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afice evaluation, and
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1. SCOPE
The scope of this SAE Recommended Practice is limited to gasoline fuel pumps used in automotive direct fuel injection
systems. It is primarily restricted to bench tests.

This SAE Recommended Practice also defines the minimum design verification testing that is recommended to verify the
suitability of gasoline direct injection (GDI) high-pressure fuel pumps used for pumping gasoline or gasoline-blend fuels to
direct injection gasoline injectors. Additional tests not specified in SAE J2714 will be required for non-automotive pump
applications or pumps, such as those intended for use on aircraft, motorcycles, or marine equipment. The pump and the
gasoline direct injector are complementary components, and the direct injector component is fully described in SAE J2713,
which provides a full range of test procedures for the characterization of such injectors.

Except where specifically stated otherwise, test results are recorded for individual parts under recommended test conditions.
Where population cjaracterisiics are reported, the sample size, selection method, and staustical andlysis technique shall
be explicitly stated.

2. REFERENCES

2.1 Applicable Doguments

The following public
latest issue of SAE ¢
2.1.1  SAE Publics

Available from SAE
and Canada) or +1 7

htions form a part of this specification to the extent specified herein. Unless oth
ublications shall apply.

tions

nternational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-6
24-776-4970 (outside USA), www.sae.org.

brwise specified, the

D6-7323 (inside USA

SAE J310 Automotive Lubricating Greases

SAE J312 Automotive Gasolines

SAE J814 Coolants for Internal Combustion‘Engines

SAE J1297 Alternative Automotive Fuels

SAE J1537 Gasoline Low-Pressure) Electric Fuel Pump Characterization

SAE J1681 Gasoline, Alcohely'and Diesel Fuel Surrogates for Materials Testing

SAE J1747 Reécommended Methods of Conducting Corrosion Tests in Hydrocarbon Fuels or Their Surrogates and
Their Mixtures with Oxygenated Additives

SAE J2713 Direct Injection Gasoline Fuel Injector Characterization

2.1.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org

ASTM B117 Standard Practice for Operating Salt Spray (Fog) Apparatus

ASTM D56 Standard Test Method for Flash Point by Tag Closed Tester

ASTM D86 Standard Test Method for Distillation of Petroleum Products at Atmospheric Pressure
ASTM D128 Standard Test Method for Analysis of Lubricating Grease
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ASTM D445

Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (The Calculation of
Dynamic Viscosity)

ASTM D471

ASTM D893

ASTM D1298

Standard Test Method for Rubber Property-Effect of Liquid

Standard Test Method for Insolubles in Used Lubricating Oils

Liquid Petroleum Products by Hydrometer Method

ASTM D1744

ASTM D4806

Standard Practice for Density, Relative Density (Specific Gravity), or API Gravity of Crude Petroleum and

Standard Test Method for Determination of Water in Liquid Petroleum Products by Karl Fisher Reagent

Standard Specification for Denatured Fuel Ethanol for Blending with Gasolines for Use as an Automotive

Fu
ASTM D4814 St
2.1.3 Code of Fed

Available from the
Tel: 202-512-1800, v

40 CFR 86.113 C
49 CFR571.116 F
214 U.S. Govemn
Copies of these doc
MIL-STD-2165 M
MIL-STD-810 E
3. BASIC DEFINIT,
The following are pa
3.1  PUMP STATI(
The flow through a n

the pump inlet throu
created by the suppl

el
andard Specification for Automotive Spark Ignition Engine Fuel
eral Regulations (CFR) Publications

United States Government Printing Office, 732 North Capitol-Street, NW, Was
VWW.JpPO0.goVv.

ontrol of Emissions from New and in-use Highway Vehic¢les and Engines Fuel Sp
cderal Motor Vehicle Safety Standards Motor Vehicle'Brake Fluids
ment Publications

iments are available online at https://quicksearch.dla.mil.

ilitary Standard Testability Program for Electrical Systems and Equipment
nvironmental Considerations and Laboratory Tests

ONS AND DATA REPORTING REQUIREMENTS

rameters that define_the basic functional characteristics of the GDI fuel pump.

C FLOW (QssaTic)

on-rotating“pump assembly with the pumping element(s) positioned to allow fluid

gh the’pump outlet. Any control valve must be held in the full-open position. Th
y pump pressure, Pin, and is expressed in cmd/s.

hington, DC 20401,

bcifications

to pass directly from
b pump static flow is

3.2 PUMP INLET

PRESSURE (Pn)

The pressure as supplied by the low-pressure, in-tank fuel pump that operates in conjunction with the GDI pump. This is
sometimes referred to as the lift pump pressure or supply pressure. It is measured at the GDI pump inlet and is expressed
in kPa. A minimum inlet pressure must be maintained so that fluid in the pump remains in the liquid state at high

temperatures to avoi

d cavitation.

3.3 PUMP OUTLET PRESSURE (Pour)

The pressure supplied by the GDI pump measured at the pump outlet and is expressed in MPa.
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34 MAXIMUM SYSTEM PRESSURE (Pwax)

Also referred to as maximum working pressure, is the maximum pressure to which the GDI pump assembly will be
commanded during normal operation. The maximum system pressure is typically specified by the pump manufacturer and
is expressed in MPa.

3.5 MINIMUM SYSTEM PRESSURE (Pwmin)
Also referred to as minimum working pressure, is the minimum pressure to which the GDI pump assembly will be
commanded during normal operation. The minimum system pressure is typically determined by the application and is

expressed in MPa.

3.6 PROOF PRESSURE (Prr)

A test pressure applled to the GDI pump to verify structural integrity. No permanent deformation or IeJakage is permitted at
this pressure and the GDI pump must function normally subsequent to this test. The proof pressure i$ 2.0 times Puax and
is expressed in MPa

3.7 BURST PREYSURE (Ps)

Test pressure appligd to the GDI pump, possibly resulting in permanent deformation or external Ipakage, but with an
expectation that no sudden rupture will occur. The applied burst pressure is 3.0 titnes Puax and is expfessed in MPa.

3.8 PUMP OUTLBT PRESSURE FLUCTUATION (Pourtr)

The maximum fluctuation of pressure at the pump outlet measured while operating the pump at a spgcified condition. It is
normally expressed [in units of MPa. Poutr is the difference between the maximum and minimum insfantaneous pressure
values observed ovgr a minimum of ten full pump cycles.

3.9 PUMP INLET PRESSURE FLUCTUATION (PinF)
The maximum fluctyation of pressure at the pump inlet measured while operating the pump at a given condition. It is

expressed in units df kPa. Pinr is the difference.of the maximum and minimum instantaneous presspre values observed
over a minimum of ten full pump cycles.

3.10 NORMAL OPERATING PRESSURE (Pnorm)
Normal operating pressure is the average pressure to which the particular GDI pump will be commanded during normal
operation and is used to establishsthe 'dynamic characteristics. The Normal operating pressure is typi¢ally specified by the
application and is expressed in.MPa.

3.11 PUMP DISPLACEMENT (Vb)

The displacement of the pump is the theoretical volume displaced per pump drive shaft revolution. [The displacement is
dependent only upon the physical dimensions of the pumping elements. It is a volume expressed in cm? per cam revolution
(cmd/cam rev). A variable displacement pump should be rated at its maximum displacement. For example, for a piston type
pump the equation would be:

Vb = Number of pumping pistons x Number of lobes on cam x Pison displacement (Eq. 1)
3.12 PUMP SPEED (Nr)
The speed of a pump is the number of revolutions per minute (rpm) of the drive shaft of the pump.
3.13 RATED SPEED (NraTeb)

Rated speed is the speed of the pump corresponding to the engine speed operating at maximum power. The rated speed
is application specific and is expressed in units of rpm.
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3.14 MAXIMUM SPEED (Nwmax)

Maximum speed is the highest speed of the pump attainable without sustaining permanent damage. It is expressed in units
of rpm.

3.15 ENGINE CRANK SPEED (Ncrank)

Engine crank speed is the speed representing a typical pump shaft speed during an engine starting operation. The engine
crank speed for this recommended practice is 100 rpm.

3.16 DIFFERENTIAL PRESSURE (Poir)

Differential pressure is the difference between the pressure of the fluid at the outlet port (Pout) and the pressure at the inlet
port (Pin). Differentidl pressure is expressed in MPa. The equation for Poiris:

Poir = Pout - Pin (Eq. 2)
3.17 PUMP VOLUMETRIC CAPACITY (Qr)

The capacity of a pymp is the volume of fluid actually delivered per pump shaft revalution, including both liquid and any
dissolved or entraingd gases, under stated operating conditions. Pump volumetric capacity is expressgd in cm3/cam rev.

3.18 PUMP VOLUNMETRIC EFFICIENCY (Ev)

The volumetric efficiency is the ratio of the pump volumetric capacity (actual output) to the pump displlacement (theoretical
output) at a given ogerating condition. The formula for computing pump volumetric efficiency (%) is:

Ev = Qp/Vb %100% (Eq. 3)
3.19 DRIVE TORQUE (TObrive)
The measured timejintegrated mean torque required*to rotate the pump drive shaft at a given operating condition. It is
measured in units of N-m. Torque fluctuates instantaneously so TOprive must be determined over d minimum of ten full

pump cycles.

3.20 TORQUE PULSATION (TOr)

The maximum fluctyiation of torque measured while rotating the pump drive shaft at a given operating condition. It is
expressed in units of N-m. Torquétpulsation is the difference of the maximum and minimum instantapeous torque values
observed over a minjimum of ten$ull pump cycles.

3.21 INPUT POWER (BRy brake power)

The input pump poweris-thepg
equation for input power is:

itigns of the pump. The
Input power [kW] = TOprive [N-m] x Np [rpm] x 1.047 x 10 (Eq. 4)
3.22 OUTPUT POWER (WP)
The output pump power (hydraulic power) is the power imparted by the pump to the fluid discharged from the pump, under
stated operating conditions of the pump. It is less than the Input power by the amount of power loss in the pump. The
equation for output power is:

Output power [kW] = Qp [cm3/rev] x Np [rpm] x Pout [MPa] x 1.6667° (Eq. 5)
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3.23 PUMP MECHANICAL EFFICIENCY (Ewm)

Pump mechanical efficiency is the ratio of the pump output power (determined from flow and pressure measurements) to
the pump input power (determined from pump torque and speed measurements). The equation for pump mechanical
efficiency (%) is:

Em = WP/BP x 100% (Eq. 6)

3.24 PUMP CONTROL VALVE DELIVERY ANGLE (CVpa)
CVba is the angular value of the pump shaft revolution at which the control valve is commanded to deliver fuel. It is expressed

in units of degrees relative to top dead center or bottom dead center of the cam lobe depending on control valve driver
conventions.

3.25 CRANK PRESSURE RISE TIME (Pcrr)

The time, measured|in seconds, for a pump to achieve Pnorw with Pin at 400 kPa while rotating ‘at Ncank.

3.26 INLET TEMPRRATURE (Tin)

The inlet temperaturg is the fuel temperature measured at the inlet of the GDI pump.“Tinis expressed |n degrees Celsius.

3.27 OUTLET TEMPERATURE (Tour)
The outlet temperature is the fuel temperature measured at the outlet of.the*GDI pump. Toutis expressef in degrees Celsius.

3.28 PUMP HOUSING LEAKAGE RATE (QLeak-HousING)

The pump housing
components) into th
medium and is expr¢

3.29 PUMP INTER

eakage rate is the rate at which liquidifuel leaks past the pump structural as
e surrounding external environment."FHis is an indirect measurement using he
ssed in units of mbar*L/s.

NAL (FUEL TO OIL) LEAKAGE,RATE (QLEAK-INTERNAL)

sembly (non-moving
lium as a surrogate

akage rate is the rate at which liquid fuel leaks past the pump piston seal into tie engine lubrication
L is expressed in units.of mm3/min.

The pump internal l¢
system. QLEAK-INTERN/

3.30 RELIEF PRESSURE (Pr)

The pump relief pre bllows high-pressure

fuel to exit to the low

Esure is the.actuation pressure value at which the safety relief valve opens and
-pressure side of the pump.

3.31 DATA REPORTING'REQUIREMENTS AND RECOMMENDATIONS

The test conditions and required observed values for any of the tests described in this document shall be recorded on the
designated data reporting sheet for the associated test. This will provide a detailed record of the test. Any testing conditions
or procedures that differ from those required or recommended shall be noted in the Comments or Test Deviations lines of
the data reporting sheet that is designated for the particular test. The data recording sheets for each specific test will have
reporting spaces for the test conditions, as well as for the parameters that are measured in the test. Except where stated,
test results are to be recorded for individual test pumps. Whenever the population characteristics of a test set are to be
reported, the sample size, sample selection method and the analysis technique that is utilized shall be noted on the data
reporting sheet. At a minimum, the following test hardware descriptions, test environment, test conditions and fluid
description are to be recorded:

a. Pump type, serial number, and manufacturer.

b. Test date, test stand designation, and operator name.

c. Test fluid type, ambient and fluid temperature (unless tested dry).
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d. For non-standard test fluids: name, specific gravity, Reid vapor pressure.

e.

f. For electrically d

g.
4.
41

411 TestFluid

The rated operating performance of the pump.

riven GDI pumps: voltage and resistance.

STANDARD TEST CONDITIONS AND PARAMETER FLUCTUATION LIMITS

Recommended Standard Test Conditions

Any deviations from the standard test conditions or methods that are specified in a test procedure.

Normal heptane (n-H
specified for a partic
4.1.2 Fluid Tempe

The test fluid tempe
specified.

4.1.3 Pump Inlet R

The average gauge
throughout the test,

4.1.4 Pump Outle

The average gauge
throughout the test,
4.1.5 Pump Spee

Pump shaft speed s

eptane) is recommended for the measurement of pump performance characterist
Lilar test.

rature

rature shall be measured at the pump inlet, and is to be stabilized at 21 °C + 2

Pressure

pressure measured at the inlet to the pump. Pump ‘inlet pressure shall be held
inless otherwise specified. The pump inlet pressupe fluctuation (Pine) shall not ex

Pressure

pressure measured at the pump outlet. Pump outlet pressure shall be held
inless otherwise specified.

i

nall be held to within £5 rpm of the set value throughout the test, unless otherwise

cs, unless otherwise

C, unless otherwise

to +2% of set value

ceed 100 kPa.

o0 +2% of set value

specified.

5. TEST EQUIPMENT

5.1 Leakage Test|Equipment

A commercially avdilable héelium leak-detection device is recommended for measuring the pump [housing leakage. A
commercially available flame ionization detector (FID) analyzer is recommended for measuring puinp internal leakage.
Leakage rate measyrement test equipment must be accurate to within £1% of its full scale reading.

5.2 Performance Test Bench

To assure that the performance test stand is versatile enough to evaluate the various pump design characteristics, the
hydraulic system should be capable of operating with n-Heptane. A representative piping diagram is shown in Figure 1 for
a typical hydraulic system.

The test fluid supply pump must be capable of delivering sufficient flow and pressure (Pin) as required for the high-pressure
pump on test. The test fluid filtering system must be 5 um or better. The test fluid temperature control system must be
capable of maintaining the test fluid temperature within £2 °C. The test fluid pressure regulation system must be capable of
maintaining the inlet test fluid pressure to the pump within £30 kPa. The inlet pressure shall be measured within 75 mm of
the pump inlet. The test fluid pressure regulation system must be capable of maintaining the outlet test fluid pressure from
the pump within £100 kPa. The outlet pressure shall be measured within 75 mm of the pump outlet. The test fluid flow rate
measurement device must be accurate to £2%. The speed control system must be capable of maintaining the pump shaft
speed to within £5 rpm. The stand must have a device capable of measuring torque at the pump driveshaft that is accurate
to £2%.
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Figure-1 - Schematic of a representative GDI pump performance test stand

5.3 Noise Test Beheh

The pump noise measurement technique defined in this section will require a quiet room with a free-field sound environment
such as that of an anechoic or hemi-anechoic chamber. A typical test setup with the pump and the drive unit is shown in
Figure 2 . The electric motor drive unit can be integrated with the pump but shall be maintained inside an acoustic enclosure
as shown. Alternatively, the electric motor can also be mounted outside the hemi-anechoic chamber in order to maintain
the desired ambient noise level. Ambient noise inside the chamber without the pump operation shall be below 40 dB(A).
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Typical Sound Measurement Setup in an Hemi-Anechoic Chamber

Pressur
Regu

Low Pressu
Fuel Pump /

@

Microphone(s)

Figure 2 - Sc
A typical hydraulic ¢
which the pump is nj
flanges or face plate

additional noise. Thd

be used.

G e e

A
R

hematic of sound measurement setup with integrated motor in a hemi-anec

hoic chamber

rcuit for the pump test'unit is shown in Figure 3. A fixed volume chamber that sifulates a typical fuel
rail volume shall be Wised downstream™of'the pump test fixture with rigid fuel lines. The downstream siq
shall be connected through a flexible line with a metering device to control the flow and operating prg
ounted shall)be designed sufficiently rigid as to not influence the test results as d
used to support the drive shaft shall be designed sufficiently rigid so that it does 1
typicakguideline to satisfy this requirement is to maintain the first fundamental r¢sonant frequency to
above 14 kHz. If the[flang€&.or face plate is a contributor of significant additional radiated noise, an acq

e of this fuel volume
ssure. The fixture to
escribed below. The
ot radiate significant

ustic enclosure shall
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Pressure Control Unit

-

High
Pressure
Pump
Metal pipes L3 L1, L2 \ I
L1, L2 Orifice é
|
return line
(ambient pressure)
| } Low pressure fuel supply
Figure 3 - Hydraulic circuit for the pump noise characterization test fixture
where:
L1 =50 mm
L2 =25mm
L3 =>2000 mm [(flexible pipe line)

Inner diameter 5
Orifice diameter
Test rail volume

The flexible pipe lin
condenser-type, freg
microphone shall be
pressure level can b

The mechanical forc
accelerometers (vibr
fixture using standa
the mounting bolts
mechanical excitati

b shall be high-pressure’ capable. The noise directly radiated by the pump shall

e measured, as.shown in Figure 2.

s exerted by the pump to its mounting structure (typically the cylinder head) sha
ation sensors) on the mounting structure. The accelerometers should be attached
d adh€sive. They should be positioned near, but not on, the heads of the mounti
sed shall be same as those used to mount the pump in the respectlve applic

15 mm
=1.5mm

=140 to 150 cm?

-field microphones. The 'microphones shall be located at a distance of 1 m from tH
placed directly above the pump and another at a hemispherical position where

Controlled Pressure relief valve

be measured using
e pump center. One
the maximum sound

| be measured using
near the edge of the
hg bolts. The size of
btion. The source of

bnic control valve. In

which case, the vibration at the end of the flow control valve needle stop can also be measured W|th an extreme miniature,
single-axis accelerometer. This may not be possible in some pumps where the control valve ends are encapsulated within

the housing.

The hydraulic forces (hydraulic hammer) generated by the pump during pumping are another source of noise generated by
the pump depending upon the control method employed by the flow control valve. This hydraulic excitation also manifests
itself in the form of mechanical excitation which will be captured by the structure-borne and radiated (airborne) noise
measurements. If characterization of this hydraulic excitation alone is necessary, then a dynamic fluid pressure sensor can

be used to measure

the rate of rise of fuel pressure at the outlet of the pump.
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5.4  Environmental Test Chambers
Use commercially available standard environmental test equipment, following the manufacturer's recommended guidelines.
5.5 Vibration Test

Test to be performed using commercially available vibration table and associated measurement test equipment. Test
equipment setup and operation shall be made following the recommended guidelines for the equipment.

5.6 Durability Test Stand

GDI Pump w/
fuel control
Inlet Pressure Transducer solenoid valve Rail Pressj:e Transducer

Fuel Rail

Rail Pres-
sure Eleg-

Motor Con- |
troller

, -—-‘ —
/1\ i 3 -
Filter—5 mic. N Temp Pressure
Switch | o
%o

e T

e I Switch
IR ) v
Compufer it il e e
Flow Meter
Inputs:
Temperature, -
Pressure, e—]
Motor Cor.m‘olle] : In Thermocouple + Heat Exchanger Heat
Safety Switches, Ex¢hanger
H;0 Heat. = (Fupl Cool-
o Exchanger Pressure Gage ling)
(0il Cooling) . N "
Flow Meter 4 0O
Heatetr:Element TLeve] Switch ot
— Boost Purnp w/ Ball Valve =
"lg_ Internal Relief (,j
oil valve 7
T ank Ball Valve
Transducer Fuel Tank with | —
Solenoid Submersible Pum
5 Pressure Switch - And Bypass
[\ s g
> = N >

Pressure Reducing Regulator

—..—--—-- Indicates item is linked to computer

Figure 4 - Schematic of a GDI durability test stand
5.6.1 Filtration: Inlet Filter
The fluid supply pump shall be fitted with a 30 um inlet filter that meets the particle pass and pressure drop specification of

the pump manufacturer. A commercially available automotive in-tank pump that provides sufficient pressure for the
application may be used.
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5.6.2 Outlet Filter

Each fluid supply pump outlet shall be fed into a 5 ym automotive in-line filter used in gasoline fuel injection applications.

5.6.3 Tank Size

The tank of the test stand, where the pumps are to be tested, must be of sufficient size to accommodate the fluid flow and
temperature test requirements.

5.6.4 Fluid Change Interval

The fluid in the tank must be changed every 168 hours + 24 hours.

5.7 Cyclic Corrosi

The cyclic corrosion

cycle. The test chamber shall be capable (at a minimum) of providing the high humidity (up,to)100%

temperature (60 °C
may be an approveq
mist application can
sufficient salt mist sp
previous salt accum

5.8 Thermal Shoc
The thermal shock te
One is essentially a
internal temperature
a rapid transfer of pu
6. PUMP FUNCTIC
6.1  Pump Leakag

The purpose of the

bn Chamber

test consists of an ambient temperature, salt mist, high humidity, and high’dry
2 °C at <30% RH) required to run the cyclic corrosion test in a 24 h/day attomateg
be applied manually, it is preferred that the corrosion chamber be capable of aut
ray at the proper Phase 1 time and duration (see 8.4.4) to thoreughly wet the part
Llation in a single continuous application.

K Test

st requires two insulated containers that have containment volumes capable of ho
freezer and the other is essentially an oven. ©ne must be capable of generating
of -50 °C and the other +140 °C. The two storage volumes should ideally be in clos
mps from one to the other.

DNAL TESTING

b Testing

leakage testing is to demonstrate the ability of the pump to contain fluid und

ng rate temperature
RH) and high dry-off
cycle. The chamber

commercial unit or may be constructed by the user to satisfy these’test requireinents. While the salt

bmatically applying a
5 and rinse away any

ding multiple pumps.
and maintaining an
b proximy to facilitate

br various operating

conditions. The pump housing leakage test is conducted by measuring the concentration of heliunp in a test chamber,

whereas the pump i
number of individual
the associated data

6.1.1  Pump Housi

nternal leakage test utilizes a FID to measure the concentration of hydrocarbons
GDI pumps to be_leak tested may be selected by the user, with the number bein
reporting sheet\A typical number of pumps is in the range from three to eight.

ng Leakage Rate Testing (QLeak-HOUSING)

The preferred methg

the measured leakage are to be mbar*L/s.

d oftesting for pump housing leakage is by utilizing a commercial helium leak d

in a carrier gas. The
g clearly indicatd on

etector. The units of

6.1.1.1

Drying Procedure for Pump Leakage (Helium and FID Methods)

Dry the pump by applying nitrogen or air at P (typically 300 to 500 kPa) to the inlet side of the pump with the discharge
port pointing downward and continue the nitrogen or air purge for a minimum of 30 seconds to remove residual fluids from
the pump. Any controlling valve must be opened during the drying process in order to purge the entire flow path up to the
discharge port. Repeat the process until all trapped fluid is purged. Clean any external pump surface that will be exposed
to the sample volume of any oils, fuels or other contaminants may lead to an inaccurate leakage measurement.
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6.1.1.2 Helium Leakage Test Procedure

Calibrate the vacuum leak test fixture, which is a commercial helium mass spectrometer, per the specified procedure of the
equipment manufacturer. With the pump at an ambient temperature of 21 °C + 2 °C, close and seal all pump ports except
the discharge port. Any controlling valve must be opened during the measurement process in order to pressurize the entire
flow path up to the discharge port. Place the pump into the vacuum chamber. Evacuate the vacuum chamber until pressure
reaches the manufacturer specified operating conditions for the mass spectrometer. The test shall be performed with
pressurized helium applied to the pump inlet at Pin. Test time should be a minimum of 30 seconds. The measured external
leakage rate is to be reported in mbar*L/s on the data reporting sheet in Appendix B.

6.1.2 Pump Internal (Fuel to Oil) Leakage Rate Testing (QLEAK-INTERNAL)

The preferred method of pump internal leak testing is with the use of a commercially available flame ionization detector

(FID).

6.1.2.1  Overview
The pump internal Ie
Leakage past this s€

The test fixture used
this isolation, contar
cross section of a re
lines shall be heated
6.1.2.2  Pump Dry|
Dry the pump accord
the sample volume i
6.1.2.3 FID Leakd
Calibrate the FID an

per the equipment m|
with n-Heptane at P

Flow the nitrogen ca
Run the pump at t

measurement stabili
over the next 10 sec

bf Fuel to Oil Leakage Test Using FID

akage path (fuel to oil) is typically the sealing joint between the pumpingipiston an
aling joint results in increased oil dilution and subsequent engine-related problem

for driving the pump during this test must also isolate the pump/from the driving
ninants from the driving mechanism may lead to inaccurate,pump internal leaka

to prevent condensation of hydrocarbons within the system during the test.
ng for FID Leakage Measurement

ing to the process described in 6.1.1.1. Enstre that any external pump surface th

ge Test Procedure

palyzer prior to the test with a calibration gas (propane) spanning the appropriate
anufacturer’s procedure. Install the pump onto the test fixture. Pressurize the fuel i
N = 500 kPa. The test is to be run at room temperature of 21 °C + 2 °C.

Frier gas through the sample chamber at a rate of 10 L/min £ 0.1 L/min.

he four specified’ speeds and pressures listed below for a minimum of 3 mi
zes. Once_the stabilization period has ended, record the average value of the |

d the pump housing.
S.

mechanism. Without
ge measurement. A

presentative test fixture for internal leakage measurement is illustrated in Figure¢ 5. The FID sample

at will be exposed to

5 cleaned of any oils, fuels or other contaminants that could influence the FID measurement.

measurement range,
hlet side of the pump

hutes, until the FID
ydrocarbon leakage

pnds, sampled at 1 Hz. Convert the recorded average value to the units of mm3/nin using Equation 7.
Record the data in mm?3/min‘on the data reporting sheet in Appendix C.

QLEAK—INTERNAL = QCAR

where:

1000mL Imol (D N— 3carbon Inhept 100.204 mL 9 1000puL
RIER 1L 22400mL  10° 1propane 7Carbon 1mol .68376g 1mL
(Eq.7)

Qcarrier = carrier gas flow rate in L/min

¢ = concentration of carbon in ppm

Queak-INTERNAL = the leak rate in mm3/min
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Test points:

Ne = 500 rpm, 4.0 MPa

Np = 500 rpm, Pnorm

Np = Nmax rpm, Pnorm

Np = Nmax rpm, Pmax

6.2 Pump Basic P
6.2.1  Background
This section defines

provides conditions f
be used to establish

Pump
e ——1f
Sample @
Chamber
- ; TO FID.
[ ] [ ]
Seal | 1
(cambox) T T Ristgn
Extension
Lifter
Camboxand
Cam

Figure 5 - Representative test fixture for GDI internal leakage measurement|

erformance Testing

a procedure for conducting and reporting tests to accurately determine performar
pr evaluating quantitative measures of capacity, pressure, speed, and power. This
pump-performance prior to, and after, other types of tests.

6.2.2 Test Equipment for Basic Performance Testing

The test equipment details are described in 5.2.

6.2.3 Pump Basic

a. Install the pump

Performance Test Procedure

into the performance test stand.

b. Measure and record pump control valve resistance in ohms at 21 °C + 2 °C.

ce characteristics. It
procedure shall also

c. Operate the pump for sufficient time to ensure that the temperature stabilizes and that no air remains in the system.

d. Runthe pump at desired CVpato achieve the maximum Qp, and Pnormat 100 rpm and at speeds from 250 rpm to Nratep

in increments of

250 rpm.
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6.2.4 Data Reduction and Analysis

At each pump speed record the following data: Qe, PN, Pinr, Pout, Poute, TObrive, Tin, and Tour. Calculate Ev using
Equation 3 and Ewm per Equation 6.

6.2.5 Data Reporting

Record Qp, PN, Pinr, Pout, Poutr, TOprive, Tin, Tout, and Ev on the data reporting sheet in Appendix D. Also record the
values of Ev and Ew.

6.3 Additional Characterization Tests

6.3.1 Background

The following are optional available tests that may be performed to establish pump operating characteristics at extreme
operating conditions

6.3.2 Static Flow Test, Qstamic (0 rpm versus Pin)

This test is performef to determine the flow through the high-pressure pump when itis not actuated. It includes the pressure
drop across the pump.

6.3.2.1  Procedurg for Static Flow Test

The pump is not opgrated during this test. With the control valve held.in the fully open position, apply|fluid pressure at the
nominal pressure Pij to the pump inlet. Measure Pout and Qp at the discharge port of the pump.

6.3.2.2 Data Repgrting

Record Pout and Qr|on the appropriate data reporting sheet’in Appendix E.
6.3.3 Varying Inlef Pressure Pin

The purpose of this {est is to define pump perfgrmance over the expected design range of the pump inlet pressures, Pin.
6.3.3.1  Procedurd for Varying Inlet Pressure Test

Conduct the basic pgrformance test at-both the minimum and maximum Pin limits. For each limit, megsure Pout and Qp at
the discharge port of the pump.

6.3.3.2 Data Repgrting

For each limit, reco

Palt and Qp on the appropriate data reporting sheet in Appendix E. Additiona] copies of the basic
performance data repati ' '

6.3.4 Varying Outlet Pressure Pout

The purpose of this test is to determine the pump performance over the expected design range of the pump outlet pressures,
Pour.

6.3.4.1  Procedure for the Varying Outlet Pressure Test
Run the basic performance test and repeat it varying the outlet pressure: Pumin, Puwax, Pnorm, and an evenly split pressure

value between Pnorv and Pwmin, as well as an evenly split pressure value between Pnorv and Puax, for a total of five pressure
levels.. For each pressure level, measure Pourand Qp at the discharge port of the pump.
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6.3.4.2

Data Reporting

For each pressure level, record Pout and Qp on the appropriate data reporting sheet in Appendix E. Additional copies of the

basic performance d

ata reporting sheet in Appendix D may be used to record results.

6.3.5 Varying Control Valve Delivery Angle CVpa

The purpose of this test is to define pump performance over the operating range of the control valve.

6.3.5.1

Procedure for the Varying Control Valve Delivery Angle Test

Run the basic performance test and repeat it varying either opening or closing timing, by changing the pump control valve
delivery angle (CVba) in 10 degree increments. For each pump control valve delivery angle, measure Pour and Qp at the

discharge port of the

6.3.5.2

pump.

Data Reporting

For each pump confrol valve delivery angle, record Poutr and Qp on the appropriate data reporting s

Additional copies of
6.3.6 Pressure-Ri

The purpose of this {
pressure, or desired
6.3.6.1  Procedurs

With the pump being
the rise time to desir

he basic performance data reporting sheet in Appendix D may be,uséd’to record
be Test

bst is to determine the crank speed pressure rise time of the pump pressure to the
PnoRrw.

for the Pressure-Rise Test

driven at Ncrank, command the pressure ‘control valve to provide maximum pu
ed Pnorm (or desired first-injection pressure) in seconds, measuring from initiatio

event until Pnorwm is achieved.

NOTE: The comma
event is a c(
recorded for|

6.3.6.2

Record the pressureg

hd to the pressure control valve must be synchronized with the cam to ensure t
mplete event, or the data will not accurately reflect the capability of the pump. Rig
additional values of Pnorw:

Data Reporting

-rise-time values‘on the data reporting sheet in Appendix E. Prepare a pressure-

attach it to the data feporting sheet.in Appendix E.

6.3.7 Bleed-Down

Test

The purpose of this

est'is*to determine the average pump bleed/leak down rate. This parameter is th

heet in Appendix E.
results.

Hesired first-injection

p flow and measure
of the first pumping

nat the first pumping
e times may also be

versus-time plot and

e indicator of overall

system pressure retention.

6.3.7.1

Procedure for the Bleed-Down Test

For a given rail or simulated fuel rail volume, regulated to Poutr = 5.0 MPa, run the pump until the pressure is stable. Then,
simultaneously shut down the pump control (control valve and driving system), sealing off the regulated end of the volume
(to the fuel rail) and also the Pin. Measure the value of Pout at 1800 seconds. Bleed-down times may optionally be obtained
for additional values of Pout. Measure Pour at the beginning and end of test, as well as the duration of test.

6.3.7.2 Data Reporting

Obtain the Bleed-Down rate by dividing (Pout at the beginning - Pout at the end) by the duration of the test, in kPa/s. Record
data on data reporting sheet in Appendix E.
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6.4 Noise Measurement

6.4.1 Background for the Noise Measurement

The goal of this test is to provide basic data with which to characterize the overall noise generation potential of the GDI
high-pressure fuel pump. The high-pressure fuel pump(s) in GDI engines are responsible for developing the fuel pressure
required to spray the fuel directly in to the combustion cylinder. The opening and closing of the flow control valves and/or
the change in the pumping chamber volume which generate the structure-borne and fluid-borne vibrations (fluid hammer)
are responsible for the noise caused by the pump. The structure-borne vibrations radiate directly from the pump and also
travel through the mating components such as fuel rail and cylinder head (both directly and through the drive shaft). The
fluid-borne vibrations excite the mechanical structure of the pump and transfer mechanically to the fuel rail and the cylinder
head. In addition, the fluid-borne vibrations excite the hydraulic and structural modes of the fuel rail/line structures and
radiate as air-borne noise synchronous with the fuel pump noise. Since this noise can be misdiagnosed as pump noise, the

pump noise meas

ufmmrmmnm—mﬂmm
characterize the pot¢ntial for the hydraulic excitation of the fuel system.

Due to the complex
means to characteriz
radiated noise, and {
fixture.

6.4.2 Test Equipn

The noise test equip
6.4.3 Pump Set-U

The recommended t
the deviation on the

The following test p
typical, and are to
systems. The use

applications.

a. Drive shaft spee
b.

c. Fluid input press

d. Fluid output pres

et of noise sources and transfer paths in the high-pressure pump, this standard
e the overall acoustic noise generation potential of the pump in a GDI engine by n

ent

ment is described in detail in 5.3.

p and Conditions for Noise Test

st fluid is n-Heptane. If an alternative fluid sdch as Viscor 381 or Stoddard solven

data reporting sheet in Appendix F.

run as a standard SAE test point. Each OEM may request additional values 3

%}
f the standard test point will\promote ease of comparison of similar types ¢

d, Ne = 300 rpm.

Idle fluid flow rate, Qp = 0.5 g/s (30 g/min).

ure, Pin = 400-kPa.

sure/Pout = 3.0 MPa.

hts, but sufficient to

establishes a simple
easuring the directly

he structure-borne and fluid-borne excitations at the mating components by using a standardized test

is used, then record

ameters are to be controlled, recorded, and presented with the test data. The vallles shown below are

s applicable to their
f pumps for similar

The control strategy

for_actuation of the flow control valve during all noise measurement shall be basic,

offered by the pump

supplier, and should

require no adjustments from the engine control unit.

Other operating conditions may be evaluated according to the customer-specific applications, and normal idle or cold start
conditions may also be requested. In such cases, the parameters that characterize the cold start conditions, such as
temperature and duration for soak shall be specified.

Background ambient noise levels should be measured and recorded before and after noise testing of the pump.
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6.4.4 Noise Measurement Test Procedure

a. Flush the pump and the entire fuel line system to ensure that all air is purged from system. Operate the pump for
20 seconds without operating the flow control valve and record the mechanical and hydraulic system baseline noise.

b. Operate the pump at a driveshaft speed and system output pressure corresponding to normal engine idle and survey
with a single microphone at a hemispherical surface area 1 m away from the center of the pump. Identify the location
on this hemispherical (imaginary) surface. Locate the direction where the maximum sound pressure level is recorded
and fix the microphone at this location. If this location cannot be easily determined or if it is the same as the position of
the microphone at the top, then place the microphone at 45 degrees from the vertical plane along the cam shaft axis.

c. Operate and measure the following for 5 seconds at a driveshaft speed and system output pressure corresponding to
normal engine idle. Perform all sound and pressure measurements at a minimum sample rate of 40 kHz. Measure the
sound pressure [[evel at the two microphione positions described In 6.4.4.Z. AISO measure the vifration (acceleration)
and the hydrauli¢ pressures at the locations defined in 5.3.

d. Repeat the above measurements with any enhanced control strategy if one is supplied frém‘the pdmp manufacturer for
a quieter actuatipn of the electronic flow control valve.

6.4.5 Data Reporting

Record the test conditions and the test fluid used on the data reporting sheet-in Appendix F. Also(record the following
measurement data gnd plots:

a. A-weighted sound pressure level shall be reported with A-weighting 6n 1/3 octave band values af center frequencies,
ranging from 500 to 16000 Hz (FFT average using Hanning window, with a spectrum size of 4096). Tabular data and
plots should be provided for each microphone position individually. Attach the plots to the data regorting sheet.

b. Linear average 9f acceleration at all locations presented ir\1/3 octave band (data processing as i} 6.4.5.1) without any
weighting.

c. Control strategy|profile used for the electronic flow:control valve: basic/standard and enhanced vgrsion, if any. Attach
the labeled plot ¢f the control strategy profile to'the data reporting sheet.

d. Time signal of thHe pressure rise profile at the Pour, location P1 (see Figure 3) shall be plotted alorng with the electronic
control valve sighal for three consecutive.pumping events. Attach the labeled plot of the pressure r|se profile to the data
reporting sheet.

e. Number of cam [obes on the drive shaft for single piston pumps, along with the individual lobe profile from the pump
manufacturer.

7. DURABILITY TBSTING

7.1 Background

The durability life test procedure defines a standardized test for evaluating the variation in performance of a specified pump
design that is subjected to an increasing number of operating cycles. Variations on this standardized test, such as an
optional pre-durability thermal shock procedure, an optional dry-run procedure and an optional use of alternative testing
fluids may also be employed. The standard durability test interval is one billion pump cycles, which may be alternatively
defined as a number of equivalent miles/kilometers, years, or hours.

7.2 Test Equipment and Test Fluid Maintenance

The test equipment details for durability testing are provided in 5.6. The test fluid in the test stand tank shall be changed
weekly, or approximatly every 168 hours + 24 hours.
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7.3

a.

Durability Test Procedure

Specify the number of new production pumps in the durability test set. The number is optional, and the serial number

of each pump in

the set shall be noted.

Test each pump in the test set for basic performance, leakage, and bleed-down values as per 6.2, 6.1, and 6.3.7.
Designate these parameter values as the pre-durability values and associate them with the serial number of the pump.

Purge all fluids from the pumps in the test set.

A thermal shock test may optionally be performed as listed in 8.5.4 for the pumps intended for the durability test.
Following the thermal shock application, determine the post-thermal-shock values for basic performance, leakage, and
bleed-down as per 6.2, 6.1, and 6.3.7 for each pump. For each pump compute the change from pre-duration to

post-thermal-sh
parameter.

subsequent dur

ck and compare each change to an agreed-upon, acceptable limit of change|

tion test. If a pump is eliminated, another pump should replace it and be subjec

Those pumps hiving changes that exceed the limit values due to thermal shock may optipnally &

and parameter
that are within th

easurement until all pumps going forward for durability testing have thermal shocl
e specified limits. If this option is invoked and a pump (or pumps) are accepted

the measured values for post-thermal-shock performance, leakage, and bleed-dewn become the

for the durability

test. Further, if this option is invoked, it shall be so indicated-by checking the therr

data reporting sheet in Appendix G.

A brief dry-run p
the durability tes
it. This procedur

A start-up condit|
condition. In thisg
stand. The dry-r

rocedure may optionally be performed prior to any.dutability testing if required by
t. It is performed on each pump in the test set,and no parameter measurementg
b simulates a start-up condition.

on may occur immediately after an engine\build and a pump install, and can result
procedure the pump is run in a dry environment prior to the initiation of testing
Ln environment is defined as a pump:that contains residual fluid (from the mand

from previous (;:I:aracterization) but is not yet receiving incoming fuel flow from a lift pump. The

without an inco

pump drivetrain
between runs, W
indicated by che|

ing fuel supply or an electricalsignal to the flow control valve. The dry-run is perf
at a speed of 500 pump rpmfor 3 minutes, and conducting this run three times w|
ithout exceeding 18000, pump strokes. If the dry-run procedure is optionally in
cking the dry-run box on the data reporting sheet in Appendix G.

Mount a pump fitom the test set on the durability test stand. Multiple pumps from the set may be

that capability e

ists. The pump(or pumps) are to be mounted in the same orientation that is us¢

Attach the requited electrical.éonnectors and fuel lines.

for each measured

e excluded from the
ed to thermal shock
parameter changes
for durability testing,
pre-durability values
hal shock box on the

the entity requesting
are associated with

in a brief dry-running
pn the durability test
facturing process or
dry-run is conducted
brmed by cycling the
th a 10 minute dwell
voked it shall be so

pptionally mounted if
bd in the application.

be optionally uspd as-noted in 7.6. Operate at the pump speeds and loads in Table 1 to simul

te normal operating

Using the stand}rd test fluid, initiate the speed cycling on the durability test stand. Note that an aI{ernate test fluid may

conditions. Accumulate 1 x 10° pump cycles using the listed parameter profiles.

Table 1 - Speed cycling test procedure parameters

Pump Speed, Np
Step (rpm) Pressure, Pout (MPa) Cycles
1 10% NraTED 30% Pwmax 10000000
2 100% NraTED 100% Pwmax 40000000
3a 50% NraTED 70% Puax 1000000
3b 75% NRrATED 70% Puax 2600000
Repeat steps 3a + 3b 250 times
4 20% NRraTED 60% Pwmax 15000000
5 90% NRrATED 100% Pwmax 35000000
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j.  For each test pump determine the basic performance values per 6.2 at the following designated intervals: Leakage and
bleed-down are not required to be measured.

25 x 108 cycles

50 x 108 cycles

100 x 108 cycles

And at every 100 x 10° cycles until end of test.

k. At the completion of 1 x 10° cycles, perform performance, leakage, and bleed-down tests. These values are to be
designated as the post-durability values.

7.4  Procedure for|Speed Cycling using Alternate Test Fluids

The speed cycling tgst may be optionally conducted using an alternate test fluid. Examples.of these tgst fluids include, but
are not limited to, those listed in 8.3 for the internal fluid compatibility test. Durability testing using jan alternative to the
standard test fluid is| to be considered as a test deviation, and shall be so indicated on the’data repdrting sheet. The test
profile to be used is the same as that shown in Table 1. The data to be acquired and.reported are also fhe same as required
when using the stanglard test fluid. If this test option is invoked it shall be so indicatedby checking the alternate fluid box on
the data reporting stleet in Appendix G.

7.5 Data Reduction and Analysis for Durability
At each interval listed in step (j) compute the change in each measuredyperformance parameter from the pre-duration value
to the value at the current interval. At the end-of-test interval compute the change in each of the paramegters of performance,
leakage and bleed-down from the pre-durabilty to the end-of-test.
7.6 Data Reporting for Durability

Report basic performance test results for each interval‘that is listed in Table 1. For the end of test measpurements also report
the leakage and blegd-down values. Also report.theccumulative change in the measured parameters|from the start of the
test. Report the results on the data reporting sheets in Appendices B, C, D, and E, respectively. In addlition, report the flow

rates and the end-oftaudit-interval flow rate shiftin percent for N speeds of 500 rpm, 2000 rpm, and 3500 rpm on the data
reporting sheet in Agpendix G . The flow shift is to be calculated by using Equation 8.

Flow shift (5)'=/[End of test Qp - Start of test Qr] / [Start of test Qr]) x 100 (Eq. 8)
Where Qp is the maximum flow-rate at Pnorw.

8. PUMP INTEGRITY TESTING

8.1  Proof Pressurg

8.1.1 Introduction

The proof pressure test is the application of an assigned pressure level that represents a pressure to which the direct
injection gasoline pump may be subjected if a system malfunction occurs. The pump is not expected to function normally
while at the elevated pressure, but shall function normally after returning to the design pressure range following a specified
exposure of the proof pressure. The proof pressure test is a bench test that has the objective of evaluating any visible
damage, external leakage or degradation of the basic performance of the pump that results from the application of a specific
elevated pressure. The high-pressure circuit of the GDI pump housing shall be capable of withstanding the specified proof
pressure at an internal fluid temperature of 21 °C for a minimum of 5 minutes without permanent distortion or visual external
leakage. Further, the pump shall operate within normal performance limits following the relaxation of the proof pressure.
The specified proof pressure level is nominally defined as twice the specified maximum operating pressure of the pump,
Pmax. A non-combustible test fluid is required, which may be selected from a group of available solvents or mineral spirits
that are commonly utilized as a safe substitute for actual combustible fuels.
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8.1.2 Procedure for the Proof Pressure Test

bleed-down measurements per 6.1 and 6.2 using the standard test fluid.

A minimum of three new pumps from serial production are to be tested. More pumps may be optionally tested as

For every pump in the test set conduct the pre-test basic performance, internal leakage, external leakage and

Following the pre-test performance tests for each pump in the test set, the pump to be tested is purged of the standard

test fluid and then filled with the non-combustible test fluid. The pump inlet is to be sealed. The pump outlet is to be
fitted with an adapter allowing a pressure tap and an inlet pressurization tube of adequate strength to withstand the

ed proof pressure.

a.
required.

b.

C.
level of the appli

d. The relief valve
impossible to ac
to be installed du
to activate the cl

e. Install the test p
operator protect

f.  With the pump
pressurize the p
hand-operated h

g. Increase the pre
pressure, Pmax,
period and note

h. Reduce the leve

any signs of danpage or external leakage. Note the observations for later reporting. Drain all of the

fluid from the pu

When all pumps

performance, blged-down, and interhal'and external leakage measurements on each pump per 6.

8.1.3 Data Reduc

For each pump in th
pre-test to post-test
percentage change

If there are addifional pumps remaining in thetest set, repeat the testing steps (c¢) through (h) for

hieve the desired pressure, the relief valve will need to be deadheaded. The elect
ring the test. It may only be installed temporarily prior to the application of the’proo
psure of an internal relief valve port.

ump in a suitable shielded containment chamber. This shall be a,transparent ch
on in case of a bursting event.

ontrol valve held in the position that isolates the high-pressurée circuit from the
ump at the outlet port using a suitable pressurization method such as a hydray
ydraulic pump.

ssure level over a 15-second period until the proof pressure level of twice the
s attained, then maintain that level for a duration of 5 minutes. View the pump
any deformations or visible external leakagé

| of the applied gauge pressure back-i6’zero and remove the pump for a more d

mp and set it aside for subsequent post-test performance and leakage testing.

in the test set have.been subjected to the application of the proof pressure, d

ion for the Preof-Pressure Test

e test sef\compute the change in each basic performance, leakage, and bleed-d
Conyert the computed changes to a percentage for those parameters that are
bn_the-data reporting sheets.

of the pump may need o be deadheaded. Tn applicaiions where the relief vdlve design makes it

Fical connector is not
f pressure if required

amber that provides

low-pressure circuit,
lic accumulator or a

maximum operating
surfaces during this

btailed inspection for
non-combustible test
he next pump.

onduct the post-test
P, 6.1, and 6.3.7.

own parameter from
to be reported as a

8.1.4 Data Reporting for the Proof Pressure Test

For each pump in the test set record the pre-test and post-test performance, leakage and bleed-down measurements on
the data reporting sheets in Appendices B, C, D, and K. Also record the visual observations of any case distortion, damage
or external leakage for each pump along with the associated serial number of the pump. If no case distortion, damage, or
external leakage was observed, clearly indicate that on the data reporting sheet.
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8.2 Burst Pressure

8.2.1 Introduction

The Burst Pressure Test is the application of an assigned high level of internal pressure that represents a pressure to which
the direct injection gasoline pump may be subjected if a system control valve failure or pressure relief valve failure occurs.
The pump is not expected to function normally either while at this pressure nor after the pressure is fully removed and
normal operating pressure is restored. The burst pressure test is a bench test that has the objective of evaluating any visible
damage, external leakage or degradation of the basic performance of the pump that results from the application of a
specified extreme pressure. The objective of the test is to verify that the integrity of the high-pressure circuit can be
maintained without bursting or experiencing external fluid leakage. The high-pressure circuit of the pump housing shall be
capable of withstanding the specified burst pressure at an internal fluid temperature of 21 °C for a minimum of 5 minutes
without structural failure or external leakage. It is a destructive test for which the pump is ultimately discarded after testing.
The specified burst ting pressure of the
pump, Pmax. A non- solvents or mineral

y
mbustible test fluid is required, which may be selected from a group of avaiftabl

spirits that are comnponly utilized as a safe substitute for actual combustible fuels.

8.2.2 Procedure for the Burst Pressure Test

a. A minimum of three new pumps from serial production are to be tested. More\pumps may be|optionally tested as
required. No pret-test or post-test measurements are required for this test. Pre-test measurements of external leakage
may be optionally conducted if required, and post-test measurements of extetnal leakage may be pptionally conducted
if required on thgse pumps that are not damaged in the test.

b. If optionally desifed, conduct the pre-test external leakage test per 8.4 for each pump in the test s¢t using the standard
test fluid.

c. Dope the non-cambustible test fluid with a suitable dye-tracerthat exhibits fluorescence when illuminated with ultraviolet
light, whether the¢ test fluid is liquid or dried.

d. Fill the pump with the doped test fluid and seal the pump inlet. The pump inlet is to be sealed. Thg pump outlet is to be
fitted with an adapter allowing a pressure tap and.an inlet pressurization tube of adequate strerjgth to withstand the
level of the applied burst pressure.

e. The relief valve|of the pump may need, to-be deadheaded. In applications where the relief vglve design makes it
impossible to achieve the desired pressure, the relief valve will need to be deadheaded. The electfical connector is not
to be installed during the test. It mayonly be installed temporarily prior to the application of the burst pressure if required
to activate the clpsure of an internal relief valve port.

f. Install the test gump in a_suitable shielded containment chamber. This shall be a chamber that provides operator
protection in casg of a bursting event and also permits full observation of the pump by means of both white and ultraviolet
light.

g. With the pump ¢ontrol valve held in the position that isolates the high-pressure circuit from the [low-pressure circuit,
pressurize the pump at the outlet port using a suitable pressurization method such as a hydraulic accumulator or a
hand-operated hydraulic pump.

h. Increase the pressure level over a 15-second period until the burst pressure level of three times the maximum operating

pressure, Pmax, is attained, then maintain that level for a duration of 5 minutes. View the pump surfaces during that
period with both white light and ultraviolet light and note any deformations or visible external leakage. If any cracking,
significant external leakage or external deformation is observed, note the damage details and flag the pump as one for
which no post-testing for external leakage will be conducted.

i. Reduce the level of the applied gauge pressure back to zero and continue to conduct a detailed inspection using sources
of both white and ultraviolet light. Allocate enough time for an inspection in the chamber, and then remove the pump for
a more detailed inspection for any signs of damage or external leakage. Note the observations for later reporting. Drain
all of the non-combustible test fluid from the pump and set it aside for an optional post-test measurement of the external
leakage for a non-flagged pump or for an optional disassembly of a flagged pump for inspection of internal damage.
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J-

If there are additional pumps remaining in the test set, repeat the testing steps (d) through (i) for the next pump.

k  When all pumps in the test set have been subjected to the application of burst pressure, conduct the optional post-test

measurement of

the external leakage per 6.1 if desired for each pump that was not flagged.

8.2.3 Data Reduction for the Burst Pressure Test

For each pump that was not flagged for damage, and for which an optional post-test measurement of external leakage was
made, calculate the change in external leakage from the pre-test to the post-test condition. Convert these net differences
into percentage changes in external leakage.

8.2.4 Data Reporting for the Burst Pressure Test

Report the serial nu
data reporting sheet
leakage for all pump
change for each non

8.3 Pressure Relig

8.3.1 Introduction
The presence of a re
fuel delivery system
pressure relief valve
test is a bench test t
and that it indeed
non-combustible tes
are commonly utilize
pump is dependent

For informational pufposes a range of pump maximum operating pressures and the associated typical 1
are shown in Table 2.

-flagged pump.

f Valve

lief valve system in a direct injection gasoline pump is a‘safety feature that proteq
from damage that may result from a pump pressure.that exceeds design limit
is intended to return high-pressure fuel to the low-pressure side of the pump. The
hat has the goal of verifying that the pressure relief valve safely opens at the desi
does prevent excessive pressure levels in,the high-pressure chamber. Fo
fluid is recommended, which may be selectéd from a group of available solvents
d as a safe substitute for actual combustible fuels. The designed relief pressurg
pon the maximum operating pressurei’Pmax, of the fuel system, as well as the f

Table 2 - Typicalrelief pressure settings for GDI pumps

Pump Operating Pressure Typical Pressure Relief Setting
(MPa) (MPa)
20 22
24 26
34 38
40 46
70 78

8.3.2

a.
required. No pre

Procedure far the Pressure Relief VValve Test

mbers and the observed inspection data for each fested pump, both flagged and non-flagged on the
5 in Appendices B and K. Also, if optionally measured, report the measured pre-tgst values of external
5, as well as the measured values of post-test external leakage and the pereentag

pre-test to post-test

ts the pump and the
5 the opening of the
pressure relief valve
gned relief pressure,
this bench test a
Dr mineral spirits that
for a particular GDI
articular application.
elief pressure values

-test and post-test measurements are required for this test.

A minimum of three new pumps from serial production are to be tested. More pumps may be optionally tested as

Fill the pump with the non-combustible test fluid and make a connection to the pump inlet and relief valve fitting if so

equipped in order that flow from the relief valve can be observed. The electrical connector is not to be installed during
the test. The pump outlet is to be fitted with an adapter allowing a pressure tap and an inlet pressurization tube of
adequate strength to withstand the level of the applied relief pressure. Install the test pump in a suitable shielded
containment chamber (preferably transparent). This shall be a chamber that provides operator protection in case of a
bursting event and, if transparent, would also permit a full observation of the pump during the test.

Pressurize the pump at the pump outlet using a suitable pressurization method such as a hydraulic accumulator or a

hand-operated hydraulic pump. Rapidly raise the pressure level to that of the maximum operating pressure, Puax, then
slowly continue to increase the pressure level while monitoring its displayed value.
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the pressure level at which that occurred.

which the relief valve opened.

f. Drain all of the n
g.
8.3.3

on-combustible test fluid from the pump and set it aside.

Data Reduction for the Pressure Relief Valve Test

Continue to elevate the pressure level until a sudden drop in pressure indicates that the relief valve has opened. Note

Reduce the applied pressure to well below Puax and repeat steps (d) and (e) five times, each time noting the value at

If there are additional pumps remaining in the test set, repeat the testing steps (b) through (g) for the next pump.

Calculate the average value of the six measured pressure relief valve openings for each pump that was tested.

8.3.4 Data Report

For each pump test
tests. Also record th

8.4  Fluid Compati

The Internal fluid cor

to those that may bg¢ found in the vehicle’s fuel system. Pumps are to be filled with a test fuel, sealg

fixed, controlled con

as follows (fluid quantity to be adequate for the size of the pump tested). A new pump must be used fq

8.4.1 Test Fluids
8.4.1.1
Per ASTM D4814.
8.4.1.2 Water/Ref
Preparation: Mix by
dissolving 165 mg of
mixing.

8.4.1.3

Shall be 15% by volime reagent-grade methanol added to ASTM Reference Fuel C.

ASTM Reference Fuel C (50% Iso-Octane 2-2-4 Tri-Methyl Pentane, 50% Toluene)

ASTM Reference Fuel €-and 15% Methanol

ng for the Pressure Relief Valve Test

bd, record the six measured values of relief valve opening along with the) averag
b pump serial number associated with each set of measured values.

ility - Internal
hpatibility test is used to determine the compatibility of internalfuel pump compone

Hitions for a specified time period. sealed and maintained tested in the eleven so

erence C Solution (Corrosive Fuel)

olume, 98% ASTM Reference Fuel C and 2% corrosive water. Corrosive water is
sodium chloride in 1<L\of distilled water, per SAE J1681. The water may be heatg

8414 ASTM Re‘lerence Fuel C and 10% Ethanol

e value of those six

nts with fluids similar
d and maintained at
utions listed in 8.3.2
r each test fluid.

a solution formed by
d to 40 °C to aid the

Shall be 10% by volume reagent-grade ethanol added to ASTM Reference Fuel C. Ethanol must meet the requirements of

ASTM D4806.

8.4.1.5

ASTM Reference Fuel C and 22% Ethanol

Shall be 22% by volume reagent-grade ethanol added to ASTM Reference Fuel C. Ethanol must meet the requirements of

ASTM D4806.

8.4.1.6

ASTM Reference Fuel C and 85% Ethanol (E85)

Shall be 85% by volume reagent-grade ethanol added to ASTM Reference Fuel C. Ethanol must meet the requirements of

ASTM D4806.
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8.4.1.7 Oxidized Gasoline (Sour Gas)

Stock fuel ASTM Reference Fuel B shall be mixed with a copper ion stock solution as the initial step in preparimg the
oxidized gasoline test fuel blend. The two components shall be mixed according to the following procedure to achieve a
peroxide number of 180 millimole/L: The stock fuel ASTM Reference Fuel B is (70% iso-octane 2-2-4 tri-methyl pentane,
30% toluene) per ASTM D4814. The copper ion stock solution must be prepared sequentially in the following three steps:

CAUTION: Due to the hazardous nature of these chemicals, failure to follow proper procedures can result in fire. Refer to

OSHA Material Safety Data Sheets for additional information.

a. First,add 10 mL

of 12% copper ion concentrate solution to 990 mL of stock fuel.

b. Second, add 100 mL of the solution from (a) to 1040 mL of stock fuel.

c. Third, dilute 10 1

8.4.1.8 Peroxide §

nL of the solution from (b) with 990 mL of stock fuel.

btock Solution

Prepare the peroxid¢ stock solution by diluting 335 mL of 90% by weight t-butyl hydroperoxide with 6

Prepare the oxidized
solution and 93 mL q

8.4.2
a. First, select a d
individual test fu
come into conta
employed in this
alternate fluids n

gasoline test fuel blend by diluting 60 mL of peroxide stock sglution with 10 ml|
f stock fuel.

Internal Fluigd Compatibility Test Procedure

bsired list of the reference fuel blends to be tested.*Note that a new test pump
bl blend that is selected. It is not practical to evaluate all possible variations of test f
ct with the interior surfaces of the pump. Therefore, a specified list of such fuel
test. The most commonly employed fuel blénds for this test are listed in 8.2.1; h
nay be specified and utilized as long as they are clearly described on the data rep

re-test basic performance, leakage, and bleed-down measurements per 6.2, 6
pumps that are required for this test. Each test fuel blend requires one new pum
asured parameters for each of the pumps and associate them with the pump seri

p-test measurements for all'fequired pumps, a fuel blend from the desired test list

720-hour test.period, unseal and drain the pump, then flush with the standard te

55 mL of n-Heptane.
of copper ion stock

is required for each
uel blends that could
blends are normally
pwever, additional or
porting sheet.

1, and 6.3.7 on the
b. Note the resultant
bl number.

is placed into one of

The test pump is to be'\run a few seconds to ensure that it is filled with the fuel bl¢nd that is one of the
2.1 The pump is then to be sealed and maintained for 720 hours at 20 °C + 10 °Q.

st fuel. Then set the

all of the testfuel blends scheduled for testing have been similarly tested, each if a new pump.

5t set. When the last

bw test pump, repeat 8.2.2.3 and 8.2.2.4 for the next fuel blend in the desired te
desired test set has been maintained for 720 hours, transfer all of the individual

o post-test functional performance measurements.

Tumps to where they

Next, inspect the pump inlet and outlet for any signs of damage, corrosion or cracking. Note any occurrences. Then test

each pump in the test set for post-test basic performance, leakage, and bleed-down. This is to be performed using the
standard test fuel, according to0 6.2, 6.1, and 6.3.7.

b. Next, conduct p
number of new
values of the me

c. Following the pr
the new pumps.
11 specified in 8

d. At the end of the
pump aside unti

e. Using another n
fuel blend in the
can each underg

f.

8.4.3

Data Reduction for Internal Fluid Compatibility Test

Compute the change in the measurements from pre-test to post-test. Compute the percentage change for those parameters
for which the units on the data reporting sheet are percent.
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8.4.4 Data Reporting for Internal Fluid Compatibility Test

Record the observations from the visual inspection on the data reporting sheet in Appendix |. Also record the pre-test and
post-test measurements, along with the computed changes in the measurements from pre-test to post-test on the data
reporting sheets in Appendices B, C, D, and E. Use three copies of Part 5 of Appendix D to record the pre-test, post-test,
and the changes from pre-test to post-test.

8.5 External Cyclic Corrosion

8.5.1 Introduction

The External Cyclic Corrosion Test is to be applied to direct injection gasoline pumps to ensure that they can withstand the
effects of external salt corrosion, which is likely to be encountered on seaside, marine applications and salty road conditions.
The cyclic corrosior] test consists of an ambient environment salt spray mist combined with a high humidity and high
temperature drying. One 24-hour period is considered a single cycle. The test duration is a total of\/Q cycles, of which the
cosmetic evaluation [of corrosion first takes place after ten cycles. The test is monitored through’the use of small, metallic
corrosion coupons and their subsequent mass loss as the cycles progress. The mass loss of the‘coupgns is assumed to be
linear throughout thq test.

8.5.2 Test Equipment

The test equipment {corrosion chamber) is described in 5.7. Examples of salt spray ‘chamber and spr
described in ASTM|B117-11. However, any chamber and nozzle designithat achieves the prop
permissible. The corfosion coupons shall consist of steel (AISI 1006-1010)'coupons 25.4 x 50.8 mm in
or 3.18 mm thick (mass loss based on thickness outlined below). Fourteef coupons are required for th
test.

by nozzle design are
er corrosion rate is
size, either 1.59 mm
e 70 cycle corrosion

8.5.3 Test Setup

Each pump to be tegted shall have its inlet and outlet suitably sealed. The pump is to have its electifical connector fitted.
However, it is not t¢ be energized. The pump is to be tested dry, with no internal fluids, not even| oil. The test pump,
henceforth referred tp as the “sample,” shall be mounted-with the axis between 15 degrees and 30 degfees from the vertical
with the top of the pump facing up, as opposed to‘down. Samples shall be at least 30 mm from eagh other and at least
35 mm from any chgmber wall. Each sample shallbe so placed as to permit free settling of spray migt on all samples, but
avoid salt solution frpom one sample dripping onto another. The salt spray mist solution shall consist gf the following: 0.9%
sodium chloride, 0.1Pb calcium chloride, and.0:25% sodium bicarbonate, with a pH between 6 and 8. It is important to note
that either the calcium chloride or the sodium bicarbonate must be dissolved separately in de-ionized water and then added
to the solution separptely to avoid any solid precipitate that could clog the spray nozzles in the corrosipn chamber.

The initial mass of each coupon<hall be recorded on the data sheet prior to the start of the test. Coupgns shall be mounted

on a bracket and isojated from_the bracket via plastic studs and nuts. The coupons shall be mounted
from vertical and no{ contact.or shadow each other. The coupons shall be placed a minimum of 5 mr
placed adjacent to the paris’being tested so that they encounter the same corrosive environment as th

bt a 15 degree angle
n apart, and shall be
e test samples.

8.5.4 Test Procedure

Conduct pre-test basic performance, leakage, and bleed-down measurements per 6.1, 6.2, and 6.3.7 prior to starting the
cyclic corrosion test. These measurement values are to be designated as the pre-test values. The test cycle consists of

three phases, each 8 hours in duration. The three phases of the test in the order of being performed a
a. First phase: ambient temperature (25 °C + 3 °C, 40 to 50% RH) with salt spray mist.
b. Second phase: high humidity (49 °C £ 3 °C, 95 to 100% RH).

c. Third phase: high temperature drying (60 °C £ 3 °C, <30% RH).

re;
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During phase 1 (Salt spray mist) the parts are to be sprayed at 2 hour intervals for a total of four spray events. When
sprayed, the spray nozzles must be capable of applying sufficient quantity to rinse away any residual salt from previous
sprays, and spray sufficient amount of solution onto the parts to maintain wetness for 15 minutes. The ramp times between

phases are:
a. Ramp time between phases 1 and 2 is 1 hour.

b. Ramp time between phases 2 and 3 is 3 hours.
c. Ramp time between phases 3 and 1 is 2 hours.

8.5.5 Test Monitoring

Two coupons are to[be removed at the end of the tenth cycle. Sandblast the corrosion by-products o
the surface is again pare. After cleaning (with alcohol or acetone), weigh the coupon and compare,to
the coupon, assumir|g a linear mass loss. To calculate the linear slope of the mass loss, the totalmass
cycles) is 5825 to 6755 mg for 1.59 mm thick coupons and 6402 to 7322 mg for a 3.19 mm . thick co
mass loss at ten cygles should be 1/7 of the total mass loss listed. A cosmetic evaluation of each of
completed after the tenth cycle and documented with photographs and notes. The test 'should be mg
manner at each ten-cycle interval. If the mass loss is greater or less than the projected linear amoun
interval should be cgmpensated to ensure that 70 mass-loss equivalent cycles will-be’completed.

8.5.6 Data Reduction and Analysis
At the initiation of the
each of the test sam
(in mg) and the cyclg

test, record the pH of the salt solution. Also measute‘and record the mass of each
bles at the beginning of the test and at the tenth cygle. At each monitoring interval
number of the mass loss of each coupon.
8.5.7 End-of-Test|Evaluation and Reporting
At the conclusion of
warmer than 38 °C,
at the end of test on fhe data reporting sheet in Appendix H. Special attention should be paid to welded
other areas that may be particularly susceptible to corrosion. The parts shall be tested at the &
performance, leakage, and bleed-down per 6.1;-6.2, and 6.3.7.

the 70th cycle, photograph each of the test samples. Remove the samples, was

The change in each|parameter from pre-test to post-test should be computed, and should be conve

of the coupon until
the original mass of
oss (for 70 complete
Lipon. Therefore, the
the parts should be
nitored again in this
then the monitoring

coupon. Photograph
record the mass loss

h gently in water not

and dry by blotting with absorbent paper. Record observations of the appearance of the test samples

joints, crevices, and
nd of test for basic

ted to a percentage

change for those pafameters for which the reporting units on the data reporting sheet are percent. Rec¢rd the acquired data

on the data reporting sheets in Appendices B, C, and D. Use three copies of Part 5 of Appendix D tq
post-test, and the changes from.pre-test to post-test. Photographs of the samples shall be attached
sheets.

8.6 Environmental Tests

record the pre-test,
fo the data reporting

8.6.1  External Fluid Compatibility Test

This test is to ascertain whether a particular GDI pump design can withstand the contact of a range of common automotive
reference fluids on its exterior surfaces. For each reference fluid tested a determination is made of the changes in numerous
pump performance parameters that result. A reference fluid is defined as a material representative of its particular group,
which is sufficiently well defined in all respects so that supplies from different sources are essentially identical in action for
which the test is intended (refer to ASTM D471).
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8.6.1.1

a.

Procedure for the External Fluid Compatibility Test

Select a desired list of the reference fluids to be tested. Note that a new test pump is required for each individual test

fluid. It is not practical to evaluate all possible variations of test fluids that can contact the exterior surface of the pump.
Therefore, specified reference fluids are normally employed in this test. The most commonly used fluids for this test are
listed in Table 3; however, additional or alternate fluids may be specified and utilized as long as they are clearly
described on the data reporting sheet.

on each pump in the test set per 6.2 and 6.1.

either brushing or spraying at low pressure. This application should exclude any external O-rings.

Prior to applying any test fluid to any of the pumps, conduct pre-exposure basic performance and external leakage tests

The first test fluid in the desired test set of fluids is to be applied to the entire external surface of a new test pump by

The test pump
electrical conne
containing the p

Following the ho
inspection. Note
leakage, penetrg
set the pump as

all test fluids ha
values for basic

If there are addifional fluids in the desired test set to be tested, repeatthe procedure described fo

shall then be installed in a holding fixture representing its intended application
tions in place. The test pump must be at 21 °C £ 3 °C when fluid is applied. Pla
imp in an environmental chamber at 80 °C £ 3 °C and soak for 24 hours!

[ soak, remove the pump from the holding fixture, then clean the external surfaces
any apparent degradation or damage. Specific issues to look forinclude, but are n

de for later post-test measurements of the performance parameters.
e been applied and hot-soaked, proceed to test all of.the pumps to determine thg
performance and external leakage.

Table 3 - Test fluids for external compatibility testing

with fuel lines and
e the holding fixture

and perform a visual
pt limited to, external

tion of the test fluid, and areas of corrosion, cracking or deformation. Upon complefion of the inspection,

I the first test fluid. If
post-test parameter

Fluid

Description

Automatic transinission fluid

Dexron lll, or equivalent

Engine oil

Commercially available SAE grades

Battery electroly|

fe Reagent grade;sulfuric acid diluted with water to a specific gravit

of 1.25t0 1.28

Anti-freeze

Ethylene glycol/water mixture in equal portions

Brake fluid

Polyglycols and cellosolves per SAE J1703, 49 CFR 571.116

E22

A blendof ASTM Reference Fuel C and 22% ethanol

Engine cleaner

Commercially available engine cleaning solvent

Windshield washer fluid

Commercially available washer fluid containing methanol or equi

alent

8.6.1.2

For each test pump,
parameters for whig

Data Reddiction for External Fluid Compatibility

compute the change in each measured performance parameter from pre-test to
h-the unit of change on the data reporting sheet is percent, convert the me

percentage.

post-test. For those
hsured change to a

8.6.1.3

Data Reporting for External Fluid Compatibility

Record on the associated data reporting sheets in Appendices B and D the measured pre-test and post-test values of the
performance parameters and external leakage for each pump. Also record the computed changes from pre-test to post-test.
Use three copies of Part 5 of Appendix D to record the pre-test, post-test, and the changes from pre-test to post-test. In
addition, record any observed damage or degradation for each pump on the associated data reporting sheet in Appendix .
8.6.2 Jet Spray

In this test the pump is exposed to a water jet from a high-pressure spray nozzle that is typical of that present in commercial

hand operated car wash facilities. This nozzle should deliver a water jet of an approximate pressure of 10 MPa at a distance
of 150 mm towards the pump.
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8.6.2.1  Test Procedure for Jet Spray

Prior to the water jet exposure, conduct the pre-exposure basic performance tests on each test pump per 6.1 and 6.2.
Suitably seal the inlet and outlet of the pump and mount it on a block simulating the engine mounting condition. The pump
is to have the electrical connector fitted; however, it is not to be energized. The water jet application shall consist of a
30-second exposure that is repeated for a total of four exposures.

Following exposure to the jet spray, perform a visual inspection of the pump samples and note any findings. Specific issues
to look for include, but are not limited to, external visible damage and penetration of water into the electrical connector. If

there are no significant issues from the inspection, conduct the post-exposure basic performance tests per 6.1 and 6.2.

8.6.2.2

Compute the measu
as a percentage for

8.6.2.3

Record the data fro
penetration observa
measured performa
parameters with rep
and the changes frg
sheet in Appendix .

8.6.3 Thermal Cy

The thermal cycling
at elevated and redu
points that are listed
with a fresh supply o

8.6.3.1
Prior to the thermal
down on each test

mounted shall be su
goes through three ¢

15

Data Repgrting for Jet Spray

Test Procg¢dure for Thermal Cycling

Data Reduction for Jet Spray

Fed changes in the performance parameters from pre-exposure 10 post-exposure.
hose variables that are to be reported as a percentage.

ce parameters from pre-exposure to post-exposure. Convert.the changes to a
prting units of percentage. Use three copies of Part 5 of Appendix D to record th
m pre-exposure to post-exposure. Record the results af-the visual inspection o

ling

test shall be conducted on a test bench that.is capable of operating pumps insid
ced temperatures. The test bench must be capable of providing a series of spec
in Table 4. The test fuel is to be ASTMReference Fuel C with 10% by volume re
f test fuel used at the start of every test.

Lycling test, conduct pre-cycling tests for basic performance, external and internal
ump per 6.1, 6.2, and\6.3.7. The GDI pump assembly with all components and
bjected to 24 temperature cycles from -40 to 125 °C and back to -40 °C at 3 hours
perating cycles while the temperature goes through one cycle.

Thermal Cycle

Express the changes

the pre-exposure and post-exposure performance tests, as well as-any extermal damage or water
1?)ns on the data reporting sheets in Appendices B and D. Also cOmpute and reco

d the changes in the
percentage for those
e pre-test, post-test,
n the data recording

b a thermal chamber
fied pump operating
bgent-grade ethanol,

leakage and bleed-
connectors normally
per cycle. The pump

10

5

Temp. - Degrees C

0 4

0 4

0 1/ 1.5 2.5 \3

Time - Hours

Figure 6 - Thermal cycling temperature profile
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During the temperature cycle, the pump speed/pressure profile listed in Table 4 must be continuously repeated.

Table 4 - Listing of test parameters for thermal cycling

Pump Speed, Np Pressure, Pour Time
Step (rpm) (MPa) (seconds)

1 10% NraTED 30% Pwmax 36
2 100% NraTED 100% Pwmax 144
3 50% NraTED 70% Pwmax 900
4 75% NRrATED 70% Pwmax 2340
5 20% NraTED 60% Pwmax 54
6 90% NrATED 100% Pwmax 126

Following the therml cycle, perform a visual inspection of the samples and note any findings. Spec

include, but are no
measurements for b

8.6.3.2

Compute the chang
reporting units of pe

8.6.3.3

Record the data fror
D, and E. Also reco
Use three copies of
from pre-cycling to p
damage or case dist

8.6.4 Thermal Shock Test

The thermal shock
subjected to repeate
-40 °C environment
parameters are mea

8.6.4.1 Procedurdg

a. Specify the num
specified. Note {
internal leakage
the pump bleed-

Data Red{ction for Thermal Cycling

Data Repgrting for Thermal Cycling

limited to, external leakage and distortion. Following the visual inspection,
bsic performance, leakage, and bleed-down per 6.1, 6.2, and 6.3.7.

e in each of the measured parameters from pre-cycling to post-cycling. For th
centage, convert the changes to a percentage.

n the pre-cycling and post-cycling performance tests on the data reporting sheets
d the computed changes in the measured performance parameters from pre-cy

pst-cycling. Record on the data recording sheet in Appendix | any observable points
prtion resulting from the visual inspection

test determines the susceptibility of pump designs to experience performanc

to a 130 °C environment are applied to the pump, and the resultant changes
sured.

for Thermal Shoek Test

ber of new,pumps in the test set that are to be thermally shocked. Any numb
he serial\iumber of each pump. For each test pump, measure the performance,
per 6.4,and 6.2, designating the data as the pre-thermal shock values. Additional
down may also be measured per 6.3.7 as desired, but are not required.

fic issues to look for
conduct post-cycling

pse parameters with

in Appendices B, C,
Cling to post-cycling.

Part 5 of Appendix D to record the pre-cyclingypost-cycling performance parameters and the changes

of external leakage,

b degradation when

d cycles of environmental temperature extremes. One hundred cycles of cold to hot transitions from a

to the performance

r of pumps may be
xternal leakage and
parameters such as

Prepare an insulated storage volume that is suitable for containing multiple pumps simultaneously. Pre-cool the ambient

air in the storage space to a stabilized temperature -40 °C + 2 °C. Also pre-heat the ambient air in a similar storage

space to 130 °C

1+ 2 °C . The two storage spaces should be in relative proximity.

environment at 21 °C + 2 °C.

Purge all fluids from the pump (or multiple pumps) to be shocked and stabilize the pump temperature in an ambient

Insert the pump (or pumps) into the stabilized environment that is at a temperature of -40 °C + 2 °C for a timed interval

of 0.5 hour. After that interval, and as rapidly as the test apparatus will allow, transfer the pump (or pumps) to the
stabilized environment that is at 130 °C £ 2 °C for a timed interval of 0.5 hour. Repeat this cycle a total of 100 times by
transferring the pump (or pumps) back and forth from the cold to the hot environment every 0.5 hour. One cycle is
defined as placing a pump in the cold environment for 0.5 hour, then rapidly placing it in the hot environment for 0.5 hour.
The pump is not operated during this test and does not have an inlet pipe or an electrical connector installed.
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At the completion of 100 thermal shock cycles, allow the hot pump to cool to room temperature, then conduct a visual

inspection. Specific issues to look for include, but are not limited to, external leakage, distortion, and cracking. Next,
remeasure the performance and leakage parameters that were measured in step (a), designating the resultant data as

the post-thermal

8.6.4.2

shock values.

Data Reduction and Analysis for Thermal Shock

Compute the change in the performance and leakage measurements from pre-thermal shock to post-thermal shock.
Compute the percentage change for those parameters for which the units on the data reporting sheet are percent.

8.6.4.3

Data Reporting for Thermal Shock

Record the pre-thermal shock and post-thermal shock measurements of the performance parameters, along with the

computed changes
Appendices B, C, a
from the visual inspe

9. MECHANICAL L
9.1 Vibration Test

9.1.1 Introduction

The goal of the vibrgtion test is to evaluate changes in the GDI pump leakage and structural integrity t

vibration. In this tes
significant time perio

The test is a bench
pressurized to the a
employed in this te
components. This vi
also the random s
application-specific v
If this is done it shall

9.1.2 Vibration Te

a. Specify the num

’Ln the measurements from pre-thermal shock to post-thermal shock on the datg

d D. Use three copies of Part 5 of the data reporting sheet in Appendix D. Rec
ction on the data reporting sheet in Appendix I.

OADING TESTS

the pump is subjected to an extensive application ‘of vibration profiles. These
d and include three pump orientations, as well asranges of vibration frequencies

reporting sheets in
brd the observations

hat result from pump
applications cover a

Htest procedure with the pump filled with @.non-combustible solvent and sealed. The pump fluid is

pplication inlet pressure and is not operated during the test. The methodology ar
5t comply with the ISO 16750-3 standard in that standard’s Test 1, which is
bration test follows the sine spectrum-profile in Table 3 of the Test 1 section in thg
bectrum profile listed in Table *4“of Test 1 in the ISO document. For thos
ibration profile is available, thatprofile may be substituted for the ISO 16750-3 sing
be clearly noted as a test deviation on the data reporting sheet in Appendix J.

5t Procedure

ber of new pumps in the test set. A minimum of three pumps are to be tested. A

may be specifie

if required. The serial number of each test pump is to be noted. As per 6.1, 6.2,

d the time durations
for engine-mounted
ISO document, and
e cases where an
-on-random profiles.

dditional test pumps
and 6.3.7, test each

pump in the tesf set for basic-performance, leakage, and bleed-down parameters. These parameter values are to be

designated as the pre-vibration test data and each shall be assigned to the associated pump serig

Mount a pump fiom'the  test set in a vibration test fixture that is driven by the vibration table. The
same mounting poibts as the intended application and is to have the capability of providing three m

| number.

fixture is to have the

Litually perpendicular

mounting orientations. The mounting fixture design must allow the pump being tested to be filled with fluid. Multiple
pumps may be mounted simultaneously on the vibration table if that capability exists. The control valve and piston shall
be positioned according to the requirements of the application. The positions shall be noted on the data sheet.

Mount the pump (or pumps) in the pump axis orientation #1. The three axes for the vibration test are defined by: pump

test axis #1 is along the pump spill valve axis; pump test axis #2 is along the pump piston axis and pump test axis #3 is
mutually perpendicular to axes #1 and #2. The motion of the vibration table should be along the axis described for the
axis being tested.

attach that mass securely to the pump inlet and outlet points.

Connect the pump electrical wiring harness. Ascertain the equivalent mass representing any unsupported fuel lines and

Fill the test pump with a fluid that is a non-explosive solvent that is commonly used as a substitute for gasoline. Ensure

that all trapped gases are removed from the pump and that the solvent fills all void spaces. Pressurize the liquid in the

pump to Pin.
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f. Vibrate the pump in the pump axis orientation #1 per the sine spectrum profile listed in ISO 16750-3 (Table 1) for
11 hours, followed by the random spectrum profile (Table 4) for an additional 11 hours, for a total vibration time in
orientation #1 of 22 hours.

g. Following the completion of a total of 22 hours of vibration testing for pump axis orientation #1, change the pump axis
position to orientation #2 and repeat the two 11-hour vibration intervals indicated in step (f).

h. Following the conclusion of 22 hours of vibration testing for pump axis orientation #2, change the pump axis position to
orientation #3 and repeat the two 11-hour vibration intervals indicated in step (f).

i. Atthe conclusion of 66 total hours of vibration testing for all three pump axes, remove the pump and set it aside for later
performance testing.

j.  For the next neW pump in the test sef, repeat steps (b) through (i) for that pump.

k. When the vibratipn testing has been completed for the last pump in the test set, visually inspect all[pumps and note any

external damage or distortion.

I.  Perform basic pgrformance, leakage, and bleed-down tests according to 6.2, 6.1, apnd’6.3.7 for all y
These parametgr values are to be designated as the post-vibration test data;\and each shall
associated pump serial number.

umps in the test set.
be assigned to the

9.1.3 Data Reducfion and Analysis

Any notations from
test set, compute th
post-test condition. R

9.1.4 Data Report

For each pump in th¢ test set, record the measured values-of basic performance, leakage, and bleed-d

and post-test condit
from pre-test to post

he visual inspection are to be associated with the:serial number for that pump. H
e change in each basic performance, leakage,.and bleed-down parameter fror
or those parameters that are to be reported as a'percentage change, compute th

ng

ons on the data reporting sheetsiin' Appendices B, C, D, and E. Also record theg
test, converting the change to-arpercentage for those parameters having percent

or each pump in the
h the pre-test to the
At percentage.

own for both pre-test
computed changes
hge change listed on

the datasheet. Also ffecord the notes from the visual observations of each test pump, associating each|observation with the

pump serial number
9.2

Mechanical Shock

9.2.1 Mechanical Bhock Test Procedure

A minimum of five ngw pumps'are to be tested. More pumps may optionally be tested as required. For
the pre-test basic pgrformance, leakage, and bleed-down measurements per 6.2, 6.1, and 6.3.7. F
standard test fluid and cap-the pump inlet and outlet. The pump electrical wiring harness shall be connected during testing.
Mount the fuel pumpg ofato a shock test fixture that duplicates the application mounting. Perform impadts at 50 G input load
and 1/2 sine waveform. The duration of these impacts is to be within 11 to 14 ms and the impacts are performed for one
pulse in the positive direction and one pulse in the negative direction in each of the three perpendicular axes. The range in
duration is to account for variation in test equipment and capability. After the required number of shock impacts have been
applied, remove the pump from the fixture and perform a visual inspection. Note any damage or degradation for later
reporting. Following the testing of all pumps in the set, conduct post-shock test measurements for basic performance,
leakage, and bleed-down on all tested pumps per 6.1, 6.2, and 6.3.7.

each pump, conduct
Il the pump with the

9.2.2 Analysis and Reporting for Mechanical Shock

For each tested pump compute the change in each performance parameter from the pre-shock test to the post-shock test.
For those parameters for which the changes are to be reported as a percentage, convert the change to a percentage.
Record the pre-shock and post-shock test performance data and the computed changes on the data reporting sheets in
Appendix J.
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10. NOTES

10.1 Revision Indicator

A change bar (l) 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 SAE GASOLINE FUEL INJECTION STANDARDS COMMITTEE
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APPENDIX A - BLOCK DIAGRAM

FUEL SUPPLY ELECTRONIC
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| ENGINE INTERFACE 1
MOUNTING | DRIVE CYCLINDER HEAD/
CONFIGURATION COMBUTION
' CHAMBER

Figure A1 - Direction injection gasoline high-pressure pump, system interface block|diagram
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APPENDIX B - EXTERNAL LEAKAGE DATA SHEET

SAE J2714 Data Reporting Sheet for GDI Pump External Leakage Measurements

Part 1: General Test Logistics

Test name or log

Date of test

Name of operator

Time of test

File name of data arc

hive

Location of test

Additional information

Part 2: Information

pbn Pump

Pump manufacturer

Pump description

Pump part number

Pump serial number

Additional informatior

Part 3: Test Conditipns
Test Pargmeter Test Conditions (if Non-Std) Standard Test Conditions
Test fluid Heligim
Ambient temperature{(°C) 2142
Ambient pressure (kRa) 1005
Fluid temperature (°Q) 2142
Fluid pressure (kPa) Specified by application (PIN) to within +1%
Initial pump temperatpre (°C) 2142
Pump test duration (§econds) >3p

Additional information
deviations

or test condition

Part 4: Specific Inst

rument Information and Test Deviations

Additional informatior
deviations

or test conditien

Part 5: Test Results

for External Leakage

External leakage ratel (pre-test)* (mbarL/s)
External leakage rate (post-test) (mbar*L/s)
External leakage rate (change) (%)

* This is the SAE J2714 pump external leakage rate if there are no test deviations.
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APPENDIX C - INTERNAL LEAKAGE DATA SHEET

SAE J2714 Data Reporting Sheet for GDI Pump Internal Leakage Measurements

Part 1: General Test Logistics

Test name or log

Date of test

Name of operator

Time of test

File name of data archive

Location of test

Additional information

Part 2: Information

pbn Pump

Pump manufacturer

Pump description

Pump part number

Pump serial number

Pump displacement

b (cm3/cam rev)

Additional information

Part 3: Test Conditi

pNs

Test Pgrameter Test Conditions (if NonsStd) Standard Test Conditions
Test fluid n-Hgptane
Ambient temperature|(°C) 21+ 2
Ambient pressure (kHa) 1005
Fluid temperature (°Q) 21+ 2
Initial pump temperatpre (°C) 21+ 2
Pump inlet pressure (kPa) PIN = §00 kPa

Part 4: Specific Inst

rument Information and Test-Deviations

Additional information
deviations

or test condition

Part 5: Test Results|

for Internallkeakage

Pump Internal Leakage (mm®min)

Pump rpm Pressure (MPa) Pre-Test Leakage Post-Test Leakage Change (Pre-Test to Post)
500 0.40 (%
500 PNORM (%

NMAX PNORM (%
NMAX PMAX ** (%

** This is the SAE J2714 pump internal leakage rate if there are no test deviations.
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APPENDIX D - BASIC PERFORMANCE DATA SHEET

SAE J2714 Data Reporting Sheet for GDI Pump Basic Performance Measurements

Part 1: General Test Logistics

Test name or log

Date of test

Name of operator

Time of test

File name of data arc

hive Location of test

Additional information

Part 2: Information

pbn Pump

Pump manufacturer

Pump description

Pump part number

Pump serial number

Pump displacement

b (cm3/cam rev)

Additional information

Part 3: Test Conditi

pNs

Test Parameter Test Conditions (if Non-Std) Standard Tést Conditions
Test fluid n-Heptane
Ambient temperature|(°C) 212
Ambient pressure (kHa) 1005
Fluid temperature (°Q) 212
Initial pump temperatpre (°C) 212
Pump outlet pressurd (MPa) PNorMm

Additional information
deviations

or test condition

Part 4: Specific Inst

rument Information and Test Deviations

Additional informatior
deviations

or test conditien
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Part 5: Test Results for Pump Performance Parameters

Pump control valve resistance:

(Ohms)

Check appropriate box. This data is for:

0 Pre-test

o Post-test

o Chan

o Pre-to-post

Pump Speed
(rpm)

CVba

Qp

Pin

Pout

TObRIVE

Tin

Tout

Poutr

PinF

Ev Em

Units

)

cm3/
cam rev

(kPa)

(MPa)

(Nm)

(°C)

(°C)

(MPa)

(kPa)

(%) (%)

100

250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

3250

3500

3750

4000

In 250 rpm
increments up to
the pump rated
speed (NRraTeD)

At the pump rated sp
deviations).

bed (NraTep), the pre-test data set are the SAE J2714 basic pump performance parameter

5 (if there are no test
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APPENDIX E - ADDITIONAL CHARACTERIZATION DATA SHEET

SAE J2714 Data Reporting Sheet for GDI Pump Additional Characterization Measurements

Part 1: General Test

Logistics

Test name or log

Date of test

Name of operator

Time of test

File name of data archive

Location of test

Additional information

Part 2: Information on Pump

Pump manufacturer

Pump description

Pump part number

Pump serial number

Additional informatior

Part 3: Test Conditid

NS

Test Paramgqgter

Test Conditions (if Non-Std)

Standard Test Conditions

Test fluid

n-Heptgne

Ambient temperature

(°C)

212

Ambient pressure (kH

a)

100 £5

Fluid temperature (°C

)

21+2

Pump control value p

Lise width

Per applidation

Initial pump temperat

bre (°C)

212

Pump outlet pressure

(MPa)

Pnoryt

Pump test duration (n

hinutes)

10

Additional informatior
condition deviations

or test

Part 4: Specific Inst

rument Information and Test Déviations

Instrument informatio
condition deviations

h or test

Part 5: Test Results

for Additional Characterizations

Part 5A: Test Resulfs for Static Flow

Parameter

*Qp Pin

Pout TODRIVE

Tin Tout

Poute

Pine Ev

Value

N/A

N/A 0

Part 5B: Test Resul{sfor Pressure Rise

Prorm

AL
INCRANK

Part 5C: Test Results for Pressure Bleed Down Rate

Pour (Start)
(MPa)

Pout (End)
(MPa)

APout
(kPa)

Duration
(min)

Bleed-Down Rate*
(kPals)

* These are the SAE J2714 static flow, pressure rise, and pressure bleed-down if there are no test deviations.
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