Lt \tu

IVB Prove-Out Review
Operational Data &

Average Intake Lifter Area LoSS

Kevin O’Malley

The Lubrizol Corporation i
Feb 2016 Lubrizol

© 2015 The Lubrizol Corporation, all rights reserved.



Data Overview |

SUCCESS
TOGETHER

« Operational data were collected from 101 to 102 hours of each test.
— Each test hour contains 120 cycles (each cycle is 30 seconds)
— Each cycle consists of 4 stages:
= Stage 1 (7 seconds)
» Stage 12: the transition from stage 1 to stage 2 (8 seconds)
» Stage 2 (7 seconds)
» Stage 21: the transition from stage 2 to stage 1 (8 seconds)

« Appendix A contains exhaust and intake lifter area and volume loss results
by test

« Appendix B includes correlation plots between average intake lifter
area loss studentized residuals and summarized operational data metrics

« Appendix C contains plots of the operational data
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Summary

SUCCESS
TOGETHER

Most predominant lab differences possibly contributing to stand-to-stand severity differences:

1. Thereis alto 2 second offset between SwRI tests and both LZ tests & early IAR tests
(100-0-1, 100-0-2, 101-0-1, 102-0-1, and 102-0-2). These offsets are observed in how
the following operational parameters ramp up and down throughout the cycle:

Engine Spead (Dyno)

Engine Power
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General trend depicted by lab-stand
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Lab Stand

— IAR IVB10D
— |AR [VB101
— AR IVB102
— AR IVB165
— LZ 347
— SWRI 7
SWRI 18
SWRI 19

W | —swriz20

— Engine speed & engine power
» There is a slower increase at LZ in these operational
parameters at the beginning of the transition from
stage 1 to stage 2. Mid way through this transition the
rate at which these operational parameters ramp up
increases and LZ becomes more similar to the other
labs by the beginning of stage 2.

» Note: Some IAR tests (including early tests listed
above) don’t exhibit a ramp up and down in engine
power (causes general trend depicted on the left to
be lower or flat).
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Summary
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Most predominant lab differences possibly contributing to stand-to-stand severity differences:

1. (cont.) There is a 1 to 2 second offset between SwRI tests and both LZ tests & early IAR tests
(100-0-1, 100-0-2, 101-0-1, 102-0-1, and 102-0-2). These offsets are observed in how
the following operational parameters ramp up and down throughout the cycle:

re

Intake Manifold Pressure il Gallery Pressu

Fuel Flow Rate

General trend depicted by lab-stand
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— SWRI 17
SWRI 18
SWRI 19

— SWRI 20
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— Qil gallery pressure
— Intake manifold pressure

» Step changes in pressure are also more
gradual at LZ than other labs.

— Fuel flow rate

» The fuel flow rate of IAR stand 165 does not
ramp as high as all other stands in the
transition from stage 1 to stage 2; fuel flow in
stage 2 is lower as well.

» Step changes in flow rate are generally more
gradual at LZ than other labs.
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Summary B
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Most predominant labs differences possibly contributing to stand-to-stand severity differences:

2. The dip observed in each of the following operational parameters does not occur at the
same time within the test cycle across labs.
* Oil sump temperature

— At IAR and SwRI, the dip occurs at the end of the transition
from stage 1 to stage 2.

General trend depicted by lab-stand — At LZ, the dip occurs in stage 2.
£ e — LZ also has the lowest sump temperature on average.
; o —sma o Oj| gallery temperature
] e — LZ dips at the end of the transition from stage 1 to stage 2.
LS o — 1AR and SwRI generally dip in the middle of this transition
B w s with IAR’s dip generally occurring about 1 to 2 seconds after
= 2 SwRI.
g Z;fj ' — SwRI tends to have the highest average gallery temperature,
£ followed IAR and then LZ with the lowest.

— IAR stand 102 temp cycles differently than other stands.
« Exhaust gas temperature

— The dip at IAR occurs ~3 seconds prior to LZ and SwRI
(with the exception of stand 165 which tracks
1 or 2 seconds behind LZ and SwRI).

CycleTime — LZ and SwRI17 have the steepest
5 © 2015 The Lubrizol Corporation, all rights reserved. Stage 1 and 2 Slopes.

Exhaust Gas Termperature

Lubrizol
T O



Summary -
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Most predominant lab differences possibly contributing to stand-to-stand severity differences:

3. At LZ the air fuel ratio generally spikes up

General trend depicted by lab-stand and then back down in the transition from
. b Stang stage 2 to stage 1 while at SwRI the air
22+ — IAR IVB100 fuel ratio spikes up at the end of the
21 . .. .
. I transition and then spikes down at the
- — IAR IVB165 beginning of stage 1.
T 1 L
2 — SWRI 17
s 7 — SWRI18 There is also a spike in air fuel ratio at
16— SWRI 19 . .
. — SWRI 20 IAR and SwRI at the beginning of the

transition from stage 1 to stage 2 whereas
LZ spikes a few seconds later.

4. The spike in crankcase gas pressure in the
transition from stage 1 to 2 generally
happens a few seconds sooner at IAR than
LZ and SwRI.

Crankcase Gas Pressure
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Summary _
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Most predominant lab differences possibly contributing to stand-to-stand severity differences:

General trend depicted by lab-stand 5. The spike in engine torque at LZ
280 o occurs in the middle of the transition
. — AR IVBT00 from stage 1 to stage 2 and in some
. — arnveic2 tests is much higher than the spike
N TR observed at the other labs.
26,5 — SWRI 17
— SWRI 13
20 R 2 SwRI’s torque spikes the first second

of the transition from stage 1 to stage
2 while IAR is generally 1 second
behind.

25,5

25.0 -

Engine Torque

245 |

24,0+

LZ also has a dip in torque at the
beginning of stage 1 (this is not
observed at the other labs).

23.5-
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Average Intake Lifter Area LosS

Aoverage intake lifter area loss:

Fimal Prove-QOut Test?
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Lak Stand

Data can be found in Appendix A

SUCCESS
TOGETHER

- REO1006-2
- REOZ Qil
- REQ300

o 130 Test

+ 175
o o LeNngth

To better
understand if
operational
parameters affect
stand-to-stand
variability, let’s first
remove the
variability
associated with oil
differences and
test length.
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Average Intake Lifter Area Loss - Residuals W

Final Prove-Out Test?
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Studentized residual is a measure of the remaining variability in data
after oil differences and the test length effect are taken into account.
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« REO1006-2
. RED3 Qill
REQ300

o 150 Test

+ 175
o~ 200 LENGth

We can then
correlate
operational
differences to these
residuals to identify
potential causes of
stand-to-stand
variability.
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Summary Table of Possible Operational Differences Affecting

Average Intake Lifter Area Loss (More Detail in Appendix B) SUCCESS

TOGETHER
Average [ Average [ Average | | fverage | Buverage
fverage | Average | Average fAuerage | Awerage | Awverage fuerage | Engine | Engine | Engine Engine | Engine
fwerage | Engine | Engine | Engine fuerageE| Engine Engine Engine Engine il il il il il
Engine | Speed | Speed | Speed ngine Speed Speed Speed il Sump | Sump | Sump Gallery | Gallery
Speed | Median | Stddev [ Slope Speed Median | StdDew Slope Sump | Temp | Temp | Temp Temp | Temp
Stage | LabStand | (Dyral | (Owral | (Ounal | (Dunal [Fluwheel] | (Fluwheell | (Fluwheell] (Fluwbeell Temp | Median | StdDew | Slope StdDev | Slope
1 IARNEIDD | 507.2 | T95.6 5E.3 -6.6 G075 8012 55.0 -E.51 523 Gz.4 0.231 | -0.077 0.52 -0.40
1 BRIVETDT | S07.0 | 8048 34.5 -0.2 G068 B06.2 367 0.o7 625 62§ 0418 | -0.168 0.55 -0.27
1 IARNEIDZ | 5363 | 8225 4595 -9.3 ES5.6 E70.1 831 0.E0 625 625 0.250 | -0.035 0.50 -0.08
1 IARNETES | 73003 | 7941 19.8 3.8 790.0 7337 23.3 353 B3.7 G637 0410 | -0.158 0.33 -0.47
1 LZ34T B77.6 | 835.0 | 124.7 | -42.4 g73.2 g36.2 125.0 | -42.53 60.5 G0.5 | 0.132 | 0.004 0.58 -0.25
1 SWRITT 8128 | §06.0 41.5 -T.7 51.3 514 0.255 | -0.073 1.02 -0.43
1 SWRITE 8321 | §20.7 35.0 -9.4 51.5 515 0.362 | -0.146 0.76 -0.36
1 SWHIT3 514.3 g12.2 21.0 =27 E1.5 E1.4 0495 | -0177 1.0 -0.43
1 SwhRIZ0 BO6.6 | TI58.3 5139 -10.1 g2.7 G2.7 0417 | -0.175 0.85 -0.41
12 IARNEIND | 24203 | 24318 | 10751 | 4673 24237 | 24967 1075.3 457 .37 E1.3 E13 0.336 | -0.151 115 0.25
12 IBRIMETDT | 2560.9 [ 2611.3 | 10664 | 464.0 2564.0 26144 1067.0 454,33 E1.2 £1.1 0330 | -0.12 0.30 0.08
12 IARNETDZ | 2425.0 | 2453.0 | 0472 | 4551 24021 24566.0 1053.6 471.03 51.5 515 0.512 | -0.1535 0.71 0.20
12 IARINVETGS | 2623.3 | 26709 | 0455 | 4595.2 2630.3 Z6T1E 1045.3 455,26 G2.2 521 0.573 | -0.155 113 0.27
12 LZ3d47 | 2029.8| 175001 | 1106.5 | 470.2 2033.9 | 1753.6 03,3 47131 603 G603 0275 | -0.035 107 | -0.33
12 SWRITT | 2404.0 | 23310 | 9359 | 4344 50.5 505 0421 | -0.133 127 0.40
12 SWHIE | 23866 | 23710 | 3830 | 4315 £0.5 G0.5 0.262 | -0.045 0.37 0.25
12 SWHIA | 24394 | 24327 | 0200 | 4445 607 BO0.7 0315 | 0015 132 0.44
12 SwWRIZ0 | 2358.2 | 23384 | 10004 | 4362 E16 E16 0.232 | -0.071 103 0.31
z IARNETDD | 4230.7 | 4294.9 | 24.5 4.9 42321 4236.2 24.5 456 51.7 517 0425 | 0.204 0.35 0.15
z BRIVETDT | 4296.4 | 43014 | 1586 3.4 42354 | 4303.3 15.9 339 G2.2 Gz.3 0946 | 0.261 0.37 017
z IARNETDZ | 43004 | 4306.5 | 225 39 43017 4307.4 22.2 .84 g2.2 Gz.2 0466 | 0.225 0.46 0.2z
z IARNETES | 4292.7 | 42935 | 120 13 42338 | 4294.6 1.9 132 g2.7 628 0.500 | 0.236 0.43 0.19
z LZ347 4267.5 | 42354 | 96.0 | 23.9 42763 43071 96.0 23.83 59.1 53.0 | D.246 |-0.032 1.05 048
z SWRITT | 423839 | 43055 | 131 4.6 B0.7 B0.5 0.350 | 0163 0.37 0.16
z SWRIE | 42320 | 43027 | 281 3.4 E1.39 Gz.0 0607 | 0.231 0.27 0.03
z SWHP3 | 4303.5 | 43125 | 4.5 1.3 G2.0 Bz.1 0234 | 0.252 0.:31 0.13
z SwWhRIZO | 4234.6 | 4303.5 | =261 .6 62.5 Gz.9 0.715 | 0.346 0.35 0.15
21 IARNEIDD | 2655.5 | 2630.7 | 10065 | 4356 2E55.1 26312 10065 | -438.65 624 Gz.4 01z | 0.026 0.15 -0.04
21 IBRIVEIDT | 2559.6 | 25022 | 9578 | 4350 25388 | 2500.4 3595.0 -435.05 E3.1 E3.1 0.253 | -0.007 017 -0.01
21 IARNEIDZ | 2656.4 | 2655.5 | 3915 | -4321 2684.8 | 2EB54.6 3325 -4.32 54 629 63.0 0133 | -0.026 0.51 -0.15
21 IARNETES | 2433.5 | 24279 | 10037 | 4375 24333 | 24283 0040 | 43762 63.9 63.9 0256 | 0.033 0.15 0.00
21 LZ347 |3040.3|3087.9| 9517 | 4250 3046.3 | 3093.9 9538 |[-425.92 598 | 598 | 0370 | 0.3 0.16 0.00
21 SWHRIT | 27724 | 27870 9573 | -417.5 51.5 E1.5 0.216 | 0.013 0.20 0.01
21 SWRITG | 2767.4 | 28105 | 3761 | 4263 529 Gz.9 0314 | -0.080 0.15 0.0z
21 SWRI3 | 2743.4 | 27722 | 3751 | 4252 526 Gz.6 0.337 | -0.717 0.15 0.01
21 SwhRIZ0 2813.0 | 2842.58 | 97d.d | 4247 63.9 5d.0 0328 | -0.073 017 0.01

Sections highlighted in yellow refer to instances in which observed operational differences correlate to average .
intake lifter area loss studentized residuals. Results in red refer to the difference(s) observed within each sectionLUbr‘lZDI
P—._\_
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Summary Table of Possible Operational Differences Affecting

Average Intake Lifter Area Loss (More Detail in Appendix B)

SUCCESS
TOGETHER
Auerage | Auerage Auerage
fuerage | Average | Awerage fuverage Auerage Buerage | | Exhaust [ Exhaust | |Average| Fuel
Buerage | Dil Gallery| Cil Gallery )| il Gallzry Intake Engire fuerage | Engine Gas Gas Fuel Flow
Oil Gallery| Pressure | Pressure | Pressure Manifald Power Engine | Torque Temp | Temp Flow Rate
Stage | LabStand | Pressure | Median | StdDew Slope Pressure Sitd Dlew Torque | Median StdDev | Slope Rate Slope
1 1ARINEI00 123.8 123.6 T2 -0.32 36.7 0.03 24.6 24.6 6.7 -3.3 0.67 0.06
1 |&RIVEIDT 133 4.4 5.6 0.57 358.4 0.0d Z25.0 25.0 6.3 -3.0 0.70 0.0s
1 IARIVETDZ 128.6 128.5 8.7 -0.36 361 0.01 25.0 24.9 71 -3.4 0.60 0.05
1 IARIVETES 128.2 128.2 4.2 121 38.3 0.07 25.0 25.0 3.5 -4.6 0.66 0.05
1 La3d7 134.3 122.6 231 -9.53 31.2 0.29 241 24.4 9.2 -id_4 0.64 0.06
1 SwRITT 7.4 7.7 35 0.05 36.6 0.05 25.0 25.0 10.7 -5.2 .66 0.07
1 SwRIT 1213 1211 4.3 -0.53 35.6 0.05 24.9 25.0 5.3 -3.1 0.70 0.05
1 SWRI13 125.5 125.3 3.0 -0.20 36.3 0.27 25.0 251 6.5 -3.2 0.69 0.06
1 SWRIZO0 1214 120.9 4.7 -0.57 35.5 0.13 Z25.0 25.0 6.8 -3.3 0.7z 0.05
12 IARIMETDD | 2537 292.9 7.2 29.57 E3.9 0.04 25.4 25.4 .8 4.9 3.59 0.50
12 |ARIVETDT 250.7 25810 EE.4 25.40 72.0 1.03 251 251 13.4 5.7 381 0.79
12 IARIVETDZ | 2527 256.4 53.56 2736 0.9 0.01 251 251 1.3 5.0 351 0.73
12 IARIVETES | 264.0 Z90.2 506 2281 55.9 2.7z 25.2 251 3.3 0.5 3.03 0.30
12 L2347 197.0 1741 4.2 30.91 E3.5 3.40 265 | 26.4 a5 213 3.04 0.91
12 SWRIT? 240.1 2746 EE.4 27.96 Ed.3 259 25.2 25.2 5.1 14 3.74 0.81
12 SwWRITE 2512 287.2 75.5 .02 519 257 25.2 251 6.5 22 337 0.74
12 SwRI13 255.5 292.9 74.5 30.52 Ed.4 314 25.2 24.8 7.9 3.0 372 0.81
12 SWRIZ0 2d45.5 280.9 726 29.83 G2 261 25.2 25.2 7.6 2.8 3.54 0.73
z IARIVETDD | 53225 G241 5.3 -0.52 43.5 0.01 25.2 25.2 0.5 3.1 213 -0.40
2 IaRIVETDT 305.5 308.0 12.0 -0.42 44.7 0.0z 25.0 25.0 3.2 4.5 5139 -0.34
2 IARINET02 3167 319.7 8.6 -0.43 44.0 0.0z 25.0 250 3.8 4.8 5.22 -0.42
z 1ARINETES 4.4 312.8 1.3 -0.18 43.0 0.10 Z25.0 250 .6 5.6 3.56 0.13
2z La347 3123 312.5 1.4 0.05 47.5 0.40 251 251 13.4 6.5 5.19 -0.38
2z SWRIT? 3065 306.0 1.7 -0.76 44.3 017 25.0 25.0 14.8 74 A -0.39
2z SwWRITE 3270 326.9 1.3 -0.54 44.5 0.14 25.0 25.0 0.4 5.2 5.00 -0.36
z SwRI13 F26.9 J26.7 1.3 -0.50 dz.2 152 25.0 24.5 3.1 4.5 4. 36 -0.35
z SWRIZ0 F15.9 315.5 1.2 -0.50 4d.2 0.16 Z25.0 25.0 3.5 4.8 4.37 -0.37
21 IARIVET00 2721 Z95.7 53.9 -21.16 16.4 0.0z 24.5 24.8 7.2 -7.4 146 -0.53
21 I&RIVEIDT 253.2 278.0 5E.3 -21.83 17.5 0.33 24.9 24.9 17.5 -7.7 157 -0.52
21 IARNMETDZ | 274.5 2921 45.8 -17.68 16.5 0.0z 24.9 24.9 16.7 -7 143 -0.59
21 IARNVETES | 2604 254.4 55.3 -21.50 17.0 263 24.5 24.5 6.2 -1.5 126 -0.35
21 Lag47 2914 304.0 27.2 -10.07 215 295 24.3 2d.4 14.5 -5.59 153 | -0.74
21 SwWRITT Z266.2 2651 45.7 -17.56 16.9 291 24.5 24.5 3.7 -3.9 142 -0.47
21 S'wWRI1E 282.8 305.9 50.3 -19.39 19.2 257 24.5 24.8 16 -4.7 165 -0.50
21 SwRI13 2826 305.4 50.5 -13.53 .7 317 24.5 Zd.1 5 -4.7 144 -0.47
21 SWHIZO0 273.0 2931 45.5 -17.50 13.5 255 24.9 24.9 1.3 -4.5 157 -0.47

Sections highlighted in yellow refer to instances in which observed operational differences correlate to average .
intake lifter area loss studentized residuals. Results in red refer to the difference(s) observed within each sectionLUbr'lZDI
P—.k_
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Summary Table of Other Possible Operational Differences Affecting

Average Intake Lifter Area Loss (More Detail in Appendix B)

SUCCESS
TOGETHER
fBuerage
Auerage Bocker
Racker Ciaver Auerage
fAuverage  Average Cower Coalant Crankcaze

BirFuel  FuelRal  Coolart Ot Gas

Ratio Temp InTemp Temp Pressure

Stage | Lab Stand | StdDew Sitd Dew Sitd Dew Sitd Dew Sitd Dew
1 [ARVEIDD | 077 0.35 0.2z 0.25 0536
1 14RIVET 0.33 0.14 0.23 .22 0.534
1 [ARVETDZ | 0.78 0.05 0.32 0.32 0.4E5
1 IARIVETES 106 0.35 045 045 0565
1 LZ347 0.43 0.07 0.03 0.03 0.091
1 SWRNT 1.21 017 0.34 0.34 0096
1 SWRITS 132 0.33 032 0.33 0.043
1 SWRI13 2.00 0.27 0.14 0.13 0097
1 SWRIZD 208 0.30 0.20 013 0188
12 IARME1DD 117 0.35 0.22 0.25 0.333
12 1&RIME 110 014 0.23 nzz 1.300
12 BRNVETDZ | 0.95 0.06 0.33 0.33 1.020
12 [ARVETES | 0.93 0.28 0.4 0.46 1412
12 LZ3d7 0.37 0oy 0.03 0.03 0239
12 SWRITT 0.57 0.15 0. 34 0.34 0090
12 SWRINE 0.64 0.40 0.33 0.33 0.153
12 SWRIT3 0.568 0.25 016 015 0144
12 SwWRIZ0 0.62 0.3 0.21 0.20 0172
2 IARIVEIOD 0.28 0.36 022 0.25 0835
2 14RIMET 0.23 0.15 0.24 0.23 0.333
2 [ARVEIDZ | 026 0.06 0.33 0.33 0774
2 IBRNVETES | 0.28 0.41 0.44 0.44 0,335
2 L2347 014 0.06 0.03 0.03 0.142
2 SWRNT 0.23 016 0.34 0.34 0053
2 SWRIE 0.20 0.33 0.32 0.34 0063
2 SRS 0.25 0.28 015 0.4 0.106
2 SwWRIZ0 0.25 023 013 013 0.143
21 IARNETDD 37 0.36 0.22 0.25 1.004
21 16RIVEIDT 2.25 014 0.3 023 1.362
21 [ARVETIDZ | 3.09 0.06 0.33 0.33 1.069
21 [ARVETES | 228 045 0.43 043 1473
21 LZ3d7 3.33 007 0.03 0.03 0.091
21 SWRIT 137 017 0.33 0.34 0.053
21 SWRINE 133 0.33 0.33 0.33 0.0
21 S'WRI13 2.23 0.25 0.14 0.4 0086
21 SWRIZ0 2.44 0.30 0.20 0.13 0.192

Sections highlighted in yellow refer to instances in which observed operational differences correlate to average

12 © 2015 The Lubrizol Corporation, all rights reserved.

intake lifter area loss studentized residuals. Results in red refer to the difference(s) observed within each sectionLUbr'iZDI
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Possible Operational Differences Affecting
Average Intake Lifter Area Loss

13

Engine Speed (Dyno)
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Lab Stand

|AR [VB100

« AR IVB101

|AR IVB102
|AR VB165

o LZ347
« SWRI17
= SWRI18

CHw D ODOZE R —IomMmmMOM®EE .

SWRI 19
SWRI 20
18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-28
20-0-29
17-0-4
17-0-6
IVB100-0-1
IVB100-0-2
IVB101-0-1
IWB102-0-1
IVB102-0-2
IVB100-0-3
IVB102-0-3

There appears to be an offset in the engine speed (Dyno) cycles among the labs;
LZ generally 1 to 2 seconds behind SwRI; some early IAR tests one second behind SwRI. Lubrizol
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SUCCESS
TOGETHER

IVB102-0-4
IVB100-0-5
IVB101-0-5
IVB100-0-6
IVB101-0-8
IVB101-0-9
IVB101-0-11
IVB101-0-17
IVB101-0-18
IVB101-0-19
IVB165-0-1
IVB165-0-7
TRNSSTF7C
TRNXT13KB
TRNHRIKCD
TRMNRCVDEC
TRMNXMNOP3C
TRNEHTJXB
TRNTZHLGE
TRNWVQKSC
— AR [VB100
— IAR [VB101
— AR [VB102
— AR [VB165
—LZ 347
— SWRI17
— SWRI 18
SWRI 19
— SWRI 20
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Possible Operational Differences Affecting

Average Intake Lifter Area Loss

Engine Speed (Dyno)

5tage |dentification Stage Identification Stage Identification Stage Identification
1 12 2 21

— AR IVE100

— |AR IVB101

— |AR IVB102

— |AR IVB165

— LZ 347

— SWRI17

— SWRI 18
SWRI 19

— 5WRI 20

A 1AR IVB100-0-1

B IAR IVB100-0-2

C IARIVB101-0-1

D IARIVB102-0-1

E IARIVB102-0-2
F IARIVB100-0-3
G |ARIVB102-0-3
H AR IVE102-0-4
I IAR IVB100-0-5
1 IAR IVB101-0-5
K 1AR IVB100-0-6
L IARIVE101-0-8
M IAR IVB101-0-9

& N IARIVB101-0-11
o]
P
Q
R
5
T
u

‘ Engjine S‘p‘eed‘(ljynd)
Engine Speed (Dyno)

IAR IVB101-0-17
IAR IVE101-0-18
IAR IVE101-0-19
IAR IVB165-0-1
IAR IVB165-0-7

LZ TRNSSTF7C
LZ TRNX713KB

T T T T T
3.0 4.0 5.0 6.0 70

Stage time Stage time Stage time

Stage time

Analyses suggest differences in engine speed may affect test severity. In particular, LZ has:

14

Highest average engine speed in stages 1, and 21

Lowest average engine speed in stage 12

Highest within test cycle variability in stage 2

Much different slopes in stages 1 and 2; stage 12 slope is steeper as well

© 2015 The Lubrizol Corporation, all rights reserved.
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LZ TRNHRIKCD

W LZ TRNRCV08C

X
A
z
a
b
C
d
e
f
g
h
I
j
k
[
m
n
o

LZ TRMXMNOP3C
LZ TRNBHTIXB
LZ TRNTZHLGE
LZ TRNWVQKSC
SWRI 18-0-2
SWRI 19-0-31
SWRI 18-0-3
SWRI 20-0-21
SWRI 19-0-32
SWRI 20-0-24
SWRI 19-0-33

i SWRI18-0-6
j SWRI20-0-26

SWRI 20-0-27
SWRI 20-0-28
SWRI 20-0-29
SWRI17-0-4
SWRI 17-0-6
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Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUCGESS

TOGETHER
7 Lab Stand
41ty — AR IVB10D  V IVB102-0-4
3600 — AR IVB1O1 W IVB100-0-5
3200 — AR IVB102 X IVB101-0-5
2800 — AR IVBIES ¥ IVB100-0-6
2400 s —Llz347 Z IVB101-0-8
2000 = SWRITT a IVB101-0-9
1600 H —— SWRI 18 b IVB101-0-11
1200 | SWRI 19 c IVB101-0-17
— SWRI 20 d IVB101-0-18
A 18-0-2 e IVB101-0-19
B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
D 20-0-21 h TRNSSTF7C
| E 19-0-32 i TRNXT13KB
T F 20-0-24 j TRNHRIKCD
g G 19-0-33 k TRMRCVDEC
= H 18-0-6 | TRNXNOP3C
E NE | 20025 m TRNBHTIXB
a ] 20-0-27 n TRNTZHLGB
] K 20-0-28 o TRNWVOKSC
@ L 20-0-29
B M 17-0-4
N 17-0-6
O IVB100-0-1
il P IVB100-0-2
4000 Q IVB101-0-1
— R IVB102-0-1
S IVB102-0-2
32001 T IVB100-0-3
2R U IVB102-0-3
2400 g
2000 =
1600
1200
3{)0_
4{)0_
0
T T T T T T T T T

o 1 2 3 4 5 6 7 & 9 1|0‘I|1 1I.'J_ 1|3‘I|41|5 ‘I|61|'.u"‘||3 ‘IIQP_ID?_I1 ZI.'ZZIRZIJIEISEIEELIZEEEIQEIORH
Cycle Time
There appears to be an offset in the engine speed (flywheel) cycle among the

labs; some early IAR tests one second behind others. .
. Lubrizol
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Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUGCESS

TOGETHER
Stage ldentification Stage Identification Stage Identification Stage Identification
1 12 2 21
1350 ' a5
0 — IAR IVB10D V LZ TRNHRIKCD
— IAR IVB101 W LZ TRNRCVDBC
4350 — IAR IVB102 X LZ TRNXNOP3C
— IAR IVB165 ¥ LZ TRNBHTIXB
— 17347 Z LZTRNTZHLGE
400 — SWRI 17 a LZ TRNWVOKSC
— SWRI 18 b SWRI18-0-2
| SWRI 19 ¢ SWRI19-0-31
2l — SWRI 20 d SWRI18-0-3
A IAR IVB100-0-1 e SWRIZ20-0-21
_ - E AR IVB100-0-2 f SWRI19-0-32
E - i _ C AR IVB101-0-1 g SWRI20-0-24
= | © : T D AR IVB102-0-1 h SWRI19-0-33
2 H 4150 g E IARIVE102-0-2 i SWRI18-0-6
= i g & F IARIVE100-0-3 j SWRI20-0-26
B e i - G IARIVB102-0-3 k SWRI 20-0-27
2 : 2 400§ g H IARIVE102-0-4 | SWRI20-0-28
o F B = I IARIVB100-0-5 m SWRI 20-0-29
= @ 1 £ ) IARIVBI01-0-5  n SWRI17-0-4
i = | gl 1/ & K 1AR IVB100-0-6 o SWRI17-0-6
5 F L IARIVB101-0-8
= =) 00 M IAR IVB101-0-9
B 2 = N IAR IVB101-0-11
» =5 B z O IARIVE101-0-17
= =5 A ] = 2050.| P IAR IVB101-0-12
8 2 /BN B H o | Q IAR IVB101-0-19
z 5/ B \B /B R IAR IVE165-0-1
= E H W/ H 3900-{ I S IAR IVB165-0-7
= = B E H T LZ TRNSITFTC
= = = & - U LZ TRNXT13KB
; El = = = 3850
2 5 B N B o
D E = B E
i N D o 3800
= = E -
T T T T T T T 0 T T T T T \ \
10 20 30 40 50 60 70 LA BT S I
Stage time fagetime Stage time Stage time
Analyses suggest differences in engine speed may affect test severity. In particular, LZ has:
. Higher average engine speed in stages 21
. Lowest average engine speed in stage 12
. Highest within test cycle variability in stages 1 and 2 R
«  Much different slopes in stages 1, 2, and 21 Lubrizol
1 © 2015 The Lubrizol Corporation, all rights reserved. f_'__'~—



Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUCCESS

TOGETHER
20+ Lab Stand
18] — IARIVBI00  V IVB102-0-4
164 — IARIVBIDT W IVB100-0-5
ml — IARIVBI02 X IVB101-0-5
— IARIVBI6S ¥ IVB100-0-6
124 s —lZ347 Z IVB101-0-8
10 = SWRINT a IVB101-0-9
3 — SWRI18 b IVB101-0-11
6 SWRI 19 ¢ IVB101-0-17
— SWRI 20 d IVB101-0-18
49 A 18-0-2 e IVB101-0-19
2+ B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
20 D 20-0-21 h TRNSITF7C
18- E 19-0-32 i TRNXT13KB
164 F 20-0-24 i TRNHRIKCD
5 o G 19-0-33 k TRNRCVOSC
z H 18-0-6 I TRNXNOP3C
& 1By S E | 202 m TRNBHTIXB
£ 104 T ) 20027 n TRMTZHLGE
& 8- K 20-0-28 o TRNWVQKSC
6 L 20-0-29
al M 17-0-4
N 17-0-6
29 O IVB100-0-1
P IVB10D-0-2
207 Q IVB101-0-1
184 R IVB102-0-1
16— S IVB102-0-2
18] T IVB100-0-3
Tl U IVB102-0-3
10 %
8-
B
4
2 —

1 T T T T T T T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time

+ Compared to the other labs, there is a slower increase in engine power at LZ at the beginning of the
transition from stage 1 to stage 2. Mid way through the transition the engine power ramps up at LZ and the
engine power among the labs is similar by the beginning of stage 2.

* One LZ test has much higher engine power.

* The engine power of some IAR tests appears to be fairly constant across the stages.

17 © 2015 The Lubrizol Corporation, all rights reserved.
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Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUGCESS

TOGETHER
Lab Lab Stand
(A48 = B —IARIVBTO0  V IVB102-0-4
— IARIVBIO1 W IVB10D-0-5
1 —IARIVBI02 X IVB101-0-5
15 —IARIVBIES Y IVB100-0-6
— 1z 347 Z IVB101-0-8
L2y . —SWRITT a IVB101-0-9
9. — SWRI1E b IVB101-0-11
SWRI 19 c IVB101-0-17
— SWRI20 d IVB101-0-18
A 18-0-2 e IVB101-0-19
B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
D 20-0-21 h TRNSSTFTC
E 19-0-32 i TRNXTI3KE
F 20-0-24 i TRNHRIKCD
G 19-0-33 k TRNRCVOSC
H 18-0-6 | TRNXNOP3C
W | 20026 m TRNBHTIXB
_ 2 1 w0z n TRNTZHLGB
g B K 0028 o TRNWVQKSC
& Z L 20-0-29
£ 2 M 17-04
£ g N0
5 O IVB100-0-1
= P B100-0-2
Q IVB101-0-1
R IVB102-0-1
S IVB102-0-2
T IVB100-0-3
U IVB102-0-3
T T T T T T

T T T T T T T T T T T T T T T T T T
1.0 20 3.0 40 5.0 6.0 70 80 1.0 20 3.0 40 5.0 6.0 70 80 10 20 3.0 40 5.0 6.0 70 80

Stage time

Analyses suggest differences in engine power may affect test severity.
In particular, LZ has higher within cycle variability in stage 1

18 © 2015 The Lubrizol Corporation, all rights reserved.
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Possible Operational Differences Affecting
Average Intake Lifter Area Loss
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il Gallery Pressure
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==

— T T T T T T T 1
1 2 3 4 5 6 7 8 9

T T T T T T T T T T T 1T
m 11 12 13 14 15 16 17 18 19 20 21 22
Cycle Time

T T T T T T T 1
23 24 25 26 27 28 29 30 A

Lab Stand

— IAR IVB100
— IAR IVB1D1
— IAR IVB102
— IAR IVB165
— 17347
— SWRITT
—— SWRI1S
SWRI 18
— SWRI 20
18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-28
20-0-29
17-0-4
17-0-6
IVE100-0-1
IVB100-0-2
IVB101-0-1
IVE102-0-1
IVB102-0-2
IVB100-0-3
IVB102-0-3

CH LD DT OoOZErm—-—IToTmmMmoOMN®mE

053 3 —m— - FW@ ohmoEoA T on M E

There appears to be an offset in the oil gallery pressure cycle among the labs;

LZ ~2 seconds behind SwRI; some early IAR tests are one second behind SwRI.

© 2015 The Lubrizol Corporation, all rights reserved.

SUCCESS
TOGETHER

VB102-0-4
VB100-0-5
IVB101-0-5
IVB100-0-6
VB101-0-8
VB101-0-9
VB101-0-11
IVB101-0-17
IVB101-0-18
IVB101-0-19
IVB165-0-1
IVB165-0-7
TRMSITF7C
TRMXT13KB
TRMHRIKCD
TRMRCV08C
TRMXMNOP3C
TRMEHTIXE
TRMNTZHLGBE
TRNWVOKSC
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Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUCCESS

TOGETHER
Lab Lab Stand
(5 L= gl —IARIVBIOD  V IVB102-0-4
20 — IARIVBID1 W IVB100-0-5
: — IARIVB10Z X IVB101-0-5
— IARIVBIES Y IVB100-0-6
— 1z 347 7 IVB101-0-8
L ——SWRITT a IVB101-0-9
—— SWRI1S b IVB101-0-11
SWRI 19 ¢ IVB101-0-17
— SWRI20 d IVB101-0-18
A 18-02 e IVB101-0-19
B 19-0-31 £ IVB165-0-1
C 18-0-3 g IVB165-0-7
D 20-0-21 h TRNSITFTC
E 19-0-32 i TRNX713KB
F 20-0-24 j TRNHRIKCD
~ G 19-0-33 k TRNRCV0SC
~ H 18-0-6 I TRNXNOP3C
I 20-0-26 m TRNEBHTIXE
g 2 ) w0 n TRNTZHLGB
& © K 20-0-28 o TRNWVOKSC
a3 E L 20-0-29
k] 2 M 1704
S 5 N 17-0-6
z £ 0 IVB100-0-1
P wB100-0-2
Q IVB101-0-1
~ R IVE102-0-1
S IVB102-0-2
T IVB100-0-3
U IVB102-0-3
-
2 T T T T T T T

T T T T T T T T T T T T T T T T T
1.0 20 3.0 4.0 5.0 6.0 70 80 10 20 3.0 4.0 5.0 6.0 70 80 10 2.0 3.0 4.0 5.0 6.0 70 80

Stage time

Analyses suggest differences in gallery pressure may affect test severity. In particular, LZ has:
* Lower stage 12 average pressure

* More within test cycle variability in stage 1; less in stage 21

+ Steepest slope in stage 1; smallest slope in stage 21

- These differences are affected by the differences in pressure cycles among the labs (prior slide]_ybrizol
f_——-_

20 © 2015 The Lubrizol Corporation, all rights reserved.
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Average Intake Lifter Area Loss
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Cycle Time

qeq

Lab Stand

— AR IVB100
— AR IVB101
— AR IVB102
— |AR VB165
— L7 347
— SWRI 17
— SWRI18

SWRI 19

— SWRI 20

CHw PO VO ZEIrAR-—IoTmmoOMnm»

18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-28
20-0-29
17-0-4
17-0-6
IVE100-0-1
IVB100-0-2
IVE101-0-1
IVB102-0-1
VB102-0-2
IVB100-0-3
VB102-0-3

IVB102-0-4
IVB100-0-5
IVB101-0-5
IVB100-0-6
IVB101-0-8
IVB101-0-9
IVB101-0-11
IVB101-0-17
IVB101-0-18
IVB101-0-19
IVB165-0-1
IVB165-0-7
TRNSSTF7C
TRMXT13KE
TRNHRIKCD
TRMRCVOBC
TRNXMNOP3C
TRMEHTIXE
TRNTZHLGE
o TRNWVOQKSC

S —®m— - TW@ A oA T o N E

SUCCESS
TOGETHER

There appears to be a difference in how the intake manifold pressure cycles at LZ compared to the
other labs; it is generally delayed by a second and the step changes in pressure are more gradual.

Lubrizol
T O

Early IAR tests also track 1 second behind SwRI tests.
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Average Intake Lifter Area Loss
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IAR Lz SWRI

Intake Manifold Pressure
uonesynuap] abeg

MN—'—l—l—l—ld

T T T T T T T T T T T T T T T T
1.0 20 3.0 4.0 5.0 6.0 70 80 10 20 3.0 40 5.0 6.0 70 80

Stage time

Lab Stand

— AR IVB100
— AR IVB101
— AR IWVB102
— AR IVB165
— L7347
— SWRI 17
—— SWRI 18

SWRI 19

— SWRI 20

CHWITOPOZErmR—-——TITaommoOnm>

18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-28
20-0-29
17-0-4
17-0-6
IVB100-0-1
IVB100-0-2
IVB101-0-1
IVB102-0-1
IVB102-0-2
IVB100-0-3
IVB102-0-3

Analyses suggest differences in intake manifold pressure may affect test

severity. In particular, LZ has lower stage 1 average pressure.

© 2015 The Lubrizol Corporation, all rights reserved.
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SUCCESS
TOGETHER

IVB102-0-4
IVB100-0-5
IVB101-0-5
IVB100-0-6
IVB101-0-8
IVB101-0-9
IVB101-0-11
IVB101-0-17
IVB101-0-18
IVB101-0-19
IVB165-0-1
IVB165-0-7
TRNSSTF7C
TRNXT713KB
TRNHRIKCD
TRNRCV0BC
TRNXNOP3C
TRNBHTJXE
TRNTZHLGE
TRNWVQKSC
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Possible Operational Differences Affecting ]

Average Intake Lifter Area Loss SUCCESS

TOGETHER
8.0+ Lab Stand
7.0 ’ — IARIVBIOD V' IVB102-0-4
60 — IARIVBI0T W IVB10D-0-5
— IARIVBI02 X IVB101-0-5
5.0 — IARIVB165 ¥ IVB10D-0-6
and 5 —lzu7 Z IVE101-0-8
 —SWRITT a IVB101-0-2
3.0 —— SWRI 18 b IVB101-0-11
20 SWRI 19 c IVB101-0-17
— SWRI 20 d IVB101-0-18
Ly A 13-02 e IVB101-0-19
0.0 B 19-0-31 £ IVB165-0-1
C 18-0-3 g IVB165-0-7
8 D 20-0-21 h TRNSSTF7C
7.0 E 19-0-32 i TRMXT13KB
i F 20-0-24 j TRNHRIKCD
3 G 19-0-33 k TRMRCVDBC
e 304 H 18-0-6 I TRMXNOP3C
£ 40 NE | 2002 m TRNBHTIXE
= 20, 1 20-0-27 n TRNTZHLGE
Z - K 20-0-28 o TRNWVOKSC
2.0+ L 20-0-29
M 17-0-4
iy N 17-0-6
0.0 L O IVB100-0-1
204 P IVB100-0-2
Q IVB101-0-1
7.0 R IVB102-0-1
60 S IVB102-0-2
T IVB100-0-3
3.0+ U IVB102-0-3
40 g
3.0
2.0
1.0
0.0
T T T T T T T

Cycle Time
« The fuel flow rate of IAR165 does not ramp as high as all other stands in the transition from stage 1 to stage 2.
* Acouple LZ tests have a steeper fuel flow rate in the transition from stage 1 to stage 2.
« LZ fuel flow rate changes are not as linear as the other labs.
* Most LZ tests and early IAR tests lag a second behind SwRI tests.

23 © 2015 The Lubrizol Corporation, all rights reserved.
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Possible Operational Differences Affecting
Average Intake Lifter Area Loss

550_ Lab Stand
o ] e
. H — AR IVB1D1
il || ~—] 1 | | || — IAR IVB102
63.0 — — AR IVB165
62.0 5 —LlZ347
A4 ®  swWRITT
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— A 18-0-2
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360 C 18-0-3
6.0 D 20-0-21
650 E 19-0-32
& F 20-0-24
E z& G 19-0-33
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a = . S E | 202
= 6109 ] 20-0-27
= 600 K 20-0-28
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* 580 M 17-0-4
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. P IVB100-0-2
66.0- Q IVB101-0-1
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6.0 S IVB102-0-2
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50.0-
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Cycle Time

vV IVB102-0-4
W IVB100-0-5
X IVB101-0-5
¥ IVB100-0-6
Z IVB101-0-8
a IVB101-0-9
b IVB101-0-11
c IVB101-0-17
d [VB101-0-18
e [VB101-0-19
f IVB165-0-1
g [VB165-0-7
h TRNSITF7C
i TRNXT713KB
J TRNHRIKCD
k TRNRCV0SC
| TRNXNOP3C
m TRNEHTIXB
n TRNTZHLGE
o TRNWWVOKSC

SUCCESS
TOGETHER

The dip in oil sump temp occurs at a different time within the cycle at LZ than the other labs.

At IAR and SwRiI, this dip occurs at the end of the transition from stage 1 to stage 2.,
ubrizol
P—.‘_
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At LZ, the dip in sump temp occurs in stage 2.



Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUCCESS

TOGETHER
Lab Stand
— IARIVBIOD  V IVB102-0-4
— IARIVEIOT W IVB100-0-5
— IARIVE10Z X IVB101-0-5
— IARIVE1ES Y IVE100-0-6
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—— SWRI18 b IVB101-0-11
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B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
D 20-0-21 h TRNSITF7C
E 19-0-32 i TRNX713KB
F 20-0-24 j TRNHRIKCD
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H 18-0-6 I TRNXNOP3C
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Stage time

Analyses suggest differences in sump temp may affect test severity. In particular, LZ has:

* Lower average stage 2 and 21 oil sump temp

» Less within test cycle variability in stage 1 and 2

« Little change in oil sump temp throughout stages 1 and 2 whereas the other labs slightly decrease in
stage 1 and increase in stage 2

 These differences are affected by the sump temp dip differences across at the labs Lubrizol
f_-——-_
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Cycle Time

The dip in oil gallery temp occurs at a different time at the labs.
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SUCCESS
TOGETHER

LZ dips at the end of the transition from stage 1 to stage 2. IAR and SwRI generally dip in the middle of the

transition with IAR’s dip generally occurring about 1 to 2 seconds after SwRI.

The dip in oil gallery temperature is not consistent within IAR tests. Most notable are tests run on stand 102.
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Stage time
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Lab Stand
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Analyses suggest differences in gallery temp may affect test severity. In particular, LZ has:
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More within test cycle variability in stage 2
Differing slopes than other labs within stages 12 and 2
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These differences are affected by the inconsistency of when the gallery temp dips at the labs [ ubrizol
f_-——-_
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Possible Operational Differences Affecting
Average Intake Lifter Area Loss
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Cycle Time

03 3 —m— - T@ own N T oo <X E <

SUCCESS
TOGETHER

IVB102-0-4
IVB100-0-5
IVB101-0-5
IVB100-0-6
IVE101-0-8
IVB101-0-9
IVE101-0-11
IVB101-0-17
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IVB165-0-1
IVB165-0-7
TRNSITF7C
TRNXT13KB
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The dip in exhaust gas temp at IAR occurs ~3 seconds prior to LZ and SwRI (with the exception

of stand 165 which tracks 1 or 2 seconds behind LZ and SwR).
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Possible Operational Differences Affecting

Average Intake Lifter Area Loss
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Stage time
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Analyses suggest differences in exhaust gas temp may affect test severity. In particular, LZ and SwRI17 have:

29

Steep stage 1 and 2 slopes
Most within cycle variability in stages 1 and 2

© 2015 The Lubrizol Corporation, all rights reserved.

Lubrizol
T 1L 0N



Possible Operational Differences Affecting
Average Intake Lifter Area Loss
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The air fuel ratio tracks differently at SwRI than the other labs in stage 1 and the transition from stage 2 to, 1.

30
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Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUCGESS

TOGETHER
Lab Lab Stand
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Analyses suggest differences in air fuel ratio may affect test severity. .
In particular, LZ has lowest within cycle variability in stage 2. Lubr'lzol
f_'——-_,

31 © 2015 The Lubrizol Corporation, all rights reserved.
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Average Intake Lifter Area Loss SUCGESS
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The increase in crankcase gas pressure in the transition from stage 1 to 2 .
generally happens a few seconds sooner at IAR than LZ and SwRI. Lubrizol
P—.‘_
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Average Intake Lifter Area Loss SUCGESS
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Compared to LZ and SwRI, IAR has the highest within test variability among all stages of the test.
Lubrizol
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Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUCCESS
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Cycle Time
* The spike in engine torque at LZ occurs in the middle of the transition from stage 1 to stage 2
and in some tests is much higher than the spike observed at the other labs.
« SwRI's torque spikes the first second of the transition while IAR is generally 1 second behind.

 LZalso has a dip in torque at the beginning of stage 1 (this is not observed at the other labs). [ (jbprizol
f_-——-_
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Average Intake Lifter Area Loss SUCCESS
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Stage time

Analyses suggest differences in engine torque may affect test severity. In particular, LZ has:
« Higher average torque in the transition from stage 1 to stage 2 (caused by higher torque in a few tests)
« Slightly lower average torque in stages 1 and 21 Lubrizol
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Possible Operational Differences Affecting .

Average Intake Lifter Area Loss SUCCESS
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Stage time

Analyses suggest differences in fuel rail temp may affect test severity. In particular, LZ and IVB102 have .
the lowest within cycle variability in stage 2 and the transition from stage 2 to stage 1. Lubr'lzol
f_——-_
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Average Intake Lifter Area Loss SUGCESS
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Stage time
Analyses suggest differences in rocker cover coolant in temp may affect test severity.
In particular, LZ has the lowest within cycle variability in all stages of the test. Lubrizol
f_'——-_
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Average Intake Lifter Area Loss SUCGESS
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Stage time

Analyses suggest differences in rocker cover coolant out temp may affect test severity. .
In particular, LZ has the lowest within cycle variability in all stages of the test. Lubr'lzol
f_'——-_,
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Appendix A — Results by Test
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SUCCESS
TOGETHER

Exhaust Bucket
Exhaust Bucket | Lifters Average
Final Prove- Lifters Average | Volume Loss, | Average intake | Average intake
out test? Lab Stand Oil Test Area Loss, um?2 mm3 lifter area loss |lifter volume loss
No IAR | IVB100 | REO1006-2 IVB100-0-5 97132.831
No IAR | IVB100 | REO300 IVB100-0-1 99565.631
No IAR | IVB100 | REO300 IVB100-0-2 26430.975
No IAR | IVB101 | REO1006-2 | 1VB101-0-11 282302.105 3.243
No IAR | IVB101 | REO1006-2 | 1VB101-0-19
No IAR | IVB101 REO300 IVB101-0-1 91561.825
No IAR | IVB102 | REO1006-2 IVB102-0-4 139121.873
No IAR | IVB102 REO300 IVB102-0-1 119989.675
No LZ 347 REO300 TRNS9TF7C
No SWRI 18 REO 300 18-0-2 145353.88
No SWRI 18 REO 300 18-0-3 63792.838
No SWRI 19 1006-2 19-0-33 146385.944 1.119859703
No SWRI 19 REO 300 19-0-31 171083.063
No SWRI 19 REO 300 19-0-32 69919.619
No SWRI 20 1006-2 20-0-21 37271.438
No SWRI 20 1006-2 20-0-24 81906.875
No SWRI 20 REO 300 20-0-29 168959.4 1.54_
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Appendix A — Results by Test

SUCCESS
TOGETHER
Exhaust Bucket
Exhaust Bucket | Lifters Average Average intake
Final Prove- Lifters Average | Volume Loss, | Average intake | lifter volume
out test? Lab | Stand Oil Test Area Loss, pm2 mm3 lifter area loss loss
Yes IAR | IVB100O | REO1006-2 1VB100-0-3 106951.9 179553.814
Yes IAR | IVB100 REO3 IVB100-0-6 81629.484 1.105 102010.707 0.704
Yes IAR | IVB101 | REO1006-2 | IVB101-0-17 208444.448 2.064243265 256481.937 2.364
Yes IAR | IVB101 | REO1006-2 | 1VB101-0-18 131544.454 0.956906187 200097.992 1.592
Yes IAR | IVB101 REO3 IVB101-0-8 59174.488 0.61 116375.183 0.982
Yes IAR | IVB101 REO300 IVB101-0-5 83197.74 239274.467
Yes IAR | IVB101 | REO300 IVB101-0-9 143407.848 1.724 265339.906 2.51
Yes IAR | IVB102 | REO1006-2 1VB102-0-2 82004.91 145893.659
Yes IAR | IVB102 | REO1006-2 IVB102-0-3 103052.31 171764.073
Yes IAR | IVB165 | REO1006-2 | 1VB165-0-1 85838.184 0.846680813 153717.036 1.337
Yes IAR | IVB165 REO300 IVB165-0-7 71669.706 0.742 123761.196 1.14
Yes LZ 347 REO1006-2 | TRNHRJKCD 113196.5625 1.47377436 279284 2.683
Yes LZ 347 REO1006-2 | TRNRCVO08C 130022.4375 1.771258125 261655 2.799
Yes LZ 347 | REO1006-2 | TRNXNOP3C 168046.6875 2.38 268600 2.807
Yes LZ 347 REO1006-2 | TRNBHTIJXB 176535.6875 2.29025 292911 3.037
Yes LZ 347 REO3 TRNWVQKSC 2.089375 3.881
Yes LZ 347 REO300 TRNX713KB 172282.2238 2.367856633 378016 4.272
Yes LZ 347 REO300 TRNTZHLGB 133624.6875 1.834625 353890 3.746
Yes SWRI 17 1006-2 17-0-4 108780 0.76 363430.67 3.72
Yes SWRI 17 1006-2 17-0-6 125168.49 1.25 307683.39 3.13 .
Yes SWRI 18 REO 300 18-0-6 104167.79 0.74 301517.988 2.934891747 Be N g
Yes SWRI 20 1006-2 20-0-28 85558.62 0.85 203830.314 1.804 / H
Yes SWRI 20 REO 300 20-0-26 107097.99 0.87 244466.725 1.875 & CO nfl m ed

.
Yes SWRI 20 REO 300 20-0-27 122576.406 1.04 286161.088 1.75 Lubr"zol
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Appendix B

Possible Operational Differences Affecting
Average Intake Lifter Area Loss

Lubrizol
T 120



Correlation to Average Intake Area LoSS -

SUCCESS
TOGETHER

Operational data were collected from 101 and 102 hours of each test.
— Each test contains 120 cycles (each cycle is 30 seconds)
— Each cycle consists of 4 stages:
» Stage 1 (7 seconds)
» Stage 12: the transition from stage 1 to stage 2 (8 seconds)
= Stage 2 (7 seconds)
» Stage 21: the transition from stage 2 to stage 1 (8 seconds)

« Within each stage of each test, the mean, median, standard deviation, and slope
(where applicable) were calculated across the 120 cycles.

« Variability in average intake area loss attributed to oil and test length differences was
removed.

— Studentized residuals were calculated. These represent the remaining variability
in the data after oil differences and the test length effect are taken into account.

« The studentized residuals were then correlated with the summarized operational data
metrics to identify operational differences potentially affecting test severity.

* Plots of these correlations are included in this appendix.

Lubrizol
T O
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Possible Stage 1 Operational Differences
Affecting Average Intake Lifter Area Loss

Lubrizol
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Possible Stage 1 Operational Differences N

Affecting Average Intake Lifter Area Loss FSSES,
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Possible Stage 1 Operational Differences
Affecting Average Intake Lifter Area Loss

Studentized Resid of Average intake lifter

area loss
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area loss

T T T T T
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Studentized Resid of Average intake lifter

Studentized Resid of Average intake lifter

area loss

area loss
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Possible Stage 1 Operational Differences

Affecting Average Intake Lifter Area Loss

Studentized Resid of Average intake liftar

47

area loss
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Slope Qil Gallery Pressure
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Studentized Resid of Average intake lifter

area loss
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Possible Stage 1 Operational Differences N

Affecting Average Intake Lifter Area Loss FSSES,
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Possible Stage 1 Operational Differences N

Affecting Average Intake Lifter Area Loss Syccess
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Possible Stage 1 Operational Differences N

Affecting Average Intake Lifter Area Loss FSSES,
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Possible Stage 1 Operational Differences

Affecting Average Intake Lifter Area Loss

Studentized Resid of Average intake lifter
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Possible Stage 1 Operational Differences N
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Possible Stage 1 Operational Differences
Affecting Average Intake Lifter Area Loss

Studentized Resid of Average intake lifter
area loss
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Possible Stage 1 Operational Differences N

Affecting Average Intake Lifter Area Loss FSSES,
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Possible Stage 1 to Stage 2 Transition Operational
Differences Affecting Average Intake Lifter Area Loss
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Possible Stage 1 to Stage 2 Operational Differences N

Affecting Average Intake Lifter Area Loss
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Possible Stage 1 to Stage 2 Operational Differences N

Affecting Average Intake Lifter Area Loss
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Possible Stage 1 to Stage 2 Operational Differences N

Affecting Average Intake Lifter Area Loss FSSES,
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Possible Stage 1 to Stage 2 Operational Differences N

Affecting Average Intake Lifter Area Loss FSSES,
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Possible Stage 1 to Stage 2 Operational Differences N

Affecting Average Intake Lifter Area Loss
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Possible Stage 1 to Stage 2 Operational Differences N

Affecting Average Intake Lifter Area Loss FSSES,
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Possible Stage 2 Operational Differences Affecting
Average Intake Lifter Area Loss
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Possible Stage 2 Operational Differences
Affecting Average Intake Lifter Area Loss
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Possible Stage 2 Operational Differences

Affecting Average Intake Lifter Area Loss
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Possible Stage 2 Operational Differences
Affecting Average Intake Lifter Area Loss
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Possible Stage 2 Operational Differences

Affecting Average Intake Lifter Area Loss
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Possible Stage 2 Operational Differences
Affecting Average Intake Lifter Area Loss

Studentized Resid of Average intake lifter
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Possible Stage 2 Operational Differences

Affecting Average Intake Lifter Area Loss
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Possible Stage 2 Operational Differences N

Affecting Average Intake Lifter Area Loss FSSES,
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Possible Stage 2 Operational Differences

Affecting Average Intake Lifter Area Loss
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Possible Stage 2 to Stage 1 Transition Operational
Differences Affecting Average Intake Lifter Area Loss
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Possible Stage 2 to Stage 1 Operational Differences |l
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Possible Stage 2 to Stage 1 Operational Differences |l

Affecting Average Intake Lifter Area Loss FSSERS

s . = Lab Stand
z E ® |ARIVB10D
= s ® |ARIVB10T
55 e, ® |ARIVB102
= z S ® |ARIVB165
T = & ® | 7347
= = ® SWRIT
& g @ SWRI8
5 . . e £ . e SWRI1S
g 2 2 2 ® SWRI20
2400 2500 2600 2700 2800 2900 3000 3100 3200 2400 2500 2600 2700 2300 2900 3000 3100 3200
Mean(Engine Speed (Dyno)) Median(Engine Speed (Dyna))

Lubrizol
T 1L 0N

74 © 2015 The Lubrizol Corporation, all rights reserved.



Possible Stage 2 to Stage 1 Operational Differences |l

Affecting Average Intake Lifter Area Loss
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Possible Stage 2 to Stage 1 Operational Differences |l

Affecting Average Intake Lifter Area Loss
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Possible Stage 2 to Stage 1 Operational Differences |l

Affecting Average Intake Lifter Area Loss FSSERS
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Possible Stage 2 to Stage 1 Operational Differences |l

Affecting Average Intake Lifter Area Loss
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Possible Stage 2 to Stage 1 Operational Differences |l

Affecting Average Intake Lifter Area Loss FSSERS
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Possible Stage 2 to Stage 1 Operational Differences |l

Affecting Average Intake Lifter Area Loss FSSERS
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Possible Stage 2 to Stage 1 Operational Differences |l

Affecting Average Intake Lifter Area Loss FSSERS
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Operational Data -
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Operational data were collected from 101 to 102 hours of each test.
— This contains 120 cycles (each cycle is 30 seconds)
— Each cycle consists of 4 stages:
» Stage 1 (7 seconds)
» Stage 12: the transition from stage 1 to stage 2 (8 seconds)
» Stage 2 (7 seconds)
» Stage 21: the transition from stage 2 to stage 1 (8 seconds)
Cycles of each test are overlaid on plots in this appendix
On plots in which each test is shown in its own pane:
— Tests are ordered by time within lab on the plots
— Those in red are from earlier development work
— Those in green represent the latest prove-out tests
Erroneous data have been removed from the plots
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Current Control Limits
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Sequence VB - Test Sequence

Ramp to Ramp to
Parameter Units Stage 1 stage 1 Stage 2 Stage 2
Duration s 8 7 s 7
Engine Speed rpm 4300 to B0OO BOD+ 25 800 to 4300 4300+ 25
Engine Torque MN-m 25%2 2512 252 25%2
:::;I::;Emperat”m °C 4913 49+3 49£3 4913
?:5_:;2:;55 °C 5t02 2+1 2t05 5+1
zﬁlﬁiﬂﬁznew °C 55t0 53 53+3 531055 55+3
Intake Air Temperature °C 32:3 323 323 32:3
gﬁiﬂfg:f;tﬁ:m t °C 20+2 20+2 20+2 20+2
Fuel Rail Temperature °C 24+3 24£3 24+3 24+3
Load Cell Temperature °C 45+ 3 45+ 3 45+ 3 45+ 3
Intake Air Pressure kPa 0.07 £0.07 0.07 +0.07 0.07 £ 0.07 0.07 £0.07
Intake Air Humidity g/kg 11.5%0.5 11.5+0.5 11.5+0.5 11.5 0.5
Exhaust Pressure kPa(a) | 104.5 to 103.5 103.5+1 103.5 to 104.5 1045+1
Engine Coolant Pressure kPa 70110 70+10 7010 70110
Fuel Rail Pressure kPa 33510 33510 33510 33510
Air Fuel Ratio AFR record 14.5+0.5 record 14.5+0.5

© 2015 The Lubrizol Corporation, all rights reserved.
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Engine Spead (Dyno)

Lab Test

|AR IVB100-0-1 |AR IVB100-0-2 |AR IVB101-0-1 |AR IVB102-0-1 |AR IVB102-0-2 |AR IVB100-0-32
4400 ———gum—ny o
2800 - I. &
2000 0
1200
|AR IWVB102-0-3 |AR WB102-0-4 |AR IWB100-0-5 |AR IVB101-0-5 |AR IWB100-0-6 |AR IWB101-0-8
300 — > [ ] » ] »
2800 ¢ . S S
2000 - ‘ .- .‘
10
|AR IVB101-0-9 I1AR IWB101-0-11 I1AR WB101-0-17 I1AR IWVB101-0-18 I1AR IVB101-0-19 |AR IWB165-0-1
3600 — L] o L r é .
2800 -1 3 ! f.
2000 '3 %
1200 .
|AR IVB165-0-7 LZ TRMSATFTC LZ TEMX713KB LZ TRMHEIECD LZ TRMRCVOEC LZ TRMXMOP3IC
[ ]
LZ TRMBHTIXE LY TRMTZHLGE L7 TRMWWOKSC SWRI18-0-2 SWRI19-0-31 SWRI18-0-3
3600 ] & Y Fd ; . %
2800 2 % ¥4 . iy L A
2000 1 L1 ® L . .
o I N S
SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI18-0-6 SWRI20-0-26
3600 o . 8 Y . [} a . . . . .
2800— > o s . » . » L] » i » =
L ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
2000 » . - . [ [ [ [ [ . [ [
1200 y % y % y % y ‘ y % 4 %
i e - o L —t—————*
SWRI20-0-27 SWRI20-0-28 SWRI20-0-20 SWRI17-0-4 SWRI17-0-6
= ) [ ] ) [ ] ) [ ] [ ] [ [ ]
2800 o . g % $ % . % 'y
[ A ] . F 4 (] . % » “
%gx‘ o r o ) . . . r . .'5|
! T T T T T T T 1 R N N T T T T 1 T T T T T T T T T I
4 10 16 22 28 4 10 16 22 28 4 10 16 22 28 4 10 16 22 28 4 10 16 22 28 4 10 16 22 23
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Engine Spead (Dyna)
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4000
3500
3000
2500~
2000 —
1500
1000

Wt T T T 11
01 2 3 4 5 & 7 &
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T
9

T
10 1

T T T T 1 T T T T T T T T T T T T T T 1
11213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Cycle Tirme

il

Z1

[dAins

qe

Lab 5tand

[t I W= R e = B T = S T o T W A T = = s =

[AR IVBE100
AR IVB101
[AR IVB102
AR IVB185
L7 347
SWRI17
SWRI 18
SWRI 19
SWRI 20
18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-23
20-0-29
17-0-4
17-0-6
IVE100-0-1
VB100-0-2
VB101-0-1
VB102-0-1
VB102-0-2
IVB100-0-3
VB102-0-3

IVB102-0-4
IVB100-0-5
IVB101-0-5
IVE100-0-6
IVB101-0-8
IVB101-0-9
IVB101-0-11
IVB101-0-17
IVE101-0-18
IVE101-0-19
IVB165-0-1
IVB165-0-7
TRMSATFTC
TRMXT13KE
TRMHRJIKCD
TRNRCVOSC
TRMAMNOPIC
TRMEHTIXE
TRNTZHLGE
TRNWYCKSC
— AR [VB10D
— AR IVB101
— AR VB102
— AR IVE165
— L7347
— SWRI 17
— 5WRI 12
SWRI 19
— SWRI 20
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Engine Speed (Flywh ael)

Lab Test

IAR IVB100-0-1 IAR IVB100-0-2 IAR IVB101-0-1 IAR IVB102-0-1 IAR IVB102-0-2 IAR IVB100-0-3
-*
3800 3
2800 '.‘.
1800 )
W'*‘L hamt —
IAR [VB102-0-2 IAR IVE102-0-4 IAR IVB100-0-5 IAR IVB101-0-5 IAR VB100-0-6 IAR [VB101-0-8
3800
2800 ;' f
1800 ". f 0’ [
300=
|AR VB101-0-9 |AR WB101-0-11 AR |‘I.|"B1'D1 AR |".|"B1'D1 |AR WB101-0-19 |AR WB165-0-1
3800
2800 ‘..‘.
1800
800= J
|AR VB165-0-7 L TRMSOTF7C LZ TRMXT13KEB LZ TRMHRJKCD LZ TRMRCWOSC L TRMXMOP3IC
3800
2800 &
1800 [ #
300- L - " B
LZ TRMBHTIXB LZ TRNTZHLGE ¥ TRMNWWOESC SWRI18-0-2 SWRI19-0-21 SWRI 18-0-3
3800
2800
1800
300
SWRIZ20-0-21 SWRI19-0-32 SWRI 20-0-24 SWRI19-0-322 SWRI 18-0-6 SWRI20-0-26
3800
2800
1800
300
SWRI20-0-27 SWRI20-0-28 SWRI 20-0-29 SWRI17-0-4 SWRI17-0-6
3800
2800
1800
300

4 10 16 22 28 4 10 16 22 28 4 10 16 2223 4 10 16 22 28 4 10 16 22 28 4 10 16 22 28
Cycle Time
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— T T T T T 1 T T 1 T T 1 T T 1 T T T T T T T T T T T T T T 1
01 2 3 4 5 6 7 & 910111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3

Cycle Time
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vl

il

[4AAS

qeq

Lab Stand

C=Hwv DOz rm——TommQOmI s

AR IVB100
[AR IVB101
[AR IVE102
IAR IVB165
L 347
SWRI17
SWRI 18
SWRI 19
SWRI 20
18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-28
20-0-29
17-0-4
17-0-6
IVB100-0-1
IVB100-0-2
IVB101-0-1
IVE102-0-1
IVB102-0-2
IVB100-0-3
IVB102-0-3

033 —®m— —TW wnp o T oo N<xE <

VB102-0-4
IVB100-0-5
IVE101-0-5
VB100-0-6
VB101-0-3
VB101-0-9
VB101-0-11
VB101-0-17
VB101-0-18
VB101-0-19
IVB165-0-1
IVB165-0-7
TRNSSTFYC
TRMNXT13EB
TRMHRIECD
TRMRCVOAC
TRMANOPIC
TRMEHTIXE
TRNTZHLGE
TRNWWCKSC

— |AR IVE100
— AR IVB101
— AR IVE102
— AR IVB165
— L7 347
— SWRI 17
— SWRI18

SWRI 19

— 5WRI 20
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Lab Test Final Prove-out tests

IAR IVB100-0-1 IAR VB100-0-2 IAR IVB101-0-1 IAR IVB102-0-1 IAR IVB102-0-2 IAR IVB100-0-3 . No
38— * Yeg
3,1]_
~ - . .
14—

IAR IVB102-0-2 IARIVB102-0-4 IAR IVB100-0-5 IAR IVB101-0-5 IAR IVB100-0-6 IAR IVB101-0-8
3_5_
3,1]_
N~ -~ =-———— — ———
2, S R
14
IAR IVB101-0-9 IAR IVB101-0-11 IAR IVB101-0-17 IAR IVB101-0-18 IAR IVB101-0-19 IAR IVB165-0-1
3_5_
31}_
T - e T - e T~
22_
14—

z IAR IVB165-0-7 LZ TRNSOTF7C LZ TRNX713KB LZ TRNHRIKCD LZ TRNRCVOSC LZ TRNXNOP3C

[=n

= 38

2 W-_MWF

o™ 22

S 14

LZ TRNEBHTIXB LZ TRNTZHLGB LZ TRNWVQKSC SWRI 18-0-2 SWRI19-0-31 SWRI 18-0-3
3_5_
31}_
22
14

SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI 18-0-6 SWRI20-0-26
3_3_
31]_
-, ST G i ., . T .. T
14

SWRI20-0-27 SWRI 20-0-28 SWRI 20-0-29 SWRI 17-0-4 SWRI 17-0-6
3_5_
31}_
5, S TR Y R e ————————
14

T T T T T T T 1 | L T T T 1 R I I | I I
4 WM 16 22 28 4 10 16 2228 4 10 16 2228 4 10 16 2228 4 10 16 22 28 4 10 16 22 28
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25

20—

15

10

Engine Torque

10

25

20—

135

10

T T T T T 1
01 2 3 45 6 7

T
3

T
9

Cycle Time

1 T T T 1T T T T T 1T T T T 1T T T T T T T 1
10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 N

Yyl

Z1
qe

[4A0s

Lab Stand

« |AR IVB100
« AR IVB101
« |AR IVB102
« |AR IVB165
« 7347
= SWRI17
SWRI 18
SWRI 19
SWRI 20
18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-28
20-0-29
17-0-4
17-0-6
VBE100-0-1
VB100-0-2
IVB101-0-1
IVB102-0-1
IVB102-0-2
IVB100-0-3
VB102-0-3

CHuWMOWOoOFEZ AR ——IToTmmOrm M s

033 —m— - TW owm A T o N ME =

VB102-0-4
IVB100-0-5
IVB101-0-5
[VB100-0-6
VB101-0-8
IVE101-0-9
VB101-0-11
IVB101-0-17
VB101-0-18
VB101-0-19
VB165-0-1
VB165-0-7
TRNSSTFYC
TRMXT13KE
TRNHRIKCD
TRNRCVOEC
TRNANOPIC
TRMEHTIXE
TRMNTZHLGE
TRNWWVCKSC

— AR IVE100
— AR VBT

— AR IVE102
— |AR IVE165

— L7 347
— SWRI 17
— 5WRI 18
SWRI 19
— 5WRI 20
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Cycle Time

— 1 1 T 1 T T [ 1T T 1 1 T T T T T T T T T 1
M 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3

el

Z1

qe

Lab Stand

CHwPMOUVOoOEZZTr~m——TITommmoOMNnmks

[AR IVBE100
[AR IVB101
IAR IVE102
IAR IVB165
LZ 347
SWRI1T
SWRI 12
SWRI 19
SWRI 20
18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-23
20-0-29
17-0-4
17-0-6
VE100-0-1
VB100-0-2
VB101-0-1
VB102-0-1
VB102-0-2
VB100-0-3
VB102-0-3

033 —wm— = TE oA N T o N K E

VB102-0-4
VE100-0-5
VB101-0-5
[VE100-0-6
VE101-0-8
VE101-0-9
IVB101-0-11
VB101-0-17
VB101-0-18
VB101-0-19
VB165-0-1
IVB165-0-7
TRMSITFVC
TRMXT13KE
TRMHRIKCD
TRMRCYDEC
TRMXMOP3C
TRMBHTIXE
TRMNTZHLGE
TRMNWVCOKSC

— AR IVB100
— AR IVB101
— AR IVB102
— AR IVB165
—LE 347
— SWRI17
— SWRI 18
SWRI19
—S5WRI 20
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AR IVB100-0-1

AR IWVB100-0-2

Lab Test

AR IVE101-0-1

AR IVB102-0-1

AR IVE102-0-2

AR IWBE100-0-3

52.0

AR IVB102-0-3

[ARIVE102-0-4

IAR IVE100-0-5

AR IWVB101-0-5

AR IVE100-0-6

AR IWVB101-0-8

46.0

52.0 T 1 T T
50,0
48.0

AR IVB101-0-9

AR WB101-0-11

AR IWVB101-0-17

AR IVE101-0-18

AR IVB101-0-19

AR IWVB165-0-1

52.0

46.0

50.0
48.0

AR IVB165-0-7

LZ TRNSATFVC

LZTRMX713KB

LZ TRMHRIKCD

LZ TRMRCVOBC

LZ TRMNXNOP3C

52.0

50,0
mwﬁﬁ

Coolant Ternperature Into Engine

460
LZ TRNBHTIXB LZ TRNTZHLGE  LZ TRNWVQKSC SWRI 18-0-2 SWRI 19-0-31 SWRI 18-0-3

52.0

50.0—

48.0

46.0- |
SWRI 20-0-21 SWRI 19-0-32 SWRI 20-0-24 SWRI 19-0-33 SWRI 18-0-6 SWRI20-0-26

46.0

50.0
48.0-

SWRI20-0-27

SWRI20-0-28

SWRI20-0-29

SWRI17-0-4

SWRI17-0-6

T T 1
4 10 16 22 28

93

T T T 1
4 10 16 22 28

T T T 1
4 10 16 22 28

Cycle Time

1 T 1
4 10 16 22 28

T T 1
4 10 16 22 28

T T T 1T
4 10 16 22 28
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51 Lak Stand
5| « IARIVBIOD  V IVB102-0-4
« IARIVBIO1 W IVB100-0-5
45 « IARIVBI02Z X IVB101-0-5
« IARIVBI65 Y IVB100-0-6
48 [ 1 = . L7 347 Z IVB101-0-8
| | | I | « SWRI17 a IVB101-0-9
sl | | 11 I [ | ; { i ] - SWRI18 b IVB101-0-11
P | | | I 1 I I i i i i | | SWRI 19 ¢ IVB101-0-17
IEARA RS L] apma s s
0- . 0-
437 I I I I - || . I B 19-0-31 f IVB165-0-1
e 51 C 18-0-3 g IVB165-0-7
= D 20-0-21 h TRNSITF7C
5 E 19-0-32 i TRMXT13KB
2 F 20-0-24 i TRNHRIKCD
I G 19-0-33 k TRNRCVO3C
2 — [ H 18-0-6 | TRMXMOP3C
g NT ) 20.0-26 m TRMEHTJXE
E ] 20-0-27 n TRNTZHLGE
” K 20-0-28 o TRNWVQKSC
= L 20-0-29 — AR IVB10D
S M 17-0-4 — IAR IVB101
N 17-0-6 — IAR IVB102
51 : O IVB100-0-1 — IAR IVE165
P IVBIDD-0-2 — L7347
50 Q IVB101-D-1 —— SWRI17
R IVE102-0-1 —— SWRI18
49+ S IVB102-0-2 SWRI 19
. 2 T IVBIDD-0-3 — SWRI2D
= U IVB102-0-3
47
45_
45
| | | | I | | | | | | | | | | | | I | I | | | | | 1

| T 1 1
01 2 3 4 5 6 7V 8 9 10111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time
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Coolant Delta

Lab Test

IAR IVB100-0-1 IAR IVB100-0-2 IAR IVB101-0-1 IAR IVB102-0-1 IAR IVB102-0-2 IAR IVB100-0-3
9.5
T.5
5.5
I

IAR IVB102-0-3 IAR IVB102-0-4 IAR IVB100-0-5 IAR IVB101-0-5 AR IVB100-0-6 IAR IVB101-0-8
95
> E'E¢A¢ﬁ¢
1.5

IARIVB101-0-9  IARIVB101-0-11  IAR IVB101-0 IAR IVB101-0 IAR IVB101-0 AR IVB165-0-1

5 5' T — -
IAR WB165-0-7 LZ TREMSATFTC LZTRMXT13KB LZ TEMHRIJKCD L TRMRCWVOEC LZ TRMXMNOPIC

95
LZ TREMEHTIXB LZ TRNTZHLGE LZ TRNWWOKSC SWRI18-0-2 SWRI19-0-31 SWRI18-0-3
SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI 18-0-6 SWRI120-0-26

5 5'

1. 5_

SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRI17-0-6
95
55_
15_
0 16 22 28 10 16 22 28 10 16 22 28 10 16 22 28 0 16 22 28 10 16 22 28

Cycle T|r'r|e
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Coolant Delta

9. ! T 1 A Lab Stand

3] « IARIVBIOD  V IVB102-0-4
« IARIVBIO1 W IVB100-0-5

o= « IARIVB10Z X IVB101-0-5

6 « IARIVBIGS Y IVB100-0-6

5 = . LZ347 Z IVB101-0-8

4 . SWRI1TT a IVB101-0-9

N . SWRI18 b IVB101-0-11

SWRI 19 ¢ IVB101-0-17

e « SWRIZ20 d IVB101-0-18

1 A 18-0-2 e IVB101-0-19

0 B 19-0-31 f IVE165-0-1

0. C 18-0-3 g IVB165-0-7
D 20-0-21 h TRNSSTF7C

8 E 19-0-32 i TRNXT13KB

7 F 20-0-24 i TRNHRIKCD

6 G 19-0-33 k TRNRCV02C

5 S B H 1806 | TRNXNOP3C

o | 20-0-26 m TRMEHTIXE
J 20-0-27 n TRNTZHLGE

3 K 20-0-28 o TRNWVOKSC

2- L 20-0-29 — IAR IVB100

1- M 17-0-4 — AR IVE101

0 N 17-0-6 — IAR IVB102
O IVB100-0-1 —— IAR IVB165

B P IVBI0D-0-2 — L7347

8- Q IVB101-0-1 — SWRI17

7. R IVB102-0-1 —— SWRI 18

i i | 5 IVE102-0-2 SWRI 19

- I LA L4 1 2 T IVB100-0-32 ——SWRIZ0

1 i I . B U IVB102-0-3
] b 5 5 R —
R t I I i

IEEREEREIEES T

2. [ S S | L.

14— 1 I i y !

0 — T T T T I

T T T 1 T T T 1 T T T T T T T T T T T T T T 1
0 1 2 3 45 6 7 & 910 111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time
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Enginn: Oil Gallery (Tarmp.)

Lab Test

IAR IVB100-0-1 IAR VB100-0-2 IAR IVB101-0-1 IAR IVB102-0-1 IAR IVB102-0-2 IAR IVE100-0-3
64}—
= ——
e R —
4a

IAR IVB102-0-3 IARIVET102-0-4 IAR IVB100-0-5 IAR IVB101-0-5 IAR IVE100-0-6 AR IVB101-0-3
< - - -  ———
52—

IAR VB101-0-9 IAR IWVB101-0-11 IAR IVB101-0-17 IAR IVE101-0-18 IAR IVE101-0-19 IAR IVB165-0-1
&0
e e —oe— ===
4a

AR IVB165-0-7 LZ TRMNSOTFTC LZ TRMNXT13KE LZ TRMHRIKCD LZ TRMRCWOEC LZ TRMXNOP3C
&0
56—
4a

LZ TRNEBHTIXE LZ TRNTZHLGE LZ TRNWWVOKSC SWRI13-0-2 SWRI19-0-31 SWRI15-0-3
s62 g
52—$ f?‘%?

SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI18-0-6 SWRI20-0-26
0 W _ggo—— S
s sﬁé?ggi!_'-
52
4a

SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRIT7-0-6
m— —
e e
52 =
43

4 10 16 22 28 4 10 16 22 28 4 10 16 22 28 4 10 16 22 28 4 10 16 22 28 4 10 16 22 28
Cycle Tirme
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Engine Qil Gallary (Ternp.)
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Cycle Tirne

il

Z1

[dAins

qe

Lab 5tand

[t I W= R e = B T = S T o T W A T = = s =

[AR IVBE100
AR IVB101
[AR IVB102
AR IVB185
L7 347
SWRI17
SWRI 18
SWRI 19
SWRI 20
18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-23
20-0-29
17-0-4
17-0-6
IVE100-0-1
VB100-0-2
VB101-0-1
VB102-0-1
VB102-0-2
IVB100-0-3
VB102-0-3

IVB102-0-4
IVB100-0-5
IVB101-0-5
IVE100-0-6
IVB101-0-8
IVB101-0-9
IVB101-0-11
IVB101-0-17
IVE101-0-18
IVE101-0-19
IVB165-0-1
IVB165-0-7
TRMSATFTC
TRMXT13KE
TRMHRJIKCD
TRNRCVOSC
TRMAMNOPIC
TRMEHTIXE
TRNTZHLGE
TRNWYCKSC
— AR [VB10D
— AR IVB101
— AR VB102
— AR IVE165
— L7347
— SWRI 17
— 5WRI 12
SWRI 19
— SWRI 20
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Intake Air Termperature

Lab Test

IAR IVE100-0-1 IAR IVB100-0-2 IAR IVB101-0-1 IAR IVB102-0-1 IAR IVB102-0-2 IAR IVB100-0-3
36.0 | I |
4 g
320
30.0
IAR IVB102-0-3 IARIVB102-0-4 IAR IVB100-0-5 IAR IVB101-0-5 IAR IVB100-0-6 IAR IVB101-0-8

AR IWB101-0-9 AR IVB101-0-11 AR IWB101-0-17 AR IVB101-0-15 AR IWVB101-0-19 AR IWB185-0-1

32.0
30.0

IAR IVB165-0-7
36.0- ,

34.0
32.0
30.0

LZ TRMSOTF7C LZTRMXT13KE LZ TRNHRIKCD LZ TRNRCWOEC LZ TRMXMNOP3C

LZ TRMBHTIXE LZ TRNTZHLGE LZ TRNWNWCEKSC SWRI18-0-2 SWRI19-0-31 SWRI 18-0-3

36,0
34.0

R ——— [ ]

30.0

SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI18-0-6 SWRI20-0-26

36,0
34.0-

32, - gl QDIOOGINET g ooommoaogs $=~—~0Z0°- - @ @ °

30.0

SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRI17-0-6

36,0
34.0-

0= T T T Al

30.0

T T T 1 | |
4 1 16 22 28 4

T T 1 |
10 16 22 28 4

T T T 1
10 16 22 28 4
Cycle Time

T T 1 T T T 1 T T T 1
1016 22 28 4 10 16 22 28 4 10 16 22 28

Final Prove-out tests

« Mo
+ Yes



7] Lab Stand
35 . IARIVBI00  V IVB102-0-4
. « IARIVBIO1 W IVB100-0-5
« IARIVBI02 X IVB101-0-5
33 . IARIVBI6S ¥ IVB100-0-6
o —1—— = . L7347 7 IVB101-0-8
. —1 | = . SWRIT7 a IVB101-0-9
31 I e 0 B . SWRIS b IVB101-0-11
SWRI 19 ¢ IVB101-0-17
30 . SWRI20 d IVB101-0-18
20. | A 18-02 e IVB101-0-19
B 19-0-31 f IVB165-0-1
y C 18-0-3 g IVB165-0-7
15 D 20-0-21 h TRMSATFTC
- E 19-0-32 i TRNXT13KB
5 M F 20-0-24 j TRNHRIKCD
2 G 19-0-33 k TRNRCV0RC
E S B H 1806 | TRNXNOP3C
= | 20-0-26 m TRNEHTIXE
P ] 20-0-27 n TRNTZHLGB
£ K 20-0-28 o TRNWVQKSC
~ 30 L 20-0-29 — AR IVB100
M 17-0-4 — AR IVB101
28+ N 17-0-6 — AR IVB102
. O IVB100-0-1 —IAR IVB165
| P IVB100-0-2 — LZ 347
Q IVB101-0-1  — SWRI17
34 R IVB102-0-1 —— SWRI18
S IVB102-0-2 SWRI 19
33 : ! ! I | .2 T IVB100-0-3 —— SWRI20
32 = U IVB102-0-3
31 1 t I
3,1]_
29-
I T I T I I I I I I I I I T I I I I I I 1

T T T T T T T I 1
01 2 3 4 5 6 7 8 910111213 17415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time

Lubrizol
T O

100 © 2015 The Lubrizol Corporation, all rights reserved.



101

Rocker Cover Coolant Qut Ternp.

AR IVBE100-0-1

AR IVBE100-0-2

Lab Test

AR IWVE101-0-1

AR IVBE102-0-1

AR IWVBE102-0-2

AR IWVBE100-0-3

Final Prove-out tests
+ Mo

21.5-

+ Yeg

AR IWVB102-0-3

AR IVE102-0-4

AR IWVBE100-0-5

AR IWVE101-0-5

AR IWVBE100-0-6

AR IVB101-0-8

21,5

AR IWVBE101-0-9

AR WB101-0-11

AR IWVB101-0-17

AR IVBE101-0-18

AR IVE101-0-19

AR IVB165-0-1

21.5-
20,0
18.54

AR WB165-0-7

LZ TRNSOTF7C

LZ TRMXT713KB

LZ TRMHRIKCD

LZ TRMRCWOBC

LZ TRNXNOP3C

21.5
200
18.54

LZ TRMNBHTIXE

LZ TRNTZHLGB

LZ TRMNWWQKSC

SWRI18-0-2

SWRI19-0-31

SWRI18-0-3

21.5-
20,0
18.55

SWRI20-0-21

SWRI19-0-32

SWRI20-0-24

SWRI19-0-33

SWRI18-0-6

SWRI20-0-26

21,5
200
18.5

SWRI20-0-27

SWRI20-0-28

SWRI20-0-29

SWRI17-0-4

SWRI17-0-6

21.5-
20,0
18.54

1 T 1
4 10 16 22 28

L
4 10 16 22 28

T T T 1
4 10 16 22 28

Cycle Time

L
4 10 16 22 28 4

LI
M0 16 2 28

T T 1
0 16 22 28



L
= o3 o I I = =
yonewgo oo PROR T XxSX oy
e R A N N N W mo SR TOoO=2=2=2¥ R
dodgt il il il b @02k, 227
8 8cEBccEccccBEARIEexa =z==5C-CCo
EhhhbhbhbhmbbbDmEZszzsfocccell SEEE
EEEEEECECCCCCEEEEEEEESSSEINEEZESE
VWKYZabcdefghu.Jklmnu_______ _
Sso9 ST i ST e
L s s g s B = ==
= =R s F~
WWWW—UT.HHHEE%EHEMHE%H%H&.EW_W_N_%MW_M
EEEE A A - ===
FEEEENZZZZddagdoddaeasgrnrf00aoaad
& LI aN R2RFEEg2RRERgEEzZz=Z=2222
0
mor e e e s s e dOUOWULOT - d5Z20a0xEweD
Lab
IAR LZ SWRI _
;]
LE N N N L b m B o b Im
PR T — Im
LE N N N La B B - IH
E S R | — ITL
P - LR N R R LR BN BN I%
s SIS T TR — Iﬂ
I L 255 aaan LR B NS SR N IM.—
smmnssnunnfiseonsnnns Iﬂ,._.._
58 8naan - 5aaaane IE
EEsEEEEEm aEmsmEEE |”._
LE BN N - Im._
e Im
- 255 aaan - 5aaaane - I.-nm
SIS T | T .- I1.Ia.
- LR N R R L B BB R R L - I.-rm
— PEETIE A T — I:.I._
L B R R R R L BN R IM
SIS T e —— I_._.I.._
255 8nan L BN R I.-—.IP.—
— [ERR R RN EEmsEEEEER |H
288 E8EEEE LR BN S NN Im
EERRRRRE. RERRENER] —
A5 EEeEEEN - aEsEEn IE
— ssssnsnnflens smennmns — =
25 EEEER 28 N8 EEEE L] IE
— L e N o
——— A5 EEEEEEE 25 288 EEEEE Id-
sassnassafles snnnunn —
R N N e —
| T | | | | | T [ | | | | [ [ | | | =
o N o N g N o n @ wn 9 N 2 N 2 »n o N
nos o8 22 = oo &8 2 o2 = nomo o8 22 o=

‘dul@] InQ UEDOD) JBADT B30y

Cycle Time

Lubrizol
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Fuel Rail Termperature

Lab Test

I1AR IWB100-0-1 |AR IWVB100-0-2 IAR IVE101-0-1 IAR IWVB102-0-1 |AR IWVB102-0-2 |AR IWVBET100-0-3
34
3,]}_
267
22_
I1AR IVB102-0-3 |AR IVB102-0-4 IAR IWVB100-0-5 I1AR IWVB101-0-5 |AR IVB100-0-6 |AR IVB101-0-8
34
3{:_
267 |
22 I |
IARIVB101-0-9  IARIVB101-0-11  IARIVB101-0-17  IARIVB101-0-18  IARIVB101-0-19 IARIVB165-0-1
3_4_
3,]}_
267
EW
| 1 1 1 1 1 |
I1AR IVB165-0-7 LZ TRNSATFTC LZTRNXT713KE LZ TRMHRJKCD LZ TENRCWOSC LZ TEMNXMNOP3C
34_
3{:_
267
E:I_——l II II I
LZ TRMEHTIXE LZ TRENTZHLGE L7 TRMNWAWOEKSC SWERI18-0-2 SWRI19-0-31 SWEI18-0-3
34_
3,,]}_
26~
E:!_I_W ||
SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWREI19-0-33 SWRI18-0-6 SWRI20-0-26
34
3{:_
267 o
_12_
SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI 17-0-4 SWRI 17-0-6
34
30
= O owilidgewgis 200000000000
22_
1 1 1 1 1
I T I I I I I I T I I I I I I T I I I T I I I T I I I I I I
4 10 16 22 23 4 10 16 22 28 4 10 16 22 23 4 10 16 22 23 4 10 16 22 28 4 10 16 22 23

Cycle Time

Final Prove-out tests

+ Mo
+ Yeg



N Lab Stand
34 « IARIVBIOD  V IVB102-0-4
« IARIVBIOT W IVB100-0-5
32 |=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=|=| « IARIVB102 X IVB101-0-5
30- - IARIVB165 Y IVB100-0-6
= . LZ347 Z IVB101-0-8
28 « SWRI17 a IVB101-0-9
o SWRI 18 b IVB101-0-11
SWRI 19 ¢ IVB101-0-17
A 18-0-2 e IVB101-0-19
22+ B 19-0-31 f IVB165-0-1
T C 18-0-3 g IVB165-0-7
21 D 20-0-21 h TRMSITF7C
© E 19-0-32 i TRMXT13KB
2 324 F 20-0-24 j TRMHRIKCD
g 204 G 19-0-33 k TRMNRCVOSC
= — &= H 18-0-6 | TRMXNOP3C
% 28 NE | 20026 m TRMBHTJXB
- ) 20-0-27 n TRNTZHLGB
Eh K 20-0-28 o TRNWVOKSC
HOAAA A A Ay 0B e
M 17-0-4 — AR IVB101
22 M N 17-0-6 — 4R IVB102
T T T T T T T T Y O Lo el
H " ] 1 ] [] ] ] ] [ [ [] [ ] [ ] ] ] ] ] [] ] ] [] ] ] P IVB100-0-2 —_— | F 3T
A [ o = == = DLl =5
32| R IVB102-0-1 —— SWRI 18
| . ¢ . | ! S IVB102-0-2 SWRI 19
30- H . I — 1 ' 2 T IVB100-0-3 —SWRI20
29| | = U IVB102-0-3
26 H H H
" u [ u =
_:J_E— [ ] 1 1 L]
| | | | I | | | | | | | | | | | | | | | I | | | | | | I | | 1
01 2 3 45 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 A

Cycle Time

Lubrizol
T O
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Load Cell Tempearature

Lab Test

AR IWVB100-0-1 AR IWB100-0-2 AR IWB101-0-1 AR WVB102-0-1 AR WVB102-0-2 AR IWVB100-0-3
- |
AR WB102-0-3 AR IVB102-0-4 AR WB100-0-5 AR IWVB101-0-5 AR IWE100-0-6 AR IVE101-0-8
I
AR WB101-0-9 AR IVB101-0-11 AR IVB101-0-17 AR IWVB101-0-18 AR IWVB101-0-19 AR IWB163-0-1

IAR WB165-0-7 LZ TRMNSATFTC LZTRMXT13KB LZ TRMHRJKECD LZ TRMRCWOSC LZ TRMNXNOP3C
50

LZ TEMEBHTIXE LZ TRNTZHLGE L TRNWNVOKSC SWRI18-0-2 SWRI19-0-31 SWRI18-0-3

| |

SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-323 SWRI18-0-6 SWRI20-0-26
30 [ [ I I I |
46 - R G G Gy 0
42
33_

SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRI17-0-6
30— [ [ I I I
w0 ilimoimigy 2000009090000
42
33_

R N R N R E N R E R | I R R
4 10 16 22 28 4 10 16 22 28 4 10 16 22 28 4 10 16 22 28
Cycle Time

I
4

T T 1
10 16 22 28

I
4

T T 1
10 16 22 28

Final Prove-out tests

+ No
+ Yes



| Lab Stand
43 « IARIVEIDD  V IVB102-0-4
. « IARIVEIDT W IVB100-0-5
= « IARIVBI02 X IVB101-0-5
44 « IARIVBI65 Y IVB100-0-6
= . LZ347 Z IVB101-0-8
42 = . SWRI1T a IVB101-0-9
40 . SWRI18 b IVB101-0-11
SWRI 19 ¢ IVB101-0-17
38 « SWRI20 d IVB101-0-18
cT T T T [ [ I I T N [ [ T [ S e IVE101-0-19
—1 — —1 — — 1 B 19-0-31 f IVB165-0-1
7 C 18-0-3 g IVB165-0-7
45 D 20-0-21 h TRNSSTFTC
o E 19-0-32 i TRNXT13KEB
2 46 F 20-0-24 i TRNHRIKCD
= G 19-0-32 k TRNRCVOEC
E — & H 18-0-6 | TRMXNOP3C
gy - 0
= | 20-0-26 m TRNBHTIXE
= J 20-0-27 n TRNTZHLGE
E K 20-0-28 o TRNWVQKSC
38 L 20-0-29 — IAR IVB10D
M 17-0-4 — IAR IVB101
36- N 17-0-6 — IAR IVB102
- O IVB100-0-1 — IAR IVE165
. P IVBI0D-0-2 — L7347
Q IVB101-0-1  — SWRI17
46 I I I I I R R R IVB102-0-1 —— SWRI18
S IVB102-0-2 SWRI 19
4“1 | | ! P (- I I | | I ! ! 2 T IVBI100-0-3 — SWRI20
42- = U IVB102-0-3
41]_
33_
26—
[ [ [ [ [ [ [ I [ [ [ [ [ [ [ [ I [ [ [ |

T T T T T T T 1 |
01 2 3 4 5% 6 7 8 9 10 111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time

Lubrizol
T O
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Intake Air Presure

0.40
015
0,10
-0.35

-0.35

0.40
015
-0.10
-0.35

0.40
015
-0.10
-0.35

Lab Test

] IAR IVB100-0-1 IAR IVB100-0-2 AR IVB101-0-1 IAR IVB102-0-1 AR IVB102-0-2 IAR IWVB100-0-3

: IAR IVB102-0-3 AR IVB102-0-4 IAR IVB100-0-5 AR IWB101-0-5 [AR IVB100-0-6 IAR WB101-0-8

: IAR IVB101-0-9 AR WB101-0-11 AR IWVB101-0-17 AR WB101-0-18 IAR WB101-0-19 IAR WB165-0-1

: IAR IWVB165-0-7 LZ TRNSSTFTC LZTRMNXT13KB LZ TRNHRIKCD LZ TRNRCWVOSC LZ TRNXKMOP3C

: WMM—M
i LZ TRNBHTIXB LZ TRNTZHLGE LZ TRWNWWVORSC SWRI18-0-2 SWRI19-0-31 SWRI18-0-3

SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI18-0-6 SWRI20-0-26
L
SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRI17-0-6
T T T 1 T T T 1 T T T 1 T T T 1 T T T 1 T T T 1
4 10 16 2228 4 1016 2228 4 10 16 2228 4 10 16 2228 4 10 16 22 28 4 10 16 22 28

Cycle Time

Final Prove-out tests

« Mo
» Yeg




Lak Stand
043 « IARIVBI00  V IVB102-0-2
0.30- « IARIVB101 W IVB100-0-5
« IARIVB10Z X IVB101-0-5
1= « IARIVBIGS ¥ IVB100-0-6
0.00_ = . LZ347 7 IVB101-0-8
. SWRI17 a IVB101-0-9
-0.15- . SWRI18 b IVB101-0-11
e SWRI 19 ¢ IVB101-0-17
« SWRI20 d IVB101-0-18
-0.45+ A 18-0-2 e IVB101-0-19
B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
0.43- D 20-0-21 h TRMNSSTF7C
cor E 19-0-32 i TRNXT12KE
2 F 20-0-24 j TRNHRIKCD
§ 015 G 19-0-33 k TRNRCVOSC
= 000 S B H 1806 | TRNXNOP3C
E | 20-0-26 m TRNBHTJXE
g -0.15- ) 20-0-27 n TRNTZHLGE
= el K 20-0-28 o TRNWVQOKSC
' L 20-0-29 — IAR IVB10D
045 M 17-0-4 — IAR IVE101
N 17-0-6 — IAR IVB102
O IVB100-0-1 —— IAR IVB165
0.45 - P IVB100-0-2 —LZ347
Q IVB101-0-1  — SWRI 17
= R IVBI02-0-1 —— SWRI18
015 S IVB102-0-2 SWRI 19
2 T IVB100-0-3 —— SWRI20
0.00 = U IVB102-0-3
0,15
_ﬂlgﬂ_
-0.45-
[ [

T T T T T T 1 — T T T T T T T T T T T T T T T T T T T 1
01 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Cycle Time

Lubrizol
T O
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Lab Test

AR IVB100-0-1 IAR IVB100-0-2 AR IVB101-0-1 AR IVB102-0-1 AR IVB102-0-2 AR IVB100-0-3
l

AR IVB102-0-3 AR IVB102-0-4 AR WB100-0-5 AR WB101-0-5 AR IVB100-0-6 AR IVB101-0-8

AR IVE101-0-9 AR WB101-0-11 AR WB101-0-17 AR IVB101-0-18 AR IVB101-0-19 AR IWVB165-0-1

AR IVB165-0-7

LZ TRNSOTFVC LZTRMET13KB LZ TRMNHRJECD LZ TRNRCVDEC LZ TRMNXNOP3C

Intakea Air Humidity
=

LZ TRNBHTIXB

LZ TRNTZHLGE LZ TRNWWGKSC SWRI 18-0-2 SWRI19-0-31 SWRI 18-0-3

SWRI20-0-21

SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI18-0-6 SWRI20-0-26

SWRI20-0-27

SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRI17-0-6

_I_I_I“|

T T 1
10 16 22 28

T T T 1 T T T 1 T T T 1 T T T T T T T 1
4 1M 16 2228 4 10 16 2228 4 10 16 228 4 10 16 22 28 4 10 16 22 28

Cycle Time

Final Prove-out tests



i byo: o | B EEEEE R T i . AR ' Lab Stand
e i PP « IARIVBIOD  V IVB102-0-4
11.8- « IARIVBIOT W IVB100-0-5
15— « IARIVBI0Z X IVB101-0-5
Iy S T S T e e e e e B - B . ARWBIGS Y BI00-05
B .1z Z 1VB101-0-8
109~ « SWRIT7 a IVB101-0-9
106 - SWRI12 b IVB101-0-11
SWRI 19 c IVB101-0-17
L= - SWRI20 d IVB101-0-18
00 s os o . L L T T S e A 18-0-2 e IVB101-0-19
R S S S N N . N S S S N A SN N N S . O N N Y N S NS B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
=l D 20-0-21 h TRNSSTFTC
5 118 E 18-0-32 i TRNXTI3KB
2 s F 20-0-24 j TRNHRIKCD
E G 19-0-33 k TRNRCV0SC
T 1.2 — T H 13-0-6 | TRNXNOP3C
< 109 N w02 m TRNBHTIXB
% 106 ) 20-0-27 n TRNTZHLGB
R K 20-0-28 o TRNWVQKSC
103~ L 20-0-29  —IARIVB10D
10.0- M 17-0-4 — IAR IVB101
N 17-0-6 — IAR IVB102
O IVB100-0-1 —IARIVBI65
L B S S e e e S S S S T S O O O I B B I B B PIVEI00-0-2  —LZ 347
N —————— Q IVBI01-0-1  —— SWRI17
Ll L 1ttt r t t r r : r r r r t t t:r:t it @t} R IVB102-0-1 —— SWRI18
e —— 5 IVB102-0-2 SWRI 19
2l PP i iiiiiiiiiiiiiiiiiilog 7 owems —swmm
we+——4+ 1 ¢ ¢+ ¢ 1 f o r ot 0t or ot o2oroportPrir::r: =gyl WVEWNZ03
10.6-
103~
10.0-
! ! ! I I I ! I I

1 — T T T T T T T T T T T T T T T T T T T 1
01 2 3 4 5 6 7 & 9 10171 1213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 N
Cycle Time

Lubrizol
T O
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Exhaust Pressure

Lab Test
AR IVE100-0-1 IAR IVE100-0-2 AR IVB101-0-1 AR IVB102-0-1 AR IVB102-0-2 AR IWVBE100-0-3

AR IVBE102-0-3 IARIVE102-0-4 AR IVB100-0-5 AR IVB101-0-5 AR IVB100-0-6 AR IVB101-0-8

124 l .

AR IVET101-0-9 AR IVBE101-0-11 AR IVB101-0-17 AR IVB101-0-18 AR IVB101-0-19 AR IVB165-0-1

AR IVB165-0-7 LZ TRNSATFVC LZ TRNX713KB LZ TRMHRIECD LZ TRMRCVOBC LZ TRNXNORP3C

LZ TRNEBHTIXE LZ TRNTZHLGE LE TRMNWWVOKSC SWRI18-0-2 SWRI19-0-31 SWRI18-0-2

SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI18-0-6 SWRIZ20-0-26

SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRI17-0-8

124
119
114
109
104

T T T 1 T T T 1 | N N T T T 1 | R N | N I
4 10 16 2228 4 10 16 2228 4 10 16 22 28 4 10 16 2228 4 10 16 2228 4 10 16 22 28
Cycle Time

Final Prove-out tests

« Mo
» Yeg



— ! [ Lab Stand
e | { « IARIVB10D  V IVB102-0-4
| ! « IARIVB101T W IVB100-0-5
1154 ! I « IARIVBI02 X IVB101-0-5
112 : ! : | — « IARIVB165 Y IVB10D-0-6
109 i ! i s 1. = . L7347 7 IVB101-0-8
e i . SWRI1T a IVB101-0-9
. SWRI18 b IVE101-0-11
105+ SWRI 19 ¢ IVB101-0-17
100- = | « SWRI20 d IVE101-0-18
47 —1 : : Y ~— A 18-0-2 e IVB101-0-19
1 B 19-0-31 f IVE165-0-1
- C 18-0-3 g IVB165-0-7
D 20-0-21 h TRNSOTF7C
118+ E 19-0-32 i TRNXT13KE
L 1154 F 20-0-24 i TRNHRIKCD
g 112 G 19-0-33 k TRNRCVDSC
= oo S B H 1806 | TRMXNOP3C
5 | 20-0-26 m TRNBHTJXB
£ 106~ ) 20-0-27 n TRNTZHLGE
“ 103 K 20-0-28 o TRNWVOKSC
100 L 20-0-29 — AR IVB10D
M 17-0-4 —— AR IVB101
=k N 17-0-6 — IAR IVE102
0 IVB100-0-1 — IAR IVB165
1214 P IVBI0D-0-2 —LZ 347
18- Q IVB101-0-1 — SWRI 17
115 R IVB102-0-1 —— SWRI 18
. S IVB102-0-2 SWRI 19
2 T IVB100-0-3 —— SWRI20
109 = U IVB102-0-3
106
103
100
97-
[

—r 1 1 T 1 T 1 T 1 T T T T 1 T T T T T T T T T T T T T T 1
01 2 3 45 6 7 & 9 10 111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time

Lubrizol
T O
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Coolant Inlet Fressure

AR IVE100-0-1

AR IVB100-0-2

Lab Test

AR IVE101-0-1

AR IVBE102-0-1

AR IWVB102-0-2

AR IVB100-0-3

IAR IVE102-0-3 AR IVB102-0-4 IAR IVE100-0-5 AR IWE101-0-5 IAR IWE100-0-8 AR IWB101-0-8
[ |

IAR IVE101-0-9 AR IVB101-0-11 IAR IVE101-0-17 |AR IWE101-0-18 IAR IVE101-0-19 AR IWB165-0-1
4
7h
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IAR IVE1B85-0-7 LY TRMSOTFIC LZ TRNX713KE LZ TRMHRIKCD LZ TRMRCWOAC LZ TRNXNOP3C
84
76—
65 _—‘
- ! |

LZ TRMBHTIXE L7 TRNTZHLGE LZ TRMWWQKSC SWRI18-0-2 SWRIT9-0-21 SWRI18-0-2
84 |
76—
63 ——w—

SWRI20-0-21

SWRI19-0-32

SWRI20-0-24

SWRI19-0-33

SWRI18-0-6

SWRI20-0-26

SWRI20-0-27

SWRI20-0-28

SWRI20-0-29
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|
4
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T T T 1
4 10 16 22 28

T T 1
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Final Prove-out tests
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85 1 — Lab Stand
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P+ 1 B 19-0-31 f IVB165-0-1
85 C 18-0-3 g IVB165-0-7
D 20-0-21 h TRNSSTFTC
o 80 E 19-0-32 i TRNXT13KB
% - F 20-0-24 i TRNHRIJKCD
= G 19-0-32 k TRMRCVOSC
# o & H 1806 | TRMXNOP3C
= T | 200-26 m TRNBHTIXE
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L 20-0-29 — IAR IVB10D
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80 Q IVB101-0-1  — SWRI17
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Fuel Rail Pressure

Lab Test

AR IWB100-0-1 AR IVB101-0-1 AR IWVB102-0-1

AR IVB100-0-2 AR IVB102-0-2

AR IWB100-0-3

Final Prove-out tests
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+ Yeg

AR IWVB102-0-3 AR IVB102-0-4 AR IVB100-0-5 AR IWVB101-0-5 AR IVB100-0-6 AR IVB101-0-8

AR IVB101-0-9 AR IVB101-0-11 AR IVB101-0-17 IAR VB101-0-18 AR IVE101-0-19 AR IVB165-0-1

AR IWB165-0-7 LZ TRNSOTFVC LZ TRMXT13KE LZ TRMHRJKCD LZ TRNRCWVDAC LZ TRMNXNOP3C
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L 20-0-29 — IAR IVB100
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e P IVB100-0-2 —LZ 347
260 Q IVB101-0-1 —— SWRI 17
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T IVB100-0-3 ——SWRI20
=09 % U IVB102-0-3
300 -
280-
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Adr Fuel Ratio

AR IVB100-0-1 AR IVB100-0-2

Lab Test
AR IVB101-0-1 AR IVB102-0-1 AR WB102-0-2

AR IVB100-0-3
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18.0
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- #
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LZ TRMNXNOP3C
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B S

23.0

SWRI20-0-21 SWRI19-0-32

SWRI20-0-24 SWRI119-0-33 SWRI15-0-6

SWRI20-0-26

E'D.S—L

180

f
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Final Prove-out tests
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12.0- A 18-0-2 e IVB101-0-19
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K 20-0-28 o TRNWVQKSC
13.5- L 20-0-29 — 1AR IVB100
120 M 17-0-4 — |AR IVE101
N 17-0-6 — |AR IVB102
- O IVB100-0-1 —IARIVB165
210 P IVB100-0-2 — L7 347
Q IVB101-0-1 — SWRI17
19.5- R IVB102-0-1 —— SWRI18
— S IVB102-0-2 SWRI 19
2 T IVB100-0-3 ——SWRI20
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Lab Test Final Prove-out tests
AR IWB100-0-1 |AR IWB100-0-2 AR IWB101-0-1 IAR IWB102-0-1 IAR IVB102-0-2 IAR IVB100-0-3 + No

+ Yes

100.2 -
99.4-
93.6
97.8

AR IVE102-0-3 AR IVE102-0-4 AR IVE100-0-5 AR IVE101-0-5 AR IVE100-0-6 AR IVE101-0-8

100.2
==
98.6-
97.8-

AR IVE101-0-9 AR IWVB101-0-11 AR IVB101-0-17 AR IVBE101-0-18 IAR IVE101-0-19 AR IVB105-0-1

100.2 -
99.4-
93.6
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AR IVB1685-0-7 LZ TRNSATFVC LZ TRMX713KEB LZ TRMHRIKCD LZ TRMRCVOEC LZ TRMNXNOP3C

100.2
99.4-
93.6
97.2

Barametric Pressure

LZ TRMBHTIXB LZ TRNTZHLGE LY TRNWWQRKSC SWRI13-0-2 SWRI19-0-31 SWRI18-0-3

100.2
99.4
93.6

97.8-

SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI 18-0-6 SWRI20-0-26

SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRI17-0-6
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Lab Stand
100.0+ « IARIVBIOD  V [VB102-0-4
« IARIVEI01 W IVB100-0-5
99.5 . IARIVB102 X IVB101-0-5
i _ « IARIVB165 ¥ IVB100-0-6
= « L7347 Z IVB101-0-8
8.5 . SWRI17 a IVB101-0-9
———— T - SWRI18 b IVB101-0-11
sy -+t — i 1 SWRI 19 c IVB101-0-17
« SWRI20 d IVE101-0-18
97.5- A 18-0-2 e IVB101-0-19
B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
100.0- D 20-0-21 h TRNSSTETC
o E 19-0-32 i TRNXT13KE
S 995 F 20-0-24 i TRNHRIKCD
E;L‘E G 19-0-33 k TRMRCVOSC
w  99.0- H 18-0-6 I TRMXMOP3C
%E' - | 20-0-26 m TRNBHTJXE
S ' ) 20-0-27 n TRNTZHLGE
= i K 20-0-28 o TRNWVOKSC
L 20-0-29 — 1AR IVB10D
975 M 17-0-4 — 1AR IVB101
N 17-0-6 — |AR IVB102
O IVB100-0-1 ——IAR IVB165
100.0— P IVBI0D-0-2 —L7 347
| Q IVB101-0-1 ——SWRI17
995 e e e e e R IVB102-0-1 ——SWRI18
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Lab Test Final Prove-out tests
AR IWB100-0-1 AR IWB100-0-2 IAR IWVB101-0-1 AR IWB102-0-1 IAR IWB102-0-2 AR IWB100-0-3 « No

%E H‘b*quuwh'ﬁ\"’\\

AR IVB102-0-3 AR IVB102-0-4 AR WB100-0-3 AR IWB101-0-3 AR WB100-0-6 AR IVB101-0-8

1a- w

AR IVB101-0-9 AR IWVB101-0-11 AR IWVB101-0-17 AR IVB101-0-18 AR VB101-0-19 AR IVB165-0-1

1)
& IAR IVB165-0-7 LZ TRNSOTF7C LZ TRNXT12KB LZ TRMHRIKCD L7 TRNRCVOSC LZ TRNXNOP3C
2 %
- 22—
2 14#
5 6 “
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LZ TRNBHTIXE LZTRNTZHLGE  LZ TRNWVQKSC SWRI 18-0-2 SWRI19-0-31 SWRI 18-0-3
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38
3ﬂ_
22_
L]
14— 'ﬁ C
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A0— Lab Stand
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. SWRI1T7 a IVB101-0-9
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2 30 F 20-0-24 i TRNHRIKCD
E; G 19-0-33 k TRMRCVO0SC
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B T | 20-0-26 m TRNEHTIXE
= J 20-0-27 n TRNTZHLGE
@ K 20-0-28 o TRNWWQKSC
L 20-0-29 — AR IVB10D
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S IVB102-0-2 SWRI 19
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Brake Mean Effective Pressure

AR IWVB100-0-1

AR IVB100-0-2

Lab Test

AR IVE101-0-1

AR IVBE102-0-1

AR IWVB102-0-2

AR IWB100-0-3
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7.5
5.0
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>
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|
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125
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N 17-0-6 — AR IVB102
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Crankcase Gas Pressure

AR IVE100-0-1

IAR IVE100-0-2

Lab Test
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AR IVB102-0-2

AR IVE100-0-3
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AR IVE100-0-5

AR IVB101-0-5
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A 18-0-2 e IVB101-0-19
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40+ C 18-0-3 g IVB165-0-7
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Cycle Tirne
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128

Coolant Termnperature Out of Engine

AR IVE100-0-1

AR IWVBE100-0-2

Lab Test

AR IVB101-0-1

AR IVE102-0-1

AR WB102-0-2

AR IVB100-0-3

61—
57—
53
43

AR IVBE102-0-3

[ARIVBE102-0-4

AR IVB100-0-5

AR IVBE101-0-5

AR IWB100-0-6

AR IVB101-0-8

61—
57—
531
49

AR IVE101-0-9

AR IWB101-0-11

AR IVB101-0-17

AR IVB101-0-18

AR IVB101-0-19

AR IVB165-0-1

&1
57
53
49

IAR IVB165-0-7

LZ TRNSATFVC

LZTRMNX713KB

LZ TRNHRIKCD

LZ TRMRCWVDEC

LZ TRNXNOP3C

&1
57
53
49

LZ TRNBHTIXE

LZ TRNTZHLGB

LZ TRNWWCKSC

SWRI18-0-2

SWRI19-0-31

SWRI18-0-3

&1
57
53
49

SWRI20-0-21

SWRI19-0-32

SWRI20-0-24

SWRI19-0-33

SWRI18-0-6

SWRI20-0-26

&1
57
53
49

SWRI20-0-27

SWRI20-0-28

SWRI20-0-29

SWRI17-0-4

SWRI17-0-6

61—
57—
53
43

| N N R
4 10 16 22 28

T T 1
4 10 16 22 28

T T 1
4 10 16 22 28

Cycle Time

T T 1
4 10 16 22 28

L
4 10 16 22 28

T T T 1
4 10 16 22 28

Final Prove-out tests

* Mo
+ Yeg




B2 . Lab Stand
« IARIVBIOD  V IVB102-0-4
« IARIVEI01 W IVB100-0-5
« IARIVE102 X IVB101-0-5
« IARIVEB165 Y IVE100-0-6
= . LZ347 Z IVB101-0-8
« SWRI17 a IVB101-0-9
« SWRI18 b IVB101-0-11
SWRI 19 c IVB101-0-17
« SWRI20 d IVB101-0-18
A 18-0-2 e IVB101-0-19
B 19-0-31 f IVB165-0-1
. C 18-0-3 g IVB165-0-7
o D 20-0-21 h TRMSSTF7C
e E 19-0-32 i TRNXT13KB
= F 20-0-24 j TRNHRIKCD
= G 19-0-33 k TRNRCV0SC
E o B H 1808 | TRNXNOP3C
z | 20-0-26 m TRNEHTJXE
= ) 20-0-27 n TRNTZHLGE
= K 20-0-28 o TRNWVQKSC
E L 20-0-29 — AR IVB100
g M 17-0-4 — AR IVB101
e N 17-0-6 — IAR IVB102
67 O IVB100-0-1 ——IARIVB165
P IVB100-0-2 —LZ 347
60- Q IVB101-0-1 ——SWRI 17
58 R IVB102-0-1 ——SWRI18
6| S IVB102-0-2 SWRI 19
% T IVB100-0-3 —SWRI20
54 = U IVB102-0-3
52
50
48—
46—

T T T T T T T T T T T T T T T T T T T T T T T T T T T T°1
01 2 3 4 5 & 7 8B % 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time

Lubrizol
T O
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Exhaust Gas Temperature

IAR IVE100-0-1

AR IVB100-0-2

Lab Test

IAR IVE101-0-1

AR IVB102-0-1

IAR IVB102-0-2

AR IVE100-0-3

AR IVB102-0-3

AR IVE102-0-4

AR IVB100-0-5

AR IVB101-0-5

IAR IVB100-0-6

AR IVB101-0-8

AR IVE101-0-9

AR IVB101-0-11

AR IWVB101-0-17

AR IVB101-0-18

AR IWVB101-0-19

AR IVB1685-0-1

IAR WVB165-0-7

LZ TRMNSATETC

LZTRNX713KB

LZ TRMHRIKCD

LZ TRMRCWVOSC

LZ TRMXMNOPIC

LZ TRNBHTIXE

LZ TRNTZHLGE

L7 TRNWWCOKSC

SWRI18-0-2

SWRI19-0-31

SWRI18-0-3

SWRI20-0-21

SWRI19-0-32

SWRI20-0-24

SWRI19-0-33

SWRI 18-0-6

SWRI20-0-26

SWRI20-0-27

SWRI20-0-28

SWRI20-0-29

SWRI17-0-4

SWRI17-0-6

Final Prove-out tests

« Mo
+ Yes

T T T 1 T T T 1 T T T 1 T T T 1 T T T 1 T T T 1
4 10 16 2228 4 1016 2228 4 10 16 2228 4 10 16 2228 4 10 16 2223 4 10 16 22 23

130 Cycle Time



N Lab Stand
560 i « IARIVBIOD  V [VB102-0-4
540 « 1ARIVBIO1 W IVB100-0-5
« 1ARIVBID2 ¥ IVB101-0-5
520 « IARIVBIE5 ¥ [VB100-0-6
| = o L7 347 Z IVB101-0-8
< SWRITT a IVB101-0-9
480 — . SWRI18 b IVB101-0-11
iy SWRI 19 ¢ IVB101-D-17
460 « SWRI20 d IVB101-D-18
A 18-0-2 e IVB101-D-19
B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
. D 20-0-21 h TRNSSTF7C
E E 19-0-32 i TRNXT13KB
= F 20-0-24 i TRNHRIKCD
= G 19-0-33 k TRMRCVOBC
= — T H 18-0-6 I TRMXMOP3C
2 NE O 20026 m TRNBHTJXE
E ) 20-0-27 n TRNTZHLGE
= K 20-0-28 o TRNWVQKSC
ke L 20-0-29 — AR IVB10D
M 17-0-4 — AR IVB101
M 17-0-6 — AR IVB102
- O IVB10D-0-1 —— AR IVB165
el P IVBIDD-D-2 — L7347
Q IVB101-0-1 ——SWRI17
540 R IVB102-0-1 —— SWRI18
S IVB102-0-2 SWRI 19
fa= 2 T IVBI00-0-3 —SWRI20
500 = U IVB102-0-3
43[)_
4&]_
.q.q_i]_
I

— T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
01 2 3 4 5 6 7 & 9 101 121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Cycle Time

Lubrizol
T O
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Lab Test Final Prove-out tests
AR IVB100-0-1 AR IVE100Q-0-2 AR IVB101-0-1 IAR IVB102-0-1 AR IVBE102-0-2 AR IVE100-0-3 « Mo

L o - , - | - -
313%-0/ L.-r/ L /h\...-:/ [ \..-r/ -

|AR WB102-0-3 IAR IVB102-0-4 |AR WB100-0-5 I1AR IWB101-0-5 |AR IWB100-0-6 |AR. WB101-0-8
T.0-
5.0- kL ‘haing / Rt / L / = / ‘-
3.0+ L ] [ ] L ] 8 [ ] *
= Uiy o= bp-" W e’ (-
|AR WB101-0-9 IAR IVB101-0-11 AR WB101-0-17 IAR IVB101-0-1 AR WB101-0-19 AR WB1685-0-1

I (W - /\.
?:E;_r/ '..,..r/ ' /‘-"

g IAR IVB165-0-7 LZ TRNSOTF7C LZ TRNX713KB LZ TRNHRIKCD LZ TRNRCVOSC LZ TRNXNOP3C
o
z 7.0
= 50 " IM m .N.
= 3.0- [ ]
o |
T 1.0 A w W w ”A
LZ TRNBHTIXB LZ TRNTZHLGB LZ TRNWWOKSC SWRI 18-0-2 SWRI19-0-31 SWRI 18-0-3
7.0
5.0 ’ h h h
>0 [ j ’ ! .
10 (W d v’
SWRI20-0-21 SWRI19-0-32 SWRI 20-0-24 SWRI19-0-33 SWRI 18-0-6 SWRI20-0-26
7.0 A
5.0 oy / Sy ey oy .y -y
3.0 &
1.0 .\'J o
SWRI 20-0-27 SWRI 20-0-28 SWRI 20-0-29 SWRI 17-0-4 SWRI 17-0-6
7.0
:g- ’h ‘o ‘-
1.0 .\I
[ I [ I [ [ [ [ [ [
0 16 22 28 10 16 22 28 0 16 22 28 1016 2228 4 10 16 22 28 4 10 16 22 28
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8- Lab Stand
7- ! ! - IARIVB100  V IVB102-0-4
. : ' - IARIVBI01 W IVB100-0-5
! t t i 1 - IARIVBI02Z X IVB101-0-5
5 i I - IARIVBI65 ¥ IVB100-0-6
4- ; i — . T+ B . 12347 Z IVB101-0-8
3] i : A VANVEE RS, - SWRIT7 a IVB101-0-9
roy 11 2ol - SWRI18 b IVB101-0-11
211 SRR I - B | i T N NP SWRI 19 ¢ IVB101-0-17
1- ! ! I i i . SWRIZ20 d IVB101-0-18
n % A 18-0-2 e IVB101-0-19
I L L B 19-0-31 f IVE165-0-1
8- C 18-0-3 g IVB165-0-7
7. D 20-0-21 h TRNSITF7C
E 19-0-32 i TRNXT13KB
g ° F 20-0-24 j TRNHRIKCD
s 5 G 19-0-33 k TRNRCVDSC
E o4 S E H 1806 | TRNXNOP3C
= | 20-0-26 m TRNBHTIXE
E ) 20-0-27 n TRNTZHLGB
2 K 20-0-28 o TRNWVOKSC
- L 20-0-29  —IARIVB10D
M 17-0-4 — IAR IVB101
0 N 17-0-6 — IAR IVB102
- O IVBI0D-0-1 — AR IVB165
| P IVB100-0-2 — LZ 347
Q IVB101-0-1 —SWRI17
6- R IVB102-0-1 ——SWRI18
5 S IVB102-0-2 SWRI 19
- 9 T IVBIOD-0-3 —SWRI20
= U IVB102:0-3
3
2-
14
0
| | | | I | | | | | | | | | | I | | | | |

1 1
10171 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time

=
—
Fud —
L —
I —
wn—
on —
] —
=g
e
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Lab Test
AR IVE100-0-1 IAR IVE100-0-2 AR IWVB101-0-1 AR IWVB102-0-1 AR IVB102-0-2 AR IVE100-0-3

Final Prove-out tests

« Mo
140+ = Yes
100-

Ry ~_ s- h
EEI—P -P *\ -
AR IVB102-0-3 IAR IVB102-0-4 AR IVB100-0-5 AR IVB101-0-5 IAR IVB100-0-6 IAR IVB101-0-8
140-
100-
S, ST, ‘h_ e WM.
20 — R —
IARIVB101-0-9  IARIVB101-0-11  IARIVB101-0-17  IARIVB101-0 IARIVB101-0-19  IARIVB165-0-1
g AR IVB165-0-7 LZ TRNSOTF7C LZ TRNXT13KB LZ TRNHRIKCD LZ TRNRCVOSC LZ TRNXNOP3C
S 140
£ 100
5 60 »
i 20
£ LZ TRNBHTIXB LZ TRNTZHLGB LZ TRNWVQKSC SWRI 18-0-2 SWRI19-0-31 SWHRI 18-0-3
140
100
60 g Wiiin
20
SWRI20-0-21 SWRI19-0-32 SWRI 20-0-24 SWRI19-0-33 SWRI 18-0-6 SWRI 20-0-26
140-
100-
B0
P_ﬂr -'\.'lu.. r—
SWRI 20-0-27 SWRI 20-0-28 SWRI 20-0-29 SWRI 17-0-4 SWRI 17-0-6
140-
100-
B0 ” M
zﬂf_.-."r W-w

T T T 1 T T T 1 T T T 1 T T T 1 T T T 1
11]152223 4 10 16 2228 4 W e 2228 4 10 16 2228 4 10 16 22 28 4 10 16 22 28

Cycle Time

134




140 | - Lab Stand
il RN « 1ARIVBIO0  V IVB102-0-4
: « 1ARIVB101T W IVB100-0-5
100 « 1ARIVB102 X IVB101-0-5
80 « 1ARIVB165 Y IVB100-0-6
= o LZ 347 Z IVB101-0-8
60— . SWRIT a IVB101-0-9
e SWRI 18 b IVB101-0-11
SWRI 19 c IVB101-0-17
20 « SWRI20 d IVB101-0-18
0 A 18-0-2 e IVB101-0-18
B 19-0-31 f IVB165-0-1
140 C 18-0-3 g IVB165-0-7
; D 20-0-21 h TRNSSTFTC
= 120 E 19-0-32 i TRMX713KE
8 F 20-0-24 i TRNHRIKCD
= G 19-0-33 k TRMRCVO0SC
e = E H 1806 | TRMNXMOP3C
e T | 20-0-26 m TRNBHTJXB
= J 20-0-27 n TRNTZHLGB
= K 20-0-28 o TRNWVOKSC
= L 20-0-29 — IAR [VB100
M 17-0-4 — AR IVB101
N 17-0-6 — |AR IVB102
O IVB10D-0-1 —— IAR IVB165
L= P IVBI0D-0-2 — L7 347
120 Q IVB101-0-1 —— SWRI17
i R IVB102-0-1 —— SWRI 18
S IVB102-0-2 SWRI 19
80 % T IVB100-0-3 —— SWRI20
= = U IVB102-0-3
41}_
20
1}_
|

r— 1 T T T T T T T T T T T T 1 T T T T T T T T T T T T T T 1
0 1 2 3 4 5 &6 7 8 9 1011 1213141516 17 13 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Time
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Oil Gallery Prassure

Lab Test

[AR WB100-0-1 IAR IWVE100-0-2 IAR IWB101-0-1 AR WB102-0-1 AR WB102-0-2 |AR WB100-0-3
AR WB102-0-3 IAR IWB102-0-4 1AR IWE100-0-5 AR WB101-0-5 AR WB100-0-6 |AR WB101-0-8
AR WB101-0-9 IAR IWB101-0-11 IAR IWB101-0-17 AR WB101-0-18 AR WB101-0-19 IAR WB165-0-1

[ L ]
AR WB1685-0-7 LZ TRMSATFTC LZ TRMX713KB LY TRMHRBJECD LY TRMRCWVOSC LY TRMXMNOPIC

A WA

)

[

120

LZ TRNBHTIXB LZ TRNTZHLGB LZ TRNWVQKSC SWRI 18-0-2 SWRI19-0-31 SWRI 18-0-3
360
280 7, F e f-—b.
200 o . ¢ . ™ o
124:':U 'Id

SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI 18-0-6 SWRI20-0-26

360 -

280- m f—.ﬂ

T

.J

200-
121}-,.-’ '|-.I 'Ih-l
SWRI 20-0-27 SWRI 20-0-28 SWRI20-0-29 SWRI 17-0-4 SWRI 17-0-6
360
250 ﬁ ﬁ ﬁ ﬁ ﬁ
200 - ®
124}1\-{ L L L’
[ [ [ [
10 16 22 28 10 16 22 28 10 16 22 28 10 16 22 28 1016 2228 4 10 16 22 28

Cycle Tlme

Final Prove-out tests

+ Mo
+ Yesg



il Gallery Pressure

250~

200

150+

100

250~

200

150

100

r— 1 T T T T T T T 1 T T T T T T T T T T T T T T T T T T T 1
01 2 3 4 5 6 7 8 9 1011 1213141516 17 13 19 20 21 22 23 24 25 26 27 28 29 30 3
Cycle Tirne

il

[HANs

qe

Lab Stand

4w OB OZZ A — —TommOoOmmI= s

IAR IVE100
IAR IVB101
IAR IVB102
IAR IVB165
L7 347
SWRI17
SWRI 18
SWRI 19
SWRI 20
18-0-2
19-0-31
18-0-3
20-0-21
19-0-32
20-0-24
19-0-33
18-0-6
20-0-26
20-0-27
20-0-28
20-0-29
17-0-4
17-0-6
IVB100-0-1
IVE100-0-2
IVB101-0-1
IVB102-0-1
IVB102-0-2
IVB100-0-3
IVB102-0-3

033 —F— - FTO oA n T owMN<xE=

IVE102-0-4
VB100-0-5
IVB101-0-5
[VB100-0-6
VB101-0-3
VB101-0-9
VB101-0-11
IVB101-0-17
IVE101-0-18
IVB101-0-19
VB165-0-1
VB165-0-7
TRMSITFTC
TRMXT13KE
TRMHRIKCD
TRMRCV0EC
TRMNXMOP3C
TRMEHTIXE
TRNTZHLGE
TRNWVCOKSC

— |AR [VE100
— |AR IVB101
— |AR [VE102
— |AR [VB165
—LZ347
— SWRI 17
— 5WRI 18

SWRI 19

— 5WRI 20

137
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Engine Power

Lab Test

AR IWE100-0-1 AR IWB100-0-2 1AR IWB101-0-1 AR IWBE102-0-1 AR WB102-0-2 IAR IWB10Q0-0-3
20
16
12-
B
i
AR WB102-0-3 IARIVB102-0-4 IAR IWB100-0-5 AR WB101-0-5 AR IWVB100-0-8 IAR IVB101-0-8
20—
16
12—
E_
o e ) (ESSTSRSSSSSSSSSSSSSTS L
AR WB101-0-9 AR IWVB101-0-11 AR WB101-0-17 AR WB101-0-18 AR WB101-0-19 IAR IVB165-0-1
20
16
124
. AAM
__m
|AR IWB165-0-7 LY TRMSATFTC L TRMXT13KE LY TRMHRIKCD LY TRMRCWOEC LZ TRMXMOP3C
20
16
12-
E_
4
LZ TRMBHTIXB LY TRMTZHLGB LZ TRNWWOKSC SWRI18-0-2 SWRI19-0-31 SWRI158-0-3

20—
16—

SWRI20-0-21

SWRI19-0-32

SWRI20-0-24

SWRI19-0-33

SWRI18-0-6

SWRI20-0-26

12—
a_
4

SWRI20-0-27 SWRIZ20-0-28 SWRIZ20-0-29 SWRI17-0-4 SWRI17-0-6

20—

16—

12—

2

4_
T T T 1 — T T T 1 r T T T 1 T T T T I T T T T 1 T T T I
4 10 16 22 28 4 10 16 22 28 4 10 16 22 28 4 W 16 2228 4 10 16 22 28 4 10 16 22 28

Cycle Time

Final Prove-out tests

+ No
+ Yes




20 Lab Stand
18- « IARIVBI0OO  V IVB102-0-4
16 « IARIVB1OT W IVB100-D-5
14 « IARIVB10Z X IVB101-D-5
.- B - IARIVB165 ¥ IVE100-0-6
- = . LZ347 Z IVB101-0-8
+ SWRI17 a IVB101-0-9
SWRI 18 b IVB101-0-11
SWRI 19 c IVB101-0-17
« SWRI20 d IVB101-0-18
A 18-0-2 e IVB101-0-19
B 19-0-31 f IVB165-0-1
C 18-0-2 g IVB165-0-7
D 20-0-21 h TRNSSTFTC
E 19-0-32 i TRNXT13KB
. F 20-0-24 i TRNHRIKCD
= G 19-0-33 k TRNRCV0SC
= = & H 1806 | TRNXNOP3C
£ T | 20-0-26 m TRNEHTIXB
= ) 20-0-27 n TRNTZHLGB
K 20-0-28 o TRNWVOKSC
L 20-0-29 — 4R IVB100
M 17-0-4 — 4R IVB101
N 17-0-6 — AR IVB102
20 O IVB100-0-1 —IAR IVB165
.y P IVB100-0-2 —LZ347
Q IVB101-0-1 — SWRI17
16 R IVB102-0-1 —— SWRI 18
14 S IVB102-0-2 SWRI 19
12 2 T IVB100-0-3 ——SWRI20
10 = U IVB102-0-3
B_
f—
4-
"J_I_
I | | | | | | | I | | | | | | | | I | | 1

T T T T T T T 1 |
01 2 3 4 5 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 N
Cycle Time

Lubrizol
T O
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IAR IVB100-0-1

AR WB100-0-2 AR IVB101-0-1 IAR IVB102-0-1

AR WB102-0-2

e, | B

AR IVB102-0-3

AR IVB102-0-4 IF'. WVB100-0-5 IR IVB101-0-5

AR [VB100-0-6

AR IVB101-0-11 AR IVB101-0-18

AR IVB101-0-19

AR IVB165-0-7

e i

LZ TRMSATE? LZ TRMNET13KE

© LZ TRNRCVOSC

LZ TRMEHTIXE

——————

| ———————————————————

LZ TRNTZHLGB LZ TRMWWQKSC SWRI18-0-2

SWRI19-0-31

Rocker Cover Coolant In Temp.

SWRI20-0-21

SWRI19-0-32 SWRI19-0-33

S SRR e
SWRI 20-0-24

SWRI18-0-6

SWRI20-0-27

SWRI20-0-28 SWRI20-0-29 SWRI17-0-4

SWRI17-0-6

10 16 22 28

10 16 22 28 10 16 22 28 M0 16 22 28

4 10 16 22 28

Final Prove-out tests

AR IVB100-0-3

AR IVB101-0-8

AR IVB165-0-1

LZ TRNXNOP3C

| ————————————————

SWRI18-0-3

SWRI20-0-26

I R R
4 10 16 22 28



a1 1 Lak Stand
19 « IARIVBI00  V IVB102-0-4
. IARIVBIO1 W IVB100-0-5
35 . IARIVB102 X IVB101-0-5
p | . IARIVB165S ¥ IVB100-0-6
- = . LZ347 Z IVB101-0-8
. SWRITT a IVB101-0-9
26 . SWRI18 b IVB101-0-11
SWRI 19 ¢ IVB101-0-17
23+ « SWRIZ20 d IVB101-0-18
20| 4 1802 ¢ BT
B 19-0-31 f IVB165-0-1
41- C 18-0-3 g IVB165-0-7
£ o D 20-0-21 h TRNSATF7C
2 E 19-0-32 i TRNXT13KB
£ 35 F 20-0-24 i TRNHRIKCD
5 o G 19-0-33 k TRMRCV0RC
E = © H 1806 | TRNXNOP3C
- 29 % | 20-0-26 m TRNBHTIXE
2 2. J 20-0-27 n TRNTZHLGE
= K 20-0-28 o TRNWVQKSC
¥ 23 L 20-0-29 — AR IVB100
= - B R e e e Moo — ARIVBTOT
N 17-0-6 — AR IVB102
41— O IVB100-0-1 —IAR IVB165
P IVB100-0-2 — L7 347
38 Q IVB101-0-1 — SWRI 17
15 R IVB102-0-1 —— SWRI18
S IVB102-0-2 SWRI 19
32 2 T IVBI00-0-3 ——SWRI 20
29 = U IVB102-0-3
26-
23-
20-
[

— 7 T T T T T T T T T [ T T 1T T T T T 1 T T T T T 1T 1
01 2 3 4 35 6 7 8 910111213 1415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 N
Cycle Time

Lubrizol
T O
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Engine Qil Surnp (Termp.)

Lab Test

AR IVB101-0-1

AR IVB102-0-1

AR WB102-0-2

AR WB100-0-3

AR IWVB100-0-1 AR IWB100-0-2
AR IWB102-0-3 IARIVB102-0-4 AR IVB100-0-5 AR IWB101-0-5 AR WB100-0-6 AR WB101-0-8
AR WB101-0-9 AR IVB101-0-11 AR WB101-0-17 AR IVB101-0-18 AR IWB101-0-19 AR IVB165-0-1
AR WB165-0-7 LZ TRMSATF7C LZTRNXT13KE LZ TRMNHRIKCD LZ TRNRCWVOEC LZ TRMXMOP3C
65.5
63.5
61.5+
59.5+
57.54
LZ TRMBHTIXB LZ TRNTZHLGE LE TRMNWWCKSC SWRI18-0-2 SWRI19-0-31 SWRI158-0-3

SWRI20-0-21

SWRI19-0-32

SWRI20-0-24

SWRI19-0-33

SWRI18-0-6

SWRI20-0-26

SWRI20-0-27

SWRI20-0-28

SWRI20-0-29

SWRI17-0-4

SWRI17-0-6

4 10 16 22 28

T T T 1
4 10 16 22 28

T T T T
4 10 16 22 28

I
4 10 16 22 28

Cycle Time

T T T 1
4 10 16 22 28

4 10 16 22 28

Final Prove-out tests

+ Mo
* Yes



6 Lak Stand
- - ] - -+ « IARIVBIOD  V IVB102-0-4
ol ! : 1 — :I — « IARIVBIOT W IVB100-0-5
« IARIVBI02 X IVB101-0-5
— « IARIVBI6S V¥ IVB100-0-6
62 = . LZ347 7 IVB101-0-8
. SWRI17 a IVB101-0-9
60 . SWRI18 b IVB101-0-11
SWRI 19 ¢ IVB101-0-17
58 « SWRI20 d IVB101-0-18
A 18-0-2 e IVB101-0-19
56 B 19-0-31 f IVB165-0-1
] C 18-0-3 g IVB165-0-7
D 20-0-21 h TRNSSTF7C
g E 19-0-32 i TRNX712KB
g 04+ F 20-0-24 i TRNHRIKCD
= G 19-0-33 k TRNRCVORC
E N B H 1806 | TRNXNOP3C
= | 20-0-26 m TRNBHTIXE
2 ) 20-0-27 n TRNTZHLGE
5 K 20-0-28 o TRNWVQKSC
5 L 20-0-29 — IAR IVB100
M 17-0-4 — IAR IVB101
55 N 17-0-6 — IAR IVB102
1+ 0 IVB100-0-1 — IARIVB16S
66 : --| P IVB100-0-2 —LZ347
! i i t i Q IVB101-0-1  — SWRI17
64— i ! ! : ! —— R IVB102-0-1 —— SWRI 18
== I A S IVB102-0-2 SWRI 19
62 — = 2 T IVB100-0-3 — SWRI20
I = U IVB102-0-3
60— e 1 T
! e |
. 1 i
58 ! 4
55 [ I [ [ [ [

T T T T T 1 T T T T T T T T T T T T T T 1
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Cycle Time

=
—
P —
W —
e
LN
(=4}
-
[==]
[F=]
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AR IVB100-0-1

Lab Test Final Prove-out tests
AR IWB100-0-2 IAR IWB101-0-1 IAR IWB102-0-1 IAR IWB102-0-2 &R IWB100-0-3 « Mo

+ Yeg

AR IVB102-0-3

[ARIVE102-0-4 AR WB100-0-5 AR WB101-0-5 AR IWB100-0-6 AR IVB101-0-8

AR IWVB101-0-9

AR IWVBE101-0-11 AR IVB101-0-17 AR IVB101-0-18 AR IVB101-0-19 AR IVB165-0-1

36

32
28
24
20

AR IWB165-0-7

LZ TRNSOTF7C LZTRMET13KE LZ TRMNHRJKCD LZ TRMRCWDEC LZ TRMXNOP3C

36

28
24
20

Test Call Air Termperature
(1

LZ TRNBHTIXE

LZ TRNTZHLGE LZ TRMNWWCKSC SWRI18-0-2 SWRI19-0-31 SWRI13-0-3

36—
32—
28—
24
20

SWRI20-0-21

SWRI19-0-32 SWRI20-0-24 SWRI19-0-33 SWRI153-0-6 SWRI20-0-26

36

28
24
20

SWRI20-0-27

SWRI20-0-28 SWRI20-0-29 SWRI17-0-4 SWRI17-0-6

36—
32—
28

20

144

T T 1
4 10 16 22 28

I N E N R E R N R E I R E R T T T 1
4 10 16 2228 4 10 16 22 28 4 10 16 2228 4 10 16 22 28 4 10 16 22 28
Cycle Time



7] Lab Stand
« |ARIVB100 Vo IVB102-0-4
« |ARIVB1DM W IVB100-0-5
+« |ARIVB102 X IVB101-0-5
« |ARIVB16S ¥ IVB100-0-6
E « L7347 £ IVB101-0-8
« SWRI1Y a [VB101-0-9
SWRI 18 b IVB101-0-11
SWRI 19 c IVB101-0-17
« SWRI20 d IVB101-0-18
A 18-0-2 e IVB101-0-19
B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
o D 20-0-21 h TRMSSTF7C
E E 19-0-32 i TRMXT12EE
e F 20-0-24 j  TRMHRIKCD
E‘ G 19-0-33 k TRMRCWOEC
= — o H 12-0-6 | TRMXMOP3IC
E - | 20-0-26 m TRMBHTIXE
E 1 20-0-27 n TRMTZHLGE
B K 20-0-28 o TRMWVOESC
= L 20-0-29 — AR IVB100
M 17-0-4 — AR IVB101
M 17-0-6 — AR IVB102
O IWB100-0-1 —IARIVB165
P IWB100-0-2 —LF 347
Q WB101-0-1 —SWRI17
R IWB102-0-1 ——SWRI18
S IWB102-0-2 SWRI 19
% T IWB100-0-3 —SWRI 20
= U IVB102-0-2
T

T T T T T 1 T T T T T T T T T T T T T T 1
0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 N
Cycle Time

=

—

P —
L —
e
LA
o —
—d —
oo —
.
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146

Total Fuel Used

Lab Test

IAR IVB100-0-1 IAR [VB100-0-2 IAR IVB101-0-1 IAR IVB102-0-1 AR [VB102-0-2 IAR IVB100-0-3
425 —
410 -
385 —
280
IAR IVB102-0-3 IAR IVE102-0-4 IAR IVB100-0-5 AR IVB101-0-5 IAR IVB100-0-5 IAR IVB101-0-8
4250 —
410 —
385 —
280
IARIVB101-0-8  IARIVB101-0-11  IARIVB101-0-17  IARIVB101-0-18  IARIVB101-0-19  IARIVB165-0-1
420 —
410 —
385 —
380
AR IVB165-0-7 LZ TRNSOTFTC LZ TRNXT12KE LZ TRNHRIKCD LZ TRNRCVOBC LZ TRNXNOP3C
425 -
410~
385 —
200 _—l
LZ TRNBHTIXB LZ TRNTZHLGB LZ TRNWVQKSC SWRI 18-0-2 SWRI19-0-31 SWRI 18-0-3
425 —
410 -
385 — ;
260 P‘
SWRI20-0-21 SWRI19-0-32 SWRI20-0-24 SWRI19-0-32 SWRI 18-0-5 SWRI20-0-26
425 —
410 -
385 —
380 —|
SWRI20-0-27 SWRI20-0-28 SWRI20-0-29 SWRI 17-0-4 SWRI 17-0-6
420 —
410 —
385 —
380 -
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
4 10 16 2228 4 10 16 22 28 4 10 16 2228 4 10 16 2228 4 10 16 22 28 4 10 16 22 28

Cycle Time

Final Prove-out tests

« No
+ Yeg




Lak Stand
420 « IARIVBIOD  V IVB102-0-4
« IARIVBIO1T W IVB100-0-5
410 « IARIVB102 X IVB101-0-5
« IARIVBI65 Y IVB100-0-6
400 = . L7347 Z IVB101-0-8
- SWRI17 a IVB101-0-9
el SWRI 18 b IVB101-0-11
SWRI 19 ¢ IVB101-0-17
380 + SWRI 20 d IVE101-D-18
o A 18-0-2 e IVB101-0-19
B 19-0-31 f IVB165-0-1
C 18-0-3 g IVB165-0-7
420 D 20-0-21 h TRNSSTF7C
E 19-0-32 i TRMNXT13KB
T 410 F 20-0-24 i TRNHRIKCD
= G 19-0-33 k TRNRCVOSC
E g E H 1806 I TRMXMOP3C
= | 20-0-26 m TRMEHTJXE
K ] 20-0-27 n TRNTZHLGE
K 20-0-28 o TRNWVQKSC
L 20-0-29 — |AR IVB10D
M 17-0-4 — IAR IVB101
N 17-0-6 — IAR IVB102
O IVB10D-0-1 — IAR IVB165
o P IVBIDD-0-2 — L7347
Q IVB101-D-1 —— SWRI17
410 R IVB102-0-1 —— SWRI18
S IVB102-0-2 SWRI 19
400 2 T IVB100-0-3 — SWRI20
= U IVB102-0-3
300
E‘,_Bﬂ_
370
[

— T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
01 2 3 4 5% & 7 & 9 10111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Cycle Time
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SUCCESS
TOGETHER
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Working together, achieving great things

When your company and ours combine energies, great things can happen.

You bring ideas, challenges and opportunities. We’'ll bring powerful additive and
market expertise, unmatched testing capabilities, integrated global supply and
an independent approach to help you differentiate and succeed.
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