Limit Count Proposal
Patrick Joyce

10 June 2016

Lubrizol
F—-—-—-—-._



Limit Count in TMC Report Form
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DD13 Engine Scuffing Test

Form§
Operational Summary
Controlled Parameters

Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN
01l Code: OILCODE

Formulation Stand Code: FORM

QI EOT QI Target Stage 1 Stage 1 No of
Parameter Units |Threshold A Stagel |Stagel | Avg (StdDev| Max | Min Avg |Std Dev| Max | Min (Samples] BQD
Speed fmmn | 0000 | QRPM [ 1800 | 1800 | ARPMa|SRPMI|XRPMi| IRPM1 | ARPM|SRPM2 | XRPME| IRPM2 | NRPM | BRPM
Fuel Flow kgh | 0000 |QFFLO | 32 71 | AFFL@| SFFL@)| XFFLE| IFFLGei| AFFLgy| SFFL@3| XFFLg| IFFLGE| NFFLO | BFFLO
£ | Intake Manifold Temperature °C 0.000 |QINMM| 75 87 | ADovi| SIMgs| XIN M| INMLA| ATNMg| SN Mg | XDVt | M | NV | BV
£ | Coolant Jacket Out Temperature °C 0000 [QcoJog| 105 | 105 |AcoJg|scolg|Xcorg| ICOIGE ACOIg|SCOTgi|XCOT@| IcoJGE| Ncolg| Bcoig
£ Fuel In Temperature °C 0000 |QFUELgH| 38 38 | AFUFR|SFUEH XFUFi:| IFUEI::IAPUE!:| SFUER | XFUER| IFUEIE | NFUE&R | BEUER
i_— 01l Gallery Temperature °C 0000 [QomeT| 118 | 118 | AOILg|SOIL Gl XOTL €| IOTLGE AOIL @ SOILGH| XOTL | IOTLGE| NOTL g BOTL g
< [ Intake Axr Temperature *C | 0000 |QINAmR§| 35 35 | AINAB|SINAR| XINAE| IINATR| AINAK| SINAR| XINAK| INATR | NINAE| BINAK
£ | Intake Air Restriction kPaA | 0000 |QINAIRE| 964 | 948 |AINAE|SINAK| XINAH| IINATR| AINAK| SINAR| XINAK| INATR| NINAB| BINAE
& | Intake Manifold Pressure kPaA | 0000 |QmNMsg| 2025 | 3275 | ATNMg| SINMgh| XINMia| TINM 45| ATNMia| SINMigy | XINMgh| IINM4d | NTNMes | BINMgy
Exhaust Pressure kPaA | 0000 |QExHSE| 1055 | 1255 | AEXHS| SEXH@| XEXHS| [EXHg AEXHS| SEXHa| XEXHS| [EXHg| NEXHS| BEXHS
Coolant Jacket In Pressure kPa | 0000 [QcOLg| 250 | 250 |ACOIg|SCOL#| XCOIg ICOLE| ACOLg SCOLE| XCOLg| ICOLE| NCOlIg| BCOIgd
Coolant Flow Limin | 0000 |[QcoLFa| 350 | 350 [ACOIf|SCOLE|XCOL| ICOLE| ACOL| SCOLE| XCOIH| ICOLE | NCOLg| BCOIf

A - QI values above the threshold are acceptable by then surveillance panel. QI values below the threshold may not be considered acceprable based on engineer review.

Counts Above Control Limit
Transition | Steady State Transition | Steady State
Fuel Flow FFLOCNTT FFLOCNTS Intake Air Temperature INATCNTT INATCNTS
Intake Manifold Temperature IMTCNTT IMTCNTS Intake Manifold Pressure IMPCNTT IMPCNTS
Coolant Jacket Out Temperature | CJOTCNTT CJOTCNTS Torque TRQCNTT TRQCNTS
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Steady State Limit Count Comparison Sugs

TOGETHER

Steady State Limit Counts, > 3 counts
Quantity Procedure* Report Forms |Proposed
Fuel Flow No Yes No
Intake Manifold
Temperature Yes, 70-80 °C, 82-92 °C Yes Yes, 70-80 °C, 82-92 °C
Coolant Jacket Out
Temperature Yes, 102-108 °C Yes Yes, 102-108 °C
Intake Air Temperature [Yes, 30-40 °C Yes Yes, 30-40 °C
Intake Manifold Pressure|Yes, 182.5-217.5 kPaa, 307.5-342.5 kPaa |Yes Yes, 182.5-217.5 kPaa, 307.5-342.5 kPaa
Torque No Yes No
Oil Gallery Temperature |Yes, 115-121 °C No Yes, 115-121 °C
*Limits can be found in section A7 of the procedure

» Limits applied to both Stage 1 and Stage 2 Conditions (Excluding 30:00-30:10 during transition)
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Transition Limit Count Comparison Sugs

TOGETHER

Transition Limit Counts, = 6 counts

Quantity Procedure Report Forms [Proposed

Fuel Flow No Yes No

Intake Manifold Temperature  |Yes, +/- 5 °C from 75 to 85 °C ramp Yes Yes, +/- 5 °C from 75 to 85 °C ramp, then 82-92 °CSS

Coolant Jacket Out Temperature |No Yes Yes, 102-108 °C

Intake Air Temperature No Yes Yes, 30-40 °C

Intake Manifold Pressure No Yes Yes, +15/-20 kPaa from 202.5 to 327.5 kPaa ramp, then 307.5-343.5 kPaa SS
Torque Yes, +/- 50 Nm from 800 to 1800 Nm ramp [Yes Yes, +/- 50 Nm from 800 to 1800 Nm ramp (5 min ramp only)

Oil Gallery Temperature No No Yes, 115-121 °C

*Limits can be found in section A7.3.2 of the procedure

» Transition includes 2 steps
 1:Torque Ramp,
e 2: Fuel Flow Stabilization,

30:00-30:05 hrs
30:05-30:10 hrs

AT32 Duning the 30 h stage transifion (see Table 2), if any count of 6 or more data points of the torque is greater or less than 50 Nem from

the linearly ramped set point or if air temperature in intake manifold is greater or less than 5 °C, conduct an engineering review o determine

operational validity for the test.
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Stage 2 Warm-Up Limit Count Comparison sucorss

TOGETHER
Stage 2 Warm-Up, > 6 counts, document in comments
Quantity Procedure* Report Forms |Proposed
Intake Manifold Temperature |Yes, +/- 5 °C from 75 to 85 °C ramp (Step 3 Only) N/A Yes, +/- 5 °C from 75 to 85 °C setpoint (Step 3 and 4 Only)
Coolant Jacket Out Temperature [No N/A Yes, Upper Limit Only (whole warm-up)
Intake Air Temperature No N/A Yes, Upper Limit Only (Step 3 and 4 Only)
Intake Manifold Pressure No N/A Yes, +15/-20 kPaa from setpoint (Step 3 and 4 Only)
Torque Yes, +/- 50 Nm from 800 to 1800 Nm ramp (Step 3 Only) N/A Yes, +/- 50 Nm from 800 to 1800 Nm rsetpoint (Step 3 Only)
Oil Gallery Temperature No N/A Yes, Upper Limit Only (whole warm-up)
*Limits can be found in section A7.3.2 of the procedure

Table A6.5 Stage 2 startup sequence

Coolant Exhaust Air Air
. . Pressure
Setpaint Coalant Air Coolant il Fuel Bir Pressure Pressure Pressure .
Step ﬁmF. Ramg SPEE.'d,. Flow Rate, Tc.r'n p-en.lturl.- Temperature Temperature Tem p-:ﬁ.ﬂ.'u re I'l.-.mpcntur: at lacket in in In.1=k|: Engine
hi:rmin Ti rimin ) in Engine at Jacket in Gl o at Engine in Intake Inlet, Tailpip=, Manifold, vtk
e = Limin Intake, °C Dutlet, 5¢ [ TR Inlet, °C Manifeld, °C kPa kPa kPa "‘: =
-
Eaug= ahzolute absalute bsalute
Z- 500 340 o 360 35 105 118 38 75 250 975 Ma zirto a7
wastegate
2 010 1607 1800 340 o 360 35 105 118 38 75 250 105.5 202.5 96.4
I 3 020 e 1800 340 = 360 a5 105 118 38 E7 250 1255 3275 048 I
4 00z 120 1500 340 wo 360 35 105 118 38 &7 250 125.5 3275 948

# Consider setpoints as maximums for idle conditions.
# Setpoint ramp time is 180 s for all parameters in step 2 except temperature.
“Setpoint ramp time is 200 s for all parameters in step 2 except temperature which will take longer but shall not exceed 30 min.

A7.3.2 During the 30 h stage transifion (see Table 2), if anv count of 6 or more data points of the torque is greater or less than 50 Nem from
the linearly ramped set point or if air temperature in intake manifold is greater or less than 5 °C, conduct an engineering review to determine

operational validity for the test.
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When Limit Counts Applied -

SUCCESS
TOGETHER

* Proposed: Do not subject any data to limit count criteria
after scuff

— Similar rule as QI's
— Taskforce agreed to not apply limit count

AT 1.7 If a test has scuffed, any data taken after the hours to scuff, as calculated in 107, shall not be used in QI calculations.
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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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