Fuel Pump Teardown

AT: Fuel-pump endurance tear-down data

Pump A O Test Fuel

Sarrgle 1D IM0E-01

1 ITFPM Fails te Provide Fusl Flow
1-1 Wisually check aver the FEM far any physical damage. Are there any signs of impact (loose guide rads, broken fange
bosses, broken fiast arm, etc.
Mo Vizusl Damage
1-2 Look for signs of contamination, and cormosian especially inside the resenvor, of on any pre-fiters. A complete descrigbon
of the findings with phatographs is necessary on the FFEM
Mo Visual Corrosion
2 Chaeck the resistance of the fusl pump
pALS Oheris

21 I ppen proceed 1o Purrp Teardoaam
22 lf closed, Check to see if the pump wil spin freely with a low voltage source in air (3 Volt saurce)
If the pump does spin fresly in air, and there are nat any obvicus signs of . procesd fo i test the
2.3 FPM
24 If the pump does nat spin freely in air, proceed to Pump Teardawn.

@ FPM Functional Tests (run tests in E0)
3-1 Teest at Marmal Function Test Parameters:

-2 Measure o, and pressure (grams per second, and kPa). chedking for abviows signs of leakage
Flow = B4.B9 LPH

Cungr = 714 AMPS

Leakage? Mo Vizual Leakage
33 15 current draw contrugus?  Yes N
34 Furmp Relief Fressure. 44816 kPa

3-5 § Minute pressure leak dow test
Change in pressure: 236.79 kPa

36 It there are na rssues with the testing above, proceed to fuel pump tear dawn

4 Recheck resistance sfter functional / flow tests
0.123 Qhers

5 Pump Teardown
5.1 Remove the fuel pump from the module. Photograph each purrp component a minerum of 3 separate views
5-2 Carefully rermovi the fusl purnp outer shell

Carefully disassembde the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage,

5-3 or contamination)

5.4 Inspect all the iremal pump keeping in mind the faik Below
.43 - If ppen circul, pay coss attenton t elecincal circuit, brushes, , cails, etc
5.4 - If closed circuit, but net spinning, look for heat damage, ar contarnination
S-lc = IF spiring, but no flow loak rm decoupled arrsture, of ingeller deive ol damage

5-4d — If leak davn at the pump | i check valve for ian, or damage
& Furnp Teardawn Campare all o print.
a1 cum resgance vaues - crogs com and segment 1o segment values
Segment
Segment Dhrns Crass Com Dhms
T2 a4 10§ 0.788
23 0286 26 LiE:T
w4 0348 Iw? 0868
4ta s 03293 4ta @ L)
Swi 0846
Gt T oamnz
Twd LE
Blat a2
§-2 Com segment nreout 00007 thousandths of an inch
raphs)
E-3A Anrature Shaft OO - Com End 4058 rm
B-3E Anmature Shaft OD - Irrpeller End & 856 mm
§-3C Outiet Beanng 10 4581 mm
.90 Irpelier Beanng ID Top 4261 mm
B-3E Impelizr Beaning |0 Bottorn. 426 mm
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B-3F Note coniton and take photographs
Phates Recorded

&-4 Brush length - % length ramaining
Brugh 1 10 629 mmim
Brush 2 Brush Stuck mim See Phato for Detsils

[.8] Bmsﬂ ware candibon - take ph ntngrsnng measure spang farce
rush 1 Photos Spning Force Unavailable
Em:’h 2 Recorded Spring Farce Unavailable

Comwes - thickness loss in % -Estimate end of life (1o the minirum e in
6-6 upan curmert wear rate through 3000 hours)
Com Thickness 00001 thousandths of an inch

G-7 Ierpetier thickness (note galing or wear conditions on heusing J rrpeler with photegraphs).
Ivpelier Thickness 298

6.8 Impefier Drag Torque: Less Than 44 inlbs

Teardown Pump Data 1-8
203201

10f6
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Fuel Pump Teardown Pump A _

Sample 1D IM032.02

1 IFFPM Fails to Provide Fus Flow
1-1 Visually check gver the FPM for any physical damage. Are there any signs of impact (loose guide rods, beoken flange
bosses, broken float am, etc
Mo Visual Damage
1.1 Look for sighs of contaminabon, and comogion especially inside the reseror. or on any pre-fiters. A complate descrpbon
of the findings with photographs is necessary an the FPM
o Visual Corrosion
2 Check the resistance of the fusl pump
289 Chrres:

2:1 If apen praceed ta Pump Teardown
2-2 If chased, Check 1o see # e pump will spin freely with & low voltage source = air (3 Vol source)
I e pump does spin freely i aif, and there are not any obvious signs of i proceed 1o 'y bt the
2-3FPM
24 I the pump does not spin freely 0 air, proceed to Pump Teardonm

3 FPM Functional Tests (run tests in E0)
3-1 Test at Namal Funcsion Test Paramsters

37 Measure flow, and pressure (grams per second, and kFa), checking for obvious sgns of leakage
Flow= 577 LPH

Current = 7B AMPS
Laakage? Mo Vigual Leskage
3-3 15 current draw contnuows?  Yes AL
34 Pump Reliel Pressure 440 18 WP

3.5 5 Minute pressurs |eak down test
Change in pressure T84 16 kP

36 It there are no ssues with the (=stng above, praceed to fuel pump tear down

4 Recheéck resistance after funconal £ fow tests
0552 Ohms

5 Pump Teardown
5.1 Remave the fuel pumg from the module. Photograph each pump component a manimum of 3 separate views.
5.7 Carefully remove the fusl purmp cuter chell
Cargtully diassemble thie fuel pumg mEpectng each piece a3 € it removed (look for 5gns of unususl wear, hiest damags,
£-3 ar contammation)
54 [repect all he internal pump COMDONENts keeping in mind tha failure tres below.
S-da = If apen circul, pay cdose elecirical orcit, brushes, . cails, et
S - I ciosed circuit, but nat spirning, look for heat damage. or contamnaton
fde = I wpirning, but na flaw look for decoupled ammature, or impelier dive dot dsmage
Sedd = If feak down 31 the purng level investigate check valve for contamination, of damage

B Pump Teandown i Corngarne o prat
B-1 Com remstance values - cross com and segmant 1o segment values.
gment o

Segment Qhms Cross Com Ohms.
1to2 01x3 Tm5 0888
w3 o3 ImE LE::1)
Am4 0BsT im? o7ae
45 oen 4mw@ 0657
Stol 0314
Gw? oan
T DEIS
fwi b2

B-7 Com segment run-out 0002 thousandhs of an inch

raghs)
B-3A Armature Shaft 00 - Com End 4861 rmm
38 Armature Shaft OO - Impedler End 4951 rom
6.3C Outet Beanng 1D 4981 rmm
6-30 (moeller Beanng |0 Top 4.260 rmm
B-3E impelier Bearing |0 Batorm 4256 mm
3F Mate conditon and take photographs.
Photos Recorded

B4 Bruzh lergth - % length rermaining
Brush | 10 E32 mm
Brush 7 10631 mm

8.5 Brush wire condition - take photographs, measure spring force
Brush | Phatos Spring Force Unmvailabie
Brush 2 Reconded Spring Force Unavadable

Cormwed - thickness 102 n % —Estimate end of ke (b Me i . 8.0 0
BB upan cument wear rate through 3000 hours)
Cam Thickness 00008 thousandths ol an inch

6.7 Impeller hickness (note galling of wear condbions on housing | impeler with phatographs)
Imgedier Thickness 282

68 irmpedier Orag Torque Less Than 44 mibs

Teardown Fump Data 1-8
032-02 2016
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Fuel Pump Teardown

Pump A EOTest Fuel

Sample|D  7M032-03

1 If FPM Fails to Provide Fuel Flow
1-1 Visualy check over the FPM for any physical damage, Are there any signs of impact (lnose guide rods, brolen Sange
bosses, broken float am, etc
No Visual Damage
1-2 Loak for signs of contarminasion, and comasion especially inside the resenor, or on any pre-filters. A complete descripnan
of the findings with photographs (s necessary an e FPM
No Visual Corrosion
2 Check the resistance of the fusl pump
ER L) O

2-1 it open procesd t Pump Teardown.
2-2 I ciosed, Chieck 1o see # the pump will spin freely with & low voltage source in air (8 Volt source).
Ifthe pump does spin freely in air, and ihere are not Sy obvious sgns of proceed tn test the:
2.3 FPM
2-4 If the pump does rot spin freely i @, procesd to Fump Teandown

3 FPM Funetional Tests (run tests in E0)
3.1 Teat st Hormsl Function Test Parameters:

3.2 Messure fiow, and pressure (grams per second, and kPa), checking for ctrvous Signs of leakage.
= B1.77 LPH

Cument = 091 AMPS

Leakage? No Visual Leakage
3.3 s current draw contrvois?  Yes b
34 Pump Relied Pressure 44278 kPa

3.5 5 Minute prassurs leak down test
Change in pressure; 73014 WPa

3.6 it theve e no issuss with the testing sbove, procesd to sl pumg tear down

4 Recheck resistance after functonal ] Bow tests
0112 Onme

& Pump Teardown
5-1 Remove the fuel pumg from the module. Photograph each pump companent a minimom of 3 separate views
5.2 Carefully remave the fuel pumg outer shell
Caretully dssassemble the fuel pumg inspecong each pece o5 @ is remaved (ook for agns of unuswal wear, heat damage,
5.3 or contamination)
5-4 Inspect o the intemal pUTE COMpONEnts keeping n mind the falure tree below:
S-4a - If open circut, pay close attenbon io electrical commutabon drowit, brushes, shunt vares, calls, etc
54t - If closed circu, but nat spinnmg, lagk for heat damage, or contarnalicn
5-dc = If spinning, but no flaw lock for decoupled armature. of irpelier drive slot damage
G = If leak down afthe o L or damage

& Pump Teardawn 1o print
B-1 G

Stob 037
B 7 0472
T B 0236
CE-R) 047

B-2 Com segment run-aut 0.0001 thousandns of an inch

raphs).
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B34 Armature Shant OD - Com End 4878 mm
838 Armature Shakt OD - Impeller End 4861 mm
B-3C Ougiet Beanng ID 4889 mm
£-30 impeiter Bearing ID Top 423 mm
8.3E Impetier Beariag 10 Bagarn 4200 rem
B-3F Mate condton and take photographs

Photes Recorded

B4 Brush leAgh - % lenaih remaining
Brsh 1 10621 mm
Bruzh 2 Brush Stuck e See Prato far Details

B-5 Hrush wire condition - take photographs, measure spring force
Brsh 1 Fhotos Spnng Force Linmvadatie
Brsh 7 Recorded Spring Foree Unavadabie

Com wear - thicknass 1055 in % -Estirmate and of ifie (8o the mmimum . 8.4 0
B-B upan current war rate throwugh 3000 haurs)
Cam Thickne s 0001 theusandhs of an inch

B.7 Impelier thickness (note galing or wear condtions on housing / impsler wih photographs).
Impetier Thicknass 2

6.8 Impetier Drag Torque Less Than 44 s

Toardown Pump Data 1-6
2M032:08

dotg
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Fuel Pump Teardown Pump A _

Sarmgle 1D IMDEI-04

1 ITFPM Fails te Provide Fus Flow
1-1 Wisually check aver the FPM far army physical damage. Are there any signs of impact {loose guide rads, broken flange
bosses, broken fiast arm, etc.
Mo Vizusl Damage
1-2 Look for signs of contamination, and cormosian especially inside the resenvor, of on any pre-fiters. A complete descrigbon
of the findings with photographs is necessary on the FPM
Mo Visual Corrosion
2 Chaeck the resistance of the fusl pump
208 Oheris

2-1 If ppen praceed 1o Purrg Teardaem
2-2 If closed, Check ta see if the pump will spin freely with a low valtage source in air (9 'Volt source)
If the pump does spin freely in air, and there are nat any obvicus signs of ion, proceed to i test the
2.3 FPM
2.4 If the pump does rot spin freely in air, proceed to Pump Teardown.

2 FPM Functional Tasts {run tests in E0)
3-1 Teest at Marmal Function Test Parameters:

3-2 Measure Nlow, and pressure (grams per second, and kPa). chedking for obvious signs of leakage
Flow = 59.77 LPH

Currert = 701 AMPS

Leakage? Mo Vizual Leakage
33 15 current draw contrugus?  Yes N
34 Furmp Relief Fressure. 451 88 kPa

3-5 § Minute pressure leak dow test
Change in pressure: 29116 kPa

36 It there are na rssues with the testing above, proceed to fuel pump tear dawn

4 Recheck resistance sfter functional / flow tests
0.023 Qhens

5 Pump Teardown
5.1 Remove the fuel pump from the module. Photograph each purrp component a minerum of 3 separate views
5-2 Carefully rermovi the fusl purnp outer shell
Carefully disassembde the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage,
5-3 or contamination)
5-4 Inspect all the intemal pump keeping in mind the faik below
5.43 - If open circult, pay doze stention to elecneal eircuit, brushes, . cails, etr
5.4 - If closed circuit, but not spinning, look for heat damage, ar contarnination
Sede: = IF spirning, but no flow look for decoupled armature, or impeller drive slol damage

5-dd — If Ieak dovn at the pump level investigate check valve for ian, or damage
& Furnp Teardawn Campare all o prnt.
-1 Com resistance values = ross com and segment 1o segment valies
Segment ta
Segment Dhrns Crass Com Dhms
T2 0167 10§ 0ATE
23 o 26 0152
w4 0516 Ind 0882
45 a4t dta B LR
Swi 033m
Gt T oan
Twd 0423
Blat [EL])
§-2 Com segment nreout 00007 thousandths of an inch
raphs)
B-2A Anraturi Shaft OO - Com End 4871 mm
B-3B Anmature Shaft OO - Irpeller End 4 88 rm
§-3C Outiet Beanng 10 4501 mm
.90 Irpelier Beanng ID Top 4299 mm
B-3E Impelizr Beaning |0 Bottorn. 4241 mm

B8-3F Note conditon ard take pholographs
Phates Recorded

&-4 Brush length - % length ramaining
Brugh 1 10,62 mm

Brush 2 Brush Stuck mim See Phato for Details
6.5 Erush were condibon - take photographs, measure spang force

Brush 1 Photos Spning Force Unavailable

Brush 2 Recorded Spring Farce Unavailable

Comwes - thickness loss in % -Estimate end of life (1o the minirum e in
B-6 upan curment wiar rate through 3000 haurs)

Com Thickness 00001 thousandihs of an inch

G-7 Ierpetier thickness (note galing or wear conditions on heusing J rrpeler with photegraphs).
Ivpelier Thickness 2823

6.8 Impefier Drag Torque: Less Than 44 inlbs

Teardown Pump Data 1-8
203204 40l8
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Fuel Pump Teardown

Pump A EOTest Fuel

Sample 10 0308

1 IFFPM Fails to Provide Fusl Flow
1-1 Visumby check over the FPM for amy physical damage. Are Shere any signs of impact (loose guide rods, broken flange
bosses. broken fioat am, oic.
Mo Visusl Damsge
1-2 Loak for signs of contaminaton, and comosion especialy nside the msenair, or on any pre-fiters. A complete descrption
af the findings with photograghs i necessary on the FPM
o Visual Cormosan
2 Check the resistance of the fusl pump
3ot Otwme

2-1 i openproceed 1o Pump Teardown
2-2 M closed, Check to se f the pump will spin freely with 8 low voltage source in o (8 Vot sounce)
Ifthe pump does snin freehy in Air, S0 there ane Aot Ay oivinus Spns of contamanaton, proteed o Functionally test the
2:3 FPM
2-4 If the pump does nat sgin feely 0 air. grocesd o Pump Teardown

3 FPM Functional Tests run tests in £0]
3-1 Test st Normsf Function Test Parameters

3-2 Measure flow, and pressure (grams per second, and kPa), checking for abvious signs of leakage
= 5218

LPH
Cument = BET AMPS
Leakage? Mo Visual Leakage
3.3 |5 current draw conbnuous? e Wi
34 Pump Relied Pressure 44067 kPa

3-5 & Minute prossure [8ak down fest
Chang in pressune: 28118 kPa

3-8 It there a7e na issues with the teshing shove, proceed i fuel pump tear down

4 Rechuck resitance after functonal | Now tests
0356 Ohms

& Fump Teardown
5-1 Remove the fuel pump from the module . Photograph each pump comgonent 8 minimum of 3 separate views
5.2 Carefully remove the fuel pumg outer shel
Carefully disassemble the fuel pump inspecong each pece a3 & is removed {look for sgns of unusus wear, heat damage,
5.3 or contamnaton)
5-4 Inspect all the intemal pump components keeping in mind the failure tree below:
S.42 = If ppen circutt, pay close attention t electrical commutaton drouit, brushes, shunt wires, cods, etc
540 = If closed carcut, but not spinning. kook for heat damage, of conEaMmInaton
Sec = I sgenning. but no fiaw look for decougled amnature, or irmpesier drive siot damage
fGdd = If leak dven ot the pump level invesigate check valve for contamnaton, of damage

& Pump Teardown Compare fo print
-1 Com resigtance values — CTOSs COM and segment to segment values
Segment b

Segment Ohms Cross Com Otens
T2 [ Eors) Tod omy
23 oan ImE -1k
34 Daar 37 asn
dms L] 4B [E-
] 03at
Etn7 0186
Tinf 07
Bm1 089

§-7 Com segment run-out 00001 thowsandths of an inch

rapha).
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834 Armature Shaft OO - Com End 4981 men
838 Armature Shaft OO - Impeller End 4 88 mm
B-3C Outiet Branng ID 4901 mm
6-30 Impelier Braning 1D Top 4260 mm
B.3E Impelier Beanng 1D Bottom 4288 men
B-3F Mote conditon and take phatographs

Photos Recorded

B4 Brush langth - % kength remaining
Brush 1 10831 men
Brush 2 1063 mm

-8 Brush wire condition - take photogranhe, measure spring force
Brush | Photos Speing Fosce Unavadable
Bruzh 2 Recorded Spring Force Unavalable

Com wess - thickness i655 in % -Estirate and of B (1o th L 8g. 0
B-B upan curment waar rate through 3000 hawurs]
Conm Thicknass. 00007 thousandths of & inch

B-7 Impelier mickness (note galling or wear q | Empeilar with
Irmpeiier Thicknass 28

-8 tmpelier Drag Torque Less Than 44 infbs

Teardown Pump Diata 1-5
2M032-05

Solg
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Fuel Pump Teardown

Page 152

Sample ID IM032-08

1 IfFPM Fails to Provide Fusl Flow
1-1 Visually check ovar the FPM for any physical damage. Are there any signs of impact (kiose guide rods. broken flangs
bosses, broken fioat amm, etc
Ma Visual Damage
1-2 Look for signs of contamination, and comoson especially inside the reservoir, o on any prediters, A complete descrption
of the firdings wath photngraphs is necessany on the FPM
Na Visual Corrosian
2 Chetk the resistance of the fusl pump
a Ohms

2-1 1t open proceed to Pump Teardown
23 1 closad, Check to e  the purmp will spin ety with 2 low voltags source m air (8 Valt source)
If the pump does spin freely in air, and there ane not any obwous signs of contamination, proceed to Funcbanaly test the.
2.3 FPM
24 It the pump does not spin freely n air, proceed 1o Purp Teardawn.

3 FPM Functisnal Tasts (run tests in E0)
31 TestatNommal Function Test Parameters:

32 Meszure Nlow, and pressure (grams per secand, and kPa), chedang for obvious sgns of leskage
17 LPH

Flaw = Bl

Currert = B33 AMPS

Leakage? No Visusl Leakage
33 |g cument draw continuais?  Yes YN
34 Purr Reliet Pressuse. 44218 kP3

35 5 Minute pressure |eak down test
Change in pressure 214.15 kP

3-8 103heds are no issues with the teting above. proceed ta funl purp tar dawn

4 Recheck resstance after funcoonal / flow tests
0336 Chms:

& Pump Teardewn
-1 Remove the fuel pump Phatogragh 3 seEparate views
5.2 Carstully remove the fuel pumg outer shall
Carstully disassemiie the lusl pump inspeching each peece a5 § is rmoved (loak for ugns of cnuiusl wear, heat damage,
5:3 or contamation)
5.4 Inspect all the irternal 0 i [TE
5-43 - H apen cieut, pay dave sttention to electrical . brushes. sh  cods, ee
5 - I closed citcut, but rat sgsnning, Kok for heat damage, or contamsnation
S-4c = M gpinnng, but na flow look for decoupled armature, or impeller diive st damage

Sedd = I fesk doven AT 31 wahve for or damage
& Purrp Teard Compars [l
81 e values 1o segmert vahses
Segment ta
Segment Chms Cross Com Chims
102 0269 1.5 1]
3 0ax IwE 0ETE
Jwe 0268 a7 0g8s
ams oam awe 0742
SwE 0ETs
Bm7T oge
T [RF]
CE-R) 06t
B-7 Com segnment nin-out 00002 thoussndths of an inch
raphs]
B-3A Armnature Shaft GO - Com End 4855 mm
B-38 Ammature Shaft 0O - Impeller End 4853 mm
6-3C Cutiot Beanng 10 489 mm
6-30 Impedler Beanng 10 Top 4 763 mm
B-3E |rrpefier Beanrsg 1D Bottorn 4.8 e
B-3F Nabe contiton and take photographs.
Phatas Recorded
B4 Brush langth - % length remaining
Brush 1 D504 mm
Brush2  BrushStuck o See Phota for Detsis

8.5 Brush wire condition - take photographs, measure spring force
Brush 1 Phaotos Sprng Farce Unavailable

Brush 2 Recored Spnng Farce Unavailable

Com wear - Sickness io3s in % ~Estimaie end of ke (o the e.egin
66 upon curment wear rate Srough 3000 hours)

Com Thickness 00001 thousandhs of an inch
6-7 Impesier shickress {note galling arwear / impeder

Impesier Thickne s 2808
B8 Impadier Drag Torgue Less Than 44 infbs

Tutrciown Pump Data 16
M35

Bolf
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Fuel Pump Teardown Pump L E15 Test Fuel

Sample 1D AM445-01

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float am, etc.
No Visual Damage
1-2 Look for signs of ination, and ion ially inside the reservoir, or on any pre-filters. A complete description
of the findings with photographs is necessary on the FPM
No Visual Comrosion

2 Check the resistance of the fuel pump
17 hms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test the
2-3 FPM
2-4 If the pump does not spin freely in air, proceed fo Pump Teardown.

3 FPM Functional Tests (run tests in EO0)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = 396 LPH

Cument = 398 AMPS

Leakage? MNiA
3-3 Is cumrent draw continuous? Yes YN
3-4 Pump Relief Pressure. 354.74 kPa

3-5 5 Minute pressure leak down test.
Change in pressure: NIA. kPa

3-6 If there are no issues with the testing above, proceed fo fuel pump tear down

4 Recheck resistance after functional / flow tests
0.001 Ohms

5 Pump Teardown
51 Remove the fuel pump from the module. P each pump a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage,
5-3 or contamination).
5-4 Inspect all the internal pump compenents keeping in mind the failure tree below:
5-4a — If open circult, pay close aftention to electrical commutation circuit, brushes, shunt wires, coils, efc.
5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
5-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

6 Pump Teardown dimensional information. Compare all dimensions to print.
B6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment Ohms Cross Com Ohms
1102 0.278 1to5 0582
2t03 0.299 2t06 0.84
3to4d 0.276 307 0545
4i05 02373 4i08 0542
5to6 0243
Gto7 0.321
Tto8 0.293
Bio1 0112
6-2 Com segment run-out 0.0001 thousandths of an inch
raphs).
6-3A Armature Shaft OD - Com End 4.996 mm
6-3B Armature Shaft OD - Impeller End 4.296 mm
B-3C Outlet Bearing ID 5013 mm
6-3D Impeller Bearing 1D Top 4.5 mm
6-3E Impeller Bearing 1D Bottom 4.527 mm

6-3F Note conditon and take photographs.
Photos: Recorded

6-4 Brush length - % length remaining

Brush 1 11.883 mm
Brush 2 11.782 mm
6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (fo the minimum recommended performance, e.g. in hours based
6-6 upon current wear rate through 3000 hours)
Com Thickness 0.0012 mm

6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness
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Fuel Pump Teardown Pump L E15 Test Fuel

Sample ID 1M445-02

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken
flange bosses, broken float arm, etc.
No Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM
No Visual Corrosion
2 Check the resistance of the fuel pump
- Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voliage source in air (2 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally
2-3 fest the FPM.
2-4 If the pump does not spin freely in air, proceed to Pump Teardown

3 FPM Functional Tests (run tests in E0Q)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = 39.6 LPH

Current = 398 AMPS

Leakage? NIA
3-3 Is current draw continuous? Yes YiN
3-4 Pump Relief Pressure. 35517 kPa
3-5 5 Minute pressure leak down test.

Change in pressure: N/, kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.001 Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separaie view:
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage, or contamination)
5-4 Inspect all the intemal pump components keeping in mind the failure tree below
5-4a — If open circuit, pay close attention fo electrical commutation circuit, brushes, shunt wires, coils, etc.
5-4b — If closed circuit, but not spinning, lock for heat damage, or contamination
5-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump Teardown dimensional information. Compare all dimensions to print
6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment Ohms Cross Com Ohms
1to2 0.261 1to 5 0.516
2t03 0.272 206 0.508
3tod 0313 3to7 0.488
4to5 0.358 4t08 0514
Sto6 0.408
Gto7 0.239
Ttod 0.414
Bto1 0.268
6-2 Com segment run-out 0.0001 thousandths of an inch
graphs)
6-3A Armature Shaft OD - Com End 4.994 mm
6-3B Armature Shaft OD - Impeller End 4.287 mm
6-3C Outlet Bearing ID 5.002 mm
6-3D Impeller Bearing 1D Top 4 506 mm
6-3E Impeller Bearing 1D Bottom 4.501 mm

6-3F Note conditon and take photographs.
Photos Recorded

6-4 Brush length - % length remaining

Brush 1 11.827 mm
Brush 2 11.884 mm
6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life {to the minimum recommended performance, e.g. in hours
6-6 based upon current wear rate through 2000 hours)
Com Thickness 0.001 mm

6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs)
Impeller Thickness
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Sample ID 1M445-03

53
54
5-4a
5-4b
5-4c
5-4d

5]
6-1

6-2

-aphs).
634
638
63C
63D
63E
6-3F

6-4

6-7

If FPM Fails to Provide Fuel Flow
Wisually check over the FPM for any physical damage. Are there any signs of impact (lcose guide rods, broken
flange bosses, broken float arm, etc.
Mo Visual Damage
Look for signs of contamination, and comosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM
Mo Visual Corrosion
Check the resistance of the fuel pump
4.1 ohms

If open,proceed to Pump Teardown

If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).

If the pump does spin freely in air, and there are not any obwvious signs of contamination, proceed to Functionally t
the FPM.

If the pump does not spin freely in air, proceed to Pump Teardown.

FPM Functional Tests (run tests in EQ)
Test at Normal Function Test Parameters:

Measure flow, and pressure {grams per second, and kPa), checking for obvious signs of leakage.
Flow = 3418 LPH

Cumrent = 408 AMPS

Leakage? NIA

Is current draw continuous? Yes i

Pump Relief Pressure. 35411 kPa

5 Minute pressure leak down test.

Change in pressure: A kFPa

If there are no issues with the testing above, proceed to fuel pump tear down

Recheck resistance after functional / flow tests

0.007 Ohms

Pump Teardown

Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
Carefully remove the fuel pump outer shell.

Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
damage, or contamination).

Inspect all the intemal pump components keeping in mind the failure tree below:

— If open circult, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.

— If closed circuit, but not spinning, look for heat damage, or contamination

— If spinning, but no flow look for decoupled armature, or impeller drive slot damage

— If leak down at the pump level investigate check valve for contamination, or damage

Pump Teardown dimensional information. Compare all dimensions fo print.
Com resistance values — cross com and segment to segment values
Segment to
Segment Ohms Cross Com Ohms
1t02 0.266 105 0.103
203 0.271 2t06 0141
Jtod 0.231 307 0.156
4t05 0.281 4t08 0.171
5tob 0.302
Gto7 0.444
TtoB 0.501
8to1 0.622

Com segment run-out 0.0012 thousandths of an inch

Armature Shaft OD - Com End 4.999 mm
Armature Shaft OD - Impeller End 4293 mm
Cutlet Bearing 1D 5.02 mm
Impeller Bearing 1D Top 4.563 mm
Impeller Bearing 1D Bottom 4522 mm
Note conditon and take photographs.

Photos Recorded

Brush length - % length remaining
Brush 1 11.777 mm
Brush 2 12.002 mm

Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, .g. in hours
based upon current wear rate through 3000 hours)
Com Thickness 0.0006 mm

Impeller thickness (note galling or wear conditions on housing 7 impeller with photographs).
Impeller Thickness 3.806
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Fuel Pump Teardown Pump L E15 Test Fuel
Sample ID 1M445-04
1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken
flange bosses, broken float arm, etc.
No Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete
description of the findi with photographs is vy on the FPM
Mo Visual Corrosion
2 Check the resistance of the fuel pump
32 hms
2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (3 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally
2-3 test the FPM.
2-4 If the pump does not spin freely in air, proceed to Pump Teardown
3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Test Parameters:
3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = 482 LPH
Current = 417 AMPS
Leakage? /A
3-3 Is current draw continuous? Yes ¥IN
3-4 Pump Relief Pressure. 360.48 kPa
3-5 5 Minute pressure leak down test.
Change in pressure: NIA kPa
3-6 If there are no issues with the testing above, proceed to fuel pump tear down
4 Recheck resistance after functional / flow tests
0.002 Ohms
5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate vi
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (lock for signs of unusual wear, heat
5-3 damage, or contamination).
5-4 Inspect all the intermal pump components keeping in mind the failure tree below
5-4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.
5-db — If closed circuit, but not spinning, lock for heat damage, or contamination
5-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage
& Pump Teardown dimensional information. Compare all dimensions to print
6-1 Com resistance values — cross com and segment to segment values
Segment to
Segment Ohms Cross Com Ohms
1to2 0.275 105 0477
2to3 0.302 2106 0.477
3tod 0.284 307 0.481
4to5 0.256 4108 0472
Stod 0.256
Gto7 0.277
Ttod 0.235
Bto1 0.255
6-2 Com segment run-out 0.0012 thousandths of an inch
graphs).
6-3A Armature Shaft OD - Com End 4.996 mm
6-3B Armature Shaft OD - Impeller End 4.292 mm
§-3C OQutlet Bearing ID 502 mm
§-30 Impeller Bearing 1D Top 4.516 mm
6-3E Impeller Bearing 1D Bottom 4.522 mm
6-3F MNote conditon and take photographs.
Photos Recorded
6-4 Brush length - % length remaining
Brush 1 11.701 mm
Brush 2 12.152 mm
6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?
Com wear - thickness loss in % —Estimate end of life {to the minimum recommended performance, e.g. in hours
6-6 based upon current wear rate through 3000 hours)
Com Thickness 0.0002 mm
6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs)
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Sample ID 1M445-06

1-1

L)

32

33

34

35

.

51
52

If FPM Fails to Provide Fuel Flow
Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken
flange bosses, broken float arm, etc.
Mo Yisual Damage
Look for signs of contamination, and corrosion especially inside the resenvoir, or on any pre-filkers. A complete
description of the findings with photographs is necessary on the FPM
No Visual Corrosion
Check the resistance of the fuel pump
0.9 Ohms

If open,proceed to Pump Teardown.

If closed, Check to see if the pump will spin freely with a low voliage source in air (9 Volt source).

If the pump does spin freely in air, and there are not any chvicus signs of contamination, proceed fo Functionally
test the FPM.

If the pump does not spin freely in air, proceed to Pump Teardown

FPM Functional Tests (run tests in E0)
Test at Nermal Function Test Parameters:

Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = 3418 LPH

Cumrent = 4.08 AMPS

Leakage? MN/A

Is current draw continuous? Yes YN

Pump Relief Pressure. 355.51 kPa

5 Minute pressure leak down test.

Change in pressure: MIA kPa

If there are no issues with the testing above, proceed to fuel pump tear down

Recheck resistance afier functional / flow tesis
0.007 Ohms

Pump Teardown

Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate view:
Carefully remove the fuel pump outer shell.

Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat

5-3 damage, or contamination).

5-4 Inspect all the intermal pump components keeping in mind the failure tree below
5-4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.
5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
5-4¢ — If spinning, but no flow look for decoupled armature, or impeller drive siot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump Teardown dimensional information. Compare all dimensions to print

6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment Ohms Cross Com Ohms
1to2 0.215 1t 5 0.765
2t03 023 2to6 0.407
3tod 0.27 3to7 0.54
4105 0.218 4108 0.497
5to 6 025
Gto7 0.23
Ttod 0.2
&io1 0.24
5-2 Com segment run-out 0.0001 thousandths of an inch
jraphs).
6-3A Armature Shaft OD - Com End 4.992 mm
6-3B Armature Shaft OD - Impeller End 4.281 mm
6-3C Outlet Bearing ID 5.006 mm
6-3D Impeller Bearing ID Top 4527 mm
6-3E Impeller Bearing |D Bottom 4.523 mm
6-3F Note conditon and take photographs.
Photos Recorded
6-4 Brush length - % length remaining
Brush 1 11.71 mm
Brush 2 11.808 mm
6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

6~

4

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours
based upon current wear rate through 3000 hours)
Com Thickness 0.0011 mm

Impelier thickness (note galling or wear conditions on housing / impeller with photographs)
Impelier Thickness
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Sample ID AM445-07

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact {loose guide rods, broken
flange hosses, broken float arm, etc.
Mo Visual Damage
1-2 Look for signs of ination, and ion ially inside the reservoir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM
Mo Visual Corrosion

2 Check the resistance of the fuel pump
24 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test
2-3 the FPM.
2-4 If the pump does not spin freely in

ir, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in EO0)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obwicus signs of leakage.

Flow = 14.08 LPH

Cument = 403 AMPS

Leakage? NiA
3-3 Is current draw continuous? Yes YN
3-4 Pump Relief Pressure. 3672 KPa

3-5 5 Minute pressure leak down test.
Change in pressure: NiA kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.001 Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage. or contamination).
5-4 Inspect all the internal pump components keeping in mind the failure tree below:
5-4a — If open circuit, pay close aftention to electrical commutation circuit, brushes, shunt wires, coils, ete.
5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
5-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

6 Pump Teardown dimensional information. Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment ohms Cross Com Ohms
1t02 0228 1to 5 0.536
Z2t03 0.252 2t06 0.698
3to4 0.255 3toT 0.509
4105 027 4t08 0.531
5to6 0259
Gto7 0.24%
Ttod 0.233
8to1 0.247
6-2 Com segment run-out 0.0001 thousandths of an inch
raphs).
6-3A Armature Shaft OD - Com End 4983 mm
6-3B Armature Shaft OD - Impeller End 4.321 mm
6-3C Qutlet Bearing ID 5.001 mm
6-3D Impeller Bearing ID Top 4517 mm
6-3E Impeller Bearing |D Bottom 4.522 mm

6-3F Note conditon and take photographs.
Photos Recorded

-4 Brush length - % length remaining

Brush 1 11777 mm
Brush 2 11.792 mm
6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (fo the minimum recommended performance, e.g. in hours
6-6 based upon current wear rate through 3000 hours)
Com Thickness 0.001 mm

6-T Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness
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Sample ID 1M445-08

1 If FPM Fails to Provide Fuel Flow
1-1 Wisually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken
flange bosses, broken float arm, etc.
Mo Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM
No Visual Corrosion
2 Check the resistance of the fuel pump
21 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally
2-3 test the FPM.
2-4 If the pump does not spin freely in air, proceed to Pump Teardown

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = 41.04 LPH

Current = 4.01 AMPS

Leakage? MNIA
3-3 Is current draw continuous? Yes ¥iN
3-4 Pump Relief Pressure. 346.05 kPa

3-5 5 Minute pressure leak down test.
Change in pressure: NIA kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.003 Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate view:
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage, or contamination).
5-4 Inspect all the intemal pump components keeping in mind the failure free below
S-4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.
5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
S-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump Teardown dimensional information. Compare all dimensions to print
6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment ohms Cross Com ohms

1t0 2 0.232 1to5 0.585

2t03 0.249 206 0.51

3to 4 0219 3to7 049

4105 0.229 4108 0.525

5to 6 0.388

Gio7 0.275

Ttod 0.249

Bio1 0.269

§-2 Com segment run-cut 0.001 thousandths of an inch
graphs).

6-3A Armature Shaft OD - Com End 4.993 mm
§-3B Armature Shaft OD - Impeller End 4.286 mm
5-3C Outlet Bearing 1D 5.017 mm
6-3D Impeller Bearing 1D Top 4531 mm
6-3E Impeller Bearing 1D Bottom 4522 mm

6-3F Mote conditon and take photographs.
FPhotos Recorded

6-4 Brush length - % length remaining

Brush 1 11.843 mm
Brush 2 11.955 mm
6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.qg. in hours
§-6 based upon current wear rate through 2000 hours)
Com Thickness 0.001 mm

6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs)
Impeller Thickness
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Sample ID 1M445-09

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact {lcose guide rods, broken
flange hosses, broken float arm, etc.
[ No Visual Damage |
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filiers. A complete
description of the findings with photographs is necessary on the FPM
| Mo Visual Corrosion |
2 Check the resistance of the fuel pump
M1 Jonms

2-1 If open,proceed to Pump Teardown
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (2 Volt source).
If the pump does spin freely in air, and there are not any chvious signs of contamination, proceed fo Functionally
2-3 test the FPM.
2-4 If the pump does not spin freely in air, proceed to Pump Teardown

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = 20.16|LPH

Current = 4.015|AMPS

Leakage? NIA
3-3 Is current draw continuous? Yes YN
3-4 Pump Relief Pressure 349.15|kPa
3-5 5 Minute pressure leak down test.

Change in pressure: A [wPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance afier functional / flow tesis
0.001|Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate view:
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage, or contamination)
5-4 Inspect all the internal pump components keeping in mind the failure tree below
5-4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.
5-4b — If closed circuit, but not spinning, lock for heat damage, or contamination
5-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump Teardown dimensional information. Compare all dimensions to print
6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment Ohms Cross Com Ohms.
102 0.277 105 0.411
2t03 0.288 206 0.432
3to4 0.219 3to7 0441
4105 0.245 4108 0423
S5to6 0.276
Gto7 0.279
Tto8 0.305
8to1 0.274
6-2 Com segment run-out | 0.0012]thousandths of an inch
raphs)
6-3A Armature Shaft OD - Com End 4.993| mm
§-3B Armature Shaft OD - Impeller End 4.289[mm
5-3C Qutlet Bearing ID 4.981[mm
§-3D Impeller Bearing ID Top 4.368[/mm
6-3E Impeller Bearing 1D Bottom 4.372[mm

6-3F Mote conditon and take photographs.
Photos Recorded

6-4 Brush length - % length remaining
Brush 1 11.899|mm

Brush 2 11.918|mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours
6-6 based upon cument wear rate through 3000 hours)
Com Thickness 0.0002|mm

6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs)
Impeller Thickness
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Sample ID 1M445-11

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken
flange bosses, broken float arm, etc.
No Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM
Mo Visual Corrosion
2 Check the resistance of the fuel pump
0.008 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (3 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, preceed to Functionally
2-3 test the FPM.
2-4 If the pump does not spin freely in air, proceed to Pump Teardown

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = 2275 LPH

Curmrent = 4.03 AMPS

Leakage? MIA
3-3 Is current draw continuous? Yes YN
34 Pump Relief Pressure. 36217 kPa

3-5 5 Minute pressure leak down test.
Change in pressure: M/A kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.001 Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate view:
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage, or contamination)
5-4 Inspect all the intemal pump components keeping in mind the failure tree below
S-4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.
5-4b — If closed circuit, but not spinning, lock for heat damage, or contamination
5-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump Teardown dimensional information. Compare all dimensions to print
6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment Ohms Cross Com Ohms

102 0.233 105 0.502

2t03 0.262 2106 0.49

3to4d 0.217 30T 0.482

4105 0.222 408 0.547

Sto 6 0.219

Gio7 0.234

Tiod 0.246

8to1 0.225

6-2 Com segment run-out 0.0002 thousandths of an inch
graphs).

6-3A Armature Shaft OD - Com End 4.994 mm
6-3B Armature Shaft OD - Impeller End 4.283 mm
6-3C Outlet Bearing ID 5.002 mm
6-3D Impeller Bearing ID Top 453 mm
6-3E Impeller Bearing |ID Bottom 4.539 mm

6-3F Note conditon and take photographs.
Photos Recorded

6-4 Brush length - % length remaining

Brush 1 11.888 mm
Brush 2 11.908 mm
6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life {to the minimum recommended performance, e.g. in hours
6-6 based upon curmrent wear rate through 3000 hours)
Com Thickness 0.0011 mm

6-7 Impeller thickness ({note galling or wear conditions on housing / impeller with photographs)
Impeller Thickness 3.815
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Sample ID 1M445-12

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken
flange bosses. broken fioat arm, etc.
Mo Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM
No Visual Corrosion
2 Check the resistance of the fuel pump
22 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test
2-3 the FPM.
2-4 If the pump does not spin freely in air, proceed fo Pump Teardown.

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure {grams per second, and kPa), checking for obvious signs of leakage.

Flow = 18.33 LPH

Curmrent = 398 AMPS

Leakage? NIA
3-2 Is current draw continuous? Yes YN
34 Pump Relief Pressure. 3711 kPa

3-5 5 Minute pressure leak down test.
Change in pressure: NiA kPa

36 Ifthere are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.009 Ohms

5 Pump Teardown
51 Remove the fuel pump from the module. Photograph each pump compeonent a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage, or contamination).
54 Inspect all the internal pump components keeping in mind the failure tree below:
S-4a — If open circuit. pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.
5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
5-4¢ — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump Teardown dimensional information. Compare all dimensions to print.
§-1 Com resistance values — cross com and segment to segment values

Segment to
Segment Ohms Cross Com Ohms
1to02 0218 1ta5 0.168
2to03 0277 2t06 0177
Jtod 0.216 3to7T 0.183
4to5 0223 4t08 0.192
5to6 0.233
Gto7 0.214
Ttod 0.308
8to1 0.002
52 Com segment run-out 0.0009 thousandths of an inch
raphs).
6-3A Armature Shaft OD - Com End 4.994 mm
6-3B Armature Shaft OD - Impeller End 4288 mm
6-3C Qutlet Bearing ID 4.989 mm
6-3D Impeller Bearing ID Top 4361 mm
6-3E Impeller Bearing 1D Bottom 4381 mm

B-3F Note conditon and take photographs.
Photos Recorded

6-4 Brush length - % length remaining

Brush 1 11.911 mm
Brush 2 11.923 mm
6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours
§-5 based upon current wear rate through 3000 hours)
Com Thickness 0.0001 mm

6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness 3.921
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Fuel Pump Teardown Pump A E15 Test Fuel

Sample ID AM445-61

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float arm, etc.
Mo Visual Damage
1-2 Look for signs of contamination, and comosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM
Mo Visual Damage
2 Check the resistance of the fuel pump
3.85 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any obwvious signs of contamination, proceed to Functionally test
2.3 the FPM.
2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in EOQ)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
low = MrA LPH
Current = A AMPS
Leakage? (ST

3-3 Is current draw continuous? A Wi
3-4 Pump Relief Pressure. M kPa

3-5 5 Minute pressure leak down test.
Change in pressure: [RTEN kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
4 Chms

5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump compeonent a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage, or contamination).
5-4 Inspect all the intemal pump components keeping in mind the failure tree below:
5-4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.
S5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
S-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

6 Pump Teardown dimensional information. Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment Ohms Cross Com Chms

Tto 2 0278 1to 5 0.278

2to 3 0.249 206 0.38

3to4d 027 3to7 0.257

4to0S 0.327 4toB 0.3

Sto 6 0162

Gto7 0.151

Ttod 0.262

Bto1 0.32

6-2 Com segment run-out 0.0003 thousandths of an inch
aphs)

B-3A Armature Shaft OD - Com End 5.004 mm
B6-36 Armmature Shaft OD - Impeller End 4.993 mm
B6-3C Outlet Bearing 1D 5.06 mm
6-3D Impeller Bearing ID Top 4944 mm
B6-3E Impeller Bearing ID Bottom 4932 mm

B-3F Mote conditon and take photographs.
Photos Recorded

6-4 Brush length - % length remaining
Brush 1 10.562 mm
Brush 2 10,693 mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based
B-6 upon current wear rate through 3000 hours)
Com Thickness 0.0001 mm

B-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness 2.744
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Fuel Pump Teardown

Pump A E15 Test Fuel

Sample ID

a

1-2

21

23
24

31

3-2

B-2
iphs)
B-3A

B-3C
B-3D
B-3E
6-3F

54

1M445-62

If FPM Fails to Provide Fuel Flow

“isually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange

bosses, broken float arm, etc.

Look for signs of contamination, and commosion especially inside the reservoir, or on any pre-filters. A complets

Mo Visual Damage

description of the findings with photographs is necessary on the FPM

Check the resistance of the fuel pump

15 Ohms

If open proceed to Pump Teardown.

If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any cbvious signs of contamination, proceed to Functionally test

the FPM.

Mo Visual Damage

If the pump does not spin freely in air, proceed to Pump Teardown

FPM Functional Tests (run tests in E0)
Test at Normal Function Test Parameters:

Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = (ST LPH
Current = (ST AMPS
Leakage? MNrA

Is current draw continuous? MiA
Pump Relief Pressure. M

S Minute pressure leak down test.

Change in pressure:

MiA

A

kPa

If there are no issues with the testing above, proceed to fuel pump tear down

Recheck resistance after functional [ flow tests

2.5 Ohms

Pump Teardown

Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views

Carefully remove the fuel pump outer shell.

Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat

damage, or contamination)
Inspect all the intemal pump components keeping in mind the failure tree below:

— If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, stc.

— If closed circuit, but not spinning, lock for heat damage, or contamination

— If spinning, but no flow look for decoupled armature, or impeller drive slot damage

— If leak down at the pump level investigate check valve for contamination, or damage

Pump Teardown dimensional information. Compare all dimensions to print.

Com resistance values — cross com and segment to segment values

Segment to
Segment
1t02
2t03
3to4
4105
StoB
Bto 7
TtoB
8to1

Ohms Cross Com Chms
0.11 105 0.23
0.02 2t0 6 0.14
012 Sto¥ 022
0.04 4to8 o011
012
o.01
0.23
0.04

Com segment run-out

Armature Shaft OD - Com End
Armature Shaft OD - Impeller End

Qutlet Bearing ID

Impeller Bearing ID Top
Impeller Bearing ID Bottom
Mote conditon and take photographs.

Brush length - % length remaining

Brush 1
Brush 2

10.862 mm
10.525 mm

0.0007 thousandths of an inch

Photos Recorded

B6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos
Brush 2 Recorded

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based

z
z

6-6 upon current wear rate through 3000 hours)

B6-7 Impeller thickness {(note galling or wear conditions on housing / impeller with photographs).

Com Thickness

Impeller Thickness
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Fuel Pump Teardown

Pump A E15 Test Fuel

Sample ID 1MA45-63

1 If FPM Fails to Provide Fuel Flow

1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange

bosses, broken float arm, etc.
Mo Visual Damage

1-2 Look for signs of contamination, and comrosion especially inside the resenvoir, or on any pre-filters. A complete

description of the findings with photographs is necessary on the FPM

Mo Visual Damage
2 Check the resistance of the fuel pump
1.5 Ohms

2-1 If open,proceed to Pump Teardown.

2.2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test

2.3 the FPM
2-4 If the pump does not spin freely in air, proceed to Pump Teardown

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Test Paramsters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = MiA LPH
Current = A AMPS
Leakage? MNiA
3-3 Is current draw continuous? MNA N

3-4 Pump Relief Pressure. NJA kPa

3-5 5 Minute pressure leak down test.
Change in pressure: NFA kPa

3-8 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests

0.001 Chms
5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a
5-2 Carefully remove the fuel pump outer shell.

um of 3 separate views

Carsfully disassemble the fusl pump inspecting each piece as it is removed (look for signs of unusual wear, heat

5-3 damage, or contamination).

5-4 Inspect all the intemal pump components keeping in mind the failure tree below:
5_4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc

S-4b — If closed circuit, but not spi ng, look for heat damage, or contamination
S-4c — If spinning. but no flow look for decoupled armature, or impeller drive slot

5-4d — If leak down at the pump level investigate check valve for contamination, or damage

@

Pump Teardown dimensional information. Compare all dimensions to print_
6-1 Com resistance values — cross com and segment to segment values
Segment to

damage

Segment Ohms Cross Com Chms
1t02 0.11 105 0.18
2t 3 o.02 206 0.11
Itoa 0.23 It T 0.01
4to5 0.04 4to8 0.04
S5to 6 0.05
6to 7 0.01
Tiod 0.11
8to1 012

B-2 Com segment run-out [LTEN thousandths of an inch

6-3A Armature Shaft OD - Com End
6-3B Armature Shaft OD - Impeller End
B-3C Outlet Bearing ID
6-3D Impeller Bearing ID Top
B-3E Impeller Bearing ID Bottom
6-3F Note conditon and take photographs.
Photos Recorded
6-4 Brush length - % length remaining
Brush 1 Nia mm
Brush 2 MiA mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos 4
Brush 2 Recorded 7

5.014 mm
4.282 mm
5071 mm
4611 mm
4721 mm

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based

6-8 upon current wear rate through 3000 hours)
Com Thickness A mm

6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).

Impeller Thickness 2.888
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Fuel Pump Teardown Pump A E15 Test Fuel

Sample ID 1M445-64

1 If FPM Fails to Provide Fuel Flow
1.1 Visually check over the FPM for any physical damage. Are there any signs of impact (lcose guide rods, broken flange
bosses, broken float arm, etc.

Mo Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with pt s is v on the FPM

Ne Visual Damage

Y

Check the resistance of the fuel pump
3.1 Ohms

2-1 If open,proceed to Pump Teardown.
2.2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).

If the pump does spin freely in air, and there are not any obvious signs of ination, pi to Functi test
2_3 the FPM

2-4 If the pump does not spin freely in air, proceed to Pump Teardown

3 FPM Functional Tests (run tests in E0)
3-1 Test at Mormal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = (SN LPH
Current = (SN AMPS
Leakage? MiA

3-3 Is current draw continuous? NiA YN

3-4 Pump Relief Pressure. MNiA kPa

3-5 5 Minute pressure leak down test.
Change in pressure: MNiA kPa

3-8 If there are no issues with the testing above, proceed to fuel pump tear down

s

Recheck resistance after functicnal / flow tests
0.001 Chms

5 Pump Teardown

5-1 Remove the fusl pump from the module. Photograph each pump component a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell_

Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
damage, or contamination).

Inspect all the intemal pump components keeping in mind the failure tree below:

5-4a — If open circuit, pay close ion to i ion circuit, brushes, shunt wires, coils, etc

5-4b — If closed circuit, but not spinning, look for heat damage, or contamination

S-4¢ — If spinning. but no flow look for , Or il drive slot

5-4d — If leak down at the pump level investigate check valve for contamination, or damage

Lo

@

Pump Teardown dimensional ir ion_ C all dimensions to print_
6-1 Com resistance values — cross com and segment to segment values
Segment to

Segment Ohms Cross Com Chms
1t02 0.28 105 0.02
2103 0.05 206 0.03
3to4 0.05 3te7 0.13
4t05 018 408 0.022
S5to 6 001
6to7 0.19
Ttod 0.09
Sto1 0.01
B8-2 Com segment run-out 0.0002 thousandths of an inch
jraphs)
6-3A Armature Shaft OD - Com End 4.991 mm
6-3B Armature Shaft OD - Impeller End 4279 mm
B6-3C Outlet Bearing ID 5087 mm
6-3D Impeller Bearing ID Top 4575 mm
B-3E Impeller Bearing ID Bottom 4586 mm

6-3F Note conditon and take photographs.
Phaotos Recorded
6-4 Brush length - % length remaining
Brush 1 10.652 mm
Brush 2 10.666 mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based
6-6 upon current wear rate through 3000 hours)
Com Thickness 0.0001 mm

6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness 2741
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Fuel Pump Teardown Pump A E15 Test Fuel

Sample ID 1M445-65

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange bosses,
broken float arm, etc.

Mo Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filt A iption of the:
findings with photographs is necessary on the FPM

Mo Visual Damage
2 Check the resistance of the fuel pump
0.006 Thms

2-1 If open,proceed to Pump Teardown.
2.2 If closed, Check to ses if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test the FPM
23
2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests {run tests in E0)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = 8308 LPH
Current = 871 AMPS
Leakage? Mo Signs Of Leakage

3-3 Is current draw continuous? Yes YN
3-4 Pump Relief Pressure. 435.32 kPa

3-5 5 Minute pressure leak down test.
Change in pressure 12212 kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.001 Chms

5 Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5.2 Carefully remove the fuel pump outer shell_
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage, or
5-3 contamination).
5-4 Inspect all the intemal pump components keeping in mind the failure tree below:
S5-4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc.
S5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
S-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve fer contamination, or damage

& Pump Teardown dimensional ir ion. Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values
Segment to
Segment Ohms Cross Com Chms
1t02 0.153 105 0296
2to3 0.151 206 0268
3tod 0.119 307 0.305
4t05 0.227 4108 0278
StoB 0.14
607 017
Ttod 0185
8to1 0z
6-2 Com segment run-out 0.0007 thousandths of an inch
graphs)
6-3A Armature Shaft OD - Com End 5.003 mm
6-36 Armature Shaft OD - Impeller End 4995 mm
6-3C Quitlet Bearing ID 5.067 mm
£-30 Impeller Bearing ID Top 4575 mm
6-3E Impeller Bearing ID Bottom 4.56 mm

6-3F Mote conditon and take photographs.
Photos Recorded
6-4 Brush length - % length remaining
Brush 1 10.498 mm
Brush 2 10.548 mm

B6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos 7
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based upon cument
5.6 wear rate through 3000 hours)
Com Thickness 0.0002 mm

8-7 Impeller thickness {note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness 2759
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Fuel Pump Teardown Pump A E15 Test Fuel

Sample ID TM445-66

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange bosses,
broken float arm, etc.
No Visual Damage
1-2 Look for signs of contamination, and corresion especially inside the reserveir, or on any pre-filters. A complete description of the
findings with photographs is necessary on the FEM
Mo Visual Damage
2 Check the resistance of the fuel pump
24 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test the FPM.
23
2.4 If the pump does not spin freely in air, procesd to Pump Teardown

3 FPM Functional Tests {run tests in E0)
3-1 Test at Normal Funcfion Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = MIA LPH
Current = MIA AMPS
Leakage?  MiA

3-3 Is current draw continuous? MiA WiN
3-4 Pump Relief Pressure. MIA kPa

3-5 5 Minute pressure leak down test.
Change in pressure: MiA kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.001 Ohms

S Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5.2 Carefully remove the fuel pump outer shell
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage, or
5-3 contamination).
5-4 Inspect all the internal pump components keeping in mind the failure tree below:
S5-4a — If open circuit, pay close ion to i ion circuit, brushes, shunt wires, coils, etc.
5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
S-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump T¢ i i i ion. Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values
Segment to
Segment Ohms Cross Com Ohms
1t0 2 0.03 1te S 0.003
2t0 3 0.1z 2t06 0.005
Jto 4 0.05 3to7 02
4t0 5 0.06 4t08 0.001
Sto B 0.01
Gto 7 0.22
Tiod 0.011
Bio1 0.023
B8-2 Com segment run-out 0.0004 thousandths of an inch
raphs)
6-3A Armature Shaft OD - Com End 5.011 mm
6-3B Armature Shaft OD - Impeller End 4.297 mm
6-3C Outlet Bearing ID 5.092 mm
6-3D Impeller Bearing ID Top 4.666 mm
6-3E Impeller Bearing ID Bottom 4.627 mm

6-3F Note conditon and take photographs.
Photes Recorded
6-4 Brush length - % length remaining
Brush 1 10.992 mm
Brush 2 10.898 mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos 2
Brush 2 Recorded 2

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based upon current
6-6 wear rate through 3000 hours)

Com Thickness 0.0003 mm
6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs)
Impelier Thickness 2889
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Fuel Pump Teardown Pump A _

Sample ID AM245-67

If FPM Fails to Provide Fusl Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float arm, etc.

Mo Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre filters_ A complste
description of the findings with photographs is necessary on the FPM

Mo Visual Damage

()

Check the resistance of the fuel pump
1.7 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).

If the pump does spin freely in air, and there are not any obvious signs of ation, pi to Fur test
2.3 the FPM.

24 If the pump does not spin freely in air, procesd to Pump Teardown

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = (21 LPH
Current = MfA AMPS
Leakage? MNrA

3-3 Is current draw continuous? [ TEN WM
3-4 Pump Relief Pressure. MNiA kPa

3-5 5 Minute pressure leak down test.
Change in pressure: MNiA kPa

3-8 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.008 Ohms

S Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell_
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage, or contamination).
5-4 Inspect all the intemal pump components keeping in mind the failure tree below:
S5-4a — If open circuit, pay close attention to elecfrical commutation circuit, brushes, shunt wires, coils, etc
5.4b _ If closed circuit, but not spinning, look for heat damage, or contamination
S-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

6 Pump Teardown dimensional information. Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values
Segment to

Segment Ohms Cross Com Chms

1to02 0.02 1to5 0z

2t03 0.12 206 00111

3to4 0.09 3to7T 012

4tos 024 4to 8 0.03

Stob o.022

6to7 0.01

Ttod 0.03

8to1 0.05

B8-2 Com segment run-ocut 0.0001 thousandths of an inch
graphs)

B6-3A Armature Shaft OD - Com End 5.011 mm
6-3B Armature Shaft OD - Impeller End 4299 mm
6-3C OQOutlet Bearing ID 5.088 mm
6-3D Impeller Bearing ID Top 4.62 mm
6-3E Impeller Bearing ID Bottom 4618 mm

6-3F Note conditon and take photographs.
Photos Recorded
6-4 Brush length - % length remaining
Brush 1 10.993 mm
Brush 2 10.889 mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based
6-5 upon current wear rate through 3000 hours)
Com Thickness 0.0002 mm

6-7 Impeller thickness (note galling or wear conditions on housing f impeller with photographs).
Impeller Thickness 277
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Fuel Pump Teardown Pump A _

Sample ID 1M445-88

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float arm, etc.

No Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reserveir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM
No Visual Damage
2 Check the resistance of the fuel pump
0.013 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).

If the pump does spin freely in air, and there are not any o signs of on, toF y test
2.3 the FPM.

2-4 If the pump does not spin freely in air, proceed to Pump Teardown

3 FPM Functional Tests {run tests in E0)

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = 2911 LPH
Current = B8.76 AMPS
Leakage? MiA

3-3 Is current draw continuous? Yes YIM
3-4 Pump Relief Pressure_ 41212 kPa

3-5 5 Minute pressure leak down test.
Change in pressure 13023 kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
0.001 Ohms

S Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5-3 damage, or contamination).
5-4 Inspect all the internal pump components keeping in mind the failure tree below:
5.4a _ If open circuit, pay close ion to i ion circuit, brushes, shunt wires, coils, etc
5-4b — If closed circuit, but not spinning. look for heat damage. or contamination
S5-4¢ — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5.4d _ If leak down at the pump level investigate check valve for contamination, or damage

6 Pump T: i i i il Compare all dimensions to print
61 Com resistance values — cross com and segment to segment values
Segment to
Segment Ohms Cross Com Ohms
1to0 2 0.12 1t05 0.8
2to 3 0.01 2to6 0.022
3to 4 0.031 3to7 0011
4t0 5 0.001 4t 8 0.033
Sto B 0.04
6to 7 0.08
Tiod 0.009
Bto1 0.011
6-2 Com segment run-out MiA thousandths of an inch
iraphs).
6-3A Armature Shaft OD - Com End 5.001 mm
6-3B Armature Shaft OD - Impeller End 4299 mm
6-3C Qutlet Bearing ID 5.031 mm
6-30 Impeller Bearing ID Top 4.666 mm
6-3E Impeller Bearing ID Bottom 4616 mm

6-3F Note conditon and take photographs.
Photos Recorded
6-4 Brush length - % length remaining
Brush 1 10677 mm
Brush 2 10.598 mm

65 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e g. in hours based
6-6 upon current wear rate through 3000 hours)

Com Thickness MiA, mm
6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs)
Impeller Thickness 2.881
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Fuel Pump Teardown Pump A _

Sample ID 1M445-89

1 If FPM Fails to Provide Fuel Flow
1.1 Visually check over the FPM for any physical damage. Are there any signs of impact {loose guide rods, broken flange
bosses, broken float arm, etc

No Visual Damage
1-2 Look for signs of contamination, and commosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with photographs is necessary on the FPM

No Visual Damage

N

Check the resistance of the fuel pump
0.001 Chms

2-1 If open proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).

If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test
2.3 the FPM

2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in EQ)

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = M LPH
Current = A AMPS
Leakage? A

3-3 Is current draw continuous? Mo A

3-4 Pump Relief Pressure. MNiA kPa

3-5 5 Minute pressure leak down test.
Change in pressure MiA KPa

3.6 If there are no issues with the testing above, proceed to fuel pump tear down

=

Recheck resistance after functional / flow tests
0.001 COhms

S Pump Teardown
5-1 Remove the fuel pump from the module. Photegraph each pump component a minimum of 3 separate views
Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
damage, or contamination).
Inspect all the intemal pump components keeping in mind the failure tree below:
— If open circuit, pay close ion to electrical ion circuit, brushes, shunt wires, coils, etc.
S5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
5.4c _ If spinning, but no flow look for decoupled or i drive slot
5.4d _ If leak down at the pump level investigate check valve for contamination, or damage

Leo oo

& Pump Teardown dimensional information. Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values
Segment to

Segment Ohms Cross Com Thms

1t02 225 1t05 145

2to03 0148 2to 6 013

3tod 2.65 3to7T 0.471

4to35 216 4108 0.27

Stob 278

Bto7 012

Ttod 0147

Bto1 0.276

6-2 Com segment run-out 0.0017 thousandths of an inch
graphs)

B-3A Armature Shaft OD - Com End 5.007 mm
6-3B Armature Shaft OD - Impeller End 5011 mm
B-3C Outlet Bearing ID 4939 mm
63D Impeller Bearing ID Top 5014 mm
6-3E Impeller Bearing ID Bottom 4.365 mm

6-3F Note conditon and take photographs.
Meited Armature, Lots of Corrosion

6-4 Brush length - % length remaining
Brush 1 A mm
Brush 2 LY mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Mon 7
Brush 2 Wisible 7

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based
6-6 upon current wear rate through 3000 hours)

Com Thickness 0.005 mm
6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness 2778
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Fuel Pump Teardown Pump A _

Sample ID 1M445-70

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float arm, etc
Mo Visual Damage
1-2 Look for signs of contamination, and corresion especially inside the reservoir, or on any pre-filters. A complete
iption of the i with pho is y on the FPM

Mo Visual Corrosion
2 Check the resistance of the fuel pump
36 Chms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volit source).
If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test the
2.3 FPM
2-4 If the pump does not spin freely in air, proceed to Pump Teardown

3 FPM Functional Tests (run tests in E0)

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = NiA LPH
Current = MIA AMPS
Leakage? WA

3-3 Is current draw continuous? MNiA YN
3-4 Pump Relief Pressure. MiA kPa

3-5 5 Minute pressure leak down test.
Change in pressure: MiA kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow tests
5.6 Ohms

S Pump Teardown
5-1 Remowve the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (lock for signs of unusual wear, heat
5-3 damage, or contamination).
5-4 Inspect all the internal pump components keeping in mind the failure tree below:
5-4a — If open circuit, pay close ion to ical oo ion circuit, brushes, shunt wires, coils, ete
5-4b — If closed circuit, but not spinning, look for heat damage, or contamination
5-4c — If spinning, but no flow look for decoupled armature, or impedller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump Teardown dimensicenal information. Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values

Segment to
Segment Ohms Cross Com Ohms

1t0 2 (STEN 1t05 MA

2t03 (STEN 2t06 A

3tod M 3toT MA

4105 MNiA 408 NIA

Sto 6 (STEN

Gto7 M

Ttod MNiA

8to1 (STEN

B-2 Com segment run-out (NIEN thousandths of an inch
graphs).

5-3A Armature Shaft OD - Com End 5.013 mm
6-3B Armature Shaft OD - Impeller End 4.992 mm
6-3C Outlet Bearing ID 5.079 mm
6-3D Impeller Bearing ID Top 4.929 mm
6-3E Impeller Bearing |0 Bottom 4933 mm

6-3F Note conditon and take photographs.
Photos Recorded
6-4 Brush length - % length remaining
Brush 1 NiA mm
Brush 2 Nia mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos 7
Brush 2 Recorded 7

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based
6-6 upon current wear rate through 3000 hours)

Com Thickness MiA mm

6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness 2765
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Fuel Pump Teardown Pump A _

Sample ID 1M445-T1

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float arm, etc.
Mo Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reserveir, or on any pre-filters_ A complete
description of the findings with photographs is necessary on the FPM

Mo Corrosion Damage

2 Check the resistance of the fuel pump
21 Ohms

2-1 If open,proceed to Pump Teardown.
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).

If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test
2.3 the FPM

2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests im EOQO)

3-1 Test at Normal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.
Flow = 26.15 LPH
Current = 8.89 AMPS
Leakage? MiA

3-2 Is current draw continuous? Yes WiN

3-4 Pump Relief Pressure. 498 17 kPa

3-5 5 Minute pressure leak down test.
Change in pressure: 160.17 kPa

3-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck i after functi I { flow tests
0.001 Ohms

S Pump Teardown
5.1 Removwe the fuel pump from the module. Photograph each pump component a minimum of 2 separate views
5-2 Carefully remove the fuel pump outer shell
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat
5.3 damage, or contamination)
5-4 Inspect all the internal pump components keeping in mind the failure tree below:
S-4a — If open circuit, pay close ion to electrical i circuit, brushes, shunt wires, coils, etc.
S-4b — If closed circuit, but not spinning, look for heat damage, or contamination
S5-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump T di i i il Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values
Segment to
Segment Ohms Cross Com Ohms
1to 2 0.013 1to5 0002
2to 3 0.05 206 0.0z2z
Jtod 0.09 3to7 0.031
4to S 012 4tod 0.001
Sto 6 0.03
Gto7 0.024
Ttod 0.011
B8to 1 0.013
6-2 Com segment run-out 0.0005 thousandths of an inch
raphs).
B-3A Armature Shafi OD - Com End 5.011 mm
6-3B Armature Shaft OD - Impeller End 4.296 mm
6-3C Outlet Bearing ID 5.081 mm
630 Impeller Bearing 1D Top 4619 mm
6-3E Impeller Bearing ID Bottom 4.618 mm

6-3F Note conditon and take photographs.
Photos Recorded
6-4 Brush length - % length remaining
Brush 1 10.933 mm
Brush 2 10.887 mm

6-5 Brush wire condition — take photographs, measure spring force

Brush 1 Photos ?

Brush 2 Recorded 7

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e g. in hours based
5-6 upon current wear rate through 3000 hours)

Com Thickness 0.0001 mm
6-7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness 2769
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Fuel Pump Teardown Pump A _

Sample ID 1M445-72

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float arm, etc.

Mo Visual Damage

1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete
description of the findings with p s is n v on the FPM

Mo Comosion Damage

M

Check the resistance of the fuel pump
15.5 Ohms

2-1 If open,proceed to Pump Teardown_
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Volt source).

If the pump does spin freely in air, and there are not any obvious signs of contamination, proceed to Functionally test
2.3 the FPM

2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Functinn Test Parameters

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage:
Flow = §2.33 LPH
Current = 7.99 AMPS
Leakage? MrA

3-3 Is current draw continuous? Yes YN
3-4 Pump Relief Pressure. 450.17 kPa

3-5 5 Minute pressure leak down test.
Change in pressure: NiA kPa

3-8 If there are no issuss with the testing above, proceed to fusl pump tear down

4 Recheck resistance after functional / flow tests
1 Ohms

S Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5.2 Carefully remove the fuel pump cuter shell.
Carefully disassemble the fuel pump inspecting each piece as it is remowved (look for signs of unusual wear, heat
5-3 damage, or contamination).
5-4 Inspect all the intemal pump components keeping in mind the failure tree below:
S5-4a — If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, etc
5.4b _ If closed circuit, but not spinning, lock for heat damage, or contamination
S-4c — If spinning, but no flow look for decoupled armature, or impeller drive slot damage
5-4d — If leak down at the pump level investigate check valve for contamination, or damage

& Pump Teardown dimensional information. Compare all dimensions to print.
6-1 Com resistance values — cross com and segment to segment values
Segment to

Segment Ohms Cross Com Chms
1to 2 0.03 105 0.001
2to3 0.02 Zto6 0015
3to4 0.085 3toT 0013
4t0S 0.014 408 o.0z22
StoB 0.205
Bto7 0.003
Tiod 0.186
8to1 0.012
6-2 Com segment run-out 0.0015 thousandths of an inch
graphs)
B-3A Armature Shaft OD - Com End 4.995 mm
6-3B Armature Shaft OD - Impeller End 4996 mm
B6-3C Outlet Bearing ID 5099 mm
6-3D Impeller Bearing ID Top 4381 mm
6-3E Impeller Bearing ID Bottom 4372 mm

6-3F Note conditon and take photographs.
Photos Recorded

B6-4 Brush length - % length remaining
Brush 1 10.691 mm
Brush 2 10.623 mm

6-5 Brush wire condition — take photographs, measure spring force
Brush 1 Photos ?
Brush 2 Recorded ?

Com wear - thickness loss in % —Estimate end of life (to the minimum recommended performance, e.g. in hours based
6-5 upon current wear rate through 3000 hours)

Com Thickness 0.002 mm
6.7 Impeller thickness (note galling or wear conditions on housing / impeller with photographs).
Impeller Thickness 2.746
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Fuel Pump Teardown

Pump L EO Test Fuel

Sample ID 2M025-19

1 I FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken floal arm, etc.

1-2 Look for signs of

and

Mo Visual Damage

the findings wilh phetographs is necessary on the FPM

2 Check the resistance of the fuel pump

0731 Chms

2=1 IT open procead lo Fump Teardown.

2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (9 Voll source).
If the pump does spin freely in air, and there are not any obvious signs of inai

2-3 FPM.

Mo Visual Cormosion

ly Inside the reservolr, or on amy pre-filters. A complete description of

2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in E0)
3-1 Tesi al Normal Function Test Parameters:

proceed to F y lesi the

3-2 Measure flow, and preseure (grams per second, and kPa), chacking for obvicus signs of leakage.

Flow =
Current =
Leakage?

33 15 currenl draw continuous? Yes

3=4 Pump Reliel Pressure.

35 5 Minute pressure leak down test.

Change in pressure:

3-8 IT there are no Issues with the lesting above. procesd lo fuel pump lear down

9211 LPH
.84 AMPS
Mo Visual Leakage
i
361.12 kPa
281.55 kPa

4 Rechack resistance afer funclional / flaw lasts

0.135 Ohms

5 Pump Teardown

51 Remove ihe fuel pump from the module. F

5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fusl pump inspecting each plece as It Is removed (look for Signs of unusual wear, heat damage, or

53 contamination).

54 Inspect all the internal pump components keaping in mind the failure tree below:

each pump

of 3 separate views

5-4a - If open circuit. pay close attention to electrical commutation circuit, brushes, shunt wires, colls, elc.
5-4h - If closed circuit, but not spinning. leok for heal damage, or contamination
S-4¢ ~ If spinning. bt no flow ook for decoupled armature, or impeller drive slol damage

5-4d - If leak down at the purp leval imvestigate check vaiva far contamination, ar damage

& Pump Teardown

61 Com resistance values — cross com and segment to segment values

Segment lo
Segment
1lo2
203
3tod
4tos
S5lo6
6loT
Tlog
gla1

Ohms
0311
0.41
0179
0.23
0.551
0.59
0612
0589

6-2 Com segment run-oul

graphs)

Compare all to print.
Crass Com Ohms
1lo5 0.666
206 0679
EXL T 0732
dlo8 D44

&-3A Armalure Shafl OO - Com End
2B Armalure Shaft C0 - Impeller End

6-3C Qutlet Gearing 1D

6-3D Impeller Bearing ID Top
6-3E Impeller Bearing 1D Bottom
6-3F Mote conditon and take pholographs.

6-4 Brush length - % length remaining

Brush 1
Brush 2

1
1

2.005 mm
2.023 mm

0.0002 thousandihs of an inch

Fhotos: Recorded

65 Brush wire condition — take pholographs, measure spring force

Brush 1 Pholos Spring Force Unavailable
Brush 2 Recorded Spring Force Unavailable
Com wear - thickness loss in % -Eslimate end of life (to the mi rec

6-6 current wear rale through 3000 hours)

Com Thickness

&-7 Impeller thickness {nole galling or wear cenditions en housing / impeller with phelegraphs).

Impeller Thickness
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0.0002 thousandihz of an inch

3,008 mm
3.006 mm
5.033 mrm
5.044 mrn
5.047 mrn

e, e.g. in hours based upon
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Fuel Pump Teardown Pump L EO Test Fuel

Sample ID 2M025-20

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there amy signs of impact {loose guide rods, broken flange
bosses, broken floal am, ele.
Mo Visual Damage
1-2 Look for signs of and comosion Inside the reservelr. or on any pre-filters. A complste deseription of
the findings with pholographs is necessary on the FPM
Mo Visual Corrosion

2 Check the resistance of the fuel pump
543 Ohms

2-1 If open,proceed to Pump Teardown.

2.2 If elosed, Cheek to see if the pump will Spin frealy with a low vellage seuree i air (3 Vell source).
If the pump does spin freely in air, and there are not any obviaus signs of proceed

2.3 FPM.

2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

lest the

3 FPM Functional Tests {run tests in E0)
3-1 Test at Normal Function Test Parameters:

3.2 Moasure flow, and prossure (grams per second. and kPa), checking for bvisus signs of leakage.

Flow = 81.79 LPH

Curent = 377 AMPS

Leakage: e Visual Leakage
3-3 s current draw continuous? Yes N
34 Pump Relief Pressure. 362.15 kPa

35 5 Minute pressure leak down test.
Change In pressure: 286,13 kPa

3-6 If there are no issues with the lesting above, proceed to fuel pump tear down

4 Recheck resislance afler functional / flow tesis
1.35 Ohms

& Pump Teardown
5-1 Remove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5-2 Carefully remove the fuel pump ouler shell.
Carefully disassemble the fuel pump inspecting each piece as # is removed (look for signs of unusual wear, heal damage. or
5-3 comamination).
5-4 Inspect all ihe IMemal pump components Keeping In mind the fasure ree below:
5-4a - If open circull, pay close attention lo elecirical commutation circull, brushes, shunt wires, colls, elc.
5-4b - If closed circuit, but nol spinning, look for heal damage, or contamination
5-4¢ - If spinning, bul no New look far decoupled amalure, or impeller drive siol damage
S-4el — If leak down al the pump lovel investigate chock valve for contamination. or damage.

& Pump Teardown i ion. Compare all jons 1o prind.
6-1 Com resistance values — cross com and segment fo segment values
Segment lo
Segment Chms Cross Com Ohms
1102 0415 105 0.667
2103 0398 2106 0.502
304 0396 3T 0.793
4105 0422 408 0.764
5to6 0501
Gto7 0523
TioB 05N
8to1 0324
£-2 Com segmen! run-out 0.0002 thousandths of an inch
graphs)
6-3A Armaiure Shaft OD - Com End 5.004 mm
6-3B Armature Shaft OD - Impeller End 5.006 mm
6-3C Outlel Bearing ID 5.06 mm
&30 Impeller Bearing ID Top 5,043 mm
&-3E Impeller Bearing ID Boltom 5.041 mm

6-3F Nole conditon and take pholographs.
Photos: Recorded

&-4 Brush lenglh - % length remairing

Brush 1 12.003 mm
Brush 2 12.016 mm

6-5 Brush wire condition - take photographs, measure spring force
Brush 1 Photos Spring Force Unavailable
Brush 2 Recorded Spring Force Unavailable

Com wear - Ihdekness loss in % —Estimate end of life (le the minimum recommended performance, e.g, in hours based upon
B-6 cument wear rate throwgh 3000 hours)
Com Thickness 0.0002 thousandths of an inch

6-T Impeller thickness (nole galing or wear conditions on housing / impeller with photographs).
Impeller Thickness 3.834
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Fuel Pump Teardown

Pump L EO Test Fuel

Sample ID 2M025-21

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FFM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float arm, elc.

Mo Visual Damage

1-2 Look for signs of

and

the findings with photographs is necessary on the FPM
Mo Visual Corrosion

2 Check the resistance of the fuel pump

207 Ohms

2-1 If open proceed to Pump Teardown,
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (3 Violt source).

If the pump does spin freely in air, and there are nat any obvious signs of

2.3 FPM.

Inside the reservolr, or on any pre-filters. A complete descriplion of

test the

2-4 If the pump does not spin freely in air, proceed fo Pump Teardown,

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Test Parameters:

proceed fo F

3-2 Measure flow, and pressure (grams per second, and kP'a), checking for obvious signe of leakage.

Flow =
Current =
Leakage?

9117 LPH

3.97 AMPS

3-3 Iz current draw continuous? Yes

34 Pump Relief Pressure.

3-5 & Minute pressure leak down test.

Change in pressure:

¥

36217 kPa

19217 kPa

Mo Visual Leakage

3-8 If there are no issues with the lesting above, proceed to fuel pump tear down

4 Recheck resistance after funclional / flow tests

0,358 Chms

5 Pump Teardown

5-1 Remove the fuel pump from the module. Pholograph each pump component a minimum of 3 separate views
§-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage. or

5-3 contamination).

5-4 Inspect all the intemal pump compaonents keeping in mind the failure iree below:

S-4a = If open circull, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, eic.
S-4b ~ If closed circuit, but not spinning, look for heal damage, or contamination
S-4c = If spinning. but no flow look for decoupled armature, or impeller drive slof damage

S-4d — If leak down al the pump level investigate check valve for contamination, or damage

& Pump Compare all o print,
-1 Com resistance values — cross com and segment lo segment values
Segment to

Segment Ohms Cross Com Ohms
102 0585 105 0.7E5
2103 o488 2106 0512
304 0.304 307 0.783
4105 0453 4108 0576
5106 0.368
Gla7 0541
TloB 0.362
Blo1 0457

E-2 Com segment run-oul

graphs)

&-3A Armature Shaft 0D - Com End
628 Armature Shaft OD - Impeller End

6-3C Outlet Bearing ID

6-30 Impeller Bearing ID Top
&3E Impeller Bearing ID Boltom
6-3F Mole conditon and take photographs.

&4 Brush length - % length remaining
Brusgh 1

Brush 2

2,003 mm

11.996 mm

0.0001 thousandihs of an inch

Photos: Recorded

-5 Brush wire condition — take phatographs, measure spring force

Brush 1 Phate:

Brush 2 Recorded

Spring Force Uinavailable
Spring Force Unavailable

5.008 mm
5.005 mm
5.036 mm
5.04% mm

5.05 mm

Com wear - thickness loss in % —Estimate end of life (1o the minimum recommended performance, e.g. in hours based upon
6-6 current wear rate through 3000 hours)

Com Thickness

0.0001 theusandihs of an inch

6-7 Impeller thicknass (nate galling or wear conditions on housing / impeller with phatagraphs).
2

Impeller Thickness
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Fuel Pump Teardown

Pump L EO Test Fuel

Sample ID 2M025-21

1 If FPM Fails to Provide Fuel Flow

1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange

bosses, broken floal am, elc.

Mo Visual Damage

1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete description of
he findings wilh photographs is necessary on the FPM

Mo Visual Corrosion

2 Check the resistance of the fuel pump

423 Ohms

2-1 If open proceed to Pump Teardown.

2-2 If closed. Check fo see if the pump will spin freely with a low vollage source in air (3 Voll source).

If the pump does spin freely in air. and there are not any obvious signs of

2-3 FPM.

test the

2-4 I the pump does nol pin freely in air. proceed to Pump Teardown.

3 FPM Functional Tests (run tests in E0)
3-1 Tesi al Normal Funcilon Test Paramelers:

proceed fo F

3-2 Measure flow. and pressure (grams per second, and kPa), checking for ebvious signs of leakage.

Flow = 9215 LPH
Current = 367 AMPS
Leakage?

3-3 Is currend draw continuous? Yes

3-4 Pump Relief Pressure.

F5 § Minute pressure leak down lest.
‘Change in pressure:

36 Ifthere are no issues wilh the tesling abave, proceed to fuel pump tear down

Mo Visual Leakage

¥

352.17 kPa

233.15 kPa

4 Recheck resistance afler functional / flow tesis

1.04 Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the module

. F each pump comp

52 Carefully remave the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage, o

5-3 contamination).

54 Inspect all the intemal pump compenents keeping in mind the failure tree below:

S-4a = If open circuit, pay close attention o elecirical commutation circuit, brushes, shunt wires, coils, efc.

S-4b — If closed circuil, but not spinning, look

for heat damage. or contamination

S-4¢ — If zpinning, bul no flow look for decoupled armature, or impeller drive slol damage
5-4d = If leak down at the pump level investigate check vatve for confamination. or damage

to print,

& Pump Teardown

Compare all

61 Com resistance values — cross com and segment lo segment values

Segment lo

Segment onms Crass Com Ohms
162 0218 1te s 0.765
2103 0326 2t0 6 0512
3tod 0415 3te7 0.783
4105 0521 4to8 0576
So6 0.334
6loT 0291
Tiog 0.362
Btod 0.457

6-2 Com segment run-out

graphs)

6-3A Armature Shafl OD - Cem End

6-3B8 Armature Shaft OD - Impeller End
&-3C Outlel Bearing ID

63D Impeller Bearing ID Top

6-3E Impeller Bearing ID Botlom

&-3F Mote conditon and take pholographs.

64 Brush length - % length remaining
Brush 1 12.003 mm
Brush 2 11.9%6 mm

0.0001 thousandths of an inch

Phaotos: Recorded

65 Brush wire condition = take pholographs, measure spring force

Photos
Recorded

Spring Force Unavailable
Spring Ferce Unavailable

5,008 mm
5.005 mm
5036 mm
5.049 mm

5.05 mm

of 3 separate views

Com wear - thickness loss in % —Estimate end of life {lo the minimum recommended performance, .g. In hours based upen

66 currend wear rafe through 3000 hours)
Com Thickness

0.0001 thousandths of an inch

&-T Impeller thickness (nole galling or wear conditions on housing / impeller with phelographs).

Impeller Thickness
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Fuel Pump Teardown Pump L EO Test Fuel

Sample ID 2MOZ5-23

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any phrysical damage. Are ihere any signs of Impacl (loose guide rods, broken flange
bosses, broken floal amm, elc.
Me Visual Damage
1-2 Look for signs of and p Inside the reservair, or on any pre-filters. A complete description of
the findings with photegraphs is necessary on the FPM
Mo Visual Corrosion

2 Check the resistance of the fuel pump
21 Ohms

2-1 If open proceed to Pump Teardown.
2-2 If closed, Check to see if ihe pump will spin freely wilh a low vollage source in alr (3 Velt source).
If the pump does spin freely in air, and there are nol any obvious signs of procesd fo F test the
2-3 FPM.
2-4 If the pump does nat spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in E0)
3-1 Test at Mormal Function Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa). checking for obvicus signs of leakage.

Flow = 66.31 LPH

Current = 3.89 AMPS

Leakage? Mo Visual Leakage
33 Is current draw continuous? Yes i
34 Pump Relief Pressure, 36145 KPa

3-5 5 Minute pressure leak down fest,
‘Change in pressure: 278.92 kPa

3=6 If there are no issues wilth the testing above, proceed 1o fuel pump tear down

4 Recheck resistance afler funclional / flow tests
0.7 Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the module. F graph each pump p a of 3 separate views
§-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed {look for signs of unusual wear, heat damage, or
5-3 contamination).
5-4 Inspect all the internal pump components keeping in mind the failure tree below:
f open circuit, pay close attention to elecirical commutation circuit, brushes, shunt wires, coils. elc.
f closed circuit. but not spinning. leck for heal damage. or contamination
S-4¢ — If spinning, but no Now look for decoupled armalure, or impeller drive slol damage
S-4d - If leak down al the pump level investigate check valve for conlamination, or damage

& Pump Compare all to print.
6-1 Com resistance values — cross com and segment 1o segment values
Segment to
Segment Ohms Cross Com COhms
1o 2 0z o5 0891
2t03 0.386 2t0 6 0.792
3to4 0.197 3to7 0663
4t b 0.208 4to08 0.745
Sk 0.393
Ble7 0.401
Tiog 0.506
Bte1 0.197
6-2 Com segment run-out 0.0007 thousandths of an inch
graphs)
E-3A Armalure Shaft OD - Com End 5.0001 mm
638 Armature Shaft OD - Impeller End 5.004 mm
6-3C Outlel Bearing ID 5.022 mm
6-30 Impelier Bearing 1D Top 5.038 mm
E&-3E Impeller Bearing |1D Botlom 5,04 mm

6-3F Mote conditon and take pholegraphs.
Photos: Recorded

6-4 Brush length - % length remaining

Brush 1 11.996 mm
Brush 2 12.022 mm

6-5 Brush wire condition - lake photographs, measure spring force
Brush 1 Phatos Spring Force Unavailable
Brush 2 Recorded Spring Force Unavailable

Com wear - thickness loss in % -Eslimate end of life (to the minimum recommended performance. e.g. in hours based upon
B-6 current wear rate through 3000 hours)
Com Thickness 0.0001 Ihousandihs of an inch

6-T Impeller thickness (note galling or wear conditions on housing / impeller with photegraphs).
Impeller Thickness
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Fuel Pump Teardown

Pump L EO Test Fuel

Sample ID 2M025-24

1 If FPM Fails to Provide Fuel Flow

1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange

bosses, broken floal am, elc.

Mo Visual Damage

1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete description of
he findings wilh photographs is necessary on the FPM

Mo Visual Corrosion

2 Check the resistance of the fuel pump

3.14 Ohms

2-1 If open proceed to Pump Teardown.

2-2 If closed. Check fo see if the pump will spin freely with a low vollage source in air (3 Voll source).

If the pump does spin freely in air. and there are not any obvious signs of

2-3 FPM.

test the

2-4 I the pump does nol pin freely in air. proceed to Pump Teardown.

3 FPM Functional Tests (run tests in

E0)

3-1 Tesi al Normal Funcilon Test Paramelers:

proceed fo F

3-2 Measure flow. and pressure (grams per second, and kPa), checking for ebvious signs of leakage.

Flow = 86.15 LPH

Current = 3.79 AMPS

Leakage? Mo Visual Leakage
3-3 Is currend draw continuous? Yes YN
34 Pump Relief Pressure. 3526 kPa
F5 § Minute pressure leak down lest.

‘Change in pressure: 1668.99 kPa

36 Ifthere are no issues wilh the tesling abave, proceed to fuel pump tear down

4 Recheck resistance afler functional / flow tesis

1.06 Ohms

5 Pump Teardown

5.1 Remove the fuel pump from the module. F

each pump comp

52 Carefully remave the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage, o

5-3 contamination).

54 Inspect all the intemal pump compenents keeping in mind the failure tree below:

S-4a = If open circuit, pay close attention o elecirical commutation circuit, brushes, shunt wires, coils, efc.
5-4b — If closed circull, but nel spinning, look for heal damage., or contamination
S-4¢ — If zpinning, bul no flow look for decoupled armature, or impeller drive slol damage

5-4d = If leak down at the pump level investigate check vatve for confamination. or damage

& Pump Teardown

61 Com resistance values — cross com and segment lo segment values

Segment lo
Segment onms
162 0.425
2103 0514
3tod 0.601
4105 0791
So6 0542
6loT 0.352
Tiog 0.236
Btod 0.2%98

6-2 Com segment run-out

graphs)
6-3A Armature Shafl OD - Cem End
6-3B8 Armature Shaft OD - Impeller End
&-3C Outlel Bearing ID
63D Impeller Bearing ID Top
6-3E Impeller Bearing ID Botlom

&-3F Mote conditon and take pholographs.

64 Brush length - % length remaining
Brush 1 12.001 mm
Brush 2 11.9%8 mm

Compare all to print,
Cross Com Ohms
1te s 0377
2t0 6 0616
3t T 0.719
4to8 085

0.0003 thousandths of an inch

Phaotos: Recorded

65 Brush wire condition = take pholographs, measure spring force

Photos
Recorded

Spring Force Unavailable
Spring Ferce Unavailable

5.01 mm
5.008 mm
5033 mm
5.041 mm
5.041 mm

of 3 separate views

‘Com wear - thickness loss in % —Estimate end of life {lo the minimum recommended performance, e.g. In hours based upon
66 currend wear rafe through 3000 hours)

Com Thickness

0.0001 thousandths of an inch

&-T Impeller thickness (nole galling or wear conditions on housing / impeller with phelographs).

Impeller Thickness
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Fuel Pump Teardown Pump L _

Sample ID 2M025-25

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float amm, etc,
Mo Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-filters. A complete description of
he findings wilh photographs is necessary on the FPM
Mo Visual Corrosion
2 Check the resistance of the fuel pump
4222 Ohms

2-1 If open proceed to Pump Teardown.
2-2 If closed. Check fo see if the pump will spin freely with a low vollage source in air (3 Voll source).
If the pump does spin freely in air. and there are not any obvious signs of proceed fo F test the
2-3 FPM.
2-4 If the pump does nol spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in E0)
3-1 Tesi al Normal Funcilon Test Paramelers:

3-2 Measure flow. and pressure (grams per second, and kPa), checking for ebvious signs of leakage.

Flow = 89.2 LPH

Current = 3.52 AMPS

Leakage? Mo Visual Leakage
3-3 Is currend draw continuous? Yes YN
34 Pump Relief Pressure. 352.19 kPa

F5 § Minute pressure leak down lest.
‘Change in pressure: 219.15 kPa

36 Ifthere are no issues wilh the tesling abave, proceed to fuel pump tear down

4 Recheck resistance afler functional / flow tests
1.25 Ohms

5 Pump Teardown
5-1 Remove the fugl pump from the module. F each pump comp a of 3 separate views
52 Carefully remave the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage, o
5-3 contamination).
5-4 Inspect all the intermal pump components keeping in mind the failure tree below:
S-4a = If open circuit, pay close attention o elecirical commutation circuit, brushes, shunt wires, coils, efc.
5-4b — If closed circull, but nel spinning, look for heal damage., or contamination
S-4¢ — If zpinning, bul no flow look for decoupled armature, or impeller drive slol damage
5-4d = If leak down at the pump level investigate check vatve for confamination. or damage

& Pump Teardown Compare all to print,
61 Com resislance values — cross com and segment lo segment values
Segment lo
Segmant Ohms Cross Com Ohms
162 0.56 1te s 0.6EE
2103 0.497 2t0 6 0679
304 0488 3t T 0.879
4105 0512 4to8 0911
So6 0.606
6loT 0601
Tiog 0597
Btod 0518
&2 Com segment run-out 0.0003 thousandths of an inch
graphs)
6-3A Armature Shafl OD - Cem End 5,005 mm
6-3B8 Armature Shaft OD - Impeller End 5016 mm
&-3C Outlel Bearing ID 5,069 mm
63D Impeller Bearing ID Top 5.037 mm
6-3E Impeller Bearing ID Botlom 5039 mm

&-3F Mote conditon and take pholographs.
Photos: Recorded

64 Brush length - % length remaining

Brush 1 11.997 mm
Brush 2 12.007 mm

65 Brush wire condition = take pholographs, measure spring force
Brush 1 Photos Spring Force Unavailable
Brush 2 Recorded Spring Ferce Unavailable

‘Com wear - thickness loss in % —Estimate end of life {lo the minimum recommended performance, e.g. In hours based upon
66 currend wear rafe through 3000 hours)
Com Thickness 0.0001 thousandihs of an inch

&-T Impeller thickness (nole galling or wear conditions on housing / impeller with phelographs).
Impeller Thickness
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Fuel Pump Teardown Pump L _

Sample ID 2MO25-26

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there amy signs of impact (loose guide rods, broken flange
bosses, broken float arm, elc.
Mo Visual Damage
1-2 Look for signs of and E y inside lhe reservoir, or on amy pre-fillers. A complele deseription of
the findings with photographs is necessary on the FRM
Mo Visual Corrosion

2 Check the resistance of the fuel pump
48.02 Chms

2-1 If open proceed lo Pump Teardown.
2-2 If closed, Check to see if the pump will spin freety with a low voltage source in air (9 Violt source).
If the pump does spin freely in air, and there are nol any obvious signs of proceed lo F test the
2-3 FPM.
2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in E0)
31 Test al Normal Funclion Test Paramelers:

3-2 Measure flow, and pressure (grams per second, and kPa), chacking for obvious signs of leakage.

Flow = 92.61 LPH

Current = 343 AMPS

Leakage? Mo Visual Leakage
3-3 Is current draw continuous? Yes ¥
3-4 Pump Relief Pressure. 363.71 kPa

3-5 5 Minute pressure leak down lest.
Change In pressure: 252.68 kPa

-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow lesis
0.663 Ohms

5 Pump Teardown
5.1 Remove the fuel pump from the module. F graph each pump comp a of 3 separate views
5-2 Carefully remeve the fusl pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage, or
53 contamination).
5-4 Inspect all the internal pump compaonents keeping in mind the failure free below:
5-4a - If open circuil, pay close atlention lo electrical commutatien circull, brushes, shunt wires, colls, elc.
5-4b - If closed circult, bul not spinning. leok for heal damage, or contamination
S-4¢ — If spinning, but no flow lock for decoupled armalure, or Impeller drive slet damage
5-4d - If leak down al the pump level investigate check valve for contaminalien, or damage

& Pump ‘Compare all to print.
&1 Com resistance values - cross com and segment lo segment values
Segment lo
Segment Ohms Cross Com Ohms
102 0.401 1lo5 0.E07
2103 04397 206 061
3tod 0488 37 0637
4105 0521 4108 0.5%8
5to6 0532
6lo7 0.51
Tlos 0.597
Blo1 0405
&2 Com segment run-out 0.0002 thousandihs of an inch
graphs)
6-3A Armalure Shaft OD - Com End 5,009 mm
6-38 Armature Shaft OD - Impeller End 5012 mm
©6-3C Outlet Bearing ID 5.069 mm
&30 Impeller Bearing ID Top 503 mm
6-3E Impelier Baaring |D Bottom 5.028 mm

£-3F Note conditon and take photagraphs.
Pholos: Recorded

E-4 Brush length - % length remaining

Brush 1 11.992 mm

Brush 2 12,001 mm
&5 Brush wire condition - take photographs, measure spring force

Brush 1 Photos Spring Force Unavailabls

Brush 2 Recorded Spring Force Unavailable

Com wear - thickness loss in % -Estimate end of life (lo the p ©.g. in hours based upon
€& current wear rate through 3000 hours)

Com Thickness 0.0002 ihousandihs of an inch

&7 Impeller thickness (note galling or wear conditions on housing / impeller with pholographs).
Impeller Thickness
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Fuel Pump Teardown Pump L _

Sample ID 2M025-27

1 I FPM Fails to Provide Fuel Flow
1-1 Visually check aver the FPM for any physical damage. Are there any signs of impact (loose guide rods, broken flange
bosses, broken float arm, elc.
Ma Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservair, or on any pre-fillers. A complele descriplion of
the findings with photographs is necessary on the FPM
Mo Visual Cerrosion
2 Check the resistance of the fuel pumgp
386 Ohms

2-1 If open proceed lo Pump Teardown,
2-2 If closed, Check to see if the pump will spin freely with a low voltage source in air (3 Voll source).
If the pump does spin freely in air, and there are nol any obvious signs of proceed fo f test the
2.3 FPM,
2-4 If the pump does nol spin freely in air, proceed lo Pump Teardown,

3 FPM Functional Tests (run tests in E0)
31 Test al Normal Funclion Tes! Parameters:

3-2 Measure flow. and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = 8922 LPH

Current = 36T AMPS

Leakage? Mo Visual Leakage
33 Is current draw conlinuous? Yes A
3-4 Pump Relief Pressure. 360.19 kPa

3-5 & Minule pressure leak down lest.
Change in pressure: 187.19 kPa

3-6 If there are no Issues with the testing above, proceed lo fuel pump tear down

4 Recheck resislance after functional / flow lests
0403 Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the moedule. Phatograph each pump eomponent a minimum of 3 separale views
5-2 Carefully remaove the fuel pump outer shell,
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heal damage, or
5-3 contamination).
5-4 Inspect all the infernal pump components keeping in mind the failure tree below:
S-4a = If open circuit, pay close attention to electrical commutation circuit, brushes, shunt wires, coils, elc.
5-4b - If closed circuit, but nod spinning. look for heal damage. or conlamination
Se4¢ = If spinning. but no Aow look for decoupled armature, or Impeller drive slol damage
S-4d = If leak down af the pump level investigate check valve for contamination, or damage

& Pump Compare all to print.
61 Com resistance values - cross com and segment to segment values
Segment lo
Segment Ohms Cross Com Ohms
102 0.567 1105 0.603
2103 0428 2106 0612
3o 4 0422 Ite7 0675
4105 0.328 4108 0.661
Slo6 03n
6lo7 0379
TleB 0.493
Blo1 0.389
6-2 Com segment run-out 0.0001 thousandihs of an inch
graphs)
6-3A Armature Shafl OO - Com End 5.008 mm
6-38 Armature Shaft 0D - Impeller End 5,003 mm
&-3C Outlel Bearing ID 5.108 mm
61D Impeller Bearing ID Top 5.04 mm
6-3E Impeller Bearing 1D Bottom 5.042 mm

&-3F Mote conditon and fake photographs.
Pholos: Recorded

6-4 Brush length - % length remaining

Brush 1 12.003 mm
Brush 2 12.001 mm

6-5 Brush wire condition = take photographs, measure spring force
Brush 1 Pholos Spring Force Unavailable
Brush 2 Recorded Spring Force Unavailable

Com wear - thickness loss in % —Estimate end of iife (to the minimum recommended performance. e.g. In hours based upen
&6 current wear rate through 3000 hours)
Com Thickness 0.0004 thousandihs of an inch

&7 Impeller thickness (note galling or wear eonditions on housing / impeller wilth photographs),
Impadler Thickness EE:1E]
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Fuel Pump Teardown Pump L _

Sample ID 2M025-28

1 I FPM Fails to Provide Fuel Flow
1-1 Visually check aver the FPM for amy physical damage. Are there any signs of impact (loose guide rods. broken flange
bosses. broken floal arm, elc.
Mo Visual Damage
1-2 Look for signs of contamination, and corrosion especially inside the reservoir, or on any pre-fillers. A complete description of
the findings with phetographs is necessary on the FPM
Mo Visual Comesion
2 Check the resistance of the fuel pump
3728 Ohms

2-1 If open,proceed to Pump Teardown,
2-2 If closed, Check to see if the pump will spin freety with a low voltage source in air (3 Vol source).
If the pump does spin freely in air, and there are nol any obvious signs of proceed to F test the
23 FPM.
2-4 If the pump does not spin freely in air. proceed to Pump Teardown.

3 FPM Functional Tests (run tests in E0)
3-1 Test at Normal Function Tes! Parameters;

32 Measure flow. and pressure (grams per second, and kPa). checking for obvious signs of leakage.

Flow = 82.16 LPH

Current = 348 AMPS

Leakage? Mo Visual Leakage
3-3 Is current draw continuous? Yes ¥
34 Pump Relief Pressure. 450,16 kPa

35 § Minute pressure leak down lest.
Change in pressure: 219.66 kPa

36 If there are no |ssues with the testing above, proceed to fuel pump lear down

4 Recheck resistance after functional / Now tests
1.9 Ohms

5 Pump Teardown
51 Remaove the fuel pump from the module. Photograph each pump component a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shedl.
Carefulty disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear. heat damage. or
53 conlamination).
5-4 Inspect all the infernal pump components keeping in mind the failure free below:
5-4a - If open circuit, pay close attenfion to electrical commutation circuit, brushes. shunl wires. colls. etc.
5-4b = If closed circuit, bul not spinning. look for heat damage. or confamination
S-4¢ — If spinning. but no flow look for decoupled armature, or impeller drive siol damage
5-4d - If leak down &l the pump level investigate check valve for contamination, or damage

& Pump Compare all to print.
&1 Com resistance values - cross com and segment 1o segment values
Segment to
Segment Ohms Cross Com Ohms
102 0.255 1tes 13
203 0.544 2to6 0r73
o4 0802 IteT 0649
4to5 048 4108 1.06
S5to6 0466
EloT 0.395
Tlod 0.592
Bto1 0571
62 Com segment run-out 0.0002 thousandths of an inch
graphs)
6-3A Armature Shafl CD - Com End 5.004 mm
6-38 Armature Shafl CD - Impeller End 5,008 mm
E-3C Outlet Bearing ID 5.029 mm
6-30 Impeller Bearing 1D Top 5.042 mm
6-3E Impeller Bearing 1D Bollom 5.039 mm
E-3F Mofe conditon and take phatographs.
Phelos: Recorded
64 Brush length - % length remaining
Brush 1 11.99 mm
Brush 2 12,008 mm

&5 Brush wire condition — take pholagraphs, measure spring force
Brush 1 Phaotos Spring Force Unavailable
Brush 2 Recorded Spring Force Unavailable

Com wear - thickness loss in % —Estimate end of ife (lo the minimum recommended performance, e.g. in hours based upon
66 current wear rate through 3000 hours)
Com Thickness 0.0001 theusandths of an inch

&7 Impeller thickness (note galling or wear conditions on heusing / impeller with photegraphs).
Impeller Thickness 3823
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Fuel Pump Teardown Pump L _

Sample ID 2M025-29

1 If FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there amy signs of impact (loose guide rods, broken flange
bosses, broken float arm, elc.
Mo Visual Damage
1-2 Look for signs of and E y inside lhe reservoir, or on amy pre-fillers. A complele deseription of
the findings with photographs is necessary on the FRM
Mo Visual Corrosion

2 Check the resistance of the fuel pump
0183 Chms

2-1 If open proceed lo Pump Teardown.
2-2 If closed, Check to see if the pump will spin freety with a low voltage source in air (9 Violt source).
If the pump does spin freely in air, and there are nol any obvious signs of proceed lo F test the
2-3 FPM.
2-4 If the pump does not spin freely in air, proceed to Pump Teardown.

3 FPM Functional Tests (run tests in E0)
31 Test al Normal Funclion Test Paramelers:

3-2 Measure flow, and pressure (grams per second, and kPa), chacking for obvious signs of leakage.

Flow = 92.15 LPH

Current = 3.6 AMP3

Leakage? Mo Visual Leakage
3-3 Is current draw continuous? Yes ¥
3-4 Pump Relief Pressure. 354 .65 kPa

3-5 5 Minute pressure leak down lest.
Change In pressure: 263.35 kPa

-6 If there are no issues with the testing above, proceed to fuel pump tear down

4 Recheck resistance after functional / flow lesis
0,612 Ohms

5 Pump Teardown
5.1 Remove the fuel pump from the module. F graph each pump comp a of 3 separate views
5-2 Carefully remeve the fusl pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed (look for signs of unusual wear, heat damage, or
53 contamination).
5-4 Inspect all the internal pump compaonents keeping in mind the failure free below:
5-4a - If open circuil, pay close atlention lo electrical commutatien circull, brushes, shunt wires, colls, elc.
5-4b - If closed circult, bul not spinning. leok for heal damage, or contamination
S-4¢ — If spinning, but no flow lock for decoupled armalure, or Impeller drive slet damage
5-4d - If leak down al the pump level investigate check valve for contaminalien, or damage

& Pump ‘Compare all to print.
&1 Com resistance values - cross com and segment lo segment values
Segment lo
Segment Ohms Cross Com Ohms
102 0.56 1lo5 0578
2103 0.256 206 o921
3tod 0323 37 0.728
4105 0634 4108 0833
5to6 0.282
6lo7 0218
Tlos 0425
Blo1 0421
&2 Com segment run-out 0.0001 thousandihs of an inch
graphs)
6-3A Armalure Shaft OD - Com End 5,008 mm
6-38 Armature Shaft OD - Impeller End 5.007 mm
6-3C Outlet Bearing ID 5.04 mm
&30 Impeller Bearing ID Top 5071 mm
6-3E Impelier Baaring |D Bottom 5.069 mm

£-3F Note conditon and take photagraphs.
Pholos: Recorded

E-4 Brush length - % length remaining
Brush 1 12,016 mm
Brush 2 11.939 mm

&5 Brush wire condition - take photographs, measure spring force
Brush 1 Photos Spring Force Unavailabls
Brush 2 Recorded Spring Force Unavailable

Com wear - Ihickness loss in % -Estimale end of life (1o the P #.9. in hours based upon
€& current wear rate through 3000 hours)
Com Thickness 0.0001 ihousandihs of an inch

&7 Impeller thickness (note galling or wear conditions on housing / impeller with pholographs).
Impeller Thickness 3826
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Sample ID 2M025-30

1 I FPM Fails to Provide Fuel Flow
1-1 Visually check over the FPM for any physical damage. Are there any signs of impact (loose guide rods. broken flange
besses, broken floal amm, elc,
Mo Visual Damage
1-2 Look for signs of and i P y inside the reservoir, or on any pre-filters. A complete descriplion of
the findings with photographs is necessary on the FPM
MNa Visual Corrasion

2 Check the resistance of the fuel pump
0.303 Ohms

2-1 If open proceed to Pump Teardown,
2-2 If closed, Check fo see if the pump will spin freely with a low vellage source in air (9 Vol source).
If the pump does spin freely in air, and there are not any obvious signs of confamination, proceed to Funclionally test the
2.3 FPM.
2-4 If the pump does not spin freely in air, preceed to Pump Teardown,

3 FPM Functional Tests (run tests in Ed)
31 Test al Normal Funclion Test Parameters:

3-2 Measure flow, and pressure (grams per second, and kPa), checking for obvious signs of leakage.

Flow = 7216 LPH

Current = 352 AMPS

Leakage? Mo Visual Leakage
3-3 |5 current draw continuous? Yos ¥
3-4 Pump Relief Pressure. 350.14 kPa

3-5 5 Minute pressure leak down lesl.
Change in pressura: 266.15 kPa

3-8 Ifthere are no issues with the testing above, preceed to fuel pump tear down

4 Recheck resistance afler funclional / ow lesls
Ohms

5 Pump Teardown
5-1 Remove the fuel pump from the module. Pholograph each pump component a minimum of 3 separate views
5-2 Carefully remove the fuel pump outer shell.
Carefully disassemble the fuel pump inspecting each piece as it is removed {look for signs of unusual wear, heat damage, or
53 confamination).
-4 Inzpect all the internal pump companeniz keeping in mind the failure free below:
5-4a - If open circuit, pay close attention to electrical commutation circuil, brushes, shunt wires. colls, efc.
b = If closed circull, but nol spinning, lock for heal damage, or conlamination
S-4c = If spinning, but no flow look for decoupled armature, or impeller drive slol damage
d = If leak down at the pump level investigate check valve for contamination. or damage

& Pump i Compare all to print.
E-1 Com rasistance values — cross com and segmant to segment values
Segment to
Segment Ohms Cross Com Ohms
1lo2 0219 105 1.9
2163 0.265 2106 075
o4 0.284 07T 0606
405 0.242 4108 0621
Slo6 0.242
€07 0218
TloB 0513
Blo1 0201
E-2 Com segment run-out 0.0001 thousandths of an inch
graphs)
&-3A Armature Shafl OD - Com End 5.009 mm
6-3B Armature Shaft OD - Impeller End 5,003 mm
6-3C Qutlet Bearing ID 5.044 mm
£-3D Impeller Bearing 1D Top 5.073 mm
6-3E Impeller Bearing D Bottom 5071 mm

6-3F Mote condilon and take pholographs.
Phalos: Recorded

-4 Brush lenglh - % length remaining

Brush 1 12.003 mm
Brush 2 11.593 mm

&5 Brush wire condition - fake photographs, measure spring force
Brush 1 Photos Spring Force Linavailable
Brush 2 Recorded Spring Force Unavailable

Com wear - thickness loss in % —Eslimate end of life (o the minimum recommended performance. e.g. in hours based upon

-6 current wear rate through 3000 hours)
Com Thickness 0.0002 thousandths of an inch

&7 Impeller thickness (nole galling or wear conditions on housing / Impeller with photographs).
Impeller Thickness
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A8: Fuel sender test procedure

CRC AVFL-15a Fuel Level Sender Testing

I. Fuel Resistance Test
a. Fuel sensors shall be tested using the cycle/soak test described below except as
noted. Senders shall be kept wet and contacts held stationary after durability
test (no cycling) until electrical tests are complete.
i. Cycle 250,000 cycles in test fuel at a cycle rate between 1 and 2
cycles/sec. Sender powered.

ii. Soakin test fuel for 1 week. Sender not powered.

iii. Repeat steps (i) and (ii) for a total of 1,000,000 cycles and 4 weeks of
static soaks, ending with the 4" static soak.

b. Notes:
i. Senders not powered unless otherwise specified.

ii. Fuels shall be changed (not refreshed). Duration between fuel changes
shall be no greater than 168 hours.

iii. When soaking, assemblies shall be completely covered in test fuel.

iv. Cycle senders through full range by dipping unit with float assembly in
test fuel. Alternatively, mechanically cycle sender with assembly
completely covered in test fuel.

v. Take an 8 oz. fuel sample prior to every fuel change and test

II. Full Sweep Test
a. The fuel sensor shall withstand 5 million full sweep cycles at +25 to +30° C.
b. The recommended sweep rate is 1 cycle per second.
c. The level senders should be powered by the standard level sender circuit.
d. Notes:
i. Senders not powered unless otherwise specified.

ii. Fuels shall be changed (not refreshed). Duration between fuel changes
shall be no greater than 168 hours.

iii. When soaking, assemblies shall be completely covered in test fuel.

iv. Cycle senders through full range by dipping unit with float assembly in
test fuel. Alternatively, mechanically cycle sender with assembly
completely covered in test fuel.

v. Take an 8 oz. fuel sample prior to every fuel change and test

lll. Post Mortem
a. Photograph card, contacts, etc. (high resolution)

CRC AVFL-15a Fuel Level Sender Testing
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A9: Fuel sender data

1M445-20 1M445-20
Pre-Test Sweep Post-Test Sweep
100 100
90 0 st e
] ot P 80 P =) y
& { 7 1 i i M i I ]
Jog - 1 1 I ol I\ I\ 1 1
e e e e e e e E i v
40 ] 40
> | Y AN VY AN WY SN N | Do) W N | W AN W |
b v/ v/ - 7/ ey
10 \\_r! \vl \vl \v/ 'g A L L4 L
0 T T T T T T T .
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-20 1M445-20
Pre-Test Full Post-Test Full
10 10
9 ]
8 8
7 7
e e e o e 8
Ohms 5 Ohms 5
4 4
3 3
2 2
1 1
0 1) T T T T
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-20 1M445-20
Pre-Test Mid-Range Post-Test Mid-Range
40
39
38
37
36
Ohms 35
34
33
32
3
55 T T T T 30 T T T T
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-20 1M445-20
Pre-Test Empty Post-Test Empty
a0 90
89 89
88 83
a7 a7
86 86
Ohms 85 Ohms 85
84 - 84
83 83
82 82
8117 T 1 T 817
80 + T T T T T ! 80 1 T T T T
a 1000 2000 3000 4000 5000 6000 7000 0 5000 10000 15000 20000

Fuel Level Sender Fuel Resistance
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1M445-24 1M445-24
Pre-Test Sweep Post-Test Sweep
100 100
90 1 [] %
1 — - .
suﬂ'—"!\—f!!!\ ]!'!H | = 7\ 71 i I
o 1 1 1 & 1 J 11 B\
60 A | I 1 i ] { 1 [ 1 I3 [
Ohms 50 Ohms 50 1 J 1
3 20
20 | -/ | v/ 20 -
T W ws e . A— A—
0 : ; : : 0
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-24 1M445-24
Pre-Test Full Post-Test Full
10 10
9 ]
8 8
7 7
6 + : R 6
Ohms 5 Ohms 5
4 4
3 3
2 2
1 1
0 . . . . 0 T . : T
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-24 1M445-24
Pre-Test Mid-Range Post-Test Mid-Range
55 45
54 44
53 43
52 42
51 1} g "
COhms 50 Ohms 40
49 39
48 1 1 38
47 a7
46 36
45 . : : T 35 T : . T
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-24 1M445-24
Pre-Test Empty Post-Test Empty
90
89
88
87
86
Ohms 85
84
83
82
81 1
80 - : . . .
0 5000 10000 15000 20000

Fuel Level Sender Fuel Resistance Sender “L” (Eis, Test Fuel)
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1M445-31 1ma45-31 1MA45-31
Pre-Test Sweep 2.5M Cycle Sweep 5M Cycle Sweep
100 100 100
@ ﬂ% wﬂ HJhl ] P P P==1 = == 50 = = = p
ey 1 { 70 1 J 3 It I3 ! 0 [ I [ |
ol 11 | 1 i Pl I 1 I 1 ] P | [ 1 1 1
ohms 50— \ | 1 I | [ Ohems 50 1 P 1 ] Ohms 50 [ I ] 1 [ 1 N
o 1 | I 04 1 1 1 I 0 Y 1 1 1
ey 30 % | 1 ] 1 J \ ] P I \ / \ | 1 | \
0 ol A /] \/ A/ wl ] Al A \ 1) \
o 087 LN AN LN 104 Y LY A1 A
= ] |y j — A" = ~F A ol A= = 5
o o o
0 5000 10000 15000 20000 o 5000 10000 15000 20000 o 5000 10000 15000 20000
1M445-31 1Ma45-31 1Ma45-31
Pre-Test Sweep 2.5M Cycle Full 5M Cycle Full
10 o 10
9 9 9
H & 3
7 7 7
5 6 5
Ohms 5 Ohms 5 Ohms 3
4 4 a
3 3 3
2 2 2
1 1 1
0 ° 0
o 5000 10000 15000 20000 o 5000 10000 15000 20000 o 5000 10000 15000 20000
1M425-31 1M445-31 1M4a5-31
Pre-Test Sweep 2.5M Cycle Mid-Range 5M Cycle Mid-Range
61 57 52
] 56 51
58 55 50
58 54 49
: S ———————————— :
o o L e —
55 51 45
54 50 a5
53 a9 44
52 45 43
51 a7 az
o 5000 10000 15000 20000 o 5000 10000 15000 20000 o 5000 10000 15000 20000
1M445-31 1MA445-31 1Ma15-31
Pre-Test Sweep 2.5M Cycle Empty SM Cycle Empty
0 s0 £
R B9 a9
58 B 88
7 87 a7
£ B %
Ohms &5 | Ohme B5 Ohms 55
= B4 B4 4
83 B3 83
&2 &2 82
k2! B1 k31
. 50 i
o 5000 10000 15000 20000 o 5000 10000 15000 20000

Fuel Level Sender Sweep

Page 191

Sender “L” (Eis, Test Fuel)

Appendix A9




Fuel Level Sender Fuel Resistance
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1M445-38 1M445-38
Pre-Test Sweep Post-Test Sweep
ng 1] 100
| - ooy Jads oy g0
o | Y Y 1\ I\ 80 = M ™ ™ ]
70
1\ 7\ 7\ 7\ \ \ { 7\
60 1 60
ohms 50 \ - 1 I \ \ \ -
Ohms 50
| 1 \ ] i | i 1
40 f % 20
30 20 \ ] \ J \ T \ /
J J L] | | L | ]
20 Ny N 20 J
10 Fi )4 N7 ) A N7
o == : : " =" = = :
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-38 1M445-38
Pre-Test Full Post-Test Full
10 10
9 9
8 8
7 7
6 6
Ohms 5 Ohms 5§
4 4
3 3
2 2
1 1
i . : . : 0 . . : :
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-38 1M445-38
Pre-Test Mid-Range Post-Test Mid-Range
45 ]
44 4
43 3
42 2
41 B e ————————————————
‘Ohms 40 Ohms 30
39 29
38 28
37 27
36 2
35 . . . . 25 . . . .
i 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-38 1M445-38
Pre-Test Empty Post-Test Empty

Sender “C” (Eis Test Fuel)
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1M445-39 1M445-39
Pre-Test Sweep Post-Test Sweep
100 100
90 I ] 30
a0 .| o) pu | 2 a0 p— p— p— p—
70 1 70 J A\ 7\ [TAAY T
80 50 \ \ VA \
40 40
e » / 7 7 7
N/ NS N/ N/
13 f = =] f 13 \I_Il \I_l/ \|_|/
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-39 1M445-39
Pre-Test Full Post-Test Full
10 10
N ]
4 8
7 7
8 6
Ohms 5 Ohms 5
4 4
3 3
2 2
1 1
0 T T T T 0 . . . .
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-39 1M445-39
Pre-Test Mid-Range Post-Test Mid-Range
50 38
49 7
48 36
47 35
46 34
Ohms 45 Ohms 33 - M
44 2
43 £l
42 30
4 29
40 T T T T 28 T T T T
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-39 1M445-39
Pre-Test Empty Post-Test Empty
90
29
2
a7
86
Ohms 85
84
a3
- I
814 H= } + t
T 80 + T T T T
0 5000 10000 15000 20000 0 5000 10000 15000 20000

Fuel Level Sender Fuel Resistance
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1M445-89 1M445-89
Pre-Test Sweep Post-Test Sweep
200 200
180 180
L L
160 i e pha— pn——
byl Y AR | 7 P o ™ A ™
120 I \ f \ / \ 1 I\ 1 [\ |
/ \ / \ / ' Frr S I AN V N A Y N N I 1
Ohms 100 !/ \ / \ 7 Ohms 100
60 1/ / \/ o
60 60
v AY A o
20 NS N\ 20 A\ \\W 4 \ W4 \W4
0 : : : : 0
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-89 1M445-89
Pre-Test Full Post-Test Full
165 165
o ol [ |l
163 163
162 162
161 161
Ohms 160 Ohms 160
159 159
158 158
157 157
156 156
155 : : . . 155 . . . .
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-89 1M445-89
Pre-Test Mid-Range Post-Test Mid-Range
105
104
103
102
101 1
Ohms 100
99
98
a7
9
102 : . . . 95 T : . .
0 5000 10000 15000 20000 0 5000 10000 15000 20000
1M445-89 1M445-89
Pre-Test Empty Post-Test Empty
20 20
| [ P SE—
g 18
17 17
16 16
Ohms 15 Ohms 15
14 4
13 13
12 12
1 1
10 : . . . 10 : : : :
0 5000 10000 15000 20000 0 5000 10000 15000 20000

Fuel Level Sender Fuel Resistance
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1Md45-103 1M445-103 1M445-103
Pre-Test Sweep 2.5M Cycle Sweep 5M Cycle Sweep
200 200 200
180 180 130
160 ﬂw‘ki 160 —a‘—r—‘—rﬁ-‘—r“—r 150 Wﬂ\i
I i Y 7 1 - T T 7 T b A T\ T
al\ 7 LY R WY AN WY S WY SN W 2 7 1 L -
FrEmy z LY Fi LY a \J N ] A | A i an N/ N/ N/
wl N_F N S N 20 LW LW J N A ] ey AW LW LW
o o 1]
o 5000 10000 15000 20000 o 5000 10000 5000 20000 o 5000 10000 15000 20000
1M445-103 1Md45-103 1M445-103
Pre-Test Full 2.5M Cycle Full 5M Cyele Full
185 T
184 I
163 I
182
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‘Ohms 160
153
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155 I
155
(] 5000 10000 15000 20000 a 5000 10000 15000 20000 o 5000 10000 15000
14445103 1M445-103 1M445-103
Pre-Test Mid-Range 2.5M Cyele Mid-Range 5M Cycle Mid-Range
m T 110 T
10 [ 109 T
109 T 108
108 w07
17 106
onms 106 ‘onma 105
105 104
104 103
[ 03 I ! nm
! k| : : : : o
o 5000 1ouo0 15000 20000 0 5000 10000 15000 20000 [ 5000 10000 15000 20000
1M445-103 1M445-103 1445103
Pre-Test Empty 2.5M Cycle Empty S5M Cyele Empty
20 20 n
] 13 19
18 13 18
17 17 17
1% 15 16
onms 15 -yEeuipiiaminaa et Onms 15 - st ohma 15
14 14 14
13 13 13
12 12 12
1" " "
w0 1 0
o So000 10000 15000 20000 o 5000 10000 15000 20000 o £000 10000 15000 20000

Fuel Level Sender Sweep ~ Sender “N” (E1s, Test Fuel)
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5M Cycle Sweep
200
130
160 —\—’—ﬁ-l‘—r-
PR e S e S —
£ L L N | N
e —f —F —7
a 7 7 7
b ATF 4 w7 W
o T T T T
o 5000 10000 15000 20000
1M445-108
5M Cycle Full

1M445-108

[
|
I
[ 000 0000 15000 20000

s
H
cpeERRYREee

Fuel Level Sender Sweep
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Sender “N” (E1s, Test Fuel)

o 5000 10000 15000 20000 5000 10000 15000 20000
1M445-108 1M445-108 1M445-108
Pre-Test Empty 2.5M Cycle Empty 5M Cycle Empty
2 20 2
18 19
18 1 18
17 17 17
b b I
Ohms 15 m Ohma 15 Onhms 15 1

1 1 14
13 13 13
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11 1" 1
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A10: Sender card photographs

Photo of sender card from sample 20 - Fuel Level Sender Fuel Resistance Sender “L”

(E1sa Test Fuel)
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Photo of sender card from sample 38 - Fuel Level Sender Fuel Resistance Sender “C”
(E1s Test Fuel)
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Photo of sender card - Fuel Level Sender Fuel Resistance Sender “N” (E1s Test Fuel)
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All: About TSG

Testing Services Group

Testing Services Group (TSG) is a member in good standing with the ANSI-ASQ National
Accreditation Board/ACLASS (Certificate #AT-1389) under “Testing” which accredits to ISO/IEC
17025:2005. TSG has also earned the prestigious "Q1" supplier distinction from Ford Motor
Company in 2004 and has maintained that status plus has added several other accreditations
with other quality rating organizations. They are as follows:

Company Certifications:

ACLASS (Certificate # AT-1389)

APLAC — Asia Pacific Laboratory Accreditation Cooperation
EA — European Cooperation for Accreditation

ILAC — International Laboratory Accreditation Cooperation
IAAC — Inter-American Accreditation Cooperation

Ford Quality 1

ABYC — American Boat and Yacht Council

IMCI — International Marine Certification Institute
California Fire Marshal
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A12: Certificates of Analysis for test fuels

Acceptance data E;s test fuel.

AGE Gage Products Company
Certificate of Analysis / QC Results
Page: 1
Date: 06/22M1 at 5:37 PM
Customer PO #:
Packaged Product: 41255-33F
CRC BVEL-15a ELIS Gasoline

Property Test Method Uom Specification Value
SPECIFIC GRAVITY @ S0F ASTM D4052 FEFORT REFORT 0.7662
RVP & 100F ASTM D513 FaI REFORT E.3T
ETHANOL ASTM DETID VOL. % 14.70 - 15.30 14 .E3
DISTILLATION, IEP ASTM DES REFORT 103.E
DISTILLATION, 5% ASTM DES REFORT e
DISTILLATION, 10% ASTM DES REFORT 132.1
DISTILLATION, 20% ASTM D8s DEG F REPORT 144.0
DISTILLATION, 30% ASTM D8s OEG F REFORT 153.1
DISTILLATION, 40% ASTM DES REFORT €
DISTILLATION, 50% ASTM DES REFORT o
DASTILLATION, 80% ASTM DBE nEG F REFORT 233.1
DISTILLATION, 7% ASTM D8s OEG F REFORT 251 €&
DASTILLATION, 80% ASTM D85 LES F REFORT 2752
DISTILLATION, 30% ASTM D85 LES F REFORT o
DISTILLATION, 35% ASTM DES REFORT .5
DISTILLATION, DP ASTM DES REPORT 403.8
RECOVERY ASTM D85 VOL.% REFORT 5.7
RESIDUE ASTM D8s VOL. % REFORT 1.0
LOSS ASTM D8s VOL. % REPORT 1.3

Lot# 2757800 Made 05/20/11

In sealed uncpened containers this product is good until 10728711

Approved By: 7L o d;TJ:ff’
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Acceptance data E;s, test fuel.

AGE Gage Products Company
Certificate of Analysis / QC Results
Fage: 1
Date: 062211 at 5:21 PM
Customer PO # :
Packaged Product: 41Z37-33C
CRC AVFL-15a El5 Gasocline

Property Test Method UomM Specification Value
WATER CONTENT AITM E10848 VOL. & L. MRX. 0.145
PERDNIDE CONTENT AITM D203 TTH FEPORT 2.8
ACID HUMEER AZTH DE74 MG KOHSG FEPORT 0. 81T
RVF @ 100F AITHM DE181 I FEPMIRT H.41
TOTAL EULFUR AITHM D453 TTH FEPORT 14.41
ETHAMOL A3TM DET30 VOL. & 14,70 = 15,30 14.70
INCRAANIC CHLORIDE I0H CHROMATOGRAPHY TTH FEPMIRT 1.8%
CONTENT
HITRATE CONTENT I TTH FEPORT 2.3
TOTAL BULFATE CONTENT 108 CHROMATOGRAPHY TTH FEPORT 0.51
EFECIFIC GRAVITY @ §0F AZTM D052 REPORT REPORT 0. 7658
ARCEATICE AITM D=7 VOL. & FEPIRT 4.6
CLEFINE A3TM DET30 VOL. & FEPORT 4.3
EFATURATESR AITM D=7 WOL. & FEFORT 45,4
BEMNZENE A3TM DET30 VOL. & FEPORT 0.31
TOLUENHE AITM D=7 VOL. & FEPIRT 14.%
DIETILLATION, IEFP A3THM DES oEG F FEPORT i02.2
DIETILLATION, B% A3THM DES oEG F FEPORT 12z.4
DIETILLATION, 10°% A3THM DES oEG F FEPORT 13&.0
DIETILLATION, 20°% A3THM DES oEG F FEPORT 143.2
DIETILLATION, 20°% A3THM DES oEG F FEPORT 152.8
DIETILLATION, &0F% A3THM DES oEG F FEPORT 15%. 4
DIETILLATION, BIF% A3THM DES oEG F FEPORT 16£.1
DIETILLATION, B0 AITM D& = FEFORT 232.2
DIETILLATION, TIF% AITM D& =i FEPMIRT 4
DIETILLATION, BIF A3THM DES oEG F FEPORT 2759
DIETILLATION, B0 A3THM DES oEG F FEPORT 3i%.8
DIETILLATION, BE® A3THM DES oEG F FEPORT 352.9
DIETILLATION, DF A3THM DES oEG F FEPORT 30%.6
RECOWERT AITH D22 VOL. & FEPORT 97.7
RESIDUE AITH D22 VOL. & FEPORT 1.8
Lose AITH D22 VOL. & FEPORT 1.3

Lot# 2888301 Made 05/27/L1

In ==aled unopen=d containers this product is good umtil 11,/27/11

Approwed By: }’:r'?r-f }4-“:;_,&?
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Acceptance data E, used for flow test fuel

=E Gage Products Company
Certificate of Analysis / QC Results

Page: 1
Date: 082211 at 5:36 PM

Customer PO # :

Packaged Product: ~41254-33F
CRC AVFL-15a EJ Gasocline

Property Test Method UOM Specification Value
RESEARCH OCTANME HUMBER  ASTM D283% RON REFORT 51.5%
MOTOR OCTANE NUMBER ASTM D2T00 HOH REFORT EZ.1
SPECIFIC GRAVITY @ S0F A5TM D4052 REFORT REPORT 0, 7627
RVP & 100F ASTM D519 PSI REPORT 1,43
TOTAL SULFUR ASTM D5453 PPM a0, MR, 1E.4
OXIDATION STABILITY A5TM D525 MIN. 240, MIN, *BED
AROMATICS A5TM DET30 VOL. % AEFORT 4.z
OLEFINS ASTM DET30 VOL. % AEFORT 5.2
SATURATES ASTM DETI0 VOL. % REFORT £2.7
BEMZEME ASTM DETI0 VOL. % AEFORT 0.3
TOLUENE ASTM DETI0 VOL. % REFORT 18.8
DISTILLATION, IBP ASTM DES OEG F REPORT s8.8
DISTILLATION, 5% ASTM Das OEG F REFORT 126.0
DISTILLATION, 10% A5TM D8S OEG T REFORT 133.8
DISTILLATION, 20% AS5TM Das DEG F REFORT 163.6
DISTILLATION, 30% A5TM D8S OEG T AEFORT 187.2
DISTILLATION, 40%% ASTM DES DEG F REFORT 20%.3
DISTILLATION, 50% ASTM™ Das OEG F REFPORT 22B.2
DISTILLATION, 6% ASTM™ Das OEG F REFORT 244.0
DISTILLATION, T0% ASTM Das OEG F REFORT 261.7
DISTILLATION, 807%& ASTM Das OEG F REFORT Z88.3
DISTILLATION, 90% A5TM D8S OEG T AEFORT 323,35
DISTILLATION, 35% AS5TM Das DEG F REFORT 360.7
DISTILLATION, OP AS5TM Das DEG F REFORT 405.1
RECOVERY ASTM™ Das VOL.% REFORT §7.%
RESIDUE ASTM™ Das VOL.% REFPORT 1.2
LOSS ASTM™ Das VOL.% REFPORT 1.3
NITROGEN ASTM D455 FPM REFORT 14
MERCAPTANS ASTM D3227 PEH AEFORT 3
SILVER CORROSION ASTM D130 CORROSTON 1, BERX. o
COPPER CORROSION ASTM D130 COFFER CORE., 1, MAX. 1x
EXISTENT GUM [WASHED) ASTM D3&1 MG/ 1008 S, MAN, <0.5

Lot# 2737600 Made 05/13/11

In sealed uncopened containers this product is good until 10728711

Approved By: ,-",. )f-"wf{ -"I‘&Ta_,ff—

Page 203

Appendix Al2



Acceptance data Eq used as soak test fuel.

GAGE PRODUCTS CO.
821 WANDA AVENUE

GE FERNDALE, Mi 48220 Gage Products Company
(248) 541-3324 Certificate of Analysis / QC Results
Customer: C00100 / CRC, Inc.
Sales Order #: 28349 Customer PO #: 734 Shipped Qty : 1100

Page: 1
Date: 03/14/12 at 1:59 PM

Packaged Product:  41254-55F
CRC AVFL-15a EQ Gasoline

Property Test Method [§[e]]] Specification Value
RESEARCH OCTANE NUMBER ~ ASTM D26%9 RCK REPCRT 03,8
MOTOR OCTANE NUMBER ASTM D2700 MoK REFORT B4.0
SPECIFIC GRAVITY @ 60F ASTM Da052 REPCRT 0.7603
RVP @ 100F ASTM D5191 P51 REPORT 10.53
_‘-rIOTAL SULFUR ASTM D5453 BPM B0, MAX. 10.13
OXIDATION STABILITY ASTM D525 HIN, 240, MIN. 1440
AROMATICS ASTM D6730 VOL. % REPORT 41.4
OLEFINS ASTM DETI0 VoL, % REFORT 5.0
SATURATES ASTM D&T30 VOL. % REPORT 52.8
BENZENE ASTM D6730 VOL. % REFORT ' 0.326
_+0LUENE ASTM D&T30 VoL. & REPORT 12.80
DISTILLATION, IBP ASTM D86 DEG F REPORT #5.8
DISTILLATION, 5% ASTM D86 DEG F REPORT 111.5
DISTILLATION, 10% ASTM D86 DEG F REPORT 127.4
DISTILLATION, 20% ASTM D86 DEG F REPORT 156.2
DISTILLATION, 30% ASTM D86 DEG F REPQRT 190.4
DISTILLATION, 40% ASTM DEG DEG F REFORT 219.3
DISTILLATION, 50% ASTM D86 DEG F REPORT 242.3
DISTILLATION, 60% ASTM D8E REPORT 262.5
DISTILLATION, T0% ASTM D86 REPORT 283.5
bIS‘I'ILLl'HON. 80% ASTM DBE REPORT 308.1
DISTILLATION, 90% ASTM D86 REFORT N 329.3
DISTILLATION, 95% ASTM DE6 REFORT 343.6
DISTILLATION, DP ASTM DBG G F REPORT 392.2 7]
RECOVERY ASTM DBE VOL. % REPORT §7.1
RESIDUE ASTM DE6 VOL.% REPORT 1.0
LOSS ASTM DE6 VOL.% REPORT 1.3
NITROGEN ASTM D4629 PEM REPORT 8.4
MERCAPTANS ASTM Daz27 PEM REPORT 3.0
SILVER CORROSION ASTM D120 CORROSION : 1, MAX. o
COPPER CORROSION ASTM D130 COFFER CORR. MAX. 12
EXISTENT GUM (WASHED) ASTM D381 MG/ 100ML 5, MAX. <0.5

Lot# 2896000 Made 03/08/12

In sealed unopened containers this product is good until 08/23/12

Approved By: %" ﬁ? (Z .0
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