A5. Report Forns
ML1 EGR
LUBRI CANT PERFORVMANCE TEST

VERSI ON' 20010328 BETA
VETHOD

CONDUCTED FOR:

V = VALI D; THE REFERENCE O L/ NON- REFERENCE O L WAS EVALUATED I N
ACCORDANCE W TH THE TEST PROCEDURE.

EVALUATED

I = INVALI D; THE REFERENCE O L/ NON- REFERENCE O L WAS NOT

N = NOT | NTERPRETABLE; THE NON- REFERENCE O L RESULTS CANNOT BE
I NTERPRETED AND SHALL NOT BE USED FOR MULTI PLE TEST ACCEPTANCE.

NR = Non- Reference Q| Test

RO = Reference G| Test

STAND: ENG NE NO. : ENG NE RUN NO. :
END OF TEST DATE: END OF TEST TI ME

O L CODE:

FORMULATI ON/ STAND CODE

ALTCCDE1L: ALTCODEZ: ALTCODES:

In ny opinion

been conducted in a valid manner

in accordance with the Test

and the appropriate anmendnents through the information |letter system The renmarks
ncluded in this report describe

SUBM TTED BY:

Testing Laboratory

Si gnature

Typed Nane

Typed Nane
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ML1 EGR LUBRI CANT PERFORMANCE TEST
FORM 3
SUMVARY OF TEST METHOD

The ML1 EGR Lubricant Performance Test is a fired
engi ne-dynanonet er test which evaluates the ability of a lubricant
to mnimze crosshead wear, filter plugging, and sludge buil d-up.
this test is a two stage, steady state test (constant speed and
load). Stage Ais 50 h and is run with retarded fuel injection
timng to produce elevated soot levels in the oil. Stage Bis 50 h
and is run under heavy |l oad conditions to induce wear. The stages
are run in sequence (Stage A followed by Stage B) three tines for a
total test length of 300 h.

The test engine is a Cunmins ML1 diesel engine with EGR It
is an in-line six cylinder, four stroke, turbocharged engine wth

ML1 EGR TEST CONDI TI ONS

Par amet er Stage A Stage B
Tine, h 50 50
Injection Tinming, °BTDC 16 nmin 32
Speed, r/mn 1800 1600
Fuel Flow, kg/h 58.0 64. 4
EGR Rate, % Record 8.5 - 9.8
Inlet Manifold Tenp., °C 80 65.5
Cool ant Qut Tenp., °C 65. 5 65. 5
Fuel In Tenp., °C 40 40
Ol Gllery Tenp., °C 115 115
Intake Air Temp., °C Recor d Recor d
Intake Air Pressure, kPa Record Record
I ntake Manifold Pressure, kPa 300 M ni mum 320 M ni mum
Exhaust Back Pressure, kPa 107 107
Crankcase Pressure, kPa Record Record
Cool ant System Pressure, kPa 99 - 107 99 - 107
Power, kW Record Record
Tor que, Nm Record Record
Pre-turbi ne Exhaust Tenp., °C Record Record
Tai | pi pe Exhaust Tenp., °C Record Record
Ol Sump Tenmp., °C Record Record
Inlet Air Dew Point, °C Record Record
Inlet Alr Humdity, kg/kg Record Record
Ol Gllery Pressure, kPa Record Record
Ol Filter Delta P, kPa Record Record




ML1 EGR LUBRI CANT PERFORMANCE TEST

Test Results Summary
Form 4

Labor at or EOT Dat e:

EOT Ti ne:

St and: Engi ne

Engi ne Run

For mul ati on/ St and

al Engi ne Kit

DATE TEST STARTED

START TI ME

TEST LENGTH

TMC O L CODE A

LABORATCORY O L CODE

SAE VI SCOSI TY

TGA SOOT % AT 50 h (2.8 mini mum)

TGA SOOT % AT 250 h (8.0 - 9.5)

TOTAL O L CONSUMPTI ON, kg

Adj ust ed Aver age Filter

Loss (

Pl uggi ng Aver age Sl udge

Crosshead Mass Delta P Rat i ng

kPa) (nmerits)

Oiginal Result

Transformed Result B

Correction Factor B

Corrected Transforned Result B

Severity Adjustnment B

Final Transformed Result B

Fi nal Result

LAST STAND REFERENCE RESULTS

TEST NUMBER:

O LCODE

TEST LENGIH

T™MC O L CODE

ECT DATE

EOT Tl ME

STAND CALI BRATI ON EXPI RATI ON DATE

TGA SOOT % AT 50 h (2.8 nini mun)

TGA SOOT % AT 250 h (8.5 - 9.5)

TOTAL O L CONSUMPTI ON, kg

Adj ust ed Average Filter

Loss (

Pl uggi ng Aver age Sl udge

Crosshead Mass Delta P Rat i ng

kPa) (rmerits)

Oiginal Result

Transformed Result B

Correction Factor B

Corrected Transfornmed Result B

Fi nal Transformed Result B

Final Result

ARef erence Tests Only
BTransforned Units




ML1 EGR LUBRI CANT PERFORMANCE TEST
FORM 5
OPERATI ONAL SUMVARY

Laboratory | EOT Date | EOT Tinme
Test Nunber St and: | Engi ne: | Engi ne Run
For mul ati on/ St and
u(,j | Code:
g Par arnet er Units Thr e(ghol d EQOTA Tar get Aver age Sanpl es B BQDC O/eF;;nl(JJnedgr
® Speed r/mn 0. 000 1800 | 1600
ol Fuel Flow kg/ h 0. 000 58.0 | 64.4
g Cool ant  Qut °C 0. 000 65.5
—| Fuel In °C 0. 000 40
Ol Gllery °C 0. 000 115
8 I ntake Manifold °C 0. 000 80.0 | 65.5
Exhaust kPa 0. 000 107
Par aret er Units Typi cal Val ues E Aver age
Tor que N-m TBD TBD
' Power kW TBD TBD
I EGR RateF % Recor d 8.5 - 0.8
Bl owby L/min TBD
E Cool ant In °C TBD
Intake Air °C TBD
Y Pre-Turbine (F) °C TBD
S Pre-Turbine (R °C TBD
< Tai | pi pe °C TBD
g Fuel kPa TBD
g Gl Gallery kPa TBD
Cool ant kPa 99 - 107
I nt ake Manifold kPa TBD
Crankcase kPa TBD
I ntake Air kPa TBD

AQ values above the threshold are acceptable by the M1 Surveillance Panel .
accept abl e based on

B Tot al nunber of data points taken

CNunmber of Bad Quality Data points not used in the calculation of the statistical measures

D Nunmber of points clipped by over/under range limits

E Typi cal values deternmined fromreference oil test database

F Stage B EGR Rate shall be within specified range for test to be operationally valid.

Q values below the threshold may not be consi dered




ML1 EGR LUBRI CANT PERFORMANCE TEST
FORM 6
CROSSHEAD MASS LOSS SUMVARY

Labor at or EOT Dat e EOT Ti ne

Test Number

STAND: ENG NE: ENG NE RUN NO :

FORMULATI ON/ STAND CODE:

O L CODE:

LOCATI ON SERI AL NO. PRETEST MASS (g) EOT MASS (g) MASS LOSS (mg)

1E

11

2l

2E

3E

3l

41

4E

5E

51

6l

6E

| NTAKE EXHAUST

| NTAKE/ EXHAUST SUMMARY
As Measur ed Cutlier As Measur ed CQutlier

Aver age Crosshead Mass Loss

M ni mum Cr osshead Mass Loss

Maxi mum Cr osshead Mass Loss

St andard Devi ation (ng)

Qutlier Crossheads Locations *

AlLocation Desi gnation. Exanple: 3E

Overal | Sunmmary As Measured Qutlier Screened| Adjusted to X X%

Aver age Crosshead Mass Loss

M ni mum Cr osshead Mass Loss

Maxi mum Cr osshead Mass Loss

St andard Devi ation (ng)




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 7
OL FILTER DELTA PRESSURE PLOT
Laboratory EOT Date EOT Ti me
Test Number
STAND: ENG NE: ENG NE RUN NO.:

FORMULATI ON/ STAND CODE:

a L CODE:

O L FILTER DELTA PRESSURE vs TEST HOURS

OL FILTER DELTA P (kPa)

TEST HOURS




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 8

SLUDGE RATI NG SUMVARY

Laborat ory

EOT Dat e:

EOT Ti ne:

TEST NUMBER

STAND:

ENG NE:

ENG NE RUN NO :

FORMULATI ON/ STAND CODE:

O L CODE:

SLUDGE RATI NG SUMVARY

Sl udge Dept h

Val ve Cover
% of Area

Val ve Cover
Vol ume Fact or

G|l Pan
% of Area

G| Pan
Vol ume Fact or

1/ 4A

1/ 2A

3/ 4A

A

AB

IT(Oo|MmM{mMm|O|O

Total Vol une

Total Vol une

MERI T RATI NG

MERI T RATI NG

Aver age Sl udge Rating:




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 9

ROD BEARI NG MASS LCSS

Laboratory

EOT Dat e

EOCT Ti ne

Test Number

STAND:

ENG NE:

ENG NE RUN NO. :

FORMULATI OV STAND CCDE

O L CODE:

CYLI NDER BEARI NG
NUMBER LOCATI ON

PRE- TEST
MASS (9)

POST- TEST MASS LOSS
MASS (9) (o)

UPPER

LONER

UPPER

LONER

UPPER

LOVNER

UPPER

LOVNER

UPPER

LOVNER

UPPER

LOVNER

BEARI NG MASS LGSS

AVERAGE ( nm)

M NI MUM ( ng)

MAXI MUM ( ng)

STANDARD DEVI ATI ON ( ng)




ML1 EGR LUBRI CANT PERFORVANCE TEST

FORM 10
PI STON RATI NG SUMVARY
Labor at or EOT Date EOT Ti e
TEST NUMBER
STAND: ENG NE: ENG NE RUN NO. :
FORMULATI OV STAND CODE:
A LCODE:
UNVEI GHTED DEMERI TS
Pl STON Lands G ooves Under 003 : ng | _Tota
NUMBER 1 4 2 3 Cr own Gal l ery Denerits
1
2
3
4
5
6
Benarits
Aver age Total Unweighted Denerits
PARAMETER P STON NUVBER AVERAGE
3 4 5 6
TGC

TLC




ML1 EGR LUBRI CANT PERFORMANCE TEST
FORM 11
PI STON 1 DEPCSI T RATI NGS

Laboratory | EOT Date | EOT Tinme

TEST NUMBER

STAND: | ENG NE: | ENG NE RUN NO.:

FORMULATI OV STAND CODE:

O LCODE:

GROOVES LANDS GROOVES LANDS AL COOLlI NG UNDER

DEP. NO. 1 NO. 2 NO. 1 NO. 2 DEP NO. 3 NO. 3 NO. 4 |GALLERY (2)| CROWN (1)

FACTOR
FACTOR A YUYDEM [A % DEM [A, % DEM |A, % DEM A 9% DEM |A, % DEM |A, UYDEM |A %| DEM |A %[ DEM

CARBON

HC 1.0

MC-0. 5

LC. 25

TOTAL

VARNI SH

1
O

7.5

4.5

1.5

VIFINIW[A~ OO |N |0
1
R (NW|A OO |

o
1
Cl|lo|(ojO|© || |©

TOTAL

Rat i ng

TGC % UNWEI GHTED DEP. T.L. CARBON T.L. FLAKED CARBON %




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 12
PI STON 2 DEPOSI T RATI NGS
Laboratory | EOT Date | EOT Tine
TEST NUMBER
STAND: | ENG NE: | ENG NE RUN NO. :
FORMULATI O\ STAND CODE:
O LOODE:
GROOVES LANDS GROOVES LANDS O L COOLING UNDER

DEP. NO. 1 NO. 2 NO. 1 NO. 2 FADCETF;P NO. 3 NO. 3 NO. 4 GALLERY (2) | CROM (1)

FACTOR |A % DEM |A %|DEM |A, %|DEM |A %|DEM A, %|DEM |A %|DEM |A %|DEM |A %|DEM |A %|DEM
CARBON
HC- 1.0
MC- 0. 5
LC . 25
TOTAL
VARNI SH
8 - 9
7-7.9 7.5
6 - 6.9
5- 5.9
4 - 4.9 4.5
3-3.9
2 - 2.9
1- 1.9 1.5
>0 - 0.9
TOTAL
Rat i ng

TGC % UNWEI GHTED DEP. T.L. CARBON T.L. FLAKED CARBON %




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 13
Pl STON 3 DEPGCSI T RATI NGS
Laboratory | EOT Date | EOT Tinme
TEST NUMBER
STAND: | ENG NE: | ENG NE RUN NO.:
FORMULATI ON/ STAND CODE:
O LCODE:
GROOVES LANDS GROOVES LANDS OL COOLING UNDER

DEP. NO. 1 NO. 2 NO. 1 NO. 2 FADCETF;R NO. 3 NO. 3 NO. 4 |GALLERY (2)| CROW (1)
FACTOR |A %|DEM |A %|DEM |A, %|DEM |A, %|DEM A %|DEM |A %|DEM [A w|DEM A % DEM [A %] DEM
CARBON
HC- 1.0
MC- 0. 5
LG . 25
TOTAL
VARNI SH
8- 9
7- 7.9 7.5
6 - 6.9
5- 5.9
4 - 4.9 4.5
3- 3.9
2 - 2.9
1- 1.9 1.5
>0 - 0.9
TOTAL
Rat i ng

TGC % UNVEI GHTED DEP. T.L. CARBON T.L. FLAKED CARBON %




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 14
Pl STON 4 DEPCSI T RATI NGS
Labor at o | EOT | EOT
TEST NUMBER
STAND: | ENG NE | ENG NE RUN
FORMULATI ON/ STAND
O LCODE
GROOVES LANDS GROOVES LANDS aL UNDER
DEP. NO 1 [ NO 2 | No 1 [ No 2 | S ["No 3 | NO 3 | NO 4 | COOLING [CROM (1)
FACTOR [A, %DEM |A, %DEM |A, %DEM |A, %DEM A, 4DEM |A, %DEM |A, %DEM |A, % DEM |A, %DEM
CARBON
HC-1.0
MC- 0.5
LC-. 25
TOTAL
VARNI SH
8 -9
7-7.9 7.5
6 - 6.9
5- 5.9
4 - 4.9 4.5
3-.3.9
2 - 2.9
1- 1.9 1.5
>0 -
TOTAL
Rat i1 ng
TCC % UNWEI GHTED DEP. T.L. CARBON |T.L. FLAKED CARBON




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 15
Pl STON 5 DEPCSI T RATI NGS
Laboratory | EOT Date | EOT Tinme
TEST NUMBER
STAND: | ENG NE: | ENG NE RUN NO.:
FORMULATI ON/ STAND CODE:
O LCODE:
GROOVES LANDS GROOVES LANDS OL COOLING UNDER

DEP. NO. 1 NO. 2 NO. 1 NO. 2 FADCETF;R NO. 3 NO. 3 NO. 4 |GALLERY (2)| CROW (1)
FACTOR |A %|DEM |A %|DEM |A, %|DEM |A, %|DEM A %|DEM |A %|DEM [A w|DEM A % DEM [A %] DEM
CARBON
HC- 1.0
MC- 0. 5
LG . 25
TOTAL
VARNI SH
8- 9
7- 7.9 7.5
6 - 6.9
5- 5.9
4 - 4.9 4.5
3- 3.9
2 - 2.9
1- 1.9 1.5
>0 - 0.9
TOTAL
Rat i ng

TGC % UNVEI GHTED DEP. T.L. CARBON T.L. FLAKED CARBON %




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 16
Pl STON 6 DEPCSI T RATI NGS
Laboratory | EOT Date | EOT Tinme
TEST NUMBER
STAND: | ENG NE: | ENG NE RUN NO.:
FORMULATI ON/ STAND CODE:
O LCODE:
GROOVES LANDS GROOVES GROOVES OL COOLING UNDER

DEP. NO. 1 NO. 2 NO. 1 NO. 2 FADCETF;R NO. 3 NO. 3 NO. 4 |GALLERY (2)| CROW (1)
FACTOR |A %|DEM |A %|DEM |A, %|DEM |A, %|DEM A %|DEM |A %|DEM [A w|DEM A % DEM [A %] DEM
CARBON
HC- 1.0
MC- 0. 5
LG . 25
TOTAL
VARNI SH
8- 9
7- 7.9 7.5
6 - 6.9
5- 5.9
4 - 4.9 4.5
3- 3.9
2 - 2.9
1- 1.9 1.5
>0 - 0.9
TOTAL
Rat i ng

TGC % UNVEI GHTED DEP. T.L. CARBON T.L. FLAKED CARBON %




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 17
Labor at or EOT Date EOT Tine
TEST NUVBER
STAND: ENG NE: ENG NE RUN NO.:
FORMULATI ON/ STAND CODE:
O LCODE:
TOP RING SECOND RI NG OL RING
MASS (9) MASS LOSS MASS (9) MASS LOSS MASS (9) MASS LOSS
CYLI NDER| PRETEST ECT () PRETEST EOT () PRETEST EOT ()
1
2
3
4
5
6

AVERAGE MASS LCSS (ng)

STD. DEV. MASS LCSS (ng)

MAXI MUM MASS LOSS ( mg)

M N MJM MASS LOSS (ng)




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 18
O L ANALYSI S SUWARY
Laborat ory: ECQT Dat e: EOT Ti ne:
TEST NUVBER
STAND: ENG NE: ENG NE RUN NO. :
FORMULATI ON/ STAND CODE:
O L CODE:
Test VI SCOSI TY @ TCA % SOOT TBN TAN COPPER | RON LEAD ALUM NUM [ CHROM UM
Hour s 100°C, csSt D4739 D664 (pPm (pPm (pPm (pPm (ppm

NEW




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 19

TEST FUEL ANALYSI S (LAST BATCH)

Labor at or

ECT Date

EOT Tine

TEST NUMBER

STAND:

ENG NE:

ENG NE RUN NO. :

FORMULATI OV STAND CODE:

A LCODE:

FUEL SUPPLI ER

FUEL BATCH | DENTI FI ER

Measur enent Speci ficati ons Anal ysi s Test Met hod
NEW EOCT

Total Sul fur, % Weight 0.04 - 0.05 D 2662
Gavity, °API 34.5 - 36.5 D 1298
Hydr ocar bon Conposition
Aromatics % Vol une 28 - 33 D 1319
Aefin Report D 1319
Cet ane | ndex Report D 4737
Cet ane Nunber 42 - 48 D 613
Copper Strip Corrosion 1 Maxi mum D 130
Flash Point, °C 54 Maxi num D 93
Pour Point, °C -18 Maxi num D 97
osi duum % | 0-35 Meximim (10% ot t o)
Water & Sedinment, % Volune| 0.05 Maxi mum D 2709
Viscosity, ¢St @40 °C 2.4 - 3.0 D 445
Total Acid Number 0. 05 Maxi mum D 664
Strong Acid Number 0. 00 Maxi mum D 664
Accel erated Stability t bd D 2274
Saturates, % Report D 1319
Cloud Point, °C Report D 2500
Distillation, °C
| BP Report D 86

10% Report D 86

50% Repor t D 86

90% 282 - 338 D 86
EP Report D 86




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 20

I NJECTOR ADJUSTI NG SCREW NMASS LCOSS

Labor at or

EOT Dat e

EOCT Ti ne

TEST NUMBER

STAND:

ENG NE:

ENG NE RUN NO. :

FORMULATI OV STAND CODE:

A LCCDE:

SCREW # PRE- TEST MASS, g POST- TEST MASS, g MASS LOSS, ng
1
2
3
4
5
6
TOTAL
AVERAGE




MLl EGR LUBRI CANT PERFCRMANCE TEST
FORM 21
UNSCHEDULED DOWNTI ME & NMAI NTENANCE SUMVARY

Labor at or EOT Date EOCT Tine
TEST NUMBER
STAND: ENG NE: ENG NE RUN NO. :
FORMULATI ON/ STAND CCODE
A LCODE:

Nunber of Downti ne

Test

Dat e Downt i ne Reasons
Hour s

Total Downtine (hours)

O her Conment s

Nurmmber of Comment Lines




ML1 EGR LUBRI CANT PERFORMANCE TEST

FORM 22

CHARACTERI STI CS OF THE DATA ACQUI SI TI ON SYSTEM

Laboratory

EOT Dat e

EOT Time

TEST NUMBER

STAND:

ENG NE:

ENG NE RUN NQO. :

FORMULATI ON/ STAND CODE:

a L CODE:

PARAMETER

(1

SENSI NG
DEVI CE

(2)

CAL| BRATI ON
FREQUENCY

(3)

RECORD
DEVI CE

(4

OBSERVATI ON
FREQUENCY

(5)

RECORD
FREQUENCY

(6)

LOG
FREQUENCY

(7

SYSTEM
RESPONSE

(8)

Tenper at ur|e

al

Fuel In

| nt ake

| nt ake

Pr e- Tur b.

Cool . CQut

Pressure

Inlet Air

Exhaust

al

O her

Fuel Fl ow

Speed

Load

LEGEND:
OPERATI NG PARAMETER
THE TYPE OF DEVI CE USED TO MEASURE TEMPERATURE, PRESSURE OR FLOW
FREQUENCY AT WH CH THE MEASUREMENT SYSTEM | S CALI BRATED
THE TYPE OF DEVI CE

(1)
(2)
(3)
(4)

(5)
(6)
(7

(8)

DL - AUTOVATI C DATA LOGGER
COVWPUTER, USI NG DI RECT 1/ 0O ENTRY

gD -

DATA ARE OBSERVED BUT ONLY | F RECORDED OFF SPEC.
DATA ARE RECORDED BUT ARE NOT RETAI NED AT EOT
DATA ARE LOGGED AS PERVANENT RECORD, NOTE SPECI FY | F:

SS -

SNAPSHOT TAKEN AT SPECI FI ED FREQUENCY

AG X AVERAGE OF X DATA PO NTS AT SPECI FI ED FREQUENCY

TIME | N SECONDS FOR THE QUTPUT TO REACH 63. 2% OF FI NAL VALUE

FOR STEP CHANGE AT | NPUT




ML1

EGR LUBRI CANT PERFORMANCE TEST
Li ner Wear Summary

Form 23
Labor at o EOCT EOT Time
St and: Engi ne: Engi ne Run
al

For mul ati on/ St and

POSI T1 ON

WEAR STEP (um

Cyl i nder Nunber

2 3 4 5 6

1: 00

2: 00

3: 00 (Thrust)

4: 00

5: 00

6: 00 (Rear)

7: 00

8: 00

9: 00

10: 00

11: 00

12: 00 (Front)

Aver age

Summary

As Measured Qutlier Adj usted to X XX%

Aver age, pm

Std. Dev., um

M ni mum pm

Maxi mum pm

Ri ng Fl aked Liners

Qutlier Liners




