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Summary of proposal

C

Infineum)

OILCON
In OILCON
Predicted 4.5102
TARGET 4.0930
additive ICF -0.4170

Keep current
ICFasis

Keep current

PB

ICFasis
R —
Keep current
P B2 ICFasis

original

Lab OILCON
G 94.7
D 87.2
A 96.7

If OC100.300=>65.0

In OILCON
4.5507

4.4682

4.5716

Original
scale

afterCF after CF
4,1337 62.4
4.0512 57.5
4.1546 63.7

ALeadkina ~ explin{alead ) +(65.0 — OCioa.200) x 0.03234]

If OC100200=65.0
Aleadrina © Alead

If OC100.300765.0

Alead [250-300) * explin{ALead(250-300) H(65.0 — OCiop.a00) x 0.04089

If OCi00.300265.0

Alead (250-300)¢0a ° Alead(250-300) |

Before and After ICF applied by parameter additive ICF | multiplicative ICF
Original Original Current ICF
ALW original scale scale after[y| 02/23/2017
In ALW Lab ALW InALW | afterCF  afterCF afterCF CF multiplicative
Predicted 3.6615 G 40.1 3.6914 2.8144 167 | o761 | 28092 16.6
Target on
TARGET 2.7850  |Original scale= 0.7430

16.2 D 37.7 3.6297 2.7527 15.7 2.7622 15.8
additive ICF A 356 35723 | 26953 14.8 27185 152

Original
scale after

afterCF CF
0.907 4.1275 62

4.0527 57.6

4.1464 63.2

0.926

N

Includes: Lab A (159933), Lab D (159843) and Lab G (159551)

In general, test

results after
additive and
multiplicative
ICFs are
applied are
close to each
other

J
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Impact of using Additive ICF versus Multiplicative ICF,,,f,,,e,,ﬁs(;

4 )
What happens close to the pass/fail region?
Multiplicative 0.761
Additive -0.877
passing value In ALW after ICF original scale
Liner Wear 24
Test result
before Additive 57.8 4.057 3.18 24
ICF
Test result
before
Multiplicative 65.2 4.1775 3.1791 24
ICF
Multiplicative 0.907
Additive -0.417
passingvalue InOILCON after ICF original scale
OILCON 85
Test result
before Additive 129 4.8598 4.4428 85
ICF
Test result
before
Multiplicative 134 4.8978 4.4423 85
ICF
. J
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Motion 1: Additive ICF Infineun =

~
Before and After ICF applied by parameter additive ICF
Original
ALW original scale
In ALW Lab ALW In ALW afterCF  after CF
Predicted 3.6615 G 40.1 3.6914 2.8144 16.7
Targeton
TARGET 2.7850  |Original scale=
16.2 D 37.7 3.6297 2.7527 15.7
additive ICF -0.8770 A 356 35723 | 2.6953 14.8
)
Original
O"_CON original scale
In OILCON Lab OILCON InOILCON| afterCF after CF
Predicted 4.5102 G 94.7 4.5507 4.1337 62.4
TARGET 4.0930 D 87.2 4.4682 4.0512 57.5
additive ICF~ -0.4170 A 9.7 45716 | 4.1546 63.7
ATRWL Keep current | Multiplicative
ICF asis ICF = 0.846
I
If OC100-300>65.0
Keep current Aleadk - explin{Alead ) +(65.0 — OC:00200) 1 0.03234]
PB ICF as is If OC100-300565.0
Aleadrina © Alead
]
K Alead (250-300): . * exp[In{Alead{250-300) }+([65.0 — OCc 100} x 0.04089
PBZ eep curf‘ent If OC100 2002650 —
ICF as is Alead (250-300)n:° Alead(250-300) |
N J
© 2021 Infineum International Limited. All Rights Reserved.
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C

Motion 2: Multiplicative ICF Gifiniing S
4 )
Before and After ICF applied by parameter multiplicative ICF
Original
ALW original scale after
In ALW Lab ALW In ALW afterCF CF
Predicted 3.6615 G 40.1 3.6914 0.761 | 2.8092 16.6
Target on
TARGET 2.7850 Original scale=
16.2 D 37.7 3.6297 2.7622 15.8
35.6 3.5723 2.7185 15.2
Original
OI LCO N original scale after
In OILCON Lab OILCON In OILCON afterCF CF
Predicted 4.5102 G 94.7 4.5507 0.907 4.1275 62
TARGET 4.0930 D 87.2 4.4682 4.0527 57.6
96.7 4.5716 4.1464 63.2
ATRWL Keep current | Multiplicative
ICFasis ICF = 0.846
[ |
If OC100.30065.0
Keep current Aleadrna © exp[In(Alead ) +(65.0 — OC:ng.300) ¥ 0.03234]
PB ICF as is If OC10p0-200565.0 —
Aleadyna - Alead
[ N - 5 o650
Keep current Alead (250-300)r a1~ explin{ALead(250-300) }+(65.0 — OC1o0 300} x 0.04089
PBZ N If OC100-300265.0 —
ICFas is Alead (250-300)r0a * Alead(250-300) |
N\ J
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- C
Outline Infmeuﬁ)s/

4 )
« Summary of proposal

— Impact of using Additive ICF versus Multiplicative ICF
« Dataset — LTMS 2021/08/26
— Tests on Reference oil 821 and re-blends

— Exclusions:

» Exclude tests with Chart = N (except W/ X/ Y/ P/ FA945E)
» Testkeys: 98459, 98867 (goofy tests)

« 109182 (thrown out last time)

« 110864 (VUXPB)

« 158884 & 164848 (Lab B tests on W/ X/ Y/ P/ FA945E)

— Total number of tests: 127

« General comments

* Proposed correction factors by parameter with plots before and after ICF
— Calculations

* Appendix 1: Targets and Standard Deviation by parameter

* Appendix 2: Current ICF

* Appendix 3: Equations for PB and PB2

- J
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C
General comments :nfmeuﬁ>5/

~

 Latest batch of parts:
— Cyl.Liner/TopRing/Rodbearing/MainBearing/PistonCrown[ W/ X/ Y/ P/ FA945E]

 Original precision matrix
— LTMS adopted use natural logarithm transformations for Pb, Pb2, and OC.
— Liner Wear and Top Ring Weight Loss were not transformed.

* This review indicates that CLW and TRWL need LN transformation.

J

© 2021 Infineum International Limited. All Rights Reserved.
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8

Liner Wear

/5(;
Infineum)

g

Actual by Predicted Plot

High results raise the question about

~

60 transforming or not liner wear. This
-0 discussion is not new... last time SP decided
B to transform liner wear
E 40
<L
Sl Keeping original scale => Multiplicative ICF
=1 .,
20 Transformed scale => Additive ICF
10 _
e Impact on proposed ICF is small: see three
ALW_ Predicted RMSE=5.139 RSq=0.78 test results using the new set of parts
Felue==0001 corrected by both methods below
Before and After ICF applied by parameter additive ICF | multiplicative ICF
Original Original Current ICF
ALW original scale scale after[§| 02/23/2017
In ALW Lab ALW InALW | afterCF  after CF CF multiplicative
Predicted 3.6615 G 40.1 3.6914 2.8144 167 | 0.761 16.6
Target on
TARGET 2.7850 Origingl scale= 0.7430
16.2 D 37.7 3.6297 2.7527 15.7 15.8
additive ICF  -0.8770 A 356 35723 | 2.6953 14.8 15.2

J
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Calculations

LN ALW

Expanded Estimates

Nominal factors expanded to all levels

Term
Intercept
IND 2[ PC10E/ 821]

IND 2[ 821-1]

IND 2[ 821-2]

IND 2[ 821-3]

IND 2[ 821-4]

LTMSLAB[ A]

LTMSLAB B]

LTMSLAB[ D]

LTMSLABJ F]

LTMSLAB[ G]

LTMSLABJ ]

Cyl liner/ Top Ring[ N/ N]
Cyl liner/ Top Ring[ P/ P]

Cyl liner/ Top Ring[ R/ R]

Cyl liner/ Top Ring[ S/ R]

Cyl liner/ Top Ring[ S/ T]

Cyl liner/ Top Ring[ U/ U]
Cyl liner/ Top Ring[ V/ U]
Cyl liner/ Top Ring[ V/ X]

Cyl liner/ Top Ring[ W/ X]

Performance you can rely on.
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option 2

Estimate

n=127

Std Errct Ratio Prob>|t]|

3.0611582 0.043 70.62 <.0001

-0.054345

0.0639349
0.0949662
-0.022785
-0.08177
0.0828572
0.0699692
-0.029196
-0.000995
0.1204297
-0.243065
-0.419427
-0.132461
0.1101179
-0.514041
-0.302596
0.2540285
-0.169721
0.5803891
0.5937093

0.134

0.076
0.073
0.095
0.096
0.042

0.05
0.056
0.089
0.048
0.112
0.146
0.126
0.104
0.209

0.08
0.132
0.093
0.108
0.148

-0.41

0.84
13
-0.24
-0.85
1.99
1.41
-0.52
-0.01
2.53
-2.18
-2.88
-1.05
1.06
-2.46
-3.79
1.92
-1.83

0.6847

0.4023
0.1959
0.8112
0.3946
0.0492
0.1609
0.6031
0.9911

0.013
0.0315
0.0048
0.2955

0.292
0.0157
0.0002
0.0575
0.0696

5.36 <.0001

4.01

0.0001

R O O O OO OO o o

ra
Infineum)

Predicted TARGET additive ICF
3.661537525 2.7850112 -0.8765
Original
original scale after
Lab ALW In afterCF CF
G 40.1 3.69138 2.815 16.6907
D 37.7 3.62966 2.753 15.6917
A 35.6 3.57235 2.696 14.8177
pred
A 39.7806
G 41.3037
B 39.2712
D 35.5637 In
38.9798 3.663
© 2021 Infineum International Limited. All Rights Reserved.



Average Liner Wear: including additive and multiplicative ICFs

/.5(;
Infineum>)

mm) Multiplicative ICF

multiplicative ICF

0.761

Original
scale after
afterCF CF
2.8092 16.6
2.7622 15.8
2.7185 15.2

Current ICF
02/23/2017
multiplicative

0.7430

€0 ALW_ & 3 more vs. Cyl liner/ Top Ring . A
—— - B
50 : -
& 7 L €]
' $ ' c?: ,\:.LW
§ % ! £ CF1 ALW
satee =1 LW
_______ J%____________ & CF2 MULTIPL ALW
odo L
i .'..' -
cLw i i i - i 5 el
< '
5_
25- ) — RN
E E% —+ oo T Y o
& T ses » F-A = ang
=S I - S W' S ) D e b sl = - || additive ICF
3 t 2 - - ==
g —— 1l X Original
= . T scale
afterCF after CF
-1 2.8144 16.7
—_— L
_$_ e H
n N =ha P
z ET L) H o * ) 2.7527 15.7
T e r*,:-_,%...
o] _1 " 2. 14.8
b BE _-‘:__ 6953
N mm) Additive ICF
N/ N P/ P S/R ST u/u v/ U W/ X W/ X

Performance you can rely on.
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Oil Consumption: Proposed ICF keeps current LN

transformation

/§—’/
Infineum>)
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.

OCFNL QILCOMN

CF2 QCFNL Liner/TRING/Piston

100

90

80

70

60—+

50

40

70

635

60—+

554

50

45

70

65

60—

554

50

45

OILCON & 2 more vs. Cyl liner/ Top Ring/piston crown

gt

N/NY P/PS RSRSOS/RS S/TY O S/TYT WUy WUSU wiuys VIUSA VWIUSB VWIUSC VILYD VXD VIXJE WX
F4545E

Cyl liner/ Top Ring/piston crown

o s M = =

-
& OILCON
& OCFNL

Prediction
4.510

oA CF2 OCFML Liner/TRING/Pisten

~N

Additive ICF

TARGET
4.093
J
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LN OILCON with liner/TopRing/piston

Expanded Estimates
Nominal factors expanded to all levels

Term

Intercept

IND 2[ PC10E/ 821]
IND 2[ 821-1]

IND 2[ 821-2]

IND 2[ 821-3]

IND 2[ 821-4]

LTMSLAB[ A]

LTMSLAB| B]

LTMSLAB| D]

LTMSLAB[ F]

LTMSLAB[ G]

LTMSLABI 1]

Cyl liner/ Top Ring/piston crown[ N/ N/]
Cyl liner/ Top Ring/piston crown[ P/ P/]
Cyl liner/ Top Ring/piston crown[ R/ R/]
Cyl liner/ Top Ring/piston crown[ S/ R/]
Cyl liner/ Top Ring/piston crown[ S/ T/]
Cyl liner/ Top Ring/piston crown[ S/ T/ T]
Cyl liner/ Top Ring/piston crown[ U/ U/]
Cyl liner/ Top Ring/piston crown[ U/ U/ U]
Cyl liner/ Top Ring/piston crown[ V/ U/]
Cyl liner/ Top Ring/piston crown[ V/ U/ A]
Cyl liner/ Top Ring/piston crown[ V/ U/ B]
Cyl liner/ Top Ring/piston crown[ V/ U/ C]
Cyl liner/ Top Ring/piston crown[ V/ U/ U]
Cyl liner/ Top Ring/piston crown[ V/ X/ D]
Cyl liner/ Top Ring/piston crown[ V/ X/ E]

Cyl liner/ Top Ring/piston crown[ W/ X/ F4945E]

Performance you can rely on.
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Estimate

4.3496831
-0.014291
0.0164004

0.0218347
-0.023263

-0.00068
0.0236673
-0.032704
-0.001999
-0.032336
-0.043451

0.086823

-0.22322
-0.258112
-0.195827
-0.405483
-0.101921

-0.09651
0.1782652
0.2677451
0.1783875

0.071164
-0.022036
0.0074665
0.1470127
0.0905369
0.1740965
0.1884356

Std Error 't Ratio Prob>|t|

0.018798
0.048649
0.028113

0.027061
0.035943
0.039802
0.015347
0.018545
0.020707
0.032276
0.018907
0.040458
0.062009
0.055502
0.045845
0.083891
0.036739
0.054491
0.049069
0.080838
0.032193
0.047166
0.037281

0.04051
0.035832

0.03489

0.05196

0.05196

231.39 <.0001
-0.29  0.7695
0.58  0.5609
0.81  0.4216
-0.65  0.5189
-0.02  0.9864
1.54 0.1261
-1.76  0.0808
-0.1 09233
-1 03188
-2.3 0.0236
2.15  0.0342
-3.6  0.0005
-4.65 <.0001
-4.27 <.0001
-4.83 <.0001
-2.77  0.0066
-1.77  0.0795
3.63  0.0004
331  0.0013
5.54 <.0001
151 0.1344
-0.59  0.5558
0.18  0.8541
4.1 <.0001
2,59  0.0109
3.35 0.0011
3.63  0.0005

1 4.510206025

0 Lab

0G

0D
0.25 A
0.25
0.25

0.25

P O 0O 0O 000000000 O0OOoO o o

C

Infineum)

TARGET ICF
4.093 -0.41721

Original

scale

original OILCON In afterCF  after CF
94.7 4.550714 4.133508 62.39642
87.2 4.468204 4.0509983 57.45479

96.7 4.571613 4.1544074 63.71419

94.3956235 4.547495
88.26791061 4.480377
89.22164559 4.491124
92.00363288 4.521828

4.510206

© 2021 Infineum International Limited. All Rights Reserved.



Oil Consumption: Original scale including additive and multiplicative ICFs
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Pe

CF3 MULTIPL OCFML Liner/ OCFML OILCON

CF2 OCFML Liner/TRING/Piston

TRING/Piston

OILCON & 3 more vs. Cyl liner/ Top Ring/piston crown

100
90+
80
70
60—
50
40

70

65

60—

55

50+

45=

Ho+ H

70

65

60—

55

50+

45

Ho+ T+

&

TOMQeE

-
-
L]
-
-
L]
2 OILCON

oA CF3 MULTIPL QCFML Liner/ TRING/Piston
oo OCFNL

ta CF2 OCFNL Liner/TRING/Piston

mm) Multiplicative ICF

70

65

60—

55

50+

43

N/ N/

P/ B

SITOSTT o uww UWUsD vy WA

Cyl linerf Top Ring/piston crown

VAWE VAU VIS WIKSD O VEXSE W
F4545E

additive ICF | multiplicative ICF
Original Original
scale scale after
afterCF after CF afterCF CF
4.1337 62.4 0.907 4.1275 62
4.0512 57.5 4.0527 57.6
4.1546 63.7 4.1464 63.2

mm) Additive ICF (-0.417)

_ 3 Reserved.




Oil Consumption: transformed scale including additive and multiplicative ICFs

<
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Perfo

Cyl liner/ Top Ring/piston crown

F4545E

TRNOC & 3 more vs. Cyl liner/ Top Ring/piston crown . A
s B
46| s D
E - 2= [ eF
: . G
.|
g & TRNOC
= £ CF2 MULTIPL TRMOC Liner/ TRING/Piston
= e et Y T _______ =N
ta CF2 TRNOC Liner/ TRING/Piston
——
v ol % B % : @ --------
5 mm) Multiplicative ICF
§ § —— EE N
R o s Il L S R -1 @ Rl ol el Sl R Al el il -3 il E additive ICF | multiplicative ICF
E = ;
g = Original Original
E . scale scale after
(w] afterCF  after CF afterCF CF
; 4.1337 62.4 | 0.907 | 4.1275 62
o
e 40512 57.5 4.0527 57.6
(L]
é - B 4.1546 63.7 4.1464 63.2
g YTH = o I = S =S U P [ -1 I
s .
a]
=
E i —— 14
mm) Additive ICF (-0.417)
NN/ PP/ R/RS OSIR/ S/TY S/TT LAWY UAUZU WPUS V/UZA VAUSB V/UAC V/USU VIX/D W/XFE WX/

eserved.




Top Ring Weight Loss: the plot below shows that
the current ICF seems ok for now

/§—’/
Infineum>)
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N
ATRWL_& TRWL vs. Cyl.Liner/TopRing/Rodbearing/MainBearing/PistonCrown . A
* B
s D
L] s F
125 * G
T - 1
-I: o ATRWL_
¥
100 o N 1)
T . J D
= ° IS
z 75 & g £ 3] G
Before ICF = = - B
il o ntin e A== ettty il et Sl = - —e -- e o o i el £ TRWL
T ® - A
307 = é T B
1‘@1’ D
H 5
25 G
]|
0
120+ JJ? T ]
100 t T
B
0
80+ i
: |+
After current ICF & T - {F&H - N A S - - L i
T d - -
2
_'F
w1 TR
20
AR PR UL \ll 3 \) b shah WG
a \ \1\ R \5\ \* W >
& \\;\‘h \4@ é‘\“\ \é\\q\q Q\Q Q\Q-" QL@ Q° «\"; “\\3\“\ e \‘\“\0\-&5 \J’_\h 0\-&3 C‘\.g J,xo -k\q‘\ i J':-.*\q\ "5"
A ) ‘*"‘\\@@qhqsc, «\Q\Q\\s \\oo\eq\\bq\é\q
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Cyl.Liner/TopRing/Redbearing/MainBearing/PistonCrown
J
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ATRWL_

TRWL

ATRWL after Mean CF 0,75
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ATRWL_& 2 more vs. Cyl.Liner/TopRing/Rodbearing/MainBearing/PistonCrown
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Cyl.Liner/TepRing/Rodbearing/MainBearings/PistonCrown

Performance you can rely on.

A
B
2 C
F
G
I

ATRWL_
TRWL
ATREWL after Mean CF0.75

Proposed ICF: Keep ICF as is

Because the current ICF is
based on the mean, the
corresponding ICF for the new
batch of parts, was included
here for comparison

© 2021 Infineum International Limited. All Rights Reserved.



Pb Oil Consumption Correction: Keep correction as is c
- updated correction is very close to current correctionnfmeufn’§/

N
TRNDPB & PB vs. Cyl.Liner/TopRing/Rodbearing/MainBearing/PistonCrown . A
B
- N * D
4 e F
e G
i [ ] s |
40 H ch TRMDPB
- |HE A
| Il B
D
@ 337 I F
5 G
1 [}
Before ICF ¢ Bm-f 4 fnl.8 & =g || =
30 g . . A
I
H - BN D
| Bl
G
2.5+ [}
354
H -
_E__f—r_ _TEL _D_t_ ______________ _lo|- E
After Current ICF = ; . #| Proposed ICF:
> .
] F D @ Keep ICF as is
2.5
20 I ) \:\ \\\ ‘5\ \,\ \\,\ ‘i\ o ‘t\\ @\\ @\ @"L\ ‘\_\ o \\) o o\?‘ 0\% O\\) q\(.- Q\O Q\Q- 0}.‘,‘9
e}\\, . ‘,;\ ) eﬁ\ Q\ \\ Q\Q .\ql q:\‘l QL qf\\ Q:C)\ Ql\)\ «_9, \4\\ \3\15 \+\ Q\i:‘ 1_\ + \4,-\ \3\ ) g ) Jr\wx\ Q\@
e LA 1) \ UMY ) o o (.;\‘\ a0 ah ‘&\\) \0 \\} LR LY \ )
-x‘:\+
\ Cyl.Liner/TopRing/Rodbearing/MainBearing/PistonCrown )
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Pb2 Oil Consumption Correction: Keep correction as Is i
- updated correction is very close to current correction :nfmeufﬁ§/

PB2

19

N

TRNDPB2 & PB2 vs. Cyl.Liner/TopRing/Rodbearing/MainBearing/PistonCrown

~N
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L
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Ao wre

35 .
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After Current ICF - :
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1.0
05 I
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Cyl.Liner/TopRing/Rodbearing/MainBearing/PistonCrown .
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Appendix 1: Targets and Standard Deviation by

parameter

Performance you can rely on. © 2021 Infineum International Limited. All Rights Reserved.
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CYLINDER LINER. WEAR
Unit of Measure: Micrometres
CRITICAL PARAMETER
NORMAL K VALUE

/§—//
Infineum)

Reference Oil Level Mean Standard Deviation
821-2 Stand 16.2 37
821-2 Lab 15.1 2.8
821-3 Stand 16.2 37
821-3 Lab 15.1 2.8
821-4 Stand 16.2 37
821-4 Lab 15.1 2.8

TOP RING WEIGHT LOSS
Unit of Measure: Milligrams
CRITICAL PARAMETER.
EXPANDED K VALUE

Reference Oil Mean Standard Deviation
§21-2 62.0 28.2
821-3 62.0 28.2
B21-4 62.0 28.2

© 2021 Infineum International Limited. All Rights Reserved.
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OIL CONSUMPTION

Unit of Measure: LN(OC grams/hour)
CRITICAL PARAMETER

EXPANDED K VALUE

Reference Oil Mean Standard Deviation
821-2 4.0930 0.0790
821-3 4.0930 0.0790
B21-4 4.0930 0.0790

APB AT END OF TEST
Unit of Measure: LN(APb ppm)
CRITICAL PARAMETER
NOBRMAL K VALUE

Reference Oil Mean Standard Deviation
82l-2 3.1060 0.2420
521-3 3.1060 0.2420
82l-4 3.1060 0.2420

APB 250 - 300 HOURS
Unit of Measure: LN{APb 250-300 ppm)
NONCRITICAL PARAMETER
NOBRMAL K VALUE

Reference Oil Mean Standard Deviation
821-2 21250 0.3330
821-3 2.1250 0.3330
821-4 21250 0.3330

Performance you can rely on.
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Appendix 2: Current ICF

/5@/
Infineum)

N

N
VXYPD proposed 2/23/2017
TRNOC | ALW_ | INALW | ATRWL_| InNTRWL
Predicted| 4.422 3.749
Target 4.093 2.785 62
IcF_| @926) ©.743) | (0.846
mean
_J
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Appendix 3: Equations for PB and PB2

Performance you can rely on. © 2021 Infineum International Limited. All Rights Reserved.

24



Additional text for PB Infmeuﬁ)s(:/

4 )
For all tests starting on or after September ?t, 2021, using W/ X/ Y/ P/
FA4945E hardware, determine the final ALead at EOT result by applying

the correction factor calculated according to the following equations:

If OC;00.300>65.0

AlLead; =~ exp[In(ALead ) +(65.0 — OC;y.300) X 0.03234]
If OC100.300565.0

AlLeadg;,,~ ALead

Where:
ALead = final ALead at EOT
OC; 0300 - @verage oil consumption

- J
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Additional text for PB2 Infmeuﬁ)s(:/

4 )
For all tests starting on or after September ?t, 2021, using W/ X/ Y/ P/
FA4945E hardware, determine the final ALead (250 to 300) h by applying

the correction factor calculated according to the following equations:

If OC100_300>65.O

0.04089

If OC100.300565.0

ALead (250-300);,, = ALead(250-300)
Where:
Al ead (250-300) = final ALead (250 to 300) h
Al ead (250-300) = value calculated per XXXX
OC; 0300 - @verage oil consumption

- J
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