This is to allow for
larger deviation during station storage bank cascade switches or compressor,start-ups. The second ramp rate
tolerance is [the overall tolerance on the average ramp rate when measured from't, to any {ime t during fueling.
This tolerange is to ensure the fueling time and ramp rate meet the requirements of the fueling tables (Sections 8
and 9).

7.1.1.1 In the statpd hourly capacity of the station is exceeded, slower than.normal fueling speeds fnay produce a lower
ending tapk temperature and consequently a higher ending{tank SOC than the modelq predict for a given
station tyge. If, in this case, the flow speed drops below the allowed 90% of APRRarget [7.1.2.4), the control
system myist compensate for lower ending fill temperatureby setting Prget Of 80% NWP ingtead of that listed in
Tables 8-1 to 8-8. This ensures that the dispenser willkconform to Section 5 limits. Further, the non-standard
filling conditions may result in longer fueling times andJower SOCs (from those in Appendix|B).

7.1.2 It should be|noted that there is a difference betwegen pressure ramp rate as controlled by tHe dispenser and the
actual vehicle pressure ramp rate. (Note that the pressure difference is subject to vehicle design and condition.)

The fueling corridor has 3 stages, each with paranieters specified below.
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7.1.2.1 Py = Initial Pressure
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FIGURE 4 -.FUELING DIAGRAM WITH TOLERANCES

7.2 Stage 1: Initigl Integrity / Volume(Pressure Pulse

The fueling station

station uses a pressure pulse with-maximum pressure of 125% NWP and maximum flow rate of 60
vehicle tank pressurg, Py, and\verify that it is below the Fueling Pressure Target, Piarget Specified in Segtion 8. The amount
of fuel transferred during4he pressure pulse must be such that the vehicle pressure at the start of fill, Pg, is No more
than 2 MPa greater|than-the pressure before the pulse, Py (7.1.2.1). During this time, there is a legak tightness integrity
check as per NFPA|52{US) or other applicable code. A combination of pressure pulses and/or flo

TQ
not

Hispenser can-receive tank volume through the SAE J2799 communication from the vehicle. The

/s to measure initial

rate measurements

may also be used to measure and calculate tank volume and capacity to reference in fueling table look-up. The time to
perform these measurements and calculations should be minimized.

For the vehicle volume calculation test (with tanks in parallel), the dispenser expects that the total ‘cracking pressure’ (i.e.,
pressure required to open check valves, etc.) of the fuel system is less than approximately 0.3 MPa. It is understood that
there is no way to differentiate between the volumes of onboard multiple tanks versus a single tank.

Percent Accuracy in Tank Volume Measurement (Capacity) must be within £10% total. This is to be confirmed with CSA
HGV 4.3. As the document evolves, it is intended to have a lower tolerance band for those utilizing this methodology.

The acceptable accuracy for dispenser pressure sensors is specified in HGV CSA 4.1.
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7.3 Stage 2: Average Pressure Ramp Rate Within Tolerances
Fueling is to proceed at the average pressure ramp rate defined by the look-up table per dispenser type:

7.3.1 Due to concerns with over-heating and over-density, the actual average pressure ramp rate between start of
fueling and any intermediate time cannot vary from the average pressure ramp rate specified in Section 8 and 9
by more than 10% (7.1.2.4).

7.3.2 Figure 5 shows an example of a fueling process that satisfies the Fueling Protocol Diagram (the reference
pressures are measured from Pguaiion). It includes an initial pressure pulse to determine the initial pressure in the
vehicle fuel system; the initial pressure pulse is limited by the mass flow limit (5.2.5). This pulse can also used for
the initial leak test that confirms the nozzle/receptacle seal. Also included are two leak tightness checks, during

which the flow._is Q’rnpppd to allow pressure pqllali72tinn and leak measurement of the fleling system_ The
changing ggs pressure is illustrated during the subsequent fueling stages, across whichtlje average pressure
ramp rate, APRRwa, that defines the diagram specified in 7.1, is achieved.
125% NWP n—
Plng
s
=]
;]
[7/]
]
=
o
Psb rt
A ] ] T T T
tﬂ Etleakchecm A EtleakcheckE ?tend )
e IR o N\ B
Stage 1 Stage 2 Stagg 3
Time
1 Py < Pyan < Pg + 2MPa

Z |Jtzarget -ZMPa = IJent:i = Ptarget +ar 3 . -
3 APRR;cua = APRRarger /- 10%, When measured from t, to any intermediate time t when t >

15 sec and not including teaxcneck
4 tend = to o (Pend'pslart)‘rAPRRactual + tIeakchecm + tIea!«:heck2

5 tleakcheckl + tIeakcheckz < 30 sec

FIGURE 5 - EXAMPLE OF A FUELING PROCESS THAT SATISFIES THE FUELING PROTOCOL
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7.4 Stage 3: Completion of Fueling

Compiletion of fueling is at Peng = Prarget = APstation 0 MPa/ -2 MPa + dP. NOTE: P¢,g can be adjusted to compensate for
the pressure drop (dP) between pressure measurement and actual tank pressure, so long as this compensation occurs
within the allowed tolerance for APRR plus allotted time for leak checks (tieak check)s 1-€-, tend = fo + (Pend-Pstart /APPRctual +
tieak check - (NOTE: dP, as utilized above, is the pressure drop at the end of fueling, not the 20 MPa as specified in 5.1.5.
Only the momentary pressure drop, dP, at the end of fueling should be compensated. The pressure overshoot to account
for dP should be no greater than 2 MPa.

7.5 General Fueling Guidance

7.5.1  True, as defined in Section 6 and utilized in the tables |n Sectlon 8, is the value of the gas temperature at the
dispenser npzzle allow , ore e an initial time delay
before the Teye meets the specmed values. ThIS tlme delay is dependent on dlspenser design and fueling
frequency, Hut must be kept within 15 s under all conditions.

7.5.2 The Fueling|Procedure for communication fueling is specified to provide a fueling as’ close as possible to 100%
SOC within the limits of chapter 5 and specified Fueling Time (tseiing)-

7.5.3 The Fueling|Procedure for non-communication fueling is specified to provide-fueling within the limits of chapter 5
under all pofential ambient and vehicle conditions that may occur at a dispenser

7.5.4 The Fueling| Pressure Target, Purget, iS specified to prevent overspressurization (> 125% NWP) and overfilling
(>100% SOL) of the vehicle fuel system. The maximum fueling”pressure varies with thg temperature of the
hydrogen aq shown in Figure 3.

8. NON-COMMUNI|CATION FUELING PROCEDURE
SAE TIR J2601 dgfines a “tables-based” approach for-non-communications fueling. The purpose is to optimize

performance for each fueling type (or hydrogen dispenser. €ooling capability). See Section 6 for fueling types for both 35
and 70MPa.

This approach utiliz¢s the ambient temperature.measured at the station (T, as defined in 3.3.1),|the initial measured
pressure in the HSS|(Py), and the and the capacity of the HSS (calculated based on station measurement) to ‘look-up’ the
associated average pressure ramp rate and target fill pressure to be utilized in control algorithms.

There are also “Extreme case” state of eharge tables for each fueling type in Appendix B. These tallles, which are to be
used in the station djspenser confirmation process (CSA HGV 4.3), provide the lower bound on the expected SOCs when

These tables were developed:from a multiple OEM/ Hydrogen Fueling Provider joint subteam of SAE|TIR J2601 and CSA
HGV 4.3. This wag an open cross-industry effort put forth from this team to understand the fuel ng extremes and to
modeling table was
Sentative containers.

The following are the steps to be taken in utilizing the look-up tables.
8.1  If communication signal is present, then defer to communication fueling procedure (Section 9).

8.2 If the station receives an “abort” signal from the vehicle, then the station should stop fueling, regardless of whether
the fueling mode was non-communication or communication

8.3  Fuel Delivery Temperature (Ts,) should be in accordance to Fueling Type (as per Section 6)

8.4 Measure Ambient Temperature (T,mp) With temperature sensor on station within tolerance of 0.5 °C.
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8.5 Measure Initial HSS Pressure, Py, with a Pressure Pulse from the Dispenser (Section 7)

Estimate HSS Capacity with a pressure pulse(s) and/or mass flow measurements from the dispenser. The dispenser is to
convert the measured tank volume into mass capacity to determine the appropriate look-up table for APRR and target
pressure

8.6 Use look-up tables to determine the Average Pressure Ramp Rate (APRRuret) and the Fueling Target Pressure,
Prarget, @ccording to non-communication fueling table numbers (8-1 to 8-8). Table choice is based on Fueling Type
and HSS Capacity. Parameter look-up within the table is based on ambient temperature and Initial tank pressure.
Linear interpolation should be used to derive actual parameters from table values. This will be one-dimensional
interpolation for the APRR g6t (based on ambient temperature) and two-dimensional interpolation for the target
pressure (based on ambient temperature and initial HSS pressure) or extrapolation if P, is below 2 MPa. This is
explained in mare detail in Appendix D

If the initial tank pregsure exceeds the fueling target pressure corrected for measurement uncertainty (e.g., if Po > Prarget -
APgtation), No fuel shquld be dispensed.

8.6.1.1 Initiate fugling within tolerances as described in Section 7 with Fuel Delivery. Temperaturg T, as specified in
Section 6.

8.6.1.2  Continuously monitor Pgtation-
8.6.1.3  Terminate|fueling as per 7.4.

8.6.2 See Appenfix D for example of table interpolation. Note: If one of the interpolation values |s in the “no fueling”
zone of the fable, then the dispenser should not fuel the vehicle.

8.7 Non-communitation Look-Up Tables

Non-Communication Fueling Table 8-1
Type A-70 Fueling Ramp Ratesand Pressure Targets for HSS with capacity 1-7 kg

Average
A-70 Pressure Fueling Target Pressure, Piaget (MPa)
1 -7kg Ra:SRR:tE’ Initial Tank Pressure, P, (MPa)
{MPa/min) 2 5 10 15 20 30 40 50 60 70 > 70
> 50 na fueling noﬁ.lﬂin&--aoﬁ.leling na fueling |no fueling| no fueling | no fueling | no fueling | no fueling [ no fueling | noffueling | no fueling
6‘ 50 11.4 73:5 73.2 73.0 72.8 72.6 72.4 72.2 72.0 71.9 [2.2  |nofueling
9: 45 15.7 73.9 73.6 73.3 73.0 72.8 72.5 72.3 72.0 71.8 [2.1  |nofueling
% 40 19.8. 74.2 73.9 73.6 73.2 73.0 72.6 72.2 72.0 71.8 [2.0 |nofueling
= 35 234 74.5 741 73.6 73.3 731 72.7 72.3 72.0 71.8 (2.0 |nofueling
2“ 30 27.4 741 73.8 73.2 72.7 72.5 71.9 71.4 71.0 70.6 [1.0 | nofueling
..E 25 28-2 736 33 726 723 FF 8- Fo-4 £9-9 &9F—mfueling | no fueling
5 20 28.2 73.2 72.8 72.0 71.4 71.0 70.0 69.3 68.7 88.2 |nofueling|no fueling
E‘ 10 28.2 72.0 71.5 70.6 70.0 69.4 68.2 67.2 66.5 65.8 |nofueling|no fueling
ﬁ 0 28.2 70.9 70.3 69.3 68.5 67.9 66.4 65.2 64.0 63.5 |nofueling|no fueling
e -10 28.2 69.8 69.2 67.9 67.1 66.1 64.4 63.0 61.6 |nofueling|no fueling |no fueling
2 -20 28.2 68.9 67.9 66.6 65.5 64.3 62.4 60.7 58.1 |nofueling|no fueling | no fueling
'g =30 28.2 67.8 66.7 65.2 63.7 62.5 60.4 58.3 56.4 |nofueling|no fueling | no fueling
< =40 28.2 67.3 66.5 65.0 63.7 62.5 60.1 58.3 56.4 |nofueling|no fueling|no fueling
< -40 nofueling | no fueling|no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
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Non-Communication Fueling Table 8-2
Type B-70 Fueling Ramp Rates and Pressure Targets for HSS with capacity 1-7 kg

Average
B-70 Pressure Fueling Target Pressure, Piage: (MPa)
1-7kg Ra:SRR;te, Initial Tank Pressure, P, (MPa)
{MPa/min) 2 5 10 15 20 30 40 50 80 70 > 70
> 50 nofueling |nofueling|nofueling [no fueling [ no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
ITY 50 1.8 75.8 75.4 74.8 74.4 74.0 73.4 73.0 72.7 72.6 72.4 |nofueling
o‘: 45 2.5 75.0 74.6 741 73.7 73.4 72.9 72.7 72.6 72.5 72.3  |nofueling
% 40 3.4 74.5 741 73.7 73.3 731 72.7 72.6 72.6 72.4 72.3  |nofueling
= 35 4.4 74.2 73.8 73.4 73.1 72.9 72.7 72.6 72.5 72.4 72.3  |nofueling
2“ 30 5.5 73.6 73.3 72.8 72.5 72.2 71.9 71.7 71.5 71.2 ')l.QlfueIing no fueling
= 25 6.7 73.2 72.8 72.2 71.8 71.5 711 70.8 70.4 700 )ﬁglfueling no fueling
g 20 7.9 72.7 72.3 1.7 71.3 70.9 703 69.8 69.3 68.8 nolfueling no fueling
E‘ 10 10.7 72.0 71.5 70.8 70.2 69.6 68.7 67.8 67.0 66.3 nolfueling no fueling
ﬁ 0 13.6 71.4 70.8 69.8 69.0 68.3 67.0 65.8 64.6 63.6 nolfueling no fueling
- -10 13.6 701 69.4 68.4 67.4 66.5 65.0 63.6 62,2 61.1 nolfueling no fueling
@ -20 13.6 68.9 68.1 66.8 65.8 64.7 62.9 61.2 58.5 |nofueling nolfueling no fueling
'E -30 13.6 67.7 66.7 65.3 64.1 62.8 60.7 58.6 56.8 |nofueling nolfueling no fueling
< -40 13.6 67.3 66.4 65.0 63.8 62.6 60.8 587 56.8 |nofueling nolfueling no fueling
< =40 nofueling |nofueling|nofueling|no fueling|no fueling | no fueling nofuel'(@' fueling |nao fueling [ no fueling nolfueling no fueling
Non-Communication Fueling.Table 8-3
Tlype A-70 Fueling Ramp Rates and Pressure Targets for HSS with capacity 7-10 kg
Average
A-70 Pressure Fueling-Target Pressure, P ge: (MPa)
Ramp Rate,
7-10kg APRR Initial Tank Pressure, P, (MPa)
(MPa/min) 2 5 10 15 20 30 40 50 60 70 >70
> 50 no fueling no fueling | no fueling nq‘(ﬁmg na fueling | no fueling | no fueling | no fueling | no fueling | no fueling | nq fueling | no fueling
o 50 9.2 74.3 74.0 73.7 73.4 73.1 72.7 72.3 72.0 71.9 72.1 | nofueling
- 45 12.3 74.7 74.3 73.9 73.6 73.3 72.8 72.3 72.0 71.8 72.1 | nofueling
E 40 15.3 74.9 4.6 741 73.8 73.4 72.8 72.3 71.9 71.9 72.1 | nofueling
= 35 18.0 75.0 74.7 74.3 73.9 73.5 72.9 72.3 72.0 71.8 72.1 | nofueling
95 30 19.4 747 74.3 73.7 73.1 72.8 71.9 71.3 71.0 70.6 70.9 | no fueling
ug 25 19.4 14:2 73.8 731 72.5 72.0 71.2 704 69.9 69.5 | nqfueling | no fueling
1 20 19.4 73.6 73.2 72.5 71.8 71.2 70.2 69.4 68.8 68.3 | nq fueling | no fueling
E‘ 10 194 72.5 72.0 711 704 69.7 68.4 67.3 66.5 65.8 | nq fueling | no fueling
& 0 19.4 71.4 70.7 69.7 68.8 68.0 66.4 65.1 64.2 63.4 | nq fueling | no fueling
b -10 19.4 70.3 69.6 68.4 67.3 66.3 64.5 63.0 61.7 60.9 | nq fueling | no fueling
% -20 19.4 69.3 68.4 67.1 65.7 64.6 62.4 60.6 59.1 | no fueling | no fueling | no fueling
= -30 19.4 68.2 67.1 65.5 64.0 62.7 60.4 58.2 56.4 | no fueling | no fueling | no fueling
< -40 19.4 67.8 66.8 65.4 63.9 62.6 60.2 58.2 56.4 | no fueling | no fueling | no fueling
< -40 na fueling no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
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Non-Communication Fueling Table 8-4
Type B-70 Fueling Ramp Rates and Pressure Targets for HSS with capacity 7-10 kg

Average
B-70 Pressure Fueling Target Pressure, P, g (MPa)
Ramp Rate,
7-10kg APRR Initial Tank Pressure, P, (MPa)
(MPa/min) 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 | no fueling | no fueling | no fueling
o 50 1.6 75.6 75.3 74.8 74.3 74.0 73.4 73.0 72.8 72.5 72.4 | nofueling
~ 45 2.3 75.0 74.7 74.2 73.9 73.6 73.1 72.9 72.7 72.4 72.3 | no fueling
E 40 3.1 74.7 74.4 74.0 73.7 73.4 73.1 72.8 72.6 72.4 72.3 | no fueling
: 35 40 747 744 740 737 734 731 729 726 723 72.3 | no fueling
9_5 30 4.9 74.3 73.9 73.5 73.1 72.8 72.3 71.9 71.5 71.2 b&lme””g na fueling
-.g 25 59 73.9 73.5 73.1 72.6 72.2 71.6 71.0 70.4 70.0 | nq fueling | no fueling
) 20 7.0 73.6 73.2 72.6 721 71.6 70.8 70.0 69.3 68.8 | nq fueling | no fueling
E‘ 10 9.3 73.1 72.6 71.8 71.1 70.4 69.1 68.0 67.0 66.3 | nq fueling | no fueling
& 0 11.7 72.6 71.9 70.9 69.9 69.1 67.4 65.9 64.6 63.7 | nqfueling | na fueling
b= -10 11.7 71.4 70.6 69.4 68.3 67.3 65.4 63.6 62.1 61.0 | nd fueling | no fueling
% -20 11.7 70.2 69.3 68.0 66.7 65.4 63.2 61.2 59.5 | nofueling | nq fueling | no fueling
= -30 11.7 69.0 67.9 66.5 65.0 63.5 61.0 58.7 56.8 | no fueling | nq fueling | no fueling
< -40 11.7 68.6 67.6 66.1 64.7 63.4 60.9 58.7 56.8 | no fueling | nq fueling | no fueling
< -40 na fueling na fueling | ne fueling | no fueling | no fueling | no fueling nofga@\nofueling no fueling | ne fueling | ng fueling | no fueling
Non-Communication Fueling Table 8-5
Type A-35 Fueling Ramp Rates-and Pressure Targets
Average
Pressure Fueling Target Pressure, Piyq.: (MPa)
A-35 |Ramp Rate,
APRR Initial Tank Pressure, P, (MPa)
(MPa/min) [ 5 5 10 15 20 30 3B | »35
> 50 no fueling noﬁéﬂh\nofueling no fueling | no fueling | no fueling | no fueling | no fueling [ no fuelin
a 50 15.1 36.8 36.7 36.5 36.4 36.2 35.9 36.0 |nofuelin
o‘;" 45 15.1 36.8 36.7 36.5 36.4 36.2 35.9 36.0 |nofuelin
g 40 154 36.7 36.5 36.4 36.2 36.2 35.9 36.0 |nmofuelin
= 35 154 36.5 36.4 36.4 36.2 36.1 35.8 36.0 |nofuelin
2" 30 15.1 36.3 36.2 36.0 35.9 35.7 35.3 35.4  |nofuelin
2 25 15.1 35.9 35.8 35.5 35.4 35.2 34.7  |nofueling|no fuelin
g 20 15.1 35.7 35.4 35.2 35.0 34.8 34.1  |nofueling|no fuelin
g' 10 15.1 35.1 34.8 34.4 34.1 33.8 32.8 |nofueling|na fuelin
ﬁ 0 15.1 34.5 34.1 33.6 33.2 32.7 31.7 | nofueling|no fuelin
48 454 33-8 334 328 322 346 30-4—Fra-fuatifaHRa-fehn
g -20 15.1 33.2 32.7 32.0 31.2 30.5 |nofueling|no fueling |no fueling
'E -30 15.1 32.6 32.0 311 30.3 29.3 |nofueling|no fueling |no fueling
< -40 15.1 32.4 31.9 31.0 30.3 29.3 |nofueling|no fueling|no fueling
< -40 no fueling | nofueling|no fueling |no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
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Non-Communication Fueling Table 8-6

Type B-35 Fueling Ramp Rates and Pressure Targets

Average
Pressure Fueling Target Pressure, Pigqe (MPa)
B-35 |RampRate,
APRR Initial Tank Pressure, P, (MPa)
(MPa/min) [ 5 5 10 15 20 30 35 > 35
> 50 nofueling | no fueling| no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
G 50 4.4 371 37.0 36.7 36.6 36.5 36.3 36.1  |nofueling
9: 45 6.1 37.2 37.0 36.8 36.7 36.6 36.2 36.1 |nofueling
% 40 7.8 37.3 371 36.9 36.7 36.6 36.2 36.1  |nofueling
| 35 A 374 372 370 36.8 36.7 36.2 36T [nofuenng
g | 30 11.3 372 | 370 | 367 | 365 | 363 | 356 | 355 |nommelnb
2| 25 12.9 374 | 368 | 364 | 362 | 359 | 350 [nomeling|hojein
g 20 14.6 36.9 36.6 36.2 35.9 35.4 343 [nofu ) no fuelin
g' 10 15.1 36.3 35.9 354 34.9 34.4 33.0 noﬂﬁﬁnomelin
ﬁ 0 15.1 35.7 35.3 34.7 34.0 33.3 31.7 'r%ﬁxﬁng no fuelin
s -10 15.1 351 34.6 33.8 33.1 32.2 3:04" a fueling | no fuelin
2 -20 15.1 34.4 33.8 33.0 32.1 31.0 pé@hﬂg no fueling | no fuelin
- REED 15.1 33.3 | 326 | 317 | 30.8 | 29.5 (nbusling|noneling|no uelin
< -40 15.1 32.4 31.9 31.0 30.3 29.3 -;ofueling no fueling | no fuelin
< -40 no fueling | nofueling|no fueling | no fueling | no fueling ;&)ﬁng no fueling [ no fueling | no fuelin
Non-Communication Fueling Table 8-7
Type C-35 Fueling Ramp Ratescand Pressure Targets
Average
Pressure Fueling Target Pressure, Piyq.: (MPa)
C-35 Ramp Rate,
APRR Initial Tank Pressure, P, (MPa)
(MPa/min) [ 5 5 10 15 20 30 35 > 35
> 50 no fueling noﬂ@rhnmfueling no fueling | no fueling | no fueling | no fueling | no fueling [ no fuelin
IT) 50 1.0 38.4 38.1 37.6 37.2 36.9 36.5 36.2 |nofuelin
9;‘ 45 1.4 38.0 37.7 373 37.0 36.8 36.5 36.2  |nofuelin
E 40 18 37.8 37.5 37.2 36.9 36.7 36.5 36.2 |nofuelin
- 35 2.4 37.7 374 371 36.9 36.7 36.5 36.2  |nofuelin
2“ 30 3.0 374 371 36.7 36.5 36.3 35.9 35.6  |nofuelin
2 25 3.7 37.1 36.7 36.3 36.1 35.9 358.3 | nofueling|no fuelin
g 20 4.3 36.8 36.5 36.0 35.7 35.4 34.8 |nofueling|no fuelin
E‘ 10 5.7 36.3 35.9 35.4 34.9 34.5 33.3 | nofueling|no fuelin
ﬁ 0 7.2 35.9 35.4 34.7 34.2 33.6 31.9 |nofueling|no fuelin
ﬂé =10 T2 347 342 339 329 3272 SO 5 To TIENmg [0 THENTTa
o -20 7.2 33.4 32.9 32.2 31.5 30.8 |nofueling|no fueling |no fueling
'E =30 7.2 32.0 31.5 30.8 30.1 29.4 |nofueling|no fueling |no fueling
L= -40 7.2 31.2 30.8 30.2 29.7 281 |nofueling|no fueling|no fueling
< -40 nofueling | nofueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
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Non-Communication Fueling Table 8-8

Type D-35 Fueling Ramp Rates and Pressure Targets

Average
Pressure Fueling Target Pressure, Py (MPa)
D-35 |Ramp Rate,
APRR Initial Tank Pressure, P, (MPa)
(MPaimin) [ 5 5 10 15 20 30 35 > 35
> 50 nofueling  |nofueling [no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
IT) 50 0.3 41.2 40.9 40.2 39.4 38.7 37.2 36.4 |nofueling
9: 45 0.3 40.8 401 39.4 38.7 38.1 36.9 36.4  |nofueling
E 40 0.5 39.9 39.5 38.8 38.2 37.6 36.7 36.4 |nofueling
B 3% o7 393 369 383 377 373 36.7 30.3 _[nofuenng
d | 30 0.9 386 | 382 | 375 | 37.0 | 366 | 36.0 | 356 |nofuelng
2 | 2 1.3 380 | 375 | 369 | 364 | 360 | 354 |nofueing RN Rling
5 20 1.8 37.3 36.9 36.3 35.8 35.4 34.8 [nofuel nao fueling
g | 10 3.4 36.3 | 358 | 352 | 348 | 344 | 334 |nofueling|nofusling
ﬁ 0 6.4 35.6 35.1 34.5 34.0 33.4 31.9 mﬂwﬁng no fueling
e -10 10.4 35.0 34.5 33.7 33.1 32.3 3(I].5v %ofueling no fueling
2 -20 15.1 34.3 33.7 32.8 32.0 31.0 pﬁqug no fueling | no fueling
'E -30 15.1 33.0 32.4 31.4 30.5 294 fueling | no fueling | no fueling
< -40 15.1 32.4 31.9 31.0 30.3 29.3 -;ofueling no fueling | no fueling
< -40 nofueling | no fueling | no fueling | no fueling | no fueling ﬁg no fueling [ no fueling | no fueling

NOTE: Thereis ak
pressure leyi
of tank and
guidance to

(Fuelinga 7
interaction b

9. COMMUNICATI

For the communicat
J2799.

If a station has compmunication fueling capability, the Fueling Dispenser shall be capable of fuelin
on betweenthe vehicle and dispenser.

without communicat

NOTE: Static comni
dynamic cor

avoid this condition.

hown issue for non-communications fueling: Though fueling history is taken into 3
els, using a 70 MPa dispenser directly after fueling with a 35 MPa dispenser cou
should be prohibited.

ccount for individual
d cause overheating

It is recommended:that both the OEM and fueling statipn provide customer

ON FUELING PROCEDURE

D MPa system at a 35 MPa dispenséer has been comprehended in the protocol ds
etween 35 MPa and 70 MPa protecols is a concern)

on procedure, all Fueling Commands, Communications Hardware, etc. are to |

unication protocols have not been defined yet in this document.
hmunication and non-communication modes are to be applied by the dispenser.

Until protocq

bvelopment; only the

e according to SAE

g vehicles with and

Is are defined, only

Communication fueling is intended to give a higher SOC and potentially faster fueling times with the method below.
Communications target SOC range is to be 95% < SOCgation < 100%. Communication fueling is also used to give
assurance to the OEM related to fueling procedure, and allows the vehicle to “abort fueling.”

As per Figure 2, there are two possibilities given in this document for fueling rates for communications:

9.1

It is intended for communication fueling to utilize the same non-communication ramp rates as per Section 8 as a

‘Default’ or develop an alternative (ALT) strategy that provides an acceptable SOC (by Appendix B) with the same
or shorter fueling duration. If the non-communication APRR values are utilized for communications fueling, linear
interpolation should be used to extract ramp rates from the look-up tables. See Appendix D for illustrations of table
interpolation. NOTE: If one of the interpolation values is in the “no fueling” zone of the table, then the dispenser
should not fuel the vehicle
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9.2 General Communication Fueling Procedure: Fuel Delivery Temperature (Ts,e) according to Fueling Type (as per
Section 6)

9.21

9.2.2

9.23

9.24

9.25

9.2.6

9.2.7

9.2.8

9.3

9.3.1

9.3.2

9.3.3

934

9.3.4.1

9.34.2

9.34.3

9344

Receive and validate data communicated from the vehicle as described in SAE J2799.

Respond to

Fueling Commands transmitted from the vehicle as specified in SAE J2799

If communication fails, defer to non-communication procedure in Section 8, except for the ALT communication
cases for dispenser types B, C and D. Note: it is advised to cease fueling if there is a break in communications for

ALT fueling.

Measure the initial HSS pressure, Py, and compare to communicated value as confirmation of vehicle data.

If the initial
dispensed.

should cong

abort signal.
Initiate Fueli

Continuousl

fueling wher

temperature

If the statio
whether the

The two comnpunication methodologies are described further in detail as follows:

The ‘Comm

for all dispenpser types (A-D), but the end pressure is based on density calculations using thg

temperature

The ‘Comm
utilizing the
rate, for ‘A’
the potentia
35 MPa) sta

The adherer
Apparatus (
the station.

tank parameters or the calculated initial SOC exceed the fueling limits ther

ider the tolerances of the temperature measurement by the vehicle and\inclug
ng as described in Section 7 with Fuel Delivery Temperature Tre.as specified in
one of the following conditions occurs: Pegtion + APstationr= 125% NWP, calculate

limit is reached.

N receives an “abort” signal from the vehicle, then the station should stop fy
fueling mode was non-communication or communication

Inications Default Rate’: utilizes identical APRR values as in the non-communid
data.

inications ALT Rate’ is a\sécond option that can be authorized by the vehicle
default non-communieations ramp rate for communication fueling. However, t
ype dispensers is jdentical to 9.3.1. This alternative (ALT) communications fueli
to offer improved communications fueling rates for type B (35 and 70MPa) and
fions.

ce of Dispensers to this protocol must be confirmed with the CSA HGV 4.3 Hydr
HDTA) prior to general customer fueling unless prior approval is obtained from th

There is no need for the station to add safety margins in utilizing vehicle~datg.

no fuel should be
The vehicle OEM
e as criteria for the

bection 6.

monitor Pgation, the pressure at the dispenser nozzle, as wéll as vehicle data pafjameters. Terminate

i SOC = 100%, tank

eling, regardless of

ations tables in 8.5
b transmitted vehicle

as an alternative to
he alternative (ALT)
ng methodology has
types C and D (only

bgen Dispenser Test
b automaker utilizing

Criteria for

LI H ' 0 Rk £ & oo Dol
LT CUITITIUTneatvurt Txarttip Thatco 1Vl lypc D, U, Ul UISPCTITISTI S

Positive confirmation of ALT-approved vehicle by dispenser

CSA HGV 4.3 Hydrogen Dispenser Test Apparatus (HDTA) confirmation data — Section 10

Fueling duration less than or equal to non-communication case under all conditions for the corresponding
station type (B, C or D)

Dispenser appropriately responds to all vehicle signals per SAE J2799
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9.3.4.5 If communications were to fail for types B, C or D, it is recommended the fueling shall cease and not restart,
This is due to the concern that there may be no fallback to non-communications mode due to over temperature
concerns.

9.3.4.6  Appendix F tables are an example of ALT initial ramp rates.

10. PERFORMANCE TESTS TO VERIFY COMPLIANCE WITH FUELING PROTOCOLS

The adherence of a fueling dispenser to the fueling protocol specified in this document should be verified by CSA HGV
4.3. The performance tests are designed to demonstrate that the protocol is followed under all conditions. Specifically,
they are designed to demonstrate that fuel is delivered within the specified temperature range, at the specified ramp rate

and up to the speci

fied pressure target.
gsure limits

Under the test conditions the test tanks will be successfully fueled within the

temperature and pre

At this time, each d

future, type certificatjon may be available.

Compliance to SAE
Compliant A70, B70

10.1 Acceptance C

10.1.1 For non-con
capability to
should be af

10.1.2 For commurj

10.1.3 Dispenser p
4.3 TIR guid
10.1.4 HSS Upper
Such a cond
10.1.5 For the ‘Def
example in F

10.1.6 Performance results are defined as “In Range” when:

10.1.6.1 For comm

10.1.6.2 APRRuw

spenser installed wishing to comply with SAE J2601 must be tested accerding
2601 is defined as verification by using CSA HGV 4.3 test procedure, which co
A35, etc” stamp, sticker, plate, etc. to display on the station.

riteria of Performance Tests for the Hydrogen Dispenser Test Apparatus
hmunications fueling, the protocol in Section 8 is to be\utilized. The dispenser
meet the specified average pressure ramp rates dnd“stop at the specified pre
least as good as the lower bound in the Appendix.B tables

ications protocol, Section 9 is to be used as reference.

erformance verification tests and testing-equipment specification are contained
eline.

Temperature, Pressure and SQC-Limits (as per chapter 5) shall not be exceeq
ition will result in a non-conformance to SAE TIR J2601.

bult APRR’ Pressure vs. Fueling Time should fall within the tolerances described
Figure 5.

unications: 95%<SO0C441ion<100% and non-communications: Appendix B SOC < §

| to stay’ within the tolerances described in Section 7

to CSA 4.3. In the

uld include a “J2601

should demonstrate
ssure targets. SOC

vithin the CSA HGV

ed during a fueling.

in Section 7, as per

bOC < 100%

10.1.6.3 NFPA 52

b ol 4l 1 ! 1 ! 2006 s (O AAD 1t ! .l
AlCS Uial UICTT TTTUSU V€ d ISdRN UINCURN T©VETY OUUU Dol (20U VilFd). TU Wds UCUIUT

d by the SAE J2601

taskforce that an additional tolerance (above the APRR table tolerances) shall be given regarding fueling time
of +30 s to account for the potential three leak checks (in the case of 70 MPa) at 10 s each. Although the
fueling duration includes leak checks, APRR,uwa is calculated with time taken for leak checks, tieak check,

excluded.

10.1.6.4

The fueling station capacity measurement is to be within £10% of total tank system actual volume. The intent is

to ensure that the dispenser has the capability to accurately measure the 70 MPa and 35 MPa capacity
categories and limits.

10.1.7

If there are other fueling methodologies developed in the field that meet the Section 5 requirements in TIR J2601

and are demonstrated by CSA HGV 4.3, it is requested that the CSA HGV 4.3 confirmation data be brought to the
SAE Interface team for subsequent team review and potential inclusion in future documents.
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10.1.8 The following table in Figure 6 shows a ‘check-list’ for applicable requirements per fueling type: Non-

communication; Default Communications; and Alternative (ALT) Communications methodologies. It is meant to
be an overview to applicable sections in the document.

Non-Cpmmunication

Defatlf Communication

ALT Communication

X.X No fueling when Tamb < -40 °C or Tamb > 50 °C

5.1.1 Max Pressure < 125% NWP

5.1.2 Ggis temperature in HSS < 85 °C

5.1.3 Gs density in vehicle < 100%

5.1.7 R¢spond to signals in J2799:
Temperature > 85 °C
Pressure > 125% NWP
SOC(T, P) =2 100%
“Pause”

“Abort”

5.2.5 Fyel flow rate <60 g/s

5.2.6 < 10 complete fueling pauses

7.X Leak check at the beginning of fueling (if required by*NFPA 52)

7.1 Pstag = Po +2 /-0 MPa

71 Pend = Ptarget = Apstation +OMPa/'2MPa + dP

71 1 |f APRRactum < 90% APRRtarget, Ptarget = 80% NWP

7.1.2.4 APRRactual = APRRtarget +/-10% measured from to to any intermediate time t as
long as|t > 15 sec and excluding time takenfor leak checks, tieak check

7.1.2.5[7.3.1 APRRactual = APRRtargét $0/-10% when measured over entire fueling
excluding time taken for leak checks, tieak check

7.2 Tank capacity calculation +/~10% actual

7.2 Dispenser pressure sensor accuracy follows CSA 4.1

8.4 Lindar interpolation is used to determine APRRarget When tamp and/or P are not
listed in|the look-up tables; no fueling when one point in the interpolation is in the “no
refueling” zone

8.4 Lindar interpalation interpolation/extrapolation to determine Piarget When tamb
and/or By are notlisted in the look-up tables; no fueling when one point in the
interpolgtion-isiin the “no refueling” zone

8.4 Tertninafe fueling if Po > Prarget - 2 Pstation

9.1 Pend—PCatcutated-fronTstatiomhose pressureand-veticte transmitted
temperature corresponding to SOC = 100%

9.X If communication signal lost or implausible, default to non-comm Ptarget Using tamb
and Py and listen for “Abort” signal

9.2.3X If communication signal lost or implausible AND if “ALT OK” signal received,
terminate fueling (type B, C, D only)

10.X Calculated SOCeng < 100% and > SOCnin from App B

10.X Fueling duration < Table Section 8.X7: *[(Ptarget - Po)/Ptarget]*1.1[(Ptarget-
Po)/(APRRarget*0.9)] + 30 sec

FIGURE 6 - SUMMARY OF REQUIREMENTS PER REFERENCE SECTIONS
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11. NOTES
11.1 Marginal Indicia

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications nor in documents that contain editorial changes only.

PREPARED BY THE SAE FUEL CELL COMMITTEE

*NOTE: One or more patents may apply to one or more aspects of the standards or the entire standard. By publication of
this standard, no position is taken with respect to the validity of this claim or of any patent rights in connection therewith.
The patent holder(s) has, however, filed a statement of willingness to grant a license under these rights on reasonable
and nondiscriminatory terms and conditions to applicants desiring to obtain such a license for the purpose of complying
with the standard. Details may be obtained from SAE International at: http://www.sae.org/standardsdev/patents.htm
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APPENDIX A - FUELING PROTOCOL RATIONALE AND DEVELOPMENT PROCESS

OVER-HEATING PROTECTION (HOT SOAK CASE): FUEL DELIVERY TEMPERATURE AND AVERAGE PRESSURE
RAMP RATE FOR NON-COMMUNICATION FUELING

Fuel delivery pre-cooling temperature and pressure ramp rates have been specified to prevent existing and near-term
vehicle storage systems from exceeding 85 °C when filled to 100% SOC.

NOTE: Look-up tables were developed with following: Diameter of smallest constriction in the Fueling Connector of
3 mm. SAE J2600 will be updated to define acceptable pressure drop for nozzle/receptacle connection.

Provision for Comprg

The gas temperature
Thompson heating

storage systems wil
characteristics, the h

The fueling protocol
storage system that
development were ¢
and a small tank sur
drop in the vehicle's
cooling temperature
storage system from
mass flow rate limit.

} M thi H taraaa.
= torage

in the vehicle storage system increases during fueling due to the heat of comprg
pf the fuel as it is throttled through the system orifices. Different materials/con

lead to different degrees of compressive heating during fueling due’ to-differen
eat capacity, and storage volume of on-board storage systems.

in this document is based on an industry-wide determination)of extreme-case
reflects current storage technology. The extreme-case systems modeled for
Brbon composite wrap/polymer liner systems (type 1V) with ‘& large-capacity singl
face-to-volume ratio (see below for details on storagesystem capacities conside

2 MPa to 100% SOC without exceeding the 85°C temperature limit and without
In some cases the resulting ramp rates corresponded to a fill time of less tha

rates were capped 3
on real-world fueli

This protocol was d

t the 3-min rate to avoid driving excessive requirements into the fueling process.
experience and fueling tests conducted at laboratories under contract to

bveloped for the fueling of type III/IV tanks on road today. If other storage syst

nded that they be evaluated before implementing this protocol.

8

fueling line was assumed to account for a high Joule-Thomson heating effec{.
considered, models were run to determine the fastest possible fueling ramp rate that could fill the

ssion and the Joule-
structions of vehicle
ces in heat transfer

heating in a vehicle
pressure ramp rate
vessel tank system
d). A high pressure
For each fuel pre-

bxceeding the 60 g/s
N 3 min; these ramp
As expected based
SAE and the U.S.
ses with -40 °C pre-
is -20 °C or warmer.
rget fueling time.

Ems on vehicles are

dispenser in non-
ecause of transport,
5 on the temperature
case could result in
he "cold soak" case

ratures. In addition,

the initial HSS temperature may be even lower than the cold soak" temperature due to depressur|zat|on while driving

before fueling. This

defueling effect was considered in determining the Pyt Values in Section 8.
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"Hot Soak" and "Cold Soak" Temperatures before Refueling

e Ja
4

BO

S0

A0

an

For non-communica

vehicle tank tempera
soak temperature. 1

[T}

"Soak" Temperhture °C

FIGURE A1 - “COLD SOAK” AND “HOT SOAK” ONBOARD STORAGE
TEMPERATURES COMPARED TO AMBIENT TEMPERATURE

ion fueling, the protocol was developed based on the soak zone conditions for {
temperature, as shown in Figure A1. The pressurélramp rates (fill times) were based on the hot soa
ture will not exceed 85 °C-even where the tank soak temperature at the onset o
he assumptions for the specified "Hot Soak" and "Cold Soak" Zones are listed in

TABLE A1 - ASSUMPTIONS FOR “HOT SOAK” AND “COLD SOAK” ZONES

—B—Hot Soak Temp
—# Cold Soak Temp

—&— Ambient Temp

Ambient Air Temperature.at Station °C

ne specified ambient
condition such that
f fueling is at the hot
Table A1.

Temperatures Assumptions
Ambient
Temp Cold Soaky{ Hot Soak

(°C) Temp«£€) | Temp (°C) Cold Soak Hot Soak

-40 40 15 Cold Soak Zone 1: Hot Soak Zone 1:
Vehicle minimum ambient Vehicle stored in a ¢limate
operating-temperature-of contrelled-garage-at 15 °C.
-40 °C.

-30 -40 15 Cold Soak Zone 2:
Vehicle is 10 °C colder than

0 -10 15 ambient due to local climate Hot Soak Zone 2:

35 5 50 and storage variations. Vehicle is 15 °C warmer

50 25 65 Cold Soak Zone 3: gﬂﬁpngﬂﬂggﬁsdffcg
Vehicle stored in a climate climate. and st’orage
controlled garage or variatio’ns
underground parking at 25 °C. ]
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The temperature effects of fueling history are also unknown to the station dispenser(s). For example, a vehicle that has
just been partially fueled may be hotter than even the hot soak line of Figure A1. For this reason, all fuelings were
assumed to start from 2 MPa in the protocol development modeling. Heating due to fueling history from station
dispenser(s) applying the SAE J2601 protocols may exceed the hot soak temperature, but the SAE J2601 fueling ramp
rate applied to this tank will still finish within the temperature limits of <85 °C. The entire process in this case can be
thought of as a SAE J2601 Non-Communication fueling that started from 2 MPa and was interrupted and then continued

to completion.

Pressure Ramp Rate Determination — Non-Communication Fueling

The look-up tables provide the pressure ramp rates for a range of ambient temperatures, including the hot soak condition
of the HSS. In developing the table, the following assumptions were made concerning station operation

1. A dispenser will

-40 °C will delive

2. A dispenser will
capable of -40
Figure A3, the n
throughout the fi

3.
gradually cools ¢

4. The fastest pre

60 g/s. With th
70 MPa <7 kg, 1

for 35 MPa. At this rate, a 2 MPa tank will be filled in 3 to 5‘min, and a partially full tank will be fill

min.

The pressure ra
not increase the
dispenser.

Figure A2 is an exa
approach used to m
rate as shown with
target pressure bas
and blue line in Fig
using the target preg

It is assumed that the first slug of gas is at ambient temperature if ambient is’\warmer than pre-coqg

r fuel in the -40 to -33 °C pre-cooling range, regardless of ambient conditions

hold the temperature at the nozzle within a tolerance as per Section 67) Fhis me
C will deliver fuel no warmer than -33 °C. For determining the pressure ramp

own to the actual pre-cooling temperature at a linear ramp of 6 °C/s.

Esure ramp rate applied by the dispenser was constrained by limiting the pea
s constraint, the fastest pressure ramp rates*applied are 28.2 MPa/min (87
9.4 MPa/min for 70 MPa 7 to 10 kg (87 MPAdn 4.5 min), and 15.1 MPa/min (43

mp rate in the lookup tables depends only on tank capacity and ambient tempera
pressure ramp rate based on initial tank pressure because fueling history effect

mple of the look-up table of fueling values that define this protocol. Figure A3 il
bdel non-communication filling. The first step was to model the hot soak case to
he red box in Figure A2 and red line in Figure A3. The second step was to d
d on the cold soak case plus defueling (described in A.2) as shown with the b
re A3. The,final step was to determine the lower-bound SOC values based o
sure result-from step 2.

always cool the hydrogen fuel to the greatest extent possible. For example, @ cliispenser capable of

ans that a dispenser
rates, as shown in

nodeling assumed the station delivered the warmest possible gas allowed for a given dispenser type

ling. This warm slug

k mass flow rate to
MPa in 3.1 min) for
.75 MPa in 2.9 min)
bd in less than 3 to 5

ure. Dispensers will
are unknown to the

ustrates the general
determine the ramp
etermine the ending
ue box in Figure A2
h the hot soak case
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Example Lookup Table for Non-Communication Case
Average .
A-T0 Prassure Fueling Target Pressure, Py (MPa)
Ramp Rate,
1_7kg APRR Initial Tank Pressure, P, (MPa)
MPa/min} | 2 5 10 15 20 30 40 50 60 70 | >70

> 50
o |50 11.4 735 | 73.2 | 73.0 | 728 | 726 | 724 | 722 | 720 | 719 | 72.2
= | 4 15.7 739 | 736 | 733 | 73.0 | 728 | 725 | 72.3 | 72.0 | 71.8 | 724
£ a 19.8 742 | 73.9 | 736 | 73.2 | 730 | 726 | 722 | 720 | 718 | 72.0
- | 35 23.7 745 | 744 | 736 | 733 | 734 | 727 | 723 | 720 | 718 | 72.0
g | 30 27.4 744 | 738 | 732 | 727 | 725 | 719 | 7.4 | 7.0 | 708 | 71.0
.E 25 28.2 73.6 73.3 72.6 72.3 71.7 70.9 70.4 69.9 69.3
H 20 28.2 73.2 728 72.0 7.4 7.0 70.0 69.3 68.7 68.2
E’ 10 28.2 72.0 71.5 7& 70.0 69.4 68.2 67.2 66.5 65.8
|2 0 B 0.8 70.3 69.3 68.5 67.9 66.4 65.2 64.0 63.5
] -10 28.2 69.8 69.2 67.9 67.1 66.1 64.4 63.0 61.6
o -20 28.2 68.9 67.9 66.6 65.5 64.3 62.4 60.7 59.1
g -30 28.2 67.8 66.7 65.2 63.7 62.5 60.4 58.3 56.4

40 28.2 873 | 665 | 650 | 837 | 625 | 601 | 583 | 56.4

FIGU LING

RE A2 - EXAMPLE OF A LOOK-UP TABLE FOR NON-COMMUI&GAPION FUE
©
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Lookup Table Development- Example

Start End

fueling fueling
'y —*
- 28.2 MPalimin r
E
-] 87.5MPa (100% SOC)
Step © e @
-k average pressure ramp rate
Hotcase vehicle Step e
Type IV tank-park
and hot sosk
Piarget 70.9MPa (100% SOC)
Hotsosk=15C
—@ J Y
Po=2MPa / &
+w Ambint emo (siton="FC
Y
[5]
Step 6 / e
|  Colrsdag3 10°C
P ///
40C targetpressure
Cold case vehicle
Type |ll tank - coldsosk
followed by full load driving = IMPa
In this example
« Ambient temperature is 0°C; Vehicle initial pressure is 2MPa
tation delivers fuel from -40°C to -33°C at the nozzle
+ IHot case vehicle (type [V tank) arrives with 2MPa and fuels with -33°C fuel at 28€MPa/min for fast fueling within 83°C limit
old case vehicle (type lll tank) armives with 2MPa and fuels with -40°C fuel at 25.2"MPa/minto 70.9 MPa for 100% SOC
» ot caseis rerun with 70.9 MPa target pressure for 88% SOC (hot case 30C \evaluation)
'Y
Ld
time
FIGURE A3 - EXAMPLE OF APPROACH USED TO GENERATE LOOK-UP TABLE VALUES

Pressure Ramp Rat¢ Determination — Communication Fueling

The same fuel deliv
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The fueling look-up
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tables for communication fueling default are identical to the non-communicati
he tank temperature measurement from the vehicle. Ambient temperature still
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Separate look-up tables have been developed to be applied by stations to cover a range of cases; These cases include
35 MPa vs. 70 MPa, defined dispenser pre-cooling capabilities of -40 °C, -20 °C, 0 °C and no pre-cooling; and defined
ranges of 70 MPa storage system capacity of 1 to 7 kg and 7 to 10 kg. There are no capacity categories for 35 MPa, but
7.5 kg was the maximum HSS capacity considered in the modeling. Applying the tables to 35 MPa storage systems with
capacities larger than 7.5 kg may result in peak flow rates exceeding 60 g/s.


https://saenorm.com/api/?name=dd12fda620a0ba053f065d375116117f

SAE J2601 Issued MAR2010 Page 30 of 54

OVER-FILLING PROTECTION (COLD SOAK CASE): FUELING PRESSURE TARGET

The specification of the Fueling Pressure Target at the dispenser nozzle is based on the pressure associated with 100%
SOC, which is shown in Figure 3 as a function of the gas temperature within the storage system.

It is expected that the maximum fuel pressure achieved will differ from the fueling pressure target by the appropriate
correction for uncertainty in the pressure measurement at the fueling dispenser and the expected pressure drop from
dispenser to vehicle.

Provision for Cooling within Vehicle Storage

The gas temperature in the vehlcle storage system decreases durlng vehicle operatlon due to depressurlzatlon Different
matenals/construch a A ehjcle operation due to

effects were done

cooling effects of v
according to each DEM's specification. The cold soak modeling did not constrain the gas.temperatures to existing
certification temperature limits (i.e., -40 °C) of the system during defueling but allowed thefgas tempgrature to proceed to
an extreme cold cordition. As an example, the gas temperature was allowed to proceed to -85 °C in|the defueling model
simulation to 2 MPa at an ambient of -20 °C. When the final defueling pressure-is) raised to 20| MPa, the final gas
temperature increasgs to -61 °C. The practical allowance of these extreme temperatures is still undef consideration since
OEMs may establish temperature limitations or other countermeasures to manage these gas temperature extremes.
Future revisions of |the cold soak modeling will consider the realistic temperature limitations and countermeasures.
However, the current modeling includes the extreme coldest condition at which a vehicle could ever arrive at a station for
fueling.

The extreme-case pystems modeled for pressure target development were carbon composite wrap/aluminum liner
systems (type Ill) with a small-capacity multiple tank system-~(see below for details on storag¢ system capacities
considered). For gach fuel pre-cooling temperature and initial pressure considered, this protogol specifies fueling
pressure targets sugh that vehicle storage system state of ¢harge (SOC) will not exceed 100% of the target value, even
where the vehicle tgnk has been cold soaked and then.been further cooled during operation, as specified in A.1.2. In
most cases, the resylting pressure target corresponds. to a SOC of greater than 90%, as shown in Appendix B.

Target Fueling Presgures Determination - Non-Communication Fueling

The look-up tables grovide the pressure ramp-rates for a range of ambient temperatures, including the hot soak condition
of the HSS. The logk-up tables provide-the'target pressures for a range of ambient temperatures (ingluding the cold soak
condition and driving cooling effects)cand initial tank pressures. In developing the table, the following assumptions were
made concerning digpenser operation

1. A dispenser willlalways c60] the hydrogen fuel to the greatest extent possible. For example, a dlispenser capable of
-40 °C will delivdr fuel in:the -40 to -33 °C pre-cooling range, regardless of ambient conditions

2. A dispenser wil| bold the temperature at the nozzle to the tolerance stipulated in Section 6. | This means that a
dispenser capabte of=40-"C-wittdetiverfuetat=40-"Cinmthe—cotdestcase—For determining-the-pressure targets, as
shown in Figure A3, the modeling assumed the station delivered the coldest possible gas allowed for a given
dispenser type throughout the fill

3. A dispenser will not necessarily deliver fuel at a temperature warmer than ambient. For example, if a dispenser has a
pre-cooling capability of -20 °C and the ambient temperature is -30 °C, then it must be assumed for cold case
modeling that the dispenser could deliver fuel as cold as -30 °C

4. The dispenser will use interpolation or extrapolation if PO is below 2 MPa to determine the specific Target Pressure to
use for a measured ambient temperature and initial tank pressure, based on the look-up table values. If one of the
interpolation values is in the “no fueling” zone of the table, then the dispenser should not fuel the vehicle
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Figure A2 is an example of the look-up table of fueling values that defines this Protocol. Figure A3 illustrates the general
approach used to model non-communication filling. The blue line in Figure A3 indicates the extreme cold case that is
used to determine target pressures.

Figure A4 presents a full overview of the non-communication fueling process

Process Flow For Non-Communication Fueling
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FIGURE A4 - PROCESS FLOW FOR NON-COMMUNICATION FUELING

ures - Communication Fueling

In the case of communication fueling, it is not’necessary to specify target end pressures in adva

should use informat
should take into acc
measurement by the

Dispenser Cooling T

Type A: -40C; -0C a

on from the vehicle and the fueling process to determine its stop point for 1009
bunt allowances on its*sensors. The vehicle OEM should consider the tolerance
vehicle and inclide as criteria for the abort signal.

emperature Jolerances with Time Frame

psolute tolerance; +7.0C mass average tolerance over any 30 s period

Type B: -20C; -2.5C

nce. The dispenser
 SOC. The station
s of the temperature

mass ave. tolerance; +2.5C mass average tolerance over any 30 s period

Type C:

Type D:

Ambient T; -

0C; -2.5C mass ave. tolerance; +2.5C mass average tolerance over any 30 s period

5.0C mass ave. tolerance; +5.0C mass average tolerance over any 30 s period

The dispenser cooling temperature Tg,e should be in the tolerance window within 15 s after start of fueling.
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Values for Simulation

Values for Simulation

Values for Simulation

General 70 MPa, 1-7 kg 70 MPa, 7-10 kg 35 MPa
Parameter Cold Case Hot Case Cold Case Hot Case Cold Case Hot Case Cold Case Hot Case
vessel type Ill tank with Aluminum type IV tank with plastic liner Vessel: Vessel: largest | Vessel: Vessel: largest  |Vessel: Vessel: largest
liner thick wall smallest considered smallest considered smallest considered
thin wall small ratio surface to volume considered single vessel considered single vessel considered vessel is 10kg
large ratio surface to volume (short & fat) size is 1kg for simulation size is 1.5kg for simulation size is 1kg (at (at 70MPa)
(long & slim) large pressure drop in System: is 6.3kg System: must is 10kg 35 MPa) from 70MPa
small pressure drop in fueling line smallest System: have 7kg or System: System: simulation;
fueling line considered largest system more: assume  |largest system smallest this will store
has 2 vessels; has 7kg 4 vessels has 10kg considered 6kg at 35MPa
use smallest (4*1.5=6kg); has 2 vessels; System:
system to give this is use smallest largest system
coldest somewhat system to give  |has 7.5kg at
temperatures within the coldest 35MPa
in driving tolerance for temperatures
history the station's in driving
volume history
estimation
(7kg-10%)
tank system hssume smallest capacity assume largest capacity 2 vessels 1 vessel 4 vessels 1 vessel 2 vessels vessel
ith multiple identical with single vessel 1kg Type Ill 6.3kg Type IV |1.5kg Type Ill  |10kg Type IV |1kg Type Ifi kg Type IV
yessels 70 MPa 70 MPa 70 MPa 70 MPa 35 MPq 0 MPa
nozzle temp se instantaneous cold fill if ambient is warmer than
ramp lemperature at nozzle; there cold fill: use ambient
s no ramp down temperature as initial nozzle
temperature and ramp down
nozzle temp nozzle temp nozzle temp, nozzle temp 0zzle temp
nozzle temperature Tkg Type Il ramp = 6°C/s ramp =0 ramp #6°C/s ramp =0 hmp = 6°C/s
if ambient is colder than
cold fill: use cold fill
temperature at nozzle from
beginning, there is no ramp
pressure drop Emallest pressure drop largest pressure drop
in fueling line onceivable allowed 70 MPa pressure drop pressure drgp pressure drop pressure drop ressure drop
=20 MPa =2MPa =20 MPa =2 MPa 20 MPa
nozzle se the largest specified use the smallest specified nozzle nozzle rozzle nozzle nozzle ozzle
diameter [fiameter diameter diameter = diameter = 3 diaméter = diameter = 3 = lameter = 3
Infinite mm Infinite mm Infinite m
empty density 2.484g/ 248 gll 2.484g/ 24849/ 2.484g/ 248 g/
full density 402 g/l 40,2900 402 g/l 402 g/l 24.0 g/l 240 g/l

The final look-up tab
system characteristi
prone to heat develd
Those systems mos
the tanks used in th
these are existing ta
fueling conditions. T
tanks were used in €

FIGURE A3 - MODELING ASSUMPTIONS AND DEVELOPMENT APPROACH

les are not derived from a single hydrogen storage system, but rather reflect the
Cs across all OEM applications that'were considered during table development.

pment (i.e., hot at end of fill)chave driven the need for pre-cooling and placed lipitations on fill time.
prone to overfilling (i.e., ¢old*at end of fill) have determined the target pressure
e protocol development,-along with some of their key parameters. It should be
nk systems, but rather\collections of parameters that represent boundary conditjons for hot and cold
bble A3 summarizes the modeling assumptions and the protocol development, and it identifies which
ach step of the process.

full scope of storage
[hose systems most

imits. Table A2 lists
noted that not all of
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TABLE A2 - TANKS USED IN PROTOCOL DEVELOPMENT

Tank parameters for simulation of fueling process

Step 1 & 3: 70OMPa 7-
Parameters Tanks Step 2: 35MPa Step 2: TOMPa 1-Tkg | Step 2: 7OMPa 7-10kg |Step 1 & 2: TOMPa 1-Tkg |10kg
Step 1 & 3: 35MPa
General Units
Tank system acronym 1kg 35MPa Typelll 1kg 70MPa Typelll | 1.5kg 70MPa Typelll & 3kg 70MPa TypelV 10kg 70MPa TypelV
Storage capacity total kg 1 1 15 6.3 10
MNorminal working pressure MPa 35 70 70 70 70
MNumber ofvessels 4 1 1
Defueling rate system (max) als 1.4 14 1.4 1.4 1.4
Defueling rate per vessel (max) als 0.7 07 0.35 1.4 14
Geometry Units
Internal volume liters 39 25 37 157 249
Total external length, without necks mm 902 (wi necks) 900 (w/ necks) 900 (w/ necks) 1000 1517
External diameter mm 300 240 308 557 557
Internal diameter mm 270 200 251 476 476
Wall thickness darbon overwrap (cylindrical section)] mm 12 17 24
Wall thickness lijper (cylindrical section) mm 328 3.25 3.25
Mass of carbaon pverwrap kg 14.50 15.53 28.30
Mass of liner (wighout bosses) kg §.58 4.84 5.94
Internal liner surface m= 0.738 054 0.665 1.57 2.342
ial Data A\)
Composite ovenwrpp
Density kg/m® 1500 1500 1500
Heat conductivit Win-K 0,799 (const) 0,799 (const) 0,799 (const)
Spec. heat capafity Jikg-K 862,5 (const) 8625 (const) 862,5 (const)
Liner {aluminum, §teel, plastic, etc) aluminum aluminum aluminum plastic plastic
Density kg/m® 2700 2700 2700
Heat conductivit Wimn-K 164 (@ 0°C) 164 (@ 0°C) 164 (@ 0°C)
Spec. heat capafity Jikg-K 1106 (const) 1108 (const) 1106 (const)
With the lookup tables developed and accepted for use at all stations) the interface for fuel transfer ffom the dispenser to

the vehicle is defingd, and the history of the table development,is' no longer directly relevant. S
expected to operate|their stations in accordance with the protocoels,"and OEMs are responsible for eng
developed storage tank or storage system is capable of safely\receiving fuel according to the protocol

The modeling apprdach for generating the tables was based on a thermodynamic representation

within the storage vgssel. The analysis was performed.by treating the interior of the vessel as a fixed
enthalpy of hydrogen entering the vessel from a single inlet results in a temperature rise. The mo
mixed gas within thg vessel such that the pressure, temperature, and density at any particular tin
conservation of mags and energy, along with~an equation of state for hydrogen gas, provide the

calculate the pressure, temperature and _density throughout the fill. The heat from the compressed
(i.e. heat capacity) in the liner material'and partly transferred (i.e. heat conductivity) to the compos
same manner, the|heat is stored (and progresses through the composite overwrap to the a
environment within the model. Therheat transfer is assumed only to take place through the body o
vessel, which implieg no significaht*heat transfer through the station lines or components. The condif
hydrogen gas from the station is defined by pressure and temperature at the nozzle. The pressure at
is given by the presgure ramp' rate. The fuel gas mass flow rate at any given time is calculated from
pressure at the nozzle and-the pressure in the vehicle tank. The pressure drop coefficient of the fue

tation operators are
uring that any newly

bf the filling process
control volume. The
fdels assume a well-
e are uniform. The
model with ability to
gas is partly stored
te overwrap. In the
mbient temperature
the vehicle storage
ion of the dispensed
the nozzle interface
the time dependant
ing line downstream
ng the tank is based

the nozzle is calculafed-from the pressure drop at the reference condltlon The gas temperature enter
on the nozzle deliverytem

oule-Thomson effect

and the gas dynamic influence of the nozzle dlameter wh|ch increases the dynamic enthalpy for a given temperature and
pressure due to the increased flow velocity. The soak condition defines the initial homogeneous temperature of both the
internal gas and wall of the vehicle storage system. As indicated in the previous sections, the soak condition deviates

from the ambient temperature for various reasons, which are specified in the model as separate initial

conditions of the fill.
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APPENDIX B - MINIMUM STATE OF CHARGE RANGE PER FUELING TYPE
Appendix B defines the expected SOC range by defining the lower limit (the upper limit is 100%). An SOC greater than
these lower limits and less than 100% should be achieved. The expected SOC should be at least the values shown in the
tables below.

TABLE B1 - TYPE A-70 SOC LOWER BOUNDS FOR VEHICLE FUEL SYSTEMS WITH CAPACITY 1-7 KG

Hot Case Final State of Charge, SOC

A-70 (Hot Soak - No History)
1-Tkq Initial Tank Pressure, P, (MPa)
2 5 10 15 20 30 40 50 60 70 =70
2 50 |nofueling|no fueling| no fueling | no fueling [ no fueling | no fueling | no fueling | no fueling | no fueling Tn’ no fueling

50 89% 89% 89% 89% 88% 89% 89% 89% 90% 91% ||no fueling
U5 89% 89% 89% 89% 89% 89% 89% 80% 90% 92% | [no fueling
Iti-l:l 89% 89% 89% 89% 89% 90% 80% 80% 91 % 92% | [no fueling
35 80% 89% 89% 89% 90% 90% 81% 91% 92% 93% | [no fueling
30 89% 89% 89% 89% 89% 90% 80% 91% 92% 94% |[no fueling
25 89% 89% 89% 89% 89% 89% 80% 81% 92% |nofueling[no fueling
20 89% 89% 89% 89% 89% 89% 90% 91% 92% [nofueling [no fueling
H0 88% 88% 88% 88% 89% 89% 80% 81% 92% |nofueling[no fueling
0 88% 88% 88% 88% 88% 89% 80% 91% 92% [nofueling [no fueling
10 87% 87% 86% 87% 87% 87% 88% 89% |nofueling|no fueling | no fueling
20 86% 85% 85% 85% 85% 85% 86% 86% |nofueling|nofueling|no fueling
30 85% 84% 84% 84% 84% 84% 84% 84% |nofueling|no fueling | no fueling

40 84% 84% 84% 84% 84% 83% 84% 84% |nofueling|nofueling|no fueling
<|-40 |nofueling|no fueling | no fueling | no fueling nq@ng no fueling|no fueling | no fueling | no fueling | no fueling | no fueling

Ambient Temperature, T amb (°C)

TABLE B2 - TYPE B-70 SOC LOWER BOUNDS FOR VEHICLE FUEL SYSTEMS WITH CAPACITY 1-7 KG

Hot Case Final State of Charge, SOC
B-7D (Hot Soak - No History)
1 -Thg Initial Tank Pressure, P, (MPa)
2 5 10 15 20 30 40 50 60 70 =70

3 50 |nofueling ing | no fueling | no fueling | no fueling | no fueling | no fueling | ne fueling | no fueling [ no fueling | ne fueling
IT) 50 91% 91% 90% 90% 90% 90% 90% 90% 90% 91% ||no fueling
9: 45 90% 90% 90% 89% 89% 89% 90% 90% 91% 92% ||no fueling
£ 40 80% 90% 89% 89% 89% 90% 90% 91% 92% 93% ||no fueling
- 35 90% 89% 89% 89% 90% 90% 91% 92% 93% 94% ||no fueling
2“ 36 B9% B9% B9% B9% B9% S6% 4% G20 S3%—mrorfiretimd | no fueling
% 25 89% 89% 89% 89% 89% 90% 91% 92% 93% [nofueling|no fueling
s 20 88% 88% 88% 89% 89% 90% 90% 92% 93% |nofueling|no fueling
g' 10 88% 88% 88% 88% 88% 89% 90% 91% 93% [nofueling|no fueling
ﬁ 0 87% 87% 87% 88% 88% 89% 90% 91% 93% |nofueling|no fueling
= -10 86% 86% 86% 86% 87% 87% 88% 89% 91% |nofueling|no fueling
o -20 85% 85% 85% 85% 85% 85% 86% 87% |nofueling|no fueling | no fueling
'E -30 84% 84% 83% 83% 83% 84% 84% 85% |[nofueling|no fueling | no fueling
< -40 84% 83% 83% 83% 83% 83% 84% 85% |nofueling|no fueling [ no fueling

< -40 |no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling [ no fueling
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TABLE B3 - TYPE A-70 SOC LOWER BOUNDS FOR VEHICLE FUEL SYSTEMS WITH CAPACITY 7-10 KG

Hot Case Final State of Charge, sSOC
A-70 (Hot Soak - No History)
7-1 Dkg Initial Tank Pressure, P, (MPa)
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 | no fueling | na fueling
o 50 90% 89% 89% 89% 89% 89% 89% 89% 90% 91% | ne fueling
-~ 45 90% 90% 90% 90% 89% 89% 90% 90% 91% 92% | ne fueling
E 40 90% 90% 90% 90% 90% 90% 90% 91% 91% 93% | ne fueling
- 35 90% 90% 90% 90% 90% 90% 91% 91% 92% 94% | no fueling
9_.; 30 a0% 90% 90% 90% a0% 90% 91% 91% 92% | no fueling
-.g 25 90% 90% 90% 90% 90% 90% 91% 91% 92% na fueling
o 20 89% 90% 90% 90% 90% 90% 90% 91% 92% na fueling
E‘ 10 89% 89% 89% 89% 89% 90% 90% 91% 92% na fueling
& 0 88% 89% 89% 89% 89% 89% 90% 91% 92% na fueling
b= 10 88% 88% 87% 87% 87% 88% 88% 89% 90% na fueling
% 20 87% 87% 86% 86% 86% 86% 86% 87% b fueling ne fueling
= 30 86% 85% 85% 85% 84% 84% 84% 84%, | no fueling ne fueling
< 140 85% 85% 85% 84% 84% 84% 84% 84% | no fueling ne fueling
9 -40 | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fue@ }gfueling no fueling na fueling
TABLE B4 - T[rPE B-70 SOC LOWER BOUNDS FOR VEHICLE-FUEL SYSTEMS WITH CAPACITY 7-10 KG
Hot Case Final State of Charge, SOC
B-70 (Hot $6ak - No History)
7-10 KO Initial Fank Pressure, P, (MPa)
2 5 10 15 20 30 40 50 60 70 > 70
¥ 50 | no fueling | no fueling | no fueling | no fuel'in)no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
6‘* 50 91% 90% 90% 90% 90% 90% 90% 90% 90% 91% || ne fueling
- 45 90% 90% 90% 90% 90% 90% 90% 91% 91% 92% || ne fueling
E 40 90% 90% 90% 90% 90% 90% 90% 91% 92% 93% || ne fueling
- 35 90% 90% 90% 90% 90% 90% 91% 92% 93% 94% || no fueling
95 30 90% 90% 90% 90% 90% 90% 91% 92% 93% | no fueling| no fueling
ug 25 89% 89% 89% 89% 90% 90% 91% 92% 93% |ne fuelinj no fueling
S 20 89% 89% 89% 89% 89% 90% 91% 92% 93% | no fueling|| no fueling
E‘ 10 89% 89% 89% 89% 89% 90% 90% 91% 93% | no fueling|| no fueling
& 0 88% 88% 88% 88% 89% 89% 90% 91% 93% | no fueling|| no fueling
b= 10 87% 87% 87% 87% 87% 88% 88% 89% 91% | no fueling|| no fueling
2 L2100 86% 86% 86% 86% 86% 86% 86% 87% | no fueling | no fuelingl | no fueling
-E 30 B86% 86% 86% 84% 845% B4% 84% B86%—rre-feling ...,.‘..ehj no fueling
< -40 85% 85% 84% 84% 84% 84% 84% 85% | no fueling | no fueling | no fueling
< -40 | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
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TABLE B5 - TYPE A-35 SOC LOWER BOUNDS

Hot Case Final State of Charge, SOC
A-35 (Hot Soak - No History)
Initial Tank Pressure, P; (MPa)

2 5 10 15 20 30 35 > 35
> 50 |nofueling|no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
IT) 50 87% 87% 87% 87% 87% 87% 88% |nofueling
9:_" 45 87% 87% 87% 87% 87% 88% 89% |nofueling
E 40 87% 87% 87% 88% 88% 89% 91% |nofueling
= 35 87% 87% 88% 88% 89% 90% 92% |nofueling
E“ 30 BT BT 7 887 887% B9% 907 927 |nofuenng
= 25 86% 87% 87% 88% 89% 90% |nofueling|no fueling

g 20 86% 86% 87% 88% 89% 90% |nofueling|no fueli
E‘ 10 86% 86% 87% 87% 88% 90% |nofueling n(o‘@ng
ﬁ 0 85% 85% 86% 87% 88% 90% |nofueling noE{eIing
s -10 83% 84% 85% 85% 86% 88% nofupl.@.ne(ﬁjeling
<@ -20 82% 82% 83% 83% 83% |nofueling U.QWQ no fueling
£ [ -3 | 81% | 81% | 81% | 81% | 81% |nofeling|aditeling|nofusling
< -40 80% 80% 80% 81% 81% nomeﬂ% ngfueling no fueling
< -40 |no fueling [ no fueling | no fueling | no fueling | no fueling n@elm’g nao fueling | no fueling

TABLE B6 - TYPE B-35 SOC LOWER BOUNDS
Hot Case Final-State of Charge, SOC
B-35 (Hot_Soak - No History)
InitiahkTank Pressure, P, (MPa)

2 5 10 15 20 30 35 > 35
> B0 |nofueling|no fueling Mling no fueling | no fueling | no fueling | no fueling | no fueling
T) 50 87% 87% 87% 87% 88% 89% 89% [nofueling
O‘;‘ 45 88% 87% 88% 88% 88% 89% 90% [nofueling
E 40 88% 88% 88% 88% 89% 90% 91% [ne fueling
= 35 88% 88% 88% 89% 90% 91% 92% [nofueling
2“ 30 87% 87% 88% 89% 89% 91% 92% [nofueling
= 25 87% 87% 87% 88% 89% 91% |nofueling|no fueling
E 20 86% 86% 87% 88% 89% 90% |nofueling|no fueling
g' 10 85% 86% 86% 87% 88% 80% |nofueling|no fueling
ﬁ 0 84% 85% 86% 87% 88% 90% |nofueling|no fueling
% -10 83% 84% 84% 85% 86% 88% |nofueling|no fueling
2 -20 82% 82% 83% 83% 83% |nofueling|no fueling| no fueling
'g 1Y (970 {97 oU/o oU70 ©U 70 | 110 TOENmg | 1o TaEmg | T THeEnmg
< -40 78% 78% 78% 79% 80% |nofueling|no fueling | no fueling
< =40 |nofueling |no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
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TABLE B7 - TYPE C-35 SOC LOWER BOUNDS

Hot Case Final State of Charge, SOC
0_35 (Hot Soak - No History)
Initial Tank Pressure, P; (MPa)

2 5 10 15 20 30 35 > 35
> 50 |nofueling|no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
IT) 50 80% 80% 89% 89% 88% 89% 89% |nofueling
9:_" 45 89% 89% 89% 88% 89% 90% 91% |nofueling
E 40 89% 89% 89% 89% 89% 91% 92% |nofueling
= 35 89% 88% 89% 89% 80% 92% 93% |nofueling
E“ 30 887 887 887 89% 907% 927 937 __[nofuenng
= 25 88% 87% 88% 88% 89% 92% |nofueling|no fueling

g 20 87% 87% 87% 88% 89% 91% |nofueling|no fueli
E‘ 10 86% 86% 87% 88% 89% 91% |nofueling n(o‘@ng
ﬁ 0 85% 85% 86% 87% 89% 91% |nofueling noE{eIing
s -10 83% 83% 84% 85% 86% 89% nofupl.@.ne(ﬁjeling
<@ -20 80% 80% 81% 82% 83% |nofueling U.QWQ no fueling
£ 30 | 77% | 78% | 78% | 79% | 81% |nofeling|aditeling|nofusiing
< -40 76% 76% 7% 79% 80% nomeﬂ% ngfueling no fueling
< -40 |no fueling [ no fueling | no fueling | no fueling | no fueling n@elm’g nao fueling | no fueling

TABLE B8 - TYPE D-35 SOC LOWER BOUNDS
Hot Case Final-State of Charge, SOC
D-35 (Hot_Soak - No History)
InitiahkTank Pressure, P, (MPa)

2 5 10 15 20 30 35 > 35
> B0 |nofueling|no fueling Mling no fueling | no fueling | no fueling | no fueling | no fueling
T) 50 95% 95% 94% 93% 92% 90% 90% [nefueling
O‘;‘ 45 94% 93% 93% 92% 91% 80% 91% [nofueling
E 40 93% 92% 92% 91% 91% 91% 92% [nefueling
= 35 92% 91% 91% 890% 91% 92% 93% [nofueling
2“ 30 90% 90% 80% 90% 90% 92% 93% [nofueling
= 25 89% 89% 89% 89% 89% 92% |nofueling|no fueling
E 20 88% 88% 88% 88% 89% 92% |nofueling|no fueling
g' 10 86% 86% 86% 87% 89% 92% |nofueling|no fueling
ﬁ 0 85% 85% 86% 87% 88% 91% | nofueling|no fueling
% -10 83% 83% 84% 85% 86% 89% |nofueling|no fueling
2 -20 81% 81% 82% 83% 83% |nofueling|no fueling| no fueling
'g 1Y oU 7 ouU 7o oU/o oU70 ©U 70 | 110 TOENmg | 1o TaEmg | T THeEnmg
< -40 81% 81% 81% 81% 81% |nofueling|no fueling | no fueling
< -40 |no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
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APPENDIX C - HYDROGEN REFUELING STATION RECOMMENDATIONS
FOR PRE-COOLING AND PRESSURE CONTROL

Fueling dispenser flow restriction shall be upstream of vehicle interface.

Fueling dispenser should be capable of setting the nozzle outlet temperature of the pre-cooled hydrogen gas consistent
with the fueling protocol.

Installation of pre-cooling 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 pre-cooling less effective.

If a station has communication fueling capability, the fueling dispenser shall be capable of fugling vehicles with and
without communication between the vehicle and dispenser.

The fueling station shall execute three levels of pressure control:

1st Level (normal cpntrol process): terminate fueling when target pressure is reached, when SOQ limit is reached, or
when the fabort” signal is received

2nd Level (initial fault management: redundant electronic protection level): terminate fueling when 125% NWP (87.5 MPa
for a 70 MPa dispenser; 43.8 MPa for a 35 MPa dispenser) is reached

3rd Level (secondary fault management: fully mechanical protection level): when fueling station PRV |set point is reached.
The PRV [set point should be 1.25*"NWP +10% = 1.375*"NWP (96.25 MPa for a 70 MPa {lispenser and 48.13
MPa for a[35-MPa dispenser).

For all of the above cases, the fueling hose pressure should be released.
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APPENDIX D - USING THE FUELING TABLES — NON-COMMUNICATION EXAMPLE

Linear interpolation should be used to derive actual parameters from table values. This will be one-dimensional
interpolation for the APRR,wa (based on ambient temperature) and two-dimensional interpolation for the target pressure
(based on ambient temperature and initial HSS pressure), or extrapolation if Py is below 2 MPa. Note: If one of the
interpolation values is in the “no fueling” zone of the table, then the dispenser should not fuel the vehicle.

Using the Tables — Ramp Rate Example

@ Station interpolates to find ajrg
ramp rate denominator (fill timg)
RS

\\

Avg Pressure Ramp Rate Denominator (87.5MP3/ x min)

-40 -30 -20 -10 0 10 20 30 40 50

Ambient Temperature (°C)

@ Station reads ambient temp of 24°C

FIGURE D1
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Using the Tables — Target Pressure Example

» Fill Pressure (MPa)

H

@ Station does interpolation to find target pressure
/ _—

’__),-7]' @ Station measures
/ ambient temp

A Ambient Temperature (°C)

FIGURE D2
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APPENDIX E - PLANS FOR FUTURE REVISIONS OF SAE J2601 AND
PATHWAY TO FURTHER PERFORMANCE BASED STANDARD

Currant SAF TIR 22501
Communicatian Fusing:
= Recommendzd fusiing raizs Dased on bodkup fabiss (detsult
ALT Camm Type A} or vehicla data (ALT Comm Typas SC/T)
« Cacuisisd and-o-ill 31 100% SaC (+0%)
Non-Communicaiion Fusling:
= Prescripive l00d-up fabiss siging fusiing raiz and targst
pregsure
»  Conservalve SsEUMODOnE On dflerance Detwesn HE5
femosrature and amole temperaiurs

7 T~

Y
Use of SAE TIR J2601 Flald Tasting
at multiple stations = Meazsura aciual non-comim. O

achiawved
+  Cal=cidaia of achal yenige HE5
w5, amibiam femiperatue a3 ik

C8A HEVAS i
«  Devaop s3ndard 10 1951 500N fusng , DEA MMM e
prokocal acnisved
= Dasign & canstruct sialian t2sling dewios =N conidenyy I fusling methad
+  Devalop sl memod 1 vl SEm Y e oty
. 3 )

ma2is BAE TIR J2601

= Davaiop izl meihnod 10 valldaie
prapristary Algariinms ar2 53kl acoanding
o saity Bmits of SAE TIR J2601

Take field dataand HEWV4.3

and modify SAE J2801

N\

Communicalion Fusling:
« RecommendsdJENng rales 03sad on wehicke data with addional weariicatan
using statan d<a
* AW 30w WOdCIBon of fu2iing raies Dased on d3ia
= Cacuigisd Snd-oFill 31 100% 5aC (+- X%)
Nao-Commarkcaian Fuding:
» JRedude lokrancss an amiisn lemperaiure 3ssumpiians
» ~TENEE presoripive 100%-uD tabiss St3tng fusing raiz and targe pressurs 35
uidelines anly
#% Allow use of proprietary smar fusing 3iganinms ?al mest test requiremans of
CBAHGYAS
»  Describe perfarmance Bmils Ta fusling siadons must mest when 2sied In

ZAE 22601 — 20117

FIGURE E1
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APPENDIX F - EXAMPLE OF ALT- COMMUNICATION FUELING INITIAL RAMP RATES

This appendix is strictly for reference only relating to Alt-Communications look-up tables as per Section 9. The tables give
the initial ramp rates per initial tank pressure and initial internal tank temperature signal reading.

The vehicle (OEM) must give authorization to utilize this methodology at a given station.

Communication Fueling Table F-1
Type A-70 Example of ALT- Communication Initial Ramp Rates for HSS with capacity 1-7kg

Example ALT Ramp Rates (MPa/min)
=70 for-CommunicationFueling
1-?kg Initial Tank Pressure, Py (MPa)
2 5 10 15 20 30 40 50 60 70 &0 > B0

=85 no fueling| no fueling [ no fueling | no fueling [ ne fueling | no fueling| ne fusling | no fueling| no fusling | no fueling m%@h’g no fgeling
80 38 34 3.0 2.7 2.6 2.2 24 2.0 2.5 1258 28.2 no fyeling
75 6.7 6.3 5.5 5.1 4.9 5.1 6.7 14.6 28.2 28.2 28.2 no fieling
70 10.9 10.9 10.9 12.5 12.5 17.5 25.2 258.2 28.2 26.2 28.2 no fgeling
65 17.5 17.56 17.5 21.9 219 28.2 25.2 25.2 28.2 258.2 28.2 no fgeling
60 21.9 219 21.9 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fgeling
6 55 21.9 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fgeling
9: 50 28.2 28.2 28.2 28.2 28.2 28.2 28.2 282 28.2 28.2 no fueling [ no fgeling
E 45 28.2 28.2 28.2 28.2 28.2 28.2 28.2 282 28.2 28.2 | no fueling | no fyeling
|_§ 40 26.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fugling [ no fgeling
ol 35 28.2 28.2 258.2 28.2 258.2 28.2 262 258.2 28.2 258.2 no fueling [ no fgeling
5 30 28.2 28.2 28.2 28.2 28.2 28.2 28.2 25.2 28.2 258.2 no fueling [ no fgeling
25 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fueling [ no fgeling
20 28.2 28.2 28.2 28.2 28.2 28,2 28.2 28.2 28.2 28.2 no fueling [ no fgeling
15 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 | no fueling | no fyeling
10 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fugling| no fueling | no fyeling
0 26.2 28.2 28.2 28.2 262 28.2 28.2 28.2 28.2 no fueling| no fueling | no fgeling
': A0 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 | no fueling| no fueling | no fleling
:g -20 28.2 28.2 258.2 282 258.2 28.2 25.2 25.2 28.2 no fueling| no fueling | no fgeling
g -30 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fugling | ne fueling | no fueling | no fgeling
-0 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fueling [ no fueling| no fueling [ no fgeling
50 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fueling [ ne fueling | no fueling | ne fgeling
60 28.2 28.2 26:2 28.2 28.2 28.2 25.2 28.2 no fueling [ no fueling | no fueling | no fgeling
70 28.2 28.2 28.2 28.2 28.2 28.2 28.2 neo fueling [ no fueling | ne fueling | ne fueling | no f§eling
] 28.2 28.2 28.2 28.2 28.2 28.2 28.2 neo fueling [ no fueling | no fueling | ne fueling | no fgeling
90 28.2 258.2 28.2 28.2 28.2 28.2 28.2 neo fueling [ no fueling | no fueling | ne fueling | no fgeling
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Communication Fueling Table F-2
Type B-70 Example of ALT- Communication Initial Ramp Rates for HSS with capacity 1-7kg

Example ALT Ramp Rates (MPa/min)
B-70 for Communication Fueling
1-7kg Initial Tank Pressure, Py (MPa)
2 5 10 15 20 30 40 50 60 70 80 = 80

= 85 no fueling | ne fueling | no fueling| no fueling | ne fueling [ no fueling | no fueling | no fueling | no fueling | no fueling | no fueling | no fueling
80 1.2 1.2 1.1 1.1 1.0 1.0 1.0 0.9 0.9 1.1 28.2 no fueling
75 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.6 2.5 28.2 28.2 no fueling
70 1.6 1.6 1.6 1.6 1.6 1.8 2.2 4.2 28.2 28.2 28.2 no fueling
65 1.9 1.9 1.9 2.2 2.2 2.9 4.9 21.9 28.2 28.2 28.2 no fueling
60 2.2 2.5 2.5 2.9 3.4 5.1 14.6 28.2 28.2 28.2 28.2 no fueling
o 55 3.0 3.1 3.5 4.0 4.9 9.7 28.2 28.2 28.2 28.2 28.2 | no fueling
9‘; 50 k2] T0 5 %1 T 7.5 75.2 5.2 5.2 75.2 | no fuelng | no Jueling
E 45 44 4.8 5.8 7.3 10.9 28.2 28.2 28.2 28.2 28.2 no fueli b fugling
I—g 40 5.5 5.8 7.3 9.7 146 28.2 28.2 28.2 28.2 282 |no @\- no fueling
@ 35 6.3 7.3 9.7 14.6 21.9 28.2 28.2 28.2 28.2 28.2 &Iing no fueling
é 30 7.3 8.8 10.9 17.5 28.2 28.2 28.2 28.2 28.2 28.2 >)fueling no fueling
T 25 8.8 9.7 14.6 21.9 28.2 28.2 28.2 28.2 28.2 28.2 no fueling | no fueling
3. 20 9.7 10.9 17.5 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fueling | no fueling
E 15 10.9 12.5 21.9 28.2 28.2 28.2 28.2 28.2 282 28.2 no fueling | no fueling
'; 10 12.5 14.6 21.9 258.2 28.2 28.2 28.2 28.2 28,2 no fueling | no fueling | no fueling
g 0 14.6 17.5 28.2 28.2 28.2 28.2 28.2 28.2 28.2 | no fueling | no fueling | no fueling
': -10 17.5 21.9 28.2 28.2 28.2 28.2 28.2 282 28.2 no fueling | no fueling | no fueling
:g -20 17.5 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fueling | no fueling | no fueling
£ 230 21.9 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fueling [ no fueling | no fueling | no fueling
A0 21.9 28.2 28.2 28.2 28.2 28.2 28,2 28.2 no fueling | ne fueling | no fueling | no fueling
-50 28.2 28.2 28.2 28.2 28.2 28.2 26:2 28.2 no fueling | no fueling | no fueling | no fueling
60 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fueling | ne fusling | ne fueling | no fueling
70 28.2 28.2 28.2 28.2 28.2 282 28.2 no fueling | no fueling | ne fueling | no fueling | no fueling
-80 258.2 28.2 28.2 258.2 28.2 28.2 28.2 no fueling | no fueling | no fueling | no fueling | no fueling
90 28.2 28.2 28.2 28.2 28.2 28.2 28.2 no fueling | no fueling | no fusling | no fueling | no fueling
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