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APPENDIX B

AFLRL ELASTOMIER, SWELL AND HARDNESS DATA
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MNORE a HARDNESS

24NE SlxK re
'So

4.o

VITON SR NITRILE A?09 N674-7 DUMP 75 DUNMP4 SILICONE EPS

ELASIONER TYPE

SHORE A HARDNESS WITH PETROLEUM DF2
(SOAK TEMP =75

0F TIME =24HR)

SORaf HARDNESS
In.

ORIGINAL. 90
SAM

ISm

6 ]
VIIN R NTRLS ?S NAA- SUA 0 DNAN SLIONE EP

SHR AA HaRNES soT PERLU AF

I.

20

VITO NS SIRL A?@@ 147N7RHR7 DM 9 ILCN EP

ELASTOIIER TYPE

SHORE A HARDNESS WITH PETROLEUM DF2

(SOAK TEMP = 750F TIFTE TENSIO)

Iff ~ ~ ~ B 3HR HRNS

ORGNL 9



SooHORE a HARDNECSS

2.6UR SOAK 70 K

46

36

26

is

VITON sR A?0e W219-7 EPR

ELASTOHER TYPE

SHORE A HARDNESS WITH PETROLEUM DF2
(SOAK TEMP =150OF TOFT2 COMPRESSION)

Is$ SHORE A HARDNESS-

ORIGINAL 95 KzzzK8
2.6MR SOAK 76

6

36

20

VITON SR A7941 W219-7 EPR

ELASTO!ER TYPE

SHORE A HARDNESS WITH PETROLEUM DF2
(SOAK TEMP =150OF TOMT FREE)
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA

SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.771 -2.7 -2 4 -3.0 2.0
SAMPLE 2 1.774 -7.2 -1.4 -3.0 0.0AVERAGE 1.772 -S.0 -1.9 -3.0 1.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 VITON FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.783 -1.9 -O.S -2.0 1.0
SAMPLE 2 1.773 -5.2 -1.6 1.0 1.0
AVERAGE 1.778 -3.S -1.0 -O.s i.0

FUEL FLASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 SR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.252 -2.4 -2.1 2.0 5.0
SAMPLE 2 1.2SS -2.1 --i8 2.0 7,0
AVERAGE 1.254 -2.3 -1.9 2.0 6.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 SR FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG ZVS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.251 2.3 3,9 1.0 1.0
SAMPLE 2 1.2S9 1.8 4.2 0.0 3.0
AVERAGE 1.255 2.0 4,0 0.5 2.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 NITRILE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SQ %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.26S 4.8 1.8 -3.0 3.0
SAMPLE 2 1.262 3.2 0.8 -2.0 0.0
AVERAGE 1.263 4.0 1.3 -2.S 1.s,

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 NITRIL.E FREE 72HR 7SF 7DAY

WEIG;HT & HARDNESS DATA
Sc %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.271 -Os 1.s -2.0 1.0
SAMPLE 2 1.,269 -1.0 .2 -1.0 0.0
AVERAGE 1.270 -0.7 1.3 -i.S 0.s

FUFL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PE IR.DF2 A700 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.3iO 6.4 3.4 -3.0 i.O
SAMPLE 2 J..319 7.1 4.0 -2.0 2.0
AVERAGE i.3iS 6.7 3.7 -2.s I.S

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 A700 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.336 iO.8 7.8 -1.0 3.0
SAMPLE 2 1.33S 10.4 8.i -3.0 2.0
AVERAGE 1.33S 10.6 8.0 -2.0 2.S
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 N674-7 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.277 3.4 2.0 1.0 1.0
SAMPLE 2 i.255 1.9 0.6 0.0 -3.0
AVERAGE i.266 2.7 1.3 0.5 -i.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 N674-7 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.278 4.8 1.0 7.0 --2.0
SAMPLE 2 1.283 S.1 1.7 2.0 3.0
AVERAGE 1.280 4.9 1.3 4.5 0.s

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR . DF2 BUNA 70 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I 1.265 -3.4 5.8 1.0 7.0
SAMPLE 2 1.236 -6.5 3.8 1.O 6.0
AVERAGE .250 -5.0 4.8 1.0 6.5

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 BUNA 70 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.237 2.4 7.3 6.0 8.0
SAMPLE 2 1.228 2.0 5.5 4.0 5.0
AVERAGE 1 232 2.2 6.4 5.0 6.S

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 BUNA 90 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.288 3.2 2.1 0.0 1.0
SAMPLE 2 1.290 4.7 3.1 -6.0 0.0
AVERAGE 1.289 3.9 2.6 -3.0 0.5

B-8
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DFF2 BUNA 90 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE i t.276 6.4 4.2 0.0 t.0
SAMPLE 2 1.278 6.4 5.6 -i.0 i.0
AVERAGE 1.277 6.4 4.9 -0.5 i.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PE'TR.DF2 SILICONE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE I i.318 S1.2 48.3 -4.0 -1.0
SAMPLE 2 1.380 50.9 47.3 -6.0 -2.0
AVERAGE 1.349 51.0 47.8 -S.0 -~

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

PETR.DF2 SILICONE FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.387 50.2 45.8 -1t.0 -3.0

SAMPLE 2 1.384 46.7 41.7 -10.0 -S.0
AVERAGE 1.386 48.4 43.8 -io.s -4.0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 EPR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG "ZVS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1. 1.209 125.0 118.9 -4.0 -2.0
SAMPLE 2 i.218 121.2 113.3 -3.0 -4.0
AVERAGE t.213 123.1 116.1 -3.S -3.0

FUEl. ELASTOMER ENVIRON SOAK( TIME TEMP DRY TIME
PETR.DF2 EPR FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS:(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.219 1.24.0 117.3 -4.0 -5.0
SAMPLE 2 1.221 124.9 116.3 -6.0 -4.0
AVERAGE 1.220 124.4 116.8 -S.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 SR COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.247 3.2 2.0 0.0 -1.0
SAMPLE 2 1.248 3.3 2.1 -t.0 0.0
SAMPLE 3 1.249 4.4 2.3 0.0 .1.0
SAMPLE 4 i.2SO 4.9 2.5 1.0 1.0
SAMPLE S i.2SO 3.6 2.6 -1.0 0.0
AVERAGE 1.249 3.9 2.3 -0.2 -0.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF42 SR FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.245 S.9 2.9 2.0 1.0
SAMPLE 2 1.248 7.8 3.4 1.0 2.0
SAMPLE 3 1.248 6.8 S.0 1.0 3.0
SAMPLE 4 1.264 14.0 9.7 2.0 1.0
SAMPLE S 1.251 8.i 4.0 0.0 0.0

AVERAGE i.25 8.5 3.0 1.2 1.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

PETR.DF2 SR TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.24S 5.6 3.3 1.0 2.0

SAMPLE 2 1.248 6.9 5.0 i.0 2.0
SAMPLE 3 1.245 S.9 3.7 0.0 0.0

SAMPLE 4 1.247 S.7 1.4 t.0 -i.0

SAMPLE S 1.247 s.1 0.2 0.0 0.0
AVERAGE 1.246 5.8 2.7 0.6 0.6

FUEL ELASTOMER ENVIRON SOAK TIME TFMP DRY TIME
PETR.DF2 N219--7 COMP 2.5HR SOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE I 1.250 6.7 4.6 -1.0 t.0

SAMPLE 2 i.2S7 5.2 4.7 -4.0 2.0
SAMPLE 3 1.246 4.8 3.7 0.0 2.0

SAMPLE 4 1.247 S.3 3.7 -2.0 2.0
SAMPLE S 1.2SO 5.0 3.6 --6.0 0.0
AVERAGE 1.250 5.4 4.1 --2.6 1.4
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 N219-7 FREE 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I 1.247 6.4 4.6 -2.0 2.0
SAMPLE 2 1.252 9.5 7.5 -1.0 2.0
SAMPLE 3 1.248 7.0 3.9 -1.0 2.0
SAMPLE 4 1.247 4.8 3.3 --1.0 1.0
SAMPLE S 1.244 4.7 3.2 -1.0 1.0
AVERAGE 1.247 6.5 4.5 -1.2 1.6

FUEL EL.ASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PEIR.DF2 N219-7 TENSION 2.5HR iSOF 7DAY

WEI(HT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i t.243 4.7 3.3 -4.0 -2.0
SAMPLE 2 i. 250 S.6 3.s -2.0 2.0
SAMPLE 3 1.249 S.4 3.4 0.0 3.0
SAMPLE 4 i.249 5.9 3.7 -2.0 0.0
SAMPLE S 1.246 S.5 3.4 -1.0 2.0
AVERAGE 1.247 5.4 3.4 -1.8 1.0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 EPR COMP 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.207 43.6 42.4 -1.0 2.0

SAMPLE 2 1.i95 40.4 39.S 0.0 0.0
SAMPLE 3 1.199 4S.6 43.7 -3.0 4.0
SAMPI.E 4 1.206 41.3 38.8 -4.0 -2.0
SAMPLE S 1.212 45.8 44.6 -S.0 0.0
AVERAGE 1.204 43.4 4t.8 -2.6 -0.8

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 EPR FREE 2.SHR i50F 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.189 90.7 8S.9 -i0.0 -3.0
SAMPLE 2 1.187 84.3 81.3 -8.0 -7.0
SAMPLE 3 ii9 87.6 82.1 -6.0 -il.0
SAMPLE 4 i1.87 8t.4 80.S -7.0 -S.0
SAMPLE 5 1.187 61.1 61.7 -S.0 -'3.0
AVERAGE i.188 81.0 78.3 -7.2 -5.8
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 EPR TENSION 2.5HR I50F 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.189 64.S 63.3 -8.0 -4.0
SAMPLE 2 i.I88 55.7 55.5 -9.0 -4.0
SAMPLE 3 i.181 57.1 53.8 -6.0 -3.0
SAMPLE 4 1.184 58.6 56.6 -S.0 -2.0

SAMPLE 5 i 183 44.4 44.9 -8.0 -2.0
AVERAGE i U3t5 56.1 54.8 -7.2 -3.0

FUEL. ELASTOMER ENVIRON SJAK TIME TEMP DRY TIME
PETR .DF2 VtTON COMP 2.SHR iSOF 7DAY

WE IGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE . 1. 690 -7.0 --3.5 -1.0 0.0
SAMPLE 2 1. 658 -7.0 -5.1 -1.0 -2.0
SAMPLE 3 1.652 -6.9 -5.5 0.0 .2.0
SAMPLE 4 i.65S -7.1 -5.8 -1.0 0.0
SAMPLE 5 ..649 -7 S -6.3 -i. 0 -.i 0
AVERAGE i.66 -7 i -!.2 -0.8 -1.0

FUEL ELASTOMER ENVIRON SOAK 1IE TEMP DRY TIME
PETR.DF2 VITON FREE 2 SHR .SOF 7DAY

WEIGHT & HARDNESS DATA
Sc %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i I.652 -6 i -6.0 -2.0 -2.0

SAMPLE 2 1.649 -7.3 -5.4 0.0 1 0
SAMPLE 3 1.658 -6.6 -4.8 0.0 0.0
SAMPLE 4 i.65i -6.7 -s.6 -1.0 -2.0
SAMPLE 5 i.65S -7.0 -S.5 -2.0 -2.0
AVERAGE 1.653 -6.7 -5.4 --1.0 -i.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 VITON TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.651 -6.9 -5.6 -3.0 -2.0
SAMPLE 2 1.644 -io.3 -S5. 0.0 £ 0
SAMPLE 3 1.655 -5.8 -5.5 -2.0 -3.0
SAMPLE 4 1.621 -6.6 -6.2 -1.0 -1.0
SAMPLE 5 1.658 -6.5 -5.2 -2.0 -1.0
AVERAGE 1.645 -7.2 -5.6 -1.6 -1.2
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

PETR.DF2 A700 COMP 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.267 4.7 2.9 3.0 1.0

SAMPLE 2 1.264 4.6 3.8 0.0 -1.0

SAMPLE 3 1.264 4.7 4.3 -2.0 .0

SAMPLE 4 1.261 4.8 S.0 -1.0 0.0

SAMPLE S 1.261 4.3 4.2 -1.0 .-.i.o

AVERAGE 1 263 4.6 4.0 -0.2 -0.4

FUEL EIASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PETR.DF2 A700 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.259 S.i S.7 -2.0 10
SAMPLE 2 i 2SS 4.9 5.6 -2.0 0.0

SAMPLE 3 i.2S4 S.0 5.2 0.0 0.0

SAMPI.E 4 1. 2S0 5 6 5.4 -1.0 0.0
SAMPLE S i 2Si 4.8 4.8 -1.0 .0

AVERAGE 1. S4 S.1 5.3 -1.2 -0.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

PETR .1F' A700 TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DAIA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.249 4.7 4.0 -2.0 -2.0

SAMPLE 2 i.2Si S. 53 -. i 0 1.0
SAMPLE 3 1.2S2 5.4 S.2 0.0 0.0
SAMPLE 4 i.2S6 4.8 4.7 0.0 1..0

SAMPLE S i.2SS 4.S 4.9 L.0 t.0

AVERAGE i. S3 4.9 4.8 -0.4 0.2
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

MTG VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.764 3.1 -2.2 -2.0 1.0
SAMPLE 2 1.778 7,7 -2.2 -4.0 -2.0

AVERAGE 1.771 5.4 -2.2 -3.0 -O.S

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG VITON FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.764 3.1 -2.0 -2.0 1.0
SAMPLE 2 1.763 2.8 -2.5 -1.O -4.0
AVERAGE 1.763 3.0 -2.3 -1.s -.i.s

FUEl.. FLASTOMER ENVIRON SOAK TIME TEMP DRY TIME

MTG SR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.252 14.S -11.4 -1.0 4.0
SAMPLE 2 i.252 9 3 -13.2 1.0 5.0
AVERAGE 1.2S2 11.9 -12.3 0.0 4.5

E FUEL FLASTOMER ENVIRON SOAK TIME TEMP DRY TIME

MTG SR FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.249 23.1 -14.8 -3.0 2.0

SAMPLE 2 1.269 27.3 -15.7 -1.0 2.0

AVERAGE 1.2S9 2S.2 -15.2 -2.0 2.0

FUEL ELA ])TOMER ENVIRON SOAK TIME TEMP DRY TIME

MTG NITRILE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.264 28.2 -12.0 -i.O 6.0

SAMPLE 2 1.283 27.9 -1.1.4 -1.0 5.0
AVERAGE 1.273 28.1 -11.7 -1.0 5.5
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG NITRILE FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE I 1.287 24.2 -8.3 4.0 4.0
SAMPLE 2 1.288 22.0 -8.5 4.0 4.0
AVERAGE 1.287 23.1 -8.4 4.0 4.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

MTC A700 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.269 S8.4 -9.7 -4.0 2.0
SAMPLE 2 1.267 58.7 -9.6 -4.0 2.0
AVERAGE 1.268 58.S -9.6 -4.0 2.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG A700 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.261 44.1 1.5 -t.0 -i.0
SAMPLE 2 1.248 41.S -2.4 -3.0 -1.0
AVERAGE i.2SS 42.8 -O.S -2.0 --1.0

FUEL FLA13TOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG N674-N FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.264 31.3 -12.1 1.0 6.0
SAMPLE 2 1.287 3S.3 -11.7 0.0 2.0
AVERAGE 1.275 33.3 -11.9 0.S 4.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MIG N674-N FREE 72HR 7SF 7DAY

WEIGHI & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.281 32.2 -8.9 -3.0 -1.0
SAMPLE 2 1.280 29.7 -9.0 0.0 3.0
AVERACE 1.281 30.9 -8.9 -I.S 1.0
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FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG BUNA 70 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.233 35.6 -7.7 -3.0 S.0
SAMPLE 2 1.238 35.9 -6.3 -2.0 3.0
AVERAGE 1.236 3S.8 -7.0 -2.S 4 0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG BUNA 70 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.233 31.9 -9.0 o.0 0.0
SAMPI.E 2 : .2 . 9.0 -7 6 t.0 3.0
AVERAGE 1. 232 30 5 "-8.3 0.5 1.s

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG BUNA 90 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(t'ET) HC(DRY)

SAMPLE i 1.283 44.5 -1.1 0.0 4.0
SAMPLE 2 1.284 44.8 --1.5 0.0 3.0
AVERAGE 1.284 44.7 -1.3 0.0 3.S

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG BUNA 90 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.281 37.4 4.0 -1.0 3.0
SAMPLE 2 1.278 39.8 4.0 1.0 S.0
AVERAGE 1.280 38.6 4.0 0.0 4.0
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FULL.. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG SILICONE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.296 107.4 -1.3 -11.0 2.0
SAMPLE 2 1.389 104.4 -3.s -il.0 -i.0
AVERAGE 1.342 105.9 -2.4 -11.0 0.5

FUl. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
M, 'G SILICONE FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS D)ATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.289 842.7 -1.9 -6.0 0.0
SAMPL-E 2 J-363 68.6 -4.3 -5.0 -1.0
AVERAGE 1.326 7S.6 -3.1 -~S5 ... i35

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MIG EPR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.262 132.8 -2.2 -2,0 3.0
SAMPL.E 2 1.253 126.6 -0.5 -3.0 2.0
AVERAGE 1.258 129.7 -1.3 -2.S 2.S

*FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG EPR FREE 72HR 7SF 7DAY

* WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.261 79.9 2.6 -1.0 -1.0
SAMPLE 2 1.219 75.6 -10.8 0.0 3.0
AVERAGE 1.240 77.7 -4.1 -0.5 1.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG SR COMP. 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG ZVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.254 12.8 1.5 0.0 2.0
SAMPLE 2 1.254 15.7 1.7 -2.0 0.0
SAMPLE ~3 1.252 15.9 2.8 -3.0 --1.0
SAMPLE 4 1.255 15.4 2.2 -14.0 0.0
SAMPLE 5 1.257 15.3 2.2 -1.0 1.0
AVERAGE i.255 15.0 2.1 -4.0 0.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG SR FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.251 21.1 2.0 -4.0 0.0
SAMPLE 2 1.2S2 21.1 1.9 -4.0 -2.0
SAMPLE 3 1.-246 21.1 1.9 -5.0 0.0
SAMPLE 4 1.255 22.6 2.1 -t.0 2.0
SAMPLE S i.256 22.3 2.4 - .0 0.0
AVERAGE 1.252 21.6 2.0 -3.6 0.0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG SR TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS D)ATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.248 18.7 1.8 -4.0 1.0
SAMPLE 2 1.250 21.8 0.3 -4.0 1.0
SAMPLE 3 1.250 14.2 0.4 -6.0 -2.0
SAMPLE 4 1.250 20.4 0.1 -3.0 -1.0
SAMPLE S 1.342 9.3 21.3 0.0 4.0

UAVERAGE 1.268 16.9 4.8 -3.4 0.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG N219--7 COMP. 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(UET) %V RY) HC(WET) HC(DRY)

SAMPLE 1 1.251 18.0 1.0 -2.0 1.0
SAMPLE 2 1.253 17.1 1.7 -2.0 2.0
SAMPLE 3 1.252 18.2 3.3 -3.0 -2.0
SAMPLE 4 1.256 17.4 3.0 -1.0 -1.0
SAMPLE S 1.256 21.2 3.2 -2.0 1.0
AVERAGE 1.254 18.4 2.5 -;2.0 0.2

B-21



FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG N2i9-7 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE £ 1.250 20.2 3.2 -1.0 1.0
SAMPLE 2 1.249 23.2 1.3 -3.0 -1.0
SAMPLE 3 i.2SS 20.8 1.7 -3.0 0.0
SAMPLE 4 1.253 20.4 t.8 0.0 0.0
SAMPLE 5 1.252 20.9 0.7 -1.0 --1. 0
AVERAGE 1.252 21.1 1.7 -1.6 -0.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG N2'-19-7 TENSION 2.5HR 150F 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.253 24.1 2.6 -1.0 2.0
SAMPL.E 2 1.245 17.8 0.8 -2.0 2.0
SAMPLE 3 1.246 18.5 1.7 -2.0 1.0
SAMPLE 4 t.249 21.6 1.1 0.0 1.0
SAMPLE 5 1.251 21.8 1.1 -1.0 1.0
AVERAGE 1.249 20.8 1.5 -1.2 1.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MIG EPR COMP. 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.198 33.8 S.0 -2.0 1.0
SAMPLE 2 1..203 37.0 0.6 -5.0 0.0
SAMPLE 3 1.203 31.9 0.9 -4.0 1.0
SAMPLE 4 1.210 39.1 3.9 -3.0 -1.0
SAMPLE 5 1.185 33.1 2.0 -40-3.0
AVERAGE 1.200 35.0 2.5 -3.6 -0.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG EPR FREE 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.191 61.S -4.6 -4.0 3.0
SAMPLE 2 1.190 60.3 -3.2 -4.0 0.0
SAMPLE 3 1.194 64.5 1.5 -6.0 -1.0
SAMPLE 4 1.191 61.9 3.4 -7.0 -1.0
SAMPLE S 1.192 58.4 4.4 -4.0 1.0
AVERAGE 1.092 61.3 0.3 -5.0 0.4
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG EPR TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG ZVS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.191 71.2 1.4 -6.0 2.0
SAMPLE 2 1.191 64.2 4.9 -S.0 1.0
SAMPLE 3 £.193 71.9 2.0 -S.0 1.0
SAMPLE 4 i.190 67.3 -4.8 --s.0 2.0
SAMPLE S 1.193 65.1 3.9 -4.0 6.0
AVERAGE 1.192 68.0 1.5 -S.0 2.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG VITON COMP. 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.838 4.7 0.7 -1.0 2.0
SAMPLE 2 1.822 3.9 -0.0 0.0 -1.0
SAMPLE 3 1.801 2.7 -0.6 -1.0 0.0
SAMPLE 4 1..803 3.0 -0.5 0.0 -2.0
SAMPLE S 1.804 3.1 -1.1 -1.0 0.0
AVERAGE 1.814 3.5 -0.3 -0.6 -0.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG VITON FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.810 3.3 -1.0 -1.0 1.0)
*SAMPLE 2 1.808 3.1 1.0 0.0 1.0

SAMPLE 3 1.811 3.7 -1.7 0.0 0.0
SAMPLE 4 1.817 3.7 1.0 1.0 2.0
SAMPLE S 1.819 3.9 0.8 -1.0 -3.0
AVERAGE 1.813 3.S -0.0 -0.2 0.2

C.FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG VITON TENSION 2.SHR i'SOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.798 3.4 -0.2 1.0 0.0
SAMPLE 2 1.807 3.5 0.4 -1.0 -1.0
SAMPLE 3 1.808 3.2 -0.9 1.0 0.0
SAMPLE 4 1.825 4.S -0.0 0.0 1.0
SAMPLE 5 1.826 4.1 0.1 -1.0 1.0
AVERiAGE 1.813 3.7 -0.1 0.0 0.2
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG A700 COMP. 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.263 16.8 1.3 2.0 4.0
SAMPLE 2 £.265 19.1 1.1 -1.0 3.0
SAMPLE 3 i.2ss 16.2 0.1 0.0 2.0
SAMPLE 4 i.25S 17.9 2.8 2.0 4.0
SAMPLE S i.256 16.0 3.8 -1.0 2.0
AVERAGE 1.259 17.2 1.8 0.4 3.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG A700 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.257 24.2 4.S 0.0 4.0
SAMPLE 2 1.256 24.1 0.3 -1.0 1.0
SAMPLE 3 1.251 21.2 3.8 -1.0 1.0
SAMPLE 4 1.245 19.5 1.8 0.0 1.0
SAMPLE 5 1.249 24.S 2.8 -2.0 1.0
AVERAGE 1.2S2 22.7 2.6 -0.8 1.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
MTG A700 TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1. 1.249 19.7 2.3 -4.0 1.0
SAMPLE 2 1.254 t8.3 2.4 2.0 4.0
SAMPLE 3 1.250 18.6 -0.s 1.0 S.0
SAMPLE 4 1.250 18.0 1.6 0.0 2.0
SAMPLE S 1.254 19.1 2.0 -2.0 1.0

~AVERAGE i.251 18.7 1.s -0.6 2.6

B-24



Hs SOME a "ARISS

ORIGINAL SO

2416 SOAK ol Ho

PlAY lAo6

VITO" SR WITRILE AMS H674-7 PUNA 76 PUNA 90 SILICONE EPR

ELRSTOMER TYPE

SHORE A HARDNESS WITH PARAHO DFM
(SOAK TEMP 75 0 F TIME =24HR)

SHORE A HARDNESS

too

ORIGINAL A

7214R SOAK 76 oo

35 im
a. lp r

SHORE~~~~~ AH DNSITHPRHmF

4.

4.

IIL

MION SR NITRILE AM6 N6l4-? IWIA 76 WINQ 90 SILICONE EPt

ELASTONER TYPE

SHORE A HARDNESS WITH PARAHO DFM
(SOAK TEMP 7 50F TIFE - FR)

IGS "OE A HRDNES

ORIGINAL 9



S.HORE[ HARDNESS

ORIGINAL 96

2.6 NO SOAK 70

?~~ 10,ltY S

40

3.

lo las.o

VITON S NITRILE AMA N219-? DUNA 76 DUMP 90 SILICONE EPA

CLASYONER TYPE

SHORE A HARDNESS WITH PARAHO DFM
(SOAK TEMP 150°F TOFT - TENSION)

s$SHORE A HARDNESS

ORIGINAL 94

2.6 no SOAK 70

? Day DRY so o

40

200
2 '

00

VITON SR HITRIL A799 N219-? DUNA 70 DUNA 90 SILICONE EPA

ELASTONEN TYPE

SHORE A HARDNESS WITH PARAHO DFM
(SOAK TEMP = 150OF TOFT - COMPRESSION)

B-26

. /



I cc

- --. - -I

.- E-4

E--4

1 - 4

*B-2



FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE I 1.786 3.1 1.3 -2.0 0.0
SAMPLE 2 1.72S -1.2 O.i -1.0 0.0
AVERAGF 1.7SS 1.0 0.7 -i.s 0.0

-FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM VITON FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.7S6 3.4 -0.6 1.0 1.0
SAMPLE 2 ..717 -1.3 -2.6 1.0 1.0
AVERAGE 1.736 1.0 -1.7 1.0 1.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.266 s.i --1.0 -9.0 -5.0
SAMPLE 2 1.278 4.8 -0.7 -9.0 -S.0
AVERAGE 1.272 4.9 -0.8 -9.0 -5.0

FUEL ELIASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SR FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE i i.27S 3.9 -0.7 -1.0 0.0
SAMPLE 2 1.247 3.6 -0.3 0.0 1.0
AVERAGE 1.261 3.8 -0.S -O.S O.S
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

DFM NITRILE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.233 -1.1 -5.9 2.0 0.0
SAMPLE 2 1.269 3.1 -2.0 5.0 3.0
AVERAGE 1.251 1.0 -3.9 3.S I.S

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM NITRILE FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.180 -3.0 -1.2 0.0 0.0
SAMPLE 2 1.233 -3.6 -0.3 0.0 0.0
AVERAGE 1.206 -3.3 -0.8 0.0 0.0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM A700 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.367 13.S 5.3 0.0 0.0
SAMPLE 2 1.336 6.8 3.3 0.0 0.0
AVERAGE 1.351 10.2 4.3 0.0 0.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM A700 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.334 13.3 4.9 1.0 1.0
SAMPLE 2 1.309 7.9 3.2 0.0 0.0
AVERAGE 1.321 10.6 4.1 O.s 0.s
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

DFM N674-7 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG ZVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.271 2.1 -1.8 -2.0 1.0

SAMPLE 2 1.27S 3.4 -1.6 -1.0 2.0

AVERAGE 1.273 2.8 -1.7 -i.s i.S

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

DFM N674-7 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I 1.294 i.S 4.2 1.0 1.0

SAMPLE 2 1.290 5.6 3.3 0.0 0.0

AVERAGE 1.292 3.6 3.8 0.5 0.5

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

DFM BUNA 70 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.264 4.9 2.2 -2.0 -.t.0
SAMPLE 2 i.259 5.0 3.3 -f.0 0.0
AVERAGE 1.262 5.0 2.7 -1.5 -0.5

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA /O FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 t.190 2.7 -6.2 -1.0 1.0
SAMPLE 2 1.218 6.5 -2.9 -2.0 -1.0
AVERAGE 1.204 4.6 -4.5 -1.5 0.0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA 90 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I I 388 13.9 8.6 -1.0 1.0
SAMPLE 2 1.321 6.4 3.1 0.0 0.0
AVERAGE 1.35S iO.1 5.9 -o.s 0.5
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA 90 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) ZYS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.326 11.7 4.9 -1.0 0.0
SAMPLE 2 1.308 9.3 3.0 -1.0 0.0
AVERAGE t.37 10.5 4.0 -1.0 0.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SILICONE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.208 ss.3 49.5 -6.0 0.0
SAMPLE 2 1.316 46.4 44.3 -5.0 -1.0
AVERAGE 1.262 s0.8 46.9 -s.s -O.s

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SILICONE FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.368 58.1 59.5 -5.0 -i.0

SAMPLE 2 1.400 60.6 57.5 -4.0 -1.0
AVERAGE 1.384 59.3 58.5 -4.S -i.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM EPR FREE 24HR 75F 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.238 i28.7 l19.6 -4.0 -2.0
SAMPLE 2 1.226 124.4 119.4 -7.0 -4.0
AVERAGE 1.232 126.5 119.5 -5.5 -3.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM EPR FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I 1.235 127.7 12s.3 -6.0 -1.0
SAMPLE 2 1.229 125.5 124.6 -5.0 -2.0
AVERAGE 1.232 126.6 125.0 -S.5 -1.5
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SR COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.242 3.5 0.2 3.0 0.0
SAMPLE 2 1.241 3.0 0.0 4.0 0.0
SAMPLE 3 1.242 3.1 1.1 3.0 0.0
SAMPLE 4 1.235 2.3 0.2 4.0 0.0
SAMPLE 5 1.240 2.2 0.3 4.0 0.0
AVERAGE 1.240 2.8 0.4 3.6 0.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

DFM SR FREE 2.5HR iSOF 7DAYI

WEIGHT & HARDNESS DATA
SG ZVS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.239 2.8 0.5 5.0 0.0
SAMPLE 2 1.244 3.2 1.2 5.0 2.0
SAMPLE 3 1.247 3.3 1.6 4.0 -2.0
SAMPLE 4 1.248 4.1 2.1 6.0 0.0
SAMPLE S i.252 4.4 2.2 4.0 0.0
AVERAGE t.246 3.6 1.5 4.8 0.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SR TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.250 3.7 1.8 5.0 i.0
SAMPLE 2 1.248 3.2 1.1 4.0 0.0
SAMPLE 3 1.252 3.S 1.2 5.0 1.0
SAMPLE 4 1.256 3.8 1.1 7.0 2.0
SAMPLE 5 1.256 4.0 1.7 8.0 2.0
AVERAGE 1.252 3.6 1.4 5.8 1.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM NITRILE COMP 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.265 4.5 2.3 -2.0 9.0
SAMPLE 2 1.262 6.8 2.6 -3.0 10.0
SAMPLE 3 1.262 6.5 2.2 -3.0 9.0
SAMPLE 4 1.257 5.4 2.1 2.0 10.0
SAMPLE 5 1.260 6.0 21-.8 1.0 11.0
AVERAGE 1.261. S.8 2.4 -1.0 9.8

B-32



FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM NITRILE FREE 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.257 S.8 2.3 2.0 10.0
SAMPLE 2 1.254 5.4 1.8 0.0 11.0
SAMPLE 3 1.254 4.9 2.0 -2.0 8.0

SAMPLE 4 1.255 6.6 2.3 3.0 11.0
SAMPLE S 1.251 5.2 1.7 2.0 13.0
AVERAGE 1.254 S.6 2.0 1.0 10.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

DFM NITRILE TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.257 6.9 1.6 1.0 8.0
SAMPLE 2 1..254 5.2 1.5 2.0 10.0
SAMPLE 3 1.257 6.8 2.5 2.0 11.0
SAMPLE 4 1.258 6.0 1.8 -2.0 9.0
SAMPLE S 1.257 S.9 2.0 -2.0 8.0
AVERAGE 1.257 6.2 1.9 0.2 9.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM N219-7 COMP 2.5HR 150F 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) CDY

SAMPLE 1 1.271 3.9 1.2 0.0 -1.0
SAMPLE 2 1.268 6.4 1.2 0.0 0.0
SAMPLE 3 1.273 6.7 1.4 -1.0 --1.0
SAMPLE 4 1.271 6.8 1.2 0.0 1.0
SAMPLE 5 1.271 7.3 1.0 0.0 0.0
AVERAGE J.271 6.2 1.2 -0.2 -0.2

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM N219-7 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS D)ATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

*SAMPLE 1 1.274 6.2 2.1 0.0 1.0

SAMPLE 2 1.278 7.3 2.2 0.0 -1.0
SAMPLE 3 1.278 6.0 2.4 0.0 0.0
SAMPLE 4 t.304 8.1 4.2 0.0 0.0
SAMPLE S 1.291 6.9 2.2 1.0 0.0
AVERAGE 1.285 6.9 2.6 0.2 0.0
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FUEL ELASTOKER ENVIRON SOAK TIME TEMP DRY TIME
DFM N219-7 TENSION 2.SHR t5DF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.288 7.2 1.7 1.0 0.0
SAMPLE 2 1.288 7.5 2.3 2.0 1.0
SAMPLE 3 1.279 6.1 2.1 -26.1 1.4
SAMPLE 4 1.280 6.2 2.9 0.0 0.0
SAMPLE S i.280 5.7 2.6 0.0 0.0
AVERAGE 1.283 6.5 2.3 -4.6 O.S

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA 70 COMP 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.267 5.3 8.8 0.0 7.0
SAMPLE 2 1.217 11.1 i.4 0.0 4.0
SAMPLE 3 1.210 7.S 9.7 0.0 7.0
SAMPLE 4 1.204 6.1 6.8 0.0 8.0
SAMPLE 5 1.208 8.2 3.0 0.0 9.0
AVERAGE 1.221 7.7 7.9 0.0 7.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA 70 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.208 8.9 5.5 0.0 7.0
SAMPLE 2 1.206 9.2 3.s 0.0 6.0
SAMPLE 3 t.212 iO.O 10.2 -1.0 S.0
SAMPLE 4 1.208 8.S 6.1 0.0 6.0
SAMPLE 5 1.209 8.9 7.5 0.0 8.0
AVERAGE 1.209 9.1 6.5 -0.2 6.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA 70 TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.211 8.3 S.7 0.0 7.0
SAMPLE 2 1.212 7.9 9.7 0.0 7.0
SAMPLE 3 1.234 iO.1 10.3 0.0 7.0
SAMPLE 4 1.229 8.8 4.4 0.0 7.0
SAMPLE S 1.227 8.7 4.8 0.0 6.0
AVERAGE 1.223 8.8 7.0 0.0 6.8
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA 90 COMP 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.306 1.0 1.8 0.0 -1.0
SAMPLE 2 1.295 -2.7 -2.2 0.0 -2.0
SAMPLE 3 1.304 1.0 1.9 0.0 0.0
SAMPLE 4 1.304 1.1 2.1 0.0 -2.0
SAMPLE 5 1.305 1.3 2.3 8.0 6.0
AVERAGE 1.303 0.3 1.2 1.6 0.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA 90 FREE 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.303 1.1 2.0 4.0 2.0
SAMPLE 2 1.305 1.3 1.9 0.0 0.0
SAMPLE 3 1.305 1.4 2.0 -1.0 --1.0
SAMPLE 4 1.309 1.8 2.6 1.0 1.0
SAMPLE 5 1.309 1.7 2.4 2.0 1.0
AVERAGE 1,306 i.5 2.2 1.2 0.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM BUNA 90 TENSION 2.SHR ISOF 7DAY

WEIGHT & HARDNE3S, DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.307 1.8 2.2 0.0 2.0
SAMPLE 2 1.304 2.1 2.S 1.0 1.0
SAMPLE 3 1.308 2.4 2.6 1.0 -2.0
SAMPLE 4 1.313 3.1 3.0 0.0 -1.0
SAMPLE S 1.321 3.8 3.4 1.0 -1.0
AVERAGE i.31t 2.6 2.7 0.6 -0.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SL.ICONE COMP 2.5HR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.5i6 36.7 35.6 -14.0 -14.0
SAMPLE 2 1.547 42.7 4t.8 -12.0 -14.0
SAMPLE 3 1.548 41.1 39.3 -12.0 -14.0
SAMPLE 4 1.543 40.8 39.3 -i1.0 -13.0
SAMPLE 5 1.544 35.3 33.2 -13.0 -14.0
AVERAGE 1.540 39.3 37.8 -12.4 -13.8
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SILICONE FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.538 48.5 37.4 -15.0 -14.0
SAMPLE 2 i.512 47.6 4S.6 -12.0 -14.0
SAMPLE 3 1.52S 45.7 44.0 -12.0 -15S.0
SAMPLE 4 1.529 49.6 47.8 -15.0 -17.0
SAMPLE S 1.SS7 49.4 46.9 -14.0 -1.4.0
AVERAGE i.S32 48.2 44.4 -13.6 -t4.8

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM SILICONE TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATe(
SG %VStWET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.544 38.6 37.4 -13.0 -13.0
SAMPLE 2 1.559 50.4 47.4 -13.0 -15.0o
SAMPLE 3 1.529 38.3 35.5 -13.0 -1.6.0
SAMPLE 4 1.536 38.1 36.5 -13.0 -13.0
SAMPLE S i.531 37.3 35.8 -11.0 -12.0
AVERAGE 1.540 40.5 38.5 -12.6 -13.8

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM EPR COMP 2.SHR 1.SOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.193 37.6 37.6 -19.0 -19.0
SAMPLE 2 1.188 41.0 39.S -19.0 -15.0
SAMPLE 3 1.187 47.1 45.0 -14.0 -13.0
SAMPLE 4 1.187 36.9 35.1 -20.0 -16.0
SAMPLE S 1.191 50.7 48.6 -10.0 -11.0
AVERAGE 1.189 42.7 41.2 -17.8 -14.8

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM EPR FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.193 64.6 62.1 -16.0 -16.0
SAMPLE 2 1.191 73.0 69.9 -18.0 -13.0
SAMPLE 3 1.194 71.6 70.0 -16.0 -16.0
SAMPLE 4 1.191 6S.3 57.7 -17.0 -11.0
SAMPLE 5 1.19. 88.1 84.2 -21.0 -13.0
AVERAGE 1.192 72.5 68.8 -17.6 --13.8
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY Timr
DFM EPR TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.191 38.9 64.5 -21.0 -16.0
SAMPLE 2 1.190 34.9 63.9 -16.0 -13.0
SAMPLE 3 1.195 70.3 68.2 -is.0 -14.0
SAMPLE 4 1.193 64.3 62.7 -19.0 -16.0
SAMPLE S 1.199 72.9 70.5 -18.0 -15.0
AVERAGE 1.194 S6.3 66.0 -17.8 -14.8

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM VITON COMP 2.5HR iSOF 7DAY

WEIGHT N HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.863 3.2 1.0 2.0 S.0
SAMPLE 2 1.866 3.7 3.3 -1.0 1.0
SAMPLE 3 1.856 4.2 2.8 2.0 S.0
SAMPLE 4 1.846 2.9 2.6 2.0 4.0
SAMPLE 5 1.853 3.5 2.3 0.0 4.0
AVERAGE 1.857 3.5 2.4 1.0 3.8

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM VITON FREE 2.5HR i5OF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.841 2.7 1.5 3.0 4.0
SAMPLE 2 1-.849 4.0 i.s 1.0 5.0
SAMPLE 3 1.852 4.1 2.3 3.0 5.0
SAMPLE 4 1.843 3.5 2.0 4.0 6.0
SAMPLE S 1.847 3.7 2.0 5.0 6.0
AVERAGE 1.846 3.6 t.9 3.2 5.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM VITON TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
*SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I 1.858 3.4 2.2 1.0 11-.0
SAMPLE 2 1.854 3.4 2.0 2.0 3.0
SAMPLE 3 1.854 4.9 2.7 0.0 3.0
SAMPLE 4 1.855 5.9 3.0 4.0S0
SAMPLE S 1.852 4.8 2.5 1.0 2.0
AVERAGE i.8s5 4.5 2.5 1.6 3.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM A700 COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.263 4.S 3.7 1.0 l.0
SAMPLE 2 1.262 S.8 3.7 7.0 i0.0
SAMPLE 3 1.267 S.4 4.4 S.0 i1.0
SAMPLE 4 1.269 6.3 4.8 5.0 13.0
SAMPLE S 1.273 6.2 4.8 7.0 .i.0
AVERAGE 1.267 5.7 4.3 S.0 ii.2

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM A700 FREE 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.268 6.8 S.6 3.0 i0.0
SAMPLE 2 1.269 6.2 5.2 2.0 9.0
SAMPLE 3 1.267 6.2 4.9 6.0 7.0
SAMPLE 4 1.274 7.4 6.0 t.0 9.0
SAMPLE 5 1.269 S.9 S.2 3.0 7.0
AVERAGE 1.269 6.S S.4 3.0 8.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM A700 TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SQ %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.263 S.3 S.i 3.0 9.0
SAMPLE 2 i.26S 6.S 4.8 4.0 9.0
SAMPLE 3 1.266 6.S S.S 2.0 iO.o
SAMPLE 4 1.271. 6.4 S.6 4.0 i.0
SAMPLE S 1.268 6.7 S.6 4.0 12.0
AVERAGE 1.267 6.3 S.3 3.4 10.2

B3
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.788 4.3 1.2 -2.0 -5.0

SAMPLE 2 1.827 5.8 2.5 0.0 0.0

AVERAGE 1.808 S.0 1.9 -1.0 -2.5

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM VITON FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1,814 6.2 3.7 -3.0 0.0

SAMPLE 2 1.814 4.3 0.8 -3.0 0.0

AVERAGE 1.814 5.2 2.2 -3.0 0.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

S0%AROM SR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.249 iO.o 4.0 -3.0 -4.0
SAMPLE 2 i.2S3 9.9 3.3 -2.0 -4.0
AVERAGE 1.251 9.9 3.7 -2.5 -2.S

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

SOXAROM SR FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.250 9.9 3.3 -3.0 0.0
SAMPLE 2 1.248 8.3 0.0 -3.0 -1.0
AVERAGE t.249 9.1 1.7 -3.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOXAROM NITRILE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.282 11.8 4.8 -1.0 5.0
SAMPLE 2 1.277 11.4 5.8 0.0 3.0
AVERAGE 1.279 11.6 S.3 -0.5 4.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM NITRILE FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.290 12.4 1.8 -2.0 1.0
SAMPLE 2 1.300 13.2 0.3 -2.0 0.0
AVERAGE 1.295 12.8 1.1 -2.0 0.S

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM A700 FREE '24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) /VS(DRY) HC(WET) HC(DRY)

SAMPL..E . J..294 16.1 9.1 -3.0 -3.0
SAMPLE 2 i..30i i1.9 7.7 --3.0 0.0
AVERAGE 1.298 14.0 8.4 -3.0 -1.5

FUEL. E:LASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOXAROM A700 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.302 1L3.0 1.8 -2.0 0.0
SAMPLE 2 1.302 13.9 2.8 -3.0 0.0
AVERAGE 1.302 13.4 2.3 -2.S 0.0
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FUEL FLASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50 XAROM N674-7 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.281 12.1 S.6 1.0 3.0
SAMPLE 2 1.279 11.3 4.1 -1.0 -1.0
AVERAGE 1.280 11.7 4.8 0.0 1.0

FUEL [LASTOMER ENVIRON SOAK TIME TEMP DRY TIME
5OXAROM N674-7 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1. 288 13.6 3.4 -2.0 0.0
SAMPLE 2 1. 285 13.3 2.7 '-2.0 -1.0
AVERAGE 1. 286 13.4 3.0 -2.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SO%AROM PUNA 70 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.255 14.S 8.3 1.0 4.0
SAMPLE 2 i.2S2 13.9 8.5 2 0 3.0
AVERAGE i.2S3 14.2 8.4 1.5 3.5

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM PUNA 70 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA

SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.249 16.0 7.3 1.0 0.0
SAMPLE 2 1.248 17.S 6.1 2.0 0.0
AVERAGE 1.249 16.8 6.7 1.S 0.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOXAROM BUNA 90 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.297 8.7 8.1 1.0 1.0
SAMPLE 2 1.296 7.9 7.3 -1.0 -1.0
AVERAGE 1.296 8.3 7.7 0.0 0.0

FUEL ELASTMER ENVIRON SOAK TIME TEMP DRY TIME
SO.AROM BUNA 90 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.30i 10.3 6.7 0.0 -3.0
SAMPLE 2 J.283 i0.9 4.1 1.0 0.0
AVERAGE i .292 10.6 5.4 0.5 -1.s

FI[. ELASTOjMER ENVIRON SOAK TIME TEMP DRY TIME
5O%AROM SILICONE: FREE 1?4 14R 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMP ... I 1.396 70.8 S2.2 -2.0 -4.0
SHMPI E 2 1.409 76.5 S4.7 -2.0 I.0
AVERAGE 1.402 73.7 53.4 -2.0 1.S

FULL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SO%AROM S,..L I CONf FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) "VS(DRY) HC(WET) HC(DRY)

SAMPLE 1. 1.326 89.5 75.3 -S.0 -2.0
SAMPLE 2 1..402 7i..7 S7.9 -5.0 -2.0
AVERAGE 1.364 80.6 66.6 -S.0 -2.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM EPR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.2 24 128.9 i0s.8 -4.0 -.
SAMPLE 2 1.224 128.9 1iO.9 -5.0 -2.0
AVERAGE 1 .224 128.9 108.3 -4.5 .. 5
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
S0%AROM EPR FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.231 132.1 109.0 -5.0 72S.0
SAMPLE 2 1.232 129.4 ii0.6 -S.0 -3.0
AVERAGE 1.232 130.8 109.8 -5.0 361.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SO%AROM SR COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.274 8.7 4.9 -2.0 --1.0
SAMPLE 2 1.274 8.4 4.7 1.0 1.0
SAMPLE 3 1.273 7.9 4.1 0.0 0.0
SAMPLE 4 1.279 (3.9 4.8 -2.0 0.0
SAMPLE S 1.279 8.9 4.8 -3.0 -2.0
AVERAGE 1.276 8.6 4.7 -1.2 -0.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM SR FREE 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.281 il.2 7.3 1.0 S.0
SAMPLE 2 1.277 12.S 6.4 1.0 4.0
SAMPLE 3 1.279 10.9 6.6 0.0 1.0
SAMPLE 4 1.304 13.7 8.7 0.0 2.0
SAMPLE S 1.30S 13.0 8.7 -2.0 0.0
AVERAGE 1.289 12.2 7.6 0.0 2.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM SR TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.262 9.9 S.3 -2.0 0.0
SAMPLE 2 i.26S 7.7 2.7 -2.0 -1.0
SAMPLE 3 1.270 6.2 2.5 -1.0 -.i.O
SAMPLE 4 1.262 1i.6 S.8 -3.0 -1.0
SAMPLE S 1.266 9.3 4.2 -3.0 1.0
AVERAGE i.26S 8.9 4.1 -2.2 -0.4
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOXAROM NITRILE COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.24S S.7 1.2 0.0 S.0
SAMPLE 2 1.246 s.i -2.6 0.0 4.0
SAMPLE 3 1.245 5.9 2.0 0.0 4.0
SAMPLE 4 1.244 4.4 0.8 0.0 2.0
SAMPLE S 1.246 S.9 2.0 0.0 4.0
AVERAGE i.24S 5.4 0.7 0.0 3.8

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SO%AROM NITRILE FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.246 6.9 2.3 -2.0 -1.0
SAMPLE 2 1.247 6.9 2.3 -3.0 2.0
SAMPLE 3 1.245 6.2 2.0 -1.0 0.0
SAMPLE 4 1.249 6.6 2.7 -1.0 S.0
SAMPLE S 1.247 6.5 2.5 -1.0 3.0
AVERAGE 1.247 6.6 2.4 -1.6 1.8

FUEL EL.ASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM NITRILE TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.248 7.9 3.9 -1.0 2.0
SAMPLE 2 1.248 9.0 3.9 0.0 3.0
SAMPLE 3 i.2Si 6.8 2.8 -1.0 3.0
SAMPLE 4 i.2S2 3.2 0.4 -2.0 0.0
SAMPLE 5 1.246 7.2 2.4 -1.0 2.0
AVERAGE 1.249 6.8 2.7 -1.0 2.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM N219-7 COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.242 6.2 4.8 -1.0 -3.0
SAMPLE 2 1.244 7.1 SS -1.0 -4.0
SAMPLE 3 i.245 7.4 S.8 -1.0 -5.0
SAMPLE 4 1.243 6.0 1.4 -1.0 -3.0
SAMPLE S 1.246 8.7 S.3 1.0 -4.0
AVERAGE 1.244 7.1 4.6 -0.6 -3.8
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM N219-7 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.244 8.6 5.8 -2.0 -6.0
SAMPLE 2 1.246 8.4 6.7 -1.0 -5.0
SAMPLE 3 1.246 li.i 7.5 -i.0 -5.0

SAMPLE 4 i.245 8.3 5.9 -1.0 -7.0
SAMPLE S 1.248 8.0 6.3 -2.0 -7.0
AVERAGE 1.246 8.9 6.4 -i.4 -6.0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM N219-7 TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SC XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.248 8.3 6.6 -2.0 -6.0
SAMPLE 2 1.249 iO.O 7.7 -1.0 -4.0

SAMPLE 3 1.247 8.S 6.2 -1.0 -5.0
SAMPLE 4 1.246 9.1 6.8 -1.0 -5.0
SAMPLE S 1.245 8.0 6.8 -1.0 -5.0
AVERAGE 1.247 8.8 6.8 -1.2 -5.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

SOAROM BUNA 70 COMP 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE . 1.217 9.3 7.4 8.0 t2.0

SAMPLE 2 i.2iS 9.4 6.5 7.0 9.0
SAMPLE 3 1.212 8.2 6.0 9.0 1.i.0
SAMPLE 4 i.2i7 8.8 6.5 6.0 12.0
SAMPLE 5 1.220 9.8 6.7 6.0 12.0
AVERAGE 1.216 9.1 6.6 7.2 £i.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

SOAROM BUNA 70 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.219 11.9 8.6 7.0 9.0

SAMPLE 2 1.219 12.8 9.8 5.0 9.0
SAMPLE 3 1.219 £2.7 9.S 7.0 8.0

SAMPLE 4 1.229 11.9 9.5 7.0 11.0

SAMPLE S i.225 13.0 9.9 4.0 9.0
AVERAGE 1.222 i2.5 9.4 6.0 9.2

B-48

l t d O - .. .... i I .. . : . . . .... . . .. ... I, •



FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
58%AROM BUNA 70 TENSION 2.SHR i50F 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1..226 12.1 9.2 7.0 11.0
SAMPLE 2 i.225 11.8 iO.i 7.0 11.0
SAMPLE 3 i.225 i2.2 9.2 S.0 7.0
SAMPLE 4 1.228 13.6 iO.i 5.0 iO.O
SAMPLE 5 1.224 12.8 10.2 6.0 9.0
AVERAGE i.225 12.5 9.8 6.0 9.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
S0-AROM BUNA 90 COMP 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE . 1.317 7.1 4.9 -2.0 -1.0
SAMPLE 2 1.319 9.0 6.1 -1.0 -1.0
SAMPLE 3 ..321 8. 5.8 -2.0 -1. 0
SAMPLE 4 1.317 9.9 7.2 -2.0 -i 0
SAMPLE S ..321 i0.3 7.4 -1.0 "-t.0
AVERAGE 1.319 8.9 6.3 -1.6 -1.0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM BUNA 90 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.319 io.s 7.1 -3.0 --1.0
SAMPLE 2 1.321 10.8 7.2 -2.0 -1. 0
SAMPLE 3 .318 12.6 8.6 -2.0 1. 0
SAMPLE 4 1.318 J1.8 8.3 0.0 0.0
SAMPLE 5 1.323 10.8 7.2 0.0 1.0
AVERAGE 1 320 i.3 7.7 -t.4 -0.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM BUNA 90 TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SQ %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 ..318 12.S 6.6 -1.0 -1i.O
SAMPLE 2 1.319 11.1 5.S -2.0 -t.0
SAMPLE 3 1.330 13.7 7.7 -1.0 --.1.O
SAMPLE 4 1.324 11.8 7.1 -2.0 -2.0
SAMPLE 5 1.324 11.7 6.5 -3.0 ... 0
AVERAGE 1.323 12.1. 6.7 -1.8 -1.6
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM SILICONE COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.522 30.9 27.9 -4.0 1.0
SAMPLE 2 i.23 41.6 3S.6 -7.0 1.0
SAMPLE 3 i.527 3S.5 2S.7 -7.0 -3.0
SAMPLE 4 i.S25 42.0 3S.1 -6.0 0.0
SAMPLE S i.528 37.3 30.2 -6.0 -1.0
AVERAGE i.525 37.5 30.9 -6.0 -0.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM SILICONE FREE 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1530 59.0 48.9 -S.0 -2.0
SAMPLE 2 i.S3i 57.0 48.8 -S.0 -i.0
SAMPLE 3 t.536 68.9 57.8 -4.0 1.0
SAMPLE 4 i.53i 60.3 50.2 -6.0 1.0
SAMPLE 5 i.536 68.6 57.6 -6.0 1.0
AVERAGE i.533 62.8 52.7 -S.2 0.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
S0%AROM SILICONE TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i I.536 49.7 41.0 -6.0 2.0
SAMPLE 2 .534 49.9 42.9 -6.0 1.0
SAMPLE 3 i.536 S0.4 39.9 "-4.0 3.0
SAMPLE 4 i.538 49.2 39.0 -4.0 3.0
SAMPLE S 1.537 49.S 37.S -6.0 -3.0
AVERAGE 1.536 49.7 40.0 -S.2 1.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOXAROM EPR COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
Sc %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.208 47.3 42.0 0.0 -5.0
SAMPLE 2 1.207 43.0 38.9 -2.0 -8.0
SAMPLE 3 1.207 48.6 43.8 -3.0 -8.0
SAMPLE 4 1.206 59.2 S2.9 -i.C -8.0
SAMPLE 5 1.209 61.5 SS.i -1.0 -8.0
AVERAGE J.207 S1.9 46.6 -1.4 -7.4
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOXAROM EPR FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SQ %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.207 83.8 74.7 -3.0 -8.0
SAMPLE 2 1.206 74.8 68.0 -3.0 -8.0
SAMPLE 3 1.208 87.1 79.3 -3.0 -.8.0
SAMPLE 4 1.205 92.0 80.8 -2.0 -6.0
SAMPLE S 1.207 106.6 99.8 -3.0 -8.0
AVERAGE 1.207 88.9 80.5 -2.8 -'7.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM EPR TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SQ %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I i.205 84.1 76.0 -3.0 -7.0
SAMPLE 2 i.2i0 93.2 86.6 -1.0 -6.0
SAMPLE 3 1.212 90.S 82.9 -6.0 -iO0.
SAMPLE 4 i.205 87.1 79.8 -1.0 -7.0
SAMPLE S 1.205 84.3 77.2 -S.0 -i0.0
AVERAGE 1.207 87.8 8o.s -3.2 -8.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
S0%AROM VITON COMP 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.832 2.2 -1.0 2.0 4.0
SAMPLE 2 1 817 3.2 -5.2 1.0 3.0
SAMPLE 3 1.820 2.2 -1.7 0.0 1.0
SAMPLE 4 i.8i6 3.4 -1.3 2.0 3.0
SAMPLE S 1.822 1.4 -1.8 2.0 2.0
AVERAGE 1.821 2.S -2.2 1.4 2.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM VITON 2.SHR iSOF 7DAY OAROM

WEIGHT & HARDNESS DATA
SG %VS(WE'T) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.827 2.7 -0.7 1.0 2.0
SAMPLE 2 1.822 1.i -1.8 0.0 6.0
SAMPLE 3 1 .839 6.7 -0.3 -1.0 4.0
SAMPLE 4 1.831 2.2 -0.9 1.0 4.0
SAMPLE 5 1.832 2.3 .-0.7 0.0 6.0
AVERAGE 1.830 3.0 .0.9 0.2 4.4
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
S0%AROM VITON TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.,832 1.7 -0.4 1.0 S.0
SAMPLE 2 1.832 2.0 -0.6 0.0 3.0
SAMPLE 3 1.836 2.7 -0.5 0.0 3.0
SAMPLE 4 1.836 1.5 -0.8 -2.0 1.0
SAMPLE S 1.837 3.0 -0.4 0.0 1.0
AVERAGE i.835 2.2 -0.5 -0.2 2.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOAROM A700 COMP 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.272 15.6 4.1 -8.0 6.0
SAMPLE 2 1.267 15.6 4.3 -9.0 3.0
SAMPLE 3 1.269 10.9 3.6 -10.0 5.0
SAMPLE 4 1.272 15.3 3.9 -7.0 10.0
SAMPLE 5 1.267 15.7 3.3 -8.0 5.0
AVERAGE 1.269 14.6 3.8 -8.4 5.8

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
50%AROM A700 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.261 16.4 22.1 -8.0 6.0
SAMPLE 2 1.263 16.9 23.2 -1(oo 5.0
SAMPLE 3 1.265 18.3 5.3 -8.0 3.0
SAMPLE 4 1.265 16.9 4.2 -8.0 4.0
SAMPLE 5 1.. 266 16.8 3.9 -10.0 4.0
AVERAGE 1.264 17.1 11.7 -8.8 4.4

FUEL El ASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SOZAROM A700 TENSION 2,SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 t.269 18J.3 4.0 -9.0 6.0
SAMPLE 2 1.271 i8.8 4.9 -10.0 4.0
SAMPLE 3 1.220 9.9 0.4 -11.0 1.0
SAMPLE 4 1.274 17.7 6.6 -10.0 3.0
SAMPLE S 1.269 16.7 6.2 -8.0 3.0
AVERAGE 1.261 16.3 4.4 -9.6 3.4
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
i0%AROM VITON FREE 24HR 75F 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) /VS(DRY) HC(WET) HC(1)RY)

SAMPLE 1 1.752 -4.8 -S.i S.0 3.0
SAMPLE 2 1.756 -3.8 -1.5 5.0 3.0
AVERAGE 1.754 -4.3 -3.3 S.0 3.0

FUEL ELASTOMER ENVIRC)N SOAK< TIME TEMP DRY TIME

10%AROM VITON FREE 72HR 75SF ?DAY

WEIGHT &~ HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.759 i.1 -0.8 0.0 0.0

SAMPLE 2 1.743 1.6 -i.3 0.0 C.0
AVE:RAGE i.7S1 1.3 -1.0 0.0 0.0

FUEL El ASTOMER ENVIRON SOAK 1TIME TEMP DRY TIME
10%AROM S-.R FREE 2-.14HR 7SF 7DAY

WEIGHT & HARDNES13 DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1. 1.175 -9.0 -6.0 -3.0 0.0
SAMPLE 2 1.205 -13.1 -7.0 --3.0 0.0
AVERAGE i.190 -8.6 -6.S -3.0 0.0

FUEL ELASTOMER ENVIRON SOAK( TIME T17M P DRY TIME
10%AROM SR FREE 721HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 t.217 -S.7 -4.6 -2.0 0.0
SAMPLE 2 1.229 -0.2 -4.6 -2.fl 0.0
AVERAGE t.223 -2.9 -4.6 -2.0 0.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
t0%AROM NITRILE FREE 24HR 77F 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.229 -5.5 -8.3 1.0 7.0
SAMPLE 2 1.230 ...S.7 -6.2 t.0 7.0
AVERAGE 1.229 -S.6 -7.2 1.0 7.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

i0%AROM NITRILE FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.231 -3,S -6.3 2.0 1.0

SAMPLE 2 1.262 1.1 -3.9 1.0 1.0
AVERAGE 1.247 -1.2 -5s.I 1.5 1.0

FUEL_ ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

i0%AROM A700 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HL,(WET) HC(DRY)

SAMPLE i i.250 -5.5 -7.3 1.0 1.0

SAMPLE 2 1.248 -5.8 -6.9 0.0 1.0

AVERAGE .. 249 -S.6 -7.1 0.5 1.0

FUEL ELAS'rOMER ENVIRON SOAK TIME TEMP DRY TIME

iO%AROM A700 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i t.249 -4.3 -S.9 0.0 0.0

SIMPI.E 2 i..231 -5.2 -8.2 0.0 0.0

AVERAGE I .240 -4.8 -7.0 0.0 0.0

FUEl ELASiTOMEIR ENVIRON SOAK TIME TEMP DRY TIME
iOAROM N6'74- 7 FREE 24FIR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) 1AC(WET) HC(DRY)

SAMPLE i 1.232 -5.7 -7.0 0.0 0.0

SAMPLE 2 1.230 -6.0 -9.6 0 0 0 0
AVERAGE i.231. -F.8 -8.3 0.0 0.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

iO%AROM N674-7 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.243 -.2.8 -.7.6 -i.0 iO

SAMPLE 2 ..244 -2.5 -6. .t.0 i.0
AVERAGE 1.244 -2.7 --7.2 '-i. 1.0
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FUEL ElASTOMER ENVIRON SOAK TIME TIFMP DRY TIME"

iOAROM BUNA 70 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.205 0.6 --3.0 1.0 0.0

SAMPLE 2 1.200 -i.1 -3.2 0.0 0.0

AVERAGE 1.202 -0.2 -3.1 0.s 0.0

FUl.. ELASTOMER ENVIRON SOAK TIME TEFMP DRY TIML

i('j%AROM BUNA 70 FREE 72HR 7?';F 7DAY

WEIGHT & HARDNESS DATA

SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE' 1 1 20S 0.6 -3.0 1.0 (0.0

SAMPLE 2 1. 200 -1 .. -3.2 0.0 0.0

AVERAGE . 202 -0 .2 -3.1 0.s 0.0

FUEL. ELAE)TOMER ENVIRON SOAK TIME TEMP DRY TIME

iOZAROM BUNA 90 FREE' 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SGI %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.263 0.0 -2.4 4.0 4.0

SAMPLE 2 t.270 -2.9 --2.7 2.0 1.0

AVERAGE 1.267 -1.4 -2. S 3.0 2.5

4
FUEL El.. ASTOMER ENVIRON SOAK TIME TEMP DRY TIME

IOXAROM BUNA 90 FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA

SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.268 t.8 -0.6 0.0 0.0

SAMPLE 2 1.264 1.5 --t.2 i.0 i.0

AVERAGE 1.266 1.6 -0.9 0.s 0.s

FUEL EL..ASTOMER ENVIRON SOAK TIME TEMP DRY TIME 4

tO%AROM SILICONE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.382 61.3 63.0 -4.0 -6.0 4

SAMPLE 2 1.378 66.0 63.2 -7.0 -6.0

AVERAGE 1.380 63.6 63.1 -s.5 .6.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

iOZAROM SILICONE FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.256 80.9 77.1 -.3.0 -6.0

SAMPLE 2 i.27S 84.s 77.4 -.2.0 -7.0

AVERAGE 1.266 82.7 77.2 -12.S -6.5

F0L ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

IOAROM E.rR FREE 24HR 7SF 7DAY

WE:IGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMI:I..E i J .203 .1.6.8 112.3 -9.0 -9.0

SAMPLE 2 11.94 113.5 J.09.6 90 -9.0

AVERAGE l.t.98 .1.5.2 1.1.. 0 -90 -9. 0

FUEL IASTOMER ENVIRON SOAK TIME TEMP DRY TIME

1. AR(0M : PR FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG ZVS(WET) ZVS(DRY) HC(WET) HC(DRY)

SAMPLE: 1 1.194 i.7.6 110.3 -5.0 -4.0

SAM': l IE 2 .. 220 i1.8.6 1.22.5 --6.0 -S.0
AVERAGE 1. 207 118 . 1 16.4 "-s. .4 5

FUEL. EI...ASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DF'M i0/,AR SR COMP 2.51-IR iOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.262 3.2 0.9 -3 0 -6 0
SAMPLE 2 1.248 1.6 -0.0 -2 0 -7 0
SAMPLE 3 1.246 1.2 -0.4 -2.0 .7.0
SAMPLE 4 1.245 t.0 -0.1 -3 0 -6 0
SAMPLE' 5 1..246 1. 8 0.2 -4 0 -8.0
AVERAGE 1..249 1.8 O.i -2.8 -'-6.8

FUEL EL ASIOM[ R FNVIRON SOAK TIME TEMP DRY TIME
DFM i0%AR SR FREE ;2.5HR ISOF 7DAY

WEIGHT & HARDNESS DATA
Sb %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1. 248 1.8 -0.3 -1.0 4.0
SAMPLE 2 1.250 .9 0.0 -5.0 -9.0
SAMPLE 3 1..252 1. 6 -0 -3 0 8 0
SAMPILE 4 . 253 2. 2 0.7 --20 -6.0
SAMPLE 5 t.251 2.1 0.8 -1.0 -6.0
AVERAGE 1. 251 9 0 .2 -2.4 6. 6
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM iOAR SR TENSION 2.SHR i50F 7DAY

WEIGHT & HARDNESS DATA
Sc %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.251 2.6 0.8 0.0 -.S.O
SAMPLE 2 i.2Si 2.0 0.4 -2. 0 -7.0
SAMPLE 3 1.254 2.2 0.2 0.0 --5.0
SAMPLE 4 i.255 2.1 o.5 -3.0 -7. 0
SAMPL.E 5 ..254 2.4 0.6 -2.0 7.0
AVERAGE ..253 2 2 0.5 -1. 4 6.2

Ft)EL ELASTOMER ENVIRON SOAK TIME TEIMP DRY TIME
DFM 10%AR NITRILE COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1 272 5.2 2.3 5.0 -2.0SAMPLE 2 i.260 3.2 2.3 8.0 -3.0SAMPLE 3 1.262 3.2 2.8 4.0 -4.0
SAMPLE 4 ..264 3.7 2.8 4.0 -3.0
SAMPLE 5 t.262 3.S 2.5 4.0 -'3.0

AVERAGE i.264 3.7 2.5 5.0 -3.0

FUEL -LASTOMER ENVIRON SOAK TIME TEMP DRY TIME*
DFM iO%AR NITRILE FREE 2.SHR iSOF" 7DAY

WEIGHT & HARD)NESS DATA
SQ XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1 260 3.8 2.5 5.0 3.0
SAMPLE 2 i1.264 3.3 2.3 7.0 -3.0SAMPLE 3 1.263 3.3 t.4 7.0 -i1.0SAMPLE 4 1.262 3.2 2.3 3.0 -3.0
SAMPLE 4 i.29 2.7 2.6 5.0 -2.0

AVERAGE 1.261 3.3 2.0 5.4 ---2.4

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIMEDFM 10%AR NITRILE TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WEI') HC(DRY)

SAMPLE 1 1.260 3.5 2.2 7.0 -3.0
SAMPLE 2 1.255 3.1 2.1 5.0 -3 to
SAMPLE 3 i.258 3.8 2.5 7 0 -2 '
SAMPLE 4 t.260 3.3 2.2 7.0 -7
SAMPLE S 1.261 2.8 2.3 4.0 ..2
AVERAGE i .29 3.3 2.2 6. 0 --2. 6
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM iOAR N219-7 COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(W . ) HC(DRY)

SAMPLE i 1.246 l.i -2.1 -8.0 -4.0
SAMPLE 2 i.22S 2.2 -S.7 -9.0 -S.0
SAMPLE 3 i.27i 2.1 -2.8 -7.0 .-.i.0
SAMPLE 4 1.2Si 2.1 -6.3 -6.0 -2.0
SAMPLE S 1.246 1.9 -3.6 -S.0 -i.0
AVERAGE 1.248 1.9 -4.1 -7.0 -2.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM i0%AR N219--7 FREE 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) /VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1 2S4 1.9 -3.0 -7.0 .. 0
SAMPLE 2 . 254 2.6 -3.6 -8.0 -1.0
SAMPLE 3 1 256 2.3 -0.4 -S.0 0.0
SAMPLE 4 1.248 1.7 -0.8 -4.0 1.0SAMPLE S .251 1.9 -3.9 -5.0 -2.0
AVERAGE i.,'."' 252 2.1 -2.3 -S.8 -0.6

F.-L ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM t0%ARN2i9-7 TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.2S4 2.1 -4.6 -'10.0 -4.0
SAMPLE 2 1250 2.S -2.8 -6.0 -3.0
SAMPLE 3 1..2S4 2.s -2.2 -6.0 0.0
SAMPLE 4 1.252 2.4 -2.8 -10.0 -4.0SAMPLE S t.2S6 2.7 -1.3 -7.0 -2.0AVERAG E 1.253 2.4 -2.8 --7.8 -2.6

FULl ELASTOM.R ENVIRON SOAK TIME TEMP DRY TIME
DF'M iOAR BENA 70 COMP 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %.VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.212 4.S 2.0 -5.0 2 0
SAMPLE 2 i.2i0 4.6 2.4 --6.0 2.0
SAMPLE 3 1.204 4.4 2.2 -S.0 3.0
SAMPLE 4 1.207 4.0 1.8 ---4.0 2.0
SAMPLE S ..208 3.9 1.7 -3.0 2.0
AVERAGE 1.208 4.3 2.0 -4.6 2.2
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FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM iO%AR BUNA 70 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.20S 3.8 1.8 -7.0 1.0
SAMPLE 2 1.207 4.4 2.2 -5.0 0.0
SAMPLE 3 1.209 3.S 1.3 -S.0 i.0
SAMPLE 4 1.211 S.0 2.3 -7.0 2.0
SAMPLE S 1.209 4.7 2.1 -6.0 2.0
AVERAGE 1.208 4.3 1.9 -6.0 1.2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM iOXAR BUNA 70 TENSION 2.SHR iSOF 7DAY

WIEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.210 4.5 2.2 -S.0 i.0
SAMPLE 2 1.212 4.8 i.S -4.0 0.0
SAMPLE 3 1.206 4.1 2.0 -7.0 -1.0
SAMPLE 4 1.208 3.9 2.0 -8.0 0.0
SAMPLE S i.20S 3.7 1.8 -7.0 1.0
AVERAGE 1 208 4.2 1.9 -6.2 0.2

FUEL El ASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM 10%AR BUNA 90 COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1..319 3.8 3.0 4.0 -1. 0
SAMPLE 2 1.320 2.8 1.6 5.0 1 0
SAMPLE 3 i.3i8 3.3 2.1 4.0 0.0
SAMPLE 4 1.319 3.1 2.2 4.0 -2 0
SAMPLE 5 1.317 3.1 1.8 S.0 i.0
AVERAGE 1.319 3.2 2.1 4 4 -0 2

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM iO%AR BUNA 90 FREE 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.3i8 2.9 2.2 7.0 -1.0
SAMPLE 2 1.320 3.2 2.5 3.0 0.0
SAMPLE 3 1.322 4.0 2.4 S.0 0.0
SAMPLE 4 1.324 3.8 2.4 6.0 -1.0
SAMPLE S 1.322 3.9 1.7 4.0 0.0
AVERAGE 1.321. 3.6 2.2 5.0 -'0.4
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM iOAR BI.tNA 90 TENSION 2.5HR ISOF 7DAY

* WEIGHT & HARDNESS DATA
SG %VS(WET) /VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.320 3.3 1.9 4.0 0 0
SAMPLE 2 1.322 3.7 2.4 3.0 0 0SAMPLE 3 1.324 3.9 2.4 4.0 0 0
SAMPLE 4 1.316 4.6 t.6 5.0 -i 0
SAMPLE S 1.317 2.9 1.2 4.0 1 0
AVERAGE 1.320 3.7 1.9 4.0 0.0

FUEL I..ASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM i0%AR SILICONE COMP 2.SHR iSOF 7DAY

WEIG:HT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.S25 31.4 28.9 -12.0 -4.0
SAMPLE 2 i.SOS 29.1 2S.5 -12.0 -7 0
SAMPLE 3 i.iO 32.8 26.4 -13.0 .7.0SAMPLE 4 1.509 31.9 27.8 -13.0 -6 0
SAMPLE S 1.S30 33.7 29.4 -' 40.0
AVERAGE i.S6 3t.8 27.6 -12 .2 -5.6

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIMEI)FM i07AR SILICONE FREE 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG 7VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I. i.SO2 So0 0 4S.4 ..... --3.0
SAMPLE 2 1. 499 48 5 44.0 -11.0 -5.0SAMPLE 3 1.507 49 1 43.5 --J3.0 "-7.0
SAMPLE 4 iS08a 64 7 59.6 -1i.0 -7.0
SAMPLE IS S09 4S.S 40.9 -13.0 -8.0
AVERAGE .505 Si.6 46.7 -11.6 -6.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIMEDFM i("%AR SILICONE TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE i .506 39.4 35.8 -iO.0 --S .0
SAMPLE 2 1 505 38.5 34.7 -11.0 -S.0
SAMPLE 3 1 493 36.0 28.3 --iO.O -'S0
SAMPLE 4 1 507 39.7 34.6 -1i..o -8.0
SAMPLE 5 ..509 41.7 34.2 .12.0 -2.0
AVERAGE i 504 39.1 33.5 -1O.8 -s.0

FUEL. ELASlOMER ENVIRON SOAK TIME TEMP DRY TIMEDFM tO%AR EPR COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WI'T) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.201 37.0 36.3 1.0 -9.0
SAMPLE 2 1.199 43.1 42.4 "-1.0 -i..OSAMPLE 3 .196 43.1 43.4 -'2.0 -1.1.0SAMPLE 4 1.195 42.3 42.3 --1.0 -11.0
SAMPLE S 1.201 52.1 F1 0 -1.0 -1.2.0
AVERAGE i 1.98 43.5 43.1 --O.8 -lo.105
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM iOAR EPR FREE 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.200 79.1 77.4 -4.0 -1:3.0
SAMPLE 2 i i98 64 i 80.9 ---1..0 --i .O
SAMPLE 3 1 199 73 S 69.7 -2.0 12.0
SAMPLE 4 1 200 85 2 81.0 --4.0 -13.0
SAMPLE S .200 76 0 73.1 -1.0 -10.0
AVERAGE 1.199 79.6 76.4 .2.4 --11.0

FUEL ELASTOM ER ENVIRON SOAK TIME TEMP DRY TIME
DFM IOAR EPR TENSION 2,-SHR I.SOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I i.201 69.1 67.1 -2.0 -12.0
SAMPLE 2 J.201 75.0 73.6 -3.0 -1.3.0
SAMPLE 3 1.206 98.5 95.1 -6.0 .0
SAMPLE 4 ..202 74.7 70.5 --5. 0 -- 11.0
SAMPLE S 1.202 64. 6 63.2 --9.0 -1.5. 0
AVERAGE 1.202 76.4 73.9 -5.0 -12.2

FUEL. EL.ASTOMER ENVIRON SOAK TIME TE.MP DRY TIME
DFM iOAR VITON COMP 2.51-IR ItSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i i.8Si 4.3 0.6 2.0 S.0
SAMPLE 2 1.850 6 8 0.9 1-0 -5.0
SAMPLE 3 1.849 6 6 0.9 4.0 -s.0
SAMPLE 4 1.849 2 8 0.9 2.0 -5.0
SAMPLE 5 1.848 3.6 1.0 4. S.
AVERAGE i.849 4.8 0.9 2.6 -5.0

FUEl... ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DF'M iOAR VITON FREE 2. SHR 1SaF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1 845 2 7 -0.7 t 0 .7.0
SAMPLE 2 1 844 2 5 0.0 0 0 -8.0
SAMPLE 3 1.845 1.8 0.0 0.0 -8.0
SAMPLE 4 I 8Si 2 8 0 S 0 0 -8.0
SAMPLE S 1 848 2.7 0.2 2.0 --s.0
AVERAGE 1 847 2 5 0.0 0.6 -7.2
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM 10%AR VITON TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SC %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.837 1.6 -0.3 3.0 -7.0
SAMPLE 2 1.830 .3 -0 6 10 -8 0
SAMPLE3 1834 293 -04 10 90
SAMPLE 4 1.776 1.5 -0-2 5.0 -4.0
SAMPLE 5 1 847 3.2 0 S -i.0 -9.0
AVERAGE 1.825 2 0 -0.2 1.8 -7.4

FUEL FLASTOMER ENVIRON SOAK TIME TEMP DRY TIME
DFM iAR A700 COMP 2.5HR I. SOF 7DAY'

WE[ CT r & HARDNESS DATA
SG %VS (WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE t 1.266 4.2 4 6 -3.0 0.0
SAMPLE i262 3 9 0 .8 0 0 0 0
SAMPLE 3 1.26S 4 .0 0 .9 0.0( 1 ()
SAMPIL ( 4 1 ?62 1 9 0 .2 -1 0 . 0
SA MPLE .5 '. 265 4.4 O.S 1.0 1.0
AVERAGE 1 264 4. t.4 -0 6 0.6

F U E I FL AST 0 MER ENVIRON :OAK TIME TEMP DRY TI ME
DFM .0%AR ,.l A00 FREE 2. SHR 1SOF 7DAY

WEI CHI & HI hiRDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) -IC(DRY)

SAMPLE 1 1. 26 4.8 0 5 0.0 2.0
SAMPLE 2 1.269 1. 9 0.9 0.0 -1 0
SAMPLE 3 1 .270 4.8 0 1 0 0 2 0
SAMPLE 4 t 270 4.' 0.3 0.0 0.0
SAMPLE.i 1..269 4.8 0 0 0. 0 0 0
AVERAGE 1269 4.1. 0 .4 0 .0 0 .

FIUEL U F. 1- A t:Y 1MP EM 1., F NV I R ON :O(AK TIME: TC."MP PTI , IME
DM ih IChP A 700 TENSION 2. SHIR ISOF 'DAY

WE=.GHl A HARDNESS DATA
SG %VS ( WE 1A) %VS ( DRY ) HC(WET) 1HC(DRY)

SAMPLE. 1 1.274 S 2 0.9 0.0 1. 0
SAMPLE 2 1.274 55 .1i 0.0 0.0
SAMPLE 3 1 .27S S 4 1 7 0 .0 1 0
SAMPLE 4 1.277 5.5 0.8 0 0 2.0
SAMPLE: 5 1.277 7 1 i 0 .0 0. 0
AVERAGE 1 07S s.s .1 0.0 0 0
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SHORE A HARDNESS
too

ORIGINAL 99

2ANR SOAK 79

7 DAY DRY soXxx9

VITON SR NITRILE A7RA H674-7 DUNA 79 DUNA 9R SILICONE EPR

ELASIOMR TYPE

SHORE A HARDNESS WITH BYCYCLIC DFM
(SOAK TEMP =750F TIME =24HR)

19SNORE A HARDNESS

ORIGINAL 98

7249 SOAK

49 
>

39 >

YITON SR NITRILE 9798 N674-7 DUNA 7A BUHA 99 SILICONE EPP

ELASTOMER TYPE

SHORE A HARDNESS WITH BYCYCLIC DFM
(SOAK TEMP = 750 F TIME =72HR)

SHORE A HARDNESS
IoA

ORIGINAL 9A

2.RAR SOAR 70 xx

69 xX

49 xx

7 DY DY s x x39>

29 xx

IAXx

A

VITON SR A7R9 H219-7 CPR

ELASTOMER YYPE

SHORE A HARDNESS - BYCYCLIC I)FM
(SOAK TEMP =150OF TOFT -FREE)
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SNSORE A HARDNESS

ORIGINAL go96Fu

2.5149 SOAK 78
6DO

DAY DRY so

40

3Do

30x D

(SOA TEm i m50  TOF -ESIN

S ORE A HARDNESS

ORIGINAL 90

2.GHR SOAK 79XXX

7 DAY DRY so6

36 X

VITON SR A700 14219-? EPR

ELASTOIER TYPE

SHORE A HARDNESS - BYCYCLIC DFM
(OKTEMP = 1500 F TOFT - COMPRESSION)
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FUEL EL_ AS'TOMER ENVIRON SOAK TIME TEMP DRY I'TMEI'
BYCYCLIC VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SCG . V S ( W E T) %VS ( DRY ) H ( W ET ) Hf ( DRY)

SAMPLE 1 1.809 3.3 0.0 .6.0 ---2.0
SAMPIE 2 1..765 0. 3.1 -7.0 
AVERAGE 1. 787 1.4 .. S6.5 . ';

U EI_ I I M 1.O R f N EN V I R 0N ;0AK I "(I'IT. MG ' 1) 1 I Fll*
B'Y C f .C. .. C v I 10 N I. F" iE .2 HY

W:. 1- IT I A RmN S D " () T -

S V ",S W ) VS (D)FY ) I1(.;: W I) i Y ' I

JiMPI I .'7 0 3 0 G. 4 4 0 -1. 0

* 1 TI I Ci .-ii.IF, F7N.1.4 '7.2(jI1 (1 K {. i( F J12 NP

b.,: I.- I1 11 -A P D N 1 S S .1
;A* S~') ( IWit T v Z SJ)J* ) RI -Il ( WE. FTI: T*+

6 ''At 0 0 I

I-'UL 1. "'. ih '.p. m .r. N K T01<. 1 1 MF1.t1DF 1-1 C I -

.:I-. 1 . eli i. 2 T : V . ... .,ll? . .'

iIT C.: !i i .E :SI..!" 1).7I?

. . IJI ) 1'4'S : DR Y I- IC WEY) H(" ( W",p. ;

S)f.(MFI..I: 1l :1 21.6. 6. F -"5: 4 -. 1 0 o Ui

P I I . '.i J, Z.. ei 1' . E) 4
A',' P A C" C 1. .21 ' 6.7 0 ,

i:~~E t..l-l 1, R:,S '~ !:, 0ii'4, ll: ' 7'0,IW TfMIl7 I ii1:: OI Y y IME.

f! YIi L (. I I Of I .' [F 1lt: .... 'I'"? F, I A'f

* I i :I..1 4 I-m. II:'.~ lz:SS IV.T
S(.; %V, ( ,l1T ) 7 S ( DR I ) Hj ( T1 [ I I

S0iPl.l I 1 1.4 i., '3 0 1 0 1 .0
SAMF'I 22 .. " 0.( .: 'i
A. i : p. Fl Ci.' E . 0 .
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FU EL. ELASTOMER ENVIRON SOAK( 7*I*ME I F1mp DRTY l,1,1 MU.
EaYCLYCI. TIC NUT1 R El. E FIRFT -7 2 1R 1.rF- 7I) f

WFET G[HT & HAR DNI 58 DATA
(I YS(WV1 %W.) DR~ 'r HE ( WE~ T) W, ( DII Y

SAMPLF I. 1, 0?O8 .)5 1. .0 3.0

A V ER AG E 1 4 (R 3 3 0

i 11 11I 1.. 1 '':. ' 1mI I I NUILR4t (.(JIA~I< TiMI- TI MP I) Fv I ml

I ~i I .7Wl ., [

1 ~ 3 .01

Wil j 11 , ,i V 0 J)' R -I20 I11 1

1 .... A

1I 1tl uht I.., I YJi IR C Mf I hl.yI A

W"VC)~' W DRY y IL (W T Il DF,

L~H~ 1 . 1......7; 0 0 0

(..IN'.AI 1' 'J 1.,' 0, H - . )I5 0 0I' I" F l O 6

0-7

t..) 0 0 '1



FUEL [FI.ASIOMER ENVIRON SOAI< TIME TEMP DRY TI'MI-E
BYCYCLIC BUNA 70 FR E"E 24HR 'SF DAY

WEIGHT & HARI)NESS DATA
SG %VS ( WET ) ZVS ( DRY ) HC ( W I T) HC ( DR Y

SAMPLE; 1. i.194 S.3 0 2 -3 0 0 o
L.P E '2 t .i99 o . 4 1 S . 0 0!(

AVIERAGE 1. 1.97 C. a 0 a .. 0 s

.. 10.i 'l 1 1: 1.NVTI0N 1.:111( I!MI- MI P T) I? . I'M!:
i'":Y CI.117: i ..1( "0 1: [ R F I' 7'21"R P*%F

I%7.,. W. 1:., Tri v~ f:m I yI IW TiI D

: m I o0 I A, i 0
H F 1 : . . ..0 1. 0

0 j i., .

CdAl~ 0i A 1e 1 1 'I' I- T : F-, P! DR ' T tl
'. A II U I . . : N.o .0 • .I. I I- A '5.' L.

W 1: [TG I I T % & l-'Da:S DAO.
C' A '; ,V (IFT ) F) ) DRY ) I.. ( WFi T- C 1 )R T

[,,;:i1 1 ...[ I ] ":I7 .7 ".0]. 6 ...6 0] ':3 .

2.i M I L 1. L'.4 i. 6 0 6 " 0 4 (0

HE..l[] O, I i01. 1: 0 V I[0N 1AI< yIF Mlr, DF T T f1 F.
F p F :.. .. IIR " F" )A.Y

WlI. .,I; I , I.. jI ,:l: "-. ' D N-)
c. %V :: V.., ( DRY ) FIC ( WE. 1 H ( I)R 'y'

C:, U 1.I 11. .. '74 J.."? 9, 4 . 7 6.0 0
I:. 1. 765 1 .5, 01 .3 0 a 1. .0

A :P'. .A I C: F." : 4 3 0 -3.0 0 "

)1 I i...,~I HimlM R F.VT R V) IN :[AI. IT ME TEMP D)RY I LlI
fl y'. i r] :, [I[ (INE: IF1EI: ;2,1-HR ';"r T A

WfE fI. f l. 1 C IIh .?NI s, RAA

S. C VS 1 WI 1) 'V ( )R y I-I( WE T II( ( DI Y

5AMP IE i. .3,3'.' 46 .3 3'5: 5 .... . 0 0]. 0

SAMPI E. 2 :1 377 40 1 3 9 1. " 0 1 0
AVE.R Af7 G1..3 4'/ 1 3/ 3 2 0 Ii C
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FULI-I... ELA,5 TOMER ENVIRON SOAK TIME TEMP DMY TIMF
B YCYCLIC SII..C" ONE F REE 72HR 7SF DAY

WE:: IC.;HT & 1-ARD Ni:: SS S ) A'TA
SG %VS (WE ) %VS ( DRY) F.IC ( WI7T ) I,(C ( Y) l

SAMPLE 1 1.362 S4.0 3?.2 0 2 0
SAMPLE: 2 1 21 6 (1) 46 6 1. 0 1 0
AVERAcF 306 '59. 41 9 015 1 '

I-U ..IJ.Ii -, f 0riM:R I NV,'TI (iN , 0 I I[ MI IFlM' 1f 'D I Ml

v W ' , ' ' l' . . . .I I. " 1 I l'

*, i!"ii I I "*,' i il i ,. c "', ,:: i a) II n
,I'. . l : .i " I : i ; ': U " "', . / ' I '.

; ii!I!A " ( ;i' *J L:i. ) FF ( I'IA : ' M ll ( ki iT ! I",' ,I T I :i

.( 1 " I R I 4 'I I' :' t .. . .. 1 , ,3 ,j'., WEl ) %'US5 ( "(,RY ) lIE I [FY ) I , I

SIMI H:. :I 'j, . 4 9 , 4-, 3 0
I I 4 i 4* ', - 9 .: 0 i.

U A M .. P i 3 N .0 1 1 1
P Y C: "t'l C'I..[Il SR " F.*,"".'i HR: 0 "m P) tA- o

W:JI IIi l IIAfk]()N[!I, DA'IA
!][, C ;iJ: % Q .J:.T W "/ ,. ,, (:,  IRY"") FIC WET) FR l (t Dw: Y

SA01MPI..I L:' A. .° .., .. ')... 9 S 0 0 .
S A M I..i L E L60 H: 15 4.7 0 0(

':]()Ainll 1. 4 1. 6i i :  I .' 4 9 nI o 0 0
S,-i PI... hl p I !' ,'1 .9" 9 ' ,:' 1 .00.0 i
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FUEl S TOMER ENVIRON SOA1IA TIME TFMP DRY TIME
BYCYCI C SR FREE 2 H. 11-R i 50F 7DAY

WEIGHT & HARDNESS DATA
Sc %VS(WE ) %VS( DRY) HC (WET) HC(DRY)

SAMPLE I 1 265 ii .3 8. 8 00 i 0
SAMPI E 2 1 '249 9.4 .6 0 0
SAMPIIL F.3 . .255 9. 6 6 0.0 *. 0
SAMPI.F 4 . 4 1.0. 600 0

' I.... " 0 .9 ' 00 0

Fi F 1 01 R N ("11' k. (I I M . i FI ' M::
ll'I I i( f N 7:; H 1 iM

Wl1:'t GH I- I I .A!**,f!171 ]S DA TA

I :6) . 9 0 ii 0
::' lI0i . 1 0 0 3 0

i:~i i I .:,0O.3 0.0 1.
Sv 1 ;8 0 10 : 0

1 1 . 0 (

IOI0 FI -." N ,R. 0 ( F 0 0

I A'k.. C! C,' A I., II. P, I F 4: ,'7'0 , I . :

CSAMri.1.E . 1 ~4 4.4 2. 00

IA V 1: 4R 14 4 E 0. 13

F U 1 f.il I( .):Ji 0 COM I' ill F. I, I. f' R0 V) N ) fl F - D i Y T

C.: ..I...... 5 F 44 (V , . . ..

W1.w, ;. , 1, 1 T:) B D I ) N F S F S

S;:MIII G. lv~ WFI %V. TI y '7- ... l I .... 1.1 p

SA miil I! F ':,!5' 8i

S()MIP I.. F " 1 24 .3 I 0 ... 6 0 4( 0
SAMFPI F 4 1 ' 1 . 0 0 i

:)(,IM I. I . 1 :4l. 7 3 3 0 3i i
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FUEL ELASTOMER ENVIRON SOAK TIME TMP DRY TIME
BYCYCLIC N219-7 TENSION 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.25i 8.S 6.8 -1.0 0.0
SAMPLE 2 1.2S2 9.7 8.3 -3.0 0 0
SAMPLE 3 1.249 9.7 7.4 -4.0 0.0
SAMPLE 4 i.253 8.8 3.2 -4.0 0.0
SAMPLE 5 ..254 8.9 7.3 -2.0 1.0
AVERAGE I 252 9. 1 6.6 -2 8 0.2

FEL IILASiOMER ENVIRON SOAK IME: TEMP DRY '.( ML

BY:YI..I U EPR COMP 2. SHR iSOF 71)AI

WEICI I & I-.IARI, NESS DATA
SC %VS (WET %VS ()RY HC( HC(DR Y)

" APiPI.. 1 1. 186 40.1 36.8 -8 0 -n0.

IFE 2 1 182 3. 9 30.6 -8.0 -6 0
SAMP IL.E: 3 I 193 43.6 36 9 13.0 A2 1 0
5AMPLE 4 J 19.4 39.5 35 7 -. 0 -9 0

(IMPI.E I : .1.9. 42.1. 39.4 -6.0 -8.0
nVIRAGF i 1089 40 .2 35.9 -8 2 -9. 0

FUL. F/. AS fMI f.R ENVIRON SOAK TI ME: T:7MP D Y 1 L ME[YCYCLI [ PR FREE 2. t iR :SOF 0DAY

WE I CHI & HARDNESS DATA
SC.' %VS (WET %VS(DRY) IC(WET) H ( DRY)

SAMPLE i 1 188 4 .8 7 .3 -9.0 -10 0
SAMPLE 2 1.1.92 67. 1 60.3 -8 0 -7.0
SAMPLE 3 i.90 641 S8. 0 12 .0 3., 0
SAMPLE 4 1 .139 64 4 8.8 -10.0 .6
SAMPILF 1. j94 99,9 91.7 -11 ,0 -8
AVERAGE .i1O 7241 65.2 --to .6

F UElI EI A)S f T mR F N PVIRON SOAK TIME TIMP DR Y T"I MI
BY CyC. IC, IPR TENS ION 2 . S-IR IS0f 7 DAY

WET(.;lT & HARDNESS DATA
SC; %VS ( w T) %VS(DRY) H( ( WEl ) HC( )RY)

SAMPLE 1 .191 67 . 6. 6 -. .0 -13ft
SAMPLE 2 1 .113 5. 6 53.6 -9.0 -8,0
SAMPLE 3 .189 61. 4 S7.3 -8.0 -7. 0
SAMPI E 4 1 .192 61.9 56.2 -1i.0 -H 0
-'AMP. FT 1 .t S 72.5 64.9 -9.0 U (
AVERAGE I 188 63.8 58.7 -9.8 -8 3
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
BYCYCLIC VITON COMP 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.831 3.8 1.8 1.0 4.0
SAMPLE 2 i.8.9 5.5 i.S 0.0 -i.0
SAMPLE 3 1.824 2 4 1.9 1.0 3.0
SAMPLE 4 i .i4 2 0 1.2 1 .0 10
SAMPLE 5 1.824 3.0 2.0 0. 0 -1.0
AVERA[ 1. 822 3.4 0.7 0 .8 1.2

FUEL.. EL..ASTOMER ENVIRON SOAK TIME TEMP DRT IME
BYCYCI i C VITO N FREE . 5HR iS or DAY

WEICGI & lARD NESS DATA
SG S .VS (WET) "VS (DRY) HC(WET) HC(DRY)

SAMPLE I. i .822 2 8 1.8 0.0 0 )
sAmPLE 2 .i ,824 0 3 2.1 0 .0 210
SAMPLE 3 1.82'7 1..7 2.2 1 0 2. 0
SAMtl. 4 :..834 1.3 2.2 0 0 2.0
SAMPL 1. .816 0 .8 1.6 1. 0 1 0
AVERAGE i.824 i.4 2.0 0.6 t.4

FUEL IiLASIOMER ENVIRON SOAK TIME TEMP DRY TIME
BY '(CY CC VIT C TN TENSION 2 .SHR .i.SOF 7DAY

WE I GH1T & HAR DNESS )Al A
SC %VS(WET) %V((DRY) HC(WET) HC(DRY)

SAMPLE . ..822 3. 1 8 0. 0 0 0

SAMPIE 2 1.. 81.8 0.S . 6 0. -2.

SAMPILE 3 1.820 S 1 2.3 1.0 1. 0
SAMPLE 4 i.8.1. 0 .6 1.6 -1 . -2. 0
SAMPLE 5 1.820 i 1. 8 1.0 2. 0
AVERAGE . B1.9 2 . i. 0 2 0 2
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FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
EYCYCLIC A700 COMP 2. SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) H C(WFT) IC (DRY)

SAMPLE: I 1.258 S.6 3.0 -1. 0 0 0
SAMPLE 2 1 25S 6.3 3.2 20 -2.0

SAMPLE 3 1.252 6.0 3.4 -1.0 **** r
SAMPLE 4 1.253 6.6 3.3 0 .0 0.0
SAMPLE S 1. 248 7 4 3.9 t. 0 1. 0
AVF.RAGE I. 2.53 6. 4 3 4 1 0 0 '

FLAS. EN VIRON SAIK TME TEMP DRY I I ME

BYCYCLI: A/ 0 FR EE 2 'i-i S F DAY

WE I HAR INESS DATA
SG %VS WET) %VS ( 1)(R Y I-C W F f (DIR i)

SAMPLE 1. I 2S0 10.2 6 1 0. 0.0
SAMPL.E? .1. 248 8.8 5.9 __0 -2 0
SAMPLE 3 1 247 8.3 S7 -1 0 -? 0
SAMPLE 4 1 248 8 4. 0 C) 0 0
SAMPLE . 1:1. 2 7 9.1 6 1 10 0 0
AVERAGE J. 4 8. 9 0 7 .4 0 0

FU3EI.. EI. AS(:IMEI:0 R ENVIRON SOAK TI ME IF.MP 01" y f T[ml
B y CY L i f 00 TENS ION 2. SI-iR I 0F C 1) A'(

WEI F11 AR I)NESS DATA

SC; %VS (WET) ,VS (DRY) NC (WET) I: (DRY

SAMPLE I 2 0 7.S 5. 0 0 1 0
SAMPLE 2 1.248 8. 5.3 1... 0 0 0
SAMPLE: 3 1 248 8.4 4.2 1 0 0
SAMPI E 4 i 22 T. 0 5 3 0 0 0
SAMPLE 1. 20 10.1 5.) -- .] 0.0
AVERAGE I S 0 8.7 S.1 .-0 2• 0.9
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Sel NORE A HARDNESS

ORIGINAL DO

24NR SOAK I's

7 Day DRY so

40

VITON sR NITRILE AMS N674-7 DUNA 70 DUNA 90 SILICONE EPR

ELASTOMER TYPE

SHORE A HARDNESS -400 PPM NITROGEN DFM
(SOAK TEN]' 75OF SOAK TIME -24 HR)

SN"ORE A HARDNESS

ORIGINAL 90

2.6MR SOOK 70 xX

30 X XX

VITON SR a?@$ M219-7 EPR

ELASTONER TYPE

SHORE A HARDNESS -400 PPM NITROGEN DFM
(SOAK TEMP =75OF SOAK TIME =72 HR)

SO HORE A HARDNESS

ORIGINAL 90

OSNO SOAK 70 >

20

v Ito" SR NITRILE 0700 W674-7 DUNA 7S RUNG 90 SILICONE EPA

ELASTOMEP TYPE

SHORE A HARDNESS - 400 PPM NITROGEN DFM
(SOAK TEMP =150OF TOFT -FREE)
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SooHOPE A HARDNESS

ORIGINAL 96

2.GHR SOAK 76

heU

DAY DRY soX6

4,U

36 xx O

26O

VITON SR A700 Nc19-7 EPR

ELASTOMER TYPE

SHORE A HARDNESS - 400 PPM NITROGEN DFM
(SOAK TEMP =150OF TOFT -TENSION)

se HORE A HARDNESS

ORIGINAL 90 o

2.GHR SOAK 70

7 DAY DRY so

46

30

VITON SR A700 M219-7 EPR

ELAST OMER TYPE

SHORE A HARDNESS -400 PPM NITROGEN DFM
(SOAK TEMP =150OF TOFT - COMPRESSION)
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
NIR. DFM VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.783 -2.3 --2.3 -2.0 (.0
SAMPLE 2 1.796 -3.0 -2.6 -1.0 0 0
AVERAGE 1.790 -2.6 -2.5 -iS 0 .0

I I..AS OMER ENVIR ON SOAK TIME TEMP DRY I MF
NI I k . F M VI TON FREE 72HR 7SF 7 A Y

WEIGHi & HARDNESS DATA
SC ,VS ( WET ) %VS ( DRY ) H" ( WE.) H (DRY

SAMPLE i i.780 1.8 0.5 -2.0 -1.0
SAMPI E 2 1i.791 2..0 1.2 -2.0 0 0
AVERAGE i.7S 1.9 0.8 -2.0 -0 S

FLE!.. FL. ASTOMER ENVIRON SOAI< TIME T' -M: D: R Y T 1 M L
N ii'f R . DFM SR FREE 24HR 7SF 7I)AY

WI II.HT & IIAI NESS DATA
SG %VS (WET) %VS(DRY) HC(WET) HG (DRY)

SAMPL.E i 1.240 -0.2 --0.6 0.0 0 0
SAMPLE 2 1.249 -4.7 2.4 0.0 0.0
AVERAGE i.. 244 . .4 0.9 0.0 0.0

FUEl.. EA:. T'OME ENVIRON SOAK TIME TEMP DRY TIME

NITR DFM SR FREE 72HR 7SF 7DAY

WIEIGHT & HARDNESS DATA

SG %VS(WET) %VS (DRY) HC(WET) HC(DRY)

SAMPLE i. 1.23i 1.1 -"1.0 0.0 0.0

SAMPLE 2 1.232 1.4 -2.4 0.0 0.0
AVERAGE .. 232 1. 3 -1.7 0.0 0.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
NITR.DFM NITRILE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.221 -6.0 -5.4 0.0 0.0
SAMPLE 2 1.225 -7.2 -S.3 0.0 0.0
AVERAGE 1.223 -6.6 -5.3 0.0 0.0

FUEL I:LAS TOME-R ENVIRON SOAK TIME TEMP DRY TIME
NITR. DFM NITRII...E FREE 72HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG /VS(WET) %VS(DRY) HC(WET) HC (DRY)

SAMIP.LE 1 1.212 -2.4 -4.9 0.0 0.0SAMPI.E 2 .. 15 -0.3 -2 .2 0 0.0AVERAGF .i..2i3 -.1.3 -3.S 0.0 0.0

f7 l... El.AST OMER ENVIRON SOAIK TIME TEMP DRY TIME
NITIR .1)FM A700 FREE 24HR 7SF 7DAY

WEI(HT .& HARDNESS DATA
SG %VS(WEi'T) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.242 --F.6 -2.i 3.0 0.0
SAMPLE 2 ...223 -75 "-4.7 2.0 0.0
AVERAGE 1.232 6.6 -3.4 2.5 0.0

I'" UjEL EI...ASTOMfE..R ENVIRON SOAK TIME TIT[MP DR Y T'IME
N ITR. DFM A700 FRIEE ?.HR 7SF TDA

WEIGHT & HARI)NESS DATA
SG %VS(WET') XVS(DRY) HC(WET) HC(DRY)

SAMPLE J. 1.223 --0.9 -4.1 2.0 0.0
SAMPLE 2 i.2i.2 0.6 -3.6 3.0 0.0
AVERAGE .. 2.7 .0.2 -3.8 2.S 0.0
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FUEL ELAS TO MER E NV'I RON SOAK TI ME TE M P DRY I MIE
NITR .DFM N674-7 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
Sc %VS(WET) %VS(DRY) HC(WET ) H(.'(D Y)

SAMPLE 1 1.236 -3.2 -1.9 4.0 0.0

SAMPLE 2 1.233 -S.8 3.3 3 0 3.0

AVERAGE 1.235 -4.5 -2.6 3.5 :,

FUEF.. LL. SOME:R ENVI R ON SAK T' IME TEMP DRY 'I I ML
N I. R . 1)F M 174 .- FREE 2 R F7'1 *F 1) AY

WiF '[ ( .H " & HlI R NESS DATA

S x V )S WET) %S (DRY) HIC: (WET) Il' (DR y

SAMPLE 1 1. .231 2.1 -2.6 2.0 0 0

.A MP .. 2 i.. 40 3 3.0 0 I1

AVER AGE 3.'2 . 7 2 04

FUL7 1 SO... A C 0 M E NV I R ON SOAK T'IME P1 F VRY 1 IM.
N I.R . I)FM PUN, 70 FRFE 211R 7SF D11 .Y

WEiGHT & HARl>NESS DAYA
S; " V5 (WET ) %VS2 (DRY) lIC( WET () ) P Y

S AMPI.. i. 1. 211 ...7 () 8 79.0 80 0
SAMP.E 2 i.198 -. 6 "1.9 -i.0 0 0AVER A E ...200 .i .3 39 0 (0 01!

F UF: I... I"I ... ,r o m I : R .NV IR(IN SOAI I m E T F" m mP DI) R. y I M F
N I R . D F' l DJNA 70 R EE 72 HR 7SF 7 AY

WE I CHT & HARDNESS DATA

SC %VS (WET) %VS (DRY) I-IF (WET) 1.E ( R)R Y

SAMPLE i i..20i 4.3 2.6 - 0 0 0
SAMPLE ' I. ". 18 5.S 2.2 . ) -A 0
AVERAGE 1.210 4.9 2 4 .- 1. 0 -. 5
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FUEL ELASTO"R ENVIRON SOAK TIME TEMP DRY TIME
NITR.DFM BUNA 90 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.230 -5.7 -3.5 0.0 0.0
SAMPLE 2 1.239 -5.7 -3.S 0.0 0.0
AVERAGE i.235 -5.7 -3.5 0.0 0.0

* FUE[L. EL.AS-TOMER ENVIRON SOAK TIME TfMP DRY TIME
N[ITR .DIM BUNA 90 FREE 72HR 7SF 71)AY

WFE IGHT & HARDNESS DATA
SG %VS(WFT) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.. 232 1..? -0.S 0.0 0.0
SAMPLE 2 I.25( 3.3 -0.s 0.0 0.0
AVERACE 2.5 "40 .S 0 .0 0.0

FUEL f:I...ASIOMI:R ENVIRON SOAK TIME TF MP DRY TIME
N IT R . DI::M (31 I...I C ONEC:. FR EE 24HR 7SF 7DAY

Wll C-MI .& I-I NESS DATA
S[ %VS (WE T) %VS (DRY) HC(WET) H( DRY)

1APL .E J. 1 3 4 65.8 S0.2 -7.0 -7 0

SAMP LE I .. 159 57 9 S .6 -7.0 --7 .0

AVIERACE 1.E07 1. 9 S3.9 -7.0 7.0

FL.. 1 IL:AST1.. A0M:R F 0NV:[ ON SOAK( TIME TEMP DR. [IME
NITR . DFl S I l...I C)NE FREF '2H-R 7!F 1) A Y

WEI (;HT & lARD NESS DATA
SC %VS (WET) %VS (DRY) H C(WET) H ( 1)R Y

SAMIP LE 1. 1..333 53.2 48.3 -8.0 8. 0
SAMPILF 2 1.39C' 62.2 57.8 -9.0 -9 0
AVERACE 1.364 57.7 53.1 -8.5 8 S

B-83

- ------ ---- , I



FUEL ELASTOMER ENVIRON SOAK Ti ME TI.MP DRY "TIME
NITR. DFM EPR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %US(1)RY) HC ( W[-A'C" ( 1)C(DRY)

SAMPLE 1 1.176 113.9 .12 3 -4.0 -4.0

SAMPLE 2 .63 109.2 l1O.s -5.0 -5.0
AVERAGE t.11,10 1i..6 J11, 4 -4.5 -4 5

1 ..' I [! I.. (ThV I 'I R LNVI. R ON S'AI I AV KL Tf MF' 'T m MMIV

N.[ I R DI:: M [- PR' FRf '?2H.1R 75rF i;.)A A

Wilt.I T x V.IARl)Nl[i:'; DA10

S(; m !3 ( Wv T) %VS ( DR Y ) II C ( W T ) T I"V (DR Y

S:riLL. i 1 i8, 119 . 21 3 .0 - 0 -5.0

P V. 2 . I68 17. 13 I. .8 .. 0 -5 0
A'V F R ; ... 1 79 i. 1 . 3 .12.4 - s.0 . 0

I i |l.l. [FI. A, OMIT fp E NV I R. N N SOAI< TIMIT  I I MP DRY (I ME
NI DFM SR COMP 2 SHR SOF 7DAY

W K I C.[I I & I-IfRlNFSS DArA
SG %VS ( WEmI %) VS (DRY ) I-IW ( WET ) IC Y ( DI Y)

SAMPI-. i . .279 5.i 3 6 .0 0
SAMPI.E 2 1. 26 4.3 i 7 3.0 -2 0
SAMPLE 3 1 .269 4.0 1 9 0. 0 .I 0
SAMPLE 4 1 272 S.3 3 4 2 0 0 0
SAMPLE S i.277 S.7 3 7 0 0 0 0
AVERAGE 1.272 4 9 2.8 0.0 .12

FUEL F I.AST MF E NV Ilk ON 1,30AIK TI MI IT MP DLY I MI-.
NITR , DFM !;R FRIFE 2 5HIR 1tor- i'DAY

WF:I('mHr HARNE SS 1 )ATA
S(:; /.VS (WET ) WS (DR Y ) !IC ( W" V I.l (DRY)

SAMPI..E .I. ? 27 6 . A 3 8 -2 0 .i. 0
SAMPlE 2 1 .70 7 ( ,3 8 0.0 0. 0
SAMPLE 3 . 261 S.3 2.9 -2.0 0 .0
SAMPLE 4 J 262 s J. 2.7 1.0 0 0
SAMPLE J i 264 S.3 2.7 -1.0 "1.0
AVERAGE 1..266 '4 6 3 2 ..0.8 .. O 9
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
NITR.DFM SR TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG XVS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1..260 2.9 2.6 0.0 0.0
SAMPLE 2 1.261 6.2 2.3 -1 0 -1.0
SAMPLE 3 t.268 6.5 2.6 0.0 2.0
SAMPLE 4 1.262 S.7 2.3 1.0 2.0
SAMPLE S i.26S 8.s 1.3 1.0 0.0
AVERAGE 1.263 S'.9 2.2 0.2 0.6

FUL. EI. ASTOMER ENVIRON SOAK TIME TEMP DRY TIME
NITR . DFM N2i9-7 COMP .SHR tSOIF 7DAY

WEIHr & HARDNESS DATA
SG 7.VS(WET) ZVS(DRY) HC(WET) Hf(DRY)

CAMPLEI . i.-274 9.7 i.5 -1.0 2.0
SAMPLE : 1.267 4.5 2 2.0 3.0SAMPL-E [3 1273 4.6 2.6 2.0 2.0
SAMPI. E. 4 .272 5.0 2.0 .0 2 0
SAMPLE S 1. 273 S.4 0.7 0 0 1 0
A VIE'R A(E 1 '272 8 1.8 0 .8 1.6

F'U-I.. Fl AS'OMER ENVIRON SOAIK TIME TE-MP DRY TIME
NIT R . JDF NF 2 M -.- FREE 2. 5HR ISOF 7DAY

P WF. CHI & HARDNE SS DATA
SG %VS(WET) 7.VS(DRY) HC(WET) FIC(DRY)

SAMPLE .I 277 6.7 2 .7 0 .0 3.0
SAMPLE 2 L E71 5.4 1.1 0 .0 1.0
SAMPLE 3 1. 774 S.2 3.4 -t.0 i.0
SAMPIE 4 83 5.B 4.3 .0 0
SAMPLL. S I 2?9 5. 3.8 -20 .2.0
AVERAGE i 2)77 . 7 3.i -0.4 1.0

FU l.. I;I AS1"OMER I:NVIRON SOAK TIME TEMP DRY TIME
NI:r R ,I)FM N iC'? 7 1 .ENSION 2. SHR . SOF 7DAY

WEIGHT & H AR DN 1:S S DA TA ' W T
SG %VS(WET) %VS (DRY) HC(WET) HC(DRY)

SAMPLE i i 277 5 8 3.2 0. 0 1. 0
SAMPLE 2 26 ' 3 3,6 --3.0 1.0
SAMPLE 3 1.271 5 2 3.4 2 0 3 0
SAMPI. E 4 1. 272 3 9 4 2 -1 0 1 0
SAMPI. L 1.. 275 7.0 3, 8 2. 0 4 0
AVERAGE . 274 . 4 3.7 0 0 2 0
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FUEL ELASTOMER ENVIRON SOAK TIME T.MP DRY TIME
NITR.DFM EPR COMP 2.SHR iSOF 7DAY

WEIGHT & HARD)NESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1 199 45.9 41.9 -4.0 --3.0

SAMPLE 2 i i90 41.1 37.3 --7.0 --4 0

SAMPLE 3 1. 203 46.6 42.7 -7.0 3 0

SAMPLE 4 1 207 S4.4 48.0 77.0 6 0

SAMPLE 5 1 203 45.2 39.8 -6.0 i.0

AVERAGE 1.200 46.6 42.0 -6 2 34

FUEL FIASTOMER ENVIRON 9)S0AK T TM F 1 MP DRY I tMF

NITR .FM V EPR F R E D: 1- '0F 7DAY

WE IHT HARDNESS DATA
Sb %US(WET) %V5 (DR Y) HiC (WEI) I. (DR Y)

SAM PLE I 1 2071 7S .8 71.7 -6. 0 .0

!:AMPLE.2 1 '~' 76. 7 ,2 .3 -.. 0 -.

SAMPLE 3 2 0S 74 8 67.5 i 0 6 (1
SAMPILE 4 i.06 Q/ 4 82 6 0 --3 0
SAMPI..F S 1. 08 76 3 75.0 -8 0 6.0
A ERAC. G'F .06 78. 273.8 --7 6 4. e

F U EL F. I ASTOmfR .N VIRON SOAK TIME I I.-Mp DRY lIME

N I.TR DFM E P TE NS ION 2 SHI 1OF R1AY

WI GHI & FHAR1)NI ESS 1) ATA
SG %V!3 (W rE) %SV ; (DR Y) FC (WE T) HC (DR f

SAMPLE I 323 SS 6 iS4.2 -6.0 .

SAMPLE 2 1. .309 t43.6 140.8 -8 0 -/.0

SAMPLE 3 .323 .61.8 1S8.3 -7.0 5.0
SAMPIE 4 1. 342 161 0 IS8.9 -6.0 3 0
SAMPIL S .329 i2 .9 150 .8 -6.0 -4.0
AVERAGE. i 32S 1.SS. 0 1S2.6 -6.6 4 '

F UE I- I. AST OMER E NVI R(N 5C)AK TIME T F:M 1P DRY I IM.
NETR OFM VT ON COMP 2 . SH, . SOtt ?DA

WEIGC1HT & HARDNlSS )ATA
SG %VS(WET) %VS(DRY) 1C(WET I D RY)

SAMPLE 1 1,834 4.2 0.5 5.0 4.0
SAMPLE 2 I 1 831 . 7 0.4 0 0
SAMPLE 3 1. 826 .0 0-0 7. 0 4 0
SAMPIE 4 . 034 2 0 1.. 0 4 .0 ,. 0

SAMPLE I . 830 2.0 0.7 6.0 4 0
AVERAGE . .31 2 31 0 .S :, 4 3

FUEL 'I ASI'OMER ENVIRON 0OAK T ItME TE MP DRY TI MF
N TR DFM VITON FREE ?. SHR ISOF 7DAY

WEG HT & HARDNESS DATA
SQ %VS(WE'I) %VS (DRY ) C (WET) HC (DRY)

SAMPLE 1. J. .83S ..8 0E7 0.0 3 0
SAMPEI.. 2 1.833 1 6 0 .8 0 0 3 0
SAMPLE 3 1. .827 1. 6 0 .6 6.0 6 0
SAMPLE. 4 .829 1 9 0 .4 4 0 ; 0
SAMPE 5 1 831 1 ) 0.9 4 0 3 0
AVERAGE i 8"' i '7 0 6 IS 4 (1

B-86



FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
NITR.DFM VITON TENSION 2.SHR iSOF 7DAY

* WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.833 1.4 0.8 4.0 6.0
SAMPLE 2 1.1333 1.9 -0.1 0 4.0
SAMPLE 3 t.838 1.5 -0.4 S-0 S
SAMPLE 4 1 835 1.3 --0.4 1.0 S.0
SAMPLE S 1 838 2.1 -0.6 S.0 4.0

* AVERAGE i.835 t,6 -0.2 3 4 48

FUiEI. EIAST OMER ENVIRON 0,;At< TIME 7I (MP PRY IJ [ME
NITR. DFM A700 COMP 2. SHR i.or- D ()DY

WEIG'lHT & HARDNESS DAT'A
SG %VS (WEI) "YS (DRY) HC (WEI) HV (DR Y)

SAMPLE 1 1.263 4S .1? 3. 0 7 (0
SAMPLE. 2 1.265 4 2 1. 9 3.0 8.0
SAMPLE 3 1. 263 4.4 1 . . .0 2 0
SAMPIL 4 1 263 3.9 1 9 1. 0 0
SAMPLE k; 1. 69 4.4 2.3 3.0 0
AVIRA GI 1 6! 4 .3 j.9 1 8 S 4

FUi_. EL.A.S. I TMER IENV IRON SOAK I IME TEMP R11Y 1 fME
NIT R . FM A?00 FREE SHR iSOF '7DAY

WEIGHT ,I ARD 1NES S 1)ATA
S13 G %VS (WE T) %VS (DRY) t1('V (WE r) I 1C (DR Y

SAMPLE I i 264 S .4 ".0 1.0 0
SAMPLE 2 i . 27) 6 3 6 2 0 C 0
SAMPLE 3 .271 6.5 4.0 -2.0 3.0
SAMPLE 4 1 . 266 6 6 3 6 0 . 6 0
SAMPI F .. 2'72 6 6 3.S -1 0 7.0
AVER ACT C) I69 6 . 2 3.S 0 . 0 '.6

FUE .1 I:;L , iOMErE: ENVIRON S:OAK 1 TIME TEMP- DRY I 'IME
N T .FM A ''? 0 -: 17 CT ENS IO (:N 2 Si-iR 1. (IF ') AY

WEI C4 A. 1RDNESS DATA
/ VS C WE. I ) ",S ) IR y I-i C WE T) HC (DRY

SAMP F . .8 0I J S.
SAMPLE .4 6 ' 3 4
SAMPL: 3 1 266 6.7 3 1.0 3 0
SAMPLE 4 1 6 6"s 3 . .0 3 0
SAMPLE .; 1.267 6.3 2.7 0.0 6.0
AVERAGE 1 266 6.4 3 2 0.8 4.0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY IIME
PEROX.DFM VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.949 B.S 5.7 12.0 if3 0
SAMPLE 2 1.871 S.8 2.3 11.0 17.0
AVERAGE f.910 7.2 4.0 ii.S 17 S

I

IU CI. I [lAS fiER FNVIRON SOAK TI ME TEMP DRY TIME
PLERO0 X L F" I V ION FR AE 'HR 7F vDn Y

WI I Ci-ii A HARDNESS DATA
, %VS (WE' ) %VS(DRY) HC (WET) HC (DRY)

SAMPLE 1 i 896 7.4 3.9 3.0 .0

SAMPI.E(: 3' .0 2 1.1 .0 10 0
AVIERACE. 1 1) 0 7.2 3.3 7.0 0.5

U I-I., F I. S T OII7 [..--NV I R (IN SOAK 1I ME Tl: .MP DRY I m 1
P E. R 0 X . 1) " M F R FE - 24HR 7SF 7) A Y

1A.1 L I..h 1-. & 1 R '9NP SS) DATA
S C VS (WE'T) %VS (DRY) HC (WET) HC (1)Y)

SAMPLE : I i 2.73 2.9 0 3 6.0 ii 0
S.A.M P 1. ? *:. 4 1 0.3 2 0 12.0
AVERAGE 1. 28 1. 3.5 0 .3 4.0 ii .S

F I IL. IIL A' IOME ' NV IRON ,SOAI< IMI T F iP DRP y I I MF
I, : R 0 x . .0 1 F: R E 72 H R 7 F: A Y

WE. I GlT & i.IAF DNESS I)AIA
SC; f ,",ZVS ( WIT ) XVS ( RY) I-IC.) ( W.V,) HI' (DRY)

SAMPLE I 1 .290 7 0 0.2 7,0 9.0
SAMPLI E 1 .... B,'5 -!.7 6.0 10 0
AVERAGE . Z B 9 4 8 0 ,3 6 .S 9 S
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FUEL L.ASTOMF R ENVIRON SOAK 1 IM[ TEMP I)RY TIME
PEROX .DFM NITRIL E FREE 241HR 7 5F ',"'DAY

WEIGHT & HARDNESS DATA
SG %SVS(WET) %VS (DRY) F(WET) HF (DRY)

SAMPLE I. t.334 9.0 3.3 6.0 14.0
SAMPLE 2 1.325 5 2 3.1 6.0 17.0)
AVE:RAGE 1.330 71.1 3.2 6.0 I';s

I UII:: t. L 1 V , I l E N NV 1.R (N SOAK T*1110 TI!M P OF:*". .f Th
P F Ri 0 DFM N 1i-11 EI tRE I.-.: 1 l 79T)AY

WI JG1- N HAP ONFS3 DAf A
SGu z.s WE S ) (kI (. j4.T !Z V ) IIC' ( Li FT 1 .1 C LW ) y

1A)M PL I i. 1 32 4 12. 9 1..3 11.0 12.0(
%()AMPIE 2 1. 313 8 S 1 .4 a. 0 80
rIVI Ri~wI 1 319 10.7 1 3 9.s 10.0

UF :IF I...1 LA S T ()ME m Ill NV I I*', CIN SO)CAK I( . ML_. F ill, IT Pr 1. f nIm
PLRU(J' DFM AVU 0 FEE 24H-R ' ln : )(

WE i; IT A, FlAP ONE S A T*A
S C. %V!: ( WE:T ) ZV)5( DR 1') (4 (W V)(I*Cf

;)r'MPII: 1 1. i. 1. . .0 9.1J 4. 0 12
SAMPIA A . 374 1. 1..' '7. 3 4 0 10 (
AFlIER U. 1 rIL . ? 13 4 8 . 2 4 . 011..(

I"r fIT AO'I M F.R :NV fR ON SOAK I fME TEM 1: D RY 'T TML
P E R OX PPM (1' 00 FREFE 7 2HR 75F 7DA Y

WI:n 1(if & Ik 'lAP. ONE: O S DATAr
SC; "/V5 ( L:, [*T ;/y; ( DR Y ) -IC ( w I lt H( DRY)

S AM PL . 1 1 350 1.3.5) 4.9 ii0 i
ISfo.MPI L~ 2 5 1. 4 9 10 0 1(1.
AVE PAGL 1..353 i3 s 4 9 120 (1.
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FUEL. Ft.ASTOMER ENVIRON SOAI( TIME TEMP DRY TI ME

PEROX.DFM N674-7 FREE 24HR 7 jF 7DAY

WEIGHT & HARDNES1S DATA
SG %VS(WET) %VS:)DRY) H CLIWET) HC(DIRY)

SAMI:)I..E 1 1.304 4.2 --0.7 7.0 11.0

SAMPl E 2 1.299 6,0 .-i.0 5.0 13.0
AVE.-RAGE t.301 . -o0 a 6. 0 12.0

F It. E I. A S-'T 0MI R ENVIRON SOAKl ITTME IF MP DRY T'I]ME-

r ER oxIF M N6>74-7 FRE:E 72HP 75F 7DMY

W[Lk I FO ARD1NE-. t$ DAT A
'5G ZYS (LETI) %VS (DRY ) HE (WLET HEC(DI)R

SAMPLEIm 1. 1.309 6.4 2.9 11.0 7 0
SAMI-[ L:: ? 1 32:3 1 .V s 4.5 1 2.0 B .0
AVERAGE 1 316 9 5 3.7 1157.

FFLt. FlA 1)LI 0MER E.N VI ERO0N 5)0AI(, T1,ME T*mp DRY TI[MF
1 ERO 11:0 ' 01 NA 7(0 FREFE 2.4HIR f- 7 71) A Y

LIEI C IiA IAR DNE SS DAT A
GC %VS (WLIT) ZYS (DRY ) -C (WLET ) F'(DRY)

SAMPLEI-. 1. i.- 288 7.6 4.7 -1. 0 7.0(

SAMPIE 2i 1 28K)59 4.0 4.0 14.0
AVE ACIE I. 289 7 . 6 4 .3 1 .5 1.0. S

FUEL V L A I W'i:i E NV I RON 5 -OAKI I IME'" TEfMPr DRY TIEMI

RI- :RU.X Df N 1 NA 70 1::R -F 7 ~ 2I1-IR 7%r "DAflY'

W14[11 & HII~lARD1NE.SS I)ATA
SG %.VS ( WET~ %VS (DRY ) - Cr LIE i i; HC (DRY)

SAMPLE 1 . 1 1?8 9 1[0.9 4 3 1 0. 0 1.2.0

SAMPl E T i279 13 .8 4. 1. 9 0 6. 0
AVERAGE 1 2814 id 3 4.2 9.53 9
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FUEI.. CELASTOMER ENVIRON SOAK TIME TE:MP DRY ITME
PEROX.DFM DONA 90 FREE 24HR 7SF DA

WEI GHI & HARDNE S I)ATA
sc; %VS (WET) ZVS (DRY) HC (WET) HC (DRY)

SAMPLE 1 1.330 B.4 5.0 3.0 74)

SAMPLE 2 1.351 10.4 5.0 0.0 7.
AVERA C.,E 1.340 9.4 S . 0 i' , 7 0

F' .. N T OMCF C Y R ON 0 ( "TI.[ Mi li: l:M ' )i Y "T I MF"
:: ' 0R . P II Bl'A Y 0 F' FI " F ' l)AY

W F. t;I., H . lT Ik .N 11ONE! DAT A n
.3 G ,V ( WVI.f ) ..S ( I)R Y ) I C ( WE'C Hr': ( DR y

SAM....VK 1 : 37S 14. 9 9 4. 0 4 0
SM pL F 6 i39 1.43 923 0 0~f
A-lRA [~ 1 '4 4 9. 5 3, (i" 0

l~~l~lli1l 10 m. L, 1 I liR VN. [N V..1) d R 0;~ i NI!M DK I' -f 1

1lb R ( K ) t M :, .1. . (C C0 1N E FR -E 241-1 R ; F: 7 A Y

WEIGI & I-IAI)'DNE.S!3- DATA
SCG % VS ( WET ) %VY S' DRY ) I-. ( WET ) HC, ( DR

S-PIE I I .441 61. 4 .;':3 4 4. 0 9 0
AMI I .IE 1 3 6 ' . 4 60.4 .. 0 0 0

AVERA C." . 40. 64 .9 S7 .9 3.0

E [IA .S, pOFNI:iR I N I0N SO(AI< TIME 'EIIMP I)Y I IRI l
P O I 0 X ) f M ' I.. I (CI N V -R I HRY

C., % C (WI 1 ) %Q; OR Y IC ( WI-T) - DHC Y

GAMI I.. 4. 8 4 tI S c 51. .) 0 1. 1 0

6AM:, I 1 2 414 1 GiO " " -. 0 (
A ER. A ,LE; :I 4,.1. SI) 2 ".. 1 .1B 0 0 5
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FUEL EL.ASTOMER ENVIRON SOAK 1IME TEMP DRY TIME
PrROX.DFM EPR FREE 24HR 7SF 7DAY

r WEIGHT & HARDNESS DATA
SG %VS(WET) %VS()RY) HC(WET) H(C(DRY)

SAMPLE 1 1.257 129.7 121. 1 4.0 0.0
SAMPI.-E 2 1."62 13.1..4 119.S 6.0 1 (0
AVERA(CE: I . 260 130 .S 1.0Z' 3 S. 0 0 . S

P

F UIEI. OMIA 0T M1EI R 1::NVT R 0N SOA T I I MI TI MIP )I: 1 1IM 
,LA~ Df. H:I R:6 R I': E '71 R( r"W V. R(.1 -.-I & I I R 1N E R (F* )- A T A

Sc %Vs (WET) % V:( DRY ) l -( WET) H ( DR Y )

(-AM Ih 1. 248 1 2 3 3 1.t. 3.6 10. 0 10. 0
SAMPLE 2 :.'S1 123.3 116. ,1.0 90
AVFfb-A(I. I. 1: AGI3 11S.2 10 . 9 :

LtiiI. Ei. ,:I , lfMI V i I U (i N IAR ME 1 MP 4 :, 01I2-.J ) i-s PF' ," ' F' l.: II :i %-,tl.I.ls'' •

IJl I I :i '" 11 11 I .O N tF: b y. , (Y' l

C(I; Y ;(L I ) ' l Y ) If" . I ( [)

A mr1l 1, 1 1 1 Yn; 7 0 s (1
F i> )1 4 0 4 0

....'.. .. .. . 1 2 0 4 f)
:AlMI I I ' '1- 9 0 4

A-iMI . 1 : -. t6 ' 5 3 s ( ', 0
1: Rn I C, -' 4

M itl IE i i ;!' 1 6.'': . 0t' ', (]F"~~~~~ ~~~ i.1 VTR 0" .. ,l' '" !:l.' :i'I ]R :N (:; (Jif.'W T*.!I'i[*': "T V MF PR I !

1-tll 1 1, 1 f / 0 r.I/ V S ,l 9It T F 1 0l W4.0:*)III I C,) T p-

o I1
"la) I '1.. 1 0 44 ,

-0-95
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F IL EL.ASTOMER E:NV I IR ON SOAK TIME TEMP DRY TIMEPEROX. DFM SR TENSION 2.SHR ISOF 7DAY

WEl[C- H T & HARDNESS DATA
SG %VS(WET) %VS(DRY) -iC(WE :I iC ( D:1 Y)

SAMPLE i 1.29 6. 1 3.0 1 0 3.0
SAMPLE 2 2 4 6.0 2.8 -i 0 4 0
SAMPLE 3 1.62 S.9 3.1 -i1 0 3 0
SAMPLE 4 1 .263 6.0 3.4 2 0 4 0SAMPLE 5 .27 2. i-0.2 1 0 4 0
AVERAIGE 1 .253 .2 2.4 0 4 3.,

FUI V. T I.M. A "l:m i? N VIR N SOAK II. T V MP DRY T I
Pl :R OX.Dl'FM NrI 9- C7UMP 2 SH : 1 0 F 7) (Y

WE I. .T AR DNESS DATA
SC %VS k WET) 2V,13 (DRY) H( (WET) HFC .RY)

SAMPL[E i)9'2 6.2 4.9 4 0 0 0
SAMi I:) 1 1.:8 0. .s" 4.4 9.0 0
SAMPLE 3 1..282 S.S 3.3 3 0 ' 0
SAMPE I 4 i 279 5, 8 :.8 2.0 i
SAMPLE S 1 274 1 3.5 4. 0 S. 0
AVER 'Ki i C V 1 0 4.0 3.0 I

F, l. 1: ASTOMER ENVtIRON SOAK TIME I FmP DRY TIEMI
Pi:R .DiM N 19-- FREE . Sip ISOF -DAY

W :i -I HT i.IAR DNiE'S DATA
SG % VS ( WET) %V.S DRY) -iC(WE T 1-) 1C C DI?)Y

SAMP I 1 ..1,73 S.3 3.9 3.0 7 (0
SAMPL 267 s.o 3.6 2.0 6.0SAMPLE 3 1 .27; SS 4.2 2.0 B. 0
SAMPf. 4 P68 .6 4.4 4 0 6 0
SAMPL s 1. 8 4 .8 3.s 2.0 7. 0
AVERAGE 1 .70 C.3 3.9 2.6 6 8

FUIE.I. ILASTOMER E NV I RON SOAK TIME TEMP DRY 'T TIIMI
P E.RO .DEM N; 1:9-7 INC) I ON 2 . Si-IR SOF 7DAY

WE I C & IIAPDNE.:SS DATA
SG ZVS(WET %V VS(DRY) HC(WET) HC( D)RlY

SAMPLE i . i.7S 1. 4. 1 4. 0 6 0
SAMPI.E 2 1.271 , 0 4 2 3. 0 7 0
SAMPLE 3 1.268 4 4 3 1 3.0 ' 0
SAMPILE 4 1 .272 1 3.6 4 0 ( 0
SAMPLE 5 1.274 5 2 3.8 3 0 7 0
AvER A E I R A U2': 3.0 3 4 '. 0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PEROX.DFM SILICONE COMP 2 SHR ISOF 7DAY

WE:IGHT & HARDNESS DATA
SG %VS(WET') %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.526 29 9 28.3 -2. 0 3. 0
SAMPL.E 2 i.S26 31.1 29 3 -3 0 0.0
SAMPL.E 3 i.22 31..2 29.6 -4.0 1.0
SAMPIlE 4 1.530 29,1 27.6 -5 0 1.0
SAMPI.E S I.535 31 5 29 7 -S 0 -1.0
AVERAG:E 1,528 30 6 28 9 - 3 0 8

F in.l: ... I1 (I).S 1'M EImR EI.',V f p 0N TOA [IME I [: MP DRY T [MI
P 1::, F ,''. .1)l:M ri 'F[L [C(0NE FRIE 2. SI-IP 1i 0 .; .7"DA

Wi Fl(G; 11 I hR)NF":SS DATA
SI; ( .,1% V S ( W 3 ) ?'P (DRY ) I-IC ( WE T ) iC ( DRY)

5A Pl A I j j "-i.:, 27 47 0 45 0 6.0 .... )

M II.,i ' 4':. 41.9 -8.0 -. 0
IE. . .., 46. 1 44.0 -6 0 0

SAMPIE ' 1- 50 471 4. 0 .0 2.0
A MlP I. L J . 6 53 0 -6 0 1 0

AVI: R.A.n i5.. 48 3 45 9 -6 4 ....0'

U.i. l..I1. ' 1. F'I.0M R NI P.:): N P4)4AK T :ME ITE MP DRY I IM1:
Pl F k 0 D ': ( 1 L I G NIE TEN SIN 2.SHR I -DAY

Wi: I I-I & IIA DNIiWf SS WOJ.i
* % ' " (WI ) %. ( DR Y) HT( VWET ) I-It (Di

S Am l:I..ii i k 1 '8 :8 4 3 4 -6 0 1 (1
SAmIII (*w .: . 4 0 .) 30.9 -. 0 i. 0
S)M I I 3 i :36. 7 36.0 C - 0
. .h 'I.. 4 '" 1. 0 .0 4 .0 0
SIII: . $'7 30.8 29.7 -7 0 1 0
A V..I if, I32.8 -. 6.' 0

Fi II IIIF '. V:I F, 0N IL' 11AI1 r) IF.Y 0 rmlP E: R ->" 0 1-. : ii F:' F':.' ko 0M F 2 S !I iso 70h ':' Ay

~13,A I'iL 1:. L.1 f, w . i..04 0 4 t

1 : [ :,I I .! I 1 ' f ] N I~i A ) " ;" A

SAMPL ;1 ..40' . 0 39 2 2. 0 " P
AVERAGE i 28 4 3 7 . 6 .
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FUEL EILAST F.OMIR ENVIRON OAK TIME "TI MP DRY TIIMF
PE-ROX. DFM E PR FRE:E '3.1H . OF 7DAY

WFICH1' & HARDNESS DATA
SG %VS ( WET ) %V7 (DRY IC (WT) -1C (DRY)

SAMPLE i J .209 84.0 79 7 0 .0 2 0
SAMPLE 2 1 1iO 79.7 ?4. 0 -3 4. 0
SAMPIE 3 1 l 8a.8 77 S -2.0 . 0
SAMPI. F 4 i .).j 93.153 88. 7 4 0 1. 0

ML.E ) -'2 P 0.4 76. .0 1 0
AVERA('I 1. 2 1.1 83 0 9.2 0.0 0.8

I:l. I I, o1Mp 1V T NVIR 0N i:' I(" TIMIP ' F" pr 1 "I MI :
P Ii ' ) Il P R F NSGI. 0 .i H I"I 0D? DA Y

I FI f DAT AA R INI S , TA
S) J S WET . ",..V . . I' Y ) IC: WFT ) -1( ( DR

): A Ml 1' .1. 1 1 .. . C :..... .:' % :" 9 2..' . 0 ,2 . . 0}bAMPI fT" 0 5:01 '3 i ' .
bAM~:ii; a., . n0 .;"l ' ' i: 6.. , 6. 2 0 2:i . 0

I ,.: I' (9 ... 0 0
S]AMIP>I...E , .1 i..13 " 66 ')9 3 0} 0

("A-, " 0 00
AVI* RofI i F82

V ' ,f . 1 I) S 1 M I"] I P V I R .T T MfB DRY . Mf l
i 1i.I~U .Lic ..TN(LMP o ' rx;r 'D

Wil](;I. ." HARDNE'SS DATA
G(; %V S (W ET1 ) %) V fS Y ) H- ( WET T) I- ( C I'.) Y

sAMPI.-E 1. 1.847 . : 0 1 .-S.0 0.0AMFIE. '> . 5 45 8 (0.8 .... T; (0 "-tO

SAMPI. . 1 842 2* 9 0.6 -7 0 1. 0SAMP LE, 4 1 i 39 S3 0 ( 7 "' 0 0 0

SAMPLE '-] . 838 1 .7 0.7 -4. 0 0 0
AVERAGE t 842 6 0.6 "-4.6 -0 .4

F U E L CLAST'M ,  ENVIR(N SOAK TIMI1- IF.MP DRY TIMF
PL ROX .Df: M VI'ON FREE 2 ) '3 IR 1'i o : 71"AY

WE I iT & HARDNfESS DAI' A
S6 %vS (WE i) %VS (DRY) -1C (WE T) HFF(D)RY)

SAMPLE I .. 843 1.9 0.4 7.0 1. (
SAMPI...E 2 i .41 . 1 0L -7 0 1. 0
SAMPLE 3 1 838 2 3 0.5 -s 0 1 0
SAMPLE 4 1 .340 2.0 0.i -S. 0 0 1
SAMPLE F; .833 1.7 0.0 -7 0 ..2 0
AVERA(Fr I 839 1 9 0 3 -6.2 ?- 0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
PEROX.DFM VITON TENSION 2.SHR ISOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HG(DRY)

SAMPLE 1 1.846 3.4 0.9 -5.0 0.0
SAMPLE 2 1.8A3 2.5 0.1 --1 0 -6.0
SAMPLE 3 i.84S 2.7 0.4 -S 0 0.0
SAMPlE 4 1.832 0.8 -0.1 -3 0 --t.0
SAMPLE S 1.838 1.9 0.2 -S 0 0.0
AVERAGE 1.841 2.3 0.3 --3 8 -1 4

F UI L. E I...0. 0' )TOMER E-NVIRON SOAK T [ME T MP DRY 'MF
PF ROX DF:M A?(O(1 OMP 2. SHR 1. 0[F '7 DA

WIE. I III N HARDNEI( DATA
SC; %VS (WET) %VS(DRY) HC(WET) -C (1)R

SAMPLL 1 .261 3.5 1.7 1.0 4. 0
SAMPI. 1- 2 4. 0 2 1 .. 0 4 0
SAMPL 1 E.7 3.9 2.4 2.0 6.0S A MP E- 4 . 1S -'.

.... 4. 2,, 4 6 2.0 i 0 4 0
SAi LE 1 .2 .' 4 S .8 0.0 3.0A VIL RflII I 5 7 4. 1 . 0 0 6 4

F- tJ I. I...A I OM1IQI: ENVIRON SOAK T. ME I F MR P ) y IMl
P F RO, 1 UFM AT00 FREE 2. SHR iSOF 7DAY
WF(.GIT & HARDNESS DATA

( V 'v,; (WET) 'VS ( DRY) HC (WET) H' 1. Y)

SAMPLE . 1 254 5.2 2.5 -. 0i 2 '
SAMPLE 2 1 253 3 3 2.9 -1.t0 3 0S MPL 5 I .. :2 4 4.8 3.4 -i.0 3.0
SAMP[..E[: 4 1. '4 4.2 2.9 . 0 3. 0
SAMP.E L 25 3.3 2 .7 -1 .0 S 0
AVERAGt ." 2.;4 4.5 ' .

F 1l. Ill I n05 VOMILR [ENV I ON SOI( [M T1 M EMFI DR Y I I MF
P I:F:7 I) F, M A7 0 0 TENS ION 2 . 5111 1 50F D Y

W E: 1 f I I A R J) N ES S )A TA
SC %VS ( W: ) /VS ( DRY) HC (WET) I-I(, DP Y)

SAMPLE. 1 1 22 3 2 1 0s - 10
SAMPI..E 2 .60 4 7 .10 ' f
SAMPLE 3 1 260 4.1 . 1 -3 0 4 0
SAMP! L 4 1. '60 1 3 8 1.6 0 0 4 0
SAMF.. 13 1 258 4 3 7 0. 0 4 0
AVE-R [ 1..58 4 0 0 6 4
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SHORE A HARDNESS

ORIGINAL go

as

2414R SOAK 70

7 DAY DRY so

4.

20x

V17ON SR NITRILE A766 M674-7 DUNA 70 DUNA 90 SILICONE EPA

ELASTONER TYPE

SHORE A HARDNESS - 0.5% SULFUR DFM
(SOAK TEMP =75

0F SOAK TIME =24 HR)

SHORE A HARDNESS
lee

ORIGINAL 90

72HR SOAK 70 o 1 l

7 DYDRY S >

30

VITON SR NITRILE 0700 4674-7 DUNA 76 DUNA 90 SILICONE EPA

ELASIORER TYPE

SHORE A HARDNESS - 0.5% SULFUR DFM
(SOAK TEMP =75

0 F SOAK TIME =72 HR)

SNORE A HARDNESS
lee

ORIGINAL go

2.6140 SOAR 70

30 XX

VITO" SR N219-? DUNA 76 EPR

ELATOMER TYPE

SHORE A HARDNESS - 0.5% SULFUR DEM
(SOAK TEMP =150OF TOFT - FREE)

B- 1 00



SNORE A HARDNESS
too

ORIGINAL 96 9

200

(SOAK TEAP x X5 0  T X - TENION

7 DAY DRY so B

4Do

3060

VITON SR 14219-7 DUNA 70 EPR

ELASTONER TYPE

SHORE A HARDNESS -0.5% SULFUR DFM
(SOAK TEMP 150F TOFT -COPESION)

SHORE ~ A HARNES



_71

a a

.40.

0
cn 0

OE-4

a 10

-4

z

al ;u. I

Li,

Or0 0

III)
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SLiLF. DFM VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WE'T) HC(DRY)

SAMPLE i. 1.836 8.4 -0.8 -4.0 -9.0
SAMPLE 2 1..846 4.5 0.2 -4.0 -8.0
AVERAGE' i 841 6.4 -0.3 -4.0 -8.5

F U EL 1 L A STOMIF'R E N V I R ON SOAKI IME TEMP DRY *TIME:
SO..F D FM Y lI'ON PREE 721"1R 7F 7DA Y

WE I CHI & HAR DNESS DATA
SG %US (WET) %VS(DRY) HC (WET) H"l (DRY)

SAMPI El i 1.842 2.5 1.9 -i.O .8.0
SAMPI.F 2 1.33 2.1 1.1 0.0 -8.0
AVERAGE . 837 2.3 1.s -0.5 .0

P U V.. I::. A S OM EF:R ENVIRON SOAK TIME TEMP DR Y T I F
SI.)LF . F:M SR FR E: 24HR 7SF 7DAY

WEI.HT & HARDNESS DATA
S ZVS (WE:T) %VS ( DRY) lC (WET) HC ( 1)RY

SAMPLE. i 1.294 2.3 --o.s 9.0 (1
SAMPI..E 2 1.284 ;r. .... 0 .-
AVERAGE 1.289 2.2 10. S.0 .. S

FUlL ELA OMER ENVIRON SOAK ' IME T1MP DR Y 1 tMP
SI.F..F. PFM SR FREE '2 H R 7SF 71)AY

WE I::[ilH & IAR NISS I)ATA
SG %V S (WET ) % VS () R Y ) HC ( WE: T ) HC ( R Y

SAMPLE 1. 1.283 1. 5 --2.6 4 0 -S.{(

!AMPIE 2 .281 0 '3 1 1 8 0 -2.0
AVFRAG.E. 1. 282 1. . 9 6. 0 3 S
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FUEL ELASTOMER ENVIRON SOAK TIME TElMP DRY TIME
SULF.DFM NITRILE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.343 7.0 1.6 -2.0 -7.0
SAMPLE 2 1.309 6.9 -. 8 -1.0 -6.0
AVERAGE 1.326 6.9 -0.1 -1.% -6.5

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SUEI..F . DFM NITRILE FREE 72HR 7SF 7DAY

WECMI(J & MARD NESS DATA
SC; %VS (WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1. 1.297 2.1 -0.S -1.0 -7.0
SAMPI- 2 .1.290 2.0 0.3 -2.0 -7.0
AVERAGE 1.293 2.1 - i..11 -7.0

FUEL FILASTOMER ENVIRON SOAK TIME "T ..MF, DRY TI Mr.
SULF .DFM A7 0 0 FREE 24HR 7SF ?DAY

WEItCM1 & HARDNESS DATA
SG %VS (WET) %VS (DRY) IC( WET) HIC (DR Y)

SAMPL.E 1 1.254 4.0 -4.4 5.0 -1.0

SAMPLE- 2 1..283 4.1 -2.1 3 () -0 C
AVERAGE : 1.268 4.1 -3.3 4 0 "A o

FUEL.. I LAST OM P ENVIRON SOAK TIME IEMP DRY llMf
S.(t. F . VFM A700 FR'E 72HR DAY

WE 1. tHl A. JARDNESSC; DATA
SC %VS (Wt ) %VS(DRY) HC (WI r) H( (D'Y)

SAMPLE 1 1 317 4.0 2.4 1 O -6.(l
SAMPLE : 1 .29. 2.3 1 3 -i 0 -3 0
AVERAGE 1.304 3 2 1 8 0 -4S
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SULF.DFM N674-7 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) XVS(DRY) HC(WET) HC(DRY)

SAMPLE i i..302 6.0 -0.7 -i.0 -5.0
SAMPLE 2 1.304 5.8 -0.8 1..0 -. 0
AVERAGE 1.303 S.9 0 .7 "-1 0 -. 0

FU 1EL F. A3,-TOMIE7R ENVIRON SOA ( TI ME T I- .M DRY I I ME
SULF DFM N674-7 FREE 1HR SF DAY

WET CHT & HARDNESS DATA
SG %VS (WET) %V ( R Y ) HCiF( WET) HC ( I)R Y

SAMPLL 1. 294 4.3 0.8 4.0 -6 0
SAMPl" 2 1.309 3.5 1.2 4.0 -S 0
AVERAGF 1. 301 3.9 1. . 4.0 - S.5

F: U E L [LASTOMIR ENVIRON SOAK TIME TEMP DRY TIME
SL. LF . 1) rB PJA 7(3 FR E 2 4HR 7SF 7DAY

WE IGHT HARDNESS DATA
SC %S ( WET) %VS (DRY ) HC (WE T) HC(DRY)

SAMPLE i.1282 6.3 3.3 2.0 -2.0
SAMPI. E 2 112S2. 3.6 "- 0 4 0 2 0
AVERAGE 1.267 4.9 1.2 3.0 2 0

FIUELUE 1f[..',! TOME R ENVI R ON SOAI( TIME T MP DRY . [ril:
UIF 1)Fi BUNA 70 FREE 2HR I7F 7DAY

WE 1(.1 T , HARDNESS DATA
S(; %VS ( WE I1) %VS(DRY) Hc( WET) I (DRY)

SAMPLE 1 1.250 4 1 3 2 S.0 -2 
SAMPI 2 247 4.3 3 3 3 0 -0 0
AVERAi;E 1 248 4.2 3.2 4. -3 03
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DR,' TIME
SULF. DFM BUNA 90 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(l)RY) HC(WET HC(DRY)

SAMPLE i 1.30S 6.1 0.S 4.0 2.0
SAMPLE 21 1.307 6.4 1.2 2.0 0.0
AVERAGE t.306 6.2 0.9 3.0 1.0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SUL. . DFM BUNA 90 FREE 72HR 7SF 7DAY

WE IGHf .& 1 HAHRDNESS DATA
SG %VS ( WE:]) %VS (DRY ) H ( WEl T) HC (DR Y)

SAMPLE I I 308 4.4 4.6 -6.0 -3.0
SAMPLE 2 1.306 4,8 2.7 0 0 -3.0
AVERAGE :1.307 4.6 3.-3.0 3. 0

F 141.. I!L.ASTOMER ENVIRON SOAK TIME 1 F.--M P DRY TIME
SULF. DIFM SLICONE FREE 2 4HR 7'7 7DAY

WE I CHT. HARDNESS DATA
SG %VS(WET) %VS(PRY) HC(WET) HG (DRY)

SAMPLE 1 1 .437 62.1 5. 8 6.0 -H. 0
SAMPLE 2 J 33) 67.9 S.3 --. 0 -6.0
A V E RAC 1. 386 65 . 0 S3 .5 -6.0 7.0

I-L LAST 1M1R 1I7 NVI O( N SOAK TIME TEMP )RY i .I MI
SU. F . 1)FM SI LI CONE FREE '72HR 7 r- F I) AY

WE IC VHT HARDNESS DATA
SG %VS (WET) %VS (D RY ) 1-lC ( W1:'T) H (DRY

SAMPL.E 1 1.446 59.2 S3.S 0.0 .9. 0
SAMPLE 2 1..388 59. 6 54.3 0 0 -9 0
AVERAGE 1. 4 17 S9.4 53.9 0.0 9. D
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SLJLF.DFM EPR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.226 12S.0 114.1 -3.0 -7.0
SAMPLE 2 1.261 31.0 119.0 1.0 -5.0
AVERAGE i.243 .28.0 116 .S -- .0 6.0

F'UEL FLAS'(T0M.. R ENVIRON SOAK TIME" T" M P DRY TI ML
SULF . DFM EPR FREE ?2Hl.IR 7'l-F 7DAY

WE:I:GHT & HARDNESS DATA
SG %VS (WET) %VS(DRY) HC (WET) HC (DRY)

SAMPLE 1 1.259 130.2 123.1 .7.0
3AMPI.E 2 1.250 1.C)3.4 120.S 3.0 "-6.0
AVRAC,..E: I.25S 129.3 2.2 0 2.0 -6.5

FU IEL. [I...AST OMEIR ENV IRCN SOAl< 1IL ME - Ml I)R y T I M
zUI.m.F D'M SR COMP . 2. SHR iSOF 7DAY

WI:ICI-I ,!,, HARDNESS DATA
SG %VS (WET) Y,VF5 (DRY) H-1C (WET) 1..C ( I)lR Y

SAMP ...E J .266 4.6 1.. .-6.0 1.0
AMI'-..1E 2 .260 4.9 3. 2 6. 1 . 0

SAMPM.IE 3 1 .261 3.9 1.8 -4.0 3.0
SAMFPiI: 4 i )59 3 9 3. 6 -2 O

SAMI: F 5 Ei. 259 4.4 3.8 -6.0 2 0
AVFR A(GE 1 .261 4 3 2.B 48 j."

LiE I... i I S "(MER EN9IR(]N E VI0(]N TIME T :EMP PRY TIMt
S U L F 1) FM Si FR 2 .RI' 5.R 1 -O ?A Y

WE IG.HT & HARDNESS DATA
S C %'S ( WET ) %S ( DRY ) [H1; ( WET ) IC ( DRY

SAMPIL E* i 1 254 .8 4.8 -5 0 0. 0
SAMPlf. ; i.;:S4 4.9 4. 0 4 .0 0

•P1.58 f.' 4 r -4.0

SAMP 1 F 4 .1."? 6 .4 i 0 -" 0 - 0
SAMPI.E 1 ;65 S.2 4.6 6 1
AVERAGE' 1 .)59 .3 4. r. 2 0 8
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FUE. 1 1 ASTOMER ENVIRON SOAK TIME TEMP DRY TIME
SULF . DFM SR TENSION 2 SHR 1S0F 71DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE I i .2S S 3 4.1 -6.0 0. 0
SAMP [: 2 1 256 4 .9 3 .7 -8 . 0 1.. 0
SAMPL E 3 1. 2S4 4 9 4.0 -5.0 3.0
SAMPLE 4 1 2S4 4.6 3.8 S 0 1. 0
SAMPLE S I.255 S 0 3 B -4.0 3 . 0
0VERA E 0 E 13. - 6 1. -

FU(TEl... I.ASf rIEF EN VIP N c;tAK T 'MI I.M P O . TM
SU F DE: F F N2N. 9"7 OMP . N .rSR r.)E 0F)AY

WEI:H & lIAR N SS R "TA 

, FS (WET) V " (DRY) -tIC (W T) HtC (I)RY

SAMPLE., 1. 1. S 2 4 2.4 -4 0 :3 0
SAMPIF 2 1 2C S 2 " 0 1. 0
SAMPL IE.59 2 3 1. 9 -. 30 2. 0
SAMPLE 4 'mr . ' S4 0 .0
SAMI: ' 1. 0 1 6 . 3.0 2 0
AVETRAGE 1 K) 2 2 0 3. 8 1.,

7L.E[_ 1 AT E IMIER FNVIR<ON SOAI( T[ME TEMP DRY I tI-
S0LF DFM N''J. 9 7 FREE 2. SHIR I.!0 1 '.0DAY

WE:H"I tI. HADNES DATA
Si, %VS ( WE 1) V.'S ( DR Y ) 1: ( WET ) I-If" (DI Y)

S AMPF.I.L.E .i 1.2S3 3.7 20 -2.0 Al
SAMPEI - 1245 3.4 ....4. 30
SAMPLE 3 1. 2.53 4.3 2. 6 -S 0 .i 0
SAMPLE 4 1. 239 4. 0 2.4 - 0 -1 0
SAMPL F 5 1.2S7 S.4 3.6 -2.0 1 ft

AVI!FAGIF : 0 F.J 'S:3 4 1 .4 .4 . ( . II

FI.:IL AS T0.45 UMER ENV Il PON S 1OAK TIMIE TI-Mp 1) l 1 1MF

SUP V ,:M N?19i-.7 TENSI1ON 2 )R F 7DAY

WET. i. HAR)NESS ) ) Al A
St.; %VS ( WET S 7 DR Y ) itv ( WI 1 ) "1 1 W <DR Y

SAMPLE 1. 1 2.3 4 0 3 *-4 f.0 1 0
SAMPI F 2 1 2 0.9 0 . 4 .0 ; a
SAMPLE:. 1 269 4 7 4 6 -s 0 ; a
SAMPI E 4 1. 2d66 4.P 4 ; . 0 ', It
SAMP I F71 258 3 .2 3 6 ": 0 6 (I
AVEHAlI: ' F P A (, 4 . .
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FUEL EL.ASTOMER ENVIRON SOAK TIME TMP DRY TIME
SULF. DFM EPR COMP. 2. SHR iSOF 7DAY

WEIGHT & HARDNESS I)ATA
SG /VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.202 35.6 33. 0 -S.0 -6.0
SAMPLE 2 1.216 46.0 43.0 -4 0 -5 0
SAMPLE 3 1.214 39.0 33.2 -7.0 -3 0
SAMPLE 4 1. 211 38.4 35.0 --4 0 2 0

SAMPLE 5 1.210 37.6 36.4 -4 0 3.0
AVERAGE i.21O 39.3 36.1 -4.8 -3.8

Li E -7,17.M DRY TI:ME

ULJ-.I .. A STO M E R ENVIRON S(OAI( TIME ' MP Y
Sti.F . DFM EPR FREE 2 SHR i SOF" 7 (1AY

WE 1 (.4-1 T & H A R I) N ESE; S D ATA
S %VS (Wr -) %VS(DRY) HC(WET) FI (DR Y)

SAMPIL 1 1.2.03 84. 7 77.6 -5.0 -3 0
SAMLE 2 1. 2.1.0 84.5 797 -130 -8 0

SAMPI...r1: 3 J1.2.06 71 9 64.9 -5. 0 . 0

SAMPILE. 4 1.21 2. 87.2 83.4 6. 0 -6.0
SAMPIE 1.15 ' 0 74.5 --s 0 -4.0

A"VER RE 1209y 81 .176. 0 -" 8 -4 .8

F'. EI... El.. AS' TOMER1 ENVIRON SOAK T:I ME 1TrMP DRY TIME:
S O LE. F' D E M [.! P R TE N SI 0 N 2 S H R .i F D AY

WE .I'HT , H AR DNESS I)ATA
SCG %VS ( W FT ) %VS ( )R Y ) C (WET ) HC ( )R Y

SAMPL.E 1 1. 208 57. 6 56.3 -S. -, 0
S AMPI.I: . 319 . 0 .2 146 6 --6 0 3 (

SAMPIE 3 1 2.1 79 8 74.7 -6.0 3 0
,AMPIE 4 1 2.10 64 . 66.5 "-4 0 -,3 0

SAMPLE 1. 207 66.4 64.1 -8.0 4 0
AVERAGF 1 231 83.6 81.6 . 8 -3 6

F.L I-I I~ OMI ENVI[RN SOAK TIMI TIMP DRY I IM:L
JI)F I)Fi I I)ON CO0 k 2 F-I0 1 ) A Y

I II.A--IT lAP DNEUSS(,i DATA
C, /VS ( WF 1) %VS (RY ) M.. ( WET 1) 11' D D 1, I

SAMPL . . 1.. 8S3 3.0 0 6 -3 0 -. . 0
SAMPI.. E 2 I A845 4 0 (1.8 ' 0 - I!

Si-)MP I.E 3 1. 868 S.0 2 3 .4 0 4 fl

SAMP I. 4 1. 85$.2 3 7 1 . P 0 , 0
SAMF'l [1 1 .844 3 21 1 0 2 0 . 3 U

AVERA.F 8 1 2 ->? 6 - .
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ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
iULF. DFM VITON FREE 2H R i- SOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WE:T) HC(DRY)

SAMPLE i 1 849 2.8 1. 3 1.0 1. 0
SAMPLE 2 1.849 4.4 1.6 -". -2.0
SAMPLE 3 ..843 3.1 0} -2.0 .0
SAMPLE 4 1.839 3.6 1 2 A.0 1. 0
SAmPLE S F .84S 3.4 1 .3 -. 0 0 0
AVERAGE . 84S 3. 1. 2 -0.8 0.6

F UEL, IASI OMI V IR ON SOAK 1TiME. TFM DRY TIME
SULF . DFNm VII ON TENSION 2 SHN t.0F CD)Y

WEI--T & IARDNESS DATA
S; %VS ( WTT %VS (1DRY) 1I (WET ) HC (l Y )

SAMPLE .1 1.837 2. 9 0 -2.0 30
SAMPI E 82 . 33 0.6 -..6 -2 0
SAMP LE 3 1 839 3 3 0 4 0 0 1 0
SAMPI F A i 34S 3 2 1 .3 - 0 -"9 (
SAMPI. '. 1.847 4 . .8 "1 0 .. 0
AVER. l : .'40 3. 1 1 .0 ... 2 1 8

FFUL F. LASTOMER F NV RON SOAK I.ME TE ME DRY 1 I_ME
SUI.f7 . I)F Ao0 COMP 2 SHR iSOF 7DAY

WE I JIT & HARDINESS DATA
SQ % %VS (WE.T) %1.VS (D RY) H (WET) HC DRY

SAMPLE 1 . j. 259 S S 2. 3 3.0 2 0
SAMPLE 2 1.264 4 . 2,3 0
SAMPLE 3 i 26S 3, 8 8 0 30
sAMP.. 4 f.259 . B8 3 0 1 0
SAMPLE S 1 .260 3 2 3 2 0.0 .. 0
AVERAGE i 62 3 9 2.7 2 0 . 0

U F. 1 1: I_ ASO M R (NVRO SOAK T0 .(ME T F MP oRY I .lME.
SUL1 F 1FM A;7 0 0 FREE . SHR ) tO) DAY

WE I HT & HARDNESS DATA
SG %VS (WET) %VS (DRY) IE (WET) -C (D'H1) Y

SAMPLE i 1. 262 4 S 2.2 .0 -2.0
SAMPL F "I J. '63 4 4 3.2 1 0 (.0
SAMPLE. 3 1 262 5 2 4.2 1 10
SAMPLE 4 .264 4.2 3 6 0. -2 0(
SAMPLE 5 1 . 258 4.8 3 6 1 l
AVERAGE 1. 262 4 6 3.4 04 -- 0.8
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FUEL ELASTOMER ENVIRON SOAK TIMET. TEMP DRY TIME
SULF. DFM A700 TENSION 2 .HR IO F 7DAY

WEIGHT & HARDNESS DATA
SG %V ( WET ) %VS(DRY) HC WET) IC (DRY)

SAMPLE 1 1.260 4.6 4.0 0.0 1.0

SAMPLE 2 1.261 4.7 4.6 0.0 0.0
SAMPLE 3 1.278 6.8 4.7 0.0 2.0

- SAMPLE 4 1..265 5.3 3.8 0.0 -A.0
SAMPLE S 1.2623 5.0 1.5 0.0 0.0
AVERAGE 1. 26S 3 3.7 0.0 0.4
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SH ORE A HARDNESS

ORIGINAL. 9

24NR SOAK X x

7 DAY DRY Go>(xS

4. >

>3xX.

39> >

VITON SR NITRILE A768 N674-7 DUNA 78 DUNA 90 SILICONE EPP

ELASTONER TYPE

SHORE A HARDNESS - 0.1 TAN DFM
(SOAK TEMP =750F SOAK TIME - 24 HR)

IOSHORE A HARDNESS

ORIGINAL A

72HO SOak 76 ( >

'S>

x >

20 TO SR HIRL ATR N64- AUA7 UD96SLCN

ELASTOMER TYPE

SHORE A HARDNESS - 0.1 TAN DFM
(SOAK TEMP =75

0F SOAK TIME -72 HR)

SNORE A HARDNESS
lea

ORIGINS& of

2 IS SOaR 79

7ISY DRY AsoXX>

NOXx

3.

26 xx

VITON so N219-7 DUNA 76 EpR

ELASTONER TYPE

SHORE A HARDNESS - 0.1I TAN DFM
(SOAK TEMP 150OF TOFT -FREE)
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leSNORE A HARDNESS

ORIGINAL 96

2.GNR SOAK 76

?DAY DRY so6

9 ELSOE X YPE

SHORE A HARDNESS - 0.1 TAN DFM
(SOAK TEMP =150OF TOFT - TENSION)

leSHORE A HARDNESS

ORIGINAL 90 p

2.GHR SOAK 76

7DAY DRY seR,

H29- AUN 78 E

ELSOx TyP

SHOR A HADNS - .xA

(SOA TEM X x5 OT-CMRSIN

x x - X x

2: X
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
.iTAN DFM VITON FREE 24HR 7SF ?DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.849 7.6 4.1 2.0 6.0

SAMPLE 2 1.871 8.3 3.8 1.0 4.0

AVERAGE 1.660 7.9 4.0 i.s 5. 0

FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
* iTAN DFM VITON FR-E 7?2HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SC %VS (WEJ ) %.VS (DRY) HC (WEl ) HI (DRY)

S]AMPLE I 1.881 7.7 S.9 3.0 !S 0
SAMPlE 2 1 7'S 6.6 5 8 2.0 5.0

AVERAGE 1. 878 7.2 S.8 2. S 0

IU I.. [[I.,S TOME R ENVIRO]N S0AfI< TI ME T FMP 0R V I [MI
'iTAN DViM SR FREE 24HR 7SF 7DAY

WEI IItll & HAR)NDEMSS I)ATA

SC %VS (WE1) %VS(DRY) HC (WET) H: (DR Y)

SAMPIlE.. 1. 1 '. 263 2 .6 6.3 2. 0 6. 0
SAMPLE 2 .. 284 4 .. . s 0 4. 0
AVERAGE j 3 3.5 3.4 0.S 5. 0

FUEL.liI.. : \.S.F.[,hE .I NV RON SOAI( T M "MEFMP DRY I[MV
.TAN DfM SR I"RE: '2HR '7SF 7DAY

WE I GHT & HARDNESS 1)ATA
SG XVS ( WEr ) %V ; (I)RY ) VI(C (WE T) (D RY)

SAMP)LE 1 1.287 2.S . 1.0 '.0
SAMPI..E 2 1.. 1282 1 -0 7 3. 0 4 0
AVERAGE 1.285 J .8 -.01 2.0 4.5
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
.11AN DFM NITRILE FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.311 7.7 S.i S.0 5.0
SAMPLE 2 1.309 6.S 5.2 5.0 7.0
AVERAGE i.3i0 7.1 S.i S.0 6.0

F'U E.. ELAS.TMEIR INVIRON SOAK TIME TEMP DRY TIME
J 1TAN DN:'M NI TR ILE FREE 72HR 79SF 7DAY

W1:I.GHT & IIARDNEI SS DATA
SG %VS ( WET ) %VS ( DRY ) HC ( WET ) IlC ( DR*' Y

SAMPLE 1.312 3.s 2.2 4.0 6 0
SAMPlE 2 ,1. 3.5 .S S.2 5.0 6 0
AVERAGE 1.313 4.5 3.7 4.S 6 0

fJlI.. Ii...AS''TOMER ENVIRON SOAIV T1ME TIEMP DRY TIM :
. TAN DFM A7O0 FREE 24HR 7SF 7DA Y

WEI.H1T & HARDNESS DATA
Sc ZVS(WET) %VS(DRY) "C (WET) HC' D' Y)

SAMPLE I i .332 9.3 6.7 2.0 4.0
SAMPI..E 2 1.320 8.7 4.6 ,:.0 2 0
AVERAGE 1.326 9.0 5.7 2.0 30

F"UE:I. EI.ASTOMER ENVIRON 9iOAK * [ME. TEMP DRY T TMlE
I TAN I)FM A'700 FREE 72HR 7SF 7DAY

WEI(IT & HARDNESS DATA
SI; %VS(WET) %VS(DRY) HC (WET) HC (1F Y )

SAMPLE 1 1.323 6 6 1.6 2.0 4.0
SAMPLE 2 - -1.315 4 2 1 5 1.0 4 0
AVERAGE 1C319 5.4 1.5 1. 4 0
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FUEL ELASTOMER ENVIRON SOAK 1IME TEMP DRY TIME
.iTAN DFM N674-7 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.289 6.1 2.6 0.0 3.0
SAMPLE 2' 1.290 .S 3.8 1.. 0 2.0
AVERAGE t.289 5.8 3.2 -0.5 2.S

p

F Li ... LA<1STOM E:R ENVIRON SOAK I IME TEMP DRY IIME
il AN DFM N674 7--  FREE: 72HR 7SF 71)AY

WE'lIGHT & HARDNESS l)rOTA
CSf %US (WET) %VS (DRY) HC (WET) HC (1)RY)

SAMPLE I . 32 6.4 5.3 3.0 5.0
SAMPLE 2 i34 5.7 4.4 .0 5 0
AVERAGE 1.319 6.0 4.8 2.5 5.0

FIJEL I -I...AS"TOMFE R ENVIRON SOAK TIMF TEMP I)RY 1I MIE
... AN )FM PB.)NA ,0 FREE 24HR 7SF 7DAY

WE:I CFIT II ARDNESS DA'TA
SG %VS (WET) T %)S(DRY) HC (WEIT ) HC ( DRY

GAMP L.E . i 1 282 11.2 6.8 1.0 6. 0
SAMIlE P I7280 9.2 6.2 0 .0 6. 0
AVERAGE 1 28 1. It) 6.5 0.5 6.0

FUEI.. E 1. A ST OMI :1: ENVI R ON SOAK I IME TEMP DRY ITTMF
1iAM DFM BUNA '0 FREE 7P21HR 7SF 71)AY

WEI (-I HARiDNESS DATA
SC %VS(W E1) %VS(DRY) HC(WET) H((DRY)

SAMPLE 1 I.280 7 9 -1. 1. 0 6 0
SAMPLE 2 1 '27 9.2 8 4 0 7 0
AV f R AGE 1 279 8. s 3. 6 2 0 6
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

.iTAN DFM BLNA 90 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.338 9.6 7.S -3.0 -2.0

SAMPLE 2 1.342 9.5 8.0 0 0 0.0

AVERAGE 1..340 9.6 7.8 - .1 5 1.0

F U F:I... F,. A SI MER FNVIRON SOAK T I *ME: TEMP DRY TIME

.I TAN DFM BUNA 90 FREE 72HR 7SF 7DAY

WE IGHi & HARDNESS DATA
SG %VS(WET) ZVS(DRY) HC(WET) HC(DRY)

SAMPLE 1. 1.339 8.0 4.9 1.0 0.0
SAMPLE 2 333 7.2 7.6 0.0 1.0
AVERAGE 1.336 7.6 6.2 0.5 .s

FU EI FLASTOMER ENVIRON SOAK TIME TEMP DRY I .ME

.liAN I -lLICONE FREE 24HR 7SF 7DAY

WE I Cl-IT & HARDNESS )DATA
SC ( %VS (WET) %VS(DRY) HC (WET) HC (DRIY)

SAMPLE I .4Si 1 60.6 54.4 -2.0 0
- 2 E.320 71.0 62.9 .. 0 3 0

AVE RACE' ..38S 65.8 58 .7 -. 5 2 S

F1l.. E IAS TOMER ENVIRON SOAK T [ME T F.MP DRY TIMF
.IAN DFM SILICONF FREE 71HR 7SF ') A Y

WE-IGCTi & HARDNESS DATA
SG XVS (WET) %VS(I)RY) lIE((WF I) I- (P)1 Y

SAMPLE 1 1-314 6S.8G 61. 6 -1. 0 1 0
SAMPE E 2 ., 31.4 65.8 SS. 10 4 0
AVER A(C.IE 1 .314 6s.8 58.7 0 0 2

B-118



FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
iTAN DFM EPR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.262 127.8 117.0 0.0 4.0
SAMPLE 2 1.24S i2S.9 i18.5 -4.0 4.0
AVERAGE 1..2S3 126.8 117.8 -O.S 4.0

FUEL ELA 1 t.,STOME:lR ENVIRON TIMOA E M: TEMP DPY T1 M E
.iTAN DFM E:PR FREE "72HR 7SF ?DAY

WEIGHT & HARDNESS DATA
SG %VS (WET) %VS(DRY) HC(WET) W( (DRY)

SAMPLE 1 1 247 128. 3 122.8 2.0 4 0
SAMPILE 2 i. .240 t26 0 1iS.5 4.0 0 0
AVERAGE i.243 .I7 1. 1i2(.0.7 3.0 5 0

FUEL ELASTOMER ENVIRON SOAK TIME TEMP DR" T I ME

A.TAN DFM SYN. RUBEcER COMP. 2. SHR I SOF /J),Y

WE IGHT & HARDNESS DATA
,S 7 .VS (WET) %VS(DRY) Hc(WET) H:(DRY

SAMPLE i 1 273 5.2 3.0 0 .0 0.0
SAMPLE 2 i .267 4.4 2.1 0 .0 -1.0
SAMPLE. 3 1.. 273 5.5 2.5 0 .0 1.0
SAMPLE 4 1 .271 .3 3.2 0 .0 -4.0
SAMPLE S . 268 S.0 3.3 0. 0 2.0
AVERAGE: ..270 S.i 2.8 0 0 -0.4

UEI. ELASTOMER ENVIRON SOAK TIME I E MP DRY T ME
iTAN DFM SYN RUBBER FRE 2.HR S aF 'D AY

WE(IG(;HT & IAIR DNESS0 DATA
SC %VS (WET ) %VS ( DRY) H1 ( WET) IC(DRY

SAMPLE 1. 1..276 7.6 W.2 0 0 1 0
SAMPLE 2 1.268 6.6 4.1 0 0 1 0
SAMPLE 3 1.273 7.0 4 9 0.0 -2 0
SAMPILE 4 1..263 6.0 3 5 0.0 0 0
SAMPLE S .. 262 6.3 4 0 0 0 1 0
AVERAGE 1 268 6 7 4 3 0 0 n 6
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FUEL. ELASTOMER ENVIRON SOAK TIME TEMP DRY TIMEITAN DFM SYN.RUBBER TENSION 2.5HR iSOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) I-C(DRY)

SAMPLE i 1.269 7.3 4.6 0.0 .3 0
SAMPLE 2 1.273 5.7 4.1 0.0 0.0
SAMPLE 3 1.265 6,1 3.4 0.0 1_.
SAMPLE 4 1.263 6.9 3 8 0 0 0 .0
SAMPLE S 1.267 6.6 4.6 0.0 0.0
AVERAGE t.1267 6.5 4.1 0.0 -0 4

rI .L. ELAS;TOMIFJ? ENVII )ON '.COAK TIME T"lE*.MlP DF, ( I MI:
SiT AN )FM N- ..9.7 COMP. 2 7.)HR 1 ' F0F 7l) Y

W EU T I' IARDNE:'S S DATA
S; 7Vf (WET) %V (DRY) HC (WET) H R ( HY

SAMPLI. i 1.286 1:3 . 7 14.4 1. 0 0 0
tSAMPI 1 :.283 1.3.1. 13.6 .... 0 1 .0
SAMPL. 3 1 ,.7 14. is. .0 0 0
SAMPlE 4 1 . 91 1.4.3 14.4 1 0 -'i 0
SAiMPI ...F r . Z 90 14.3 14.3 2 0 0.0
AVERA.E ( 2137 1.'3 .9 14 3. 0 .4

E_ I...ASTOMER ENVIRON SOAI TIME TFMP DR Y T I'Ml
1 1TAN DL:: N-219--7 FREE 2.5HR isF 7DA Y

WEIGHT & HARDNESS DATA
SG %VS (WET ) %VS (1)RY) HC ( WIf.T) y-, ( I1

SAMPLE 1 .29s 16.2 i5.9 -1 0 1
SAMP'I. 2 1.291 16.4 is.5 20 3.
SAMPLE 3 1.300 16.3 15.8 0.0 1
SAMPI... 4 1. 298 . .S 16.6 .3 0 . i
SAMPLE ) 1 .. 294 14.8 16.1 -2.0 0 0
AVERAGE . 295 15 . 13 16. 0 1. 6

.LAS. FIMER FNVIRON SOAK lT Il: TI MI: R 1: MI-
I TAN DF M N "19-7 TENS ION .. S'I F150 [AY

WE lClH & IARDNESS IATA
SG %VS ( wr' r) %VS (OR Y) w-, wf F. Er I-t ( 1)R r )

SAMPLE I i 1296 iS.3 15.8 00 0 0
SAMPleIf. 2 1. 291 1.4.8 14 9 2.0 -..' 0
SA MPI..L 3 1 '93 14.1. 15 9 0 0 0
AMPI F 4 1 294 jc;, t.16 2( 0 . 0

• AMPI. 5 I. 296 1.4.4 J5 3 0 0 0
AVERA -GE 1 1.)94 14 R i'; t 0f 4 -0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY ITME
.iTAN DFM BUNA 70 COMP. 2.SHR iSOF 7DAY

WEIGHT & HARDNESS DATA
Sr %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.267 1.0 1.8 1.0 I. 0
SAMPIE 2 i.26S -0.0 t.6 -1.0 1.0
SAMPLE 3 1.26S 0.7 1.3 0.0 1.0
SAMPLE 4 1 .268 1.0 2 3 -- .0 --1. 0
SAMPLE 5 1. 266 0.9 1.7 0.0 1.0
AVERAGE i. . 2f66 0.7 1.7 --0.4 0 .6

I..E[1 At.A OMIYR ENVIRON SOAK TIMI TMP DRY I [M-
i[ AN DfM BIINA '0 FREE 2.S-R iS(F 7DAY

WE I GHI 4 HA DNF*'.;& DATA
)LA; %VS (WET) 7 VS (DRY) H C(WET) HC (DR IY)

)An LE 1 1. 61 0 3 1.8 -t.0 - .0
Si.AMIlE. y .' -f 4 1.9 1 0 1.0

AMPL E 3 1 d 9 1 . 0 2.2 0.0 -. 0
iAMPI V 4 1 '6,3 0 9 2.5 2.0 3.0
SAMPL S 1 d61 1 0 2.3 0.0 0 0
AVLRAGF, 61 0 6 2 0 .4 0 .4

F UE.. I I1 ASI OMFR FNV R O'N SOAK T Ml:L TI-MP DRY 1IME
S.IAN DN'M BINA 70 IENS I ON 2 t ;HR 1. SOF 7T)AY

WE"IGH' & HAIDNESS DATA
S:, Z.VS (wrT, %VS ( DR Y HC ( WET ) HI: ( DI Y

SAMPL.E: 1 i.267 .3 3 1 - .0 " 0
SAMPI.E 2 i . .68 2 33 2 3. 0 0
SAMPLE 3 1.2739 2 1 1 S .O 0 0
AMPI.. E: 4 1 63 R 8 ;; 0 2 0

4AMPLE 5 .. 265 -0.3 2 . 6 0()
A..F RA..) 1 0 2 .6 -i 4 -0 :

FUEL ELASTOMER E'.N VIR(N IAK 1 I. Ml TFM P DrY T I ME:
I l.r. IFN FPR (Mr :" SUEHR ?DAY

W I [G I f A HAI f" NE 1:5!) I)A IA
SG %VS ( W E, T VS ( D RY ) HG ( W T) HEC ( DR Y

AMP I E 1. 1. ' 4 .'7 41. 2 -2.0 " 0
SAMPI.E. , 191 41 4 40 3 0 -3 0
SAMPI.. 3 1 194 4? 3 40 .9 -: 0 . 0
SAMPLE 4 1 t91 41 "? 40 ; .(f .. 7? 0
SAMPLE I.5 1 194 40 8 39 4 -3 0 0
AVERACF , i 9" 41. 7 40 - 0 . 2
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LJEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
iTAN DFM EPR FREE 2. SI .3 iOF 7DAY

WEIG HI & HARDNESS DATA
SG %VS C WET ) %VS ()R Y ) C( WET ) I-IC (1DR

SAMPLE i. .. 197 90.9 87.2 .4 0 . 0
SAMPI.. 2 1.93 63.0 60 9 . -- C
SAMPL.E 3 1 193 138 .i 8 s.s -3.0 " o
SAMPLE 4 11.92 96.0 93 .3 6. 0 0
SAM FP L.E 5 1. J. 93 63 .8 62 . 9 4"4.0 0 U
AVEFilR A F I j. *94 80 4 79. 0 . 3..

N.... F ( ' 1 I N ' " I : 'I' U I il.1:
f N F" I. F: T E.NS H N 2 V. Il R 1':; ! "') 'Ny

WI .I GAII I IARF)NESS (A T)AIA
Sc; [ yc; ( WET ) VS. 7 (R Y) H." ( W.) I- (p,

?tMFIL~I't 0 :.187 6.. 67 .4 .3 0
.... . ' ' :' , """I 0 f•"1.

o- itl IP 1 : .9 9 kl, 0
V,(ti I , 5 , . t94 ...0 Si 6;/ 0 / (I

IF F HAu ' 1f . 190 5 . 09. 2 .4 b4
I V~l;~b i i : ii : IINYI:PON L"I'iiii"i: "NL Fy

WV ,,I (N l3r. II,4I U ' i d ;l"  A I?

..C.; C:4-f".) I.R 1(5 1 '1',

MW I F. i0 i 10af I;2 1 / 'V ' ( :" R YI

.... .9 4 -l , ,.

A li I.P L E7 Z:3 0

oMrPl.I 4 1t 3F' ..- 3 ....a ':,' s....

I,~t..: m 17 .... 1. 19 rI'?(I
, I I IN F R1 , i I F" 7
JIF.R a l. I R. 1 , i I .'C 1 t 1 j i

I (.LI:lr I..A I.. F fl:il l: l;Y I-. :19, ('iN "5U(AI. I ] Il': TI i1" 1)1.' i

i 1 A . ! r [ )I I F : '"! '

A'!': I FIl A, 1'lr(,!' r'.rir .. s< , A ,"i

V;r l l l 1 I ;: ; "(J$' ', "'.'10 0 ....4 [] t

'MP I . 1 308 ' H ' .' . a , 11
:H"MI'LI. ': II 7, 3(1% , 8 ' 9 " 5 :j l

.MPJ L 1 1.. " 0 . , )
OWl FLAGP. I ; :31:6t 2 .4 '.:i 1 .

flY! AL: i '~ 8 f'- t '7
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TTMF
iTAN DFM VITON TENSION 2.SHR tsOF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.329 25.7 27. 0.0 4. 0
SAMPLE 2 1. 323 -'6. S 27.9 -0 1.. 0
SAMPLE 3 .317 26. -28.3 2.0 0.0
SAMPLE 4 1 .8311 66 f8. i.0 2.0
SAMPLE S 1 .319 6.9 -8.a 0.0 0 0
AVERfGE i .32 1 6 4 8 0 0 0.4

F UE I ELAS M 1NVT)IFN RrFAl TIME l F:'f Nl- T TIE
i1 AN DFM A7 00 C0 MP ;H? 1.5 Or. 7 )1

WET C, H' HAP DNESS DATA
SG % VS WE[.ml % f fR) RH.IC(W El, 1I .1t, .W Y)

SMPLE 1 . 261
SAMPI. 2 106 6 0 0

SA MP LE I J... l (3 -.20 ...1..

SMPL 1 I :'66 0.9 1.? 0.0 i,

AVlR L 266 F. 7 A G7 -F0 ..4 ,i 6

FUEL. ELA.OMER NVI ON SOAK TI ME OF,1MP NY MV
1. 1 AN DFM A?00 FRIFE ,F E-ii3HR i F )D

WFT I'f & HI)RDNESS DATA
SG 7VS (V l T) %,V S ( DR Y ) HC( WE I jf ( , Y

SAMI 1 .1 1. .61. 0 .3 .1 .- 1. 0 t

SAMPLE .2 9 .. .. 9 I1.0 1 0
3, .. 0 P.L2 0.0 . 0

SAMPLE 4 1 .26 3 0.9 2. 0
SIAMF 1 . 26t .0 2.3 0.0 00

AVER AE .261. 0 6 2.2 0 .4 I 4

F, I. ELASTOMER ENVII RON SOAI TIME TEMP W ' .jt:

i IAN D: M A7 f) TENS IO (N 2.SIP '. A Y

LI .IClH I-l HA RDNESS DAT A
rG %VS (WT /VS DRY) IC (WET) HFt (PY )

5A;MPL [ .1 1 1.2,*/';" .. 3 ; 1 - . .' C)

SAMPLE 2 1. 268 1. 2 3 . .2. 0 1 0
SAMP L.E 3 1. 259 1. 1.. . ... i 0 0) 0

3 4 1 26 0.8 0
":AMPI. E . 1.26 .. 0 ; 6 0. ( ' Ii

AV IRA!: 7  265 1. "' 6 .. 'u 4 '
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SHORE A HARDNESS

ORIGINAL 90

24NE SOAK 70 xx x x

7 DAY DRY so >X60X

40 >

20X x

VITON SR NITRILE A7O8 H674-7 DUNA 70 DUNA 90 SILICONE EPA

ELASTOMER TYPE

SHORE A HARDNESS -COMPOSITE DFM
(SOAK TEMP =75

0F SOAK TIME = 24 HR)

HORE A HARDNESS

Iee

ORIGINAL 90

72NR SOAK 70 1 xX

60

7 DAY DRY soX>0xX

30 XX X

VITON SR NITRILE 0700 N674-7 DUNG 70 DUNA 90 SILICONE EPA

ELASTONER TYPE

SHORE A HARDNESS - COMPOSITE DFM
(SOAK TEMP =75

0F SOAK TIME = 72 HR)

IsSHORE A HARDNESS

ORIGINAL 90 7

2.GR SOAK 70

60/

7DAY DRY so

40

30-

20

VITON PUNA 7@

ELAStONER IYPE

SHORE A HARDNESS - COMPOSITE DFM
(SOAK TEMP =150OF TOFT -FREE)

1~-24



IeSHORE A HARDNESS

ORIGINAL 90 7 11

2.GHB SOAK 78

68

?DAY DRy so

9 48

36

28

0 YITON DUNA 70

ELASTOIER TYPE

SHORE A HARDNESS -COMPOSITE DFM
(SOAK TEMP =150OF TOFT -TENSION)

SHORE A HARDNESS
lee

ORIGINAL 90

~ZZZJ as

2.GNR SOAK 78

?DAY DRY so

49

36

28

8l 00TO DUNA 70

ELPSTONER TYPE

SHORE A HARDNESS - COMPOSITE DFM
(SOAK TEMP =150OF TOFT - COMPRESSION)

B-1.25

1 . .. .



~n 00
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

COMP.DFM VITON FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.882 9.S 3.0 0.0 -1.0

SAMPLE 2 1.887 8.9 3.3 -.. 0 0.0

AVERAGE. 1 884 9.2 3.1 -0.s -0 S

FUEI. 1- 11L.ASTOMER ENVIRON SOAK TIME TlEMP DRY IIME

COMP. DFM VI'T ON FREE 7?HR 7SF 7DAY

WEI:-[ 1 & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WFI) HC(DRY)

SAMPI.E 1. i.8 .4 8.4 1.6 t.0 -1.0
AMPLE 2 i.'.8 il.9 2.1 (1.0 -1. . 0

AVE'RAGE I .886 9.6 1.9 0. i.0

I Ul.I.. I"'L.ATOMER ENVIRON SOAK T]II*ME TEMP DRY TIME

COMP. DFM SR FREE 24HR 7SF 7DAY

WEIIGHT & HARDNESS DATA
SG %VS ( WE7T') %VS(DRY) HC (WET) HC ( 1)1:)Y

, ,AMPLE I t. 3 2 14.6 6.4 -1.0 -3 ()

SAMPL.LE 2 1..332 i5.8 7.8 0 .0 0.0
AVERAGE 1.329 it.2 7.1 -0. 5 . .

FIU.JI... EIASTOMIR ENVIRON SOAK TIME' 1l l.MP DRY TIMEf
COMP . !)F' ,SFR FREE 72HR 7SF 7DAY

WEIG;HT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.327 18.8 S.7 0 .0 1.0

SAMPI..E ? 1. 314 17.0 4.4 1.0 1.0

AVER, 1.32(0 17. 9 5 . . 0 .S 0
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

COMP .DFM NITRILE FREE 24HR 7SF YDAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.316 13.2 4.9 1.0 0.0

SAMPLE 2 1.321 13.5 6.1 0.0 0.0

AVERAGE 1.3i.8 13.4 s.s 0.S 0.0

FUEL [LA.TOMER ENVIRON SOAK TI ME TEMP DRY I'.ll

COMP . M NIRI L FREE 72HR 7SF 7DAY

WEIIi & IAR DME55 DATA
SG %VS (WET) ZVS (DRY) HC (WET ILL (DRY)

SAMPLE. i i.318 17.6 3.7 1,.0 1 0

SAMPLE 2 1.31t 1.4.7 3 4 2.0 4.0
AVERAE 1. .317 17.4 4.2 1".5 25

FUEL. ELASTOMER ENVIRON SOIAK TIME TEMP DRY TIMP

COM IM APO D 0 FREE 24HR 7SF 7D Ay

WE 1(411 & HARDNESS DATA
SG %VS (WE 1) %VS (I)RY) HC ( WDRT ) I C1) Y

SAMPLE 1. 1. B6 10.0 4.9 4.0 1.0

SAMPLE 2 1. 311 B.7 B .3 0.0 (.
AVERAGE 1.298 9.3 6.6 2. .(0

F:UELLTMER ENVIR ON SOAK TIME TE M P DR1 T [LB-
CO(:M' DFM A 7 0 0 FRELE 72HR 7SF 7PA Y

WET.(lIT & H--AR DNFSS DATA
SG; %tJ5(WErF) %VS (DItY) H ( WETi~) FIG ()

S3AMPLE J 1 339 20,0 '7.1 4.0 2. 0
SAMPI_ i. 2 31 1 1. 17 S .2 i.0 i .0
AVER AOL 1.325 19 .3 60 . Icl. .
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME
COMP . DFM N674-7 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE 1 1.342 16.7 9.3 0.0 0.0
SAMPLE 2 1.335 14.1 4.6 1.0 1.0

P AVERAGE 1.338 15.4 6.9 0. 0.5

FUL-I. IF LASTOMF:R ENVIRON SOAK TIME TEMP DRY IIME
COMP Df'M N674' 7 FREE 721-R 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WFT) %VS(DRY) HC(WET) HC (DRY)

SAMPLE. 1 1.342 21.9 7.4 1.0 .1. 0
SAMPILE 2 1 .75 23.0 9.1 t.0 -. 0
AVERAGE . 358 22.4 8.2 1.0 0.0

F IJ.L [..A OMJ R ENVIRON SOAK TIME TEMP DRY TIME
COMP. DFM BLINA 70 FREE 24HR 7SF '7DA'

WE -I ill& HARDNESS DATA
SG %VS (WET) %VS (DRY) HC ( WET) HC (DR I)

SAMIPL.:' . 1 .1. 08 .6. S 7.6 0 .0 1 0
SAMPLI :. .. : .'795. 1. 6.8 0.0 0 0
AVIF-RA ,1. 283 IS. a 7.2 0 .0 0 .S

FUEL. I .1 0TUME R ENVIRON SOAK TI ME TE'I':'MP DRY IME
CUMP . DFM BONA 70 FREE 72HR 7 SF" D;DAY

WEIGH I I.INESS DATA
SG %VS(WET) %.VS(DRY) HC(WET) 1( C(DRY)

SAMPL 1. i.287 24 6 1 9 1.0 1 0
SAMPIE 2 1 .286 24 S 12.8 2.0 2,0
AVERAGE 286 24 S 1.2.8 1 s 1 5
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FUEL ELASTOMER ENVIRON SOAK TIME IEMP DRY TIME
COMP . DFM BUNA '90 FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG "A S(WET) %VS(DRY) H C( WET) I-tC. (1) Y

SAMPLE 1 1.431 i8.9 1S.2 -2.0 -2.0
SAMPLE 2 i.3S8 10.0 10.7 -..0 -i.0
AVERAGE 1.394 1.4.4 J2.9 -2.S i 9

FUEL ELASIOM R C N V [ R I N SO A INK EI 'I llP Ii.f IiMl:
COMP. DFM BUNA (.9 0 F REE 72-I '7';F '7DAY

WEICI.T [ HAR)NESS DATA
SG %VS ( WET) ".VS (DR Y) I-IC (WET) HC ( RY)

SAMPLE 1 1.367 2S.8 14.9 -2 0 1" . 0
SAMPI C i 1 ,62 I... E7 1.2.7 4.. 0- 0
AVERAGE 1.364 24.3 13.8 "1. 1, 0

FUEI. EI.ASTOMI::R EN N ON SOAI( ' INE ISMP (K IIN f I Ml
COMP . DM '51. L I CONI FREE 24HR F E

WET IHT & HARDNESS DATA
S %VS (WET) ,VS (DRY) HUT (WE H( w, fl, Y N

SAMPI F 1 1.. 498 69.4 57.0 -' 0
SAMPL. P 1.. 445 70.3 58.2 .1 0 0-i t
AVERACE 1.472 69.9 57 . -- 1 0

l UE 1 7..ASTOMER YNV IRON SOAK T ME TEMP [ IDRy I[ml.
COMI-'. DF M '1L . CONE FREE 72?HP 75F DAY

E I :,H' & I-IARDNNESS DATA
S[C %VS (WET ) %VS(DRY) 1C (WE ) [I (I

SAMPLE 1 1.482 69.5 52. 9 -3.0 -4 0
SAMPLF. 2 1 ..423 68. S2. 0 .3 ( -' 2
AVERAGE i.4.52 69.t 2 .4 -3 0 'I
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FUEL ELASTOMER ENVIRON SOAK TIME TEMP DRY TIME

COMP.DFM FPR FREE 24HR 7SF 7DAY

WEIGHT & HARDNESS DATA
SG %VS(WET) %VS(DRY) HC(WET) HC(DRY)

SAMPLE i 1.257 128.1 112.4 -3.0 -3.0
SAMPLE 2 i.2SO 127.4 110.4 -2.0 -2.0
AVERAGE 1.254 127.8 111.4 -2.5 2.S

FUEL ELASTOMER fEINVIR ON SOAK TIME TEMP DRY TIME
COMP .DEM EPR FREE 72HR 7'1F DAY

WEIGHT & HARDNESS DATA
SG %VS (WET) %VS (DRY) HC (WET) HIC (DR Y)

S AMPLLE 1 254 135.6 1.14.7 -2.0 -2 0
SAMPLE 2 1.247 130.9 ii06 P .0 -1 .0
AVERAGE 1. 1 33.3 11.2.7 -2.0 1 S

FUEL EL A0STOME: R ENVI RON 9OAI ii TMP DRY 1I i.

C0MP . DF M V TON COMP. 2. 5HR 1. SOF 7D AY

AJ:r. GIHI . HARDNESS DATA
Sc %VS(WET) %VS( DRY) HC (WrI:T)- DR y

SAMPLE 1 1 .849 4.9 1. 7 --3.0 1 0
SAMPE 1 j 839 4.4 0.4 .0 0
SAMPLE ' 1.814 ;..6 -1 2 - .O 0 0
SAMPLE. 4 P I, 1.3 -2.0 : 0
SiAMP I 1 8,. 4.1 120 -3 0 ". 0

AVIRA( f 82) 3 2 '. .2 .2. 0 4

d:JEL:A FLAS.OE 1 [NVIIPON SOAK TIME jt NP R 1 1:
.lIMP . O)FM V] ON F:E R I-2 F:Ri 0 F )AY

WI::I i[GHT & -1 .H(P1)NE3S DATA
S %VS ( WE ) V (D R Y ) IC, WET ) I I. 'P

CAM [ L L'1 1.. ) 46 '.i -0 0 1 0 0~
:ANP r: :.: 1, F 1' 13 0 0
'."AMPL . 1..842 3.3 - 2 -1 0 1 0
SAMPI. 1". 4 t1. 824 2 6 0 4 I 0 1 0
AMPI 1. 920 1.? 0 3 -t 0 (0

6V ER A~t G F- , 0 2*1 4 '
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FUEL II. ASTOTMER E:NVIRON SOAK TI ME IF.MIp DRY TIME

COMP. DFM VITON 'TNS10]N 2 SHR 1S017' '7DAY

WEIGHT & HARDNESS DATA
sG %VS (WET) % VS ( DR Y HC (WET) IC (DRY)

SAMPLE t 1 832 2.2 i..0 1.0 1
SAMPIE? .. 50 a 6 i 8 o1o i. (
SAMPL.E 3 0.. 841 3 3 0.7 1. 0 3 0
SAMPL.: 4 1 ,19 2.3 0.3 0 0 .0
]AMPL..E a; j 8P 2.2 0 2 0.0 2 

AVI::I Ap/I i 3: 2 .E. 0 7 0 .4 . 1

I .. 'fC.. m VOMl I IT. N VT I ?:fiN SOAI( 1I:MIE T I:M: DRY lI MI
.] rw 1)1: N'I (CO o COMI:> .C . HR s OI .;F:. 7 Y) y

WI . I I , [- II F DA'TA
)., %VS ( WI.T ) %VS ( DRY ) HE ( W I:T ) 1I1 ( 1)1 t

SAMPLE J I 1.2.S 6.3 3.4 --2.0 ..2 0
SAMPI. 7? 1 2 , 61 2.6 1 0. 0 7; ... (

s AMP LPI:.. i. S 3 6. t 3.0 2. 0
"AM h" 2S' S "'r c 2 .8 *i . /( 0 (

SAMPI I. 4 ...... :0-. " 0
1M:. .. (") m 17" 1. E 2 3 .5 . 0 ' (

A V E.R AGE I . I 4 4 . 0 3 1 -'i 8 "

SI.L. Il..S IOMITR FINV IIRON SOAI1 TIC MIT I M DRY y I MI.
;LulP .DV:+ A 0 1F IE 2". "R 1 '' FR I) F A Y

W Pi( Hu *, fHjARDNES t* DATA
S %V; ( WET % S IR Y ) I..I C W E T Ii.. (l Y

rAMFlIF. 1 2 5 8.6 4.7 -".0 0. (
! AMPI.. t 0 8 3 5.0 ....E7 0

AM:E I 1 :1 '7 6 4.8 " 0 ... E 0
""¢ P .E I .S ' i3' 0 0

AMF A 1 1 9 3

AiVE PAGl .1 ,'-h'' U ,: r j .... 4 ... 7):

F U I.. 1I A! 1!l- : P FNV IPIN .UiAt. ii MF TEI7MP f)P Y lT MI
COMP 1)I-M A'./00 1 [V I [ O'iN 7 5[)p Io 'T,,"Y

W :. TII . a NI ./, bAf,
C( %' (WFI % ".1 J)l Y) l V-(1l1 I N l , fl

SAMIlE P 21: 1 4 4.9 1 0 0 I

Am fPI F.. 7 ,'j ,'I 1 4 ( 1 4CAMelI.F ,3 1 , '7 1 4 4 I 0 1 'I

SAMPI F 4i .3 /" '7 0
I MPI. I 1',r V. e 4 9 " 0 . I
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APPENDIX C

APLRL ELASTOMER RETENTION PROPERTIES



Retention Properties of Viton #V2224

Original Properties After 72 hours at room temp in AL-10666-SP
Tensile, PSI 1323 Tensile Retained, 2 97

100 % Modulus, PSI 715 100% Modulus Retained, % 109
200% Modulus, PSi 1312 200% Moduls Retained, 2 --

Elongation, 1 203 Elongation Retained, Z 87

After 72 hours at room temp in AL-10150-SP After 72 hours at room temp. in AL-10684-SP
Tensile Retained, % 94 Tensile Retained, % 105

100% Modulus Retained, 2 99 100% Modulus Retained, % 109
200% Modulus Retained, % -- 200% Modulus Retained, % --

Elongation Retained, % 89 Elongation Retained, 2 87

After 72 hours at room temp. in AL-10635-SP After 72 hours at room temp in AL-10731-SP
Tensile Retained, % 91 Tensile Retained, 1 96
1002 Modulus Retained, % 98 100% Modulus Retained, % 103
200% Modulus Retained, % -- 200% Modulus Retained, X --
Elongation Retained, % 84 Elongation Retained, Z 90

After 72 hours at room temp. in AL-10636-SP After 72 hours at room temp in AL-10732-SP
Tensile Retained, 2 102 Tensile Retained, Z 99
1002 Modulus Retained, 2 114 1002 Modulus Retained, 2 108
2002 Modulus Retained, 2 -- 2002 Modulus Retained, 1 --
Elongation Retained, % 85 Elongation Retained, 2 85

After 72 hours at room temp. In AL-10637-SP After 72 hours at room temp in AL-10746-SP
Tensile Retained, % 93 Tensile Retained, 2 94
102 Modulus Retained, 2 107 1002 Modulus Retained, % 103
200% Modulus Retained, Z -- 2002 Modulus Retained, 2 --
Elongation Retained, % 87 Elongation Retained, % 89
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Retention Properties of Buna N #2260

Original After 72 hours at room temp in AL-10666-SP

Tensile, PSI 2030 Tensile Retained, % 90
100% Modulus, PSI 282 100% Modulus Retained, % 95
2002 Modulus, PSI 733 200% Modulus Retained, % 99
Elongation, X 473 Elongation Retained, X 93

After 72 hours at room temp in AL-1Ol5O-SP After 72 hours at room temp in AL-10684-SP
Tensile, Retained, 2 90 Tensile Retained, % 93

100% Modulus Retained, % 95 100% Modulus Retained, X 95

200% Modulus Retained, % 96 200% Modulus Retained, % 98

Elongation Retained, % 93 Elongation Retained, % 96

After 72 hours at room temp in AL-10635-SP After 72 hours at room temp in AL-10731-SP
Tensile Retained, % 96 Tensile Retained, % 84
100% Modulus Retained, % 95 100% Modulus Retained, Z 91
200% Modulus Retained, % 97 200% Modulus Retained, % 99
Elongation Retained, % lot Elongation Retained, % 84

After 72 hours at room temp in AL-10636-SP After 72 hours at room temp in AL-l0732-SP
Tensile Retained, % 90 Tensile Retained, % 91
100% Modulus Retained, % 100 100% Modulus Retained, % 99
200% Modulus Retained, % 102 200% Modulus Retained, % 107
Elongation Retained, 2 93 Elongation Retained, % 93

After 72 hours at room temp in AL-10637-SP After 72 hours at room temp in AL-10746-SP
Tensile Retained, % 92 Tensile Retained, % 74
100% Modulus Retained, 2 98 100% Moduls Retained, % 9
200% Modulus Retained, Z 98 200% Modulus Retained, 2 104
Elongation Retained, % 94 Elongation Retained, % 73
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Retention Properties of Buna N #2061

Original After 72 hours at room temp in AL-10666-SP

Tensile, PSI 1775 Tensile Retained, 2 86

100 Modulus, PSI 450 100% Modulus Retained, Z 102

200% Modulus, PSI 1187 200% Modulus Retained, % 102

Elongation, % 310 Elongation Retained, % 81

After 72 hours at room temp in AL-OI50-SP After 72 hours at room temp in AL-10684-SP

Tensile Retained, % 85 Tensile Retained, % 84

100% Modulus, % 89 100% Modulus Retained, % 95

200% Modulus, % 93 200% Modulus Retained, 2 99

Elongation Retained, % 87 Elongation Retained, 2 84

After 72 hours at room temp in AL-10635-SP After 72 hours at room temp in AL-10731-SP

Tensile Retained, % 92 Tensile Retained, % 69

100% Modulus Retained, % 102 100% Modulus Retained, % 98

200% Modulus Retained, % 100 200% Modulus Retained, % 95

Elongation Retained, Z 86 Elongation Retained, % 69

After 72 hours at room temp in AL-10636-SP After 72 hours at room temp in AL-10732-SP

Tensile Retained, % 72 Tensile Retained, % 86

100% Modulus Retained, 2 98 100% Modulus Retained, 2 103

* 200% Modulus Retained, % 101 200% Modulus Retained, 2 102

Elongation Retained, 2 71 Elongation Retained, Z 81

After 72 hours at room temp in AL-10637-SP After 72 hours at room temp. In AL-10746-SP

Tensile Retained, 2 83 Tensile Retained, % 64

100% Modulus Retained, 2 101 100% Modulus Retained,% 83

200% Modulus Retained, Z 102 200% Modulus Retained, 2 95

Elongation Retained, % 77 Elongation Retained, % 65

0
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Retention Properties of Nitrile #2107

Original After 72 hours at room temp in AL-10666-SP
Tensile, PSI 2720 Tensile Retained, % 70
100% Modulus, PSI 673 100% Modulus Retained, % 109

200% Modulus, PSI 2200 200% Modulus Retained, % --
Elongation, % 250 Elongation Retained, %

After 72 hours at room temp in AL-10150-SP After 72 hours at room temp. in AL-10684-SP

Tensile Retained, % 84 Tensile Retained, % 81

100% Modulus Retained, % 93 100% Modulus Retained, % 96
200% Modulus Retained, % 98 200% Modulus Retained, % 98

Elongation Retained, % 86 Elongation Retained, 2 82

After 72 hours at room temp in AL-10635-SP After 72 hours at room temp in AL-10731-SP
Tensile Retained, % 84 Tensile Retained, 2 67
100% Modulus Retained, 2 107 1002 Modulus Retained, % 98
200% Modulus Retained, 2 101 2002 Modulus Retained, Z --

Elongation Retained, 2 84 Elongation Retained, 2 73

After 72 hours at room temp in AL-10636-SP AFter 72 hours at room temp in AL-10732-SP
Tensile Retained, Z 71 Tensile Retained, Z 61
1002 Modulus Retained, 2 i11 1002 Modulus Retained, % 96
200% Modulus Retained, 2 -- 2002 Modulus Retained, Z --

Elongation Retained, % 72 Elongation Retained, 2 68

A-er 72 hours at room temp in AL-10637-SP After 72 hours at room temp in AL-10746-SP
Tensile Retained, % 61 Tensile Retained, 2 60
100% Modulus Retained, 2 98 1002 Modulus Retained, % 94
'200% Modulus Retained, 2 -- 2002 Modulus Retained, 2 --

Elongation Retained, 2 68 Elongation Retained, 2 67
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PCRCEIT ELONGATION

460
426

410

376

21

321
366
27:

zS
221

25

Its

I.

71

VITON 2224 DUNA N 2260 DUNA N 2861 NITRILE 2107

ELPSTOMNE

ORIGINAL PROPERTIES OF ELASTOMERS

ELONGATION

POUNDS'SQUARE INCH
2760

109% MODULUS 2600
2590
2400

e236
2266
2100

20e% MODULUS 2066
202
I 966
1766

TENSILE 1506
1406

1160100

6
48

370

200
is:e

I VITON 2224 DUNA N 2266 DUNA N 2061 NITRILE 2167

ELASTOMER

ORIGINAL PROPERTIES OF ELASTOMERS

POUNDS/SQUARE INCH

PERCENT

ELONGATION 120

Ile

190% MODULUS 06

to

260% MODULUS 78

6

%TENSILE RET 46

II-
AL-0160 AL-1063S AL-10636 AL-10637 AL-10666 QL-16684 AL-1731 AL-10732 AL-tO746

FUEL TYPE

RETENTION PROPERTIES OF BUNA-N #2260
AFTER 72 HR AT ROOM TEMPERATURE
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PERCENT

126
ELONGATION

Ise

10% MODULUS

206 MODULUS 76

TESILE RET :6

36

AL-IIS0 AL-1863S AL-1636 AL-1637 AL-10666 AL-10684 AL-16731 AL-16732 AL-10-46

FUEL TYPE

RETENTION PROPERTIES OF BUNA-N #2061
AFTER 72 HR AT ROOM TEMPERATURE

PERCENT

126
ELONGATION

liI

lee
166' IoDULus 96

200% MODULUS 76

6

%TENSILE PET 46

46

26

QL-IOISS AL-IS63S 0L-16636 AL-10637 AL-16666 PL-1064 AL-10731 0L-16732 AL-1746

FUEL TYPE

RETENTION PROPERTIES OF VITON #2224
AFTER 72 HR AT ROOM TEMPERATURE

PERCENT

ELONGRTION 126

lie

196

100% MODULUS 96

2665 MODULUS ?6
66

%TENSILE RET 
46

36
2o

A.-6 161S9O AL -1635 AL- 1636 RL-10637 0L-10666 AL-19684 AL-10731 AL-16732 A-L19746

fUEL TYPE

RETENTION PROPERTIES OF NITRILE #2107
AFTER 72 HR AT ROOM TEMPERATURE
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APPENDIX D-1

JFC 78 500-HOUR SHALE OIL

PLAN OF TEST

APRIL 20, 1981

PURPOSE OF TEST

The purpose of this test plan is to define the test procedures required to
run a JFC 78 500-hour mission cycle endurance test. This program covers the
necessary effort to perform the test using fuel derived from shale oil. The
work will be performed under contract with Southwest Research Institute. The
shale oil fuel has low lubricity and high aromatic content. The test is to
determine if the shale oil fuel has a detrimental effect on the control.

DISCUSSION

Test Setup

The following test rigs and test equipment will be used:

(1) Control calibration plus pre and post test definition data will be
performed on Rig 52, 53, 18, 100, 101, or C-3 using MIL-7024.

(2) Mission cycle testing and spot calibration Rig B-3B per Figure 2.

(3) A JFC 78-4 control, P/N 763700, S/N 93747 will be used for the test.

(4) S/N 86088 will be used to test out the Rig B-3B, to make sure all the
Functions operate before S/N 93747 is used.

The following instrumentation will La required on B-3B Rig (set as shown in
Figure 2).

Speed Readout Sensor Range Reg Accuracy

Magnetic Pick-up/Tooth 0 - 11,000 rpm ±3 rpm
Wheel

Temperature

Fuel Control Inlet +80 to 180OF
Fuel Control Outlet +80 to 200OF ±40
T2 Sensor +20 to 120OF
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Position (LVDT) Range Rig Accuracy

LDS Linear Stroke 0 - 700 ±1%
PAS 0 - 1180 ±1%
VG Position 0 - 1.7 in ±1%

Fuel Flow Range Rig Accuracy

Turbine Meter 50 - 900 pph 3% at Calibrated Temp.

Pressure

P3 (P3) 0 - 300 psia ±1%
Boost Pressure 0 - 100 psig
Engine Clay Filter AP 0 - 50 psia
Control Inlet (Pin) 0 - 100 psig
Control Body (PB) 0 - 160 psig
Regulated Pressure (PR PB 0 - 200 psi
Control Discharge (Pout) 0 - 1000 psig
Throttle Valve AP(T.V. AP) 0 - 50 psi
5p Filter AP 0 - 5 psi ±1%
Power Supply

Torque Motor Suitcase Tester 0 - 100 ma

Rig Setup and Precautions

(1) IMPORTANT: No Vaseline to be used in rig setup.

(2) Use Iso for setup with a second JFC 78 control.
CAUTION: The JFC 78 vane pump Can be damaged by sustained operation at

speeds above 11,000 rpm and high fuel temperatures. At no
time is the control to be operated in overspeed or manual shut-
off for a period in excess of 20 seconds.

(3) Flush rig with freon and blow out with N2 prior to filling with shale
oil where possible.
CAUTION: When filling with shale oil, make sure all pumps and plumbing

have been cleaned (NO DETERGENT). Fuel should be kept sealed
when possible to maintain aromatic content.

(4) Fuel supply is limited, check carefully for leaks prior to start-up.
After 500 hour test, shale oil may be returned to SWRI.

(5) Ground all plumbing to prevent arcing.
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(6) Containers which have been subjected to special cleaning will be used for

fuel samples.

(7) Rig must be a closed loop system to maintain the aromatic content.

Hardware Inspection and Test

All hardware will be visually examined for nicks, scratches, blemishes, etc.
All discrepancies will be recorded on the experimental inspection report. Any
questlonabla components will be replaced. The throttle valve, VG pilot valve
and pump will be flow tested per Appendix A-III.

Assembly

When assembling unit S/N 93747, no vaseline is to be used. The only lubricant
that may be used is calibrating fluid MIL-7024.

Calibration

After assembly and calibration, an acceptance test shall be run per HS 7666.
Special definition data will be run per Appendix A-i. After completion of the
definition data, an audit test shall be run per HS 7666.

Testing

The following tests shall be run in the order listed.

Control Installation on Cyclic Rig

After the control has been drained of MIL-7024 as completely as possible,
the unit will be installed on the test rig. Iso-octane will then circu-
late through the test rig and control S/N 93747. [very hour, a sample
of Iso-octane will be taken and an Interfacial tension test will be run
per ASTM D971-50. The circulating of Iso-octane will continue until the
interfacial tension test levels off or 8 hours. The Iso-octane will then
be drained from the control rig completely. The rig should be flushed with
freon and blown out with N2, also the clay and 5u filter should be replaced
prior to filling with shale oil. When filling with shale oil, make sure all
pumps and plumbing have been cleaned (NO DETERGENT). Photos should be taken
of the rig and setup.

Spot Calibration

After the rig is filled, a spot calibration shall be made per Appendix A-II.
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Special Data

Automatic data will be taken by the Portable Acquisition Terminal hourly or
once per shift if data must be taken manually. The data will consist of Wf,
Speed, P3, T2, T.V. AP, PR, at two of the pinball conditions. These two
conditions will be idle and the mid-point P3 position. The special data will
be taken at random temperatures from +20OF to +120 0F. Fuel samples, in
specially cleaned containers will be taken for SWRI and P&WA Lab at the start
of the test and after 50 hours, 250 hours, 300 hours and finish. Also, at
various times, samples should be taken to the Chemical Lab for an interfacial
tension test per ASTM D971-50.

Hot Temperature

Upon completion of the spot calibration, the subject hardware shall be
operated as specified below. Components shall be operated according to
the test cycle shown on Figure 2 for 50 hours. Each cycle consists of a
75 minute mission at a control fuel inlet temperature of 1570F ±200F.

Spot Calibration

After completion of the 50 hours hot temperature test, a spot calibration
shall be made per Appendix A-1I.

Room Temperature

Upon completion of the spot calibration, the subject hardware will be
operated at a fuel inlet temperature of +850F ±200F for the same cycle
as the hot temperature test for 200 hours.

Spot Calibration

After completion of the 200 hours room temperature test, a spot calibration
shall be made per Appendix A-II.

Hot Temperature

Same as above hot temperature test for 50 hours.

Spot Calibration

After hot temperature test, a spot calibration per Appendix A-II shall be
run.

Room Temperature

Same as above room temperature test for 200 hours.
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Spot Calibration

After room temperature test, a spot calibration per Appendix A LI shall
be run.

Post Test Calibration

After completion of the spot calibration, the unit will be taken to a
production certified rig to run an "as is" acceptance calibration and
definition data per Appendix A-I.

Tear Down and Inspection

After analysis of the above data, the control shall be disassembled and
examined. Hardware condition shall be inspected and recorded on the ex-
perimental inspection report. The throttle valve, VG pilot valve and
pump will be flow tested per Appendix A-Ill.

D
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APPENDIX D-2

JFC 78 - SHALE OIL FUEL

PLAN OF TEST

Revised 7/30/81

PURPOSE OF TEST

The purpose of this test plan is to define the test procedures required to
run a JFC 78 mission cycle endurance test. This program covers the necessary
effort to perform the test using fuel derived from shale oil. The work will
be performed under contract with Southwest Research Institute. The shale oil
fuel has low libricity and high aromatic content. The test is to determine
if the shale oil fuel has a detrimental effect on the control. The target
test time will be 300 hours total (200 hours with room temperature fuel and
100 hours with a fuel inlet temperature of 1570F ±20 0F.

DISCUSSION

Test Setup

The following test rigs and test equipment will be used:

(1) Control calibration plus pre and post test definition data will be
performed on Rig 52, 53, 18, 100, 701, or C-3 using MIL-7024.

(2) Mission cycle testing and spot calibration Rig B-3B per Figure 2.

(3) A JFC 78-4 control, P/N 763700, S/N 93747 2ili be used for the test.

The following instrumentation will be required on B-3B Rig (set as shown in
Figure 2).

Speed Readout Sensor Range Rig Accuracy

Magnetic Pick-up/Tooth 0 - 11,000 rpm t3 rpm
Wheel

Temperature

Fuel Control Inlet +80 to 180OF
Fuel Control Outlet +80 to 200OF ±40
T2 Sensor +20 to 120OF
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Range Rig Accuracy

Position (LVDT)

LDS 0-70±I%PAS Linear Stroke 0 - 700 ±1%PS0 - 1180 ±1%

VG Position 0 - 1.7 in ±1%

Fuel Flow

Turbine Meter 50 - 900 pph 3% at Calibrated Temp.

Pressure

P3 (P3) 0 - 300 psia ±1%
Boost Pressure 0 - 100 psig
Engine Clay Filter AP 0 - 50 psia
Control Inlet (Pin) 0 - 100 psig
Control Body (PB) 0 - 160 psig
Regulated Pressure (PR - PB) 0 - 200 psig
Control Discharge (Pout) 0 - 1000 psig
Throttle Valve P(T.V. AP) 0 - 50 psi
5p Filter AP 0 - 5 psi ±1%

Power Supply

Torque Motor Suitcase Tester 0 - 100 ma

Rig Setup and Precautions

(1) IMPORTANT: No Vaseline to be used in rig setup.

CAUTION: The JFC 78 vane pump can be damaged by sustained operation at
speeds above 11,000 rpm and high fuel temperatures. At no
time is the control to be operated in overspeed or manual shut-
off for a period in excess of 20 seconds.

CAUTION: When filling with shale oil, make sure all pumps and plumbing
have been cleaned (NO DETERGENT). Fuel should be kept sealed
when possible to maintain aromatic content.

(2) Fuel supply is limited, check carefully for leaks prior to start-up.
After the test, the shale oil may be returned to SWRI.

(3) Ground all plumbing to prevent arcing.

(4) Containers which have been subjected to special cleaning will be used
for fuel samples.
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(5) Rig must be closed loop system to maintain the aromatic content.

(6) CAUTION: The maximum fuel temperature safety device is to be set for 140OF
during the room temperature phase.

Hardware Inspection and Test

All hardware will be visually examined for nicks, scratches, blemishes, etc.
All discrepancies will be recorded on the experimental inspection report.
Any questionable components will be replaced. The throttle valve, VG pilot
valve and pump will be flow tested per Appendix A-Ill.

Assembly

When assembling unit S/N 93747, no vaseline is to be used. The only lubricant
that may used is calibrating fluid MIL-7024.

Calibration

After assembly and calibration, an acceptance test shall be run per HS 7666.
Special definition data will be run per Appendix A-I. After completion of the
definition data, an audit test shall be run per HS 7666.

Testing

Control Installation on Cyclic Rig - After the control has been drained
of MIL-7024 as completely as possible, the control will be flushed with
shale oil fuel and then installed on the rig. The rig should be purged
with N2, also the clay and other rig filters should be replaced prior to
filling with shale oil. When filling the rig with shale oil, make sure
all pumps and plumbing have been cleaned (NO DETERGENT).

Spot Calibration - After the rig is filled, a spot calibration shall be

made per Appendix A-II.

Special Data

Automatic data will be taken by the Portable Acquisition Terminal twice per
75 minute cycle. The data will consist of Wf, speed, P3, T2, T.V. AP, PR,
fuel inlet and outlet temperature, LOS, PAS, and VG position, fuel inlet and
outlet pressure, body pressure, clay filter AP and 5 micron filter LP, at two
of the pinball conditions. These two conditions will be idle and the mid-
point P3 position. The special data will be taken at random temperatures from
+200F to +1200F. Fuel samples, in specially cleaned containers will be taken
for SWRI and HS Lab at the start of the test and after 50 hours, 200 hours,
and finish. Also, at various times, samples should be taken to the Chemical
Lab for an interfacial tension test per ASTM D971-50.
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Room Temperature

Upon completion of the spot calibration, the subject hardware will be operated
at a fuel inlet temperature of +850F t20°F for the cycle shown in Figure 18
a target of 200 hours (160 cycles).

Spot Calibration

After completion of the room temperature test, a spot calibration shall be
made per Appendix A-II.

Hot Temperature

After completion of the room temperature test and the spot calibration, remove
the clay filter. Reset the maximum fuel temperature safety device for 1900F.
Continue cycling per Figure 18 for 100 hours (80 cycles), with a fuel inlet
temperature of 1570F ±200F.

Spot Calibration

After hot temperature test, a spot calibration per Appendix A-II shall be run.

Post Test Calibration

After completion of the spot calibration, the unit will be taken to a
production certified rig to run an "as is" acceptance calibration and
definition data per Appendix A-I.

Teardown and Inspection

After analysis of the above data, the control shall be disassembled and
examined. Hardware condition shall be inspected and recorded on the experi-
mental inspection report. The throttle valve, VG pilot valve and pump will
be flow tested per Appendix A-Ill.
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APPENDIX D-3

PRE & POST TEST DEFINITION DATA

1. ACCEPTANCE CALIBRATION PER HS

2. NG SERVO DISPLACEMENT

Set PAS = 1180, P3 = 100 psia. T2 = 600. Record Ng servo displacement
at 500 rpm increments from 1000 to 7000 rpm and 200 rpm increments from
7000 to 10,800 rpm. Run hysteresis in the same increments.

3. MAXIMUM LINE

Set PAS 1180. Ng = 9600 rpm, T2 = 600 and record Wf, Pr and AP at 10 psi
increments from 200 to 20 to 200 psia.

4. MINIMUM LINE

Set PAS = 260, LDS = 00, Ng = 7600 rpm, T2 = 60°F and record Wf, Pr and

AP at 10 psi increments from 200 to 40 to 200 psia.

5. ACCEL LINES (BACK MIL DROOP OUT OF THE WAY)

T2 = +140 0 F. Set PAS = 1180, P3 = 100 psia. Record Wf at speeds of
3000, 3600, 4000, 4500, 5000, 5500, 6000, 6200, 6500, 6700, 7000, 7500,
8000, 8500, 9000, 9400, 9600, 9800, 10,000, 10,200, 10,300, 10,400,
10,500.
T2 = +600 F, PAS = 1180, P3 = 100 psia. Record Wf at speeds of 3000, 3500,
4000, 4500, 5000, 5500, 6000, 6500, 7000, 8000, 8500, 9000, 9100, 9200,
9300, 9400, 9500, 9600, 9700, 9800, 9900, 10,000, 10,100, 10,200, 10,300,
10,400, 10,500.
T2 = 20

0F, PAS = 1180, P3 = 100 psia. Record Wf at speeds of 3000, 3600,
4000, 4500, 4800, 5000, 5200, 5500, 6000, 6500, 6800, 7000, 7200, 7400,
7600, 8000, 8400, 8600, 8800, 9000, 9100, 9200, 9400, 9600, 9800, 10,000.

6. VARIABLE MIN RATIO

Set PAS = 260, T2 = 600, P3 = 200 psia. Set Ng 10,400, 10,200, 10,000,
9800, 9600, 9400, 9200, 9000 rpm and record Wf.

7. MIN FLOW SPEED

Set PAS = 1180, P3 = 5 psia. Record fuel flow and T.V. 6P at 600, 700,
,800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, and 1700 rpm.
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8. MIL DROOP

Set PAS = 117.5, P3 = 200 psia, LDS = 700. T2 = +600 F. Set Ng from 9800
to 10,800 to 9800. Record Wf at 100 rpm increments. T2 = +600 F. Set Ng
from 10,000 to 10, 200 to 10,000 rpm. Record Wf at 20 rpm increments.
T2 = -20

0 F. Set Ng from 9000 to 10,000, to 9000 rpm. Record Wf at 100
rpm increments. T2 = +1400 F. Set Ng from 9800 to 10,800 to 9800 rpm.
Record Wf at 100 rpm increments.

9. IDLE DROOP

Set PAS = 260F, P3 = 60 psia. LDS = 00. T2 = +60
0F. Ng 6000 to 7000 to

6000 rpm in 100 rpm increments. Record Wf. T2 = +60°F6 Ng 6500 to 6700
to 6500 rpm. Record Wf at 20 rpm increments. T2 = -20 F. Ng 6000 to
6800 to 6000 rpm in 100 rpm increments. Record Wf. T2 = +1400F. Ng
6200 to 7400 to 6200 rpm in 100 rpm increments. Record Wf.

10. VG STROKE

Set PAS = 1180, P3 = 150 psia (load to oppose motion). T2 = +600 F. Set
Ng from 7700 to 10,100 to 7700 rpm in 200 rpm increments. Record VG
displacement. T2 = -200F. Set Ng from 7100 to 9500 to 7100 in 200 rpm
increments. Record VG displacement. T2 = +140 0 F. Set Ng from 8200 to
10,600 to 8200 in 200 rpm increments. Record VG displacement.

11. VG T2 HYSTERESIS

Set PAS = 118 0 F, P3 = 120 psia, Ng = 8600 rpm. Vary T2 from -650F to
+160OF to -650 F. Record VG displacement at approximately 200 increments.

12. TOPPING HYSTERESIS

Set PAS = 118 0F, P3 = 200 psia, Ng = 10,200 rpm. Vary T2 from -65OF to
+160°F to -650 F. Record Wf at approximately 200 increments.

13. Np SERVO CALIBRATION

Set Ng = 10,200, PAS = 1180, LDS = 900, P3 = 200 psia, T2 = 600F.
a) Vary Np piston from end to end with the electrical test box in

closed loop position. Record Vr and Wf every 0.005 V/V in the range
when fuel flow changes.

b) Repeate "a" at Ng = 9012, PAS - 1180, LDS = 300, P3 = 152 psia.

14. MAX UPTRIM

Set PAS = 117.5, P3 = 200 psia, T2 = 600F, LDS = 15.00. Set Np servo to
maximum position. Record Vr. Set speed 9400 to 10,400 to 9400 in 200
rpm increments. Record Wf.

b- 15
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HSER 8199

15. MAX DOWN TRIM

Set PAS = 117.50, LDS 50.00, P3 = 70 psia, T2 a 600F. Set Np servo to
minimum position. Record Vr. Set speed from 6500 to 7900 to 6500 rpm in
200 rpm increments. Record Wf.

16. Np SERVO NULL POINT

Set PAS = 117.50, P3 = 152 psia, T2 = 600F, LDS = 900, Speed = 9012 rpm.
With test box set in closed loop, adjust LVDT voltage ratio adjustment to
obtain Wf = 380 ±2 pph. Record Wf, T.M. current and voltage ratio.
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APPENDIX 0-4

SPOT CALIBRATION

1. MINIMUM FLOW SPEED

Set PAS = 1180, P3 
= 5 psia. Record fuel flow and T.V. AP at 800, 900,

1000, 1100, 1200, 1300, 1400, 1500, 1600 and 1700 rpm.

2. MAXIMUM RATIO

Set PAS = 1180, LDS = 900 , Ng = 9600 rpm, T2 +1200 F. Record Wf and AP
at 20 psi increments 20 to 200 to 20 psia.

3. MINIMUM RATIO

Set PAS = 250, LDS = 00, T2 = +120 0 F, Ng = 7600 rpm. Record Wf and AP
at 20 psi increments 200 to 40 to 200 psia.

4. VG

Set PAS = 1180, LDS - 900, T2 = +120 0F, P3 = 150 psia. Record Vg position
at 7700, 8000, 8300, 8600, 9000, 9400, 9700, 10,000 rpm.

5. MAXIMUM DROOP

Set PAS = 1180, LDS = 900, T2 = 1200 F, P3 = 200 psia. Record Wf and AP
at 10,000, 10,200, 10,400, 1 ,600 rpm.

6. IDLE DROOP

Set PAS = 260, LDS = 00, T2 = +120 0F, P3 = 60 psia. Record Wf and AP
at 6200, 6400, 6600, 6800, 7000 rpm.
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APPENDIX 0-5

FLOW TEST

1. Throttle Valve Flow test per Note 17 of drawing 763617.

2. Vg Pilot Valve Flow test per Note 12 of drawing 737890.

3. Pump Calibration New Vickers pump S/N MX-329517 with test data
from Vickers test record 7419. Pump will be
returned to Vickers to run the above test data
from Vickers test record 7419 after the 500
hours test.
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APPENDIX D-6

TABLE I

FUEL CHARACTERISTICS

STANDARD TEST FLUID

PROPERTY SAMPLE NO. KIL-T-5624L AL-10596-SP-T

FUEL TYPE GRADE JP-4 JP-4

SOURCE MIL SPEC PARAHO/PETR

Distillation,

OC(OF) D86 D86

10%, max 99(211)

20%, max 145(293) 121(249)

50%, max 190(374) 175(347)

90%, max 245(473) 220(428)

EP, max 270(518) 243(470)

Residue, vol%, max 1.5 1.0

Loss,volZ,max 1.5 0

Vapor Pressure

100°F, kPa 14-21 17.5

Freezing Point,

OC("F) max -58(-72) <-60

Water Reaction

* interface rating, max lb 1

Water Separation Index, 85 100

mofified, min

TAN,mg KOH/g, max 0.015 0.01

Aromatics,

voI%, max 25.0 21.9

Olefins,

vol%, max 5.0 0.4

Nercaptan Sulfur,

vt%, max 0.001 0.000

Doctor Test --- Positive, "Sour"

Sulfur,

vt%, max 0.40 .004

Nitrogen, ppm ---- 2
Copper strip Corr.

2 hr @212"F, ax lb 2b

Density,

kg/i, sin (15C) 0.751 0.7849

Density,

kg/i, uax (15"C) 0.802 0.7849
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HAMILTON STANDARD TEST FUEL (CONT'D)

API Gravity,

max (15,C) 57.0 48.7

API Gravity,

min (15C) 45.0 48.7

Thermal Stability (JFTOT)

P, mm Hg, max 25 0

deposit code, max 3 1

Existent Gum,
ag/di, max 7.0 1.5

Particulate Matter,

mg/i, max 1.0 0.1

Filtration Time,

minutes, max 15 N/A

Aniline Point, C -- 44.8

Heating Value

Aniline-Grav-

ity, min 5250 5503

LHV, MG/kg, min 42.8 44.4

LHV, Btu/lb, min 18400 19100

Hydrogen Content

vt%, min 13.6 13.6

or Smoke Point,
amn, min 20.0 N/A

Fuel System Icing

Inhibitor, voiX 0.10-0.15 N/A

Fuel Electrical

Conductivity, pS/in 200-600 0

Viscosity, cSt

40 OC 0.84

-20 OC 2.05

Saybolt Color +28
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TABLE 2

LUBRICITY AND INTERFACIAL TENSION

9 Ball on cylinder method (BOCM) using a 1000 gram load was used to
check lubricity

* Interfacial tension tests were run per ASTM D971-50

INTERFACIAL
TENSION TEST

TEST TIME WSD "mm RESULTS- DYNES/cm

After approx. 10 hours of
control calibration and
rig check out. Prior to
initiation of cycle test. .624 38.5

After 58 hours of cycling
with room temperature fuel .569 38.0

After 205 hours of cycling
with room temperature fuel .659 39.3

After 106 hours of cyclic
testing with hot fuel (1570+200 F) .431 37.0

D-21
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Pump Component Calibration

P/N 751056-7 S/N MX 329517

1/26/79 9/18/81

Limits Pre Test Post Test

Flow at 9947 RPM 700 PSID 6.40 GPM Min 6.88 GPM 6.65 GPM

Flow at 9947 RPM 100 PSID 7.43 GPM Max 7.13 GPM 7.01 GPM

Flow at 1291 RPM 250 PSID .63 GPM Min *.825 GPM .627 GPM

Leakage at 10,400 RPM 700 PSIG 5 Drops/t0 Min None None
Max

* This data point appears to be in error. Typical values for flow at

at 1290 RPM vary from 0.63 to 0.70 GPM.

FIGURE 21
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jg Pilot Valve Component Calibration

P/N 737890-5

Pre Test Post Test

Valve Gain 71.25 PPH/.O01 Inch 71.25 PPH/.OO1 Inch

Valve Lap .00095 Overlap .00085 Overlap

Null Leakage "iO.7 PPH 90 PPH

FIGURE 22

D- 25
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APPENDIX D-10

DISASSEMBLY AND INSPECTION REPORT

After completion of the post-test definition data the fuel control was dis-
assembled and hardware examined. Pre and post test experimental inspection
reports are included as figures 43 and 44. All hardware was in good con-
dition and the fuel control will be reassembled without replacement or re-
work. Wear appeared consistant with endurance tests run in JP4 and iso
octane. No direct comparison is possible since no endurance tests of this
length (300 hours) have been run in clean fuel using the JFC 78. Control
qualification tests have been considered which consist of 420 hours of

accelerated cyclic endurance (1 minute cycles). These tests were run with
iso-octane containing military specification contamination. Addition control
hardware has been examined after long term engine endurance tests of 1250
hours and 1900 hours. Hardware from all these tests exhibited similar, but
more severe, wear than that observed in this test.

Photographs of the hardware showing signs of wear are included in figures
45 to 46. This wear is not considered excessive and did not result in
significant shifts in fuel control performance. A varnish type deposit
was observed on some of the hardware. Quantities were not sufficient to be
analyzed and did not effect control performance, however, increased quantities
of this deposit might cause fuel control shifts and increased hysteresis.
These deposits were found on the following hardware: pressure regulating
valve, flyweight toes, flyweight wear pad, and the pilot valve lever.
In addition the AMS 7445 cam follower balls and the carbide flyweight toe
wear pad were discolored by a deposit or surface distress which had no
apparent depth with 20x magnification. These deposits have been noted
on other JFC 78 controls. This discoloration had no apparent adverse
effects on performance or durability.

I)-55



P__~

Hs F-182E 7/81 HAMILTON STANDARD
EXPERIMENTAL INSPECTION REPORT

COPIES: Pre PRE-TEST

1. Engineer Roy Mainelli 4terI ENDURANCE Test No. ___

2. Government FueLControl Assembly Sheet No.
3. Exp. AssyParts List 763700-3 Test Date -
(sign to verify inspection) Experimental No. No. of Pages I,

Assy Record No. S/N 93747 Page No. 1
insp. Date 4/10/81

JFC 78-4 500 Hrs. Shale Oil Test

Part No. Part Name Qty Condition of Part Dispositi

763700-3 Fuel Control 1 The parts for this test have been visually

inpsected and are acceptable, some parts

have slight wear from previous testing as

listed below.

767124-1 Latching Valve 1 Nicks on flat face.

Piston

766313-20 P2 ReQulator Valve 2

737897-4 Seat Check Valve I Light scoring on half ball

751176-2 Injector Tube I Nick on lip of the retaining pin slot

anodize missing on two spots on 0.0. of

tube.

738021-3 Idle Reset Lever 1 Nicks near hole for pin.

765452-1 Speed Servo Piston 1 Anodize worn off piston

755242-1 Power Spindle (PAS) 1 Electrofilm worn off on shutoff cam

738045-14 Lever 1 Worn spot - no depth

FIGURE 43
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iS F-182E 7/81 HAMILTON STANDARD
EXPERIMENTAL INSPECTION FPEPORT

"OPIES: e I POST TEST
'OPIES:After] ENDURANCE1. Engineer Roy Mainelli Tesr NDoTest No.____

2. Government Fuel Control Assembly Sheet No.
3. Exp. Assy Parts List 763700-3 Test Date -
(sign to verify inspection) Experimental No. No. of Pages 1

Assy Record No. S/N 93747 Page No. 1
Insp. Date 9/2/81

JFC 78 500 Hrs. Shale Oil Test

Part No. Part Name Oty Condition of Part Dispositic

738039-1 Lever, Pilot Valve Slight Wear and Some Deposit

765428-1 Sleeve, Lockout Dent in Ball Seat Area

755242-1 Spindle and Insert, Slight Wear on Shut-Off Cam

Power

764462-1 Flyweight, Speed Deposit on Flyweight Toes

Governor

757697-2 Gear, Speed Governor Light Wear on Teeth

755218-2 Cam, Decel Slight Wear Flat

737998-10 Governor Rod and Slight Wear and Discolored

Bearing

766380-1 Valve and Sleeve, Cut Seal

Shutoff Ball Discolored

732994-2 Lever and Roller, Corrosion on Roller

Droop

738001-1 Lever, Idle Reset Slight Wear on Pad
Cam Ring,751056-7 Pump (Shaft Spline) Slight Deposits

P-57 FIGURE 44
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Deceleration Cam
755218-2 J,

Wear Spot

Governor Rod and Bearing

737998-10

Wear

Discoloration or Deposit

on Carbide

Figure
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-~ Idle Reset Lever

Wear Track

VG Pilot Valve Lever

738039-1

Wear Area

Varnish-like Buildu

Figure



APPENDIX E

No. 1 Identification of Critical Fuel System Components

No. 2 Existing Engine Qualification Procedures

No. 3 NATO Standard Engine Laboratory Test-Edition June 80

No. 4 Fuel System Components Qualification Procedures

No. 5 Environmental Protection Agency Heavy-Duty Diesel Engine Exhaust

Emissions Certification and Test Procedures
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APPENDIX E-1

IDENTIFICATION OF CRITICAL FUEL SYSTEM COMPONENTS

A. INTRODUCTION

This appendix presents a compilation of the critical diesel

engine fuel system components which could be adversely affected

by an alternative fuel (e.g., a coal or shale-derived diesel fuel)

whose physical and/or chemical characteristics differ from the

engine's intended fuel. Specifically, engine-mounted "fuel-wetted"

components are identified. Non-fuel-wetted components such as

valves, pistons, piston rings, etc., are not addressed nor are

components which could be indirectly affected by a fuel change

(e.g., electrical system components). Vehicle-related fuel-

wetted components such as fuel tanks, fuel supply lines, and

ancillary equipment are not addressed,

Any identification of "critical" fuel system components in-

volves a number of assumptions to define the meaning of the term

critical. The approach was to highlight components which are

generally considered to be sensitive to changes in fuel parameters

such as lubricity, aromaticity, sulfur content, gum content, im-

purities, and related parameters and characteristics. In this

respect, the components of concern are those involving close tol-

erances, are known to contain elastomeric (or similarly sensitive)

materials which contact fuel, operate in a high temperature en-

vironment, or are a particularly necessary unit to engine operation.

Components which were found to belong to these categories include

fuel injection equipment, fuel pumps, fuel filters and strainers,

non-metallic fuel lines (e.g., hoses), fuel solenoid valves, and

manifold heaters (which are a collection of these components).

The approach utilized to present this information is to de-

scribe for each engine model, its operating characteristics, the

vehicles in which it is used, and to list the specific fuel criti-

cal components (complete with its part number and/or model desig-

nation and manufacturer or source of supply).

The information was obtained from the various engine manu-

facturers and/or the applicable engine Army technical manual. Where

TACOM or a similar entity is listed as the manufacturer, they are

the controlling source of supply for the item within the military

system.
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B. ARMY DESIGNED ENGINES

1. AVDS-1790 Series

a. Powerplant characteristics

The AVDS-1790 Series engines are 12-cylinder, 90

degree, V-type, four-stroke cycle, air-cooled, and turbosuper-

charged. Selected engine characteristics and performance data

are shown in Table A-1.

TABLE A-l, SELECTED AVDS-1790 SERIES ENGINE
CHARACTERISTICS AND PERFORMANCE DATA

Displacement 1790 in3

Weight, dry (with
accessories)

Model 2A 4685 lb
Models 2C&2D 4876 lb
Model 2DR 4925 lb

Compression ratio 16:1

Horsepower, net 642 bhp at 2400 rpm

Torque, net 1585 lb-ft at 1800 rpm

Speed

Governed, full load 2400 rpm 4
Governed, no load 2640 rpm
Idle 700 rpm

Bore 5.750 in

Stroke 5.750 in 4

Fuel VV-F-800, Grade DF-2

b. Engine/Vehicle Matches

Table A-2 shows the M-Series vehicles which contain

the AVDS-1790 Series engines under consideration, per the

appropriate technical manuals.
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TABLE A-2, APPARENT AVDS-1790 SERIES
ENGINE/VEHICLE MATCHES

Engine Model M-Series Vehicle Designation

AVDS-1790-2A M48A3,M60,M6OAl,M728

AVDS-1790-2C M48A5,M60,M6OAl,M6OAl(RISE),
M60A2,M60A3,M48A2AVLB,M6OAlAVLB,
M48A5AVLB,M728

AVDS-1790-2D M48A5,M60,M6OAl,M6OAl(RISE),
M60A2,M60A3,M48A2AVLB,M6OAlAVLB,
M48A5AVLB,M728

AVDS-1790-2DR M88A1

Table A-3 shows the M-Series vehicles in current use

(confirmed by TACOM) which contain Teledyne-Continental-Motors-

built AVDS-1790 series engines. The 1790-2 is no longer built

and the 2A is built only on special order. The 2C, 2D, and 2DR

models are current production items. Vehicles with the 2A

engine are being converted to 2C's or 2D's when in for overhaul.

The M48A5 vehicles are being retrofitted with 2C's or 2D's; most

will be retrofitted with 2D's (if the electrical system can

handle the amperage, a 2C is used, otherwise a 2D is used).

TABLE A-3, THE AVDS-1790 SERIES ENGINES
MATCHED TO IN-SERVICE M-SERIES
VEHICLES

Engine Model M-Series Vehicle Designation

AVDS-1790-2

AVDS-1790-2A M48A5, M60Al, M60A2, M728

AVDS-1790-2C M60A3, M60AlRISE, M48A5*

AVDS-1790-2D M48A5*, M60Al*, M60A2*, M728

AVDS-1790-2DR M88AI

*Vehicles being retrofitted with listed engine.

i.:- 5



The major distinctions between models are as follows:

* AVDS-1790-2: supplied with air-cooled generator
(Army No. and associated accessory drive.
8725265)

e AVDS-1790-2A: supplied with air-cooled generator
(Army No. and associated accessory drive
10912450)

* AVDS-1790-2C: supplied with oil-cooled alternator
(Army No. and associated accessory drive.
11682700)

o AVDS-1790-2D: supplied with air-cooled generator
(Army No. and associated accessory drive.
11684000)

o AVDS-1790-2DR: supplied with air-cooled generator
(Army No. and associated accessory drive and
11684150)

an auxiliary power take-off drive.

c. Fuel System Components Identification

Figure A-1 shows a schematic of the main fuel system.

Figure A-2 shows a schematic of the manifold air induction heater

system. Figure A-3 shows a schematic of the smoke generating

system. Table A-4 lists the vendor or source of supply for the

primary fuel system components and their respective part and/or

model designation; differences between models are so noted. Table

A-5 identifies fuel system hoses and tubes for the 1790-2A model

while Table A-6 lists similar data for the other engine models.

TABLE A-4, IDENTIFICATION OF AVDS-1790 SERIES
PRIMARY FUEL SYSTEM COMPONENTS

Part Number
Component Vendor/Source (model number)

Fuel Injection Pump American Bosch

" Model 2A o 10912447 PSB-12BT)

" Models 2C,2D, o 11684129-1 (PSB-
& 2DR 12BT)

Fuel Nozzle & Holder American Bosch 10912452
Assembly
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TABLE A-4, IDENTIFICATION OF AVDS-1790 SERIES
PRIMARY FUEL SYSTEM COMPONENTS (Cont.)

Part Number

Component Vendor/Source (model number)

Fuel Supply Pump

* Model 2A Viking * 10882763 (FV492)

e Models 2C&2D & 10882763-1 (FV492-
4C

* Model 2DR e 8761431-1 (FV492-
4D

Primary Fuel Filter

* Model 2A * Fram or * 8395476 (2949 or
Purolator 664479)

* Models 2C,2D& e Bendix Filter . 11668617
2DR Div. (054615-02)

Primary Fuel Filter TACOM

Parts Kit

* Model 2A * 5702757

* Models 2C,2D& 0 5704487
2DR

Fuel/Water Separator
Filter
" Model 2A e Keene Corp. o 11602063

Filtration

Div.

* Models 2C,2D& e Facet Filter * 11602063
2DR Products

Fuel/Water Separator TACOM 5702738
Filter Parts Kit

Secondary Fuel Filter Fram 8764641(FBMII26)
(Model 2A only)*

Secondary Fuel Filter TACOM 5702690
Parts Kit (Model 2A
only)*

Water Separator Skinner Elec- 11668627
Solenoid Valve tric Valve Div
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TABLE A-4, IDENTIFICATION OF AVDS-1790 SERIES
PRIMARY FUEL SYSTEM COMPONENTS (Cont.)

Part Number
Component Vendor/Source (model number)

Manifold Air Heater

Nozzle Assembly

* Model 2A TACOM e 7335555

* Models 2C,2D& e 12254278
2DR

Flame Heater Skinner Elec- 7062194
Solenoid Valve tric Valve Div

Flame Heater Fuel

Filter

* Model 2A e Military Standard * 51085-1

* Models 2C,2D& e Bendix Filter Div * 11668619
2DR

Smoke Generator Skinner Elec- 11668627
Solenoid Valve tric Valve Div

TABLE A-5, IDENTIFICATION OF AVDS-1790-2A
FUEL SYSTEM HOSES AND PLASTIC TUBES

Hose/Tube Description Vendor/Source Part Number

Hose Assembly-Fuel TACOM 10951341-2
Return, Cylinders 5&6

Hose Assembly-Fuel TACOM 10951341-1
Return, Cylinders 1-2,
2-3,3-4,4-5

Tube Assembly-Fuel TACOM 8761510
Injection Pump To
Bulkhead Elbow

Hose Assembly Teflon- TACOM 10882940

Fuel Injection Return
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TABLE A-5, IDENTIFICATION OF AVDS-1790-2A
FUEL SYSTEM HOSES AND PLASTIC TUBES (Cont.)

Hose/Tube Description Vendor/Source Part Number

Hose Assembly-Water Military Standard 28741-8-0300
Separator Fuel Filter
Outlet Elbow To Bulk-
Head Elbow

Hose Assembly-Fuel Military Standard 28741-8-0134
Pump Outlet To Water
Separator Fuel Filter
Inlet

Hose Assembly, Rubber- Military Standard 28741-8-0204
Primary Fuel Filter
Outlet To Check Valve
Inlet

Hose Assembly, Rubber- Military Standard 28741-8-0260
Fuel Pump Outlet
Adapter To Secondary
Fuel Filter Inlet

Hose Assembly, Rubber- Military Standard 28741-8-0340
Secondary Fuel Filter
Outlet Elbow To Bulk-
Head Elbow

Plastic Tubing-7.125", TACOM 7017826
Part Of Check Valve To
Flame Heater Fuel
Filter Tube Assembly

Plastic Tubing-75", The Polymer Corp (NS4H)
Part Of Right Bank
Solenoid Valve Tee
To Flame Heater Nozzle
Tube Assembly
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TABLE A-6, IDENTIFICATION OF AVDS-1790-2C,-2D, AND-2DR
FUEL SYSTEM HOSES AND PLASTIC TUBES

Hose Description Vendor/Source Part Number

Hose Assembly-10 Military Standard MS52104C4-0074
Intercylinder Connec-
tor And 1 Fuel Return
Connecting No. 6
Cylinder, Left Bank,
And Elbow Tube

Hose Assembly-Fuel Military Standard MS5104C4-0090
Return Connecting No.
6 Cylinder, Right
Bank, And Elbow Tube

Hose Assembly-Fuel Military Standard MS8005H120A
Injection Pump Check
Valve To Tee

Hose Assembly-Injec- Military Standard MS8005H520A
tion Pump Overflow
Tee To Tube Nipple

Hose Assembly-Injec- Military Standard MS8005HO60A
tion Pump Overflow Tee
To Tube Cross

Hose Assembly-Fuel TACOM 10882940
Injection Pump Check
Valve To Bulkhead
Cross Tee

Hose Assembly-Water Military Standard MS28741-8-0300
Separator Fuel Filter
Outlet Elbow To Bulk-
Head Elbow

Tube Assembly-Fuel TACOM 8761510
Injection Pump Inlet
To Bulkhead Elbow

Hose Assembly-Primary Military Standard MS28741-8-0124
Fuel Filter Outlet To
Fuel Back Flow Valve
Inlet
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TABLE A-6, IDENTIFICATION OF AVDS-1790-2C,-2D, AND -2DR
FUEL SYSTEM HOSES AND PLASTIC TUBES (Cont.)

Hose Description Vendor/Source Part Number

Hose Assembly-Primary TACOM 11684294
Fuel Filter Outlet To
Fuel Back Flow Valve
Inlet**

Hose Assembly-Fuel Military Standard MS28741-8-0240
Back Flow Valve Out-
let To Fuel Pump
Inlet**

Hose Assembly-Fuel Military Standard MS28741-8-0330
Pump Outlet To Water
Separator Fuel Filter
Inlet**

Hose Assembly-Fuel Military Standard MS28741-8-0134
Pump Outlet To Water
Separator Fuel Filter
Inlet*

Hose Assembly-Flame Military Standard MS8005E086E180
Heater Solenoid Valve
Outlet To Cross Tee

Plastic Tube-60", Part The Polymer Corp (NS4H)
Of Tube Assembly For
Flame Heater (Part No.
10882779)

Plastic Tube-75' , Part The Polymer Corp (NS4H)
Of Tube Assembly
(Part No. 10882780)
For Flame Heater

Plastic Tube-7.12" Or TACOM 7017826
10.44", Check Valve To
Flame Heater Filter
Inlet, Part Of Tube
Assembly (Part No.
10865122)

*Models 2C and 2D only
**Model 2DR only
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2. The LD-465-l, LD-465-IC, LDT-465-1C, LDS-465-l, LDS-465-1A,

LDS-465-2 Multi-Fuel Engines
a. Powerplant Characteristics

The LD-465, LDT-465, and LDS-465 model "multi-fuel"

engines are all four-stroke cycle, in-line, six-cylinder, and

liquid cooled. The LD-465 models are naturally aspirated, and

the LDS-465 and LDT-465 models are turbocharged. Selected engine

characteristics and performance data are shown in Table A-7.

TABLE A-7, SELECTED LD-465-I, LD-465-IC, LDT-465-1C,
LDS-465-I, LDS-465-1A, AND LDS-465-2 ENGINE
CHARACTERISTICS AND PERFORMANCE DATA

Model
Charac- LD-465-l LD-465-IC LDT-465-IC LDS-465-1 LDS-465-1A LDS-465-2
teristic

3 3 3 3 3 3
Displacement 478 in 478 in 478 in 478 in 478 in 478 in

Weight 1614 lb 1614 lb 1650 lb 1561 lb 1650 lb 1633 lb

Compression 22:1 22:1 22:1 22:1 22:1 22:1
Ratio

Gross Horse- 126 hp 126 hp 130 hp 175 hp 175 hp 195 hp
power, Min at at at at at
(All Fuels) 2600 rpm 2600 rpm 2600 rpm 2600 rpm 2800 rpm

Gross Torque, 300 lb-ft 300 lb-ft 305 lb-ft 425 lb-ft 425 lb-ft 425 lb-ft
Min (All Fuels) at at at at at at

1400 rpm 1400 rpm 1500 rpm 2000 rpm 2000 rpm 2000 rpm

Speed (rpm)
Governed, Full 2600-2650 2600-2650 2600-2650 2600-2650 2600-2650 2800-2850

Load
Governed, No Load 2850-290X 2850-2900 2850-2900 2850-2900 2850-2900 3050-3100
Idle 650-700 650-770 * 650-770 650-700 650-700

Bore 4.56 in 4.56 in 4.56 in 4.56 in 4.56 in 4.56 in

*Early production models are 650-700 rpm? late production models
are 800-350 rpm.
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TABLE A-7, SELECTED LD-465-l, LD-465-IC, LDT-465-1C, LDS-465-I,
LDS-465-1A, AND LDS-465-2 ENGINE CHARACTERISTICS
AND PERFORMANCE DATA (CONT.)

Model
Char_ LD-465-I ID-465-1C ILD-465-1C LDS-465-I LDS-465-1A IDS-465-2

teristics

Stroke 4.87 in 4.87 in 4.87 in 4.87 in 4.87 in 4.87 in

Fuel* Primary Fuels: VV%-F-800, Grades DF-A, DF-l, and
DF-2; MIL-T-5624, Grade JP-5

Alternate I Fuels: MIL-F-16884; MIL-F-24397;
commercial diesel fuel (ASTM D975),
Grades 1-D and 2-D; aviation turbine
fuel-kerosene type; MIL-T-38219,
Grade JP-7; commercial aviation
turbine fuel (ASTM D1655)-Jet A and
Jet A-l; MIL-G-5572, AVGAS 80/87;
commercial gasoline (leaded, lcd-lead,
or unleaded) with RON L 89 or anti-
knock index L 85; any mixture of
Primary and/or Alternate I fuels.

*There is a list of Alternate II fuels that may be used when blended

with diesel fuel as well as emergency fuels that may be used.
TM9-2815-210-34 contains additional information.

b. Engine/Vehicle Matches

Table A-8 shows the M-Series vehicles (as indicated

by TACOM) which contain the subject multi-fuel engines. Although

White Motors Inc. has built most of the models, Teledyne Conti-

nental Motors has built some.

TABLE A-8, THE LD-465-I, LD-465-IC, LDT-465-1C,
LDS-465-I, LDS-465-1A, AND LDS-465-2
ENGINES MATCHED TO M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation

LD-465-I* M35A2,M35A2C,M36A2,M44A2,M45A2,M45A2C,
LD-465-lC* M46A2,M46A2C,M49A2C,M50A2,M50A3,MI09A2,
LDT-465-lC* M185A3,M275A2,M292A2,M292A5,M342A2,M751A2,

M756A2,M763,M764

*The engine model used depended on the build date of the truck.

The vehicles are collectively known as the M44A2 series
(2-1/2-ton trucks).
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TABLE A-8, THE LD-465-1, LD-465-1C, LDT-465-1C,
LDS-465-1, LDS-465-1A, AND LDS-465-2
ENGINES MATCHED TO M-SERIES VEHICLES (Cont.)

Enqine Model M-Series VehiclP Dpeignati~n

LDS-465-Il M40A2C,M51A2,M52A2,1154A2,M54A2C,M55A2,
LDS-465-lA* M61A2,M63A2,M63A2C,M246A2,M291A2,M291A2C,

M29lA2D,M328E2,M543A2,M738E2,M748A2

* LDS-465-2** M656,M757,M791

* rhe engine model used depended on the build date of the truck.
The vehicles are collectively known as the M39A2 series (5-ton
trucks).
**The vehicles are collectively known as the M656 series (8x8

5-ton trucks).

c. Fuel System Components Identification

The main fuel system is similar to that of the

LDS-427-2 (see Figure A-7) consisting of a fuel injection

pump assembly, fuel injector nozzle and holder assembly, fuel

transfer pump, fuel filter(s), and fuel hoses/tubes. There have

been three different manifold air heater systems used (see Fiqures A-3,

A-4,A-5, and A-6). The side mounted solenoid controlled unit was

used on the LDS-465-I. The top mounted, uncovered unit was

used on the LD-465-1 and early production models of the LDS-465-1A

and LD-465-IC. The top mounted, covered unit was used on the

LDT-465-1C, LDS-465-2 and late production models of the LD-465-IC

and LDS-465-1A.

Table A-9 identifies the fuel injection pump assemblies used

on the subject multi-fuel engines. Table A-10 illustrates the

differences between the models (note that Table A-10 also lists

the fuel pump model used on the previously discussed LDS-427-2

engine.)
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TABLE A-9, IDENTIFICATION OF LD-465-1, LD-465-1C,
LDT-465-1C, LDS-465-I, LDS-465-1A, AND
LDS-465-2 FUEL INJECTION PUMP ASSEMBLIES

Part Number
Engine Model Vendor/Source (Model Number)

LD-465-1 American Bosch 10935261*
LD-465-IC (PSB6A90EH5337A)
LDT-465-1C

LDS-465-1 American Bosch 10935270
(PSB6A90EH5327B)

LDS-465-1A American Bosch 1095116
(PSB6A90EH5828A)

LDS-465-2 American Bosch 11641906
* (PSB6A90EH5371G)

*Some engine models had been assigned different part numbers to
retain engine identity.

TABLE A-10, DIFFERENCES BETWEEN FUEL INJECTION PUMP
ASSEMBLY MODELS FOR THE MULTI-FUEL ENGINES

Engine LD-465-1
- Mode LDS-465- & LDT-465- LDS- LDS-

Port LDS-465-2 IA LD-465-IC IC 465-1 427-2
Description

Fuel Supply Pump With Fuel x x
Pressure Relief Valve.

Engine Mounted Fuel Filters
After Fuel Supply Pump:

e 2 Filters X X X X X
9 1 Filter X

Fuel Density Compensator
Type:

e Diaphragm X
a Piston X X A X

Fuel Line Type:
e Hose X X
* Plastic Tubing x x X x X X

Oil Filter In Pump Housing X X
Throttle Operating Lever

Type:
* 1 Piece x x x x x
e 2 Piece X

E-21

L 
nr44, - __ - .



TABLE A-10, DIFFERENCES BETWEEN FUEL INJECTION PUMP

ASSEMBLY MODELS FOR THE MULTI-FUEL ENGINES (Cont.)

Engine LD-465-1

Port Mode LDS-465- & LDT-465- LDS- LDS-

Description LDS-465-2 lA LD-465-lC IC 465-1 427-2

Overflow Valve Body Orifice
At Fuel Inlet Seal, Inside

Diameter:
* 0.280 (approx) X X X X x
* 0.085 (approx) X

Fulcrum Lever Assembled With X X X X X
Low Speed Fuel Adjusting

Setscrew (Droop Screw).
Governor Equipped With X
Torque Control Link For

Automatic Transmission

Application.
Governor Housing Oil Drail X

To Oil Pan By External
Hose.

Fuel Shutoff Type:
" Manual X X X X X

" Electrical X
Throttle Lever Mounting
Position:

* Up X X
" Down X X X X

Governor Speed Range:
o 700-2600 X X X X

* 700-2800 X
e 600-2800 X
e 800-2600 X

Timing Device Spring Rates:

* 69.0 lbs/in. (SP9041) X X X
* 55.1 lbs/in. (SP9043) X
* 102.5 lbs/in. (SP857-3). X

Table A-I identifies the fuel supply pumps used on the subject

multi-fuel engines.
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TABLE A-lI, IDENTIFICATION OF LD-465-1, LD-465-lC,
LDT-465-1C, LDS-465-l, LDS-465-1A, AND
LDS-465-2 FUEL SUPPLY PUMPS*

Part Number
Engine Model Vendor/Source (Model Number)

LD-465-1 American Bosch 10947558
LD-465-IC (SGB25C25)*
LDT-465-1C
LDS-465-1A

LDS-465-1 American Bosch 10947153
LDS-465-2 (SGB25C23)

*The fuel supply pumps are part of the fuel injection pump

assembly.

Table A-12 identifies the fuel injector nozzle and holder

assemblies for the subject multi-fuel engines.

TABLE A-12, IDENTIFICATION OF LD-465-I, LD-465-IC,
LDT-465-1C, LDS-465-1, LDS-465-1A, AND
LDS-465-2 FUEL INJECTOR NOZZLE AND HOLDER
ASSEMBLIES

Nozzle and HolderVendor/ Assembly Nozzle Assembly
Engine Model Source Part Number Part Number

LD-465-1 American 7748863 7748882
LD-465-IC Bosch
LDT-465-1C
LDS-465-1

LDS-465-1A American 10935284 10935272
Bosch

LDS-465-2 American 11641806 11641889
Bosch

Table A-13 identifies the primary fuel system fuel filters

used on the multi-fuel engines.
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TABLE A-13, IDENTIFICATION OF LD-465-I, LD-465-IC,
LDT-465-1C, LDS-465-l, LDS-465-1A, AND
LDS-465-2 PRIMARY FUEL SYSTEM FUEL FILTERS

Vendor/ Part Number Replacement Kit
Engine Model Source (Model Number) Part Number

LD-465-1 Purolator 11609954 5702776
LD-465-IC (PR-161-4)
LDT-465-1C 11610298*
LDS-465-1A

LDS-465-1 Purolator 10935266 5702684
33435*

LDS-465-2 TACOM 11610297** 5702776
11610298*

*Element only.

*Unit contains two identical fuel filters (primary and secondary).

Table A-14 identifies the plastic fuel tubes and hoses

used on the multi-fuel engines primary fuel system:

TABLE A-14, IDENTIFICATION OF HOSES AND PLASTIC
TUBES FOR THE MULTI-FUEL ENGINES
PRIMARY FUEL SYSTEM BY ENGINE MODEL

Engine
Model Tube Location Part Number

LD-465-1 No. 1 Cylinder Injector Nozzle Fuel 11609976-9*
LD-465-IC Return Tee To Injection Pump Over-
LDT-465-1C Flow Valve
LDS-465-1
LDS-465-2A Fuel Injector Nozzle Fuel Return, 11609976-1*

Cylinder No's. 1-2, 2-3, 4-5, and
5-6

Fuel Injector Nozzle Fuel Return, 11609976-16*
Cylinders 3 and 4

*The plastic tubes are fabricated from tubing part number

11609976 (source is TACOM).
*The plastic tubes are fabricated from tubing part number
10861278 (source is TACOM).
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TABLE A-14, IDENTIFICATION OF HOSES AND PLASTIC
TUBES FOR THE MULTI-FUEL ENGINES
PRIMARY FUEL SYSTEM BY ENGINE MODEL (Cont.)

Engine
Model Tube Location Part Number

LD-465-1 Injection Overflow To Filter Inlet 10951185-4**
LD-46-1C Teo
LDT-465-1C
LDS-465-lA Fuel Supply Pump To Filter Inlet 10951185-6**

Final Filter To Compensator 10951185-2**

LDS-465-1 Fuel Injector Nozzle Fuel Return, 11609976-2*
Cylinders No. 3 and 4

Fuel Filter Outlet To Compensator 10951185-11**
Inlet

LDS-465-2 Primary Fuel Filter Outlet To Final 10951185-6**
Fuel Filter Inlet

Final Fuel Filter To Compensator 10951185-14**

Fuel Supply Pump To Primary Fuel 10951185-4**
Filter

LDS-465-1 Hose Assembly-Fuel Finter Outlet 10935237-1
Elbow To Fuel Control Housing
Inlet Tee

Hose Assembly-Fuel Injection Supply 10935237-2
Pump Outlet Elbow To Fuel Filter
Inlet Elbow

*The plastic tubes are fabricated from tubing part number
11609976 (source is TACOM).

**The plastic tubes are fabricated from tubing part number
10861278 (source is TACOM).
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Table A-15 identifies the critical fuel system components

within the flame heater (cold-start) system for the subject

multi-fuel engines.

TABLE A-15, IDENTIFICATION OF CRITICAL FLAME HEATER
COMPONENTS FOR THE MULTI-FUEL ENGINES BY
ENGINE MODEL

Engine
Model Component Vendor/Source Part Number

LD-465-1 Fuel Pump-Electric Bendix-Scintilla 10951192
LD-465-IC Div.
LDT-465-lC
LDS-465-1 Fuel Filter Assembly TACOM 10935646
LDS-465-1A

Flow Control Nozzle TACOM 11641827
And Valve

* Nozzle Supply & TACOM 11610365
Return Filters(2)

Plastic Tube-Flame TACOM 11609976-8*
Heater Nozzle Fuel
Return

Plastic Tube-Fuel TACOM 11609976-17*
Injector Supply Pump
To Flame Heater Filter

Plastic Tube-Flame TACOM 11609977-4**
Heater Fuel Pump To
Flame Heater Nozzle

LD-465-IC Fuel Pump-Electric Bendix-Scintilla 10951192
LDT-365-1C Div.
LDS-465-1
LDS-465-1A Fuel Filter Assembly TACOM 10935646
LDS-465-2

Flow Control Nozzle TACOM 11641827
And Valve

* Nozzle Supply & TACOM 11610365
Return Filters(2)

Plastic Tube-Flame TACOM 11609977-7**
Heater Fuel Pump
To Flame Heater
Nozzle

Plastic Tube-Flame TACOM 11609977-6**
Heater Fuel Pump To
Flame Heater Nozzle

*The plastic tubes are fabricated from tubing part number
11609976 (source is TACOM).

**The plastic tubes are fabricated from tubing part number
11609977.
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TABLE A-15, IDENTIFICATION OF CRITICAL FLAME HEATER
COMPONENTS FOR THE MULTI-FUEL ENGINES BY
ENGINE MODEL (Cont.)

Engine
Model Component Vendor/Source Part Number

(Cont. - Plastic Tube-Flame TACOM 11609976-7*
LD-465-IC Heater Fuel Nozzle
LDT-465-IC Fuel Return To
LDS-465-1 Cylinder Nos. 3&4
LDS-465-1A Injector Nozzle Fuel
LDS-465-2 Return Tee

Plastic Tube-Flame TACOM 11609976-24*
Heater Fuel Nozzle
Return To Cylinder
Nos. 3&4 Injector
Nozzle Fuel Return
Tee

Plastic Tube-Flame TACOM 11609976-23*
Heater Fuel Filter
To Flame Heater Pump

Plastic Tube-Flame TACOM 11609976-25*
Heater Fuel Filter
To Flame Heater Pump

Plastic Tube-Fuel TACOM 11609976-26
Injector Supply Pump
To Flame Heater Fuel
Filter

Plastic Tube-Fuel IACOM 11609976-5
Injector Supply Pump
To Flame Heater Fuel
Filter

Plastic Tube-Fuel TACOM 11609976-6
Injector Supply Pump
To Flame Heater Fuel
Filter

LDS-465-1 Fuel Pump-Electric Bendix-Scintilla 7748874
Div.

Fuel Filter Assembly Military Standard MS51085-1
* Element Bendix-Filter A26422

Div.

*The plastic tubes are fabricated from tubing part number
11609976 (source is TACOM).

**The plastic tubes are fabricated from tubing part number

11609977.
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TABLE A-15, IDENTIFICATION OF CRITICAL FLAME HEATER
COMPONENTS FOR THE MULTI-FUEL ENGINES BY
ENGINE MODEL (Cont.)

Engine
Model Component Vendor/Source Part Number

(Cont. Flow Control Nozzle TACOM 11641827
and Valve

LDS-465-I) 9 Nozzle Supply & TACOM 11610365
Return Filters(2)

Solenoid Valves (2) TACOM 7062194

Plastic Tube-Flame
Heater Fuel Return TACOM 11609976-9*
To Solenoid Valve

Plastic Tube-Flame TACOM 11609976-3*
Heater Fuel Supply
Solenoid Valve To
Flame Heater Fuel
Supply Pump

Plastic Tube-Flame TACOM 11609976-11*
Heater Fuel Return
Solenoid Valve To
Fuel Injector Nozzle
Return Tube Tee

Plastic Tube-Fuel TACOM 11609976-14*
Injector Pump To
Flame Heater Fuel
Filter

Plastic Tube-Flame TACOM 11609976-4*
Heater Fuel Filter
To Solenoid Valve

Plastic Tube-Flame TACOM 11609977-3**
Heater Fuel Pump
To Flame Heater
Nozzle

*The plastic tubes are fabricated from tubing part number

11609976 (source is TACOM).
**The plastic tubes are fabricated from tubing part number

11609977.
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3. The LDS-427-2 Multi-Fuel Engine

a. Powerplant Characteristics

The LDS-427-2 "Multi-fuel" engines are four-stroke

cycle, in-line, six-cylinder, overhead valve, turbosupercharged,

and liquid cooled. Selected engine characteristics and perform-

ance data are shown in Table A-16.

TABLE A-16, SELECTED LDS-427-2 ENGINE CHARACTERISTICS
AND PERFORMANCE DATA

.3

Displacement 427 in

Weight, Dry (With Accessories) 1500 lb

Compression Ratio 20:1

Horsepower, Net (Less Accessories)

Diesel Fuel (VV-F-800) 130 hp at 2600 rpm
CI Fuel (MIL-F-45121) 118 hp at 2600 rpm
Gasoline (MIL-G-3056) 103 hp at 2600 rpm

Torque, Net (Less Accessories)

Diesel Fuel (VV-F-800) 340 lb-ft at 1400 rpm
CI Fuel (MIL-F-45121) 310 lb-ft at 1400 rpm
Gasoline (MIL-G-3056) 290 lb-ft at 1400 rpm

Speed

Governed, Full Load 2600 to 2650 rpm
Governed, No Load 2750 to 2850 rpm
Idle 650 to 700 rpm

Bore 4.31 in

Stroke 4.87 in

Fuel Diesel Fuel (VV-F-800)
Compression Ignition

(MIL-F-46005)
Gasoline* (MIL-G-3 056)

*High octane gasoline is not usable.

b. Engine/Vehicle Matches

Table A-17 shows the M-Series vehicles (as indicated

by TACOM) which contain Teledyne-Continental-Motors-built

LDS-427-2 "multi-fuel" engines. The LDS-427-2 is no longer built,

but vehicles with these engines are suspected to still be in the

current fleet.

E-29



TABLE A-17, THE IDS-427-2 ENGINE MATCHED
TO It-SERIES VEHICLES*

Engine Model M-Series Vehicle Designation

M35AI,M44AI,M45AI,M46AI,
LDS-427-2 M46AlC,M49AIC,M5OAl,MI09A2,

MI85A2,M275AI,M292AI,
M292A4

*The listed vehicles are all 2-1/2 ton trucks known collectively
as the M44A1 series.

c. Fuel System Components Identification

Figure A-7 shows a schematic of the main fuel system.

Figure A-8 shows a schematic of the manifold air induction heater

system. Table A-18 lists the vendor(s) or source of supply for

the primary fuel system components and their respective part or

model designation. Table A-19 identifies the fuel system hoses

and plastic lines.

TABLE A-18, IDENTIFICATION OF LDS-427-2
PRIMARY FUEL SYSTEM COMPONENTS

Part Number
Component Vendor/Source (Model Number)

Fuel Injection Pump
Assembly
" Early Model(G) American Bosch . 7748899 (PSB-6A)
" Late Model(G) e 10935295(PSB6A85EH5250D)
" Rebuild Model(G) e 11640900

Fuel Supply Pump* 7748851(SGB25C15)

Fuel Injector Nozzle 7748863(KT-7824)
Assembly

Primary Fuel Filter/ Purolator 11609954(PR-161-4)
Secondary Fuel Filter
(Units Are Identical)

Primary & Secondary TACOM 5702776
Fuel Filter Parts Kit

Flame Heater Bendix-Scintilla 7748871(10-187565-6)
Assembly Div.
(Sparkplug, Nozzle,
etc.)
*An integral component of the fuel injection pump assembly.
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TABLE A-18, IDENTIFICATION OF LSD-427-2
PRIMARY FUEL SYSTEM COMPONENTS (Cont.)

Part Number
Component Vendor/Source (Model Number)

Flame Heater Bendix-Scintilla 10951192(10-207317)
Fuel Pump Div.
(Electric)

Flame Heater TACOM 7062194
Solenoid Valves(2)

Flame Heater Fuel Military Standard MS51085-1

Filter Assembly

*An integral component of the fuel injection pump assembly.

TABLE A-19, IDENTIFICATION OF LDS-427-2
FUEL SYSTEM HOSES AND PLASTIC
TUBES

Hose/Tube Location Vendor/Source Part Number

Hose Assembly-Fuel Pump To TACOM 10912422

Fuel Filter Inlet

Hose Assembly-Fuel Injec- TACOM 10912422-1
tion Supply To Filter Out-
let And Pump Overflow And
Fuel Return To Filter Out-
let

Plastic Tube-Fuel Return TACOM 11609976*
To Injection Pump Over-
flow Valve (27")

Plastic Tube-Fuel Return, TACOM 11609976*
4 Lines (5")

Plastic Tube-Fuel Return TACOM 11609976*
(5-3/8")

Plastic Tube-Injection TACOM 10861278*
Overflow To Filter Inlet
Tee (3")

Plastic Tube-Fuel Supply TACOM 10861278*
Pump To Filter Inlet
(26")
*The plastic tubes described are fabricated from tubing of
the listed part number.
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TABLE A-19, IDENTIFICATION OF LDS-427-2
FUEL SYSTEM HOSES AND PLASTIC
TUBES (Cont.)

Hose/Tube Location Vendor/Source Part Number

Plastic Tube-Final TACOM 10861278*
To Compensator (27-1/2")

Plastic Tube-Flame Heater TACOM 11609977*
Pump To Nozzle (27")

Plastic Tube-Flame Heater TACOM 11609976*
Solenoid To Pump (6-3/4")

Plastic Tube-Flame Heater TACOM 11609976*
Filter To Valve (7-1/2")

Plastic Tube-Flame Heater TACOM 11609976*
Fuel Return To Valve (27")

Plastic Tube-Flame Heater TACOM 11609976*
Nozzle Fuel Return (23")

Plastic Tube-Flame Heater TACOM 11609976*
Pump Supply To Filter
(48-1/2")

Plastic Tube-Flame Heater TACOM 11609977*
Pump To Heater Nozzle (23")

*The plastic tubes described are fabricated from tubing of the
listed part number.
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C. COMMERCIALLY DESIGNED ENGINES

1. The 3-53: Detroit Diesel Allison (DDA)

a. Powerplant Characteristics

The DDA 3-53 engines are three-cylinder, in-line,

two-stroke cycle, and water cooled. Air for scavenging and combustion

is supplied through an air cleaner by a blower. Selected engine

characteristics and performance data are shown in Table A-20.

TABLE A-20, SELECTED DDA 3-53 ENGINE CHARACTERISTICS

AND PERFORMANCE DATA

Displacement 159 in3

Compression ratio 21:1

Horsepower, gross 90 to 98 bhp at 2800 rpm

Torque, gross 190 lb-ft at 1750 rpm
(min)

Speed

Governed, full load 2785 to 2835 rpm

Governed, no load 2940 to 2990 rpm

Idle 575 to 625 rpm

Bore 3.875 in.

Stroke 4.5 in.

Fuel VV-F-800, Grade DF-2

b. Engine/Vehicle Matches

Table A-21 shows the M-Series vehicles which contain

the DDA-3-53 engine.

TABLE A-21, THE DDA 3-53 ENGINE MATCHED TO M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation

3-53 M561, M792

c. Fuel System Component Identification

Figure A-9 shows a schematic of the primary fuel system.

The schematic is also typical of the primary fuel systems for the
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DDA designed engines to be discussed subsequently. Table A-22

lists the vendor or source of supply for the primary fuel system

components and their respective part numbers and/or model designations.

Table A-23 identifies the fuel system hoses.

TABLE 22, IDENTIFICATION OF DDA 3-53 FUEL

SYSTEM COMPONENTS

Component Vendor/Source Part Number
(Model Number)

Fuel Injector Assembly Detroit Diesel Allison 5228783
(N31)

Filter element within TACOM 5247880
fuel injector body
assembly (also part of
parts kit
Part No. 5228701)

Fuel Supply Pump Detroit Diesel Allison 5199560
Assembly

Primary Fuel Filter Detroit Diesel Allison 5575824
e filter element . 5575032

Secondary Fuel Filter Detroit Diesel Allison 5574533
* filter element 9 5574508

Fuel Filter Assembly Military Standard MS51085-1
e filter element o TACOM * 8328647

Flame Heater Fuel Detroit Diesel Allison 5142748
Pump Assembly

Flame Heater Fuel Detroit Diesel Allison 5232519
Nozzle Assembly

Flame Heater Fuel Detroit Diesel Allison 5140410
Filter Assembly

Flame Heater Fuel TACOM 7062194
Solenoid Valve,
Supply Pump Shut-
off

Fuel Pump - Fuel Military Standard MS51321-2
Tank, Electric
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TABLE A-23, IDENTIFICATION OF DDA 3-53 FUEL SYSTEM HOSES

Hose Description Vendor/Source Part Number

Hose Assembly - Filter TACOM 11595166-1
to Pump Bracket

Hose Assembly - Tractor TACOM 11660051-1
to Carrier Ambulance,
Fuel Line

Hose - Flame Heater Detroit Diesel 5120970
Allison

Hose - Flame Heater Detroit Diesel 5145666
Pump Allison

2. THE 6V-53 AND 6V-53T: DETROIT DIESEL ALLISON (DDA)

a. Powerplant Characteristics

The 6V-53 and 6V-53T engines are six-cylinder, V-type,

2-stroke cycle and liquid cooled. The 6V-53 incorporates a blower

to provide scavenging air and the 6V-53T is turbocharged. Table

A-24 presents selected engine characteristics and performance data.

TABLE A-24, SELECTED DDA 6V-53 AND 6V-53T ENGINE

CHARACTERISTICS AND PERFORMANCE DATA

Displacement 318 in3

Compression ratio

6V53 21:1

6V53T 17.5:1

Horsepower, Gross

6V53 210 hp at 2800 rpm

6V53T 300 hp at 2800 rpm

Torque, Gross

6V53 420 lb-ft at 1600 rpm (min)

6V53T 556 lb-ft at 2200 rpm (min)

Speed

Governed, full load 2800 rpm

Governed, no load 2950 to 3000 rpm

Idle 550 to 600 rpm
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TABLE A-24, SELECTED DDA 6V-53 AND 6V-53T ENGINE

CHARACTERISTICS AND PERFORMANCE DATA (CONT.)

Bore 3.875 in.

Stroke 4.5 in.

Fuel VV-F-800

b. Engine/Vehicle Matches

Table A-25 shows the M-Series vehicles which contain

the DDA 6V-53 or 6V-53T engines.

TABLE A-25, THE DDA 6V-53 AND 6V-53T ENGINES MATCHED
TO M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation

6V-53 MI06AI, MII3AI, MI25AI, Ml32AI,
M548, M577A1, M667, XM727, M730,
M741, XM806El

6V-53T M551, M551AI

c. Fuel System Component Identification

The fuel system for each engine is similar to that

shown for the DDA 3-53 (Figure A-9). Table A-26 lists, for

each engine, the vendor or source of supply for the primary

fuel system components and their respective part number

and/or model designation. Differences between engine models

are noted. Table A-27 identifies the fuel system components

for the flame heater unit equipped with an accumulator, and

Table A-28 presents similar information for the flame heater

unit equipped with an air pump. The primary difference

between the accumulator and air pump configurations is that

the air pump replaces the accumulator, hand pump, and pressure

gage. Figures A-10 and A-lb illustrate the two systems.
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TABLE A-26, IDENTIFICATION OF DDA 6V-53 AND 6V-53T

FUEL SYSTEM COMPONENTS

Part Number

Component Vendor/Source (Model Number)

Fuel Injector Assembly

e 6V53 Detroit Diesel Allison o 5228774RM50)
9 6V53T o 5228770(N70)

Filter Element within Detroit Deisel Allison 5228587
Fuel Injector Body
Assembly

(Also Part of Parts
Kit Part No. 5228701)

Fuel Supply Pump 1Detroit Diesel Allison 5198876

Assembly

Primary Fuel Filter AC Div. of GMC 5575824
o Filter Element o 5575032

Secondary Fuel Filter AC Div. of GMC 5574533
o Filter Element * 5574508

TABLE A-27, IDENTIFICATION OF COMPONENTS FOR THE

ACCUMULATOR TYPE FLAME HEATER FUEL SYSTEM:

6V-53 AND 6V-53T ENGINES

Component Vendor/Source Part Number

Accumulator Detroit Diesel Allison 5132524

Hand Pump Detroit Diesel Allison 5110760

Fuel Nozzle Detroit Diesel Allison 5232195
• Filter Strainer o 5228373

Element*

Fuel Solenoid Valve Honeywell, Inc. - 5132525
Skinner Valve Div.

*Within Air Box Assembly
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TABLE A-28, IDENTIFICATION OF COMPONENTS FOR THE

AIR PUMP-TYPE FLAME HEATER FUEL SYSTEM:

6V-53 AND 6V-53T ENGINES

Component Vendor/Source Part Number

Fuel Pump Assembly Detroit Diesel Allison 5142748

Fuel Nozzle Detroit Diesel Allison 5232650

Fuel Solenoid Valve Honeywell, Inc. - 5132525
Skinner Valve Div.

Table A-29 identifies the fuel system hoses used on the 6V-53

and 6V-53T engines.

TABLE A-29, IDENTIFICATION OF 6V-53 AND 6V-53T

FUEL SYSTEM HOSES

Hose Description Vendor/Source Part Number

Hose Assembly - Fuel Detroit Diesel Allison 5131375
Inlet

Hose Assembly - Fuel Detroit Diesel Allison 5131517
Inlet, Cylinder Head,
Left Bank

Hose Assembly - Fuel Detroit Diesel Allison 5131507
Pump to Filter (Fabricate

From 5131311)

Hose Assembly - Fuel Detroit Diesel Allison 5142003
Strainer to Pump

Hose Assembly Fuel I Detroit Diesel Allison 5131576
Filter to Cylinder
Head, Right Bank

Hose Assembly - Valve Detroit Diesel Allison 5147883
to Fuel Pump, Return
Tube (Flame Heater)

Hose - Accumulator to Detroit Diesel Allison 5132614
Valve (Flame Heater
w/Accumulator)
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TABLE A-29, IDENTIFICATION OF 6V-53 AND 6V-53T

FUEL SYSTEM HOSES (CONT.)

Hose Description Vendor/Source Part Number

Hose Assembly - Pump Detroit Diesel Allison 5132612
Inlet (Flame Heater

Iw/Accumulator)

Hose Assembly - Pump Detroit Diesel Allison 5132599
to Accumulator (Flame
Heater w/Accumulator)

3. The 8V-71T: Detroit Diesel Allison (DDA)

a. Powerplant Characteristics

The 8V-71T engines are eight cylinder, V-type, two-

stroke cycle, liquid cooled, and turbocharged. Table A-30 presents

selected engine characteristics and performance data. Two models

are in use, 7083-7398 and 7083-7399; the differences are slight

and will be noted where appropriate.

TABLE A-30, SELECTED 8V-71T ENGINE CHARACTERISTICS

AND PERFORMANCE DATA

Displacement 567.4 in3

Compression ratio 17:1

Horsepower, Net i 345 bhp at 2300 rpm,

Speed

Idle:

Dual Range Governor 550 to 600 rpm
Single Range Governer 550 to 600 rpm

Full Load:

Dual Range Governor 1200 to 2300 rpm
Single Range Governor 2300 rpm

Bore 4.25 in.

Stroke 5.0 in.

Fuel VV-F-800, Grade 2-D
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b. Engine/Vehicle Matches

Table A-31 shows the M-Series vehicles which contain

the DDA 8V-71T engine.

TABLE A-31, THE 8V-71T ENGINE MATCHED TO M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation

8V-71T M108, M109, MI09AI, M109A2,
I M109A3, MII0, MIIOAI, MIIOA2,

M578

c. Fuel System Component Identification

The fuel system for the 8V-71T is similar to that

shown for the 3-53 (Figure A-9). Table A-32 lists the vendor or

source of supply for the fuel system components (including the

flame heater system) and their respective part numbers and/or model

designations. The flame heater fuel system is shown in Figure A-12.

Table A-33 identifies the 8V-71T fuel system hoses.

TABLE A-32, IDENTIFICATION OF 8V-71T FUEL SYSTEM COMPONENTS

Part Number
Component Vendor/Source (Model Number)

Fuel Injector Assembly Diesel Equipment 5228524
Division of GMC (S80)

Filter Element Within Detroit Diesel 5228587
Fuel Injector Body Engine Division
Assembly (Part of of GMC
Parts Kit)

Fuel Supply Pump Detroit Diesel 5100305
Assembly (Engine Division

of GMC)

Primary Fuel Filter AC Division of GMC 5575824
0 Filter Element * 5575032

Secondary Fuel Filter AC Division of GMC 5574533
* Filter Element * AC Division of GMC * 5574508

Flame Heater Fuel f John S. Barnes 10921624
Pump
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TABLE A-32, IDENTIFICATION OF 8V-71T FUEL SYSTEM COMPONENTS (CONT.)

! Part Number

Component Vendor/Source (Model Number)

Flame Heater Fuel Detroit Diesel 5232195
Nozzle Engine Division

of GMC
e Filter Element * TACOM 1* 5247880

(Within Air Box
Assembly)

Flame Heater Fuel General Controls 10914604
Solenoid Valve

TABLE A-33, IDENTIFICATION OF 8V-71T FUEL SYSTEM HOSES

Hose Description Vendor/Source Part Number

Hose Assembly, Rubber- Detroit Diesel 5130695
Fuel Drain Crossover* Engine Division

Hose Assembly, Rubber- Detroit Diesel 5130696
Fuel Drain Crossover* Engine Division

Hose Assembly - Fuel Detroit Diesel 5130691
Drain Crossover* Engine Division

Hose Assembly - Fuel Detroit Diesel 5130688
Drain Crossover* Engine Division

Hose Assembly, Rubber- Detroit Diesel 5130687
Strainer to Fuel Engine Division
Pump**

Hose Assembly - Filter Detroit Diesel 5130689
to Cylinder Head** Engine Division

Hose Assembly - Fuel Detroit Diesel 5130690
Pump to Filter* Engine Division

Hose Assembly, Rubber- Detroit Diesel 5131576
Flame Heater Pump Inlet Engine Division

* 8V-71T Model 7083-7399
** 8V-71T Model 7083-7398



4. The 12V-71T: Detroit Diesel Allison (DDA)

a. Powerplant Characteristics

The 12V-71T engines are twelve cylinder, V-type, two-

stroke cycle, liquid cooled and turbocharged. Table A-34 presents

selected engine characteristics and performance data.

TABLE A-34, SELECTED 12V-71T ENGINE CHARACTERISTICS

AND PERFORMANCE DATA

.3
Displacement 852 in.

Compression ratio 17:1.

Horsepower, Gross 600 bhp at 2500 rpm

Torque, Gross 1470 lb-ft at 1600 rpm

Speed
full load w/apply pressure* 2475 to 2525 rpm
no load w/apply pressure* 2650 to 2700 rpm
full load without 1500 rpm
no load without 1700 rpm

Bore 4.25 in

Stroke 5.0 in

Fuel VV-F-800, Grade 2-D

*With a hydraulic pressure of 200 psi applied to the governor.

b. Engine/Vehicle Matches

Table A-35 shows the M-Series vehicles which contain

the 12V-71T engine.

TABLE A-35, THE 12V-71T ENGINE MATCHED TO M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation

12V-71T M746
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c. Fuel System Component Identification

Table A-36 lists the vendor or source of supply for

the fuel system components. Table A-37 identifies the fuel system

hoses.

TABLE A-36, IDENTIFICATION OF 12V-71T FUEL SYSTEM COMPONENTS

Part Number
Component Vendor/Source (Model Number)

Fuel Injector Assembly Detroit Diesel 5228780
Engine Division (N80)

Filter Element Within Detroit Diesel 5228587
Fuel Injector Body Engine Division
Assembly (Also Part of
Parts Kit, Part No.
5228701)

Fuel Supply Pump Detroit Diesel 5146699
Assembly Engine Division

Fuel Filter AC Division of GMC 6436947
(T75)

e Filter Element 0 GMC * 6436719

Fuel Strainer AC Division of dMC 6438799
e Filter Element 0 Detroit Diesel * 5574980

Engine Division

TABLE A-37, IDENTIFICATION OF 12V-71T FUEL SYSTEM HOSES

Hose Description Vendor/Source Part Number

Hose - Filter Outlet Detroit Diesel 5136633
to Right Bank Head Engine Division

Hose - Pump Outlet to Detroit Diesel 5143620
Filter Inlet Engine Division

Hose - Fuel Strainer to Detroit Diesel 1 5134436
Pump Inlet Engine Division

Hose - Crossover Detroit Diesel I 5133168
Engine Division

Hose - Front Filter Detroit Diesel 5143623
Outlet to Left Bank Engine Division
Fuel Inlet
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5. The 8V-92 and 8V-92TA: Detroit Deisel Allison (DDA)

a. Powerplant Characteristics

The 8V-92T and 8V-92TA engines are eight cylinder,

V-type, two-stroke cycle, liquid cooled and turbocharged. The

TA model has an aftercooler. Table A-38 presents selected engine

characteristics and performance data.

TABLE A-38, SELECTED 8V-92T AND 8V-92TA ENGINE CHARACTERISTICS

AND PERFORMANCE DATA*

Displacement 736 in3

Compression, Ratio 17:1

Horsepower 430 hp at 2100 rpm

Speed

Full Load 2100 rpm
Idle 600 rpm

Bore 4.84 in

Stroke 5.0 in

weight, day 2,345 lb.

*There is a slight change in performance between
models because the aftercooler allows for a
slightly greater quantity of fuel to be consumed.

b. Engine/Vehicle Matches

Table A-39 shows the M-Series vehicles which contain

the 8V-92T engine. The first 100 M911 vehicles built had the

8V-92T, the rest incorporate the 8V-92TA. Differences between

i.,odels are slight.
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TABLE A-39, THE 8V-92T AND 8V-92TA ENGINES MATCHED TO

M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation

8V-92 M911*

8V-92TA M911, M977**, M985**, M978**,
M983**, M984

*The first 100 vehicles produced had the noted engine.

**Vehicles are not yet built; scheduled for early 1982

introduction.

c. Fuel System Component Identification

Table A-40 lists the vendor or source of supply and

the corresponding part or model designations for the fuel system

components. Future versions of the 8V-9TA may incorporate a flame

heater system (a development program is under way).

TABLE A-40, IDENTIFICATION OF 8V-92T AND 8V-92TA FUEL

SYSTEM COMPONENTS

Part Number
Component Vendor/Source (Model Number)

Fuel Injector Detroit Diesel 5229400
Assembly Engine Division (9280)

Filter Element Within Detroit Diesel 5228587
Fuel Injector Body Engine Division
Assembly (Also Part of
Parts Kit Part No.
5228701)

Fuel Supply Pump Detroit Diesel 5199735
Assembly Engine Division
0 Pump Repair Kit 9 5199560

Fuel Filter Assembly AC Division of 6436957
GMC (T75)

* Filter Element 9 6436719

Fuel Strainer Assembly AC Division of 6438799
GMC

* Filter Element e 5574980
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TABLE A-40, IDENTIFICATION OF 8V-92T AND 8V-92TA FUEL

SYSTEM COMPONENTS (CONT.)

Part Number
Component Vendor/Source (Model Number)

Spin-On Fuel Filter AC Division of 25010778
Assembly* GMC

Spin-On Fuel Strainer AC Division of 25010776
Assembly* GMC

*Is found on some engines in place of the "replaceable" type
units.

6. The V8-300: Cummins Engine Company

a. Powerplant Characteristics

The V8-300 engines are eight cylinder, four-stroke

cycle, V-type and liquid cooled. Table A-41 presents selected

enqine characteristics and performance data.

TABLE A-41, SELECTED V8-300 ENGINE CHARACTERISTICS

AND PERFORMANCE DATA

Displacement 785 in3

Weight, dry 2250 lb.

Compression ratio 17:1

Horsepower, Gross 300 hp at 3000 rpm

Speed

Governed, no load 3000 - 3300 rpm

650 rpm

b. Engine/Vehicle Matches

Table A-42 shows the M-Series vehicles which contain

the V8-300 engine.
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TABLE A-42, THE V-8-300 ENGINE MATCHED TO M-SERIES

VEHICLES

Engine Model M-Series Vehicle Designation

V8-300 MI23AIC, M123E2

c. Fuel System Component Identification

Table A-43 lists the vendor or source of supply for

the fuel system components.

TABLE A-43, IDENTIFICATION OF V8-300 FUEL SYSTEM COMPONENTS

Part Number
Components Vendor/Source (Model Number)

Fuel Injector Assembly Cummins Engine Company BM97421
Defense Products (PTC)

o Plunger Body Screen 9 Cummins Engine Com- o * 136042
pany

Fuel Pump Assembly Cummins Engine Company BM97400
Defense Products AR50828

(PTG)
o Filter Element o Cummins Engine Com- * 146483

Within Pump Assem- pany
bly

Fuel Supply Pump* Cummins Engine Company AR50101
Defense Products

Fuel Solenoid Valve* Cummins Engine Company BM69979
Defense Products

Triple Stage Fuel TACOM 10947525
Filter (2)
* Filter Element * GMC o 5577945
" Fuel Strainer (1 ) e Cummins Engine o BM49891

Company

Hose Assembly - Filter TACOM 10946173-2
to Pump I I

*Integral with fuel pump assembly
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7. The NTC-400: Cummins Engine Company

a. Powerplant Characteristics

The NTC-400 engines are six cylinder, in-line, four-

stroke cycle, liquid cooled, and turbocharged. Table A-44 pre-

sents selected engine characteristics and performance data.

TABLE A-44, SELECTED NTC-400 ENGINE CHARACTERISTICS

AND PERFORMANCE DATA

Displacement 855 in3

I Weight, dry 2600 lbs.

lCompression ratio 13.5:1

,Horsepower 400 hp at 2100 rpml,

Torque, max 1150 lb-ft at
1500 rpm

Speed

Governed, Full Load 2100 rpm
Governed, No Load 2400 rpm
Governed, idle 600 rpm

Bore 5.5 in

Stroke 6.0 in

b. Engine/Vehicle Matches

Table A-45 shows the M-Series vehicles which contain

the NTC-400 engine. The vehicles are not considered to be tactical

vehicles, but are listed due to the availability of information.

TABLE A-45, THE NTC-400 ENGINE MATCHED TO M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation

NTC-400 M915, M916, M917, M918,
M919, M920
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c. Fuel System Component Identification

Table A-46 lists the vendor or source of supply for

the fuel system components. The fuel supply system is illustrated

by Figure A-13.

TABLE A-46, IDENTIFICATION OF NTC-400 FUEL SYSTEM COMPONENTS

Part Number
Components Vendor/Source (Model Number)

Fuel Injector Assembly Cummins Engine Company 3013738
Defense Products (PTD)

o Fuel Strainer Ele- e Cummins Engine e 3008706
ment Within Injector Company
Assembly

Fuel Pump Assembly Cummins Engine Company 30041883257
Defense Products (PTG-AFC)

o Filter Screen Assem- e Cummins Engine * 146483
bly Within Pump Company
Assembly

Fuel Supply Pump* Cummins Engine Company BM97502
Defense Products

Fuel Solenoid Valve* Cummins Engine Company BM69985
Defense Products

Fuel Filter Cummins Engine Company 156172
Defense Products

*Integral With Fuel Pump Assembly

FIGURE A-13, TH!E TYPICAL CUMMhINS FUEL SUPPLY SYSTEP4
cource" rumins Fnnine Co. Rii1letin 952580
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8. The NHC-250: Cummins Engine Company

a. Powerplant Characteristics

The NHC-250 engines are six cylinder, in-line, and

naturally aspirated. Table A-47 presents selected engine charac-

teristics and performance data.

TABLE A-47, SELECTED NHC-250 ENGINE CHARACTERISTICS
AND PERFORMANCE DATA

Displacement 855 in3

Weight, Dry 2500 lb.

Compression Ratio 15.8:1

Horsepower, Gross 240 hp at 2100 rpm

Torque, Peak 658 ib-ft at
1500 rpm

Speed

Governed, Full Load 2100 rpm
Governed, No Load 2400 rpm
Idle 600 rpm

Bore 5.5 in

Stroke 6.0 in

Fuel VV-F-800

b. Engine/Vehicle Matches

Table A-48 shows the M-Series vehicles which contain

the NHC-250 engines.

TABLE A-48, THE NHC-250 ENGINE MATCHED TO M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation
NHC-250* M813, M813AI, M814, M815,

M816, M817, M818, M819,
M820, M821

*The listed vehicles are collectively referred to
as the M809 series.
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c. Fuel System Component Identificat ion

Table A-49 lists the vendor or source of supply and
corresponding part or model designation for the fuel system com-

ponents. The fuel supply system is similar to the NTC-400 (see

Figure A-13).

TABLE A-49, IDENTIFICATION OF NHC-250 FUEL SYSTEM COMPONENTS

Part Number

Component Vendor/Source (Model Number)

Fuel Pump Assembly Cummins Engine Company AR-51322-3096
Defense Products (PTG)

9 Filter Element e Cummins Engine Com- * 146483
Within Pump pany

Fuel Injector Assembly Cummins Engine Company AR-40126
Defense Products (PTD)

* Plunger Body Screen * Cummins Engine Com- * 174298
pany

Fuel Supply Pump* Cummins Engine Company AR-51306
Defense Products

Fuel Solenoid Valve* Cummins Engine Company AR-51328

Fuel Filter/Water Cummins Engine Company 256-546
Separator Assembly Fleetguard

Fuel Hoses Wire Braid Seamless
Rubber (Butyl N Rubber)
Wire Fabric Reinforced
or Extruded Nylon or
Teflon With at Least
One Braid Cover**

* Integral with pump assembly
** Source unavailable. Hoses are cut from one piece as needed.

9. The VTA-903T: Cummins Engine Company

a. Powerplant Characteristics

The VTA-903-T engines are eight-cylinder, V-type, four-

stroke cycle, liquid cooled, and turbocharged (with aftercooling).

Table A-50 presents selected engine characteristics and performance

data.
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TABLE A-50, SELECTED VTA-930-T ENGINE CHARACTERISTICS AND
PERFORMANCE DATA

Displacement 903 in3

Weight, Dry 2450 lb.

Compression Ratio 15.5:1

Horsepower, Net 500 bhp at 2600 rpm

Torque, Net 963 lb-ft at 1800 rpm

Speed

Governed, Full Load 2600 rpm
Governed, No Load 2960 rpm
Idle 600 rpm

Bore 5.5 in

Stroke 4.75 in

Fuel VV-F-800

b. Engine/Vehicle Matches

The VTA-903-T engines will be incorporated into the

M2 and M3 Infantry Fighting Vehicles, currently in production.

c. Fuel System Component Identification

Table A-51 lists the vendor or source of supply and

the corresponding part or model designation for the fuel system

components.

TABLE A-51, IDENTIFICATION OF VTA-903-T PRIMARY FUEL SYSTEM
COMPONENTS

Part Number
Components Vendor/Source (Model Number)

Fuel Pump Assembly Cummins Engine Company (PTG-AFC)

Defense Products

* Filter Element * Cummins Engine Com- * 146483
Within Pump pany
Assembly

,Fuel Injector Cummins Engine Company (PTD)

Assembly Defense Products

e Plunger Body
Screen
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TABLE A-51, IDENTIFICATION OF VTA-903-T PRIMARY FUEL SYSTEM
COMPONENTS (CONT.)

Part Number

Component Vendor/Source (Model Number)

Fuel Supply Pump* Cummins Engine Company AR-51306
Defense Products

Fuel Solenoid Valve Cummins Engine Company AR-51328
Defense Products

Fuel/Water Separator Cummins Engine Company 11664680

Fleetguard

*Integral with fuel pump assembly

10. The D333C and 3306: Caterpillar Tractor Company

a. Powerplant Characteristics

The D333C and 3306 engines are six cylinder, in-line,

four-stroke cycle, liquid cooled and turbocharged. Table A-52

presents selected engine characteristics and performance data for

the 3306 engine which is or will replace the D333C engines when an

overhaul is required.

TABLE A-52, SELECTED 3306 ENGINE CHARACTERISTICS AND PERFORMANCE
DATA

Displacement 638 in3

Weight, Dry 1900 lb.

Compression Ratio 17.5:1

Horsepower 218 hp at 2200 rpm

Torque, Net 578 lb-ft at
1550 rpm

Speed
Governed, Full Load 2200 rpm
Governed, No Load 2355 rpm
Idle 750 rpm

Bore 4.75 in

Stroke 6.0 in

Fuel VV-F-800
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b. Engine/Vehicle Matches

Table A-53 shows the M-Series vehicles which contain

the D333C engine.

TABLE A-53, THE D333C AND 3306 ENGINES MATCHED TO
M-SERIES VEHICLES

Engine Model M-Series Vehicle Designation

D333C M520, M553, M559, M877

and
3306

C. Fuel System Component Identification

The fuel supply system is illustrated in Fiqure A-14.

Table A-54 lists the vendor or source of supply for the fuel

system components for the D333C and 3306 engines.

TABLE A-54, IDENTIFICATION OF D333C AND 3306 FUEL
SYSTEM COMPONENTS

Part Number
Component Vendor/Source (Model Number)

Fuel Injection Pump
Assembly

e D333C o Caterpillar Tractor o 559076
Company

o 3306 o Caterpillar Tractor o 8N8336
Company

Fuel Injector Nozzle
I Assembly

* D333C * Caterpillar Tractor o 7S8722
- parts kit Company -7S9891

* 3306 o Caterpillar Tractor o 8N4698
Company

Fuel Transfer Pump

* D333C o Caterpillar Tractor * 4N4878 or
Company 7L543

* 3306 o Caterpillar Tractor o 4N4878
Company



VIE mWT1

GAG

INETO

FIGURE A-1VALTED33PRMYFELSTM

SNETOureN M-30233

PUP 0

HOUSING 0



TABLE A-54, IDENTIFICATION OF D333C AND 3306 FUEL
SYSTEM COMPONENTS (CONT.)

Part Number
Component Vendor/Source (Model Number)

IPrimary Fuel Filter

*D333C 0 TACOM . 11634237-1
- Filter Element - TACOM -11634639-1

*3306 0 Michigan Dynamics, * 9M2341
Inc. or Beaden
Screens or Purolator
or Ohio Fabricators

Secondary Fuel Filter

* D333C * Caterpillar Tractor e 1P2299
Company

* 3306 * Fram or Champion e 1P2299
Labs, Inc. or
Purolator or Auto-
motive Products,

_ _ _ _ _Ltd.

Fuel Solenoid valve

* D333C * Caterpillar Tractor * SR1762
Company

* 306 * Delco-Remy * 2N2385

Fuel Priming Pump

e D333C 0 TACOM 11634233
(9H2256)

Fuel Return Hose

* D333C 0 Caterpillar Tractor e 9S9339
Company

* 3360 0

*Part number unknown, but is a fabric reinforced rubber.
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11. The ENDT-673: Mack Trucks, Inc.

a. Powerplant Characteristics

The ENDT-673 engines are six-cylinder, in-line, four-

stroke cycle, liquid cooled and turbocharged. Table A-55 presents

selected engine characteristics and performance data.

TABLE A-55, SELECTED ENDT-673 ENGINE CHARACTERISTICS AND
PERFORMANCE DATA

Displacement 672 in3

Compression Ratio 16.59:1

Horsepower 205 bhp at 2100 rpm

Speed

Governed, Full Load 2100 rpm
Governed, No Load 2200 rpm
Governed, Idle 550 to 575 rpm

SBore 4.875 in

Stroke 6.0 in

Fuel VV-F-800

b. Engine/Vehicle Matches

Table A-56 shows the M-Series vehicles which contain

the ENDT-673. The ENDT-673 is no longer built and only limited

numbers are in the active fleet (approximately 500 vehicles in

1974).

TABLE A-56, THE ENDT-673 ENGINE MATCHED TO M-SERIES VEHICLES

Engine Model M-Series Designation

ENDT-673 M51AI, M52A1, M54AI,
M54AlC, M55A1, M291A1,
M543A1, M748A1
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c. Fuel System Component Identification

Figure A-15 illustrates the fuel supply system.

Table A-57 identifies the primary fuel system components by vendor

or source and part or model designation. Table A-58 lists

similar information for the flame heater fuel system.

TABLE A-57, IDENTIFICATION OF ENDT-673 FUEL SYSTEM COMPONENTS

Part Number
Component Vendor/Source (Model Number)

Fuel Injection Pump Mack Truck 736GB221
t Nozzle Assembly Engine Division

Fuel Injection Pump American Bosch 313GC-4127*
(APE-6BB90Q)

Hand Primer Pump Mack Truck - Diesel 3125B18
Assembly Engine Division

Fuel Transfer Pump Mack Truck - Diesel 319GC110
Engine Division

Primary Fuel Filter Mack Truck - Diesel 483GBA334
Engine Division

e Fuel Filter Element I Mack Truck e 237GB16

Secondary Fuel Filter Mack Truck - Diesel 483GB319A
Engine Division

* Fuel Filter Element e Mack Truck * 237GB13

Hoses
(3 )

* Fuel Filter Air Mack Truck - Diesel e 36RUA3117P12
Ble Engine Division

* Filter to Fuel Emer- (all components) e 36RUA3132P9
gency Shut-Off Valve

e Filter to Primer * 36RUA3132P44
Pump
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TABLE A-58, IDENTIFICATION OF ENDT-673 FLAME HEATER FUEL
SYSTEM COMPONENTS

Component Vendor/Source Part Number

Fuel Nozzle Mack Truck - Diesel 115GC16
Engine Division

Fuel Pump Assembly Lear Siegler, Inc. RG16705-3
Power Equipment
Division

Fuel Solenoid Valve Mack Truck - Diesel 689GC21
Engine Division

'Hose Assembly, Rubber- Mack Truck - Diesel 36RUA3117P29
SFuel Supply Engine Division

Hose Assembly, Rubber- Mack Truck - Diesel 36RUA3117P8
Fuel Supply Inlet Engine Division

Hose Assembly, Rubber- Mack Truck - Diesel 36RUA3117P18
Reater Pump Outlet Engine Division

iHose Assembly, Rubber- Mack Truck - Diesel 36RUA3117P10
Overflow Solenoid Engine Division
Outlet
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APPENDIX E-2

EXISTING ENGINE QUALIFICATION PROCEDURES

A. INTRODUCTION

This appendix contains information in some detail regarding

the tests and test procedures currently or recently used at the

direction of the Army to qualify production diesel engines for

use in existing Army M-Series combat and tactical vehicles. The

information is presented in two sections. The first section dis-

cusses the qualification tests and test procedures associated with

Army designed engines (i.e., the AVDS-1790 series of engines and

the multi-fuel engines). The second section presents similar in-

formation for engines of commercial design. This approach was

primarily utilized as a matter of convenience. That is, the Army

designed engines tend to be qualified similarly amongst models

while the commercially designed engines display a mild variance.

For this reason, detailed test procedures are presented for all

commercially designed engines where the information was available.

For the Army designed engines, detailed information is presented

for each engine type or where the procedures differed to an ap-

preciable degree.

Also presented in this appendix is information concerning

some diesel engined vehicles which are currently in the procure-

ment process. Their status regarding engine qualification testing

(endurance type tests) is stated.
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B. ARMY DESIGNED ENGINES

1. AVDS-1790 Series

MIL-E-62177 (AT), 9 March 1977, establishes the perfor-

mance, design, test manufacture and acceptance requirements for

the AVDS-1790 series engines. The engine qualification steps

described are design, pre-production, and initial production quali-

fication. The specific procurement document can waive any or all

of the qualification steps. In the absence of a waiver, the

various required qualification inspections are as shown in Table

B-1. The fuels to be used during all engine testing must be in

accordance with Grade DF-2 of Federal Specifications VV-F-800.

Engine lubricating oil used for the various tests must be in

accordance with the seasonal requirements of MIL-L-2104 (for -10°'

to 1150 F) and MIL-L-46167 (for -650F to 0°F).

As Table B-1 shows, regardless of whether the procuring

activity calls for design qualification, pre-production, or only

initial production qualification testing, an engine break-in

test must be conducted. The engine break-in test is conducted

according to the schedule shown in Table B-2. During the engine

break-in test, torque and horsepower curves are produced for the

1800 to 2400 rpm engine speeds at the full power control arm

setting. The following data are recorded during the runs:

* full power control arm setting governed speed

* minimum power control arm setting governed speed

* speed range

* gross horsepower

* gross torque

* fuel consumption

* exhaust smoke density

* oil pressure

* oil temperature

" oil consumption

Also, during break-in period 8 the oil consumption is measured

(during the initial production test only, the time is extended to

120 minutes to verify stable oil consumption data).
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TABLE B-I, AVDS-1790 SERIES QUALIFICATION INSPECTIONS

Design Initial
Requirement Qualification Preproduction Production
Description Sample Sample Sample

Speed Ranges X X X

Governor X X X

Gross Horsepower X X X

Torque X X X

Fuel Consumption X X X

Exhaust Smoke Density X X X

Oil Consumption X X X

Oil Pressure X X X

Air rressure X X X

Air Leakage X X X

Submergence X X X

Water Contamination X X X

Flame Heater X X X

Cycle Endurance X

NATO Endurance X

Break-In X X X

Weight X X X

Starting at Extreme X
Temperatures

High Temperature X
Operation

Humidity Conditions

Elevation X

Grades and Slopes X

Materials

Greases

Oil Seals

Product Marking X X X

Name Plates X X X

Workmanship X X X

Interchangeability of
Parts

Protective Coatings
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TABLE B-2, AVDS-1790 SERIES ENGINE BREAK-IN
TEST SCHEDULE

RUN TIME TORQUE

NO. (MIN.) RPM (LB-FT)

1 10 700 warm-up

2 15 1000 85

3 15 1400 440

4 20 1800 837

5 20 2200 1024

6 20 2400 1092

7 30 2400 1202

8* 30 2400
Full

9 5 2400 Power
Control

10 5 2200 Arm
Setting

11 5 2000

12** 5 1800

*After run no. 8, check for low idle at 675-725 rpm
and adjust if necessary. Visually inspect for air,
exhaust, oil and fuel leaks. Check governor high
idle speed. This shall not exceed 2640 rpm (no
load-water off). If adjustment is required,
recheck horsepower at 2400 rpm and full power
control arm setting. Governor must be resealed
after adjustment.

**Borescope inspect cylinders, pistons, and valves
after completion of test.
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The following performance tests (see Table B-l) can be run

as part of the break-in test or separately:

* speed ranges

* governor

* gross horsepower

e torque

* fuel consumption

* exhaust smoke density

* oil pressure and temperature

* engine leakage check
* engine pressure drop

* submersion

* water contamination

e flame heater

* Regarding endurance related qualification tests, Table B-1

shows two of interest. There is a cycle endurance test conducted

as part of the design qualification process and the NATO 400-hour

fication process.

The engine selected for the cycle endurance test (during the

design qualification process only) is put through 20 cycles as

shown in Table B-3. The following data is recorded during the

test at the end of each 10-minute or longer period and just prior

to stopping:

* Engine speed

. Engine power

o Intake manifold pressure

o Exhaust manifold pressure

* Lubricating oil pressure, gallery

* Crankcase pressure

" Lubricating oil temperature, sump

" Blowby

* Fuel flow

* Fuel pressure after secondary filters

* Fuel temperature at secondary fuel filter

e Air temperature at air cleaner inlet
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TABLE B-3, AVDS-1790 SERIES CYCLE ENDURANCE
TEST SCHEDULE

Length of Length of
Period Period Gross Period Period Gross
No. Minutes HP RPM No. Minutes HP RPM

1 Start 0 0 47 30 300 1600
2 5 Idle 48 5 Idle
3 5 300 1600 49 30 750 2400
4 120 600 2000 50 5 Idle
5 5 300 1600 51 5 Stop
6 5 Idle 52 5 Idle
7 5 Stop 53 15 460 1800
8 5 Idle 54 5 Idle

9 5 300 1600 55 5 Stop

10 25 720 2200 56 30 550 1900
11 5 Idle 57 5 Idle
12 50 650 2100 58 35 460 1800
13 5 Idle 59 5 Idle
14 5 Stop 60 20 550 1900
15 5 Idle 61 5 Idle
16 15 200 1400 62 15 200 1400
17 5 Idle 63 5 Idle
18 5 Stop 64 5 300 1600
19 5 200 1400 65 5 Idle
20 5 Idle 66 5 Stop
21 30 200 1400 67 40 300 1600
22 5 Idle 68 5 Idle
23 25 600 2000 69 20 460 1800
24 5 Idle 70 5 Idle
25 5 Stop 71 10 200 1400
26 100 600 2000 72 5 Idle
27 5 Idle 73 5 Stop
28 5 Stop 74 5 300 1600
29 5 Idle 75 5 Idle
30 15 750 2400 76 30 300 1600
31 5 Idle 77 5 Idle
32 15 650 2100 78 15 750 2400
33 5 Idle 79 5 Idle
34 5 300 1600 80 5 Stop
35 5 Idle 81 10 750 2400
36 5 Stop 82 5 Idle
37 5 Idle 83 25 550 1900
38 5 300 1600 84 5 Idle
39 5 Idle 85 15 300 1600
40 30 750 2400 86 5 Idle
41 5 460 1800 87 70 750 2400
42 60 750 2400 88 5 Idle
43 5 Idle 89 5 200 1400
44 5 Stop 90 30 Idle
45 5 300 1600 91 Stop
46 5 Idle

E-72

a.



" Test cell ambient air temperature

" Specific oil consumption at periods No's. 42 and 87

" Barometric pressure of test cell - once each 4 hour

period

" Exhaust smoke density - once each 50 hour period,

plus or minus 5 hours

" Generator/Alternator, volts and amps

After completion of the cycle endurance test, the engine must be

capable of producing 90 percent of its original power.

One of the first ten engines produced is selected for the

400-hour NATO endurance test (see Table B-l). The engine selected

is first broken-in (see Table B-2), then put through a pre-test

performance run from which a corrected performance test curve

(torque, horsepower, BSFC, and smoke number vs. engine speed) is

plotted from a minimum of seven speed settings in both ascending

and descending order. The speeds to be run include 1200, 1400,

1600, 1800, 2000, 2200, and 2400 rpm. Data are recorded at

85, 70, 50, and 25 percent of the full power control arm setting.

The endurance test consists of four 100-hour periods. Each

100-hour period consists of twenty 5-hour cycles where each cycle

consists of the schedule shown in Table B-4.

TABLE B-4, AVDS-1790 SERIES 5-HOUR ENDURANCE TEST SCHEDULE

Engine
Speed Endurance

Period (rpm) Power* Hours

1 Idle 0 0.5

2 2000 100 1.0

3 2400 0 0.5

4 1800 85 1.0

5 2400 50 0.5

6 2400 100 1.0

7 1200 25 0.5

Total Endurance 5.0

*In percent of full power control arm setting
gross horsepower at respective speed.
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The following data are recorded at the end of test periods 2, 3,

4, and 6 (see Table B-4):

" Engine speed

" Engine power

" Intake manifold pressure

" Exhaust manifold pressure

" Lubricating oil pressure, gallery

" Crankcase pressure

" Lubricating oil temperature, sump

" Blowby

" Fuel flow

" Fuel pressure after secondary filters

" Fuel temperature at secondary fuel filter

" Air temperature at air cleaner inlet

" Test cell ambient air temperature

" Oil consumption

" Barometric pressure of test cell - once each 4 hour

period

" Exhaust smoke density - once each 100 hour period,

plus or minus 5 hours

" Generator/Alternator, volts and amps

At completion of each 100-hour period, the engine is operated at

2400 rpm and full power control arm setting; the fuel flow is

checked and adjusted to within 2 lb/hr of that observed during

the pre-test performance check. At the end of the endurance

run the engine is subjected to a post-test performance test

(following the same procedure used for the pre-test performance

check) and the engine must develop 90 percent of its original

power. The engine is then disassembled and inspected.

During engine production, various quality control measures

are conducted. A specific requirement is a 50-hour quality control

test. The procedure is as shown in Table B-5. Also, every pro-

duction engine is given a break-in test per the schedule shown

in Table B-2.
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TABLE B-5, AVDS-1790 SERIES 50-HOUR QUALITY
CONTROL TEST SCHEDULE

Time Control Arm Engine Speed

Run No. (Min.) Power Setting* (rpm)

1 60 1/2** 2000

2 30 Minimum 700

3 40 Full 2400

4 30 Minimum 700

5 120 1/2** 2000

6 30 Minimum 700

7 120 Full 2400

8 60 Minimum 700

9 300 Full 2400

10 60 Minimum 700

11 300 Full 2400

12 60 Minimum 700

13 300 Full 2400

14 60 Minimum 700

15 300 Full 2400

16 60 Minimum 700

17 300 Full 2400

18 60 Minimum 700

19 300 Full 2400

20 60 Minimum 700

21 300 Full 2400

*For the AVDS-1790-2C engine, the even numbered runs use
a control arm power setting of "As Required" in place of
"Minimum" and an engine speed of 900-925 rpm in place of
700 rpm.

**One-half of the full power control arm setting gross
horsepower at 2000 rpm.
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2. LD-465-1 and LD-465-1C

MIL-E-62106 (AT) describes the tests and test proce-

dures used to qualify the LD-465-1 and LD-465-IC multi-fuel

engines. The range of the various requires tests is illustrated

in Table B-6.

TABLE B-6, LD-465-1 AND LD-465-IC QUALIFICATION INSPECTIONS

Initial
Test Engine Acceptance Control

Operational test X
Performance tests X
Temperature tests X
Cold starting test X
High temperature starting test X
Oil cooling test X
Electromagnetic compatibility X

test
Grades and slope test X
Speed range & governor test X X X
Brake horsepower & torque test X X X
Exhaust smoke density test X X X
Fuel consumption, oil con- X

sumption, and oil pressure
check

Fuel consumption and oil X X
pressure check

Power check X
Coolant temperature rise test X X X
Manifold heater check X X X
Starter check X X X
Generator and alternator test X X X
Air compressor test X X X
Submersion requirements & X
contamination test

Steam & water jet cleaning X
test

Production engine break-in run X X X
Corrections and reassembly X X X
Fifty hour quality control X

test
Selection of test sample X
Control test failure & X
correction

Disposition of engine X
Control test conditions X
Atmospheric conditions X
Pre-test warm-up X
Temperatures X
Engine cooling X
Operating temperatures X
Accessories X
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The engine must perform as specified using fuels conforming

to VV-F-800, MIL-G-3056 referee grade, VV-6-76 with a maximum

octane rating of 83 MON and 91 RON, MIL-F-45121, and MIL-F-46005.

During the production break-in run, diesel fuel grade DF-I of

VV-F-800 and VV-6-76 (gasoline) with a maximum octane rating of

83 MON and 91 RON are used as indicated in the test procedure.

During the 50-hour quality control test grade DF-1 of VV-F-800 and

VV-6-76 with a maximum octane rating of 83 MON and 91 RON are used.

For the 500-hour endurance test, compression ignition fuel con-

forming to MIL-F-45121 is used. For the power run, the following

fuels are used when performed in conjunction with the 500-hour

endurance run:

* diesel fuel: grade DF-1 of VV-F-800

* compression ignition fuel: MIL-F-45121

* referee grade gasoline: MIL-G-3056 (with exceptions

as noted in Table B-7)

TABLE B-7, EXCEPTIONS TO MIL-G-3056:
REFEREE GRADE GASOLINE

Test/Property Test/Limit

Distillation: ASTM D216

10% Evaporated 140-1580 F.

50% Evaporated 194-2390F.

90% Evaporated 275-3560 F.

Residue % Maximum 2.0

Reid Vapor Pressure 6-8

Octane No. Motor Method 83-85

Octane No. Research Method 91-93

Gum, mg/100 ml, Unwashed residue Max 4
Sulfur, percent 0.10-0.15(1)

Corrosiveness (1220F) maximum ASTM No. 1

Tetraethyl lead ml/gal 2.5-3.00

Oxidation Inhibitor lbs/1000 bbls.(2) 30

(1) This sulfur level may be obtained by the addition of
ditertiary butyl disulfide.

(2) Oxidation inhibitor shall be composed of 50% N, N1

disecondary butyl-paraphenylenediamine and 50% N, n butyl-
p-aminophenol. (Dupont No. 22 or No. 5, UOP No. 4 or
Tenamene No. 1 meets this requirements.)
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When performed in conjunction with the 50-hour quality control

test, the power run fuels are grade DF-I of VV-F-800 and gasoline

grade I of MIL-G-46015.

Engine lubricating oil must be in accordance with the
seasonal requirements of MIL-L-2104 (for -10°F to 1150F) and

MIL-L-10295 (for -650F to 200F). Lube oil used during engine

build-up and during the production break-in run is left to the

engine manufacturer. The referee grade lube oil used during the

500-hour endurance run is Cities Service Oil Company grade OE-30,

CDL-139 (government designation MB-901). Lube oil conforming to

grade 2 of MIL-L-21260 can be used during the 50-hour run.

Every engine produced is broken-in according to the schedule

shown in Table B-8. During each test period, the following data

is recorded:

" Coolant temperatures

" Oil sump temperature

" Gallery oil pressure

* Observed brake horsepower

" Engine speed

* Period duration

" Starter cranking speed and terminal voltage

* Air compressor delivery

" Generator or alternator output

Also, the following data is recorded during periods 8 through 15

(in addition to the above):

" Intake air temperature before turbo-supercharger

" Torque (observed corrected)

" Brake horsepower (observed; corrected)

" Fuel consumption

" Specific fuel consumption

" Air pressure at inlet to engine

" Exhaust smoke density (diesel fuel only)

" Governed speed, full load and no load rpm (period 8

and 9 only)

" Fuel temperature at primary fuel filter inlet

" Fuel temperature at fuel flow measuring instrument

" Correction factor
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TABLE B-8, LD-465-1 AND LD-465-1C PRODUCTION ENGINE
BREAK-IN SCHEDULE

Period Duration Engine BHP Fuel Min. Eng.

Speed (except Coolant
as Temp.

noted) IN OUT

1 Prelube 1 min. Prelube Idle Diesel 130 160
minimum

2 30 1000 15
3 Re-torque heads & set 15 1200 15 Diesel 130 160

valve lash immediately
after period three

4 15 1600 33 Diesel 130 160
5 30 2000 64 Diesel 130 160
6 30 2400 110 Diesel 130 160
7 15 2600 125-135 Diesel 130 160

8 Adjust full power posi-
tion and set Governor As Req'd 2600 126-131 Diesel 200

9 Set unloaded Governor
speed As Req'd 2850-2900 No load 200

10 Power Check As Req'd 1400 300-330 Diesel 200
11 Set idle speed and 650-700 Idle Diesel 130 160

check manifold heater As Req'd
12 Run as required to

convert fuel system to
gasoline (see Note 2) As Req'd Gasoline 130 160

13 Power Check As Req'd 2600 126-136 Gasoline 200
14 Power Check As Req'd 1400 300 Ib- Gasoline 200

ft min.
15 Record idle after

stabilization 5 650-700 Idle Gasoline ) 160
16 Re-torque heads & set

valve lash immed.
17 Run as req'd to

convert fuel system
to diesel (see Note 2) As Req'd Diesel 130 160

18 Same as 15 650-700 Idle Diesel 130 160

NOTE: (1) For fuel, 3.2.5.9.1 for lubricating oil, 3.2.2.7
(2) Time and method to purge fuel system to be approved by Government

inspector. A maximum of 3 percent residual fuel after purging is
permissible.

(3) Re-torque cylinder head studs and re-set valve lash per drawing

10935504 a detail of engineering parts list, immediately following
periods 3 and 15.
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Periods 8 through 15 of the engine break-in test procedure must be

run without stopping the engine. If engine adjustments are re-

quired during the power-check portion, then periods 8 through 15

must be re-run after stable operating conditions are obtained.

The power-check test indicated in Table B-8 is performed according

to the schedule shown in Table B-9.

Every engine produced is inspected for defects as shown in

Table B-10.

TABLE B-9, LD-465-1 AND LD-465-IC POWER
CHECK TEST SCHEDULE

Minimum
Coolant

Engine Outlet
Period Speed Load Fuel Temperature

1

1 2600 Full Power VV-F-800 DF-I 200OF
2 2400 Full Power VV-F-800 DF-I 200OF
3 2200 Full Power VV-F-800 DF-I 200°F
4 2000 Full Power VV-F-800 DF-I 200°F
5 1600 Full Power VV-F-800 DF-I 200OF
6 1600 Full Power VV-F-800 DF-I 200"F
7 1400 Full Power VV-F-800 DF-I 200°F
8 1200 Full Power VV-F-800 DF-I 200°F

Switch fuel to compression ignition fuel MIL-T-45121.

9 2600 Full Power MIL-F-45121 200OF
10 2400 Full Power MIL-F-45121 200OF
11 2200 Full Power MIL-F-45121 200OF
12 2000 Full Power MIL-F-45121 200OF
13 1800 Full Power MIL-F-45121 200OF
14 1600 Full Power MIL-F-45121 200 0F
15 1400 Full Power MIL-F-45121 200°F
16 1200 Full Power MIL-F-45121 200OF

Switch fuel to gasoline, MIL-G-3056 Referee Grade

17 2600 Full Power Gasoline 200OF
18 2400 Full Power Gasoline 200OF
19 2200 Full Power Gasoline 200 0 F
20 2000 Full Power Gasoline 200OF
21 1800 Full Power Gasoline 200OF
22 1600 Full Power Gasoline 200OF
23 1400 Full Power Gasoline 200cF
24 1200 Full Power Gasoline 200DF
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TABLE B-10, LD-465-1 AND LD-465-lC
REQUIRED EXAMINATIONS

Characteristics Defects

Valve tappet clearance, each Intake and exhaust valves
improperly adjusted

*Oil sump, fuel and oil Dirt, chips and foreign parti-
filters cles, due to production

Fuel, oil, and coolant leaks Leakage

Fuel lines Damaged, rubbing or improperly
supported

Governor Malfunction, not sealed

Torque on cylinder heat bolts, Improper torque
intake and exhaust manifold
flange bolts

Crankshaft Excessive or restrictive end
play

Engine Malfunction

Fuel system components Malfunction - damage or leaks,
etc.

Fuel injection system, Malfunction, improper adjust-
timing and components ment

Injection pump support Improperly installed
bracket

Linkage Improper adjusted

Minor assemblies Omitted

Engine Improper adjustment or instal-
lation of components

Fuel lines, hose vents, Improperly assembled or
shut-off valve installed

Painting Spots missed, sags or runs

Workmanship Not following good practice,
improper installation or
adjustment of components

*Do not remove or inspect secondary fuel filter.

One of the initial production engines is furnished for a 500-

hour endurance run (not to exceed 575 hours) to be conducted on

compression ignition fuel (MIL-F-45121) and consisting of four

125-hour cycles. The 125-hour cycle schedule is shown in Table B-11.

(Note: periods 1 and 2 are deleted during cycle 2, 3, and 4.)
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TABLE B-11, LD-465 AND LD-465-IC
125-HOUR ENDURANCE SCHEDULE

Period Length Engine Percent Period Length Engine Percent

(hrs) Speed Load (hrs) Speed Load
(rpm) (rpm)

1* 34 1 650 0

2** 35 2 2000 50
3 2 650 0 36 4 2000 100
4 5 1400 75 37 1 650 0

5 1 650 0 38 4 2200 75
6 5 2000 75 39 4 2200 100
7 1 650 0 40 1 650 0
8 5 2200 75 41 2.5 2600 75
9 1 650 0 42 4 2600 100

10 5 2600 75 43 1 650 0
11 1 650 0 44 .75 2600 100
12 2 1800 50 45 .25 650 0
13 2 1800 100 46 .75 2600 100
14 1 650 0 47 .25 650 0
15 2 2000 50 48 .75 2600 100
16 2 2000 75 49 .25 650 0
17 1 650 0 50 .75 2600 100
18 2 2200 75 51 .25 650 0
19 2 2200 100 52 .75 2600 100
20 1 650 0 53 .25 650 0
21 3 2600 75 54 .75 2600 100
22 3 2600 100 55 .25 650 0
23 2 650 0 56 2 1800 50
24 5 1400 75 57 2 1800 100
25 1 650 0 58 1 650 0
26 5 2000 75 59 2 2000 50
27 1 650 0 60 1 650 0
28 5 2200 75 61 2 2600 100
29 1 650 0 62 1 650 0
30 5 2600 75 63 4 2600 75
31 1 650 0 64 2 2600 100
32 2 1800 50 65 .5 2850 0
33 2 1800 100 66**

*Break-in Run
**Power-Check

Prior to the endurance run, the engine is broken-in by running

periods 1 through 7 of the schedule shown in Table B-8. The

endurance test is conducted by completing four 125-hour cycles.

The final 125 hours are run with an intake air temperature of 140OF

at an ambient air temperature of 1150 F (+ 50F). At the conclusion
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of the endurance run, the engine must meet all performance require-

ments except the engine can develop not less than 95 percent of

its power output at period 66 (of Table B-il). Also, there can be

no evidence of abnormal wear of internal engine components.

During engine production, the first ten engines produced,

every second engine of the next 100 produced, and every twentieth

engine of the next 200 produced are dismantled and inspected

after the break-in and acceptance tests are conducted (see Table

B-12). The engines are then reassembled and subjected to another

break-in test.
Fifty-hour quality control tests are also conducted during

engine production at the rate of one per month when production

is 100 units or less and two per month when production is greater

*than 100 units per month. The 50-hour quality control test

schedule is shown in Table B-13. The engine is examined for

defects per Table B-10 and acceptance tests are conducted. The

following data are recorded at the end of each operation:

* Engine speed

e Observed brake horsepower

* Observed torque

* Air pressure at inlet to engine

o Fuel pressure at primary filter inlet

0 Fuel supply pressure at inlet to engine driven

supply pump

* Lubricating oil pressure, main gallery and piston

cooling gallery

* Coolant pressure at cylinder block drain cock, water

pump inlet and engine coolant outlet

* Lubricating oil temperature in oil sump

e Fuel temperature at primary filter inlet

* Coolant temperature rise - inlet to outlet

* Air temperature at air cleaner inlet

* Cell ambient air temperature

* Fuel temp at fuel measuring device

* Exhaust temperature port and manifold outlet

* Fuel flow

* Brake specific fuel consumption

* Oil consumption
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* Exhaust smoke density (during period 1 and 7 only)

* Generator output

* Air delivery

* Crankcase blowjy

TABLE B-12, LD-465-1 AND LD-465-IC ENGINE
DISASSEMBLY INSPECTIONS

o Oil contamination.
o Dirt, chips or foreign matter in the engine block, oil

passages, oil pan, filters, and secondary drive case.
NOTE: Do not remove or inspect the secondary fuel filter.

o Main bearing bolt torque.
o Connecting rod bolt torque.
o Vibration damper bolt torque.
* Fuel injectors and nozzles for dribbling, improper spray

pattern, plugged nozzles or other malfunction.
o Cylinder compression pressure (maximum of 25 psi variation

between cylinders).
o Scuffing, scoring, or galling of bearings, pistons,

cylinders, cam lobes, tappets or other components.
0 Burning of pistons or valves, broken piston rings and valve

seats, or worn valve faces.
o Leakage of gaskets or seals.
o Casting flash and obstructions in cylinder block and cylinder

head water jacket passages (removal of core plugs and
necessary assemblies required for visual inspection).

0 Any defects having no bearing on function, safety, inter-
changeability or life, but which are considered departure
from good workmanship gill be noted in writing.

o Valve tappet clearance, each valve.
0 Governor adjustment.
o Torque on cylinder head nuts, intake and exhaust manifold

bolts.
o Crankshaft end play.
o Injection pump timing and adjustment.
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TABLE B-13, LD-465-1 AND LD-465-IC 50-HOUR
QUALITY CONTROL TEST SCHEDULE

Period Time LDS-465 Power Position Fuel
(hrs) Speed (% of full power)

(rpm)

1* Diesel fuel,
2 5 1400 50 W-F-800
3 5 1400 75 Grade F-1 shall
4 5 2600 75 be used during
5 5 1400 100 periods 1
6 30 2600 100 through 6t 7** _

*Break-in schedule
**Periods 1 through 8 and 9 through 16 of the power-check
test are conducted on diesel fuel and gasoline respectively.
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3. LDT-465-1C

ATPD-2046, 17 February 1972, describes the tests and test

procedures used to qualify the LDT-465-1C engines. The tests

required and procedures used are nearly identical to those described

for the LD-465-1 and LD-465-IC multi-fuel engines ( see previous

section, B.2). The primary differences arise because the LDT-465-1C

engine is turbocharged whereas the LD-465-1 and LD-465-IC engines

are not, and engine characteristics between the LD and LDT engines

differ slightly. Thus, the primary difference in the procedures

will be the engine settings (e.g., speed and load) at which test

periods are run, performance tests are conducted, and/or data is

recorded. In some cases, the required fuel for a test procedure

is different from that described for the LD engines.

Fuels required for qualification of the LDT-465-1C are varied.

During the production break-in run, diesel fuel conforming to

grade DF-I of VV-F-800 and gasoline conforming to VV-G-76 (with a

maximum octane rating of 83 MON and 91 RON) are used. During the

50-hour quality control test grade DF-I of VV-F-800 and gasoline

conforming to MIL-G-46015 or VV-G-76 (with a maximum octane rating

of 83 MON and 91 RON) is used. For the 500-hour endurance test,

grade DF-l of VV-F-800 is used. For the power run, the following

fuels are used when performed in conjunction with the 500-hour

endurance run:

e Grade DF-I of VV-F-800

e Referee grade gasoline conforming to grade 1 of ML "G-46015

(with exceptions as noted in Table B-14).

When performed in conjunction with the 50-hour quality control test,

grade DF-l of VV-F-800 and gasoline conforming to grade 1 of

MIL-G-46015 are used.

TABLE B-14, EXCEPTIONS TO MIL-G-46015:
REFEREE TO GRADE GASOLINE

Test/Property Test/Limit

Distillation: ASTM D216

10% Evaporated 140-158OF

50% Evaporated 194-239 0F

E-86

jA



TABLE B-14, EXCEPTIONS TO MIL-G-46015:
REFEREE TO GRADE GASOLINE ,(CONT.)

Test/Property Test/Limit

90% Evaporated 275-356OF

Residue % Maximum 2.0

Reid Vapor Pressure 6-8

Octane No. Motor Method 83-85

Octane No. Research Method 91-93

Gum, mg/100ml, Unwashed residue Max 4
Sulfur, percent 0.10-0.15(1)

Corrosiveness (122*F) maximum ASTM No. 1

Tetraethyl lead mi/gal 2.5-3.00

Oxidation Inhibitor lbs/1000 bbls. (2) 30

(1) This sulfur level may be obtained by the addition of
di-tertiary butyl disulfide.

(2) Oxidation inhibitor shall be composed of 50% N, N1

disecondary butyl-paraphenylenediamine and 50% N, n butyl,
p-aminophenol. (Dupont No. 22 or No. 5, UOP No. 4 or
Tenamene No. 1 meets this requirement.)

Engine lubricating oil must conform to the seasonal requirements of

MIL-L-2104 (for -10*F to 115*F) and MIL-L-10295 (for -650 F to 200F).

Lube oil used during engine assembly and production break-in runs

are left to the discretion of the engine manufacturer. The

referee grade lube oil used for the 500-hour endurance and 50-hour

quality control runs is Humble Oil and Refining Company grade

OE/HDO-30 (government designation MC-23).

The range of the various required qualification tests are

described in Table B-15 (for production engines.
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TABLE B-15, LDT-465-1C QUALIFICATION INSPECTIONS

Initial
Test Engine Acceptance Control

Operational tests X
Performance tests X
Temperature tests X
Cold starting tests X
High temperature starting X
tests

Oil cooling test X
Electromagnetic compatibility X
tests
Grades and slope tests X
Speed range & governor test X X X
Brake horsepower & torque test X X X
Exhaust smoke density test X X X
Fuel consumption, oil consump- X X
tion, and oil pressure check
Fuel consumption and oil X X
pressure check
Supercharging check X X
Power check and supercharger X
test

Coolant temperature rise test X X X
Manifold heater check X X X
Starter check X X X
Alternator test X X X
Air compressor test X X X
Submersion requi-ements and X
contamination test
Steam and water jet cleaning X
test

Fifty hour quality control X
test

Selection of test sample X
Control test failure and X
correction I
Disposition of engine X
Control test conditions X
Atmospheric conditions X
Pre-test warm-up X
Temperatures X
Operating temperatures X
Accessories X

Every engine produced is subjected to a break-in test procedure

according to the schedule shown in Table B-16. One notable addi-

tion to the procedure for this break-in test (from that for the LD

engines) is that during the pre-lubrication step (period 1 of
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Table B-16), lube oil must also be delivered to the turbocharger

unit. During each period of the break-in schedule, the followinq

data are recorded:

* Coolant temperature (at engine inlet and outlet)

* Oil sump temperature

* Gallery oil pressure

* Observed brake horsepower

* Engine speed

* Period duration

* Starter cranking speed and terminal voltage (after

completion of break-in run)

* Air compressor delivery (record once at 1500 and 2600

rpm)

* Alternator output (record once at 1500 and 2600 rpm

engine speed)

During the power check portion of the break-in schedule ( periods

10, 14, and 15 of Table B-16), the following data are recorded:

* Coolant temperature

e Oil sump temperature

* Gallery oil pressure

* Observed brake horsepower

* Engine speed

* Period duration

* Intake air temperature before turbo supercharger

* Torque (observed)

* Fuel consumption

* Specific fuel consumption

* Intake manifold pressure after turbo supercharger

* Exhaust smoke density (diesel fuel only)

9 Governed speed, full load and no load RPM (period 8

and 9 only)

* Fuel temperature at transfer pump inlet

* Fuel temperature at fuel flow measuring instrument

* Intake air pressure depression across the air cleaner and

intake air hose (intake air pick up to be within 2 inches

of turbo inlet)
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TABLE B-16, LDT-465-1C PRODUCTION ENGINE BREAK-IN SCHEDULE

Min. Eng.

BHP Coolant
Engine (except Temp.

Period Duration Speed as noted) Fuel In Out

1 Prelube 1 min. Prelube Idle Diesel
minimum

2 30 1000 15
3 15 1200 15 Diesel 130 160

4 15 1600 33 Diesel 130 160
5 30 2000 I 64 Diesel 130 160
6 Re-torque 30 2400 I 110 Diesel

heads &
set valve
lash im-
mediately
after
period 6

7 15 2600 125-135 Diesel 130 160
8 Set gov- As Req'd 2600 64.0 Diesel 200

ernor and lbs/hr
full max.
power po- (130 to
sition 140 bhp)

9 Set un- i As Req'd 2850-2900 No load Diesel 200
loaded
governor
speed

10 Power As Req'd 1500 37.5lbs/ Diesel 200
check max.
(see Note (305 to
4) 355 lbs-

ft)
11 Set droop As Req'd 1200 29.0 to Diesel 130 160

screw(see 30.0
Note 5) lbs/hr

12 Set idle As Req'd 650-700 Idle Diesel 130 160
and check
manifold
heater

13 Run as As Req'd j Gaso- 130 160
required !line
to con- -
vert fuel*
system
to gaso-
line
system
(see
Notes 1
and 2)
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TABLE B-16, LDT-465-1C PRODUCTION ENGINE BREAK-IN SCHEDULE (CONT.)

Min.Eng.
BHP Coolant

Engine (except Temp.
Period Duration Speed as noted) Fuel In Out

14 Power As Req'd 2600 130 to Gaso- 200
Check 145 line

15 Power As Req'd 1500 305 lb-ft Gaso- 200
Check min. line

16 Record 5 600 Idle Gaso-! 130 160
idle line
after
stabili-zation

Re-
torque
heads &
set

P valve
lash im-
mediately
after
period
16.(see
Notes 2
& 3)

17 Run as As Req'd Diesel 130 160
req'd to
convert
fuel sys-
tem to
diesel
(see
Note 12)

18 Same as 5 650-700 Idle Diesel 130 160
16

NOTE: (1) Time and method to purge fuel system to be approved by
Government inspector. A maximum of 3 percent diesel
fuel in the gasoline after purging is permissible.

(2) Periods 13 through 18 required only for engines selected
for the 50 hour control test.

(3) Re-torque cylinder head studs and re-set valve lash per
Drawing 10935504 immediately following periods 6 and 16.
If periods 13 through 18 are not run, re-torque immediately
following period 12.

(4) Specified fuel rate to be obtained by adjustment of
smoke limiting cam only.

(5) Specified fuel rate to be obtained by adjustment of droop
screw only.

E-91



Periods 8 through 16 are made without stopping the engine. If

adjustments are required during the power check periods, then

periods 8 through 15 must be re-run after stable operating condi-

tions are obtained.

The power check test indicated in Table B-16 is performed

according to the schedule shown in Table B-17.

TABLE B-17, LDT-465-1C POWER CHECK TEST SCHEDULE

Minimum
Coolant

Engine Outlet
Period Speed Load Fuel Temperature

1 2600 Full Power VV-F-800 DF-I 200OF
2 2400 Full Power WV-F-300 DF-l 200°F
3 2200 Full Power VV-F-800 DF-I 200OF
4 2000 Full Power VV-F-800 DF-l 200°F
5 1800 Full Power VV-F-800 DF-I 200°F
6 1600 Full Power VV-F-800 DF-I 200OF
7 1400 Full Power VV-F-800 DF-I 200OF
8 1200 Full Power VV-F-800 DF-l 200°F

Switch fuel to gasoline, MIL-G-46015

9 2600 Full Power MIL-G-46015 200OF10 2400 Full Power MIL-G-46015 200OF
ii2400 Full Power MIL-G-46015 2000F

12 2000 Full Power MIL-G-46015 200OF
13 200 Full Power MIL-G-46015 200OF
14 1600 Full Power MIL-G-46015 200OF
15 1400 Full Power MIL-G-46015 200OF
16 1200 Full Power MIL-G-46015 200OF

Every production engine is also checked for defects as shown

in Table B-18.

TABLE B-18, LDT-465-1C REQUIRED EXAMINATIONS

Valve tappet clearance, each Intake and exhaust valves im-

valve properly adjusted
*Oil sump, fuel and oil filters Dirt, chips and foreign

particles, due to production
Fuel, oil, and coolant leaks Leakage
Fuel lines Damaged, rubbing or improperly

supported
Governor Malfunction, not sealed
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TABLE B-18, LDT-465-1C REQUIRED EXAMINATIONS (CONT.)

Torque on cylinder head bolts, Improper torque
intake and exhaust manifold
flange bolts

Crankshaft Excessive or restrictive end
play

Engine Malfunction
Fuel system components Malfunction - damage or leaks,

etc.
Fuel injection system, Malfunction - improper adjust-
timing and components ment
Injection pump support bracket Improperly installed
Linkage Improperly adjusted

t Minor assemblies Omitted
Engine Improper adjustment or
F l , e ninstallation of components:i Fuel lines, hose, vents, Improperly assembled or

shut-off valve installed
Painting Spots missed, sags or runs
Workmanship Not following good practice,

improper installation or
adjustment of components

*Do not remove or inspect secondary fuel filter.

One of the initial engines produced is furnished for a

500-hour endurance run (not to exceed 575 hours) to be conducted

on grade DF-l of VV-F-800 (except during the power test portion

when both DF-I and gasoline conforming to MIL-G-46015 are used).

The 500-hour endurance test consists of four 125-hour cycles.

The schedule for the 125-hour cycle is shown in Table B-19 (Note:

periods 1 and 2 are deleted during cycles 2, 3, and 4). The final

cycle is run with an intake air temperature of 140OF at an ambient

air temperature of 115 0F (+50F). At the conclusion of the endur-

ance run, the engine must meet all performance requirements except

the engine can develop not less than 95 percent of its power output

at period 66 (Table B-18). Also, there can be no evidence of

abnormal wear of internal engine components.

During engine production, the first ten engines produced, and

every second engine of the next 100 produced, and every twentieth

engine of the enxt 200 produced are dismantled and inspected after

the break-in and acceptance tests have been conducted (see Table

B-20). The engines are then reassembled and subjected to another

break-in test.
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TABLE B-19, LDT-465-1C 125-HOUR ENDURANCE SCHEDULE (CONT.)

Time Engine Speed
Period (hrs) (rpm) Percent Load

47 .25 650 0
48 .75 2600 100
49 .25 650 0
50 .75 2600 100
51 .25 650 0
52 .75 2600 100
53 .25 650 0
54 .75 2600 100
55 .25 650 0
56 2 1800 50
57 2 1800 100
58 1 650 0
59 2 2000 50
60 1 650 0
61 2 2600 100
62 1 650 0
63 4 2600 75
64 2 2600 100
65 .5 2850 0
66**

* Break-in run
** Power check

4. The Remaining Multi-Fuel Engines

The military specification or purchase description document

which describes the tests and test procedures used to qualify the

remaining multi-fuel engines are as follows:

" MIL-E-46778: LDS-427-2

" DAPD-292F: LDS-465-1 and LDS-465-1A

" ATPD-2024A: LDS-465-2

It is notable that ATPD-2024A (for the LDS-465-2 engine) has

been cancelled. Also, the LDS-427-2 engine has not been produced

for a number of years.

The qualification tests and test procedures described in these

above mentioned military specifications and purchase description

documents are nearly identical to those already described for the

LD-465-1 and LD-465-IC [MIL-E-62106(AT)] and LDT-465-1C (ATPD-2046)

engines. Therefore, they will not be repeated here. The primary

difference in the procedures (from those already described) will

be minor changes in the engine settings (e.g., speed and load) at
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TABLE B-19, LDT-465-1C 125-HOUR ENDURANCE SCHEDULE

Time Engine Speed
Period (hrs) (rpm) Percent Load

1*
2**
3 2 650 0

0 4 5 1400 75

5 1 650 0
6 5 2000 75
7 1 650 0
8 5 2200 75
9 1 650 0

10 5 2600 75
11 1 650 0
12 2 1800 50
13 2 1800 100
14 1 650 0
15 2 2000 50
16 2 2000 75
17 1 650 0
18 2 2200 75
19 2 2200 100
20 1 650 0
21 3 2600 75
22 3 2600 100
23 2 650 0
24 5 1400 75
25 1 650 0
26 5 2000 75
27 1 650 0

28 5 2200 75
29 1 650 0
30 5 2600 75
31 1 650 0
32 2 1800 50
33 2 1800 100
34 1 650 0
35 2 2000 50
36 4 2000 100
37 1 650 0
38 4 2200 75
39 4 2200 100

40 1 650 0
41 2.5 2600 75
42 4 2600 100
43 1 650 0
44 .75 2600 100
45 .25 650 0
46 .75 2600 100

* Break-in run
** Power check
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TABLE B-20, LDT-465-1C ENGINE DISASSEMBLY INSPECTIONS

* Oil contamination

e Dirt, chips or foreign matter in the engine block, oil

passages, oil pan, filters, and secondary drive case.

NOTE: Do not remove or inspect the secondary fuel filter.

* Main bearing bolt torque

* Connecting rod bolt torque

* Vibration damper bolt torque

* Fuel injectors and nozzles for dribbling, improper spray

pattern, plugged nozzles or other malfunction

e Cylinder compression pressure (maximum of 25 psi variation

between cylinders)

o Scuffing, scoring, or galling of bearings, pistons, cylinder

cam lobes, tappets or other components

* Burning of pistons or valves, broken piston rings and valve

seats, or worn valve faces.

0 Leakage of gaskets or seals

* Casting flash and obstructions in cylinder block and cylinder

head water jacket passages (removal of core plugs and

necessary assemblies required for visual inspection)

o Any defects having no bearing on function, safety, inter-

changeability or life, but which are considered departure

from good workmanship will be noted in writing.

* Valve tappet clearance, each valve

* Governor adjustment

* Torque on cylinder heat nuts, intake and exhaust manifold

bolts, and turbocharger mounting bolts

o Crankshaft end play

e Injection pump timing and adjustment
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which test periods are run, performance tests are conducted,

and/or data is recorded. In some cases, the required fuel for a

specific test procedure is different. If the reader is specifi-

cally interested in a test or test procedure, then consult the

above stated military specification or purchase document for the

engine of interest.

Fifty hour quality control tests are also conducted during

engine production at the rate of one per month when production is

100 units or less per month and two per month when production is

greater than 100 units per month. The 50-hour quality control

test schedule is shown in Table B-21. The engine is examined for

defects per Table B-18 and submitted to acceptance tests.

TABLE B-21, LDT-465-1C 50-HOUR QUALITY CONTROL TEST SCHEDULE

Period Time LDS-465 Power Position Fuel
(hrs) Speed (% of full power)

(rpm)

1* Diesel fuel,
2 5 1400 50 VV-F-800
3 5 1400 75 Grade F-1 shall
4 5 2600 75 be used during
5 5 1400 100 periods 1
6 30 2600 100 through 6
7** 1

*Break-in schedule
**Periods 1 through 8 and 9 through 16 of the power-check
test are conducted on diesel fuel and gasoline respectively.

The following data are recorded:

" Engine speed
* Observed brake horsepower
" Observed torque
* Air pressure at inlet to engine
" Fuel pressure at primary filter inlet
" Fuel supply pressure at inlet to engine driven supply pump
" Lubricating oil pressure, main gallery and piston cooling

gallery
" Coolant pressure at cylinder block drain cock, water pump

inlet and engine coolant outlet
" Lubricating oil temperature in oil sump
" Fuel temperature at primary filter inlet
" Coolant temperature rise - inlet to outlet
" Air temperature at air cleaner inlet
" Cell ambient air temperature
" Fuel temperature at fuel measuring device
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C. COMMERCIALLY DESIGNED ENGINES

1. Detroit Diesel Allison 3-53

MIL-E-62045B(AT), 14 May 1973, describes the reliability,

endurance, and performance tests used to qualify the DDA 3-53

engine. The engine is also required to comply with the applicable

Health, Education, and Welfare Regulations governing control of

exhaust emissions from new motor vehicle engines in effect on the

date of manufacture. The range of the various required qualifi-

cation inspections as well as the location for the test is shown

in Table B-22. All testing is conducted using fuel conforming to

grade DF-2 of Federal specification VV-F-800. Engine lubricating

oil used for the various tests must be in accordance with the

seasonal requirements of MIL-L-2104 ( for -10°F to 115 0 F) and

MIL-L-10295 (for -650F to 0°F). Type II lube oil of MIL-L-21260

can be used during engine assembly and during the production

break-in runs. Referee lube oil grade MB901 of MIL-L-2104 is used

during the engine endurance test. In addition to the engine

specific tests listed in Table B-22, a vehicle reliability test

is required in which the 3-53 engine must demonstrate its durability

in 20,000 miles of wheeled vehicle operation without overhaul or

major failure. Major failure is defined as:

" Main bearing and connecting rod bolt broken, stripped

threads, scored, and damage that may cause subsequent

failure

" Broken, scuffed, and burned pistons

" Cylinder bore scuffed, scored, and galling

The first engine produced is subjected to a variety of

examinations (see Table B-23) as well as performance tests such as:

" Oil consumption

* Cold starting

* High temperature starting

* Humidity conditions and coolant temperatures

" Elevation

" Grades and slopes

" Steam and water jet cleaning
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" Exhaust temperature port and manifold outlet
" Fuel flow
* Brake specific fuel consumption
* Oil consumption
o Exhaust smoke density - (during period 1 and 7 only)
o Alternator output
o Air delivery
o Crankcase blowby
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TABLE B-22, DDA 3-53 QUALIFICATION INSPECTICNS
AND TEST LOCATION

Test Requirement Place of Government
Description Manufacture Laboratory

First production inspection and
testing X

Endurance test X
Failure X
Power check X X
Engine shutdown X
Engine warm-up period X
Test hours X
Data X
Warning and shutdown X
Servicing X
Test temperature X
Performance test X X
Oil consumption test X X
Cold starting X X
High temperature starting X X
Humidity conditions and

coolant temperatures X X
Elevation test X
Grades and slopes test X
Steam and water jet cleaning

test X
Examinations X
Production engine test X
Tear-down inspection X
Corrections and reassembly X
Speed range check X
Governor check X
Brake horsepower check X
Oil pressure check X
Airbox heater check X
Fifty-hour control test X
Temperatures X
Torque and brake horsepower check X
Exhaust smoke density check X
Fuel consumption check X
Radio noise suppression test X
Inspection for preparation of

delivery X
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'TABLE B-23, REQUIRED EXMINATIONS OF DDA 3-53 ENGINE
DURING ENDURANCE TEST

Method of
Characteristic Major Defect Inspection

Valve tappet Exhaust valves Gage
clearance improperly
each valve adjusted

Oil sump, fuel Dirt, chips, and Visual and
and oil filters foreign particles, functional

due to production

Fuel, oil, and Leakage Visual
coolant leaks

Fuel lines Damaged Visual and
functional

Governor Malfunction Visual and
functional

Torque on Improper torque Torque wrench
cylinder head
bolts, exhaust
manifold flange
bolts, vibra-
tion damper

Crankshaft Excessive or Gage and

restrictive play functional

Engine Malfunction Functional

Fuel system Malfunction, damage or Visual and
components leaks, etc. functional

Fuel, injection Malfunction, improper Gage
system, timing adjustment
and components

Coolant system Malfunction non- Functional
conformance

Airbox pressure Less than limits Gage

Crankcase Exceeds limits Gage
pressure

Linkage Improperly adjusted Visual

Minor assemblies Omitted Visual
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TABLE B-23, REQUIRED EXAMINATIONS OF DDA 3-53 ENGINE
DURING ENDURANCE TEST - (CONT.)

Method of

Characteristic Major Defect Inspection

Engine Improper adjustment or Visual and
installation of components Functional

Fuel lines, Improper assembly or Visual
hose, vents, installation
shut-off valve

Painting Improper application Visual

Workmanship Not following good Visual and
practice, improper functional
installation or
adjustment of
components

The first production engine is also subjected to a 400 hour

endurance test whose schedule consists of four periods of 100 hours

each where each 100 hour period consists of 20, 5 hour schedules.

Table B-24 describes the 5 hour schedule.

TABLE B-24, DDA 3-53 5 HOUR ENDURANCE
TEST SCHEDULE

Percent
Rate Percent Endurance

Period Speed Load Hours

1 Idle 0 0.5

2 Max. Torque 100 1.0

3 100 0 0.5

4 75 85 1.0

5 100 50 .5

6 100 100 i.0

7 50 25 0.5

Total Endurance 5.0
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Before the start of the endurance run and after 100 hours

of endurance time, power checks are conducted at full load and

various engine speeds in both ascending and descending order

after the engine has stabilized for a sufficient time (about

20 minutes). The engine can be shut down after completion of

any period in the 5 hour schedule, but a cool-down run is

required after periods 2, 4, and 5. A 1/2 hour warm-up is

required following any shutdown and prior to continuation of

the endurance run; during the period, the loads and speeds

are progressively increased to the values shown in period 5.

The following data are recorded during the last 5 minutes of

each schedule period and during power checks:

* Engine speed

" Observed brake horsepower and/or torque

* Fuel flow

e Test cell ambient temperature and barometric pressure

* Engine oil gallery and sump temperatures and pressure

o Fuel secondary filter out and spill back temperatures

and pressures

a Air cleaner inlet temperature

* Air inlet pressure

e Air cleaner restriction

e Coolant engine inlet and outlet temperatures and pressures

* Exhaust port temperatures

o Exhaust manifold pressure

e Crankcase pressure

o Fuel, transfer pump, inlet pressure

e Oil consumption

* Exhaust smoke density

After the final performance test, the engine is completely

dismantled and inspected. The engine must conform to all performance

requirements with the exception that the power and torque be not

less than 95% of initial readings without readjustment of the

injection system. Also, there can be no evidence of abnormal wear

of internal engine components.
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Every production engine is given a break-in run (MIL-E-

62045B(AT) does not describe the break-in schedule) and the

engines are checked for speed range, governor operation,

maximum brake horsepower, minimum oil pressure and oil pressure

limits, and airbox heater operability. The first ten production

engines and every other engine of the next ten are then completely

dismantled and inspected. These tests are known as acceptance

tests.

During engine production, 50-hour quality control testing

is performed. One engine per month when production is less than

100 and two engines per month when production is greater than

100 are selected for the 50-hour tests. The tests follow the

schedule shown in Table B-25, after the normal break-in and

performance check tests (as describtd for the endurance test

procedure) are conducted. Additional performance check testing

is conducted after the 50-hour test schedule is completed.

TABLE B-25, DDA 3-53 60-HOUR OUALITY
CONTROL TEST SCHEDULE

Time Engine Speed Horsepower

Period (flours) (rpm) (bhp)

1 5 1600 30

2 5 2000 58

3 5 2800 73

4 5 2400 84

5 30 2800 90

2. Detroit Diesel Allison 6V-53

MIL-E-62140(AT), 27 August 1971, describes the endurance

and performance tests used to qualify the DDA 6V53 engine. The

range of the various required qualification inspections as well

as the location for the test is shown in Table B-26.
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TABLE B-26, DDA 6V QUALIFICATION INSPECTIONS
AND TEST LOCATION

Requirement Place of Government
Description Manufacture Laboratory

First production engine test X
Endurance test X
Cold starting X
High temperature starting X
Slope test X
Power check test X
Servicing X
Elevation test X
High temperature operational test X
Steam and water jet cleaning test X
Radio noise suppression test

Examination: X
Production break-in run X
Tear down inspection X
Corrections and reassembly X
Acceptance tests: X

50-hour control test X
Selection of test sample X
Control test failure X
Performance X
Corrections X
Disposition of engine X

Fuel for testing, except endurance testing, is urade DF-2 of Fpdpral

specification VV-F-800. Endurance testing is conducted using

referee grade diesel fuel. The referee grade diesel fuel has

properties as shown in Table B-27 (using method No. 340-T of FederAl

Test Method Standard No. 791). The various testing is conducted

using lubricating oil conforming to the seasonal requirements of

MIL-L-2104 (for -10OF to 1150 F) and MIL-L-10295 (for -650 F to 0°F);

the engine manufacturer can use oil of his own selection for engine

assembly and during the break in test, or oil conforming to qrade 2

of MIL-L-21260.
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TABLE B-27, PROPERTIES OF REFEREE GRADE DIESEL FUEL

Parameter Specification

Flash point, minimum, oF 100 or legal

Pour point, maximum, OF 20

Water and sediment, by volume,
maximum percent 0.05

Distillation, 50% evaporated, minimum, OF 500

90% evaporated, 0F 600 - 640

end point, 0F 650 - 690

Kinematic viscosity, centistokes,
at 100 0 F 1.6 to 4.5

Sulfur', percent 0.95 - 1.05

Corrosion pass

Alkali and mineral acids none

Cetane number 40 to 45

*Must be natural sulfur

Each engine selected for testing must meet the examination

requirements of Table B-28 as well as performance tests (following

a break-in run) such as:

* speed range

* governor setting

" brake horsepower

" torque

" oil pressure

The first production engine (after break-in and examination)

must successfully complete the 500 hour endurance test described

in Table B-29, operating on the referee diesel fuel described in

Table E-27. Durinq the endurance test, power check tests are

conducted (as noted in Table B-29) followinq the schedule shown in

Table B-30. The following data are recorded after each hour of
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operation and at the completion of each period prior to stopping

the engine:

* Engine speed

" Observed brake horsepower

* Observed torque

* Air box pressure

* Fuel pressure after secondary filter

* Fuel supply pressure at inlet to engine driven supply pump

* Lubricating oil pressure

S Lubricating oil temperature in oil sump

* Fuel temperature after secondary filter

* Coolant temperature - Engine inlet and outlet

* Air temperature at air inlet

e Cell ambient air temperature

* Exhaust temperature

* Fuel flow

* Brake specific fuel consumption

. Specific oil consumption

9 Exhaust smoke density

TABLE D-28, REQUIRED EXAMINATIONS OF DDA 6V-53 ENGINE

Method of
Characteristic Defect Inspection

Valve tappet clearance, Exhaust valves improp- Gage
each valve erly adjusted
Oil sump, fuel and oil Dirt, chips and foreign Visual &
filters particles, due to functional

production
Fuel, oil, and coolant Leakage Visual
leaks
Fuel lines Damaged Visual &

functional
Governor Malfunction Visual &

functional
Torque on cylinder head Improper torque Torque
bolts, intake and exhaust wench
manifold flange bolts,
vibration damper
Crankshaft Excessive or restrictive Gage &

end play functional
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TABLE B-28, REQUIRED EXAMINATIONS OF DDA 6V-53 ENGINE (CONT.)

Method of

Characteristics Defect Inspection

Engine Malfunction Functional
Fuel System Components Malfunction - damage or Visual &

leaks, etc. Functional

Fuel Injection System, Malfunction, improper Gage

Timing and Components adjustment
Air Cleaner Malfunction Functional

Air Box Pressure Exceeds Limits Gage
C.ankcase Pressure Exceeds Limits Gage

Linkage Improperly Adjusted Visual
Minor Assemblies Omitted Visual

Engine Improper Adjustment or Visual &
Installation of Com- Functional
ponents

Fuel Lines, Hose, Vents, Improper Assembly or Visual

Shut-Off Valve Installation
Painting Improper Application Visual
Workmanship Not Following Good Visual &

Practice, Improper Functional

Installation or
Adjustment of Components
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TABLE B-29, DDA 6V-53 500-HOUR ENDURANCE TEST SCHEDULE

Engine Speed Percent of Engine Speed Percent of

or Percent Full Rack or Percent Full Rack

Test of Max. Load at Test of Max. Load at

Period Time Rated Speed Indicated Period Time Rated Speed Indicated

No. (Hours) (rpm) Speed No. (Hours) (rpm) Speed

1 45 1 500 rpm 0

2 2 500 rpm 0 46 5 75 pct 75

3 5 50 pet 75 47 1 500 rpm 0

4 1 500 rpm 0 48 5 85 pet 75

5 5 75 pct 75 49 1 500 rpm 0

6 1 500 rpm 0 50 5 100 pet 75

7 5 85 pct 75 51 2 500 rpm 0

8 1 500 rpm 0 52 5 50 pct 75

9 5 100 pet 75 53 1 500 rpm 0

10 2 500 rpm 0 54 5 75 pct 75

11 5 50 pct 75 55 1 500 rpm 0

12 1 500 rpm 0 56 5 85 pct 75

13 5 75 pct 75 57 1 500 rpm 0

14 1 500 rpm 0 58 5 100 pct 75

15 5 85 pet 75 59 2 500 rpm 0

16 1 500 rpm 0 60 5 50 pct 75

17 5 100 pet 75 61 1 500 rpm 0

is 2 500 rpm 0 62 5 75pCt 75

19 5 so pct 75 63 1 500rpm 0

20 1 500 rpm 0 64 5 85 pct 75

21 5 75 pct 75 65 1 500 rpm 0

22 1 500 rpm 0 66 5 100 pet 75

23 5 85 pct 75 67 (powertest)

24 1 500 rpm 0 68 2 50 pct 50

25 5 100 pct 75 69 1 500rpm 0

26 2 500 rpm 0 70 2 58.4 pet 100

27 5 50 pct 75 71 2 5S8.4 pet 50

28 1 500 rpm 0 72 1 500 rpm 0

29 5 75 pct 75 73 2 58.4 pct 100

30 1 500 rpm 0 74 2 58.4 pet 50

31 5 85 pct 75 75 1 500 rpm 0

32 1 500 rpm 0 76 2 58.4 pct 100
33 5 100 pet 75 77 2 58.4 pct 50

34 (powertest) 78 1 500 rpm 0

35 2 500rpm 0 79 2 58.4 pct 100

36 5 so pCt 75 so 2 58.4 pct 50

37 1 500 rpm 0 81 1 500 rpm 0

38 5 75 pct 75 82 2 58.4 pct 100

39 1 500 rpm 0 83 2 58.4 pet so

40 5 85 pct 75 84 1 SO0 zpm 0

41 1 500 rpm 0 85 2 58.4 pet 100

42 5 lOOpet 75 86 2 58.4 pet 50

43 2 SO0 rpm 0 87 1 500 rpm 0

44 5 50 pet 75 8 2 58.4 pet 100
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TABLE B-29, DDA 6V-53 500-HOUR ENDURANCE TEST SCHEDULE (CONT'.)

Engine Speed Percent of Engine Speed Percent of

or Percent Full Rack or Percent Full Rack

Test of Max. Load at Test of ax. Load at

Period Time Rated Speed Indicated Period Time Rated Speed Indicated

No. (Hours) (rpm) Speed No. (Hours) (rpm) Speed

89 2 58.4 pct 50 133 1 500 rpm 0

90 1 500 rpm 0 134 4 85 pct 100

91 2 58.4 pct 100 135 1 500 rpm 0

92 2 58.4 pct 50 36 4 85 pet 75

93 1 500 rpm 0 137 1 500 rpm 0

94 2 58.4 pct 100 138 4 85 pet 100

95 2 58.4 pct 1o 139 1 500 rpm 0

96 1 500 rpm 0 140 4 85 pct 75

97 2 58.4 pct 100 141 1 500 rpm 0

98 2 58.4 pet 50 142 4 85 pet 100

99 1 500 rpm 0 143 1 500 rpm 0

100 2 58.4 pet 100 144 4 500 rpm 75

101 2 58.4 pct 50 145 1 500 rpm 0

102 1 500 rpm 0 146 4 100 pet 100

103 2 58.4 pet 100 147 1 500 rpm 0

104 2 75 pet 50 148 4 100 pct 100

105 1 500 rpm 0 149 1 500 rpm 0

106 2 75 pet 100 150 4 100 pct 100

107 4 75 pet 50 151 1 500 rpm 0

108 1 500 rpm 0 152 4 l00 pet 75

109 4 75 pct 50 153 1 500 rpm 0

110 1 500 rpm 0 154 4 100 pet 100

ill 4 75 pet 50 155 1 500 rpm 0

112 1 500 rpm 0 156 4 l00 pet 75

113 4 75 pet 100 157 1 500 rpm 0

114 1 500 rpm 0 158 4 100 pet 100

115 4 75 pct so 159 1 500 rpm 0

116 1 500 rpm 0 160 4 l00 pet 75

117 4 75 pct 100 161 1 500 rpm 0

118 1 500 rpm 0 162 (powertest)

119 4 75 pet 50 163 4 100 pet 100

120 1 500 rpm 0 164 1 500 rpm 0

121 (powertest) 165 4 100 pet 75

122 4 75 pct 100 166 1 500 rpm 0

123 1 500 rpm 0 167 3 100 pet 75

124 4 75 pet 50 168 1 500 rpm 0

125 1 500 rpm 0 169 3 100 pet 100

126 4 85 pet 100 170 3 100 pet 75

127 1 500 rpm 0 171 1 500 rpm 0

128 4 85 pet 75 172 3 105 pet 100

129 1 500 rpm 0 173 3 100 pet 75

130 4 85 pet 100 174 1 500 rpm 0

131 1 500 rpm 0 175 3 100 pct 100

132 4 85 pet 75 176 3 100 pet 75
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TABLE B-29, DDA 6V-53 500-HOUR ENDURANCE TEST SCHEDULE (CONT.)

Engine Speed Percent of Engine Speed Percent of
or Percent Full Rack or Percent Full Rack

Test of max. Load at Test of Max. Load at

Period Time Rated Speed Indicated Period Time Rated Speed Indicated

No. (Hours) (rpm) Speed No. (Hours) (rpm) Speed

177 1 500 rpm 0 213 0.25 500 rpm 0
178 3 100 pet 100 214 0.25 100 pct 75

179 3 100 pct 75 215 0.25 500 rpm 0

180 1 500 rpm 0 216 0.75 100 pct 100

181 2 100 pct 100 217 0.25 500 rpm 0

182 2 75 pct 75 218 0.75 100 pet 100

183 1 500 rpm 0 219 0.25 500 rpm 0

184 2 85 pct 100 220 0.75 100 pct 100

185 2 100 pct 100 221 0.25 500 rpm 0

186 1 500 rpm 0 222 0.75 100 pct 100

187 2 75 pct 75 223 0.25 500 rpm 0

188 2.75 75 pct 100 224 0.75 100 pct 100

189 2.75 85 pct 75 225 0.25 500 rpm 0

190 2.5 85 pct 100 226 0.75 100 pct 100

191 2.5 85 pct 75 227 0.25 500 rpm 0

192 2.5 100 pct 100 228 0.75 100 pet 100

193 2.5 100 pct 75 229 0.25 500 rpm 0

194 2.5 100 pct 100 230 0.75 100 pet 100
195 2.5 100 pct 75 231 0.25 500 rpm 0

196 0.75 100 pct 100 232 0.75 100 pct 100

197 0.25 500 rpm 0 233 0.25 500 rpm 0

198 0.75 100 pct 100 234 0.75 100 pct 100

199 0.25 500 rpm 0 235 0.25 500 rpm 0

200 0.75 100 pct 100 236 0.75 100 pct 100

201 0.25 500 rpm 0 237 0.25 500 rpm 0

202 0.75 100 pct 75 238 0.75 100 pct 100

203 0.25 500 rpm 0 239 0.25 5 0 rpm 0

204 0.75 500 rpm 100 240 0.75 100 pct 100

205 0.24 500 rpm 0 241 0.25 500 rpm 0

206 0.75 100 pct 100 242 0.75 100 pct 100

207 0.25 500 rpm 0 243 0.25 500 rpm 0

208 0.75 100 pct 100 244 0.75 100 pct 100

209 0.25 500 rpm 0 245 0.25 500 rpm 0

210 0.75 100 pct 100 246 0.50 110 pct 0

211 0.25 500 rpm 0 247 (powertest)

212 0.75 100 pct 75

Note 1 - Cylinder head temperatures are allowed to vary with load except for

test period numbers 147, 166, 203, and 239 where they may not exceed

limits recommended by the engine manufacturer.

Note 2 - Coolant temperature is to be maintained at 1B0
0 F for test periods 1

through 204 (except during power tests) and at 210°F for test periods

205 through 246.
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TABLE B-30, DDA 6V-53 POTER CHECK TEST SCHEDULE

Engine Speed
Period (rpm) Rack Position

1 1600 Full

2 2000 Full

3 2400 Full

4 2800 Full

At the conclusion of the endurance run, the engine must develop no

less than 90 percent of its rated power. The engine is then

dismantled and inspected.

The first ten production engines and every second engine of

the next ten (after break-in) are dismantled and inspected to the

extent necessary to verify the following:

9 Oil contamination

* Dirt, chips or foreign matter in the engine block, oil

pan, filters and accessory drive case

e Main bearing bolt torque

* Connecting rod bolt torque

* Cylinder bore scuffing, scoring, galling, etc.

o Piston scuffing and burning

The engines are then reassembled and put through the previously

described power check test.

During engine production, a 50-hour quality control test is

performed. One engine per month when production is less than 100

units and two engines per month when production is greater than 100

units are selected for the 50-hour tests. The test schedule is as

shown in Table B-31, after the normal break-in is conducted. Addi-

tional power check testing is conducted after the 50-hour test sched-

ule is complete. Finally, the engine is reinspected (per Table B-28)

after the performance requirements for the following are verified:

" Speed range

" Governor setting

" Brake horsepower

" Torque
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TABLE B-31, DDA 6V-53 50-HOUR QUALITY
CONTROL TEST SCEEDULE

Test Time Engine Speed Rack Position

Period (Hours) (rpm) (% of full rack)

1 5 1600 50

2 5 2000 75

3 5 2800 75

4 5 2400 100

5 30 2800 100

" Exhaust smoke density

0 Fuel consumption

" Oil consumption

" Oil pressure

" Limiting operating temperatures

3. Detroit Diesel Allison 6V-53T

MIL-E-52395A, 10 March 1976, describes the tests used to

qualify the DDA 6V-53T engine. Fuel for all testing conforms to

grade DF-2 of Federal specification VV-F-800, except for endurance

9 testing. Endurance test fuel has properties as shown in Table

B-32 (using method No. 340.3 of Federal Test Method Standard No. 791).

Engine lubricating oil used for the various tests must be in

accordance with the seasonal requirements of MIL-L-2104 (for -10*F

* to 115 0 F) and MIL-L-46167 (for -65OF to 00 F). The engine manu-

facturer may use oil of his own selection for the engine assembly

and break-in runs, or oil conforming to grade 2 of MIL-L-21260 can be

used.

* The first production engine is subjected to an engine break-in

(schedule not defined) and is then checked for the following (this

test is called an acceptance test)

* Speed range

0 e Governor setting

" Brake Horsepower

S. ll
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* Torque

* Exhaust smoke density

e Oil pressure

TABLE B-Z2, PROPERTIES OF REFEREE GRADE DIESEL FUEL

Parameter Specification

Flash point, minimum, OF 100 or legal

Pour point, maximum, OF 20

Water and sediment, by volume,
maximum percent 0.05

Distillation, 50% evaporated, minimum, F 500

90% evaporated, 0F 600 - 640
0end point, F 650 - 690

Kinematic viscosity, centistokes,
at 100OF 1.6 to 4.5

Sulfur*, percent 0.95 - 1.05

Corrosion pass

Alkali and mineral acids none

Cetane number 40 to 45

*Must be natural sulfur

The engine must also be the examination requirements shown in

Table B-33. The following tests are then conducted:

" Starting tests ( hot and cold soak)

" Slope

* 400 hour endurance

* Power check

* Elevation

* High temperature

* Steam and water cleaning

" Electromagnetic compatibility

" Teardown

I;- 1 14
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The endurance test is the 400 hour NATO cycle procedure which

consists of four periods of 100 hours each where each 100 hour

period is made up of twenty 5-hour schedules as shown in Table

B-34. After the endurance run, a power check test is conducted

(also with the referee diesel fuel) per the schedule in Table B-35.

Subsequent to the endurance run, the engine must conform to

all performance requirements except it must develop no less than

90 percent of its initial power output with a maximum smoke density

not to exceed a No. 3 (light gray using a Robert Bosch EFAW 68

smoke meter or equivalent) without an engine tune-up and 95 percent

of its initial power output after an engine tune-up. Also, there

must be no evidence of abnormal wear of internal engine components.

TABLE B-3 3, REQUIRED EXAMINATIONS OF DDA 6V-53T

Method of
Characteristic Defect Inspection

Valve tappet clearance, Exhaust valves improp- Gage
each valve erly adjusted
Oil sump, fuel and oil Dirt, chips and foreign Visual &
filters particles, due to functional

production
Fuel, oil, and coolant Leakage Visual
leaks
Fuel lines Damaged Visual &

functional
Governor Malfunction Visual &

functional
Torque on cylinder head Improper torque Torque
bolts, intake and exhaust wench
manifold flange bolts,
vibration damper
Crankshaft Excessive or restrictive Gage &

end play functional

Engine Malfunction Functional
Fuel System Components Malfunction - damage or Visual &

leaks, etc. Functional
Fuel Injection System, Malfunction, improper Gage
Timing and Components adjustment
Air Cleaner Malfunction Functional
Air Box Pressure Exceeds Limits Gage
Crankcase Pressure Exceeds Limits Gage

Linkage Improperly Adjusted Visual
Minor Assemblies Omitted Visual
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TABLE B-33, REQUIRED EXAMINATIONS OF DDA6V-53T ENGINE (CONT.)

Method of
Characteristics Defect Inspection

Engine Improper Adjustment or Visual &

Installation of Com- Functional
ponents

Fuel Lines, Hose, Vents, Improper Assembly or Visual
Shut-Off Valve Installation
Painting Improper Application Visual
Workmanship Not Following Good Visual &

Practice, Improper Functional
Installation or
Adjustment of Components

TABLE B-34, DDA 6V-53T 5-HOUR ENDURANCE SCHEDULE

Percent

Rated Percent Endurance
P eriod Speed Load Hours

1 Idle 0 0.5
2 Max Torque 100 1.0
3 100 0 0.5
4 75 85 1.0
5 100 50 0.5
6 100 100 1.0
7 50 25 0.5

Total Endurance 5.0
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TABLE B-35, DDA 6V-53T POWER CHECK TEST SCHEDULE

Rack
Period Engine Speed Position

1 1800 Full

2 2000 Full

3 2400 Full

4 2600 Full

5 2800 Full

During engine production, the first ten engines produced

and every second engine of the next ten ( after the break-in run)

are disassembled and inspected to the extent necessary to deter-

mine the following:

e Oil contamination

* Dirt, chips or foreign matter in the engine block, oil

pan, filters, and accessory drive case

e Main bearing bolt torque

o Connecting rod bolt torque

e Cylinder bore scuffing, scoring, galling, etc.

* Piston scuffing and burning

They are then reassembled and once again put through a break-in

run.

During engine production, an additional quality control test

is performed, called a 50-hour control test. One engine per month

is selected when production is less than 100 units per month, and

two units per month are selected when production is greater than

100 units per month. The selected engines are broken-in, examined,

and acceptance tested and then put through the 50-hour control test

per the schedule shown in Table B-36. During the 50-hour quality control

test, the engine is evaluated for adherence to the following per-

formance requirements:

* Limiting operating temperature

* Speed range

-II]7



TABLE B-36, DDA 6V-53T 50-HOUR QUALITY CONTROL TEST SCHEDULE

TIME ENGINE SPEEDt % OF RACK
PERIOD (HRS.) (RPM) POSITION

1 5 1000 50

2 5 2300 75

3 5 2800 75

4 5 2500 100

5 30 2800 100

* Governor setting

* Brake horsepower

* Torque

" Exhaust smoke density

* Fuel consumption

* Oil consumption

" Oil pressure

" Turbocharging

Additionally, the following data are required to be recorded:

" Engine speed

" Observed brake horsepower

* Observed torque

* Air box pressure

* Fuel pressure after secondary filter

* Lubricating oil pressure

* Lubricating oil temperature in oil sump

* Fuel temperature after secondary filter

* Coolant temperature - engine outlet

* Air temperature at turbocharger

* Cell ambient air temperature

* Exhaust temperature (after turbocharger)

* Fuel flow

* Brake specific fuel consumption

* Specific oil consumption

0 Exhaust smoke density

* Barometer pressure during power check test

Finally, the engine is disassembled and inspected, reassembled,

and shipped as a production engine (pending a successful in-

spection).
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4. Detroit Diesel Allison 8V-71T

MIL-E-46796(MO), as amended 6 December 1973, describes

the tests used to qualify the DDA 8V-71T engine. Three general

tests are conducted, first production, acceptance, and 50-hour

quality control testing. Table B-37 lists the tests required.

All testing, except endurance testing, is conducted

TABLE B-37 , ENGINE TESTS REQUIRED FOR QUALIFYING THE 8V-71T

FIRST
TEST PRODUCTION ACCEPTANCE CONTROL

Break-in run X X
Acceptance (power check) X X
Starting tests X
Slope X
Submersion X
500-hour endurance X
Power check X
Elevation X
High temperature X
Steam and water cleaning X
Radio supression X
Control (50 hour) X

using fuel conforming to grade 2 of Federal specification

VV-F-800. Endurance test fuel is of a referee grade (using method

No. 340-T of Federal Test Method Standard No. 791 having properties

as shown in Table B-38.

TABLE B-38,PROPERTIES OF REFEREE GRADE DIESEL FUEL

Parameter Specification

Flash point, minimum, OF 100 or legal

Pour point, maximum, OF 20

Water and sediment, by volume, 0.05
maximum percent
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TABLE B-38,PROPERTIES OF REFEREE GRADE DIESEL FUEL (CONT.)

Parameter Specification

Distillation, 50% evaporated, inimum, OF 500
90% evaporated, F 600-640
end point, F 650-690

Kinematic viscosity, centistokes, 1.6 to 4.5
at 100 F

Sulfur*, percent 0.95-1.05

Corrosion pass

Alkali and mirneral acids none

Cetane number 40 to 45

*Must be natural sulfur

Engine lubricating oil used for the various tests must be in

accordance 17ith the seasonal requirements of MIL-L-2104 (for

-10°F to 1150F) and MIL-L-10295 (for -65°F to 0 F). The engine

manufacturer may use oil of his own selection during engine

assembly and break-in,or oil conforming to grade 2 of MIL-L-21260.

During the endurance test, the lube oil must be Cities Service

Oil Company designation As shown in Table B-39

TABLE B-39, REFEREE GRADE LUBE OIL DESIGNATION

GOVERNMENT MANUFACTURER'S
GRADE DESIGNATION DESIGNATION

10 MB 2 CHL-140

30 MB 1 CHL-139

50 None None

Engines are selected for examination in accordance with in-

spection level II of MIL-STD-105. Table B-40 describes the re-

quired examinations.
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TABLE B-40 REOUIRED EXAMINATIONS OF DDA 8V-71T ENGINES

GAGE OR OTHER

METHOD OF
CATEGORIES DEFECTS INSPECTION
Valve tappet clearance, Intake and exhaust Gage

each valve valves improperly ad-
justed.

Oil sump, fuel and oil Dirt, chips and foreign Visual and
filters particles, due to pro- functional

duction.

Fuel, oil and coolant Leakage Visual
leaks

Fuel lines Damaged Visual and
functional

Governor Malfunction Visual and
functi:onal

Torque on cylinder head Improper torque Torque
bolts, intake and ex- wrench
haust manifold flange
bolts, vibration damper

Crankshaft Excessive or restrictive Gage and
end play functional

Engine Malfunction Functional

Fuel system components Malfunction - damage or Visual and
leaks, etc. functional

Fuel injection system, Malfunction, improper Visual and
timing and components adjustment functional

Air Cleaner Malfunction Functional

Linkage Improperly adjusted Visual

Minor assemblies Omitted Visual

Engine Improper adjustment or Visual and
installation of compon- functional
ents

Fuel lines, hose, vents, Improper assembly or Visual
shutoff valve installation

Painting Improper application Visual

Workmanship Not following good Visual
practice, improper in-
stallation or adjust-
ment of components

The first production engine is submitted to the tests indicated

in Table B-37. The endurance test is conducted in accordance

with Table B-41. The power check tests indicated in Table B-41

are conducted according to the schedule shown in Table B-42.

During the power check test, compliance with the following
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TABLE B-41 DDA8V-71" 500-HOUR ENDURANCE TEST SCHEDULE

Engine Speed Percent of Engine Speed Percent of
or Percent Full Rack or Percent Full Rack

Test of Max. Load at Test of Kax. Load at

Period Time Rated Speed indicated Period Time Rated Speed indicated

No. (Hours) (rpm) speed No. (Hours) (rpm) Speed

45 1 500 rpm 0

2 2 500rpm 0 46 5 75pet 75

3 5 sopet 75 47 1 500 rpm 0

4 1 500rpm 0 48 5 65 pt 75

5 5 75 pet 75 49 1 500rpm 0

6 1 500 rpm 0 s  5 oo pet 75

7 5 65 pet 75 51 2 500rpm 0

a 1 500 rpm 0 52 5 SO pet 75

9 5 0oo pet 75 53 1 500 rpm 0

10 2 500rpm 0 s4 s 75 pet 75

11 5 S opet 75 55 1 500rpm 0

12 1 500 rpm 0 56 5 S I pet 75

13 s  75 pet 75 57 1 500 rpm 0

14 1 500 rpm 0 58 50 lOpet 75

1s 85 sp t 75 59 2 500rpm 0

16 1 500 Im 0 60 5 SO pt 75

17 5 loopet 75 61 1 500 pm 0

18 2 500rpm 0 62 5 75 p t 75

19 5 sopet 75 63 1 500rpm 0

20 1 500rpm 0 64 5 pet 75

21 5 75 pct 75 65 1 500 rpm 0

22 1 500 rpm 0 66 5 100 pet 75

23 5 85 pet 75 67 (powertast)
24 1 S00IM 0 69 2 5o pet s

25 5 l00 pet 75 69 1 500rtin 0

26 2 5O0rpm 0 70 2 58.4 pet 100

27 5 SOIpet 75 71 2 5.4 t so

28 1 500 rpm 0 72 1 500 rpm 0

29 5 75 pct 75 73 2 56.4 pet 100

30 1 500 rpm 0 74 2 . p soo / 50

31 5 8 Spet 75 75 1 5OO0rpm 0

32 1 500 rpm 0 76 2 S.4 pet 100

33 5 l00 pet 75 77 2 S6.4 pet 50

34 (powrtest) 78 1 500 rpm 0

35 2 500rpm 0 79 2 5.4opot 100

36 5 SOpet 75 so 2 5.4 pet o

37 1 500 rpm 0 $1 1 500 rpm 0

3 5 75 pct 75 62 2 5s.4 p ct 100

39 1 500 m 0 83 2 S8.4 pt so

40 S S5 pct 75 64 1 500r2w 0
41 1 500rpm 0 6s 2 S.4p pt 1o

42 5 100 pct 75 66 2 SB.4 Pat so

43 2 SO00rpm 0 67 1 SOO0rpm 0
4U S / Spet 75 as 2 S.dPat 100
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7 qLE B-41 DDA 8V-71TS00-HOUR ENDURANCE TEST SCHEDULE (Continued)

Engine Speed Percent of Engine Speed Percent of

or Percent Full Rack or Percent Full Rack

Test of Max. Load at Test of Max. Load at

Period Time Rated Speed Indicated Period Time Rated Speed Indicated

No. (Hours) (rpm) Speed No. (Hours) (rpm) Speed

89 2 58.4 pct so 133 1 500rpm 0

90 1 500 rpm 0 134 4 85 pet 100

91 2 58.4 pet 100 135 1 500 rpm 0

92 2 58.4 pet so 136 4 a5 pet 75

93 1 500 rpm 0 137 1 500 rpm 0

94 2 58.4 pet 100 138 4 85 pet 100

95 2 58.4 pct so 139 1 500rpm 0

96 1 500 rpm 0 140 4 85pct 75

97 2 58.4 pct 100 141 1 500rpm 0

98 2 58.4 pet so 142 4 a5 pet 100

99 1 500 rpm 0 143 1 50 rpm 0

100 2 58.4 pet 100 144 4 500 rpm 75

101 2 58.4 pct 50 145 1 500 rpm 0

102 1 500rpm 0 146 4 100 pet 100

103 2 58.4 pet 100 147 1 500 rpm 0

104 2 75 pet so 148 4 lOOpet 100

IS 1 500rpm 0 249 1 500 rpm 0

_J6 2 75 pct 100 1SO 4 100 pet 100

107 4 75 pct so 151 1 5O0 rpm 0

108 1 500 rpm 0 152 4 100 pet 75

109 4 75 pct 50 153 1 50 rpm 0

110 1 500 rpm 0 154 4 lOOpet 100

111 4 75 pct so 155 1 SO0 rpm 0

112 1 5O0 rpm 0 156 4 lOOpet 75

113 4 75 pet 100 157 1 SOO m 0

114 1 SO0 rpm 0 158 4 100 pet 100

115 4 75 pet so 1S9 1 S00rpm 0

116 1 SOO rpm 0 160 4 lOOpet 75

117 4 75 pct 100 161 1 SO0 rpm 0

118 1 500 rpm 0 162 (povertest)

119 4 75 pet 50 163 4 100 pet 100

120 1 SO0 rpm 0 164 1 5O0 rpm 0

121 (powertest) 165 4 100 pet 75

122 4 75 pet 100 166 1 SOO rpm 0

123 1 500 rpm 0 167 3 lOOpet 75

124 4 75 pet so 168 1 500rpm 0

125 1 SO0 rpm 0 169 3 lOOpet 100

126 4 85 pet 100 170 3 lOOpet 75

127 1 SO0 rpm 0 171 1 SOO rpm 0

126 4 85 pet 75 172 3 105 pet 100

129 1 SOO rpm 0 173 3 lODpet 75

'30 4 8Spet 100 174 1 SOO nm 0

'31 1 SO0 rpm 0 175 3 lOOpet 100

132 4 85 pet 75 176 3 100 pet 75
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TkBLE B-41 DDA 8V-71T500-HOUR ENDURANCE TEST SCHEDULE (Continued)

Engine Speed Percent of Engine Speed Percent of
or Percent Pull Rack or Percent Full Rack

Test of Max. Load at Test of Max. Load at

Period Time Rated Speed Indicated Period Time Rated Speed Indicated
No. (Hours) (rpm) Speed No. (Hours) (rpm) speed

177 1 500 rpm 0 213 0.25 S00 rpm 0
178 3 100 pct 100 214 0.25 100 pet 75

179 3 100 pet 75 215 0.25 500 rpm 0
180 1 500 rpm 0 216 0.75 100 pet 100
181 2 100 pet 100 217 0.25 500 zpm 0
182 2 75 pet 75 218 0.75 100 pet 100
183 1 500 rpm 0 219 0.25 500 rpm 0

184 2 85 pet 100 220 0.75 100 pet 100

185 2 100 pet 100 221 0.25 500 rpm 0

186 1 500 rpm 0 222 0.75 100 pet 100

187 2 75 pet 75 223 0.25 500 rpm 0

188 2.75 75 pet 100 224 0.75 100 pet 100

189 2.75 85 pet 75 225 0.25 500 rpm 0

190 2.5 85 pet 100 226 0.75 100 pet 100

191 2.5 85 pet 75 227 0.25 500 rpm 0

192 2.5 100 pet 100 228 0.75 100 pet 100

'93 2.5 100 pet 75 229 0.25 500 rpm 0

'4 2.5 100 pet 100 230 0.75 100 pet 100

195 2.5 100 pet 75 231 0.25 S00 zp 0

196 0.75 100 pet 100 232 0.75 100 pet 100

197 0.25 500 rpm 0 233 0.25 500 Zr 0

198 0.75 100 pet 100 234 0.75 100 pet 100

299 0.25 500 rpm 0 235 0.25 500 rpm 0

200 0.75 100 pet 100 236 0.75 100 pet 100

201 0.25 500 rpm 0 237 0.25 500 rpnm 0

202 0.75 100 pet 75 238 0.75 100 pet 100

203 0.25 500 rpm 0 239 0.25 500 rpm 0

204 0.75 500 rpm 100 240 0.75 100 pet 100

205 0.24 500 rpm 0 241 0.25 SO0 rpm 0

206 0.75 100 pet 100 242 0.75 100 pet 100

207 0.25 500 rpm 0 243 0.25 500 rpm 0

208 0.75 100 pet 100 244 0.75 100 pet 100

209 0.25 500 rpm 0 245 0.25 500 rpm 0

210 0.75 200 pet 100 246 0.50 110 pet 0

211 0.25 500 rpm 0 247 (poertest)

212 0.75 100 pet 75

Note 1 - Cylinder head temperatures are allowed to vary with load except for
test period numbers 147, 166, 203, and 239 where they may not exceed
limits reconmended by the engine manufacturer.

I" 'a 2 - Coolant temperature In to be maintained at 180°F for test periods 1

through 204 (except during power tests) and at 2100F for test periods
205 through 246.

E"-124



TABLE B-42 , DDA 8V-71T POWER CHECK TEST SCHEDULE

PERIOD ENGINE SPEED RACK POSITION

1 1200 Full
2 1400 Full
3 1800 Full
4 2100 Full
5 2300 Full

performance requirements are established:

* Speed range

* Governor speeds

* Brake horsepower

* Torque

* Exhaust smoke density

* Fuel consumption

* Oil consumption

* Oil pressure

* Supercharging

* Engine life

Through the course of the endurance test, the following data
0 are recorded at the end 'of each hour of operation, at the comple-

tion of each period, and just prior to stopping the engine:

* Engine speed

* Observed brake horsepower

* Observed torque

* Intake manifold pressure, 4ter turbocharger

9 Exhaust manifold pressure, before turbocharger

* Fuel pressure after secondary filter

* Fuel supply pressure at transfer pump

* Lubrication oil pressure, gallery

* Crankcase pressure

* Lubricating oil temperature (sump)

* Lubricating oil tem.perature inlet, gallery

" Fuel temperature after secondary filter

" Air temperature at air cleaner inlet

* Air temperature at air box

* Coolant temperature inlet and outlet

* Exhaust temperature before and after turbocharger

" Test cell ambient air temperature

" Blowby
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* Fuel flow

" Specific fuel consumption

" Specific oil consumption (at power check'

* Barometric pressure of test cell - once each 4-hour period.

" Exhaust smoke density

During the endurance test, compliance is established with the

same performance requirements as listed above for the power

check test. At the conclusion of the endurance test, the engine

must comply with all performance requirements except the engine

need develop only 90 percent of its initial power output with a

maximum smoke density as shown in Table B-43.

TABLE B-43, MAXIMUM ALLOWABLE EXHAUST SMOKE DENSITY, 8V-71T

ENGINE SPEED VISUAL NO. 1 METER NO.*
(rpm)_

1000 3 6
1400 3 5
2600 1 4

*The meter reading has precedence over the visual reading.

The first ten engines and every second of the next ten re

submitted to a power-check test (see Table B-42) then disassemb]e

and inspected. All enqines are submitted for acceptance testina

(which includes a power-check test) add must be in comdli.anco u?+'th

the following:

" Speed range

" Governor setting

" Brake horsepower

" Torque

" Exhaust smoke density

" Oil pressure

During engine production, 50-hour quality control testing

is performed (the engines selected are also examined per

Table B-40). After the engine is broken in, it is tested

under the schedule shown in Table B-44
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TABLE B-44 , 8V-71T 50-HOUR QUALITY CONTROL TEST SCHEDULE

TIME SPEED RACK POSITION
PERIOD (HRS.) (RPM) (% OF FULL)

1 5 1400 50
2 5 1800 75
3 5 2300 75
4 5 2100 100
5 30 2300 100

The following data are recorded during the test with the

engine stabilized:

* Fngine speed

e Observed brake horsepower

e Observed torque

e Intake manifold pressure, after turbocharger

9 Fuel pressure after secondary filter

* Fuel supply pressure at inlet to engine driven supply
pump

9 Lubricating oil pressure

* Lubricating oil temperature in oil sump

* Fuel temperature after secondary filter

o Coolant temperature -- Engine inlet and outlet

* Air temperature at air inlet

* Cell ambient air temperature

" Exhaust cemperature, after turbocharger

" Fuel flow

" Brake specific fuel consumption

" Specific oil consumption

" Exhaust smoke density

Subsequent to the 50-hour quality control tesL, a power check

test is performed per the schedule shown in rable B-42

5. Detroit Diesel Allison 12V71T

MIL-E-62146(AT), 31 July 1972, describes the tests

used to qualify the DDA 12V71T engine. The engine is also re-
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quired to comply with the applicable exhaust emissions and smoke

regulations set forth by the U.S. Environmental Protection Agency.

The range of the various required tests are summarized in

Table B-45.

TABLE B-45, ENGINE TESTS REQUIRED FOR QUALIFYING THE 12V-71T

TEST INITIAL
PRODUCTION ACCEPTANCE CONTROL

Initial Production
(Endurance) X
Speed Range X
Governor X X X
Brake Horsepower X X X
Torque X X X
Exhaust Smoke Density X X X
Engine Emission X X
Fuel Consumption X X
Oil Consumption X X
Oil Pressure X X X
Air Box Pressure X X X
Air Induction X
Restriction X X
Exhaust Back Pressure X X
Operating Temperature X X
Oil Cooling Temperature X X
Rise
Starting X
Elevation Conditions X
Grades and Slopes X
Leakage X X X
Submersion X
Steam & Water Jet Cleaning X
Production Break-in X X
Fifty-Hour Run X

Testing, including endurance testing, is conducted using

fuel conforming to grade DF-2 of Federal specification VV-F-800.

However, the engine is also required to operate at reduced out-

put on fuel conforming to grade 2 of MIL-T-5161. Engine lubri-

cating oil must be in accordance with the seasonal requirements

of MIL-L-2104 (for -100F to 125°F) and MIL-L-10295 (for -65°F

to 100F). The engine manufacturer may use his own lube oil

during engine assembly and break-in.

One of the first ten engines produced is subjected to a
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variety of tests (see Table B-45 ) and in addition is inspected

for defects per Table B-46 .

TABLE B-46 , REQUIRED EXAMINATIONS OF DDA 12V71T ENGINES

CHARACTERISTIC DEFECT METHOD OF INSPECTION1

Valve clearance, each Intake and exhaust Gage
valve valves improperly

adjusted

Oil sump, fuel and oil Dirt, chips and Visual
filters foreign particles,

due to production

Fuel, oil and coolant Leakage Visual
leaks

Fuel lines Damaged, rubbing or Visual
improperly supported

Governor Malfunction Visual &
Functional

Torque on cylinder Improper torque Gage
head bolts, intake
and exhaust manifold
flange bolts

Crankshaft Excessive or restrictive Gage &
Functional

Fuel system components Malfunction - damage or Visual &
leaks, etc. Functional

Fuel injection system, Malfunction, improper Visual &
timing and components adjustment Functional

Injection pump support Improperly installed Visual
bracket

Linkage Improper adjustment Visual

Minor assemblies Omitted Visual

Engine Improper adjustment or Visual &
installation of com- Functional
ponents

Fuel lines, hose, vents Improperly assembled or Visual
shut-off valve installed

Painting Spots missed, sags or Visual
runs

Workmanship Not following good Visual,
practice, improper Gage &
installation or ad- Functional
justment of components
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Included in the test is a 400-hour endurance test which consists

of four periods of 100 hours each. Each 100-hour period consists

of twenty 5-hour schedules as shown in Table

TABLE B-47, DDA GV-53-T 5-HOUR ENDURANCE SCHEDULE

Percent
Rated Percent Endurance

period Speed load Hours

1 Idle 0 0.5
2 Max Torque 100 1.0
3 100 0 0.5
4 75 85 1.0
5 100 50 0.5
6 100 100 1.0
7 50 25 0.5

Total Endurance 5.0

To ensure compliance with the various performance specifications,

the engine is submitted to a power check test before each 100-hour

test cycle. The power checks are performed at full load and

engine speeds of 1400, 1600, 1800, 2100, 2300, and 2500 rpm, in

both ascending and descending order. Data for the following are

obtained for each engine speed (after engine stabilization):

* Speed range & governor

" Brake horsepower and torque

" Exhaust smoke density

" Fuel consumption

" Oil consumption & oil

" Pressure

" Air box pressure

Also, following the pre-endurance test power check, part load data

is obtained at each of the speeds above plus 85, 70, 50, and 25

percent of full load for each speed. During the endurance test

the engine can be shut down after completion of any period in

the 5-hour schedule (see Table B-47), but a cool down is required

after periods 2, 4, and 5. A one-half hour warm-up is required

following any shut-down and prior to continuation of the

endurance run. At the conclusion of the endurance run
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and associated tests, the engine is disassembled to the extent

iequired to perform the following inspections:

9 Oil contamination

* Dirt, chips or foreign matter in the engine block, oil
pan, filters, and accessory drive case

* Main bearings bolt torque

* Connecting rod bolt torque

* Cylinder bore scuffing, scoring, and galling

* Piston scuffing, scoring, and burning

* Excessive wear

t Every production engine is inspected for defect per Table

B-46, given a break-in run, and the following tests are con-

ducted (see Table B-45).

* Governor

* * Brake horsepower

* Torque

* Exhaust smoke density

* Oil pressure

* Air box pressure

0 Leakage

During engine production, 50-hour quality control testing

is conducted. One engine per month when production is less than

100 and two engines per month when production is greater than

100 are selected for the 50-hour tests. The engines are ex-

amined for defects per Table B-46, and tested in accordance

with the schedule shown in Table B-48 (Table B-45 indicates other,

specific tests which are conducted).
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TABLE B-48 , 12V-71T 50-HOUR QUALITY CONTROL TEST SCHEDULE

PERIOD TIME (HRS.) ENGINE SPEED (RPM POWER LEVEL

1 1 2000 0.5 load
2 0.5 600 Idle
3 1.5 2500 Full load
4 0.5 600 Idle
5 2 2000 0.5 load
6 0.5 600 Idle
7 2 2500 Full load
8 1 600 Idle
9 5 2500 Full load

10 1 600 Idle
11 5 2500 Full load
12 1 600 Idle
13 5 2500 Full load
14 1 600 Idle
15 5 2500 Full load
16 1 600 Idle
17 5 2500 Full load
18 1 600 Idle
19 5 2500 Full load
20 1 600 Idle
21 5 2500 Full load

6. Detroit Diesel Allison 8V-92T and 8V-92TA for M911 Vehicles

MIL-PD-T-911 is the purchase description document which

is used for procuring the M911 vehicles. A copy of the subject

document was not obtained through the course of this research

effort, however, the contents of the document were revealed

through discussions with Detroit Diesel Allison and TACOM

personnel. The required tests, in fact, are similar to those

called out in MIL-T-PD-977, (M977, M978, M983, M984, and M985

vehicles which will contain the 8V-92TA) which will be discussed

next.

MIL-PD-T-911 specifically requires that the engine selected

be a commercially proven item and conform to U.S. Environmental

Protection Agency emission standards. Further, the engine is

required to pass the 400-hour NATO endurance test (see sections

of this appendix for a description of the procedures, e.g.,

section B.5). Various vehicle durability tests are required,

examples of which are similar to MIL-T-PD-977 to be described next.



7. Detroit Diesel Allison 8V-92TA For M977, M978, M983,

M984, and M985 Vehicles

M-T-PD-977 is the purchase description document which is

used to procure the M977, M978, M983, M984, and M985 vehicles

(which will enter the fleet in early 1982).

The purchase description document specifies that the engine

selected be a commercially proven item and conform to Federal

(U.S.) emission standards (the v-92TA has been selected). The

engine specific qualification requirements contained in MIL-T-

PD-977 are summarized as follows:

* The engine must be a commercially proven item.

* The engine must meet U.S. E.P.A. emissions regulations

* The engine must meet the 400-hour NATO test which includes
operation with high sulfur diesel fuel (1+ .05%).

The 400-hour NATO test for the 8V-92TA engine for this pro-

curement is reportedly in progress. Appenix C of this report

contains an official description of the NATO test procedure

being used. Briefly, the endurance test consists of four 100-hour

cycles where each 100-hour cycle is composed of ten 10-hour

schedules. The 10-hour schedule is shown in Table B-49.

TABLE B-49, DDA 8V-92TA 10-HOUR ENDURANCE TEST CYCLE

Period Perceht Rated Speed Percent Loae Endurance Hours

1 Idle 0 0.5
2 100 100 2.0
3 * 0 0.5

4 75 100 1.0
5 Idle to 100 0-100

(4-6 min.) 2.0
6 60 100 0.5
7 Idle 0 0.5
8 ** 70 0.5
9 Max Torque 100 2.0

10 60 50 0.5

Total Endurance 10

*Governed speed at full throttle and minimum load
*Full throttle and 70% load
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Various vehicle tests will be conducted among which are

initial production and acceptance testing.

The initial protection test includes a detailed inspection

of the vehicle (including its engine), and durability tests at

selected Army Proving Grounds. MIL-T-PD-977 contains details

of the number of vehicles, terrain, and courses involved.

8. Caterpillar Tracter Company 333C and 3306 Engines

MIL-E-6113B(AT), 23 April 1976, describes the tests used

to qualify the CAT 3306 engine. A previous version of the

specification, MIL-E-62133A(AT), 15 January 1971, was used to

qualify the Cat 333C engine. Since the 3306 specification was

esentially unchanged from the 333C specification, and the engines

are similar (the 3306 is a replacement engine for existing GOER

vehicles containing a 333C engine in need of replacement), the

remaining discussion will be specific to the 3306 engine and

MIL-E-62133B(AT). The engine is also required to comply with

the U.S. Environmental Protection Agency regulations governing

control of exhaust emissions from new motor vehicle engines in

effect on the date of manufacture. In addition to the engine

specific tests, a vehicle test is called for (at the time of

vehicle procurement and as part of the vehicle qualification

testing) to determine mean time between failures (MTBF), dura-

bility and maintainability factors for the engine.

With respect to engine qualification testing, the range of

the various required qualification inspections as well as the

location of the test is shown in Table B-50. All testing is

conducted using fuel conforming to grade 2 of Federal specifi-

cation VV-F-800. Engine lubricating oil used for the various

tests must be in accordance with the seasonal requirements

of MIL-L-2104 (for -10°F to 1250F) and MIL-L-46167 (for -650F

to 10 F). The engine manufacturer may use lube oil of his own
selection during engine assembly and break-in.
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TABLE B-5, 3306 QUALIFICATION INSPECTIONS AND TEST LOCATION

TEST
REQUIREMENT INITIAL
DESCRIPTION PRODUCTION ACCEPTANCE CONTROL

Break-in X X
Acceptance X X
Initial production X

(endurance)
Speed range & governor X X X
Brake horsepower & torque X X X
Exhaust smoke density X X X
Fuel consumption X X X
Oil consumption X X
Oil pressure X X X
Supercharging X X
Air restriction X X
Exhaust back pressure X X
Operating temperatures X X
Cooling system X X
Environment X
Cold starting X
Elevation X
Leakage X X X
Grades & Slope X
Steam & jet cleaning X
Air pollution X
Radio interference X

suppression

One of the first ten engines produced is subjected to a variety

of examinations (see Table B-51 ) as well as tests (see TableB-50

including a 400-hour endurance test. The endurance test consists

of a total of 400-hours divided into four periods of 100-hours each.

Each 100-hour period consists of twenty 5-hour endurance schedules

(see Table B-52).
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TABLE B-5 REQUIRED EXAMINATIONS OF 3306 ENGINES

CHARACTERISTIC: DEFECT METHOD OF INSPECTION

Valve tappet clearance (each valve): intake Visual and functional
ana exhaust valves improperly adjusted.

Fuel, oil and coolant leaks: leakage Visual

Governor: malfunction; not sealed Visual and functional

Torque on accessible cylinder head bolts, Visual and functional
intake and exhaust manifold flange
bolts that can be reached without
breaking seals or removing cover: im-
proper torque.

Crankshaft: excessive or restrictive Visual and functional
end play.

Fuel system components: malfunction; Visual and functional
damage; leaks

Fuel injection system timing and Visual and functional
components: malfunction; improper
adjustment.

Fuel lines: damaged; rubbing; improper Visual
support.

Injection pump support bracket: improperly Visual
installed.

Linkage: improper adjustment Visual and functional

Minor assemblies: omitted. Visual

Engine: improper adjustment or installa- Visual and functional
tion of components.

Fuel lines, hose, vents, shut-off valve: Visual and functional
improperly assembled or installed.

Oil sump, fuel and oil filters: dirt, Visual
chips, and foreign particles, due to
production.

Painting: spots missed; sags or runs Visual
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TABLE B-52, 3306 5-HOUR ENDURANCE TEST SCHEDULE

I Percent
Rated Percent Endurance

Period Speed Load Hours

1 Idle 0 0.5
I 2 Max Torque 100 1.0

3 100 0 0.5
4 75 85 1.0
5 100 50 0.5
6 100 100 1.0
7 50 25 0.5

Total Endurance 5.0

Durinq the endurance test, power-check tests are conducted to assure

conformance to the following performance parameters:

* Speed range

* Brake horsepower

0 Torque

0 Exhaust smoke density

o Fuel consumption

o Oil pressure

* Supercharger pressure

The power check tests are performed at full-load and engine speeds

of 15F0. 1700, 1800, 1900, 2000, 2100, and 2200 rpm in both

ascending and descending order. Data is recorded at each engine

setting. In addition, following the pre-endurance run power-

check test, part load data is obtained at each of the above listed

engine speeds at 85, 70, 50, and 25% of full load. During the

endurance run, the engine can be shut-down after completion of

any period in the 5-hour schedule (see Table B-52), but a cool-

down run is required after periods 2, 4, and 5. A one-half hour

warm-up is required following any shut-down and prior to con-

tinuation of the endurance run. The following data is recorded

during the last five minutes of each schedule period and power-

check tests:
o Engine speed
o Observed brake horsepower and/or torque
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" Fuel flow

" Test cell ambient temperature and barometric pressure

" Engine oil gallery and sump temperature and pressure

" Fuel secondary filter out and spill back temperature and

pressures

" Air cleaner inlet temperature

" Air intake manifold pressure

9 Air cleaner restriction

* Coolant engine inlet and outlet temperatures and pressures

e Exhaust port temperatures

e Exhaust manifold pressure

e Crankcase pressure

e Fuel, transfer pump, inlet pressure

9 Oil consumption will be calculated on basis of oil added

to the engine as necessary during the endurance run.

o Exhaust smoke density (power-check only)

At the conclusion of the endurance run, the engine must conform

to all performance requirements except that power and torque can

not be less than 95 percent of initial readings without read-

justment of the injection system. A compression check is made of

all cylinders (variation between cylinders can not be more than

50 psi at 4000 rpm). Also, there can be no abnormal wear of

internal engine components.

Every production engine is given a break-in run and the

engines are tested per Table B-50, and examined per Table B-51.

These tests are known as acceptance tests.

During engine production, 50-hour quality control testing is

performed. Engines are selected at the rate of one per month when

production is less than 100 and two per month when production is

greater than 100. The tests follow the schedules shown in Table

B-53.
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TABLE B-53, 3306 50-HOUR QUALITY CONTROL TEST SCHEDULE

Time Speed Percent of Full Rack Load At
Period (hrs) (rpm) Indicated Speed

1 (Engine must have completed acceptance & inspection tests)

2 5 1550 50

3 5 1800 75

4 5 2000 75
5 5 2100 100

6 30 2200 100

After the 50-hour quality control test, the engine is given a
compression check (variation between cylinders can be no more

fr than 50 psi at 4000 rpm) and disassembled to the extent necessary
to determine the following:

* Oil contamination
" Dirt, chips or foreign matter in the engine block,

oil pan, filters and accessory drive case.
* Main bearings bolt torque, head bolt torque, intake

and exhaust manifold flange bolts, and vibrator damper.
* Connecting rod bolt torque.
" Cylinder bore scuffing, scoring, and galling.

" Piston scuffing, scoring and burning.

" Excessive wear.

9. Cummins Engine Company NHC-250
ATPD-2023B has been used, in part, to qualify the Cummins

NHC-250 which was specified as a commercially proven engine. The
purchase description refers primarily to vehicle tests (from a
druability or endurance perspective), but some engine specific
tests are described. Also, the purchase description requires
various fuels to be tested, while only VV-F-800 fuel was used
in qualifying the NHC-250. The document was originally in-
tended for procuring a replacement engine for the M39 series

trucks with multi-fuel engines.
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Sources at TACOM state that the NHC-250 did successfully pass

a 500-hour enduranct test. A description of the 500-hour endurance

procedure and associated tests has been described previously

(see, for example, Table B-29 and Section B.2).

TACOM is presently in the process of writing a specification

for the NHC-250. Also, a new procurement is in progress to

replace the M809 series; the new series will be called the M939.

10. Cummins Engine Company V8-300

MIL-E-52396(MO) describes the procedures used to qualify

the V8-300 engine. The specification has been cancelled as of

15 July 1975. The engine was, however, qualified via the 500-hour

endurance procedure and related tests. Section B.2 presents a

good discussion of the various test procedures associated with

the 500-hour endurance test.

11. Cummins Engine Company VTA-903T

The VTA-903-T is the engine selected to go in the

M2 and M3 vehicles. The engine has recently completed the NATO

400-hour endurance test.

12. Cummins Engine Company NTC-400

MIL-T-PD-9156 is the purchase description used to pro-

cure M915 Series vehicles. These vehicles are not considered

combat or tactical. An engine draability (i.e., NATO 400-hour

test) test was not required.
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APPENDIX E-3

NATO STANDARD ENGINE LABORATORY TEST-EDITION JUNE 80

CHAPTER 1

PURPOSE AND APPLICABILITY

SECTION 1-1 - PURPOSE

The purpose of this document is to define a test method and
standard conditions to enable all NATO countries to conduct tests using
an identical method or to analyse the tests conducted .n the laboratories
of other NATO countries on the basis of this method.

The method described below is indepe dont of existinR national
test methods, which may be used for suppleme,ery testiri.

When an engine has met the requirer r of the tests under the
present code. its power rating should be indi ad as follows : "Power
rating .... Kw (... metric HP) at .... r.p.m.. in accordance with NATO
code AEP 5. Edition June 1980*.

SECTION 1-2 - APPLICABILITY

These test conditions apply to all service vehicle (combat and
transport) propulsion Diesel and gasoline engines.

NOTE SI units will be used.

CHAPTER 2

TEST REQUIREMENTS

SECTION 2-1 - GENERAL COMPOSITION AND ORDER OF TEST

2.1.1. Engine reception.
Running-in in accordance with manufacturer's instructions.
Performance test. complete (full and part loads).

Endurance test.
Performance test. complete (full and part loads).
Disassembly, inspection and measurement.
Report.

NOTES (1) Engine measurements may be carried out before running-in.

(2) The manufacturer is responsible for defining the running-
in programme and the engine should have been run-in before
It is submitted for testing.
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(3) In so far as possible, the manufacturer's drawinqs and
technical data viii be supplied with the engine, to assist
inspection and measurement of components.

(4) It is normal practice for the engine to be given a prelimi-
nary performance test immediately after receipt, to check
acceptability.

(5) The initial. if accomplished, and final inspection of the
engine should be carried out by the same inspection team
using the same gauges.

2.1.2. During performance and durability testing, the following varia-
bles will be monitored

a - Main values
Speed (engine output shaft)
Torque

b - Ambient conditions
Temperature of ambient air
Atmospheric pressure
Humidity

c - Air and gases
Inlet air temperature
Induction or cylinder inlet depression
Inlet air flow (performance test only)
Air temperature and pressure in the inlet manifold
Exhaust temperature
Exhaust back-pressure
Gas temperatures at points influencing fuel control (if re-
quired)

d - Lubrication and cooling
Oil temperatures and pressures
Temperatures into and out of external coolers
Flow rates of fluids to cooling devices external to the engine
(for heat rejection calculations)(e,, .1 6*l eol
Oil consumption (during endurance tests only)

e- Fuel
Fuel temperature
Fuel consumption

t - Miscellaneous
low-by

Smoke density

2.1.3. Regulated parameters
Outlet liquid coolant temperatures

96'C * 3"C
Induction depression at rated power

12,5 ± 2,5 mbar

Exhaust back pressure at rated power
,0 mbar * S

,,,l temperature at injection pump inlet
30C . 3"C
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2.1o.. TEST CONDITIONS
Measuring is to be done in normal and stable operating condi-
tions.

The temperature of the air entering the engine (ambient air)
is to be measured at a maximum distance of 0.15 m from the
air filter Inlet or, if there is no filter, 0,15 m from the air
inlet nozzle. The thermometer or thermocouple must be protected
against heat radiation and be located directly in the air jet.
Testing must be carried out in an adequate number of positions
to give a representative inlet temperature.
Once an output speed has been selected for measurement purpo-
ses, its value must not vary by more than * I % or * 10 r.p.m.
(whichever of these limits is the higher) di'ring measurement.

The readings for brake load, fuel consumption and inlet air
temperature are to be taken simultaneously, the value recorded
being the average of two stabilized results, obtained in succes-
sion with brake load and fuel consumption diflering by less
than 2 %.

When a device fitted with an automatic starting system is used
for measuring speed and consumption, the duration of measure-
ment must be at least 30 seconds ; if the measuring device is
manually operated, the duration must be at least 60 seconds.
The exhaust gas outlet temperature must be measured at a point
downstream and less than 100 mm from the flange (a) of the
exhaust manifold (s).
Lubricant temperature is to be measured at the inlet and outlet
of the heat exchanger if there is one. Otherwise it must be take

* preferably in the lubrication system, or, failing this, in the
crank case. The messurinq point will be specified in the test
report.

Fuel temperature must be read at the injection pump inlet, or
carburettor inlet.
Cooling condition for air cooled engine will be in accordance
with manufacturers specification.
Auxiliary power take-offs may be loaded and mesured if desired

2.1.5. MEASUREMENT ACCURACY

- TORQUE

The torque must be accurate within + 0.5 % of the highest
value to be measured.

- OUTPUT SPEED

Measurement must be accurate to within 0 0.5 %.

- FUEL CONSUMPTION

I 1 % for all apparatus used.
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- TEMPERATURES

Intake air + I6C.

- PRESSURE
Atmospheric pressure + 0.7 mbar
Air and gas pressure-# 50 mbar
Induction and exhausi-pressure and depression .0,250 mbar
Pressure of other fluids + 250 mbar

SECTION 2-2 - DEFINITION OF ENGINE

Engines will be equipped only with such auxiliary equipment
as is strictly essential to their operation (see table of auxiliary equip-
ment at Annex A).

SECTION 2-3 - PERFORMANCE TEST

The performance test maximum load curve will be plotted from
measurements taken at a minimum of five speed settings, the fifth setting
being the rated speed.

For each setting, the engine should be run for a sufficient time
to allow the operating parameters to stabilize.

Part-load data is to be recorded at the same pre-selected speed
as was used for the full-load test. The part loads for each speed point
are to be calculated at least for 85 %, 70 %, 50 % and 25 % of the full
load at the given speed.

During this test, the smoke emission as measured on the Robert
BOSCH Scale (or equivalent) shall not exceed 1.5. *t' ..-

No correction factor will be applied and the test results must
tnclude air temperature and atmospheric pressure.

The inlet air temperature shall be maintained as close as possl-
ble to 256C.

SECTION 2-4 - ENDURANCE TEST

2.4.1. The endurance test duration is 400 hours, divided into four
periods of 100 hours each. At the completion of each period.
the engine shall be submitted to a full-load performance check.
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2.4.2. Normal maintenance and adjustment will be permissible after
each 100 hour test period.

2.4.3. Engine oil and filters shall be changed after each 100 hour
period.

2.4.4. The coolant outlet temperature is to be held at 96'C + 3'C or
a higher temperature if proposed by the manufacturer. The
coolant is to be water plus antifreeze in egal volume.

,I
2.4.5. The engine oil temperature is to be measured in the lubrication

system. The temperature measurement location shall be specified.

2.4.6. The four 10 hour periods which make up the endurance test
are to be carried out with the reference fuel defined in Chap-
ter 3.

* 2.4.7. Each 100 hour period is to comprise ten 10 hour cycles. Each
10 hour cycle will be carried out in accordance with the pro-
gramme (section 2-5).

2.4.8. Data will be recorded durinq the last five minutes of each of
the sub-cycles included in the basic 10 hours cycle, with the
exception of sub-cycle 5.

2.4.9. No interruptions are permitted durinq any of the sub-cycles.
but the engine may be switched off on completion of any sub-
cycle.
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SECTION 2-5 - PROGRAMME OF 10 HOUR CYCLE

Sub Cycle % Rated Speed % Load (3) Duration in hours

1 IDLE 0 1 -

2 100 100 2

3 governed speed (1) 0

4 75 100 1

5 IDLE .- 100 0*--4100 2AMIN 6 MIlN

6 60 100 1
7 IDLE 0

S governed speed (2) 70 (3) 1

9 Max torque speed 100 2

10 60 50 (3) 4

Total 10

NOTES

(1) The speed shall be that attained with the enqtne at full
throttle and with minimum load (residual brake load).

(2) The speed shall be the steady speed of the engine at full
throttle and 70 % load.

(3) Part loads (70 and 50 %) shall be taken from the initial per-
tormance test.
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CHAPTER 3

FUELS AND LUBRICANTS AND ANTIFREEZES

301 Engines are to be tested on Reference Fuels and Lubricants
and antifreezes as specified by the relevant NATO Authority.

CHAPTER 4

DEFINITION OF TEST FAILURE

401 A malor failure is a failure of any part or component of the
engine assembly that leads to a final stoppage of the test or
that brings about as loss of power which cannot be rectified
to give at least 95 % of rated power.

Any major failure will lead to termination of the test and any
retest must start at 0 hour.

Major failures and corrective action are to be reported to the
proper National Authority.

402 A minor failure is a defect which leads to a loss of power or
degradation of the operation of the engine and which it is possi-
ble to remedy within the scope of normal maintenance and ad-
justment. If 95 % of the rated power cannot be obtained after
normal maintenance then the test will be terminated. The minor
failures and the measures taken to overcome them ivust be in-
cluded In the report.

403 The suitability of an engine for NATO AEP5 Approval is to be
the responsibility of the National Authorities after completion
of the .00 hours test and consideration of the final condition
of the engine.
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ANNEXE A

DETAILS OF PRODUCTION AUXILIARY EQUIPMENT

(To be included as applicable)

Inlet system
Inlet manifold............................ Yes

Air filter ......................

Inlet silencer ........... Optional

Blowby gas recirculation intake ... J

Exhaust system

Manifold................................. Yes

Piping.......................... 
T s e c q i m n

Silencer.................................. Tsbeceqimn

Exhaust pipes ....................

Fuel feed pump................................. Yes

Yes (details of ad-
Carburettor.................................. justment will be specified)

Ignition system
Distributor............................... Yes
Spark-plugs.............................. Yes
Coils..................................... Yes

Suppressor............................... Yes

Fuel injection equipment
Prefilter ........................... Yes or test bench
Filter ............................ J equipment

Pumo..................................... Yes
Hgh-pressure pipes ........................ Yes
Injector.................................. Yes
Nelqulator................................ Yes
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Liquid cooling equipment

Radiator ...........
7 No

F.an ........ ..

Water pump ......................... Yes

Thermostat ........................... Yeq

Air cooling equipment

Streamlining ......................... Yes

Blo er ............................... Yes

Temperature regulating device ... Yes

Electrical equipment ....................... If necessary

Supercharging equipment

Compressor driven directly or
indirectly by the engine and/or
exhaust gas .......................... Yes

Charge cooler ........................ Yes

Coolinq pump or tan ................. Yes
(engine driven)

Device for regulatinq flow of
cooling fluid ........................ Yes
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ANNEX B

INFORMATION TO BE INCLUDED

IN TEST REPORT

A complete report coverinq all the tests, servicing, maintenance.
rectification of faults and the condition of the engine at the strip exami-
nation including the measurements of the principal wearing parts will
be compiled.

The report viii also include the following

1. A statement of the build standard of the engine. with drawings
and a parts list.

2. Photographs of the engine from four different views.

3. Photographs of the test installation at least four different views.

4. A list of equipment fitted to the engine.

S. Sample test sheets and a summary with a list of faults and the
remedial action taken.
Full load performance data will be show in the format indica-
ted.

6. An engine condition report at end of test with photographs of
the condition of major parts such as pistons. bearinqs, valves.
camshafts. crankshafts. cylinder bores together with any other
components of interest.

7. A history chart of lubricatini oil used during the endurance
tests.

8. Analysis of new and used lubricating oil, the latter to be taken

a approximately 100 hours intervals.

9. Fuel analysis.

10. Any other relevant data.
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ENGINE Type NO. lace date
-. FULL OCHARGE PERFORMANCES Reference

FUEL IOIL type RAKE type
Volume mass .o grade
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DEINITION OF SIRTS

t i aambient temperature . ti s air temperature after

PO # ambient pressure filter (or compresror inlet)

* n s engine speed . 0- pl e inlet depression_

M a engine torque 2 I compressor die charge tempers-

* P i output pover

* pm/bmpe brake mean effective presure 2 compressor i5ur pressure
p t2 s air temperature after chargeCa/bafc # specific fuel oUnumsptIA cooler

. i volume of fuel par injection . p2 -p2' pressure of across Charge

* qm mss fuel flov per hour oooler

*tH I oil temperature . 13 i exhaust @Lz temperature

" PB a oil pressure (turbine Inlet)

" te l coolant temperature inonne . p3 s exhaust got pressure
(turbine inlet)

" to I coolant temperature out of e e n g i trbine discharge teipeutur

. p4 -pO a Exhaust back pressure

to P0

tip

P1 t
tt2p

p2
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APPENDIX E-4
FUEL SYSTEM COMPONENTS QUALIFICATION PROCEDURES

A. INTRODUCTION

The use of an alternative fuel (instead of the specified)

fuel) in an existing diesel engine as in the present fleet of

M-Series vehicles can quickly result in problems with critical

fuel system components. The types of critically affected

components include (not necessarily in order of importance) fuel

* injection equipment, fuel metering and supply pumps, fuel filters,

fuel hoses as well as other components.

It is important to remember that the long term use of an

alternative fuel can affect other engine components as well. Ex-

amples include pistons, piston rings, cylinder liners, valves,

bearings and others. These types of engine-related components

were considered to be beyond the scope of this project and thus

were not explicitly addressed. However, it should be recognized

that these components are indeed affected by changes in fuels

and fuel characteristics.

The following describes the types of tests, as related by

fuel system component manufacturers, to either quality check

their products or certify their applicability to a given fuel.

In some cases military or other specifications govern the

procedure or lend guidance.
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B. FUEL INJECTION EQUIPMENT

1. In-Line Fuel Pumps/Injectors/Nozzles

Most test procedures for inline injection type pumps

(e.g., American Bosch and Caterpillar, see Figure D-l) are

fairly similar and involve test stand operation of the fuel

supply system (pump, injectors and nozzles). The typical

test involves operation using the lightest grade fuel antici-

pated. The pump must be mounted exactly as on the engine (same

side load on input shaft, if any) and the pump will be calibrated

at various times during the testing. The duration of the testing

is from 1000 to 2500 hours at an injection line pressure up to

33% over maximum design operation pressure at rated pump speed.

The pump is typically cycled between 90 percent of full discharge

and 10 percent no discharge at the rate of nine seconds on and

one second off. The fuel temperature is maintained at 1700F and

is checked every 100 hours for signs of oxidation(the fuel

should be changed every 500 hours). Special attention is drawn

to signs of leakage during operation at the idle condition. With

respect to materials, immersion tests are conducted with fuel

temperature maintained at 2000F to 300 0 F. The injection pump

must be operational at the end of the test and be within + 2

percent of its rated fuel delivery. A test of 1000 hours dura-

tion is considered sufficient to predict wear likely to be en-

countered in 10,000 hours of engine operation.

2. Unit Injuctors and Supply Pumps

For engine/fuel systems which rely on unit injectors (see

Figure D-2), the flow capacity of the fuel pump is important to

satisfactory operation. If the physical properties of a new fuel

are such that the pump cannot maintain its rated capacity at

rated pressure, engine performance will suffer. In many cases

where unit injectors are used, the fuel pump is of a gear type

(see Figure D-3), driven directly by the engine. A fuel regu-

lator maintains system pressure and the amount of fuel which is

returned to the tank.

For a new fuel, Detroit Diesel Allison (DDA) suggests that a
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FIGURE D-2, DETROIT DIESEL ALLISON UNIT INJECTOR
AS ON THE 6V-53 AND 6V-53T ENnTmr..;
SOURCE: TM9-2815-205-34P
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1000 hour bench test of the pump (operating at rated capacity and

pressure with the fuel in question) can be used to predict this

operating lifetime of the pump. The seals used in the pump should

then be checked for dimensional changes (swelling or shrinkage).

Visual observation of the interior of the pump should reveal no

corrosion or pitting.

DDA also suggests that unit fuel injector/nozzle assemblies

can be bench tested. They should be placed in a mock-up of the

fuel system and cycled for 1000 hours. Th fuel can be heated

(typically to 176°F) during the 100 hour test. If the fuel is

heated, it should be checked for oxidation every 100 hours and

changed every 500 hours. The injectors should be cycled from

100% delivery to zero delivery for time periods of 9 seconds and

1 second, respectively. At the end of the test the injectors

are evaluated according to standard repair shop test procedures.

The factors most critical are fuel retention, pop-off pressure,

leakage and dribble. The internal components of the injector

can be evaluated for compatibility by immersion in the test fuel.

The fuel can be heated and the test duration should be at least

200 hours. Typical adverse results are corrosion, rusting, or

deposit formation. After the fuel injector/nozzle assembly is

bench-tested, the nozzles must be in good working condition.

They should have valve opening pressures within specifications,

not leak, and retain their rated flow capacity (measured at

10,000 psi live pressure). The fuel-passages in the nozzles

should be clean and show no sign of corrosion, erosion or cavi-

tation.

3. The Cummins PT Fuel System

Engineers at Cummins Engine Company feel that the best

(and quickest) way to test their fuel system (see Figure D-4)

is to conduct an engine endurance test. The test should be at

least 500 hours at rated speed and load. Their opinion is that an

engine durability test is most realistic and will discover

problems in the fuel system which may not be uncovered in a

bench-type fuel system test. This is particularly so in the

case of the injectors. That is, many injector problems are

E-161



combustion related and are thus best revealed by monitoring

changes in engine operation such as smoke, fuel consumption and

power output.

Cummins does, however, suggest a procedure for bench testing

their pump on a new fuel, if such an approach is desired. They

suggest a 500 hour bench test at constant speed and with fuel

output near maximum. The internal parts should be measured

before and after the test. The fuel pump bearings are especially

critical and any leakage from the seals at the pump driveshaft

is an indication of bearing wear. A good measure of pump deter-

ioration due to wear is to check the calibration curve at inter-

vals during the test and subsequent to the test. Pump elastomers

can be tested separately by immersion in the test fuel at an

elevated ambient temperature (the exact temperature depends on

the fuel). The Cummins personnel contacted feel confident

that a 500 hour test can provide reliable wear data for their

fuel injection pump.

With respect to the Cummins fuel injectors, it is again

Cummins' opinion that an engine operational test is more realistic

for evaluating a new fuel. An important indicator of injector

wear is the clearance between the plunger and barrel. This is

measured using an air leakage test developed by Cummins for this

purpose (the amount of leaking air can be correlated with plunger

and barrel wear). No-load operation is considered to be the

worst condition for operation of the injectors; this is the con-

dition under which injector leakage is best observed. Scuffing

and scoring of the plunger and barrel can be observed by

visual inspection. Cummins suggests that the type of tests con-

ducted and factors to be concerned about should be dependent on

the fuel being used. For example, attention should be given to

signs of increased clearances, scoring and scuffing if the fuel

has low lubricity and/or viscosity. High fuel sulfur content

or acidity is likely to cause corrosion and thus the test pro-

cedure should reflect the worst operating conditions for which

these fuel properties are a problem. Also, fuels with low hy-

drogen content or high viscosity can cause injector nozzle
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coking and some fuels deteriorate rapidly at elevated temperatures

(thus they should be tested at those temperatures).

i
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C. FUEL SUPPLY PUMPS

1. Gear Pumps

Gear type fuel pumps, as made by Viking, Inc. are dura-

bility tested with anticipated fuels via 1000 to 2000 hour tests.

The pumps are operated at the flow and pressure specified for a

given pump speed and test fuel viscosity. The Facet personnel

contacted feel that such a durability test provides enough data

to judge critical wear rates and gives a good indication of

pump life. Viking notes that it is necessary to determine flow

capacity and pressure at a given pump speed for a standard

fuel which matches the viscosity of the test fuel(in order to

establish a baseline since the pump will naturally have different

output characteristics). Heating, cooling or blending may be

necessary to achieve the proper fuel physical properties.

Viking tests pump seals by immersion in the test fuel using

standard SAE tests.

2. Solenoid Pumps

Solenoid operated electric transfer pumps, as made by

Facet, are typically tested for a new fuel via the following:

0 Output tests are conducted to establish the

maximum flowrate for a given head.

0 The pump is tested for resistance to vibration/shock

and salt spray (MIL-P-45328).

0 A calibration curve is established.

" Dielectric strength is established.

" A 3300 hour endurance test is conducted. The pump

is stopped for 10 minutes, four times per 24 hours.

o Immersion tests are conducted for fuel sensitive

materials.
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D. FUEL FILTERS AND FUEL/WATER SEPARATORS

1. Facet-Type Filters

Facet Enterprises, Inc. fuel filters (see Figure D-5) are

typically tested by performing 100 hour immersion tests with

materials compatibility the prime concern. Tests are also con-

ducted for filtering efficiency, clean pressure drop, and

capacity (maximum flowrate at maximum allowable pressure drop),

as well as a proof pressure test at 90 psi (for unit integrity).

The various tests are followed by disassembling the unit for

inspection. A joint SAE/ASTM effort is currently under way to

develop a new procedure.

2. AC Type Filters

Fuel filters from the AC Coiporation (see Figure D-6) are

tested in a variety of ways to measure a number of different

fuel filter parameters. The most basic tests are called filter

performance tests and are summarized as follows:

0 Single Pass Efficiency - This test establishes the micron

rating of the filter as measured by the percentage re-

moval of a given class of test beads. The test beads

are assumed to have a normal distribution within a class

and are grouped according to size range.

0 Leakage Under Pressure - In this test, the filter is sub-

jected to the highest pressure anticipated during opera-

tion while on an engine. The pressure is cons'ant and

is maintained for a sufficient time to observe any leaks.

0 Differential Pressure at Rated Flow - In this test, the

pressure drop across the filter element is measured at

rated flow (of the filter unit) to establish a clean

filter pressure drop. The magnitude of the pressure

drop is dependent on the fuel used, the temperature of

the fuel and the configuration of the filter housing.

Monitoring of the pressure drop during operation gives an

indication of the contaminant loading of the filter

element.

The life of a filter is defined by AC as its capacity to

hold a contaminant. Life determination is made using tests
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conforming to SAE Recommended Practice J905-- Fuel Filter Test

Method. The contaminant used to determine filter life in SAE

J905 is AC Fine Test Dust (Table D-1 gives the size distribution).

A number of tests are conducted to measure the structural

integrity of the unit and evaluate the materials compatibility

of the fuel filter element. The following is a description of

these tests:

" Temperature Cycling - A filter is immersed in test fluid

while the temperature is varied from 650 C to-350 C at a

rate of 150 C/hr. The filter is maintained at the tem-

perature extremes for 6 hours during each cycle. A

total of 5 cycles are completed, after which the filter

is subjected to the performance tests described pre-

viously.

" Chemical Exposure - The filter is typically immersed in

materials such as water, unleaded gasoline, Gasohol,

10% MTBE, in gasoline (methyl tertiary butyl ether), 10%

isopropyl alcohol in gasoline, and 100% Stoddard's

Solvent. After contact with the filter element for 100

hours, inspection of the filter is conducted. Items of

particular concern include deterioration of the element,

corrosion of the housing and separation of the element

from the housing due to deterioration of the binder.

" Low Pressure Testing - This test procedure evaluates

whether any physical damage has occurred to a filter

element after being exposed to certain test fluids or

after non-destructive tests. The filter is submerged

approximately 1 inch below the surface of a test fluid

and air under 2-4 inches of water pressure is intro-

duced to one side of the filter. (This pressure is low

enough to prevent forcing the air through the filter

element). If bubbles are observed rising in the fluid,

some damage has occured to the filter element or per-

haps the element has loosened from the housing. Separa-

tion of the paper at folded seams, tears, and holes are
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all common failures.

e Destructive Testing - Disassembly of the filter may some-

times yield pertinent information. Examination of a

sample of the filter element under a microscope after

disassembly is a good method to identify contaminants

held by the element. However, it is not used very often

as the other techniques are generally more effective.

3. Fleetguard (Cummins) Type Filter

Fleetguard (Cummins) fuel/water separators are not endurance

tested per se, but are pressure and vibration tested. Tests are

coordinated with SAE filter tests (J905). Immersion tests of the

filtering elements are conducted as are contaminant removal

tests using a test dust such as AC Fine Test Dust (see Tables D-1

and D-2) in calibration fluid. The dust test is used to estimate

the half-life pressure drop of the separator (a typical test will

add dust to a 28 liter system at the rate of 8 grams every 5 minutes).

A common test routine is as follows:

0 conduct clean filter water removal test

0 add dust to create half-life pressure drop

0 conduct water removal test

The Fleetguard unit was tested by MERADCOM in 1970. Inter-

nally, Cummins presently follows some of the tests described in

MIL-F-8901E.

TABLE D-1. SIZE DISTRIBUTION OF AC TEST DUST

AC COARSE AC FINE

Size Percent Size Percent
Distribution By Distribution By

(Microns) Weight (Microns) Weight

0-5 12 0-5 39

5-10 12 5-10 18

10-20 14 10-20 16

20-40 23 20-40 18

40-80 30 40-80 9

80-200 9
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TABLE D-2 SIZE DISTRIBUTION OF BLACK IRON OXIDE

Size Distribution Percent By Weight
(Microns)

0-.25 47.8

.25-.50 29.9

.50-1.0 16.4

1-2 3

2-3 0.8

3-4 0.3

4-5 0.7

5-7.5 0.8

7.5-10 0.3

Facet fuel/water spearators are tested similarly

to the Fleetguard unit.
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E. MANIFOLD (FLAME) AIR HEATERS

1. System Description

Engine flame heaters (see Figure D-7) are sometimes used

as a cold-start aid to heat the air in the intake manifold just

prior to and during engine cranking. The principle behind their

operation is that an open flame in the intake manifold will

provide enough heat to raise the intake air temperature suffi-

ciently to facilitate engine starting. This procedure works

despite dilution of the air with combustion gases from the flame.

The fuel used is that carried by the vehicle though an auxiliary

fuel could be used. Ignition is usually accomplished by

spraying the fuel past an open, continuous electrical spark.

Flame heaters are usually specified by the engine manufactur-

er as a collection of components rather than a single unit. The

components of flame heaters which come into contact with the

fuel are as follows:

* Fuel lines

* Fuel filter

* Fuel pump

* Solenoid valve

* Flame heater housing

* Ignition electrodes

Of these components, the fuel lines and filters are the same

type as covered in sections D and F respectively, of this

appendix. Therefore, they will not be discussed any further in

this section.

2. Fuel Pumps

The fuel pumps are typically small electric pumps using

vane or solenoid type construction. Three performance specifica-

tions are indicated for these pumps:

e Maximum pressure - determined by restricting the output

and measuring the pressure between the pump and the

restriction.

e Inlet suction - determined by restricting the inlet line

and measuring the amount of vacuum the pump can generate.
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* Maximum flow - determined by measuring the volumetric flow

rate of the pump under conditions of no restriction.

These performance specifications are the measures by which

it is determined whether or not a pump is satisfactory for use.

A typical test for such fuel pumps is to measure the performance

specifications of the pump. Also, 1000 to 2000 hour durability

tests are conducted at flow rates and output pressures typical

of ordinary operation. During this time, the pump can run al-

most continuously (it is not cycled). Fuel heating should be

avoided as it makes the test less appropriate for this appli-

cation. At the end of the test, the three performance specifi-

cations indicated above are measured again to determine whether

the pump has deteriorated. Past and current experience indi-

cates that the 1000 to 2000 hour time periol is sufficient to

predict pump life. It also indicates compatibility of pump

seals and gaskets. Visual inspection of the interior of the

pump is made to detect any corrosion which may have occurred.

The pump is also subjected to salt-spray and vibration-shock

tests which may uncover a weakness created by the fuel.

3. Solenoid Valves

Testing of the solenoid valve typically involves cir-

culation of test fuel for up to 1000 hours at flow rates and

pressure drops used for current fuels typical of use. A quick

determination with good confidence can be made after 70 hours.

At the end of the test, the solenoid is pressure tested at the

maximum specified operating pressure to check for leaks. The

seals are checked for deterioration, swelling or shrinking.

Visual checks of the interior of the housing are made for indi-

cations of corrosion.

4. Housing Unit

The flame heater housing contains the fuel spray nozzle

and the ignition electrodes. The problems which are likely to

develop with this unit are corrosion of the fuel passage,

coking of the nozzle, and fouling of the electrodes. The units

are tested by cycling the flame heater at an ambient temperature

of OF (-18°C). Time is allowed between ignitions for the
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nozzle and electrodes to return to ambient temperature. The

number of repetitions should be at least 200 to 300 and more

if abnormal deposits exist or a fuel-related malfunction occurs.

E-174



1]

F. FUEL LINES/HOSES

1. Generic Type Tests
Fuel lines and hoses can be tested two ways to determine

their compatibility with a new fuel. The assembled hose can

be subjected to a variety of tests after exposure to a fuel,

or it can be disassembled and its component parts tested indi-

vidually for their tolerance to a given fuel. This section will

be divided into two parts reflecting these two distinctions.

2. Whole Hose Tests

a. Conditioning

The hose assembly is immersed in the test fuel for

70 hours or longer. The temperature during the test is ambient

up to 300°F, depending on the fuel. The majority of any dimen-

sional changes due to swelling or shrinking will have occurred

by the end of 70 hours. There are a. variety of physical tests

which the hose assembly is put through which are described in

the remainder of this section.

b. High Temperature Circulation

An alternative to conditioning is a high temperature

circulation test. Fuel is circulated through the hose for 50

hours at 50 to 75 psi pressure. The temperature can be as

high as 300 0 F, depending on the fuel used.

c. Dimensional Changes

Immediately after the hose has been removed from the

fuel, it is dried; and chanqes in wall thickness, overall diameter,

and length are measured and compared to the original valves.

d. Length Change Under Pressure

Two lines are marked on the hose exactly 10 inches

apart. The hose is then pressurized to 50 percent of its burst

pressure. The rate of increase of pressure is 1000 psi-per

minute. A linear measurement check is made 2 minutes after the

final pressure has been reached. The average change in length,

expressed in percent, is calculated from three test specimens.

This average should not be more than + 4 percent.

e. Proof Pressure

The hose is subjected to its proof pressure (typically
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twice the operating pressure) for at least 30 seconds. No

leakage, rupture or detachment from fittings is allowed.

f. Leakage

The hose is subjected to a pressure of 70% of the

minimum burst pressure (typically 4 times operating pressure) for

5 minutes, followed by 5 minutes at no pressure, and then 5

minutes at the 70% burst pressure. Any leakage, rupture or

detachment from its fittings is a failure.

g. Minimum Burst Pressure

The hose is subjected to increasing pressure at a

rate of 5000 to 10000 psi per minute tillit fails. Any leakage,

rupture or detachment from a fitting is considered a failure.

Average burst pressure from three specimens is calculated and

compared to the minimum burst pressure for that hose.

h. Cold Flex

The hose and test mandrel is conditioned for 70 hours

at -670 F, + 3.60F ambient air temperature. Each test specimen

is tested by bending it around a mandrel until the full length

of hose is in contact with the mandrel circumference, then

straightening the hose and bending it in the reverse direction

about the mandrel circumference. Each bend is accomplished

at a substantially uniform rate in 12 + 3 seconds. The mandrel

radius is specified for each hose. The hose is then subjected

to the proof pressure test (part e, above).

i. Fire

The hose has 2000F oil circulating through it while

bent. The hose is subjected to a temperature of 20000 F. The

hose must last from 5 to 15 minutes depending on its application.

j. Stress Degradation

The hose is subjected to 400°F ambient air for 24

hours. Four cycles of the Leakage Test (part f) are performed.

Any leakage, rupture or detachment from fittings is a failure.

k. Permeation

A hose is capped at both ends and weighed. The hose

is then subjected to a temperature applicable with its applica-

tion (up to 3000F). The weight of the hose assembly is checked
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after 24, 70, and 168 hours to determine weight lost with time.

3. Hose Component Tests

a. Conditioning

Various test

ment ar.d outer coating are immersed in the test fuel at tempera-

tures up to 300°F for 70 hours. The most commonly used tempera-
ture is 2120F.

b. Volume Increase

Within 5 minutes of removal of the specimen from the

fuel, it is dried and measured for volume increase. The volume

change must be done in accordance with Federal Test Method Stan-

dard No. 601, method 6211.

c. Elongation

Elongation must also be measured within 5 minutes

of removing the sample from the test fuel. The measurements

must be done in accordance with Federal Test Method Standard

No. 601, method 4121.

d. Tensile Strength

Tensile strength is determined within 5 minutes of

removal of the specimen from the test fuel and condvcted in

accordance with Federal Test Method Standard No. -u!, I-thod 4111.

e. Aging
The test specimens are immersed in the test fuel at

ambient temperature from as little as 168 hours to as long as

1000 hours. This test can serve as conuitioning for the speci-

men. Physical property tests (such as parts b,c, and d above)

are then conducted.
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G. OTHER COMPONENTS

1. Personnel Heaters

Personnel heaters, as made by the Southwind division

of Stewart-Warner, are subjected to vibration, shock, salt

spray, cold start, and endurance tests. The endurance test is

typically composed of an 800 hour endurance run at temperatures

ranging from -55°F to 900 F. The test schedule is composed of

200 hours at ambient temperatures on No. 2 diesel fuel, 100

hours at -25°F on No. 1 diesel fuel, and 100 hours at -65°F

on arctic grade diesel fuel. The test is repeated for a total

of 800 hours and the entire test is conducted under conditions

of 20 minutes on and 10 minutes off.

2. Valves

Ball valves, such as those made by Dynaquip Controls,

must typically conform to MSS (Manufacturers Standards Society)

and ANSI (American National Standards Institute) requirements.

The primary test for final acceptance is for shell and seat

leakage. The test procedure (as used by Dunaquip) using clean

dry air or gaseous nitrogen is as follows:

" Clamp the valve to be tested in the fixture.

" Position the handle to approximately 450 or the 1/2 open

position. Apply 80.0 psig minimum pressure to both end

connections.

" Submerge the pressurized valve under water. Air bubbles

adhering to the exterior of the valve should be mechanically

removed.

" Observe the valve for 15 seconds. Any bubbles coming from

any area of the valve during this time shall be cause for

rejection. If the source of the bubble is unknown and

may be the result of air entrapped on the valve exterior,

the observation period must be repeated.

" Close the valve.

" Apply 80.0 psig minimum to one end connection and vent

the other to atmosphere.

" Observe the tubing end for 15 seconds. Any bubbles

exiting the tubing shall be cause for rejection.
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" Repeat the two previous steps with pressure and venting

to test valve reversed.

" Shut off the air pressure, raise the test valve from the

water and remove from the test fixture.

" Each valve shall be thoroughly dried with clean dry air

and then opened for packaging.
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APPENDIX E-5

ENVIRONMENTAL PROTECTION AGENCY HEAVY-DUTY DIESEL ENGINE

EXHAUST EMISSIONS CERTIFICATION AND TEST PROCEDURES

A. INTRODUCTION

All heavy-duty vehicles and heavy-duty engines intended for

use in heavy-duty vehicles must meet exhaust emission standards as

outlined in the Federal Code of Regulations, Title 40, Part 86 -

Control of Air Pollution From New Motor Vehicles and New Motor

Vehicle Engines: Certification and Test Procedures. The follow-

ing is a collection of selected excerpts from the Federal Code of

Regulations which describe the testing required in order for heavy-

duty engine or vehicle to obtain Environmental Protection Agency

(EPA) certification.
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B. EPA HEAVY DUTY DIESEL ENGINE DURABILITY TESTING REQUIREMENTS

AND PROCEDURES

For any engine family which is undergoing EPA exhaust

emissions certification, some engines must undergo durability

testing. This test is basically a 1000 hour test run at rated

speed and load. Exhaust emissions and smoke are measured at 125

hour intervals. Engine operating conditions are the same as

specified for exhaust emissions testing. The following outlines

how engines are selected and how the test is conducted.

(i) One engine from each engine-system combination shall

be tested. At each test point, either the complete gaseous

emission test or the complete smoke test may be conducted first.

Within each combination, the engine which features the highest

fuel feed per stroke, primarily at rated speed and secondarily at

the speed of maximum rated torque, will usually be selected for

durability testing. In the case where more than one engine in

an engine-system combination has the highest fuel feed per stroke,

the engine with the highest maximum rated horsepower will usually

be selected for durability testing. If an engine-system combina-

tion includes both military and nonmilitary engines, then the

nonmilitary engine with the highest maximum rated horsepower will

usually be selected for durability testing.

(ii) A manufacturer may elect to operate and test additional

engines to represent any engine-system combination. The addi-

tional engines must be of the same model and fuel system as the

engine selected in accordance with the provisions of paragraph (i)

of this section. Notice of an intent to test additional engines

shall be given to the EPA Administrator not later than 30 days

following notification of the test fleet selection. Deteriora-

tion factors calculated for each engine-system combination shall

be applied separately to military and nonmilitary engines within

the same engine-system combination.

Any manufacturer whose projected sales for the model year in

which certification is sought is less than

(1) 2000 gasoline-fueled light-duty vehicles, or

(2) 2000 Diesel light-duty vehicles, or
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(3) 2000 gasoline-fueled light-duty trucks, or

(4) 2000 Diesel light-duty trucks, or

(5) 700 gasoline-fueled heavy-duty engines, or

(6) 200 Diesel heavy-duty engines, may request a reduction

in the number of test vehicles (or engines) determined in accor-

dance with the foregoing provisions of this section. The EPA

Administrator may agree to such lesser number as he determines

would meet the objectives of this procedure.

Durability-data engines. Durability-data engines shall be

operated and tested as follows: Each durability-data engi-e shall

be operated, with all emission control systems installed and

operating, for 1,000 hours. Emission tests shall be conducted at

zero hours and at each 125-hour interval.

A break-in procedure, not to exceed 20 hours, may be run if

approved in writing in advance by the Administrator. This pro-

cedure would be run after the zero-hour test, and the hours

accumulated would not be counted as part of the service accumulation.

Before service accumulation can begin, the following criteria
must be met. Failure to comply with these requirements shall in-

validate all test data submitted for an engine.

(i) Each engine shall produce at least 95 percent of the
maximum horsepower, corrected to rating conditions, at 95 to 100

percent of the rated speed.

(ii) The fuel rate at maximum horsepower shall be within

manufacturer's specifications.

(iii) The zero-hour test data shall be provided to the
Administrator (except for those engines for which the zero-hour

test requirement has been waived) and the engine shall be made

available for such testing as the EPA Administrator may require.

During service accumulation, hours can be credited toward

the required service accumulation hours when the following criteria

are met. If these criteria cannot be met, engine operation shall

be discontinued and the EPA Administrator shall be notified

immediately.

(i) Each engine shall produce at least 95 percent of the
maximum horsepower, at 95 to 100 percent of the rated speed,
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observed during zero-hour testing. Horsepower values shall be

corrected to the rating conditions.

(ii) The engine shall be operated at 75 percent of the inlet

and exhaust restrictions specified except that the tolerance will

be + 3 inches of water and + 0.5 inches of Hg, respectively.

The results of each emission test shall be air posted to the

Administrator within 72 hours of test completion (or delivered

within 5 working days). The manufacturer shall furnish to the

Administrator an explanation for voiding any test. The Adminis-

trator will determine if voiding the test was appropriate based

upon the explanation given by the manufacturer for the voided

tests. If a manufacturer conducts multiple tests (not to exceed

three valid tests) at any test point, the number of tests must

be the same at each point. The data obtained from all valid

tests shall be used in the calculation of the deterioration

factor. Tests between test points may be conducted as required by

the Administrator. Data from all tests (including voided tests)

shall be air posted to the Administrator within 72 hours (or

delivered within 5 working days). In addition, all test data

shall be compiled and provided to the Administrator. Where the

Administrator conducts a test on a durability-data engine at a

prescribed test point, the results of that test will be used in

the calculation of the deterioration factor.

The results of all emission tests shall be recorded and

reported to the Administrator using two places to the right of the

decimal point. These numbers shall be rounded in accordance with

the "Rounding Off Method" specified in ASTM E29-67.

Once a manufacturer begins to operate an emission-data or

durability-data engine, he shall continue to run the engine to

125 hours or 1,000 hours respectively. Discontinuation of an

engine shall be allowed only with the prior written consent of the

Administrator.

The Administrator may elect to operate and test any test

engine during all or any part of the service accumulation and test-

ing procedure. In such cases, the manufacturer shall provide the

engine(s) to the Administrator with all information necessary to

conduct the testing.
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C. EMISSION STANDARDS FOR 1977 AND LATER DIESEL HEAVY-DUTY

ENGINES

The opacity of smoke emissions from new 1977 and later model

year Diesel heavy-duty engines shall not exceed:

(i) 20 percent during the engine acceleration mode.

(ii 15 percent during the engine lugging mode.

0 (iii) 50 percent during the peaks in either mode.

Exhaust gaseous emissions from new 1977 and later model year

Diesel heavy-duty engines shall not exceed:

(i) Hydrocarbons plus oxides of nitrogen (as NO2 ). 16 grams

per brake horsepower hour.

(ii) Carbon monoxide. 40 grams per brake horsepower hour.
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D. TEST PROCEDURE TO MEASURE SMOKE EMISSIONS OPACITY

The test consists of a prescribed sequence of engine operating

conditions of an engine dynamometer with continuous examination of

the exhaust gases. The test is applicable equally to controlled

engines equipped with means for preventing, controlling, or elimi-

nating smoke emissions and to uncontrolled engines.

The test is designed to determine the opacity of smoke in

exhaust emissions during those engine operating conditions which

tend to promote smoke from diesel-powered vehicles.

The test procedure begins with a warm engine which is then

run through preloading and preconditioning operations. After an

idling period, the engine is operated through acceleration and

lugging modes during which smoke emission measurements are made

to compare with the standards. The engine is then returned to

the idle condition and the acceleration and lugging modes are

repeated. Three sequences of acceleration and lugging constitute

the full set of operating conditions for smoke emission measure-

ment.

1. Diesel Fuel Specifications

The Diesel fuels employed shall be clean and bright,

with pour and cloud points adequate for operability. The fuels

may contain nonmetallic additives as follows: Cetane improper,

metal deactivator, antioxidant, dehazer, antirust, pour depressant,

dye, and dispersant.

Fuel meeting the following specifications, or substantially

equivalent specifications, shall be used in exhaust emission

testing. The grade of fuel recommended by the engine manufacturer,

commercially designated as "Type I-D" or "Type 2-D" shall be used.
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Item ASTM Test Method No. Type 1-D Type 2-D

Cetane ............................ D613 .................... 48-54 42-50
Distillation Range ............... D86 .................. ....................

IBP, OF ........................ ..................... 330-390 340-400
10 percent point, F ................................ 370-430 400-460
50 percent point, OF ................................ 410-480 470-540
90 percent point, F ........... ..................... 460-520 550-610
EP, OF ......................... ..................... 500-560 580-660

Gravity, 0API .................... D287 .................... 40-44 33-37
Total sulfur, percent ............ D129 or D2622 ........ 0.05-0.20 0.2-0.5
Hydrocarbon composition .......... D1139 ................ ....................

Aromatics, percent ...................................... 8-15 27 (Min.)
Paraffins, Naphthenes, Olefins ....................... Remainder Remainder

Flash point, OF (Min.) ........... D93 ....................... 120 130
Viscosity, centistokes ........... D445 ................... 1.6-2.0 2.0-3.2

2. Dynamometer Operation Cycle for Smoke Emission Tests

(a) The following sequence of operations shall be per-
formed during engine dynamometer testing of smoke emissions,

starting with the dynamometer preloading determined and the engine

preconditioned.

(1) Idle mode. The engine is caused to idle for

5 to 5.5 minutes at the manufacturer's recommended low idle speed.

The dynamometer controls shall be set to provide minimum load by

turning the load switch to the "off" position or by adjusting the

controls to the minimum load position.

(2) Acceleration mode.

(i) The engine speed shall be increased to
200 + 50 r.p.m. above the manufacturer's recommended low idle

speed within 3 seconds.

(ii) Immediately upon completion of the mode
specified in paragraph (a) (2) (i) of this section, the throttle

shall be moved rapidly to, and held in, the fully-open position.

The inertia of the engine and the dynamometer, or alternately a

preselected dynamometer load, shall be used to control the accelera-

tion of the engine so that the speed increases to 85 percent of

the rated speed in 5 + 1.5 seconds. This acceleration shall be

linear within 100 r.p.m.
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(iii) After the engine reaches the speed

required in paragraph (a) (2) (ii) of this section, the throttle

shall be moved rapidly to, and held in, the fully-closed position.

Immediately after the throttle is closed, the pzeselected load

required to perform the acceleration in paragraph (a) (2) (iv) of

this section shall be applied.

(iv) When the engine decelerates to the maxi-

mum torque s"eed or 60 percent of rated speed (within 50 r.p.m.),

whichever is higher, the throttle shall be moved rapidly to, and

held in, the fully-open position. The preselected dynamometer

load which was applied during the preceding transition period

shall be used to control the acceleration of the engine so that

the speed increases to at least 95 percent of the rated speed in

10 + 2 seconds.

(3) Lugging mode.

(i) Immediately upon completion of the pre-

ceding acceleration mode, the dynamometer controls shall be

adjusted to permit the engine to develop maximum horsepower at

rated speed. This transition period shall be 50 to 60 seconds in

duration. During the last ten seconds of this period, the engine

speed shall be maintained within 50 r.p.m. of the rated speed,

and the power (corrected, if necessary, to rating conditions) shall

be no less than 95 percent of the maximum horsepower developed

during zero-hour testing.

(ii) With the throttle remaining in the

fully-open position, the dynamometer controls shall be adjusted

gradually so that the engine speed is reduced to the maximum

torque speed or to 60 percent of the rated speed (within 50 r.p.m.),

whichever is higher. This lugging operation shall be performed

smoothly over a period of 35 + 5 seconds. The rate of slowing of

the engine shall be linear, within 100 r.p.m.

(4) Engine unloading. Immediately after comple-

tion of the preceding lugging mode, the dynamometer and engine

controls shall be returned to the idle position described in para-

graph (a) (1) of this section. The engine must be at the low idle

condition within one minute after completion of the lugging mode.
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(b) The procedures described in paragraphs (a) (1)

through (a) (4) of this section shall be repeated until three con-

secutive vdlid cycles have been completed. If three valid cycles

have not been completed after a total of six consecutive cycles

have been run, the engine shall be preconditioned by operation at

maximum horsepower at rated speed for 10 minutes before the test

sequence is repeated.

3. Dynamometer and Engine Equipment

The following equipment shall be used for smoke emission

testing of engines on engine dynamometers.

(a) An engine dynamometer with adequate characteristics

to perform the test cycle.

(b) An engine cooling system having sufficient capacity

to maintain the engine at normal operating temperatures during

conduct of the prescribed engine tests.

(c) A noninsulated exhaust system extending 15 + 5

feet from the exhaust manifold, or the crossover junction in the

case of Vee engines, and presenting an exhaust back pressure within

+ 0.2 inch Hg. of the upper limit at maximum rated horsepower, as

established by the engine manufacturer in his sales and service

literature for vehicle application. A conventional automotive

muffler of a size and type commonly used with the engine being

tested shall be employed in the exhaust system during smoke

emission testing. The terminal 2 feet of the exhaust pipe shall

be circular cross section and be free of elbows and bends. The

end of the pipe shall be cut off squarely. The terminal 2 feet

of the exhaust pipe shall have a diameter in accordance with the

engine being tested, as specified below.

Exhaust Pipe
Maximum Rated Horsepower Diameter (Inches)

Less than 101 ................................ 2
101 to 200 ................................... 3
201 to 300 ................................... 4
301 or more .................................. 5
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(d) An engine air inlet system presenting an air inlet

restriction within + 1 inch of water of the upper limit for the

engine operating condition which results in maximum air flow, as

established by the engine manufacturer in his sales and service

literature, for the engine being tested.

4. Smoke Measurement

(a) Equipment. The following equipment shall be used

in the system:

(1) Adapter - the smokemeter optical unit may be

mounted on a fixed or movable frame. The normal unrestricted

shape of the exhaust plume shall not be modified by the adapter,

the meter, or any ventilator system used to remove the exhaust

from the test site.

(2) Smokemeter (light extinction meter) - contin-

uous recording, full-flow light obscuration meter. It shall be

positioned near the end of the exhaust pipe so that a built-in

light beam traverses the exhaust smoke plume which issues from the

pipe at right angles to the axis of the plume.

(3) Recorder - a continuous recorder, with vari-

able chart speed over a minimal range of 0.5 to 8.0 inches per

minute (or equivalent) and an automatic marker indicating 1-second

intervals shall be used for continuously recording the exhaust gas

opacity, engine r.p.m. and throttle position.

5. Information to be Recorded

The following information shall be recorded with respect

to each test:

(a) Test number

(b) Date and time of day.

(c) Instrument operator.

(d) Engine operator.

(e) Engine Identification numbers - Date of manufac-

ture - Number of hours of operation accumulated on engine - Engine

family - Exhaust pipe diameter - Fuel injector type - Maximum

measured fuel rate at maximum measured torque and horsepower -

Air aspiration system - Low idle r.p.m. - Maximum governed r.p.m. -

Maximum measured horsepower at r.p.m. - Maximum measured torque at

r.p.m. - Exhaust system back pressure - Air inlet restriction.
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(f) Smokemeter: Number - Zero control setting - Cali-

bration control setting - Gain.

(g) Recorder chart: Identify zero traces - Calibration

traces - Idle traces - Closed throttle trace, open throttle

trace - Acceleration and lugdown test traces - Start and finish

of each test.

(h) Ambient temperature in dynamometer testing room.

(i) Engine intake air temperature and humidity.

(j) Barometric pressure.

(k) Observed engine torque and speed during the steady-

state test conditions.

6. Test Run

(a) The temperature of the air supplied to the engine

shall be between 680 F. and 860 F. The observed barometric pressure

shall be between 28.5 inches and 31 inches Hg. Higher air tem-

perature or lower barometric pressure may be used, if desired, but

no allowance will be made for possible increased smoke emissions

because of such conditions.

(b) The governor and fuel system shall have been ad-

justed to provide engine performance at the levels specified by

the engine manufacturer for maximum rated horsepower and maximum

rated torque.

(c) The following steps shall be taken for each test:

(1) Start cooling system.

(2) Starting with a warmed engine, determine by

experimentation the dynamometer inertia and dynamometer load re-

quired to perform the acceleration in the dynamometer cycle for

smoke emission tests. In a manner appropriate for the dyna-

mometer and controls being used, arrange to conduct the accelera-

tion mode.

(3) Install smokemeter optical unit and connect

it to the recorder. Connect the engine r.p.m. and torque sensing

devices to the recorder.

(4) Turn on purge air to the optical unit of the

smokemeter, if purge air is used.
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(5) Check and record zero and span settings of

the smokemeter recorder at a chart speed of approximately 1 inch

per minute. (The optical unit shall be retracted from its posi-

tion about the exhaust stream if the engine is left running.)

(6) Precondition the engine by operating it for

10 minutes at maximum rated horsepower.

(7) Proceed with the sequence of smoke emission

measurements on the engine dynamometer.

(8) During the test sequence, continuously

record smoke measurements, engine r.p.m., and throttle position

at a minimum chart speed of 1 inch per minute during the idle

mode and transitional periods and 8 inches per minute during the

acceleration and lugging modes. The smokemeter zero and full

scale recorder deflections may be rechecked during the idle mode

of each test sequence. If either zero or full scale drift is in

excess of 2 percent opacity, the smokemeter controls must be re-

adjusted and the test must be repeated.

(9) Turn off engine.

(10) Check zero and reset if necessary and check

span of the smokemeter recorder by inserting neutral density

filters. If either zero or span drift is in excess of 2 percent

opacity, the test results shall be invalidated.
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E. TEST PROCEDURE TO MEASURE GASEOUS EXHAUST EMISSIONS

The test procedure begins with a warm engine and consists of

a prescribed sequence of engine operating conditions on an engine

dynamometer with continuous examination of the exhaust gases.

The test is designed to determine the brake-specific emissions

of hydrocarbons, carbon monoxide and oxides of nitrogen when an

engine is operated through a cycle which consists of three idle

modes and five power modes at each of two speeds which span the

typical operating range of Diesel engines. The procedure requires

the determination of the concentration of each pollutant, the

exhaust flow and the power output during each mode. The measured

values are weighted and used to calculate the grams of each pollu-

tant emitted per brake-horsepower hour.

When an engine is tested for exhaust emissions or is operated

for durability testing on an engine dynamometer, the complete

engine shall be tested with all standard accessories which might

reasonably be expected to influence emissions to the atmosphere

installed and functioning.

Except in cases of component malfunction or failure, all

emission control systems installed on or incorporated in a new

motor vehicle engine shall be functioning during all procedures in

this subpart.

All emission control systems installed on or incorporated in

a new motor vehicle engine shall be functioning during all test

procedures in this subpart.

The grade of Diesel Fuel Specifications fuel used should be

that recommended by the manufacturer. The properties of the fuel

should lie within those indicated for commercial grades "Type 1-D"

and "Type 2-D" presented previously in section C.

1. Dynamometer Procedure

(a) The following 13 mode cycle shall be followed in

dynamometer operation tests of heavy-duty Diesel engines:

E- 193



Mode No. Engine Speed Percent Load

1 .............. Low idle ....... 0
2 .............. Intermediate... 2
3 .............. do ......... 25
4 .............. do ......... 50
5............... do ......... 75
6 .............. do ......... 100
7 .............. Low idle ....... 0
8 .............. Rated .......... 100
9 .............. do ......... 75
10 ............. do ......... 50
11 ............. do ......... 25
12 ............. do ......... 2
13 ............. Low idle ....... 0

(b) During each mode the specified speed shall be held

to within 50 r.p.m. and the specified torque shall be held to

within 2 percent of the maximum torque at the test speed. For

example, the torque for mode 4 shall be between 48 and 52 percent

of the maximum torque measured at the intermediate speed.

2. Sampling and Analytical Methods

(a) The determination of the carbon monoxide and nitric

oxide concentrations shall be accomplished using sampling and

analysis components as specified in sections 2.1 and 2.2 of the

SAE Recommended Practice No. J177 titled "Measurement of Carbon

Dioxide, Carbon Monoxide and Oxides of Nitrogen in Diesel Exhaust,"

dated June 1970. Other sampling and analysis components may be

used if shown to yield equivalent results and if approved in

advance by the Administrator.

(b) The determination of the hydrocarbon concentrations

shall be accomplished using sampling and analysis components as

specified in sections 2.1 and 2.2 of SAE Recommended Practice

No. J215 titled, "Continuous Hydrocarbon Analysis of Diesel

Exhaust," dated November 1970.

(c) The determination of the intake airflow or exhaust

flow shall be accomplished using SAE Recommended Practice No. J244

titled, "The Measurement of Intake or Exhaust Flow in Diesel

Engines," dated May 1971.
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3. Information to be Recorded

The following information shall be recorded:

(a) Test number.

(b) Date and time of day.

(c) Instrument operator.

(d) Engine operator.

(e) Engine identification numbers - date of manufacture -

number of hours of operation accumulated on engine - engine

family - exhaust pipe diameter - fuel injector type - low idle

r.p.m., governed speed, maximum power and torque speeds - maximum

horsepower and torque - fuel consumption at maximum power and

torque - air aspiration system - exhaust system back pressure -

air inlet restriction.

(f) All pertinent instrument information such as tuning -

gain - serial numbers - detector numbers - range.

(g) Recorder chart. Identify zero traces - calibration

or span traces - emission concentration traces for each test mode -

start and finish of each test.

(h) Ambient temperature in dynamometer testing room.

(i) Engine intake air temperature and humidity for each

mode.

(j) Barometric pressure.

(k) Observed engine torque for each mode.

(1) Intake airflow or exhaust flow for each mode.

(m) Fuel flow and temperature for each mode.

4. Calibration and Instrument Checks

Calibration and instrument checks shall be performed

according to section 2.3.1 of SAE Recommended Practice No. J177,

dated November 1970, except that the instrument zeros need not

be checked after each analysis but as necessary to maintain test

validity. Calibration and checks of other instruments used for

the test shall be performed as necessary according to good

practice.

5. Test Run

(a) The temperature of the air supplied to the engine

shall be between 68*F and 860F. The fuel temperature at the r "'p
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inlet shall be 100OF + 100 F. The observed barometric pressure

shall be between 28.5 inches and 31 inches Hg. Higher air tem-

perature or lower barometric pressure may be used, if desired,

but no allowance shall be made for increased emissions because

of such conditions.

(b) The governor and fuel system shall have been ad-

justed to provide engine performance at the levels specified by

the engine manufacturer for maximum rated horsepower and maximum

rated torque.

(c) The following steps shall be taken for each test.

(1) Install instrumentation and sample probes as

required.

(2) Start cooling system.

(3) Start the engine, warm it up and precondition

it by running it at rated speed and maximum horsepower for 10

minutes or until all temperatures and pressures have reached

equilibrium.

(4) Determine by experimentation the maximum

torque at rated speed and intermediate speed to calculate the

torque values for the specified test modes.

(5) Zero and span the emission analyzers on each

range used during the test run.

(6) Operate the engine for 10 minutes in each

mode, completing engine speed and load changes in the first

minute. If a delay of more than 10 minutes occurs between the

end of one mode and the start of the next mode, discontinue the

sequence and repeat the test from Mode No. 1. Record the response

of the analyzers on a strip chart recorder for the full 10

minutes with exhaust gas flowing through the analyzers at least

during the last 5 minutes. Record the engine speed and load,

intake air temperature and restriction, exhaust back pressure,

fuel flow and air or exhaust flow during the last 5 minutes of

each mode, making certain that the speed and load requirements

are met during the last minute of each mode. Fuel flow during

idle or 2 percent load conditions may be determined just prior to

or immediately following the dynamometer sequence, if longer

times are required for accurate measurements.
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F. EMISSION STANDARDS FOR 1984 AND LATER DIESEL HEAVY DUTY

ENGINES

The emission standards which heavy-duty diesel engines must

meet in 1984 reflect a change in the test procedures. While the

smoke emissions opacity standards are retained as before (along

with the'procedures used to measure them), new more stringent

hydrocarbon (HC) and carbon monoxide (CO) standards will go into

effect as well as a separate oxides of nitrogen (NOx) standard.

A new transient test procedure is specified to measure these

exhaust emissions.

1984 Heavy Duty Diesel Engine Emission Standards

The opacity of smoke emissions from new 1984 and later

model year diesel heavy-duty engines shall not exceed:

(i) 20 percent during the engine acceleration mode.

(ii) 15 percent during the engine lugging mode.

(iii) 50 percent during the peaks in either mode.

No crankcase emissions shall be discharged into the ambient

atmosphere from any new 1984 model year naturally-aspirated diesel

heavy duty engine. This provision does not apply to turbocharged

engines.

Exhaust emissions from new 1984 model year diesel heavy-duty

engines using the transient text procedure shall not exceed the

following:

(i) Hydrocarbons - 1.3 grams per brake horsepower hour.

(ii) Carbon Monoxide - 15.5 grams per brake horsepower hour.

(iii) Oxides of Nitrogen - 10.7 grams per brake horsepower

hour.
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G. TRANSIENT TEST PROCEDURE TO MEASURE 1984 MODEL YEAR HEAVY

DUTY DIESEL ENGINE EMISSIONS

The transient test procedure is conducted in two halves - a

cold-start portion and a hot-start portion. Each is identical

and takes exactly 20 minutes to run. A 20 minute soak period

separates the cold-start and hot-start portions. The engine oil

must be at ambient temperature before a cold-start portion can

be begun.

Emissions during the transient test are analyzed directly

and integrated over the cold-start and hot-start portions. This

allows weighting of the emissions according to the number of

cold-starts vs. hot-starts found in the field. A ratio of 1:7 is

used for the number of cold-starts to hot-starts. Accordingly,

the mass of a pollutant emitted over each of the two cycle segments

and the work done by the engine during the two segments are cal-

culated; the hot/cold weighting is applied to the resulting grams

and the BHP-hrs; and a final calculation yields a weighted g/BHP-hr

emission result for that pollutant.

The fuels acceptable for testing and the equipment required

for testing are the same as before with the exception that the

engine dynamometer must be capable of duplicating the load re-

quirements of the transient cycle.
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H. FUTURE HEAVY DUTY DIESEL ENGINE EMISSIONS TESTS AND STANDARDS

By the 1985 model year, EPA hopes to propose and promulgate

regulations governing particulate emissions from heavy-duty

diesel engines. The transient test procedure may be changed to

be completely compatible with measurement of particulates. The

promulgation of particulate regulations will only require the addi-

tion of some new equipment and no replacement of newly-purchased

equipment necessary for conducting the transient test procedure.

Another change being incorporated into the revised test

procedures being introduced for the 1984 model year heavy-duty

P engines is a redefinition of "useful life." The new definition

of "useful life" for heavy-duty diesel engines is 10 years,

100,000 miles or 3000 hours of operation, whichever occurs first.

This definition is felt to be (by EPA) more representative for

heavy-duty engines and vehicles than the light-duty, 5 years or

50,000 mile definition previously used.
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CDR OF VEHICLES
US ARMY COLD REGION TEST CENTER ATTN DRCPM-M113
ATTN STECR-TA WARREN MI 48090
APO SEATTLE 98733

PROJ MGR, MOBILE ELECTRIC POWER
HQ, DEPT. OF ARMY ATTN DRCPM-MEP-TM
ATTN: DAEN-RDZ-B 7500 BACKLICK ROAD
WASHINGTON, DC "20310 SPRINGFIELD VA 22150

CDR OFC OF PROJ MGR, IMPROVED TOW
US ARMY RES & STDZN GROUP VEHICLE

(EUROPE) US ARMY TANK-AUTOMOTIVE R&D CMD
ATTN DRXSN-UK-RA ATTN DRCPM-ITV-T
BOX 65 WARREN MI 48090
FPO NEW YORK 09510

CDR
HQ, US ARMY AVIATION R&D CMD US ARMY EUROPE & SEVENTH ARMY
ATTN DRDAV-GT (MR R LEWIS) I ATTN AEAGC-FMD

DRDAV-D (MR CRAWFORD) 1 APO NY 09403
DRDAV-N (MR BORGMAN) I
DRDAV-E (MR LONG) 1 PROJ MGR, PATRIOT PROJ OFC

4300 GOODFELLOW BLVD ATTN DRCPM-MD-T-G
ST LOUIS MO 63120 US ARMY DARCOM

REDSTONE ARSENAL AL 35809
CDR
US ARMY FORCES COMMAND CDR
ATTN AFLG-REG 1 THEATER ARMY MATERIAL MGMT

AFLG-POP 1 CENTER (200TH)

FORT MCPHERSON GA 30330 DIRECTORATE FOR PETROL MGMT
ATTN AEAGI)-MM-PT-Q (MR PINZOLA)

CDR ZWEIBRUCKEN
US ARMY ABERDEEN PROVING GROUND APO NY 09052
ATTN: STEAP-MT-U (MR DEAVER) 1
ABERDEEN PROVING GROUND MD 21005 CDR

US ARMY RESEARCH OFC
CDR ATTN DRXRO-ZC
US ARMY YUMA PROVING GROUND DRXRO-EG (DR SINGLETON) I
ATTN STEYP-MT (MR DOEBBLER) 1 DRXRO-CB (DR GHIRARDELLI) I
YUMA AZ 85364 P 0 BOX 12211

RSCH TRIANGLE PARK NC 27709
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DIR HQ, US ARMY T&E COMMAND
US ARMY R&T LAB (AVRADCOM) ATTN DRSTE-TO-O I
ATTN DAVDL-AS (MR D WILSTED) ABERDEEN PROVING GROUND, MD 21005
NASA/AMES RSCH CTR
MAIL STP 207-5 HQ, US ARMY ARMAMENT R&D CMD
MOFFIT FIELD CA 94035 ATTN DRDAR-LC I

DRDAR-SC 1

CDR DRDAR-AC I

TOBYHANNA ARMY DEPOT DRDAR-QA 1

ATTN SDSTO-TP-S DOVER NJ 07801
TOBYHANNA PA 18466

HQ, US ARMY TROOP SUPPORT &

DIR AVIATION MATERIAL READINESS

US ARMY MATERIALS & MECHANICS COMMAND

RSCH CTR ATTN DRSTS-MEG (2) 1
ATTN DRXMR-EM DRCPO-PDE (LTC FOSTER) 1

DRXMR-R 1 4300 GOODFELLOW BLVD

DRXMR-T 1 ST LOUIS MO 63120

WATERTOWN MA 02172
DEPARTMENT OF THE ARMY

CDR CONSTRUCTION ENG RSCH LAB

US ARMY DEPOT SYSTEMS CMD ATTN CERL-EM 1

ATTN DRSDS CERL-ZT I
CHAMBERSBURG PA 17201 CERL-EH 1

P 0 BOX 4005

CDR CHAMPAIGN IL 61820
US ARMY WATERVLIET ARSENAL

ATTN SARWY-RDD DIR

WATERVLIET NY 12189 US ARMY ARMAMENT R&D CMD
BALLISTIC RESEARCH LAB

CDR ATTN DRDAR-BLV I
US ARMY LEA DRDAR-BLP I
ATTN DALO-LEP ABERDEEN PROVING GROUND, MD 21005

NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070 HQ

US ARMY TRAINING & DOCTRINE CMD
CDR ATTN ATDO-5 (COL MILLS) 1
US ARMY GENERAL MATERIAL & FORT MONROE VA 23651

PETROLEUM ACTIVITY
ATTN STSGP-PW (MR PRICE) DIRECTOR
SHARPE ARMY DEPOT US ARMY RSCH & TECH LAB (AVRADCOM)
LATHROP CA 95330 PROPULSION LABORATORY

ATTN DAVDL-PL-D (MR ACURIO) 1
CDR 21000 BROOKPARK ROAD
US ARMY FOREIGN SCIENCE & TECH CLEVELAND OH 44135

CENTER
ATTN DRXST-MT I CDR
FEDERAL BLDG US ARMY NATICK RES & DEV CMD
CHARLOTTESVILLE VA 22901 ATTN DRDNA-YEP (DR KAPLAN) 1

NATICK MA 01760
CDR
DARCOM MATERTU READINESS CDR

SUPPORT ACTIVITY (MRSA) US ARMY TRANSPORTATION SCHOOL
ATTN DRXMD-MD 1 ATTN ATSP-CD-MS
LEXINGTON KY 40511 FORT EUSTIS VA 23604
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CDR MAJOR L E GUNNIN, SSTR

US AR14Y QUARTERMASTER SCHOOL US ARMY LOGISTIC ASSISTANCE OFFICE

ATTN ATSM-CD (COL VOLPE) I LAO-K (TSARCOM)

ATSM-CDM 1 APO SAN FRANCISCO 96202

ATSM-TNG-PT I
FORT LEE VA 23801 CRD

US ARMY AVIATION CTR
HQ, US ARMY ARMOR CENTER ATTN ATZQ-D
ATTN ATZK-CD-SB FORT RUCKER AL 36362
FORT KNOX KY 40121

CDR ATTN DRCPM-M60-E (MR WESAK)

US ARMY LOGISTICS CTR WARREN MI 48090

ATTN ATCL-MS (MR A MARSHALL) I
FORT LEE VA 23801 CDR

US ARMY INFANTRY BOARD
CDR ATTN ATZB-1B-PR-T
US ARMY FIELD ARTILLERY SCHOOL FORT BENNING, GA 31905

ATTN ATSF-CD 1
FORT SILL OK 73503 CDR

US ARMY FIELD ARTILLERY BOARD
CDR ATTN ATZR-BDPR
US ARMY ORDNANCE CTR & SCHOOL FORT SILL OK 73503
ATTN ATSL-CTD-MS 1
ABERDEEN PROVING GROUND MD 21005 CDR

US ARMY ARMOR & ENGINEER BOARD
CDR ATTN ATZK-AE-PD
US ARMY ENGINEER SCHOOL ATZK-AE-CV 1
ATTN ATSE-CDM 1 FORT KNOX, KY 40121
FORT BELVOIR VA 22060

CDR
CDR US ARMY CHEMICAL SCHOOL
US ARMY INFANTRY SCHOOL ATTN ATZN-CM-CS
ATTN ATSH-CD-MS-M FORT MCCLELLAN, AL 36205
FORT BENNING GA 31905

DEPARTMENT OF THE NAVY
CDR
US ARMY AVIATION BOARD CDR
ATTN ATZQ-OT-C 1 NAVAL AIR PROPULSION CENTER

ATZQ-OT-A 1 ATTN PE-71 (MR WAGNER) I
FORT RUCKER AL 36362 PE-72 (MR D'ORAZIO)

P 0 BOX 7176
CDR TRENTON NJ 06828
US ARMY MISSILE CMD
ATTN DRSMI-O 1 CDR

DRSMI-RK 1 NAVAL SEA SYSTEMS CMD
DRSMI-D 1 CODE 05D4 (MR R LAYNE)

REDSTONE ARSENAL, AL 35809 WASHINGTON DC 20362

CHIEF CDR
US ARMY LOGISTIC ASSISTANCE DAVID TAYLOR NAVAL SHIP R&D CTR

OFFICE (TSARCOM) CODE 2830 (MR G BOSMAJIAN) I
ATTN STSFS-OE CODE 2831 1

(LTC BRYANDS, SSTR) 1 ANNAPOLIS MD 21402
P.O. BOX 2221
APO NY 09403
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JOINT OIL ANALYSIS PROGRAM - CDR
TECHNICAL SUPPORT CTR NAVY PETROLEUM OFC

BLDG 780 ATTN CODE 40
NAVAL AIR STATION CAMERON STATION
PENSACOLA FL 32508 ALEXANDRIA VA 22314

DEPARTMENT OF THE NAVY CDR
HQ, US MARINE CORPS MARINE CORPS LOGISTICS SUPPORT
ATTN LPP (MAJ SANDBERG) 1 BASE ATLANTIC

LMM (MAJ STROCK) 1 ATTN CODE P841
WASHINGTON DC 20380 ALBANY GA 31704

CDR DEPARTMENT OF THE AIR FORCE
NAVAL AIR SYSTEMS CMD
ATTN CODE 5304C1 (MR WEINBURG) 1 HQ, USAF

CODE 53645 (MR MEARNS) I ATTN LEYSF (MAJ LENZ)
WASHINGTON DC 20361 WASHINGTON DC 20330

CDR HQ AIR FORCE SYSTEMS CMD
NAVAL AIR DEVELOPMENT CTR ATTN AFSC/DLF (LTC RADLOF)
ATTN CODE 60612 (MR L STALLINGS) I ANDREWS AFB MD 20334
WARMINSTER PA 18974

CDR
CDR US AIR FORCE WRIGHT AERONAUTICAL
NAVAL RESEARCH LABORATORY LAB
ATTN CODE 6170 (MR H RAVNER) 1 ATTN AFWAL/POSF (MR CHURCHILL) 1

CODE 6180 1 AFWAL/POSL (MR JONES) 1
CODE 6110 (DR HARVEY) I AFWAL/MLSE (MR MORRIS) I

WASHINGTON DC 20375 AFWAL-MLBT 1
WRIGHT-PATTERSON AFB OH 45433

CDR
NAVAL FACILITIES ENGR CTR CDR
ATTN CODE 1202B (MR R BURRIS) I USAF SAN ANTONIO AIR LOGISTICS

CODE 120B (MR BUSCHELMAN) 1 CTR

200 STOVALL ST ATTN SAALC/SFQ (MR MAKRIS) I
ALEXANDRIA VA 22322 SAALC/MMPRR

KELLY AIR FORCE BASE, TX 78241

CHIEF OF NAVAL RESEARCH
ATTN CODE 473 CDR
ARLINGTON VA 22217 USAF WARNER ROBINS AIR LOGISTIC

CTR
CDR ATTN WR-ALC/MMIRAB-1 (MR GRAHAM) 1
NAVAL AIR ENGR CENTER ROBINS AFB GA 31098

ATTN CODE 92727
LAKEHURST NJ 08733

CDR, NAVAL MATERIAL COMMAND
ATTN MAT-083 (DR A ROBERTS) I

MAT-08E (MR ZIEM) 1
CP6, RM 606
WASHINGTON DC 20360
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OTHER GOVERNMENT AGENCIES US DEPARTMENT OF ENERGY

BARTLESVILLE ENERGY RSCH CTR

US DEPARTMENT OF TRANSPORTATION DIV OF PROCESSING & THERMO RES I

ATTN AIRCRAFT DESIGN CRITERIA DIV OF UTILIZATION RES

BRANCH 2 BOX 1398

FEDERAL AVIATION ADMIN BARTLESVILLE OK 74003

2100 2ND ST SW
WASHINGTON DC 20590 SCI & TECH INFO FACILITY

ATTN NASA REP (SAK/DL)

US DEPARTMENT OF ENERGY P 0 BOX 8757

DIV OF TRANS ENERGY CONSERV 2 BALTIMORE/WASH INT AIRPORT MD 21240

ALTERNATIVE FUELS UTILIZATION
BRANCH

20 MASSACHUSETTS AVENUE
WASHINGTON DC 20545

DIRECTOR
NATL MAINTENANCE TECH SUPPORT

CTR 2

US POSTAL SERVICE
NORMAN OK 73069
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