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ASTM International 
100 Barr Harbor Drive 

West Conshohocken, PA 19428-2959 
1. Introduction:  
An Interlaboratory Study was conducted to establish a precision statement for Sequence 
VID,  RR: D2-XXXX, Standard Test Method for Measurement of Effects of Automotive 
Engine Oils on Fuel Economy of Passenger Cars and Light-Duty Trucks in Sequence 
VID Spark Ignition Engine. 
 
2. Test Method: 

The Test Method used for this ILS is DXXXX-09. To obtain a copy of DXXXX-
09 go to ASTM’s website, www.astm.org, or contact ASTM Customer Service by 
phone at 610-832-9585 (8:30 a.m. - 4:30 p.m. Eastern U.S. Standard Time, 
Monday through Friday) or by email at service@astm.org. 
 

3. Participating Laboratories:  
 

The following laboratories participated in this Interlaboratory study: 
 

1. Intertek Automotive Research 
5404 Bandera Road 
San Antonio, TX  78238 
Charlie Leverett 
Senior Engineering Technologist 
210-684-2310   

2. Afton Chemical Corp. 
500 Spring Street 
Richmond, VA 23218-2158 
David L. Glaenzer 
Manager-Engine Oil Testing 
804-788-5214 

3. The Lubrizol Corp. 
29400 Lakeland Blvd. 
Wickliffe, OH 44092 
George Szappanos 
Senior Test Engineer 
440-347-2352 

4. SwRI 
6220 Culebra Road 
San Antonio, TX 78238-5166 
Guy Stubbs 
Principal Engineer 
210-522-5039 

5. ExxonMobil Research & 
Engineering Product Operations 
600 Billingsport Road 
Paulsboro, NJ  08066-0480 
Mark Mosher  
856-224-2132 
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4. Description of Samples 
 

There were five samples of varying targeted results used for this study.  Each 
sample was randomized and distributed by ASTM Test Monitoring Center 
(TMC). Below is a list of the samples with the corresponding supplier: 
 
1. Reference Oil A 
 Provided by  ASTM, TMC 
    
2. Reference Oil D 
 Provided by  ASTM, TMC 
 
3. Reference Oil X 
 Provided by  ASTM, TMC 
 
4. Reference Oil *B 
 Provided by  ASTM, TMC 
 
5. Reference Oil *C 
 Provided by  ASTM, TMC 
 
• Please note oil B and C were only run by Labs A and G, these  are not used 

for the Precision statement 
 

4.1 Sequence VID Precision Oil Information 
 
           
  

Sequence VID Precision Matrix Oil Information 

Oil 
Code Technology 

SAE 
Viscosity

Grade

KV @ 
100°C

CCS at
-30°C, 

cP

HTHS 
at

100°C, 
cP

HTHS 
at 

150°C, 
cP 

NOACK
Bosch
S-I-G

30 Pass, cSt

A 1 5W-20 8.68 6121 6.10 2.70 13.60 7.7
B 1 0W-30 10.63 3124 6.71 3.07 12.30 8.65
C 3 5W-30 10.58 6170 6.56 3.23 12.20 8.51
D 2 10W-30 10.74 11473 7.04 3.17 11.40 8.91
X 3 0W-20 8.85 4360 5.51 2.74 13.40 7.4

 
 

5. Interlaboratory Study Instructions  
 
Laboratory participants were emailed the test program instructions.  For a copy of 
the instructions, please see Annex A. 
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6. Description of Equipment/Apparatus1: 
 

For information on the equipment/apparatus used by each laboratory, please see 
Annex B, for the VID Draft Procedure.  

 
7.  Data Report Forms: 

 
Each laboratory was provided with a data report form for the collection of data. A 
summary the data collected is provided in Annex C, the full data set is available 
on the ASTM TMC website at the following link: 
 

ftp://ftp.astmtmc.cmu.edu/refdata/gas/vid/data/ 
 
Please note: The laboratories have been randomly coded and cannot be identified 
herein. 

 
8.  Statistical Data Summary: 

 
A summary of the statistics calculated from the data returned by the participating 
laboratories is provided in Annex D. 

 
9. Precision and Bias Statement: 

 
TABLE 8 Sequence VID Reference Oil Precision Statistics A 

Variable Intermediate Precision Reproducibility 
 si.p. B i.p. SR B R 
Fuel 
Economy 
Improvem
ent, % 

    

at 16 h 0.14 0.392 0.22 0.616 
at 100 h 0.16 0.448 0.23 0.644 

 
A These statistics are based on results obtained on Test Monitoring Reference Oils GF5A, GF5X, GF5B, 
GF5C and 1008. 
B s = standard deviation. 

ASTM International takes no position respecting the validity of any patent rights 
asserted in connection with any item mentioned in this research report. Users of this 
research report are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own 
responsibility.  

This research report is copyrighted by ASTM International, 100 Barr Harbor 
Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. Individual 
reprints (single or multiple copies) of this research report may be obtained by 
contacting ASTM at the above address or at 610-832-9585 (phone), 610-832-9555 
(fax), or serviceastm.org (e-mail); or through the ASTM website (www.astm.org).  

 

                                                 
1 The equipment listed was used to develop a precision statement for D-XXXX-09. This listing is not an 
endorsement or certification by ASTM International. 
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Annex A 
Interlaboratory Study Instructions & Acknowledgement 

Documents 
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Annex B 
Description of Equipment/Apparatus 
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A copy of the VID Procedure Draft 6.0 can be found at the 
following link: 

 
ftp://ftp.astmtmc.cmu.edu/docs/gas/sequencevi/procedure_and_ils/VID/VIDDraft6.0.pdf 
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Annex C 

Data Summary 
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      VID Precision Matrix Tests        

Lab Stand 
EOT 
Date Eng. # 

Eng. 
Run # 

Stand 
Run #    

Eng. 
Hrs @ 
EOT 

Indus
Cod

 G    1 20090119  13A             2 39 486 GF5
 G    1 20090302  13A             8 45 1428 GF5
 G    2 20090302  8A              9 9 1599 GF5
 G    1 20090324  13A             11 48 1901 GF5
 A    1 20090325  10B             11 38 1716 GF5
 D    1 20090326  13B             5 36 952 GF5
 G    2 20090331  8A              13 13 2237 GF5
 D    2 20090402  10A             13 15 2309 GF5
 B    1 20090405  3A              9 9 1406 GF5
 A    2 20090408  6B              20 39 3029 GF5
 F    1 20090410  11A             20 20 2971 GF5
               
               

 G    2 20090126  8A              4 4 810 GF5
 G    2 20090309  8A              10 10 1766 GF5
 A    1 20090310  10B             9 36 1407 GF5
               
               

 G    2 20090223  8A              8 8 1441 GF5
 G    1 20090223  13A             7 44 1271 GF5
 A    1 20090224  10B             7 34 1100 GF5
 A    2 20090224  6B              14 33 2102 GF5
               
               

 A    2 20090119  6B              9 28 1315 GF5
 G    1 20090309  13A             9 46 1585 GF5
 B    1 20090312  3A              7 7 1058 GF5
 G    2 20090317  8A              11 11 1923 GF5
 G    1 20090317  13A             10 47 1744 GF5
 A    1 20090318  10B             10 37 1563 GF5
 A    2 20090318  6B              17 36 2567 GF5
 D    2 20090318  10A             11 13 1969 GF5
 D    1 20090319  13B             4 35 793.2 GF5
 A    2 20090325  6B              18 37 2722 GF5
 F    1 20090326  11A             17 17 2614 GF5
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      VID Precision Matrix Tests        

Lab Stand 
EOT 
Date Eng. # 

Eng. 
Run # 

Stand 
Run #    

Eng. 
Hrs @ 
EOT 

Indus
Cod

                
                

 A    1 20090118  10B             2 29 330 GF5
 A    1 20090303  10B             8 35 1254 GF5
 A    2 20090303  6B              15 34 2256 GF5
 G    2 20090324  8A              12 12 2080 GF5
 D    2 20090326  10A             12 14 2150 GF5
 G    1 20090331  13A             12 49 2058 GF5
 A    1 20090401  10B             12 39 1869 GF5
 A    2 20090401  6B              19 38 2875 GF5
 F    1 20090401  11A             18 18 2770 GF5
 D    1 20090402  13B             6 37 1110 GF5
 B    1 20090412  3A              10 10 1570 GF5
               

      
* FEI I & FEI II include engine hr 

adjustment        
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Annex D 
Statistical Data Summary 
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Sequence VID Precision 
Matrix Analysis

Statistical Group
April 22, 2009

 

2

Summary - 1
The Sequence VID precision is estimated to be 0.18% for FEI1 and
0.19% for FEI2 without accounting for engine hours or 0.14% and 
0.16% for FEI1 and FEI2, respectively, with engine hour 
correction.

FEI1 and FEI2 meet ACC Code of Practice Appendix K Template

No data transformation is needed for FEI1 or FEI2.
Engine aging effect is significant for FEI1 and FEI2 and is currently 
best estimated by the natural logarithmic transformation.
Engine difference within lab is not significant for FEI1 and FEI2 
after engine aging correction.
Engine build difference within lab is not significant for FEI1 and 
FEI2 after engine aging correction.
Lab A significantly higher than labs B, D and G while lab F is not 
significantly different from the other labs. 
Shell data was considered but did not add anything to the matrix
analysis because of confounding with engine.
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3

Summary - 2
Overall Model: 

Lab, Engine(Lab), Oil (A, B, C, D, X)

Lab, Engine(Lab), Oil (A, B, C, D, X), LnEngHr

Viscosity Grade differences are significant for FEI1 and FEI2.
FEI1: 0w20, 5w20 > 5w30, 10w30

FEI2: 0w20 > 5w30, 10w30

HTHS@150C significantly correlates with FEI1 and FEI2 but CCS@-30C 
weakly correlates with FEI1 and FEI2.

HTHS@100C is highly correlated with HTHS@150C

There is some relationship between FEI results and some measures of 
oil pressure but there is not additional information from knowing this oil 
pressure when engine hours are known.

Draft LTMS to be presented by TMC
Option 1: No correction for engine hours

Option 2: Correct all reference and candidate results with engine hours 
(similar to soot correction)

 

4

Reference Oil Targets

Reference Oil Mean Standard Deviation
A 1.32 0.18/0.14
D 0.87 0.18/0.14
X 1.49 0.18/0.14

Reference Oil Mean Standard Deviation
A 1.04 0.19/0.16
D 0.71 0.19/0.16
X 0.80 0.19/0.16

Fuel Economy Improvement at 100 hours
Unit of Measure: % FEI2

Fuel Economy Improvement at 16 hours
Unit of Measure: % FEI1
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5

FEI by Engine Hours by Engine

 

6

FEI by Engine Hours

 



 

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. 
 
 - 16 -  

7

FEI Residuals by Engine Hours

Strong indication of engine hour effect on FEI after 
correcting for Oil, Lab and Engine within Lab.

 

8

Ln Engine Hour Correction
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FEI1 adjustment = 1 - 0.28897(ln(hr ) - 7.377) 
FEI2 adjustment = 1 - 0.27207(ln(hr ) - 7.377)

How to apply correction:

FEI1corrected = FEI1original + 0.28897[ln(hour) – 7.377]

FEI2corrected = FEI2original + 0.27207[ln(hour) – 7.377]
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9

FEI LSMean by Oil

FEI1: A, X > B, D

X > C > D

FEI2: A > B, C, D, X

OIL FEI1 
LSMEAN

FEI2 
LSMEAN

A 1.32 1.04
B 0.97 0.63
C 1.24 0.59
D 0.87 0.71
X 1.49 0.80

OIL Difference P-value P-value
A-B 0.0172 0.0133
A-C 0.8792 0.0008
A-D <.0001 0.0007
A-X 0.0706 0.0173
B-C 0.1651 0.9963
B-D 0.8579 0.9612
B-X 0.0002 0.6228
C-D 0.0018 0.7044
C-X 0.0468 0.2286
D-X <.0001 0.7457

95%CL-TukeyComparisonInterval@α=0.05

Based on repeated oils data.

 

10

FEI LSMean by Lab

Lab A is significantly higher than labs B, D and G while 
lab F is not significantly different than the other labs.

95%CL-TukeyComparisonInterval@α=0.05

Based on repeated oils data.

 



 

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. 
 
 - 18 -  

11

FEI LSMean by Engine within Lab

Engine differences within lab are not significant after engine aging correction.

95%CL-TukeyComparisonInterval@α=0.05

Based on repeated oils data.

 

12

FEI LSMean by Viscosity Grade

FEI1:

0W20, 5w20 > 
5w30, 10w30

FEI2:

0W20 > 5w30, 
10w30

Viscosity Grade differences are significant for FEI1 and FEI2.

95%CL-TukeyComparisonInterval@α=0.05

Based on all matrix data.
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Chem Information for Matrix Oils 
 

Oil Code A B C D X 
Technology 1 1 3 2 3 

SAE 
Viscosity 

Grade 
5W-20 0W-30 5W-30 10W-30 0W-20 

Base Oil IIA IIIA IIB IIB IIIB 
KV @ 
100°C 8.68 10.63 10.58 10.74 8.85 

KV @ 
40°C   * -- -- -- 70.03 -- 

VI   * -- -- -- 142 -- 
CCS at 

-25°C, cP  
* 

-- -- -- 5767 -- 

CCS at 
-30°C, cP 6121 3124 6170 11473 4360 

CCS at 
-35°C, cP  

* 
-- 5999 -- -- 5790 

HTHS at 
100°C, cP 6.10 6.71 6.56 7.04 5.51 

HTHS at 
150°C, cP 2.70 3.07 3.23 3.17 2.74 

NOACK 13.60 12.30 12.20 11.40 13.40 
Volatility 

(D 6417) * -- -- -- 4 -- 

Pumping, 
cP 

 (D 4684)  
* 

-- -- -- 17436 @ -
30°C -- 

Gelation 
Index  * -- -- -- 4.3 -- 

Pour Point, 
cSt  * -- -- -- -39 -- 

Bosch 
S-I-G 

30 Pass, 
cSt 

7.7 8.65 8.51 8.91 7.4 

HTHS at 
100°C after 
30 Cycles, 

cP  * 

-- -- -- 7.09 -- 
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HTHS at 
150°C after 
30 Cycles, 

cP  * 

-- -- -- 2.78 -- 

VM Type Non-Disp Non-
Disp 

Non-
Disp Non-Disp Non-

Disp 
 

VM 
Content 

(Relative to 
X, Y, or Z) 

2.25X 4.25X 3.50Z 1.03Y 3.04Z 

Base Oil 
Blend 
KV @ 
100°C 

4.85 4.68  4.97 5.55 4.59 

Base Oil 
Blend  

KV at 40°C  
* 

-- -- -- 32.01 -- 

Base Oil 
Blend VI 117 132  114 111  126 

 


