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WILLIAMS. AYER 
PRESIDENT AND CHIEF EXECUTIVE OFFICER 

March 18, 2002 

Ms. Marion Blakey 
Chairman 
N:::~tinn:::~l Tr:::mc::nnrt!:ltinn ~!:lf~tu Rn!:lrn • -.- .. •-• •-• 1. -· ·-t''-'1 foo"-4"1'-'1 I '-'"-'41....,11.., ~'-1\.41 Y 

490 L'Enfant Plaza East, SW 
Washington, D.C. 20594 

Dear Chairman Blakey: 

Hand Delivered and 
Certified Mail (without enclosures) 
Return Receipt Requested 

Thank you for your letter of January 23, 2002, concerning the NTSB's ongoing 
investigation into the potential role of grease in the tragic accident of Alaska Airlines' 
Flight 261. Your Jetter was very helpful to us in assessing the status of the NTSB's 
investigation on the subject. Frankly, the letter represents the most comprehensive 
analysis and report that anyone at Alaska has seen to date. 

I want you to know that I am greatly encouraged by the open style of communication 
that it represents. While we all may or may not agree on procedures or protocols, or 
even conclusions of the investigators, I believe it is critically important that we 
emphasize communication and information sharing among all of the parties to the 
investigation. 

For my part, I have shared your letter with Captain Terry Clark, Alaska Airlines' Party 
Coordinator, for his review and comments. More importantly, however, I have 
determined that this type of open communication warrants extraordinary measures by 
Alaska Airlines in response. I passed your letter along to a broad cross section of 
Alaska's employees and consultants, including our representatives in the civil litigation 
arising out of Flight 261. This was done to ensure that anyone with knowledge or 
information on this subject had an opportunity to comment. I instructed these people to 
review all of the information on this subject that has been developed to date by Alaska 
and to share it with your office. Enclosed with this letter, you will find an Executive 
Summary of the Grease and Wear Testing that has been performed by our consultants 
as well as the full report(s) of the test results . 
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Description 
::OEFF!C!ENT OF FRICTION 

1018 Steel, Aeroshell 33.eathered, HL, run 2 • 
---, -----, 

2!'i.OO 

23.21 

21.4;3 

19.64 

1"1.86 

16.07 
11 I' mm. ,-· 

i 

14.29 " ' 
!IH!IIII/. 

f 

12.50 

10.71 

8.93 

·r.14 

O.OO~~·L-------------------------------------------------------------------------~ 
00:00:20 00:56:10 00:56:30 

Batch Name 
dgstlthrw6 

dgstlthrw6 

Scale Range 
0.000/0.250 

0.00/"l 0.00 
0.00/25.00 

Eng. Units 00:56:30 
Coef *** 

N-m *** 



[,; .: ;i.:;,,.~. ,,~~1,~~,~~?!>:~.,,,;J:'~i?)E:~i;!! 
- . .tlin Alert 

Speed Range 
Torque Sensor Range Type 
Load Range 

Radius in mm 
Fluid Flow Rate Setpoint 
Gap I Vert. Dist. 
Rigidity Sim Setting(%) 
Repeats 

Parameter Sequence 

Temperature Setpoint (0 C) 
Allow Temp Overshoot 
Allow Temp Undershoot 

Load Setpoint (N) 
Ramp Rate (N/sec) 

Sec to achieve setpoint 

Speed Setpoint (RPM) 
Ace/Dec (RPM/sec) 

Step Duration Hours 
Step Duration Minutes 
Step Duration Seconds 
Total Step Seconds 

Start Fast Data 

..• ~.:' ···;·:}3$~0,\Z;~f;:;::/,;; 
,·_ ·;,:;;:~:;~::2a;:.:::,.:::.:~ . 
'':\:;~JJ::usn~,i~~a:o;~:·;;) 

Speed 1 
Torque 1.4 
Boost 500 
ChamberTemp 20 
Chamber Exit Temp 20 

Interface Temp 20 
r-·······-···· . --~ 

600u:?J:;;; ::• .. : .• T;£;·:.:·/,-~I .... ·Ioc 

20 
N 
N 

500 
2 

0 
0 
10 

N 

Fluid Flow Dev 

285 I 20! . 20
1

.:. . 20! . 20!- 20! 
~~. : ~ ..• ~~ . ~ : ~ .. /~ 

11214 
100 

889 
50 

17.78 

1334. 
50 

8.90 

1779 2224 2669 
. ,;,1,10 .. 50 ... .. 50 

8.90 8.90 8.90 

1~~0 I • ;1 -~r::. -~-· ~~~· -F "3t· 
999 
59 
60 

0 
1. 

60' 
120 

0 ,,, ... ' 0 
1 . . ~ 

eo. .. · 60. 

120 120 

0. 0 
1 1 

60 .. ... 60 
120 120 

1-· • 

y IN IN IN .IN IN IN 

.. 201~ .. ~01~ . 201 

311.4 3559 4003 
50 .. 50 50 

8.90 8.90 8.88 

~I ~I -;1 
0 0 0 
1 1. 1 

eo·• 60 60 
120 120 120 

IN IN I 

~ 



Company: 
Date: 

Dombroff & Gilmore 
12/07/01 

Page: 
Project#: 

3 
01-111 

Technician N. Pekoe 

Method: Modified Thrust Washer 
Machine: 
Serial#: 

Falex Multi-Specimen Test Machine, Computer Controlled Version 
835000600496 

TEST SPECIMENS: 
Upper Material: 

Finish (rms): 
Hardness (HRc): 

.FalexiD#: 

lower Material: 
Finish (rms): 
Hardness (HRc): 

FalexiD#: 

Test Results: 

Test Date: 
Test Number: 

1018 Steel 
14-18 
15-25 
4935 

1018 Steel 
14-18 
15-25 
4936 

9/11/01 
0606378 

Test Speed (rpm): 5 
Max Specimen Temperature ('C): 40 
Upper Fa!ex !D #: 4935 
Lower Falex ID #: 4936 
Lubricant: Mobil 28 
Lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 

Mass loss, Upper (g): 
Mass Loss, Lower (g): 

Load Step (lbs) 

100 
200 
300 
400 
500 
600 
700 
800 

800@23 rpm 

4944 
D&G05 

Manual Control 

0.0000 
0.0012 

0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.07 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (OC): 
Duration: 
Test Load (lb): 
Mean Test Radius (in): 

9/11/01 9/11/01 
0606379 0606380 

5 5 
37 25 

4935 4935 
4936 4936 

Aeroshell33 Aeroshell33 Weathered 
4948 4949 

D&G06 D&G07 
Manual Control Manual Control 

0.0003 0.0004 
0.0002 0.0008 

CoF CoF 

0.06 0.07 
0.06 0.07 
0.06 0.07 
0.06 0.06 
0.06 0.06 
0.05 0.06 
0.06 0.06 
0.06 0.06 
0.06 N/A 

Comments: This is Preliminary testing to find friction characteristics of these greases. 

5 
Ambient 

5 min/stage 
100to800 

0.531 

See Graphs for Torque, Friction Coefficient, Load, Speed, and Specimen Temperature trends. 

Coefficient of Friction <CoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 
stationary materiai to the normai force (N) pressing these bodies together. 



• 1018 Steel, Mobil e, 5rpm, run 1 • !.25 

l.23 

1.21-

1.19 

).15 

1.13 

1.12 

.10 

.08 

.06 

.04 

.02 

.00 

01:03:09 01:03:16 escription Batch Name Scale Range sampile Freq. Eng. Units 01:03:16 OEF-FRICT d&g05 0.00/0.25 00:00:01 0.00 
0.00/1000.00 00:00:01 LB 
0.00/200.00 OO:OO:O·l 

::MP-S d&g05 0.00/50.00 00:00:01 DEG.C 35.13 
d&g05 0.00/50.00 00:00:01 LB~IN. 0.00 



000.00 

923.08 

()92.31 

6'15.38 

538.46 

.54 

384.6.2 

307.69 

230.'77 

1 

76.92 

0.00 

)escription 
~OEF-FRICT 

'EMP-S 
'ORQUE 

• 2:::?~oolso 
(,y b2-l46.15l46.1 

7.69-! 7 

1018 Steel, Aeroshe 3, 5rpm, run 1 
r~~-------------~---------- 1 

! 

3. 85-! 3. 65-11f'"'1'"";"'·"''""'~J 

• 

o.oo 1 o.oo.......~L~-=..=.:.=-=-.__c:=_____j:=_-=-._=c__--..l ____ _:_""il1-ii5-~----..l--...;_------------===~~~ 01:05:37 01:07:24 
Scale Range Batch Name 

d&g06 

d&g06 
d&_Q06 

0.00/0.25 
0.00/1000.00 
0. 00/200.00 
0.00/50.00 
0.00/50.00 

Sample Freq. 
00:00:01 
00:00:01 
00:00:0'1 
00:00:01 
00:00.:01 

Eng. Units 01:07:24 
0.00 

LB ~8.97 

0.00 
DEG.C 34.32 
LB-IN. 0.00 



1018 Steel Aeroshell 33 veathered, 5 rpm, run 1 • 

00:04:34 01:07:23 01:11:57 -escription Batch Name Scale Range Sample Freq. Eng. Units 01:11:57 
OEF-FRICT d&g07 0.00/0.25 00:00:01 No Data 

il00/1000.00 00:00:01 
0.00/200.00 

::MP-S d&g07 0.00/50.00 00:00:01 DEG.C No Data 
:)RQUE d&g07 0.00/50.00 00:00:01 LB-IN. No Data -----------... -, ....... ~- ---------------
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Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (rms): 
Hardness (HRc): 

Falex ID #: 

lower Material: 
Finish (rms): 
Hardness (HRc): 

Falex ID #: 

Test Results: 

Test Date: 
Test Number: 

Test Speed (rpm): 

Dombroff & Gilmore 
12/07/01 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 01-111 

Falex Multi-Specimen Test Machine, Computer Controlled Version 

835000600496 

1018 Steel 
14-18 
15-25 
4935 

1018 Steel 
14-18 
15-25 
4936 

08/28/01 
0606373 

100 

09/04/01 09/04/01 
0606374 0606375 

100 100 

TEST CONDmONS: 
Test Speed (rpm): 
Temperature (°C): 
Duration: 
Test load (lb): 
Mean Test Radius (in): 

09/04/01 
0606376 

100 

100 
Ambient 
Variable 
Variable 

0.531 

09/05/01 
0606377 

100 

Max Specimen Temperature (0 C): 236 124 116 208 184 

Test load (lb): 50-800 200-600 400-600 200-800 400-800 

Upper Falex ID #: 4935 4935 4935 4935 4935 

Lowei Falex ID #: 4936 4936 4936 4935 4935 

lubricant: Mobi128 Mobil28 Mobll28 Aeroshell33 Aerosheii 33 

lubricant Falex ID #: 4944 4944 4944 4948 4948 

SaveFile Name: D&GOO D&G01 D&G02 D&G03 D&G04 

Test Program Name: Manual Control Manual Control Manual Control Manual Control Manual Control 

Mass Loss, Upper (g): 0.0880 0.0472 0.0072 0.0251 0.0127 

Mass Loss, lower (g): 0.0192 0.0223 0.0631 0.0193 0.0427 

load Steo (lbs l CoF CoF CoF CoF CoF 

50 0.12 X X X X 

100 0.08 X X X X 

150 0.09 X X 

200 0.11 0.06 X 0.06 X 

240 0.11 0.05 0.06 

300 0.12 0.05 X 0.06 X 

340 0.11 0.06 X 0.06 X 

400 0.16 0.06 0.06 0.06 0.06 

440 0.15 0.06 0.06 0.06 0.07 

500 0.05 0.06 0.06 0.06 0.06 

540 0.06 0.05 0.06 0.06 0.07 

600 0.05 0.18 0.11 0.07 0.07 

640 0.05 X X 0.07 0.07 

700 0.05 X X 0.06 0.07 

740 0.05 X 0.06 0.07 

800 0.06 X X 0.07 0.07 

Comments: This is Preliminary testing to find friction characteristics of these greases. 

See Graphs for Torque, Friction Coefficient, Load, Speed, and Specimen Temperature trends. 
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Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (rms): 
Hardness (HRc): 

FalexiD #: 

Lower Material: 
Finish (rms): 
Hardness (HRc): 

Falex ID#: 

Test Results: 

Test Date: 
Test Number. 

Test Speed (rpm): 

Dombroff & Gilmore 
12/07/01 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 

2 
01-111 

Falex Multi-Specimen Test Machine, Computer Controlled Version 
835000600496 

1018 Steel 
14-18 
15-25 
4935 

1018 Steel 
14-18 
15-25 
4936 

09/25/01 
0606381 

100 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (°C): 
Duration (sec): 
Test Load (lb ): 
Mean Test Radius (in): 

09/25/01 
0606382 

100 

Max Specimen Temperature (0C}: 86 104 

Upper Falex ID #: 
Lower Falex ID #: 
Lubricant: 
Lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 

Mass Loss, Upper (g): 
Mass Loss, Lower (g): 

Load Step Clbs) 

4935 
4936 

Aeroshell 33 Weathered 
4949 

D&G08 
Manual Control 

0.0506 
0.0357 

0.06 
0.06 
0.06 
0.06 

spiked to .18 

4935 
4936 

Aeroshell33 Weathered 
4949 

D&G09 
Manual Control 

0.0003 
-0.0003 

0.06 
0.07 
0.07 
0.07 
O.o7 

100 
Ambient 
Variable 
Variable 

0.531 

400 
450 
500 
550 
600 
700 
800 

spiked to .17, stopped due to high friction 
X 

stopped due to high temperature 
X 

Comments: This is Preliminary testing to find friction characteristics of these greases. 
See Graphs for Torque, Friction Coefficient, Load, Speed, and Specimen Temperature trends . 

Coefficient of Friction {CoFl 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 
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. 02 

. 00 

~scription 
OEF-FRlCT 

EMP-S 

• 10.00-

01.54--

93.08-

84.62 

76.15 

,;cd.UIF> I;;.I.:,),Q;.J-1 67.69-

.:J"i-.0£'-t 59.23 

I;:J .• :m--1 50.77-

42.31 

33.85 

25.38 

16.92 

8.46--· 

0.00 -

• 1018 Steel, Mot.8, run 1-/J\ 
_.:.___~-.,..------:------:--.,-·--,----;--

~!\· . {l~\ 
i'l_l \ JJ ~I>J~r\· 

1\11,1~ f 
p"r""". I! M 

f'll'l"vw /'fll~o/'""'"""'~' 

r-f
fll'"<'~~· 

r 
,..,._ 

~-~··- .-. ...!' 
~~~r;-~~· . ' ,··· , ..... . 

00:00:19 02:39:16 02:39:36 

Batch Name Scale Range Samplle Freq. Eng. Urnits 02:39:36 
d&gOO 0.00/0.25 00:00:01 0.00 

0.00/1000.00 00:00:01 LB ~10.32 

0.00/200.00 00:00:01 0.00 
d&gOO 0.00/250.00 00:00:01 DEG.C 125.48 
d&gOO 0.00/110.00 00:00:01 LB-IN. 0.00 



• 1018 Steel, Mot.a, run 1-E~ • 1o.oo"Tll 

O.OO~~~~~~~----~--~--~--------~-r~~~-~--------~--~----~--------~---2 Days 22:40:03 .w 01:39:15 3 Days 00:19:19 
escription Batch Name Scale Range Sampie Freq. Eng. Units 3 Days 00:19:19 
:JEF-FRICT d&gOO 0.00/0.25 00:00:01 1.25 

0.00/1000.00 00:00:01 LB 
0.00/200.00 00:00:01 '1 
0.00/250.00 00:00:01 DEG.C 172.58 

_j n nn1110.00 00:00:01 LB~IN. 0.07 
::MP-S d&gOO 



9SCripti~ 

:>EF-FRICT 

:MP-S 

• 

76.92-115.38 

38.46 

19.23 

I 0.00 
00:02:47 

Batch Name 
d&g01 

d&g01 
d&g01 

1 018 Steel, M~ 28, run 2 • ______,.., 

00:42:23 00:45:11 

Scale Range Sample Freg. Eng. Units 00:45:11 

0.00/0.25 00:00:01 0.26 
00:00:!01 

0. 00/200.00 00:00:01 
0.00/250.00 00:00:01 DEG.C 108.97 
0.00/50.00 00:00:101 LB-IN. 1 



• 1018 Steel Me. 28 run 3 • 

··,· 

00:22:41 00:24:42 ascriPtiOn____________ Batch Name Scale Range Sampl:-le-=F=-re-q-. ----=e=-n-g--=. u-=-n-=-it-s------::0-:0-:--::24-:-:-:-42-::----

0EF-FRICT d&g02 0.00/0.25 00:00:01 0.05 

::MP-S 
:)RQUE 

d&g02 
d&g_02 

0.00/1000.00 00:00:01 
0.00/200.00 00:00:01 
0.00/250.00 00:00:01 
0.00/50.00 00:00:01 ---

LB 
RPM 
DEG.C 
LB-IN. 

9.91e-o::. 
109.78 
0.09. ____I 



0.00 

ascription 
OEF-FRICT 

• 1018 Steel, Aero'lell33, run 1 I 
r 

' - l ____,...., 

'j 0 6>'.'D.::.-·fL.::lU. 
.. ... +-··-

' l 

! U<:•.-e.d-·lL 1.54-142.31 

;_).].Q;y-1192.3'1-138.46 

'l 53.85 

15.38-123.08 

96.15-119.23 

76.92-115.38 

57.69-111.54 

38.46-l 7.69 

19.23-

~- .. -o.oo I o.oo.....) 00:00:00 -· 
U1:4~:11 01:49:11 

Batch Name Scale Range Samplle Freq. Eng. Units 01:49:11 

d&g03 

d&g03 
___ d_&g03 

0.00/0.25 
0.00/1000.00 
0.00/200.00 
0.00/250.00 
0.00/50.00 

00:00:01 
00:00:01 
00:00:01 
00:00:01 
00:00:01 

No Data 
LB Data 
RPM No Data 
DEG.C No Data 
LB-IN. No Data ·-------· 



• 1018 Steel, Aeroaeu 33, run 2 e 
000.00 I.C::.VtJ.UI"f 

,.-----, 

~)23.08 . L~ .. ·~· 

846."15- ··j .... -.. 

;:),) . 0 ::J--1 

_,.T ...... " .... ···~ .. .. 

230. 

0.00 
00:01:00 01:06:39 01:07:40 

~ascription Batch Name Scale Range Sample Freq. Eng. Units 01:07:40 
OEF-FRICT d&g04 0.00/0.25 00:00:01 0.13 

0.00/'1000.00 00:00:01 LB -9.32 
0.00/200.00 00:00:0·1 f~PM 

EMP-S d&g04 0.00/250.00 00:00:01 DEG.C 163.00 
ORQUE d&g04 0.00/50.00 00:00:01 LB-IN. 0.06 



• 1018 Steel, Aeroshell :aweathered, run 1 .__,...,.., 

00:02:15 00:30:40 00:32:55 
1escription Batch Name Scale Range Sample Freq. Eng. Units 00:32:55 
:QEF-FRICT d&g08 0.00/0.25 00:00:01 0.00 

0.00/1000.00 00:00:01 LB 
(). 00/200, 00 00:00:0·1 RPM 0.00 

EMP-S d&g08 0.00/250.00 00:00::01 DEG.C 62.40 
ORQUE d&g08 0.00/50.00 00:00:01 LB-IN. 0.00 ---



• 1018 Steel, Aeroshell :eweathered, run 2 e 
' ' ___,......., 

I 
• .i 

iII 
, I 

·. li • I 
• I 

~ t~·~ .• ~-... ----' . ·-·-· 

I 
~ I 

00:00:00 00:20:21 00:20:21 
lescription -- Batch Name Scale Range Samp~e Freq. Eng. Units 00:20:21 
:OEF··FRICT d&g09 0.00/0.25 00:00:01 0.10 

EMP~S d&g09 
, __ __;::d&g09 

0.00/1000.00 00:00:0·1 LB 
0.00/200.00 00:00.:01 0.00 
0.00/250.00 00:00:01 DEG. C 98.03 
0.00/50.00 00:00:01 LB-IN. 0.09 
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COMPANY: 
DATE: 
TECHNICIAN: 

' 

Dombroff & Gilmore 

10/11/01 
M. Rapp 

MACHINE: 
METHOD: 

Falex-ISC Pin On Disk Tribometer System, SIN 808020000045 

ASTM G99 Modified 

TEST CONDITIONS: 

TEST SPEED {rpm): BALL MATERIAL: 

TEMPERATURE ec): 
DURATION (min): 

BALL GRADE: 
BALL POSITION: 

PAGE: 
PROJ#: 

TEST LOAD (grams): 

20 
Ambient 

75 
1 00/ increments of 100 

Various 
TEST RADIUS (mm): 

LUBRICANT: 

TEST RESULTS: 

TEST DATE: 
TEST NUMBER: 
FILE IDENTIFICATION: 
DISK MATERIAL: 
BALL MATERIAL: 
LUBRICANT: 

TOTAL CYCLES: 
AVG. BALL SCAR( mm ): 

COEFFICIENT OF FRICTION: 

TEST DATE: 
TEST NUMBER: 
FILE IDENTIFICATION: 
DISK MATERIAL: 
PIN MATERIAL: 
LUBRICANT: 

TOTAL CYCLES: 
AVG. BALL SCAR (mm): 

COEFFICIENT OF FRICTION: 

09/12101 09/13/01 09/24/01 

8002494 8002495 8002499 

DANDGOO DANDG01 DANDG02 

440C Stainless 440C Stainless 440C Stainless 

52100 Steel 52100 Steel 52100 Steel 

Mobi128 Aeroshell 33 Aeroshell 33 
Weathered 

1621 1603 1579 

0.644 0.726 0.670 

See Attached Graphs for Friction Traces 

09/25/01 
8002501 

DANDG04 
440c Stainless 

52100 Steel 
Mobi128 

1771 
0.637 

09125/01 
8002502 

DANDG05 
440c Stainless 

52100 Steel 
Aeroshell 33 

1886 
0.604 

See Attached Graphs for Friction Traces 

01-111 

52100 Steel 
5 

90 
22 

09/24/01 
8002500 

DANDG03 
440C Stainless 

52100 Steel 
Aeroshell 33 
Weathered 

1631 
0.664 
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Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (nns): 
Hardness (HRc): 

Falex ID No.: 

lower Material: 
Finish (nns): 
Hardness (HRc): 

Falex ID No.: 

Ball Material: 
Hardness (HRc): 
Grade: 

FalexiD#: 

Test Results: 

Test Date: 
Test Numt>;r: 

Upper Falex ID #: 
lower Falex ID #: 
lubricant 
Lubricant Falex ID #: 
Test Program Name: 
SaveFile Name: 

Comments: 

Dombroff & Gilmore 
12/07/01 
D. Hlavacek 

Three-Ball Microfilm 

Page: 
Project#: 

1 
01-111 

Falex Multi-Specimen Test Machine, Computer Controlled Version 
835000600496 

440C Stainless Steel 

1 
56 
5026U 

440C Stainless Steel 

1 
56 
5026L 

E-521 00 Steel 
64-66 
5 
lot98 

10/22/01 
0006395 

5026UA 
5026LA 
Mobil28 

AA4944 
DANDG3BL 
D&G3B01 

11/08/01 
0606403 

5026UB 
5026LB 
Mobil28 
AA4944 

DANDG3BL 
dg3b107 

See Graphs for Friction and additional data. 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature ("C): 
Test load (lb): 
Mean Test Radius (in): 

20 
Ambient 

400-800 (50 lb steps) 
0.672 

10/24101 11/05/01 
0606397 0606400 

5026UC 5026UD 
5026LC 5026LD 

Aeroshell33 Aeroshell33 

AA4948 AA4948 
DANDG3BL DANDG3BL 

dg3bl03 dg3bl04 

Coefficient of Friction CCoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the IO'Ner 

stationary material to the normal force (N) pressing these bodies together . 



• 

Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (rms): 
Hardness (HRc): 

Falex ID#: 

Lower Material: 
Finish (rms): 
Hardness (HRc): 

Falex ID#: 

Ball Material: 
Hardness (HRc): 
Grade: 

Falex ID#: 

Test Results: 

Test Date: 
Test Number: 

Upper Falex ID #: 
Lower Falex ID #: 
Lubricant: 
Lubricant Falex ID #: 
Test Program Name: 
SaveFile Name: 

Comments: 

Dombroff & Gilmore 
12/07/01 
D. Hlavacek 

Three-Ball Microfilm 

Page: 
Project#: 

Falex Multi-Specimen Test Machine, Computer Controlled Version 

835000600496 

440C Stainless Steel 
1 
56 
5026U 

440C Stainless Steel 
1 
56 
5026L 

E-521 00 Steel 
64-66 
5 
Lot 98 

11/05/01 
0606401 

5026UA 
5026LA 

Aeroshell 33, weathered 
AA4949 

DANDG3BL 
dg3bl05 

See Graphs for Friction and additional data. 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (OC): 
Test Load (lb): 
Mean Test Radius (in): 

11/08/01 
0606402 

5026UC 
5026LC 

Aeroshell 33, weathered 
AA4949 

DANDG3BL 
dg3bl06 

Coefficient of Friction <CoF> 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together . 

2 
01-111 

20 
Ambient 

400-800 (50 lb steps) 
0.672 



• MODII Lt.·Jn 1 • 
--------

-----·- J 

01:24:54 
·-Batch--Name Scale Range sample Freq. ~.!'1)_:_U_!1J!s _____ _ 

D&G380i 0.0000/0.0100 00:00:01 
0.00/1000.00 00:00:01 

'Des~ription 

If 

01:24:54 

I 
I 



.,)"l''·'L.unl 11 IVIODII L.un z •----

1\! 

! 

I I 

tl 

2escription 

\.·,l' 

00:08:49 00:46:41 
---· --- -- ··-· -- ----~- --~- ---~---------------------------------------------· --- ·--·-

Batch Name ---- ··-·---------________________ ,_:::_;::_:::.:.::_: §!:'.!!.!~!freq_. _____ §!1]· _l:Jnit~--
OO:OO:O·I 

0.00/1000.00 LB 
-~-~-- ~- -- -- --·- -- ~ > ~c# '-'I '"" '>M o ""'' ~.1' .,.,p'<J • '*"""'. 0 "'" I l 'lcf• ~ t/1 --------------·- ---------------~------ -----------------------· -- ----" ----. 

00:55:31 
00:55:31 



• Aerosnees::s, run 1 e 

'"'_j I 

-- •••••• 

00:00:00 00:48:52 00:48:57 

Description ----- Batch Name Scale Range :Sample Freq.----------Eng~·units- -- -- 00:48:52 
l ··-· ·~- ·--- ·~ 

------- ___ , ·~"" 

dg3bl03 0.0000/0.0100 00:00:01 

0.00/1000.00 00:00:01 

----·-·------ --- --· 



• 

00:00:15 

!Description 
1, 

• Aerosneu e I run L. 
~------------

00:48:59 

_________ s_c_a_le _R~nge S~~]:~ple Freq. 
0.0000/0.0100 00:00:01 
0.00/1000.00 00:00:01 

-- -·- "- ~--- ~ 

-- _§_~J!·-~~~~s __ _ 
00:119:14 

00:49:14 



\Description 
l ' 
i' 

;1 '- 1/\l 

• vveatnerea Aerctt.eu ~~, run 1 e 

00:50:05 
---~~-------------------------

----·------------------------
-------·-------- ---

Batch Name 

dg3bl05 

Scale Range 
0. 0000/0.01 00 
0.00/1000.00 
0.00/50.00 

___ S_ample Fre<l_: _______ §.':'!!: Units _____ _ 

00:00:01 
00:00:01 

-------·-···1 

00:51.28 

00:51:28 



joes~iption 
! 

vveatnerea Aerce1e11 33, run 2 e __ 

00:46:44 
-- ---------- ---~' -·-

Batch Name Scale RanQ_e Sample Freq. _____ §_~_Q· __ Units __ 

0.0000/0.0100 00:00:01 
0.00/1000.00 00:00:01 

i 
! i 

00:46:54 

00:46:54 



Description 
j( 

ll 

• atton .• ~oou lts to tjU 10 
lrl 1 l"u n11 ~~-~ .--,----.-------

00:00:00 00:52:58 
------- ------------------------------------------------------- -----------------

_ _ _ _______________ Batc~ame ----------~cale ~ange 
d&g·l 0 0.000/0.010 

0 0.00/100.00 

0 0.00/1.00 ---·-- ---- ____________ _._ __ _ --

___ S~_f!!~ple f!eq: _________ -~ll!t_ ~_n.j_t~ __ 
00:00:01 
00:00:01 

00:00:01 LB-IN. 

• 

00 52:58 

00:52:58 I 
i 

f\lo 



• 

:pescription 
I' 

! 

MoO II lts, Ia~ toe 'h load rar~ 

00:00:00 05:41:30 
-----------------·~-----------------------------------·-·--- ------------- -··-·-- ---

Batch Name 

D&G3800 

Scale Range -------~~~pl~-.!:!~_9:_ _________ -~_nQ_:__~~!t~ 
0.000/0.010 00:00:01 
0.00/500.00 00:00:01 
0.00/1 OtlOO 00:00:01 

D&G3BOO 0.00/1.00 00:00:01 LB-IN. 
-------------~-·----~-- -------------------·-·-- -·---·-- ---·-~ --- --- ---· 

• 

05:41 30 
05:41:30 

No Data 



o•J 

00:00:08 00:26:18 
Jescription ___________________ Ba!~~ Na~---------------~cal~~ng~----------- Sa!!:'E~~f_r~g.:. __________ §.!]9:.~n~t_s 

3ball1 O# 0.000/0.1 oo 00:00:01 
3ball10# 0.00/100.00 00:00:01 

l ( 3ball10# 0.00/1.00 00:00:01 LB-IN. 
----------- ----~-----

• 

00:26:26 
0.000 

! 1 

0.00 

00 26:26 



• 

II 

:Description 
lr fi 
I' 

/I 

1nn1a1 1nvesttaat1• a to ou 110. • 

-.1~ 
~ _, 

-- -- -- 00:23:52 00 23 52 

-------··---------- ---·--·--~---------·------------ -------------------------------

----- B~~C?.'!.!J_ame __________ _§_cai~_Bang~- _________ Sa_!!p_I_E:)£!~9·__ ___ -~-~Q_._ ~~!~S. __ 
checkout3ball 0.000/0.010 00:00:01 

checkOIII.3bA!I 0.00/100.00 00:00:01 

__ _ _ __ _______ _£~_<?kO~~~~'?_I_I_ _______________ __Q.:2_0i_1.0Q _______________ __9_0:0_9_:_0_1 _____ _ 

00:23:52 
No 

No Dnta 



Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/9/01 
M. Rapp 

Page: 3 
Project#: 01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear PreventatiVe Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ririg Test Machine 
Serial#: 800135004198 

Testing Specimens: 
Sample ID: Mobil 28 
Falex ID #: 4944 

Block Type: 
Material: 
Finish (l!in): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (l!in): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.3970 
7.3959 
0.0011 

Ring 
22.3889 
22.3884 
0.0005 

Test file: 3704_360.xls 
Save file: D&G19 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number. 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 

87.5 
Ambient 
360 
5000~ 
goo 

~ 
~ 

Coefficient of Variation (%) 
Volumetric Wear (mml): · 

2.920 
2.925 
2.892 
2.912 
0.015 
0.499 
0.7487 

Final Pressure (psi): 12,559. 



Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/9/01 
M. Rapp 

Page: 6 

Project#: 01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 

Testing Specimens: 
SampleiD: 
F'alex ID#: 

Block Type: 
Material: 

. Finish (t.lin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish {J.tin): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

800135004198 

Mobil28 
4944 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Btoek. 
7.3832 
7.3731 
0.0101 

Ring 
22.3948 
22.3953 
-0.0005 

Test file: 3704_360.xls 
Save file: D&G22 

Testing Conditions: 

Speed {cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 {mm): 
Measurement 2 {mm): · 
Measurement 3 {mm): 
Average Scar {mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm~: 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

3.772 
3.745 
3.728 
3.748 
0.018 
0.483 
1.5984 

9,758 



.~ 

-

Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/9/01 
M. Rapp 

Page: 
Project#: 

1 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on· Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Aeroshell 33 
Falex ID #: 4948 

Block Type: 
Material: 
Finish (Jtin): 
Hardness (13HN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (J.Lin}: 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.3967 
7.3835 
0.0132 

Ring 
22.3395 
22.3386 
0.0009 

Test file: 3704_360.xls 
Save file: D&G17 

Testing Conditions: 

Speed (cpm): 
Temperature CCC): 
Load {lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 

87.5 
Ambient 
360 
5000 
goo 

11/7/01 
Test Number: eM~ 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation(%) 
Volumetric Wear (mm3

}: 

Final Pressure (psi}: 

3.994 
3.965 
3.942 
3.967 
0.021 
0.536 
1.8956 

9,220 



Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/9/01 
M. Rapp 

o...,.,...o,. 
I Ql:j¥• 

Project#: 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: · Aeroshell 33 
Falex ID #: 4948 

Block Type: 
Material: 
Finish (J.tin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish ijlin): 
Condition 

Falex ID#: 

Test ReslitS: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 · 
Core strength 160-180 KSi 
5150 

Block 
7.4128 
7.4017 
0.0111 

Ring 
22.3062 
22.3065 
-0.0003 

Test file: 3704_360.xls 
Save file: D&G20 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm}: 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

11/8/01 
@V 

3.919 
3.850 
3.768 
3.846 
0.062 
1.605 
1.7265 

9,511 



~\ • 

Company: 
Date: 
Technician: 

Dombroff & Giimore 
11/9/01 
M. Rapp. 

Page: 2 
Project#: 01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlied Block on Ring Test Machine 
Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 
Falex ID#: 4949 

Block Type: 
Material: 
Finish (Jtin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (Jtin): · 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data, g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.3742 
,7.3658 
0.0084 

Ring 
22.3452 
22.3440 
0.0012 

Test file: 3704_:360.xls 
Save file: D&G18 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cyCles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear {mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

11/8/01 
0107405 

3.952 
3.927 
3.923 
3.934 
0.013 
0.326 
1.8486 

9,297 



.~ 
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Company: 
Date: 
Technician: 

Dombioff & Gilmore 
11/9/01 
M. Rapp 

Project#: 
5 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 
Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 
Falex ID #: 4949 

Block Type: 
Material: 
Finish (IJ.in): 
Hardness (BHN): 

·Falex ID#: 
Ring Type: 

Material: 
Finish {IJ.in): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI 4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.3900 
7.3788 
0.0112 

Ring 
22.3492 
22.3489 
0.0003 

Test file: 3704_360.xls 
Save file: D&G21 

Testing Conditions: 

Speed (cpm): 
Temperature eC): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm}: 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

11/9/01 
0107408 

3.823 
3.821 
3.801 
3.815 
0.010 
0.260 
1.6855 

9,587 



• 

• 



~ 

i 

Company: Dombroff & Giimore Page: Q v 

Date: 11/19/01 Project#: 01-111 

Technician: D. Hlavacek 

Method: ASTM D 2509, Measurement of load-Carrying Capacity of lubricating Grease 

Machine: Falex Timken Test Machine 

Serial#: 002-93-574 

Test Specimen: Test Conditions: 

Sample ID: Mobi128 Speed (rpm): 

Falex ID#: 4944 Temperature (OC): 
load (lb): 

Block Material: Alu. Brnz. #C95500 Break-In (sec): 

Finish (~in): 32 Duration (min): 

Hardness (Rc): As Supplied 

Falex ID: 5061 

Ring Material: 4140 Steel Test Date: 

Finish (~in): 32 (Black Oxide) Test Number: 

Hardness (Rc): Case, 160-180-KSI 

Test Results: 

At:;mlied load, lb Block Number Result, {P}assi{F}ail Average Scar, mm 

30 1 p 3.828 

40 1 p 4.594 

50 1 p 5.222 

60 1 p 6.075 

OK load (lb): 60 

Score load (lb): NIA 

Scar Width at OK load (mm): 6.075 

Comments: 

OK load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score load Value 

The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK load 

The average scar width at the load corresponding to the OK load Value. 

800 (± 5} 

37.8 (± 2.8) 
Various 
30 
1 0 /load stage 

11/13/01 
0202117 

Coefficient of Friction 
0.081 

Contact Pressure 

at OK load: 
5017.3 



• 

Company: Dombroff & Gilmore Page: 2 

Date: 12/4/01 Project#: 01-111 

Technician: D. Hlavacek 

Method: ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 

Machine: Falex Timken Test Machine, 

Serial#: 002-93-574 

Test Specimen: Test Conditions: 

Sample ID: Mobi128 Speed (rpm): 

Falex ID #: 4944 Temperature (°C): 
Load (lb): 

Block Material: Alu. Brnz. #C95500 Break-in (sec): 
Finish (Jlin): 32 Duration (min): 

Hardness (Rc): As Supplied 
Falex ID: 5061 

Ring Material: 4140 Steel Test Date: 
Finish (Jlin): 32 (Black Oxide) Test Number: 

Hardness (Rc): Case, 160-180-KSI 

Test Results: 

A(2Qiied Load, lb Block Number Result, {P}ass/{F}ail Average Scar, mm 

30 1 p 4.075 

40 1 p 3.863 

50 1 p 4.880 

60 1 p 6.155 

OK Load (lb): 60 

Score Load (lb): N/A 

Scar Width at OK Load (mm): 6.155 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score Load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 
The average scar width at the load corresponding to the OK Load Value. 

800 (± 5) 
37.8 (± 2.8) 
Various 
30 
1 0 /load stage 

12/3/01 
0202120 

Coefficient of Friction 
0.079 
0.0690 
0.059 

Contact Pressure 
at OK load: 

4952.1 



i 

Company: 
Date: 
Technician: 

Method: 
Machine: 
Serial#: 

Test Specimen: 
Sample ID: 
Falex ID #: 

Block Material: 
Finish (!lin): 

Hardness (Rc): 
Falex ID: 

Ring Material: 
Finish (!lin): 

Hardness (Rc): 

Test Results: 

Applied Load. lb 
30 
40 
50 
60 

Dombroff & Gilmore 

11/19/01 
D. Hlavacek 

Page: 
Project#: 

7 
01-111 

ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 

Falex Timken Test Machine 
002-93-574 

Aeroshell 33 

4948 

Alu. Brnz. #C95500 
32 
As Supplied 
5061 
4140 Steel 
32 (Black Oxide) 
Case, 160-180-KSI 

Block Number 
1 
1 
1 
1 

OK Load (lb): 

Score Load (lb): 

Result. CPlassf{Flail 
p 
p 
p 
p 

30 

N/A 

Test Conditions: 
Speed (rpm): 
Temperature (OC): 
Load (lb): 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number: 

800 (± 5) 
37.8 (± 2.8) 
Various 
30 
1 0 I load stage 

11/13/01 
0202116 

Average Scar. mm Coefficient of Friction 
5.702 0.153 
N/A 
N/A 
N/A 

Contact Pressure 
at OK load: 

2672.8 

Scar Width at OK Load (mm): 5.702 

Comments: 

OK Load Value 

40, 50, and 60 Lb. loads produced immesureable scars, where the scar 

continued off the edge of the block. 

The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score Load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 
The average scar width at the load corresponding to the OK Load Value. 



Company: 
Date: 
Technician: 

Method: 
Machine: 
Serial#: 

Test Specimen: 
Sample ID: 
Falex ID #: 

Block Material: 
Finish (J.tin): 

Hardness (Rc): 
Falex ID: 

Ring Material: 
Finish (J.tin): 

Hardness (Rc): 

DombiOff & Gilmoie Page: 1 
12/4/01 Project#: 01-111 
D. Hlavacek 

ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 
Falex Timken Test Machine 
002-93-574 

Aeroshell 33 

4948 

Alu. Brnz. #C95500 
32 
As Supplied 
5061 
4140 Steel 
32 (Black Oxide) 
Case, 160-180-KSI 

Test Conditions: 
Speed (rpm): 
Temperature (0C): 
Load (lb): 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number: 

800 (± 5) 
37.8 (± 2.8) 
Various 
30 
1 0 /load stage 

11/30/01 
0202119 

• Test Results: 

i 

Applied Load. lb 
30 

Block Number 
1 

Result. (PlassHFlail Average Scar. mm Coefficient of Friction 
p 5.453 0.152 

OK Load (lb): 30 

Score Load (lb): N/A 

Scar Width at OK Load (mm): 5.453 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 
This load reflects the load carrying capacity of the lubricant. 

Score Load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 

Contact Pressure 
at OK load: 

2794.8 



i 

Company: 

Date: 
Technician: 

Dombroff & Giimore 

11/19/01 
D. Hlavacek 

Page: 9 
Project#: 01-111 

Method: 
Machine: 

ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 

Falex Timken Test Machine 

Serial#: 

Test Specimen: 
Sample ID: 

Falex ID #: 

Block Material: 
Finish (!lin): 

Hardness (Rc): 
Falex 10: 

Ring Material: 
Finish (!lin): 

Hardness (Rc): 

Test Results: 

002-93-574 

Aeroshell 33 Weathered 

4944 

Alu. Brnz. #C95500 
32 

As Supplied 
5061 
4140 Steel 
32 (Black Oxide) 

Case, 160-180-KSI 

Test Conditions: 

Speed (rpm): 

Temperature (°C): 
Load (lb): 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number: 

800 (± 5) 

37.8 (± 2.8) 
Various 
30 
1 0 /load stage 

11/14/01 
0202118 

Applied Load. lb 
30 

Block Number 
1 

Result. <Plass/{F)ail Average Scar. mm Coefficient of Friction 

p 5.267 0.152 

40 1 p 5.992 0.1370 

50 1 p 6.238 

OK Load (lb): 50 

Score Load (lb): 0 

Scar Width at OK Load (mm): 6.238 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score Load Value 

The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 

The average scar width at the load COiiesponding to the OK Load Value. 

Contact Pressure 

at OK load: 
4071.8 



i 

Company: 

Date: 
Technician: 

Dombroff & Gilmore 
12/4/01 
D. Hlavacek 

Page: 
Project#: 

1 
01-111 

Method: 
Machine: 

ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 
Falex Tim ken Test Machine 

Serial#: 

Test Specimen: 
Sample ID: 
Falex ID #: 

Block Material: 
Finish (J.Lin): 

Hardness (Rc): 
Falex ID: 

Ring Material: 
Finish (J.Lin): 

Hardness (Rc): 

Test Results: 

002-93-574 

Aeroshell 33 Weathered 
4950 

Alu. Brnz. #C95500 
32 
As Supplied 
5061 
4140 Steel 
32 (Black Oxide) 
Case, 160-180-KSI 

Test Conditions: 
Speed (rpm): 
Temperature (0C): 
Load (lb): 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number: 

800 (± 5) 
37.8 (± 2.8) 
Various 
30 
10 /load stage 

12/3/01 
0202121 

Applied Load. lb 
30 

Block Number 
1 

Result. (Plassf{Flail Average Scar. mm Coefficient of Friction 
p 5.194 0.146 

OK Load (lb): 30 

Score Load (lb): 0 

Scar Width at OK Load (mm): 5.194 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 
This load reflects the load carrying capacity of the lubricant. 

Score Load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 
The average scar width at the load corresponding to the OK Load Value. 

Contact Pressure 
at OK load: 

2934.2 



• 

• 



Company: Dombroff & Gilmore Page: 1 

Date: 12/10/01 Project#: 01-111 

Technician N. Pekoe 

Method: Modifted Thrust Washer 

Machine: Falex High PerfOITT18nce Multi-Specimen Test Machine, Computer Controlled Version 

Serial#: 809C35001108 

TEST SPECIMENS: TEST CONDITIONS: 

Upper Material: C95500 AI Bronze Test Speed (rpm): 5 

Finish (J.t in.): 32 Temperature ("C): Ambient 

Hardness (BHN): 112-123 Duration: 1 min/stage 

FalexiD#: 5172 Test Load (lb): 200to 2200 

Mean Test Radius (in): 0.531 

LONer Material: AISI4140 Steel, oxide coated 
Finish (J1 in.): 32 
Hardness: Nitride, case depth .003-.005 

core strength 160-180 ksi 

FalexiD#: 5164 

Test Results: 

• 
Test Date: 11/20/01 11/21/01 11121/01 11/21/01 

Test Number. 09042 09045 09043 09046 

Lubricant: Mobil28 Mobil28 Aeroshell33 Aeroshell33 

Lubricant Falex ID #: 4944 4944 4948 4948 

Sawfile Name: DGBRNZTHRW1 DGBRNZTHRW4 DGBRNZTHRW2 DGBRNZTHRW5 

T~+ Dr,...,.,r~l"r''l M'!M"'r"''· 
IVo;;P\.1 lv:::JIIIioMIII'-'"'"'" DGSTLTHRW DGSTLTHRW DGSTLTHRW DGSTLTHRW 

Mass Loss, Upper (g): 0.0002 0.0005 0.0001 0.0007 

Mass Loss, LONer (g): 0.0012 0.0006 0.001 0.0017 

LoadStep N .QQE CoF CoF CoF 

889 (200 lb.) 0.151 0.144 0.136 0.133 

1334 (300 lb.) 0.130 0.135 0.133 0.130 

1779 (400 lb.) 0.126 0.141 0.128 0.126 

2224 (500 lb.) 0.125 0.141 0.126 0.121 

2669 (600 lb.} 0.125 0.138 0.121 0.115 

3114(7001b.) 0.124 0.133 0.122 0.112 

3559 (800 lb.) 0.122 0.132 0.125 0.122 

4003 (900 lb.) 0.118 0.131 0.129 0.118 

4448 (1000 lb.) 0.116 0.127 0.130 0.116 

4893 (1100 lb.) 0.114 0.117 0.129 0.117 

5338 (1200 lb.) 0.110 0.118 0.129 0.120 

5783 (1300 lb.) 0.107 0.119 0.125 0.125 

6228 (1400 lb.) 0.106 0.112 0.126 0.131 

6672 (1500 lb.) 0.106 0.104 0.128 0.133 

7117 (1600 lb.) 0.105 0.104 0.128 0.155 

7562 (1700 lb.) 0.106 0.108 0.129 0.152 

8007 (1800 lb.) 0.112 0.100 0.129 0.150 

8452 (1900 lb.) 0.128 0.098 0.128 0.173 

~ 8896 (2000 lb.) 0.161 0.098 0.130 0.168 • 9341 (2100 lb.) 0.101 0.135 0.168 

9786 (2200 lb.) 0.143 0.140 0.171 

Comments: This is Preliminary testing to find friction characteristics of these greases. 

See Graphs forT orque, Friction Coefficient, Load, Speed, and Specimen Temperature trends. 



Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (J.l in.): 
Hardness (BHN): 

FalexiD#: 

lower Material: 
Finish (Jt in.): 
Hardness: 

FalexiD#: 

Test Results: 

Test Date: 
Test Number: 

lubricant: 

lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 

Mass loss, Upper (g): 
Mass loss, lower (g): 

load Step. N 

889 (200 lb.) 
1334 (300 lb.) 
1779 (400 lb.) 
2224 (500 ib.) 
2669 (600 lb.) 
3114 (700 lb.) 
3559 (800 lb.) 
4003 (900 lb.) 
4448 (1000 lb.) 
4893 (1100 lb.) 
5338 (1200 lb.) 
5783 (1300 lb.) 
6228 (1400 lb.) 
6672 (1500 lb.) 
7117 (1600 lb.) 
7562 (1700 lb.) 
8007 (1800 lb.) 
8452 (1900 lb.) 
8896 (2000 lb.) 
9341 (2100 lb.) 
9786 (2200 lb.) 

Comments: 

Dombroff & Gilmore 
12/10/01 

Page: 
Project#: 

2 
01-111 

N. Pekoe 

Modified Thrust Washer 
Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 
809C35001108 

C95500 AI Bronze 
32 

112-123 
5172 

AISI4140 Steel, oxide coated 
32 

Nitride, case depth .003-.005 
core strength 16Q-180 ksi 

5164 

11/21/01 
9044 

Aeroshell33 
weathered 

DGBRNZTHRW3 
DGSTlTHRW 

-0.0006 
-0.0008 

0.144 
0.136 
0.136 
0.140 
0.129 
0.153 
0.192 
0.219 

11/21/01 
9047 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (°C): 
Duration: 
Test load (lb): 
Mean Test Radius (in): 

Aeroshell 33 
weathered 

DGBRNZTHRW6 
DGSTLTHRW 

0.0003 
0.0007 

0.1.43 
0.145 
0.136 
0.127 
0.120 
0.117 
0.117 
0.119 
0.121 
0.129 
0.120 
0.110 
0.116 
0.143 
0.139 
0.171 
0.167 
0.180 

This is Preliminary testing to find friction characteristics of these greases. 

5 
Ambient 

1 min/stage 
200to2200 

0.531 

See Graphs for Torque, Friction CoeffiCient, Load, Speed, and Specimen Temperature trends. 



• '100.00 

92.86 

85.71 

'78.57 

71.43 

64.29 

57.14 

50.00 

42.86 

35.71 

28.57 

21.43 

14.29 

7.14 

o.oo_J · 
00:48:37 

)escription 
~OEFFIC!ENT OF FRICTION 

~ORQUE 

NTEF~FACE TEMP. 

Bronze, Black Oxide, .)bil 28, HL, run 1 .---, 

00:50:37 01:39:14 

Batch Name Scale Range Eng. Units 01:39:14 

dgbrnzthrw1 0.00/0.20 Coef 0.19 

dgbrnzthrw1 0.00/25.00 N-m -6.93e-03 

dgbrnzthrw1 0.00/100.00 DEG.C 47.38 



• Bronze, Black Oxid.VIobil 28, run 2 .___, 

{ 

I 

r - -

00:00:26 01:02:53 01:03:20 

)escription Batch Name Scale Range Eng. Units 01:03:20 

::;oEFFICIENT OF FRICT10N dgbrnzthrw4 0.00/0.20 Coef 0.17 

fOR QUE dgbmzthrw4 0.00/25.00 N-m 0.00 

NTERFACE TEMP. dgbrnzthrw4 0.00/100.00 DEG.C 50.99 



• Bronze, Black Oxide, e3roshell 3~~. run 1 

00:00:18 00:59:00 00:59:18 
Jescription Batch Name Scale Range Eng. Units 00:59:18 
:::OEFFICiENT OF FRICTION dgbrnzthrw2 0.00/0.20 Coef '}l:*•k 

0.00/25.00 N-m -
dgbrnzthrw2 0.00/100.00 DEG.C **~"< 



• Bronze, Black Oxide, a~roshell 3~3, run 2 .----. 
100.00 

00:12:53 00:55:33 01:08:26 
Description Batch Name Scale Range Eng. Units 01:08:26 
COEFFICIENT OF FRICTION dgbrnzthrw5 0.00/0.20 Coef 0.17 

dgbrnzthrw5 0.00/25.00 N-m 5.98e-04 
INTERFACE TEIVIP. dgbrnzthrw5 0.00/100.00 DEG.C 52.40 



• Bronze, Black Oxide, Aeros.U Weathered, HL, run 1 
~-, '----,--, ----vimr-..,.---,~rm-on--- • 

00:34:40 00:34:57 
Description Batch Name Scale Range Eng. Units 00:34:57 
80EFFICIENT OF FRICTION dgbrnzthrw3 0.00/0.20 Coef 0.28 

dgbrnzthrw3 0.00/25.00 N-m 0.00 
NTERFACE TEIVIP. dgbrnzthrw3 0.00/100.00 DEG.C 46.91 



• Bronze, Black Oxide, Aerosh.·33 WeathHred, HL, run 2 
100.00---, 

.--n 
85.71 

78.57 

71.43 

64.29 

57.14 

50.00 

42.86 

35.71 

28.57 

2'1.43 

'14.29 

7.14 

0.00 llbi 
00:00:22 00:47:18 00:47:40 

Jescription Batch Name Scale Range Eng. Units 00:47:40 

:::OEFFICIENT OF FRICTION dgbrnzthiW6 0.00/0.20 Coef **')' 

0.00/25.00 N-m 

NTERFACE TEMP. dgbrnzthiW6 0.00/100.00 DEG.C *** 
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COMPANY: 
DATE: 
TECHNICIAN: 

Dombroff & Gilmore 

12/6/01 
M. Rapp 

MACHINE: 
METHOD: 

Falex-ISC Pin On Disk Tribometer System, S/N 808020000045 

ASTM G99 Modified 

TEST CONDITIONS: 

TEST SPEED (rpm): 
TEMPERATURE ec): 
DURATION (min): 
TEST LOAD (grams): 
LUBRICANT: 

TEST RESULTS: 

TEST DATE: 
TEST NUMBER: 
FILE IDENTIFICATION: 
DISK MATERIAL: 
PIN MATERIAL: 

20 
Ambient 

75 
100/ increments of 100 

Various 

11/17/01 
8002548 

DANDG06 
4140 oxide 
AI Bronze 

PIN MATERIAL: 
PIN GRADE: 
PIN POSITION: 
PIN TL# 
TEST RADIUS (mm): 

11/19/01 
8002549 

DANDG07 
4140 oxide 
AI Bronze 

PAGE: 
PROJ#: 

11/19/01 
8002550 

DANDG08 
4140 oxide 
Ai Bronze 

LUBRICANT: Mobil28 Aeroshell 33 Aeroshell 33 

TOTAL CYCLES: 
AVG. BALL SCAR (mm): 

COEFFICIENT OF FRICTION: 

TEST DATE: 
TEST NUMBER: 
FILE IDENTIFICATION: 
DISK MATERIAL: 
PIN MATERIAL: 
LUBRICANT: 

TOTAL CYCLES: 
AVG. BALL SCAR (mm): 

COEFFICIENT OF FRICTION: 

1602 
0.440 

11/27/01 
8002552 

DANOG10 
4140 oxide 
AI Bronze 

Weathered 

1637 1749 
0.560 0.550 

See Attached Graphs for Friction Traces 

11/27/01 
8002559 

OANOG11 
4140 oxide 
AI Bronze 

Aeroshell 33 Aeroshell 33 
Weathered 

1677 
0.500 

1742 
0.600 

See Attached Graphs for Friction Traces 

1 
01-111 

AI Btonze 
C95500 

90 
5028 

22 

11/19/01 
8002551 

OANDG09 
4140 oxide 
Ai Bronze 
Mobil28 

1856 
0.664 
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COMPANY: 

DATE: 
TECHNICIAN: 

Dombroff & Gilmore 

12/6/01 
M. Rapp 

MACHINE: 
METHOD: 

Falex-ISC Pin On Disk Tribometer System, S/N 808020000045 

ASTM G99 Modified 

TEST CONDITIONS: 

TEST SPEED (rpm): 20 PIN MATERIAL: 

TEMPERATURE (OC): Ambient PIN GRADE: 

DURATION (min): 75 PIN POSITION: 

TEST LOAD (grams): 100/ increments of 100 PINTL# 

LUBRICANT: Aeroshell 33, and Mobil 28 TEST RADIUS (mm): 

TEST RESULTS: 

TEST DATE; 11/17/01 11/19/01 

TEST NUMBER: 8002548 8002549 

FILE IDENT,FICATION: DANDG06 DANDG07 

DISK MATERIAL: 4140 oxide 4140 oxide 

PIN MATERIAL: AI Bronze AI Bronze 

PAGE: 

PROJ#: 

11/19/01 
8002550 

DANDG08 
4140 oxide 
AI Bronze 

LUBRICANT: 
a•-.L:t 4'lft 
IVIUUII ""0 

A-. ........ ~hall "2.-:t 
'"'~I V-QII'!iiiiOII VV Aeroshel! 33 

Weathered 

TOTAL CYCLES: 1602 1637 1749 

AVG. BALL SCAR: 0.440 0.560 0.550 

COEFFICIENT OF FRICTION: See Attached Graphs for Friction Traces 

TEST DATE: 11/27/01 11/27/01 

TEST NUMBER: 8002552 8002559 

FILE IDENTIFICATION: DANDG10 DANDG11 

DISK MATERIAL: 4140 oxide 4140 oxide 

PIN MATERIAL: AI Bronze AI Bronze 

LUBRICANT: Aeroshell 33 Aeroshell 33 
Weathered 

TOTAL CYCLES: 1677 1742 

AVG. BALL SCAR: 0.500 0.600 

COEFFICIENT OF FRICTION: See Attached Graphs for Friction Traces 

2 
01-111 

AI Bronze 
C95500 

90 
5028 

22 

11/19/01 
8002551 

DANDG09 
4140 oxide 
AI Bronze 
Mobil28 

1856 
0.664 
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Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

J-IOISh { u 10.): 

Hardness (BHN): 
FalexiD#: 

Lower Material: 
J-IOISh { u 10.): 

Hardness (BHN): 
FalexiD#: 

Ball Material: 
Hardness (HRc): 
Grade: 

Falex ID#: 

Test Resuits: 

Test Date: 
Test Number: 

Upper Falex ID#: 
Lower Falex ID #: 
Lubricant: 
Lubricant Falex ID #: 
Test Program Name: 
SaveFile Name: 

Comments: 

Dombroff & Gilmore 
12/07/01 
D. Hlavacek 

Three-Ball Microfilm 

Page: 
Project#: 

Falex Multi-Specimen Test Machine, Computer Controlled Version 

835000600496 

C95500 AI Bronze 
32 

112-123 
M-5174 

C95500 AI Bronze 
32 

112-123 
M-5173 

E-521 00 Steel, black oxide coated 

64-66 
5 
Lot99 

11/15/01 11/15/01 
0606404 0606405* 

M-5174 M-5174 
M-5173 M-5173 
Mobil28 Mobil28 

M4944 M4944 
DANDG3BL DANDG3BL 

dg3bl08 dg3bl09 

See Graphs for Friction and additional data. 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (OC): 

Test Load (lb): 
Mean Test Radius (in): 

11/28/01 
0606415 

M-5174 
M-5173 
Mobil28 
M4944 

DNG3BL2 
dg3bl18 

*Test conducted on same sample specimen set as 0606404. 

Coefficient of Friction (CoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 

1 
01-111 

20 
Ambient 

400-800 (50 lb steps) 
0.672 
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Company: Dombroff & Gilmore Page: 
Date: 12/07/01 Project#: 
Technician D. Hlavacek 

Method: Three-Ball Microfilm 
Machine: Falex Multi-Specimen Test Machine, Computer Controlled Version 
Serial#: 835000600496 

TEST SPECIMENS: TEST CONDITIONS: 
Upper Material: C95500 AI Bronze Test Speed (rpm): 

f-IniSh { u ln.): 32 Temperature ("C): 

Hardness (BHN): 112-123 Test Load (lb): 
FalexiD#: AA-5174 Mean Test Radius (in): 

Lower Material: C95500 AI Bronze 
f-IniSh { u ln.): 32 
Hardness (BHN): 112-123 

FalexiD#: AA-5173 

Ball Material: E-52100 Steel, black oxide coated 
Hardness (HRc): 64-66 
Grade: 5 

Falex ID#: Lot99 

Test Results: 

Test Date: 11/16/01 11/19/01 11/29/01 
Test Number: 0606407 0606408* 0606419 

Upper Falex ID #: AA-5174 AA-5174 AA-5174 
Lower Falex ID#: AA-5173 AA-5173 AA-5173 
Lubricant: Aeroshell 33 Aeroshell 33 Aeroshell 33 

Lubricant Falex ID #: AA4948 AA4948 AA4948 
Test Program Name: DNG3BL2 DNG3BL2 DNG3BL2 
SaveFile Name: dg3bl10 dg3bl11 dg3bl22 

Comments: See Graphs for Friction and additional data. 
*Test Conducted on same sample specimen set as 0606407. 

Coefficient of Friction <CoFl 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 
stationary material to the normal force (N) pressing these bodies together. 

2 
01-111 

20 
Ambient 

400-800 (50 lb steps) 
0.672 
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Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

1-lniSh ( u ln.): 

Hardness (BHN): 
FalexiD#: 

lower Material: 
t-1msn ( u m.): 

Hardness (BHN): 
FalexiD#: 

Ball Material: 
Hardness (HRc): 
Grade: 

FalexJD#: 

Test Results: 

Test Date: 
Test Number: 

Upper Falex 10 #: 
Lower Falex ID #: 
Lubricant: 

lubricant Falex ID #: 
Test Program Name: 
SaveFile Name: 

Comments: 

Dombroff & Gilmore Page: 
12107/01 Project#: 

D. Hlavacek 

Three-Ball Microfilm 
Falex Multi-Specimen Test Machine, Computer Controlled Version 
835000600496 

TEST CONDITIONS: 
C95500 AI Bronze Test Speed (rpm): 
32 Temperature (0 C): 

112-123 Test Load (lb): 
AA-5174 Mean Test Radius (in): 

C95500 AI Bronze 
32 
112-123 
AA-5173 

E-52100 Steel, black oxide coated 
64-66 
5 
Lot99 

11/19/01 11/19/01 11121/01 11/29/01 
0606409 0606410* 0606413 0606418 

AA-5174 AA-5174 AA-5174 AA-5174 

AA-5173 AA-5173 AA-5173 AA-5173 
Aeroshell 33 Aeroshell33 Aeroshell33 Aeroshell 33 

weathered weathered weathered weathered 

AA4949 AA4949 AA4949 AA4949 
DNG3BL2 DNG3BL2 DNG3BL2 DNG3BL2 
dg3bl12 dg3bl13 dg3bl16 dg3bl21 

See Graphs for Friction and additional data. 
"Test conducted on same sample specimen set as 0606409. 
Data file dg3bl12 not saved. 

Coefficient of Friction CCoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 

3 
01-111 

20 
Ambient 

400-800 (50 lb steps) 
0.672 
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Description 

1'\erosneue', run ·1 
~------------------------- • 

/ 

j 
;I 
<I 

JIL ------------------------------------------~--------------------------00:00:00 01:15:54 
Batch Name ------------------ -------------
dg3bl10 

0 

--- --------
Scale Range 
0.000/0.020 
0.00/1000.00 

-~ample Freq. _______ §_~~-~!.!~t-~---
00:00:01 
00:00:01, 

________ ----------- _.s:'5~!2!.:~~------- ___________ _ _Q~l~~~~~------- __ Pn~:gp~Q.:L ___ _ 

01 :i 5:54 

01:15:54 

1\Jo DH1a 
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~Rz.J 

Tilt .II. 

AVH 

Hmax 

Hln1n 
AREA 

r--; 
L 

:ucf 3 i:5L, o 

1515.745 u" 
1480.115 u" 

-0.316 deg 

142.283 u" 
253.937 u" 

'10. 157 u" 
3.'1761!:+06 u":2 

{.) t, 0 (, "''I) 7 

.~. 

Company Name 
Purpose 
Part':s Name 
Material 
Date 
Time 
Orientation 
Lot No. 
Sample No. 
Output Unit 
Polarity 
Pickup 

, SteLndard 
Type 

MeeL:surement Length 
Cutoff UJ'avelength 

Hag. 

' 
····---' ' ' 

0 .... ., ~ ..... 
0 
0 

' 0 -.. ~ .... 
' 

' 0 .. .. . ~ .. ,. .. 
' 

' .. .... r ...... 

.. .. "'~ ...... 

D&G Project 
Aeroahell 33 

3 ball Micro ~t·L'"'~c:.UG,e 
Al.Bronze/Oxide ballB 

01/11/19 
09:05:11 

• 

across path, at thermocouple 

01 
",u" 

Positive 
Standard Pickup 

ANSI 

Prof1le 
0.1" 

'9:06 A.'! 

~\e;; I<: c...' S t •,c·· t ( ~·: -_, 



• 

-Q) 
c: 
(J) 

e 
Q) 
:( 

r------------~~.,_------=,~==~---·---------

,.,.-
0 

0 
0 
0 
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ti 
(/) 
<D 
0 



• 

,•: 

P:::.J 

Tilt A 
AVH 

Hma.x 
Hmin 
ARE.it. 

L ......... ~ 

• ~-, 

~--·-!··-1---}--·-+--+--l---7---l---+-1 ~-+-----!----!- -+--+---+·-+----+----1--·-+·---l--··-:···-- +----~- ··+··-+·I• 

663.886 u" 
-0.636 deg 

270.891 u" 
758.896 u" 

40.787 u" 
9.915E+06 u"2 

lJ(i-=38LI( 

I 
I 

...... ! ....... .. - .. l .. ~ ~ 

Purpose 

I 
! 

Part'l!l Name 
Material 
Date 
Time 
Orientation 
Lot No. 
Sample No. 
Output Unit 
Polarity 
Pickup 
Standard 
Measurement Type 
Measurement Length 
Cutoff ~avelengch 
Measurement Mag. 

0606 jof{ 

' 
~ "' ~ ~ . 

Aeroshell 33 
3 ball Micro ~{<..l<uc·k> 

Al.Bronze/Oxide balls 
01/11/19 
15:51:32 

across path, at thermocouple 

07 
",u" 

Positive 
Standard Pickup 

ANSI 

Pt'ofile 
0.15" 

* 10K 

l.l,.IH/01 

• 

'.• 

3:52 PM 



• weathered Aere~;ell 33, run 1 __ _:___ ________ _ • 

00:00:00 01:07:08 
Description Batch Name --------scaleRange -~~!nple Fre<l:_ __ ~~-==~ -~~-~9:~9_!i[t~------ ___ 01 :o7:os 

0.000/0.020 00:00:01 
0.00/"1000.00 00:00:01 
(l.00/50.00 00:00:0·1 

-·-·--·- --- -~ ----- --·----

: i 
:I 

I 
01:07:08 



• 

. ',• 

Y. 

; .. 

,,I'• 

Pt 
~Rz.J u" 

Tilt A < -0.308 deg 
AVH 1?3.958 u" 

Hmax 350.314 u" 

Hm1n 40.787 u" 

AREA 3.932E+06 u"2 

DG3i?L!z 

• 

I 
I 

-~ .. ~- .. ~~·· .. r-~-

I I : 
-··r··-~·-·r··· 

' . 

• 

H~~~)(!:~[iit~~:j(~~i:~ij~li~£1;;, ;•tl:!;; :;:·U::::,~, :c~~::: · . ~H:; :S~~::·~~~ue·J'~;f;J,.:; :I Set va. . . I "" 

•· Lot. No. 
.. San1p le No. 
J Out:put Unit 

Type 

Me~Lsurement Length 
Cut;off Wavelength 

Mag. 

o 6tJ ~(,c.<J 

Aeroshell 33 ~eathered 

3 ball Micro ~lo~uE~ 
Al;Bronze/Oxide balls 

01/11/19 
15:23:22 

across path, at thermocouple 

03 

, 'u'' 
Positive 

Standard Pickup 
ANSI 

Profile 
0.1" 

1/ 
.::;-12 

e;<o.t. #6c. c.. ;; -::s 



-----

c 
.2 
li 
·c 
(.) 
(/) 
(!) 

0 



0 
0 
~ 

--------------- ---------- r---
0 
N 



(u"l 

~ .... ~ ~ 

--+·--~- --~·-+·+·· 

-1000 f~--~-+-·+·~!--··-f-.----i-44rt--·l---++-+-·-l---t~-+ i I 1 - I I I I ·-l--+--f.......f--4 ~-~+1 

Paramet-er ·liatne:·· 

f' r 2803.065 

·R:c.J 1232.622 

Tll( A 0.440 

J,.VH 'ill. 493 

HlllctX 1336.612 

H.J<illl 'il.417 

P.l-I.LI>. 4. 6'i0E+07 

u" 
u" 
deg 
U" 

u" 
u" 
u"2 

Company Name 
.::Purpose 
Part:'~ Name 
Material 

\;Date 

l Time 
,'Orientation 

Lot No. 
·;:,Sample No. 
·;.Output Unit 
,!h Polarity 
'!I 
,'i Pickup 
'i Standard 

Measur~ent Type 
Mea~urement Length 
Cutoff ~avelength 
Measur~ent Mag. 

r~ D· o·r··-;;-·"' r .. ~.;-..••.•... ~.;:~-::JF~:-~-t;;;~rw:~~~f~TI~~~¥~~ 
~ ~ ... \! I. 

3 ball Micro lower 
Al.Bron~e/Oxlde ball~ 

01/11/29 

03:53:56 

ac1~oss path, ar. therraocoup le 

13 

",u" 
Positive 

Sr.andard Pickup 
ANSI 

Profile 
0.18" 

11 lOK 

\'-)\Dt~lL 

•, 

! ~ ' 

... 



• 

--(J) 
r::. 
en 
0 
'-

~ 

• 

i 

I ·i 0""· 
'Q) I i .... i 
~~~~ :_.o 
; g.1c; 

t::! 0 
ct)l" 

!U)!g 
I I 
! I 

;Q) 

:E 
'ct! 
jz 
i-§ 
:«; 
:m 

c 
0 :a 
·c: 
0 
UJ 
(!) 

0 

! 



• 

(u;!i) 

Pt 

Rz .J 

Tilt: lt 

AVH 

Hmax 

Hmin 
A. REP. 

C~~· 

.~. 

Me as 

H;;~IMi ;;/~~a:;~ 
' 

o>.. ~ ~ • "' } - ~ - f'. :I I 
!--~-~-~--+--+---+--~-~~-- +-- · :E: I 1--: ---r- --r--[Ec [--:· --J·---r · .. ;1 l 

___ , ______ , ___ ---•--- ___ , ___ ---- - ---·--- - L--- ••• L ••••• L.. .l . I ' 
o ~- : \1 : 1 : 11: r : ~ : ~ : : : ! : -~ lJ . 

·--~-- ..... r .. ~ .. 
' ' 

' ' •.. r ..• 
' 

! [. : t ' · ·- r- • · ·-- f ·--
' ' 

,.~t@~~ ~-~r :··t 1 · 

t---·+--+-+--+~-+ t,t: I I I ! I -t--1-' - , . ! j 

---~--- -~- --- -- . ~ ·:1 i . 
·.:~ 

:-:-~~~~~~~:-r7?:t~~~~~tr::t:::~.:t .:;;'. 

547.605 u" 
o. '!13 deg 

234.3'!9 U" 
698.503 u" 
39.921 u" 

2. 2 62E+07 u"2 

Ste.ndarct 
Mee.surement Type 
Mee.surement Length 
Cut.o:ff TJavelength 
Mee,surement Mag. 

Aeroshell 33, 

3 ball Micro lower 

Al.Bronze/Oxicte ball~ 
01/11/29 
14:03:59 

acro~s path, at thermocouple 

16 
",un 

Positive 
scanctard Pickup 

ANSI 

Prof1le 
0.18" 

"' lOK 

• 

2~05 f'I{ 



9. 
5f; 

-
G 

• c 
u!"l· 
(;0: 

I 9· 
' ...-
I 0 

I 

I 

t!!': 

c: 
~ 

0 
::::: 

" 
w 

j 

i 
' ~ 
~ 
u c7 ' I ~ ·u... 

~ l eo 
~ 

a. a 
I ~0 

::::l «i·a 
I .(I): 0 

1-

- I 

"" 
! 

Cf) ~~ 

~~ Q) . G); 
C»: 0 - ' C:IN 

• I (G.O 
0::·6 

l ;Cb:a 
l ii:o 

1- 0,~ 
Q) I ;W;o 

=::( 
0 I Q) 
1- l 
Q) l 
.c:: I 

...... I 
ro I 

I 
Q) 

I > Q)! 
> ·E: 

I :z! 
>~! ·-. ctli 
:m: 



~ 

Pt 
Rz.J u" 
Tilt A. deg 
AVH 279.521 U" 
!'.max 969.447 u" 
Hlnin 40.394 u" 
AREA 2.'1.37E+07 U"Z 

., 

. )--l--~ --l--~- -l- --l--- . '" 

···f····~---~··· 

Part':!! Neune 

Output Unit 

I 
I 

Standard 
Mea:5urernent Type 
Meaeurernent Length 
Cutoff ~avelength 
Mea:!lurernent Hag. 

.... ~--. 

Veath. Aero. 33, Run 1 
3 ball Micro lo~er 

Al.Bronte/Oxide ball~ 
01/11/29 
11:20:55 

across path, at thermocouple 

15 
",u" 

Positive 
Standard Pickup 

ANSI 

Profile 
0.18" 

* 10K 

• 

J:;~:;u AM 



1.1'-16-2001 TEST GROUP is FALEX 
TEST is DNG3BL2 

22:32:19 
PAGE 1 

~-1ACHINE 

PARAMETER 

CONFIGtmATION LIST NTJMBER 
SPECIMEN TYPE 
LOAD RANGE 
TYPE OF MOTION 
UNIDIRECTIONAL SPEED FP~GE 
CYCLE/DISTANCE RESOLUTION 
TORQUE SENSOR PJrnGE TYPE 
TEMPERATURE CONTROL. 

T E s T L 

PAFAt.!ETER M..:ZLXIMUM 

SPEED 24 
SPECIMEN LOAD 86.4 ... 0 
CH.ZU..ffiER TEMP . 421 
SPECIMEN TEMP. 421 fi'1 1200 

~.LE 30000 
DISTli~CE 30000 

I M 

COEFFRIC. 2.0000 
TORQUE 10.00 
VIBRATION 20.00 
EL.~PSED TIME 522:59:59 

START 

PARAMETER 

STARTING SEQUENCE 
INITIAL SPEED SETPOINT 
INITIAL SPECIMEN LOll~ SETPOINT 
INITIAL TEMPERATURE SETPOINT 
START SPEED HOLD TIME 
START LO]In HOLD TIME 
INITIAL SPEED ~~p P~TE 
INITIAL LO]I~ PP~P P-~TE 

I 

IS SPECIAL CONFIGURATION REQUIRE 
IGNORE TEMPEP-~TURE OVERSHOOT 

• s p E c I ;.._ L c 

T 

S E T - U P SUf'-1MARY 

s s 

CURRENT. CONFIGURATION 

006-108-023 
3 Ball Micro Film 
HIGH 10 to 820 lbs. 
UNIDIRECTIONAL 
0 23 RPM 
1 
LOW 10 LBS 
SPECIMEN 

UMM A R y 

ALERT SHUTDOY.1N 

23 24 
8.20.0 850.0 

200 200 
120 200 

0 0 
0 0 
0 0 
0.0000 0.0000 
5.00 9.00 
0.00 0.00 

RPf'-1 
LBS 
DEG c 
DEG C 
.0001 

FEET 

LB. IN. 
G 

005:00:00 005:01:00 HHH:MM:SS 

T E S T SUMMARY 

ONF 

MAXIMill-1 

22 
807.0 

189 
3600 
3600 
:LOOO 

600 

I GUR A T 

VALUE 

9 
20 

200.0 
15 

0 
0 

10 
20 

YES 
YES 

I 0 N s 

SPEED-LOAD 
RPM 
LBS 
DEG C 
SEC 
SEC 
RPM/SEC 
LBS/SEC 

UMM A R y 

SPEED LOAD TEMP. SPEED LOJl..D NEXT 
POINT SETPT SETPT SETPT FATE. RATE DURATION STEP 

1 20.0 200 15 10 20 300 2 

IN. 

REPS 
1 



2,, 20.0 250 15 10 10 300 3 1 
3 20.0 300 15 10 20 300 4 1 
4 20.0 350 15 10 20 300 5 1 

.) 
5 20.0 400 15 10 20 300 6 1 
6 20.0 450 15 10 20 300 7 1 
7 20.0 500 15 10 20 300 0 1 v 

8 20.0 550 15 10 20 300 9 1 
9 20.0 600 15 10 20 300 10 1 

10 20.0 650 15 10 20 300 11 1 
1 1 "lf'l f'l '7f'lf'l 15 10 20· 300 12 1 .......... .c..v.v IVV 

12 20.0 750 15 10 20 300 13 1 
13 20.0 800 15 10 20 300 40 1 
14 0.0 0 0 0 0 0 0 0 
15 0.0 f'l 0 0 0 0 0 0 v 

16 0.0 0 0 0 0 0 0 0 
17 0.0 0 0 0 0 0 0 0 
18 o.o 0 0 0 0 0 0 0 
19 0.0 0 0 0 0 0 0 0 
20 0.0 0 0 0 0 0 0 0 
21 0.0 0 0 0 0 0 0 0 
22 0.0 0 0 0 0 0 0 0 
23 0.0 0 0 0 0 0 0 0 
24 0.0 0 0 0 0 0 0 0 
25 0.0 0 0 0 0 0 0 0 
26 0.0 0 0 0 0 0 0 0 
27 0.0 0 0 0 0 0 0 0 
28 0.0 0 0 0 0 0 0 0 
29 0.0 0 0 0 0 0 0 0 
30 0.0 0 0 0 0 0 0 0 

4i' ~~ 0.0 0 0 0 0 0 0 0 
0.0 0 0 0 0 0 0 0 

33 0.0 0 0 0 0 0 0 0 
34 0.0 0 0 0 0 0 0 0 
35 0.0 0 0 0 0 0 0 f'l v 

36 0.0 0 0 0 0 0 0 0 
37 0.0 0 0 0 0 0 0 0 
38 0.0 0 0 0 0 0 0 0 
39 0.0 0 0 0 0 0 0 f'l v 

40 0.0 0 0 0 0 0 0 0 



Company: 
Date: 

Dombroff & Gilmore 
12/03/01 

Page: 
Project#: 

1 
01-111 

Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (fl. in.): 
Hardness (HRc): 

FalexiD#: 

Lower Material: 
Finish (!1 in.): 
Hardness (HRc): 

FalexiD#: 

Test Results: 

Test Date: 
Test Number. 

Upper Falex ID #: 
Lower Falex ID #: 
Lubricant 

Lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 

Mass Loss, Upper (mg): 
Mass Loss, Lower (mg): 

N. Pekoe 

Modified Thrust Washer 
Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 
809C350011008, 009-091-:105 

C95500 AI Bronze 
32 

112-123 
5172 

AISI4140 Steel, black oxide coated 
32 

Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5164 

11/26/01 
09048 

5172A 
5164A 

Aeroshell33 
weathered 

4949 
DGWEAR01 

D&GWEARTEST 

19.1 
1.7 

12/03/01 
09057 

5172J 
5164J 

Aeroshell33 
weathered 

4949 
DGWEAR07 

D&GWEARTEST 

22.8 
1.3 

51728 
51648 

Mobil28 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (OC): 
Duration (hr): 
Test Load (lb): 
Mean Test Radius (in): 
Contact pressure (psO: 

11/29/01 
09052 

5172E 
5164E 

Mobil28 

4944 4944 
DGWEAR02 DGWEAR04 

D&GWEARTEST D&GWEARTEST 

5.7 
1.7 

3.2 
1.8 

Bronze height change (mm): N/A 0.031 0.0128 0.009 

Comments: See Graphs forT orque, Friction Coefficient, Load, and Specimen Temperature trends. 

Coefficient of Friction CCoFl 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 
stationary material to the normal force (N) pressing these bodies together. 

5 
Ambient 

24 
1520 

(~) 



Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Materiat 

Finish (!1 in.): 
Hardness (HRc): 

FalexiD#: 

Lower Material: 
Finish (!1 in.): 
Hardness (HRc): 

FalexiD#: 

Test Results: 

Test Date: 
Test Number. 

Upper Falex ID #: 
Lower Falex ID #: 
Lubricant: 

Lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 

Mass Loss, Upper (mg): 
Mass Loss, Lower (mg): 

Dombroff & Gt1more 
12103/01 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 

2 
01-111 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 
809C350011 008, 009-091-105 

C95500 AI Bronze 
32 

112-123 
5172 

AISI4140 Steel Black Oxide Coated 
32 

Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5164 

11/28/01 
09050 

12103/01 
9058 

5172K 
5164K 

5172C 
5164C 

Aeroshell 33 Aeroshell 33 

4948 
DGWEAR03 

D&GWEARTEST 

41.4 
1.9 

4948 
TDAT002-003 

DGTHWRT 

23.7 
1.9 

TEST CONDmONS: 
Test Speed (rpm): 5 
Temperature (°C): Ambient 
Duration (hr): 24 
Test Load (lb): 1520 
Mean Test Radius (in): ~\ 
Contact Pressure (psQ: L/ 

11/29/01 11/30/01 
09053* 09054* 

5172F 5172G 
5164F 5164G 

Aeroshell 33 Aeroshell 33 

Weathered Weathered 

4949 4949 
TDAT038-039 DGWEAR05 
DGTHWRT D&GWEARTEST 

52.0 98.0 
0.8 1.6 

Bronze height change (mm): 0.082 0.0305 0.077 0.024 

Comments: See Graphs for Torque, Friction Coefficient, Load, and Specimen Temperature trends. 
*Pin for the upper (rotating) specimen broke. 

CoeffiCient of Friction (CoFl 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 



Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (f.l in): 
Hardness (HRc): 

FalexlD#: 

lower Material: 
Finish (f.l in): 
Hardness (HRc): 

FalexiD#: 

Test Results: 

Test Date: 
Test Number: 

Upper Falex 10 #: 
lower Falex 10 #: 
Lubricant 

lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 

Mass Loss, Upper (mg): 
Mass Loss, lower (mg): 

Dombroff & Gilmore 
12/03/01 
N. Pekoe I M. Rapp 

ModifJed Thrust Washer 

Page: 
Project#: 

3 
01-111 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 

809C350011008,009Yl91-105 

C95500 AI Bronze 
32 

112-123 
5172 

AISI4140 Steel, black oxide coated 

32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5164 

11/28/01 
9051* 

51720 
51640 

Aeroshell 33 
weathered 

4949 
TDAT018-037 

DGTHWRT 

22.4 
1.8 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (OC): 
Duration (hr): 
Test Load (lb): 
Mean Test Radius (in): 
Contact Pressure (psi): 

12/1/01 
09056* 

51721 
51641 

Aeroshell 33 

4948 
TDAT000-001 

DGTHWRT 

26.2 
1.0 

Bronze height change (mm): 0:025 0.025 

Comments: See Graphs for Torque, Friction Coefficient, Load, and Specimen Temperature trends. 

*Pin for the upper (rotating) specimen broke. 

Coefficient of Friction <CoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 

5 
Ambient 

24 
1520 

)!ts~6~~, ~0~-



• Bronze, Black Oxid.Mobil 28, run 1 • 
--------. 

00:00:00 1 Days 00:14:28 1 Days 00:14:28 

)escription Batch Name Scale Range Eng. Units 1 Day 00:14:28 

~OEFFICIENT OF FRICTION dgwear02 0.00/0.50 Coef 0.00 

0.00/10000.00 N 

dgwear02 0.00/50.00 N~m -5.42e~03 



• 

25 

14 

.11 

00:00:00 

1escription 
:OEFFICIENT OF FRICTION 

Bronze, Black OxidiMobil 28, run 2 I -

Batch Name 
dgwear04 

1 Days 00:10:15 

Scale Range 
0.00/0.50 

0.00/'1 0000.00 
0.00/50.00 

Eng. Units 
Coef 

1\1 
N-m 

1 Days 00:10:15 

1 Day 00:10:15 
0.26 

-5.80e-03 



• Bronze, Black Oxide,.)roshell 33, run 1 1-----. 

00:00:00 1 Days 00:15:16 1 Days 00:15:16 

)ascription Batch Name Scale Range Eng. Units 1 Day 00:15:16 

~OEFFICIENT OF FRICTION clgwear03 0.00/0.50 Coef 0.30 

0.00/10000.00 N 

dgwear03 0.00/50.00 N-m -6.88e-03 



Bronze, Black Oxide, Aero.111 33 Weathered, run 1 
'--, 

,______, 

00:00:00 1 Days 00: 13:26 1 Days 00: 13:26 
~----------------

---·········---·-·········---

)ascription Batch Name Scale Range Eng. Units 1 Day 00:13:26 

~OEFFICIENT OF FRICTION dgwear01 0.00/0.50 Coef 0.29 

0.00/'l 0000.00 N 

dgwear01 0.00/50.00 N~m 4.21e-03 



• 

>ascription 
;OEFFICIENT OF FRICTION 

Bronze, Black Oxide, Aeroseu 33 Weathered, run 3 1-. 
30.00---, 

O.OO~L-------------------------------------------·--------------------------------~ 
00:00:00 1 Days 00:25:54 1 Days 00:25:54 

Batch Name 
dgwear07 

dgwear07 

Scale Range Eng. Units 1 Day 00:25:54 

0.00/0.50 Coef 

0.00/10000.00 
0.00/30.00 

!\1 
N-m 

*** 

*** 



• 

l.32 

).2'1 

).18 

).14 

).11 

).07 

J.04 

J.OO 

Jescription 
~OEFFICIENT OF FRICTION 

Bronze, Black Oxide, Aero.}ll 33 Weathered, run 2 .,---, 
50.00---, 

0.00~~--------------------------------------~:--------------------------------~ 
00:00:00 1 Days 00:27:19 1 Days 00:27:19 

Batch Name 
dgwear05 

dgwear05 

Scale Range Eng. Units 1 Day 00:27:19 

0.00/0.50 Coef 

0.00/10000.00 
0.00/50.00 

N 
Nwm ·k:k* 



~ • 

i 

Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/21/2001 
M. Rapp 

Page: 
Project#: 

19 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 

Testing Specimens: 
Sample ID: 
Falex ID#: 

Block Type: 
Material: 
Finish (!lin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (!lin): 
Condition 

Fa!ex !D#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

800135004198 

Mobil28 
4944 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI 4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.3972 
7.3912 
0.0060 

Ring 
22.2658 
22.2652 
0.0006 

Test file: 3704_180.xls 
Save file: D&G35 

Testing Conditions: 

Speed (cpm): 
Temperature eC): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

Test block and ring shared with Test #0107423. Single score mark is this .test. 

87.5 
Ambient 
180 
5000 
goo 

11/21/01 
0107422 

3.137 
3.119 
3.071 
3.109 
0.028 
0.896 
0.9111 

5,882 



i 

Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/21/2001 
M. Rapp 

Page: 
Project#: 

20 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Mobil 28 
Falex ID #: 4944 

Block Type: 
Material: 
Finish ~in): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (J.Lin): 

Condition 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 

Block 
7.3915 
7.3849 
0.0066 

Ring 
22.2652 
22.2653 
-0.0001 

Test file: 3704_180.xls 
Save file: D&G36 

Testing Conditions: 

Speed (cpm): 
Temperature CCC): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 

Volumetric Wear (mm3
): 

Final Pressure (psi): 

Test block and ring shared with Test #0107422. Double score mark is this test. 

87.5 
Ambient 
180 
5000 
goo 

11/21/01 
0107423 

3.267 
3.264 
3.232 
3.254 
0.016 
0.487 
1.0452 

5,620 



Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/15/2001 
M. Rapp 

Page: 
Project#: 

14 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 
Serial#: 800135004198 

Testing Specimens: 
Sample ID: Aeroshell 33 
Falex ID #: 4948 

Block Type: 
Material: 
Finish (!.tin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (!lin): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
c:<~c:n 
vlvV 

Block 
7.3989 
7.3929 
0.0060 

Ring 
22.3005 
22.2993 
0.0012 

Test file: 3704_180.xls 
Save file: D&G30 

TeSting Conditions: 

Speed (cpm): 
Temperature eq: 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
180 
5000 
goo 

11/14/01 
0107417 

2.995 
2.931 
2.829 
2.918 
0.068 
2.342 
0.7533 

6,267 



Company: 
Date: 
Technician: 

Dombroff & Gilmore 

11/21/2001 
M. Rapp 

Page: 
Project#: 

15 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Aeroshell33 

Falex ID #: 4948 

Block Type: 
Material: 
Finish (~in): 

Hardness (BHN): 
FalexiD#: 
Ring Type: 

Material: 
Finish (~in): 

Condition 

Fa!ex 10#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AIS14140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.3942 
7.3877 
0.0065 

Ring 
22.3002 
22.3002 
0.0000 

Test file: 3704_180.xls 
Save file: D&G31 

Testing Conditions: 

Speed (cpm): 
Temperature eq: 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

Test block and ring shared with Test#0107417. Double score mark is this test. 

87.5 
Ambient 
180 
5000 
goo 

11/20/01 
0107418 

3.236 
3.289 
3.202 
3.242 
0.036 
1.104 

1.0337 

5,640 
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Company: 
Date: 
Technician: 

Dombroff & Gilmore 
12/03/2001 
M. Rapp 

Page: 
Project#: 

32 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Aeroshell 33 
Falex ID #: 4948 

Block Type: 
Material: 
Finish {p.in): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (p.in): 

Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 ' 

112-123 
5212 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.4439 
7.4347 
0.0092 

Ring 
22.3125 
22.3119 
0.0006 

Test file: 3704 _180.xls 
Save file: D&G48 

Testing Conditions: 

Speed (cpm): 
Temperature (c>C): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation(%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
180 
5000 
goo 

11/30/01 
0107435 

3.472 
3.429 
3.378 
3.426 
0.038 
1.121 
1.2202 

5,337 
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Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/21/2001 
M. Rapp 

Page: 
Project#: 

16 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 

Falex ID #: 4949 

Block Type: 
Material: 
Finish (!lin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Mateiial: 
Finish (J.Lin): 

Condition 

Faiex 10#: 

Test Resuts: 
Mass Data, g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI 4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 
J::-4£:(\ 
vtvv 

Block 
7.3921 
7.3857 
0.0064 

Ring 
22.3134 
22.3121 
0.0013 

Test file: 3704_180.xls 
Save file: D&G32 

Testing Conditions: 

Speed (cpm): 
Temperature eC): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 

Coefficient of Variation (%) 

Volumetric Wear (mm3
): 

Final Pressure (psi): 

Test block and ring shared with Test #0107421. Single score mark is this test. 

87.5 
Ambient 
180 
5000 
goo 

11/20/01 
0107419 

3.287 
3.238 
3.220 
3.248 
0.028 
0.872 
1.0394 

5,630 
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Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/21/2001 
M. Rapp 

Page: 
Project#: 

18 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 

Falex ID #: 4949 

Block Type: 
Material: 
Finish (J.tin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (J.tin): 

Condition 

Faiex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 
h-t~::n 
VIVV 

Block 
7.3857 
7.3782 
0.0075 

Ring 
22.3130 
22.3133 
-0.0003 

Test file: 3704_180.xls 

Save file: D&G34 

Testing Conditions: 

Speed (cpm): 
Temperature ec}: 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 

Measurement 1 (mm): 

Measurement 2 (mm): 

Measurement 3 (mm): 

Average Scar (mm): 

Standared Deviation: 

Coefficient of Variation(%) 

Volumetric Wear (mm3
): 

Final Pressure (psi): 

Test block and ring shared with Test #0107419. Double score mark is this test. 

87.5 
Ambient 
180 
5000 
goo 

11/20/01 
0107421 

3.25.6 

3.245 
3.225 
3.242 
0.013 
0.396 
1.0333 

5,641 



Company: 
Date: 
Technician: 

Dombroff & Gilmore 

12/11/01 
M. Rapp 

Page: 
Project#: 

31 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Aeroshell 33 

Falex ID #: 4948 

Block Type: 
Material: 
Finish {!.lin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish {J.lin): 

Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 
t::.·u:;n 
VIVV 

Block 
7.4015 
7.3960 
0.0055 

Ring 
22.3328 
22.3325 
0.0003 

Test file: 3704_1801s.xls 

Save file: D&G47 

Testing Conditions: 

Speed {cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 

Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

2.1 
Ambient 
180 
5000 
goo 

11/28/01 
0107434 

3.097 
3.051 
3.050 
3.066 
0.022 
0.715 
0.8738 

5,965 
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Company: 

Date: 
Technician: 

Dombroff & Gilmore 

12/11/01 
M. Rapp 

Page: 
Project#: 

22 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 

Sample ID: Mobil 28 

Falex ID #: 4944 

Block Type: 
Material: 
Finish (!lin): 

Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish {!lin): 

Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.3837 
7.3807 
0.0030 

Ring 
22.3608 
22.3606 
0.0002 

Test file: 3704_1801s.xls 

Save file: D&G38 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 

Measurement 1 (mm): 

Measurement 2 (mm): 

Measurement 3 (mm): 

Average Scar (mm): 

Standared Deviation: 

Coefficient of Variation (%) 

Volumetric. Wear {mm3): 

Final Pressure (psi): 

2.1 
Ambient 
180 
5000 
goo 

11121/01 
0107425 

3.030 
2.974 
2.936 
2.980 
0.039 
1.296 
0.8022 

6,137 
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Company: 

Date: 
Technician: 

Dombroff & Gilmore 
11/1212001 
M. Rapp 

Page: 
Project#: 

7 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell33 

Falex ID #: 4949 

Block Type: 
Material: 
Finish (!.tin): 

Hardness (BHN): 

FalexiD#: 
Ring Type: 

Material: 
Finish (~-~.in): 

Condition 

FalexiD#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
.5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.3831 
7.3694 
0.0137 

Ring 
22.3041 
22.3039 
0.0002 

Test file: 3704_360.xls 

Save file: D&G23 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 

Measurement 1 (mm): 

Measurement 2 (mm): 

Measurement 3 (mm): 

Average Scar (mm): 

Standared Deviation: 
Coefficient of Variation (%) 

Volumetric Wear (mm3
): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

11/9/01 
0107410 

4.088 
4.061 
4.033 
4.061 
0.022 
0.553 
2.0335 

9,007 

2.5ml of Arco deicer (TL# 5063) was applied three times, at start of test, 20 minutes and 40 minutes. 
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Company: 

Date: 
Technician: 

Dombroff & Gilmore 

11/12/2001 
M. Rapp 

Page: 
Project#: 

8 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Mobil28 

Falex ID #: 4944 

Block Type: 
Material: 
Finish (J.Lin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (J.Lin): 

Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.3974 
7.3850 
0.0124 

Ring 
22.3245 
22.3236 
0.0009 

Test file: 3704_360.xls 

Save file: D&G24 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 

Measurement 1 (mm): 

Measurement 2 (mm): 

Measurement 3 (mm): 

Average Scar (mm): 
Standared Deviation: 

Coefficient of Variation (%) 

Volumetric Wear (mm3
): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

11/10/01 
0107411 

3.960 
3.928 
3.859 
3.916 
0.042 
1.076 
1.8228 

9,341 

2.5ml of Arco deicer (TL# 5063) was applied three times, at start of test, 20 minutes and 40 minutes. 
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Date: 
Technician: 

Dombroff & Gilmore 
11/12/2001 
M. Rapp 

Page: 
Project#: 

10 
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Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 

Testing Specimens: 
Sample ID: 
Falex ID#: 

Block Type: 
Material: 
Finish (~in): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (~in): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

800135004198 

Mobi128 
4944 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Fa lex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.4001 
7.3907 
0.0094 

Ring 
22.3107 
22.3101 
0.0006 

Test file: 3704_360.xls 
Save file: D&G26 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation(%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

11/10/01 
0107413 

3.143 
3.661 
4.092 
3.632 
0.388 
10.682 
1.4539 

10,070 

2.5ml of Arco deicer (TL# 5063) was applied three times, at start of test, 20 minutes and 40 minutes. 

Test failed due to exceeding Coefficient of Variation. Test was re-run as Test 0107414 

Block side with single score mark is this test, double score mark is Test 0107414 
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Technician: 

Dombroff & Gilmore 
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M. Rapp 
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Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 

Fa lex ID #: 4949 

Block Type: 
Material: 
Finish (~-tin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (~-tin): 

Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.3875 
7.3773 
0.0102 

Ring 
22.2462 
22.2454 
0.0008 

Test file: 3704_360.xls 

Save file: D&G33 

Testing Conditions: 

Speed (cpm): 
Temperature eC): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 

Measurement 1 (mm): 

Measurement 2 (mm): 

Measurement 3 (mm): 

Average Scar (mm}: 
Standared Deviation: 
Coefficient of Variation(%) 

Volumetric Wear (mm3
): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

11/20/01 
0107420 

3.874 
3.852 
3.805 
3.844 
0.029 
0.749 
1.7238 

9,516 

2.5ml of Arco deicer (TL# 5063) was applied three times, at start of test, 20 minutes and 40 minutes. 

Test block and ring shared with Test #01 07 412. Double score mark is this test. 
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Technician: 

Dombroff & Gilmore 
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Page: 
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21 
01-111 

Test MethOd: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 

Sample ID: Weathered Aeroshell 33 

Falex ID #: 4949 

Block Type: 
Material: 
Finish (!lin): 

Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (!lin): 

Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.4085 
7.4021 
0.0064 

Ring 
22.3292 
22.3281 
0.0011 

Test file: 3704_180.xls 

Save file: D&G37 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 

Measurement 1 (mm): 

Measurement 2 (mm): 

Measurement 3 (mm): 

Average Scar (mm}: 

Standared Deviation: 

Coefficient of Variation(%) 

Volumetric Wear (mm3
): 

Final Pressure (psi): 

2.5ml of deicer was applied three times, at start of test, 20 and 40 minutes 

87.5 
Ambient 
180 
5000 
goo 

11/21/01 
0107424 

3.158 
3.151 
3.149 
3.153 
0.004 
0.122 
0.9501 

5,801 
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Date: 
Technician: 

Dombroff & Gilmore 

11/26/2001 
M. Rapp 

Page: 
Project#: 

23 
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Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 

Falex ID #: 4949 

Block Type: 
Material: 
Finish (~in): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish ~in): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 
5150 

Block 
7.4112 
7.3979 
0.0133 

Ring 
22.3319 
22.3309 
0.0010 

Test file: 3704_360ht.xls 
Save file: D&G39 

2.5ml of distilled water was applied at start of test. 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mrn): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
95 
360 
5000 
goo 

11/26/01 
0107426 

4.111 
4.051 
4.003 
4.055 
0.044 
1.090 
2.0249 

9,020 

'i Block and ring shared with test #01 07 427. Single score mark is this test. 
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Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 

Falex ID #: 4949 

Block Type: 
Material: 
Finish (~in): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (~in): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. q 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.3976 
7.3841 
0.0135 

Ring 
22.2309 
22.2304 
0.0005 

Test file: 3704_360ht.xls 
Save file: D&G40 

2.5ml of distilled water was applied at start of test. 

Testing Conditions: 

Speed (cpm): 
Temperature (DC): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

Block and ring shared with test #01 07 426. Double score mark is this test 

87.5 
95 
360 
5000 
goo 

11/26/01 
0107427 

4.004 
3.998 
3.998 
4.000 
0.003 
0.071 
1.9434 

9,144 
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Page: 
Project#: 

25 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 
Falex ID #: 4949 

Block Type: 
Material: 
Finish (J.Lin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (J.Lin): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.3988 
7.3845 
0.0143 

Ring 
22.2643 
22.2633 
0.0010 

Test file: 3704_360ht.xls 
Save file: D&G41 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

Block and ring shared with test#0107429. Single score mark is this test 

87.5 
95 
360 
5000 
goo 

11/27/01 
0107428 

4.089 
4.034 
4.023 
4.049 
0.029 
0.713 

2.0154 

9,034 



Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/28/2001 
M. Rapp 

Page: 
Project#: 

26 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 

Falex ID #: 4949 

Block Type: 
Material: 
Finish (~in}: 
Hardness (BHN}: 

Falex ID#: 
Ring Type: 

Material: 
Finish (~in): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. q 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 
5150 

Block 
7.3838 
7.3709 
0.0129 

Ring 
22.2634 
22.2634 
0.0000 

Test file: 3704_360ht.xls 
Save file: D&G42 

Testing Conditions: 

Speed (cpm}: 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm}: 
Standared Deviation: 
Coefficient of Variation (%) 

Volumetric Wear {mm3
): 

Final Pressure {psi): 

i Block and ring shared with test#0107428. Double score mark is this test. 

87.5 
95 
360 
5000 
goo 

11127/01 
0107429 

4.050 
3.982 
3.978 
4.003 
0.033 
0.825 
1.9483 

9,136 
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Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/28/2001 
M. Rapp 

Page: 
Project#: 

27 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Fa lex Computer Controlled Block on Ring Test Machine 

Serial#: 

Testing Specimens: 
Sample ID: 
Falex ID#: 

Block Type: 
Material: 
Finish (Jlin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (!.tin): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

800135004198 

Mobil28 
4944 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.3935 
7.3877 
0.0058 

Ring 
22.3219 
22.3217 
0.0002 

Test file: 3704_360ht.xls 
Save file: D&G43 

2.5 ml of water was applied at start of test. 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mni): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation(%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

Block and ring shared with test #01 07431. Single score mark is this test. 

87.5 
95 
360 
5000 
goo 

11/27/01 
0107430 

3.262 
3.183 
3.139 
3.195 
0.051 
1.593 

0.9887 

11,449 



.~ 

Company: 
Date: 
Technician: 

Dombroff & Gilmore 
11/28/2001 
M. Rapp 

Page: 
Project#: 

28 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Mobil 28 
Falex ID #: 4944 

Block Type: 
Material: 
Finish (!lin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (!lin): 
Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-'123 
5060 
Falex test ring w/ black oxide coating 
AISI4140 steel 
32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 
5150 

Block 
7.3869 
7.3801 
0.0068 

Ring 
22.3210 
22.3207 
0.0003 

Test file: 3704_360ht.xls 
Save file: D&G44 

2.5 ml of water was applied at start of test. 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
95 
360 
5000 
goo 

11/28/01 
0107431 

3.396 
3.383 
3.357 
3.379 
0.016 
0.480 
1.1699 

10,826 

• Block and ring shared with test #0107430. Double score mark is this test. 



Company: 

Date: 
Technician: 

Dombroff & Gilmore 

11/28/2001 
M. Rapp 

Page: 

Project#: 

29 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 

Sample ID: Aeroshell33 

Falex ID #: 4948 

Block Type: 
Material: 
Finish (~in): 

Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (~in): 

Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AIS14140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.4010 
7.3880 
0.0130 

Ring 
22.3483 
22.3477 
0.0006 

Test file: 3704_360ht.xls 

Save file: D&G45 

2.5 ml of water was applied at start of test. 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 

Measurement 1 (mm): 

Measurement 2 (mm): 

Measurement 3 (mm): 

Average Scar (mm): 

Standared Deviation: 

Coefficient of Variation(%) 

Volumetric Wear (mm'): 

Final Pressure (psi): 

'i Block and ring shared with test #01 07 433. Single score mark is this test. 

87.5 
95 
360 
5000 
goo 

11/28/01 
0107432 

4.062 
4.039 
3.991 
4.031 
0.030 
0.734 
1.9886 

9,074 
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Company: 
Date: 
Technician: 

Dombroff & Gilmore 

11/28/2001 
M. Rapp 

Page: 
Project#: 

30 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Computer Controlled Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Aeroshell 33 

Fa lex I D #: 4948 

Block Type: 
Material: 
Finish (!-lin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish U!in): 

Condition 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
C95500 AI Bronze 
32 
112-123 
5060 
Falex test ring w/ black oxide coating 

AISI 4140 steel 
32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5150 

Block 
7.3879 
7.3770 
0.0109 

Ring 
22.3481 
22.3481 
0.0000 

Test file: 3704_360ht.xls 

Save file: D&G46 

2.5 ml of water was applied at start of test. 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 

Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 

Volumetric Wear (mml 

Final Pressure (psi): 

Block and ring shared with test #01 07 432. Double score mark is this test. 

87.5 
95 
360 
5000 
goo 

11/28/01 
0107433 

3.798 
3.795 
3.782 
3.792 
0.007 
0.183 
1.6546 

9,646 
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Company: 
Date: 
Technician 

Method: 

Dombroff & Gilmore 12/07/01 
M. Rapp 

ModifiEld Thrust Washer 

Page: 
Project#: 

Machine: 
Serial#: Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 

809C350011 008, 009-091-105 TEST SPECIMENS: Upper Material: 
Finish (J.! in): 
Hardness (HRc): FalexiD#: 

Lower Material: Finish (J.! in): 
Hardness (HRc): 

Falex ID#: 

Test Results: 

Test Date: 
Test Number: Test Temperature ec): 

Upper Falex ID #: lower Falex ID #: 
lubricant: 

lubricant Falex ID #: SaveFile Name: 
Test Program Name: 

Mass Loss, Upper (mg}: Mass Loss, Lower {mg}: 

C95500 Ai Bronze 32 
112-123 
5172 

AJSI4140 steel, black oxide coated 32 
Nitr'.cle, case depth .003-.005 Core strength 160-180 KSI 5164 

12/04/01 
09060 

23 

5172 
5164 

Aeroshell 33 
Weathered, wl H20 

4949 
TDAT004-005 
DGTHWRT 

19.6 
1.0 

12/05/01 
09062 

23 

5172 
5164 

Aeroshell33 
Weathered, wl H~ 

4949 
TDAT006-007 
DGTHWRT 

13.5 
0.3 Bronze Height change (mm): 0.028 

0.027 -

TEST CONDmONS: Test Speed (rpm): Temperature (°C): Duration (hr): 
Test Load (lb): Mean Test Radius (in): Contact Pressure (psQ: 

12/04/01 
09059 

95 

5172L 
5164l 

Aeroshell 33 
Weathered, wl H20 

4949 
DGWEAR08 D&GWEARTESTHT 

47.9 
1.0 

0.067 

5 
Various 

24 
1520 

0.531 
7600 

12/06/01 
09064 

95 

51720 
51640 

Aeroshell 33 
Weathered, w/ H20 

4949 
TDATOOB-009 
DGTHWHT 

16.1 
2.3 

0.024 
Comments: See Graphs for Torque, Friction Coefficient, Load, Speed, and Specimen Temperature trends. 

Coefficient of Friction (CoF) The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 



• 

Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (ll in.): 
Hardness (HRc): 

FalexiD#: 

lower Material: 
Finish (p in.): 
Haidness: 

FalexiD#: 

Test Results: 

Test Date: 
Test Number: 
Test.Temperature (C): 

Upper Falex 10 #: 
lower Falex ID #: 
lubricant 
lubricant Falex 10 #: 
SaveFile Name: 
Test Program Name: 

Mass Loss, Upper (mg): 
Mass Loss, Lower (mg): 

Dombroff & Gilmore 
12/03/01 
N. Pekoe/ M. Rapp 

Modified Thrust Washer 

Page: 
Project#: 

2 
01-111 

Falex High Perfonnance Multi,.$pecimen Test Machine, Computer Controlled Version 809C350011008, 009..091-105 

C95500 AI Bronze 
32 

112-123 
5172 

AISI4140 Steel, black oxide coated 
32 

Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5164 

12/5/01 12/8/01 
09065 09068 

95 95 

5172 5172 
5164 5164 Mobil 28 w/ H20 Mobil 28 w/ H20 
4944 4944 

DGWEAR11 TDAT012..013 
O&GWEARTESTHT DGTHWHT 

15.3 9.3 
1.5 1.5 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (OC): 
Duration (hr): 
Test load (lb): 
Mean Test Radius (in): 
Contact Pressure(psi}: 

12/06/01 
09063 

95 

5172 
5164 

5 
95 
24 

1520 
0.531 
7600 

12/07/01 
09066 

95 

5172 
5164 Aeroshell 33 wl HzO Aeroshell33 w/ H20 

4948 4948 
DGWEAR10 TDAT010-011 D&GWEARTESTHT DGTHWHT 

47.4 23.6 
1.1 1.8 Bronze Height Change (mm): 0.025 0.013 0.071 0.030 

Comments: See Graphs for Torque, Friction Coefficient, load, and Specimen Temperature trends. 

Coefficient of Friction (CoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower stationary material to the normal force (N) pressing these bodies together . 

............ --------------



i 

Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (Jl in.): 
Hardness (HRc): 

FalexiD#: 

lower Material: 
Finish (Jl in): 
Hardness (HRc): 

FalexiD#: 

Test Results: 

Test Date: 
Test Number: 
Test Temperature (C): 

Upper Falex ID #: 
lower Falex ID #: 
lubiicant 

lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 

Mass loss, Upper (mg): 
Mass loss, lower (mg): 

OombroW & Gilmore 
12/10/01 
N. Pekoe I M. Rapp 

ModifJed Thrust Washer 

Page: 
Project#: 

3 
01-111 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 
809C350011008, 009-091-105 

C95500 AI Bronze 
32 

112-123 
5172 

AISI4140 Steel, black oxide coated 
32 

Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5164 

12/5/01 
09061* 

95 

5172N 
5164N 

4944 
DGWEAR09 

D&GWEARTESTHT 

43.3 
2.3 

12/8/01 
09067* 

95 

5172T 
5164T 

AeroshsU33 
weathered, w/ H20 

4949 
DGWEAR12 

D&GWEARTESTHT 

96.4 
2.1 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (0C): 
Duration (hr): 
Test Load (lb): 
Mean Test Radius (in): 
Contact Pressure (psi): 

12/1/01 
09055* 

95 

5172H 
5164H 

Mob!! 28 w! H20 

4944 
DGWEAR06 

D&GWEARTESTHT 

28.8 
1.8 

Bronze Height Change (mm): 0.029 0.086 0.031 

Comments: See Graphs for Torque, Friction Coefficien~ load, and Specimen Temperature trends. 
*Pin for the upper (rotating) specimen broke. 

Coefficient of Friction (CoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 
stationary material to the normal force (N) pressing these bodies together. 

5 
95 
24 

1520 
0.531 
7600 



Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (J! in.): 
Hardness (HRc): 

FalexiD#: 

Lower Material: 
Finish (J! in.): 
Hardness (HRc): 

FalexJD#: 

Dombroff & Gilmore 
01/28/02 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 

5 
02-8 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 
809C350011008,~91-105 

C95500 AI Bronze 
32 

112-123 
5030 

AJSI 4140 Steel, black oxide coated 
32 

Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5306 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (OC}: 
Duration (hr): 
Test Load (lb): 
Mean Test Radius (in): 
Contact pressure (psQ: 

5 
Ambient 

24 
Varies 
0.531 

Varies 

• Test Results: 

i 

Test Date: 
Test Number: 

Upper Falex ID #: 
Lower Falex ID #: 
Lubricant: 

Lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 
Load(Lb): 
Mass Loss, Upper (mg): 
Mass Loss, Lower (mg): 

Bronze height change (mm): 

01/15/02 
09071 

5030 
5306 

Aeroshell 33 w/ H20 

4948 
DGWEAR13 

D&GWEARTESTHT 
1520 
14.4 
1.1 

0.0315 

Comments: See Graphs for Torque, Friction Coefficient, Load, and Specimen Temperature trends. 

CoeffiCient of Friction <CoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 
stationary material to the normal force (N) pressing these bodies together. 
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Aeroshe~n 33 Weathered, w/ H2o 

Thru:st Washer Geometry 

Test#09060 
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c: 
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fi' • 
Aeroshell 33 Weathered, w/ H2o 

Thru!st Washer Geometry 

Test#09082 
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• ., • 
Aeroshell 33 Weathered, w/ H2o @ 95° C 

Thrust Washer Geometry 

Test#09064 
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• • 
Aerosh~ell 33, w/ H2o @ 95° C 

Thrust Washer Geometry 

Test#09066 
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e' ., • 
Mobil 28, w/ H2o @ 95° C 

Thrust Washer Geometry 

Test#09068 
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41)ronze, Black Oxide, Aeroshell 3.'Veathered, H20, 95 C, run 1 • _____,..., 

)escription 
~OEFFICIENT OF FRICTION 

I'ORQUE 

so.ool ··• h! 

O.OO~uij--------------------------------------------·------------------------------------W oooooo 1~soon~ 

Batch Name 
dgwear08 

dgwear08 

Scale Range 
0.00/0.50 

0.00/10000.00 
0.00/50.00 

Eng. Units 
Coef 

N 
N-m 

1 Days 00:23:48 

1 Day 00:23:48 
*** 

*** 



• 

)escription 
::;QEFF!CIENT OF FRICTION 

Bronze, Black Oxide, Mo.28, H20, BS C, run 3 • 
---, "' \,\·\,\/\,'>)\/\,'\J\,i\1 \•\' ' ~·1,\l\,' \·~ '\,'\ '' ..,-----.,.-, 

0.00-.J 
00:05:22 

Batch Name 
dgwear11 

dgwear11 

1 Days 00:21:14 

Scale Range 
0.00/0.50 

0. 00/1 0000.00 
0.00/50.00 

Eng. Units 
Coef 

N 
N-m 

1 Days 00:26:37 

1 Day 00:26:37 
*** 

*"''* 



~ Bronze, Black Oxide, Aero.JII 33, H2C~, 95C, run 1 .,___,..., 
nn---, !\J\ft·\,\i\i\1\t''V\·\t\\,\,·\l · •·· ". 

00:00:00 1 Days 00:22:48 1 Days 00:22:48 

)ascription Batch Name Scale Range Eng. Units 1 Day 00:22:48 

:;QEFFICIENT OF FRICTION dgwear10 0.00/0.50 Coef *** 

O.OOtl 0000.00 N 
dgwear10 0.00/50.00 N-m *** 



• Bronze, Black Oxide, Mo.28, H20, BS C, run 2 
_, /iv\ "\f',t! ,/,"n/'}',,,, ·V,\'\'\··~ :\,' \'\J"i''{'";~J\t·,,\r\t;t/l>;\t(·,i'''' \''r,~:f\Ji}I\/'/Vri\\;\1\i\/\1 ~v\l''' ,, 

.----, 

00:00:00 1 Days 00:11:Ei1 1 Days00:11:51 

)ascription Batch Name Scale Range Eng. Units 1 Day00:11:51 

:::OEFFICIENT OF FRICTION dgwear09 0.00/0.50 Coef *** 

N 
N-m 



e1ronze, Black Oxide, Aeroshell .Neathered, H20, 95 C, run 2 • 
-, ' 'I I it •' ' o 11 - ' ______,-., 

I 

I 

O.OOJ I I 

00:00:00 1 Days 00:29:45 1 Days 00:29:45 

)ascription Batch Name Scale Range Eng. Units 1 Day 00:29:45 

::::OEFFICIENT OF FRICTION dgwear12 0.00/0.50 Coef 0.21 

dgwear12 

0.00/'10000.00 
0.00/50.00 

N 
N-m 0.01 



00:00:00 1 Days 00:21:07 1 Days 00:21:07 

Jescription Batch Name Scale Range Eng. Units 1 Day 00:21:07 

:oEFFIC!ENT OF FRICTION dgwear06 0.00/0.50 Coef 0.18 

N 

dgwear06 N-m 0.02 



fi' Aeroshell 33 w/ H20 @ 9/t, 1520 lb load, 24 hrs t1 
,.,,r,ll -

FRICTION 
Batch Name 
dgwear13 
dqwear13 
c!awear13 

"\ 

1 Days 00:13:54 

Scale Range 
0.000/0.500 
0.00/120.00 
0.00/10000.00 

Eng. Units 
Coef 
DEG.C 
N 

1 Days 00: 13:54 

1 Day 00:13:54 ]··· 
No Data 

')c·•'•' No Loid ___ _ 



12-06-2001 TEST GROUP is FALEX 
TEST is DGTHWHT 

MACHINE S E T - U P SUMl1ARY 

PARAMETER 

CONFIGURATION LIST NUMBER 
SPECIMEN TYPE 
LOAD RANGE 
TYPE OF MOTION 
UNIDIRECTIONAL SPEED RANGE - MAIN 
UNIDIRECTIONAL SPEED RANGE - SECONDARY 
CYCLE/DISTANCE RESOLUTION 
TORQUE SENSOR RANGE TYPE 

CONFIGURATION 

006-108-007 
Small Thurst Washer 
HIGH 10 to 2000 lbs. 
UNIDIRECTIONAL 
0 - 1800 RPM 
NOT ACTIVE 
1 
HIGH 500 LBS. 

18:45:46 
PAGE 1 

HIGH/LOW TEMP. ADAPTER 
TEMPERATURE CONTROL 

0 - 400 DEG C (MODEL6 ADAPTER) 
SPECIMEN 

T E S T L I M I T s SUMMARY 

PARAMETER UNITS l'-1AXIMUM ALERT SHUTDOWN 

SPEED - MAIN RPM 1895 500 600 
SPEED - SECONDARY RPM 0 0 0 
SPECIMEN LOAD LBS 2106 1700 1800 
~ER TEMPERATURE DEG C 422 100 150 

~IMEN TEMPERATURE DEG C 422 120 150 
AR .0001 IN. 1250 0 0 

CYCLE 30000 0 0 
DISTANCE FEET 30000 0 0 
COEFFICIENT OF FRICTION 2 0 0 
TORQUE LB. IN. 500 400 450 
VIBRATION G 20 0 0 
ELAPSED TIME HHH:MM:SS 522:59:59 020:00:00 024:00:00 

START TEST SUM:t-1ARY 

P ARAl'1ETER MAXIMUM 

STARTING SEQUENCE 
INITIAL SPEED SETPOINT - MAIN 
INITIAL SPEED SETPOINT - SECONDARY 
INITIAL SPECIMEN LOAD SETPOINT 
INITIAL TEMPERATURE SETPOINT 
START SPEED HOLD TIME - MAIN & SEC. 
START LOAD HOLD TIME 
INITIAL SPEED RAMP RATE - MAIN 
INITIAL SPEED RAMP RATE - SECONDARY 
~~IAL LOAD RAMP RATE 
~ )PECIAL CONFIGURATION REQUIRED 

569 
0 
1709 
142 
3600 
3600 
1000 
0 
600 

VALUE 

1 
375 
0 
1520 
95 
0 
0 
100 
0 
200 
NO 

LOAD-TEMP.-SPEED 
RPM 
RPM 
LBS 
DEG C 
SEC 
SEC 
RPM/SEC 
RPM/SEC 
LBS/SEC 



12-06-2001 TEST GROUP is FALEX 
TEST is DGTHWHT 

D A T A S T 0 R A G E S E T - U P SU~1MARY 

DATA COLLECTION RATE 
NUMBER OF RECORDS PER FILE 
MAXIMUM NUMBER OF DATA FILES 
DATA COLLECTION RATE 
NUMBER OF RECORDS PER FILE 
MAXIMUM NUMBER OF DATA FILES 
TRIGGER SIGNAL METHOD 

i 

10 
4325 
3 
0 
0 
0 
NONE 

SECS 
RECORDS 
FILES 
SECS 
RECORDS 
FILES 

18:45:47 
PAGE 2 





.~ 

Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

t-rmsn ( u m.): 

Dombroff & Gilmore 
12/07/01 
D. Hlavacek 

Three-Ball Microfilm 

Page: 
Project#: 

Falex Multi-Specimen Test Machine, Computer Controlled Version 
835000600496 

C95500 AI Bronze 
32 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (°C): 

1 
01-111 

20 
Ambient 

Hardness (BHN): 112-123 
Falex ID#: AA-5174 

Test Load (lb): 
Mean Test Radius (in): 

200-800 (50 ib steps) 
0.672 

Lower Material: 
t-rmsn { u m.): 

Hardness (BHN): 
Falex ID#: 

•~all Material: 
Hardness (HRc): 
Grade: 

Falex ID#: 

Test Results: 

Test Date: 
Test Number: 

Upper Falex ID #: 
Lower Falex ID #: 
Lubricant: 

Lubricant Falex ID #: 
Test Program Name: 
SaveFile Name: 

C95500 AI Bronze 
32 

112-123 
AA-5173 

E.,.521 00 Steel, black oxide coated 
64-66 
5 
Lot 99 

11/20/01 11/21/01 
0606411 0606414 

AA-5174 AA-5174 
AA-5173 AA-5173 

Aeroshell 33 Aeroshell 33 
weathered weathered 

with de-Icer with de-icer 
AA 4949 AA4949 

DNG3BL2 DNG3BL2 
dg3bl14* dg3bl17 

Comments: See Graphs for Friction and additional data. 

11/29/01 11/29/01 
0606416 0606417 

AA-5174 AA-5174 
AA-5173 AA-5173 
Mobi128 Aeroshell 33 

with de-icer weathered 
at95C 

AA4944 AA4949 
DNG3BL2 DNG3BLHT 

dg3bl19 dg3blht20 

De-icer applied to assembled test pieces at start of test, after 20 minutes 
and at 40 minutes. 2.5 ml applied each application. 

• *No data saved . 

..:oefficient of Friction lCoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 
stationary material to the normal force (N) pressing these bodies together. 



IVIoon L~. w1m. 'leer, run ., • _ ____, 

000.0(! 

928.ST 

857.14 

785.71 -•"•••• ;!,,,.,,.,,.,~, '""'' ''''"' " "'' -~·~.,~! "~''''""'•~·~•a ~•••-• > •M>• ,.,,._ ~~~-

7'14.28 :............ . ...•.•.. ~--· ... ~ .. ~I··" ~···- .. -···• .... ~ .•• ,, __ , __ ..•. ,. ··:· "~····--~-·· ...... ~··-··· .. •·· .. ,.~ .. _. .......... . 

642.86 . . " ' " -~ ,. 

~)7 'i 4:\ 

.. ., '•"'"' i. 

r--- ---
i. 

-----------------------
)~~cript~~---------------------_?atch Nam~ Scale Range Sample Freq. 

1 ·r 9 0.000/0.020 00:00:01 
.0/\D dg3bl'19 0.00/'1000.00 00:00:01 

.I 

01:08:18 
Eng. unit~-=~- o1:oa:1 if=~-- ----

LB "h'fn\ 

·---·----------------------------------------·--- ... ··---- . 



• 

p 
-
Pt 
t."Rz.J 677.782 u" 

Tilt A 0.336 deg 

AVH Z41.669 u" 

Hmax 761.967 u" 

Hmin 39.764 u" 

AREA 2.389E+07 u"2 

.o.o.or·~·-·14-- r;:r._c }f··:·:j!:Xt;: .. ~·:: .:~·'··:E·, ;~.::b.:·:~~~"._,. 

• 

P111rpose 

P•!l.rt 1 !!I Neune 
M•!l.terial 
D•!l.te 
Time 
Ot'ientation 

Lot No. 
SEilllple No. 
Output Unit 

Polarity 
Pickup 
Standard 
:M:ea::surement Type 

:M:easurement Length 

Cutoff Tilavelength 

!!teasurement Mag. 

D&G Project; 

Mobil 2B 

3 ball Micro lowe1; 

Al.Bronze/Oxide balls 
01/11/2!~ 

o6: 02: s:~ 

across path, at thermocoup ll! 

H 
",u" 

Positiv:e 

Standard Pickup 

ANSI 
Profile 

0.18 11 

w 10K 

• 

ICt¥ 

' ' .. · . . . ""--·-·------!"""'~--···-·-·--· .. f""' 
•. ' .. ; . . U/29/01 I 6:03 AM 

!.' .~ ·~ < ' 

Ni 

ill-

::: 

;s: 

;;: 

·li 



• Aero. 33, Weath. ·~h Deicer, run 1 • 
ooo.oo· 

928.57 

85"/.'14 

785.?1 1·-11·····-,HlHl!+··- .. ; .......... ······-·· ---· 

l ; 

! 
i 

~. ,,_ --~ »~ ·-' ••• • • ,j,,. ~-- ..... ~- ... d.'" ••.•... " .. ~. 

'"{14.29 ' ........ ~ ... -~... ...... ''""'''"' -~ ... ···-··· .. ···· ~ ........ - .... ~-·"'' ~----~····· ····-- .......... ~ .. ~-- . .; .. -... -........ ~ ........ "' ............ ·- ~ --·- ..... -····+··-·--·"' 

f
~9ip~ron:::::=----

0
0:()0 oo 

HlCT · --
LOAD ------

Batch Name 
rlg3bl'l7 
dg3bl17 

Scale Range 

0.000/0.020 
0.00/1000.00 

... ' ~. ~. 

S~mple Freq. 

00:00:01 
00:00:01 

_______, 

·( 
: 

... '! 

01:07:40 

Eng. Units 01 :07:40'" ___ _ 

LB ,-,~h·~ 



• 

P!'!lr -Pt 
*Rz.J 1289.997 u" 
Tilt A 0.235 deg 
A.VH 435.999 u" 
Hmax 1563.461 u" 

· Hmin 39.921 u" 
AREA. 3.8431!:+07 u"2 

0! u.or- il_,,_ 1,: :; <r I '' :\;:;;:~:~w;~t:.·;;:;;,e~t][~~;:i:i 

·-,, 

Company Name 
Purpose 
Part 1 e Name 
Material 
Date 
Time 
Orientation 
Lot No. 
Sample No. 
Output Unit 
Polarity 
Pickup 
Standard 
Meaeurement Type 
Measurement Length 
Cutoff Wavelength 
Measurement Mag. 

. . ;~n:a(R!!SUJ,~ 
,, '. ,,. 

•. He.u 

:·R-Heq. :*20~00 

I l I • 

• I I I 

~ .. L ... ---L--- ---L--- ---L 
I I I I 

' ' ' I I I l 

' ' : : ! : : 
-~L--- ••• L •••••• L •••••• L •••••• L 

! : ! t : 

I I I I t 

I I I I I 
I I t I t 

---~--- ---~--- ---~--- ---~--- ---~ 
I I t I I 

' ' 

0 ~ 0 0 ~ I ~ I 
I I I I I 

---~--- ---t--- ---t--- ---}--- ·--· 
t - I I I I 

I l I I I 

!.1 

A.eroshell 33 Weathered 
3 ball Micro lower 

A.!.Bronze/Ox1de balls 
01/11/28 

12:52:39 

acr,oss path, at thermocouple 

11 

",u" 
Positive 

Standard Pickup 
ANSI 

Profile 
0.16" 

* 10K 

..... 

.. 

• 

... 

,,. 

'H 

-;: 
::; 

i!' 

!r .. , ···~··~~ ~..,.!., ·-·~·. ,.. ,';:J' ,._ ........ _. _ ..... ___ .... ....._._. ............ -·-·-· .... 

:: :, :·:::·::: . ,:; ~i": ' .. ,. ll/26/01 12:54 P~l 



• 000.00 

923.1JCi 

~:l.C.f). 15 

768.23 

69;~.31 

06.15 

'76.92-l 76. 

57.B9-I 57. 

:ifl.4FH 38. 

1 !-:1.2:\-1 19"_ 

0.00 

Descrje!~~-----------------

l riifl!' . 

Batch Name 
dg:3!Jiht20 
dg3blht20 

dg3b!ht20 
da3blht20 

. .I 

!· 

.I 

r·-·-
1 

r-.. :..._1 

., run 1 

' ,­
r--·-· 

_..I 

. I-- ·-
1 

r- -

: -- I 
01:39:SO 

·--:---::::---· 
Scale Range Sample Freq. 
0.000/0.020 00:00:01 
0.00/1000.00 00:00:01 

0.00/250.00 
0.00/250.00 

00:00:01 
00:00:01 

Eng. L!_ni_ts __ . 

DEG.C 
DEG.C 

!'''j 
I• 

~~~. 

., 

02:16:45 
-- -·---- ·- -·--

02:16:45 
No 
1\io o~t(J: 

l\lo Dnf;l 

No Dnh 



11-29--2001 TEST GROUP is F~~EX 
TEST is. DNG3BLHT 

09:19:41 
PAGE 1 

MACHINE 

CONFIGUPATION LIST NUMBER 
SPECIMEN TYPE 
LO~.D p_n.NGE 
TYPE OF, MOTIQ.N. 
tn~IDIRECTIONAL SPEED P~~GE 
CYCLE/DIST~..NCR. RESOL.UT.ION 
TORQUE SENSOR p_n.NGE TYPE 
TEMP.ERATURE· CONTROL 

S E T - U P SUMN.~RY 

006-108-023 
3 Ball Micro Film 
HIGH 10 to 820 lbs. 
tJN-IDIRECTIONAL 
0 23 RPM 
1 
LOW 10 -LBS 
SPECIMEN 

T E S T LI~fl.ITS SU~Jll'-1ARY 

PARAME.TER. MAXIMUM. ALERT. SHUTDOWN 

SPEED 24 23 24 
SPECIMEN LOJ>.n 8-64-.0 820.0 8.50 .. 0 
CHAI'-'IBER TEMP. A.") "1 

-"'-' .L 200 250 

S~IMEN TEMP.~. 4.2L 15.0 250 ··- 1200 0 0 
1... ._.LE 30.00.0. 0 0 
T"\T C'1j"'7\ '1\Tf"'t::' 
,J..J ..1. '-"'" .J....L"""....!.'I'-·.L.:.! 30000 0 0 
COEFFRLC .• 2.4.00.0.0 0 .. 0.0.00. 0. ~0.000 
TORQUE 10.00 5.00 9.00 
VIBFJ~.TION. 20 .•. 00. 0 .QO. 0.0.0 
ELAPSED Tn-m J:::">">.r::o.r::o 

,_)£.£. • .JJ. ,_J_.t 005:00:00 005:01:00 

S T. ART. T. E.. S T .. S.UM.M..A .. R Y 

PAF_n_METER fv'I_:ZUCIMTJM VALUE 

RPM 
~BS 
DEG c 
DEG c 
.0001 IN. 

FEET 

LB"IN. 
G 

HHH: f'J'J-1: SS 

STARTING SEQUENCE. 
I:t-~ITIAL SPEED SETPOI~~T 

5. TEMP .-SP.EED-LOA 

INITIAL.. S.P.ECIMEN LOAD. SE.TEOINT. 
INITIAL TEMPER~TL~.E SETPOINT 
START SPEED HOLD TIME 
START LOAD HOLD TIME 
INITIAL SPEED. F~_MP RATE 
INITIAL LO~.D P~-MP P-~TE 
IS SPECIAL CONFIGURATION REQUIRE. 
Tf"''I\TfYOW' 1j"''[;I1\IIT">W''O 7\1j"'TT0'[;1 f'l17'17'0 C''U'f'lf'l1j"' 
-L~....:J'l."!V.l'\...1..::1 '"'-.l..:ll"l.I:J.:Jl.""~..l.UJ.'\...L:J VVJ..:ll.\ .. ;._l.lJ.VV..l. 

")") 
L. L. 

8.0.7 .Q 
237 

3600 .. 
3600 
1D.OO .. 

600 

20 RP~-1 

20..0 ..• 0 LBS 
95 DEG c 

0 SEC 
" SEC v 

10 RPM/SEC 
20 LBS/SEC 

YES 
VW'C' 
..\. J.:JJ..J 

S P E C I. A L C. 0 N. F. I. G U R_ A .. T L 0 N S U M. M A. R Y 

POINT 
1 

SPEED 
SETPT 

20.0 

LOJ•n 
S.ETPT 

">nA 
t:...VV 

TEMP. 
SETPT 

95 

SPEED 
F.ATE 

10 

LOJ>.n 
R~TE 

">A 
~v 

DUP....~TION 
"JAA 
._tVV 

NEXT 
STEP 

2 
REPS 

1 _,_ 



9 
10 
1~ 

12 
13· 
14 
15. 
16 
17· 
18 
19. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
~29 

•,._~30 31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

20.0 
20.0 
20.0 
20 .. 0 
20.0 
2.0.-0 .. 
20.0 
20.0 
..., .... I'\ 
&.v.v 

2..0 . ..0 
20.0 
20.0 
0.0 
0 .. 0 
0.0 
0. (J 

0.0 
o._o. 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0:.0 
0.0 
G.O 
0.0 
0. .0. 
0.0 
0.0 
0.0 
0 .. 0. 
0.0 
0.0 
0.0 
0 ... 0. 
0.0 

250 
3.0..0 .. 
350 
4-00 
450 
5.00. 
550 
600 
650 
70.0. 
750 
800· 

0 
0 
0 
Q. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0· 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 

95 
9.5 
95 

95 
95. 
95 
95 
95 
95 
95 
95 

0 
0 
0 
Q: 

0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ... 
0 
0 
0 
Q 

0 

10 
~0. 

10 
10 
10 
1.0 
10 
10 
10 
1.0 .. 
10 
10 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 

0 
0 
0 
0 
0 
0 .. 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
2.0 .. 
20 
20 
20 
2.0. 
20 
2(} 
20 
20 
20 
20 

0 
0.. 
0 
0 
0 
0. 
0 
0· 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q:. 

0 
0 
0 

300 
30.0 
300 
3&0 
300 
3.0.0 
300 
300 
300 
3.0.0 
300 
300 

0 
0. 
0 
0 
0 
0. 
0 
0 
0 
0. 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 

3 
4-
5 
6 
7 
8. 
9 

10-
11 
12. 
13 
4:0 

0 
0 
0 
0 
0 
0-
0 
0 
0 
0. 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
..I. 

1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Introduction 

We received a total of nine (9) wear test specimens from Falex Corporation on 
November 29, December 6 and December 7, 2001. We were asked to 
characterize the wear surfaces on the test specimens using scanning electron 
microscopy (SEM) and x-ray microanalysis. 

Wear Test Specimens 

The nine test specimens are: 

Wear Test 

Pin-on-disk 
Pin-on-disk 
Pin-on-disk 

Block-on-ring 
Block-on-ring 
Block-on-ring 
Thrust washer 
Thrust washer 
Thrust washer 

Falex Test Number 

8002551 
8002552 
8002559 
0107406 
0107407 
0107426 

09052 
09058 
09059 

Each test contains a bronze and black iron part. We examined the wear surfaces 
on both parts for each test. 

Pin-on-disk 
This test uses a bronze pin with a rounded tip in contact with the 

flat surface of a black iron disk. 

Block-on-ring 
This test uses a bronze block in contact with the curved surface of 

a black iron ring. 

Thrust washer 
This test uses a bronze disk with a rim around the edge in contact 

with the flat surface of a black iron washer. 

SEM Examination 

All of the test parts were cleaned with isopropyl alcohol before SEM examination. 
We obtained eight SEM photomicrographs of the wear surface on each part 
except for the bronze pins from the pin-on-disk tests. Four SEM 
photomicrographs were obtained for the bronze pins. Photos were obtained at 
magnifications of 1 OOX, 250X, 500X and 1 OOOX. In addition, we obtained a 

MMR 1650 "SEM Examination of Wear Surfaces on Falex Test Specimens" 2 



photo at 20X showing the complete wear scar for the bronze blocks from the 

block-on-ring tests. Specimens were tilted to 30°, 45° or 60° for SEM 
photography. 

The photographs are appended to this report. Each photo contains the following 

information: 

Falex test number and part description (top left) 
Unique 6-digit photo number (bottom left) 
Magnification (bottom middle, e.g., X20, X100, X250, XSOO or X1.00\K) 

Electron beam accelerating voltage (bottom middle, all at 20 KV) 

Distance legend (bottom right, mm = millimeter; Jlm = micrometer) 

The tilt axis for the specimens is pc;irallel to the width (short axis) of the 

photomicrographs. Negatives are available for each photo. 

X-ray Microanalysis 

We collected x-ray spectra from two areas of the wear surface for each part, 

except for the bronze pins from the pin-on-disk tests. Only one spectrum was 

collected from the wear surface on the pins. X-ray spectra were also obtained for 

a non-wear black iron surface and a non-wear bronze surface. The x-ray spectra 

are included in Appendix I. The label below each spectrum includes the Falex 

test number, part description, magnification and area number (either 1 or 2). The 

peaks in the spectra indicate the chemical elements in the specimens and are 

identified by chemical symbols. The chemical symbols include: 

iron (Fe) 
copper (Cu) 
nickel (Ni) 
manganese (Mn) 
chromium (Cr) 
aluminum (AI) 
silicon (Si) 
calcium (Ca) 
oxygen (0) 

A peak's intensity in the x-ray spectrum is proportional to the concentration of 

that element in the specimen. 

Table 1 lists semi-quantitative elemental concentrations (weight percent) for the 

spectra shown in Appendix I. Table 1 includes data for copper, aluminum, iron 

and nickel. In addition, we have included the ratio of iron to nickel 

concentrations. The presence of copper on the black iron surface indicates 

transfer of material from the bronze part. An iron to nickel ration greater than 0.6 

indicates transfer of black iron to bronze. 
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Wear Surface Characteristics 

Pin-on-disk tests 

The wear surfaces on the bronze pins are flat, round, polished 
areas that include a few scratches. The diameter of the wear spots on the pins 
are: 

Falex Test Number 

8002551 
8002552 
8002559 

Wear Spot Diameter <mm) 

0.4 
0.45 
0.6 

The wear track (scar) is barely visible in the SEM photos of the black iron disk 
from Test 8002551 (see Photo 96; Appendix I, page 3). The wear track is more 
visible on the disks from Tests 8002552 and 8002559. The wear tests have 
done little damage to the surfaces of the black iron disks. A minor amount of 
polishing can be seen on the disk for Test 8002551. The disk from Test 8002552 
shows more polishing. The disk from Test 8002559 shows even more polishing 
with some scratches. In all three cases the original machine marks are still 
evident in the wear tracks . 

Small amounts of copper (less than one weight percent) are detected on the 
black iron disks. Iron to nickel ratios are greater than 0.6 indicating transfer of 
biack iron to the bronze pins. 

Block-on-ring tests 

The full widths of the wear scars on the bronze blocks can be seen 
in Appendix I, pages 16, 23 and 30). The widths of the scars are: 

Falex Test Number 

0107406 
0107407 
0107426 

Wear Scar Width (mm) 

2.3 
3.3 
3.6 

The wear scars on the bronze blocks show scratching. The wear surfaces of the 
rings show scratching. 

Copper is found on the black iron surfaces indicating transfer of bronze. The 
largest amount of copper is found on the black iron ring from Test 0107406. The 
smallest amount of copper is found on the black iron ring from Test 0107426. 
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The iron to nickel ratios are greater than 0.6 indicating transfer of black iron to 
the bronze surfaces. 

Thrust washer tests 

The wear surfaces on the bronze parts show areas of polishing, 
scratching and deep pitting. 

The wear surfaces on the black iron washers show polishing and scratching. 

Copper is found on all of the black iron wear surfaces indicating transfer of 
bronze. The highest amount of copper is found on the black iron washer for Test 
09058. The lowest amount of copper is found on the black iron washer from Test 
09052. 

Only the bronze wear surface from Test 09052 shows a significant iron to nickel 
ratio indicating transfer of black iron to bronze. 

Summary 

Pin-on-disk tests 

Bronze wear surfaces show polishing and a few scratches. 

Back iron wear surfaces show very little damage; some polishing and scratches. 
Machine marks are still clearly visible on the black iron wear surfaces. 

Least amount of bronze transfer of the three types of tests. Evidence of black 
iron transfer. 

Block-on-ring tests 

Both the bronze and black iron surfaces show scratching. 

Evidence of bronze and black iron transfer. 

Thrust washer tests 

The bronze wear surfaces show polishing, scratching and deep pitting. 

The black iron wear surfaces show scratching and polishing. 

Bronze material has transferred to the black iron wear surfaces. The highest 
amount of copper for all nine tests is found on the black iron surface from Test 
09058. There is evidence of black iron transfer to the bronze wear surface from 
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Test 09052. Test 09052 has the highest amount of black iron found on the 
bronze surfaces for all nine wear tests. 

Sincerely, 

MICROMATERIALS RESEARCH, INC. 

J'f¥)4 
Mark Germani, Ph.D. 
Laboratory Director 
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Table 1. Semi-quantitative Elemental Compositions of Wear Surfaces 
(weight percent) 

• Falex Test Number and Part DescriQtion Cu AI Fe Ni Fe/Ni 
Pin-on-disk 

8002551 bronze pin area 1 78.1 9.6 5.8 6.5 0.9 
8002551 black iron disk area 1 0.7 1.5 79.9 nd 
8002551 black iron disk area 2 0.9 1.5 80.2 nd 
8002552 bronze pin area 1 77.2 10.6 5.7 6.5 0.9 
8002552 black iron disk area 1 0.6 1.6 81.2 nd 
8002552 black iron disk area 2 0.8 1.6 80 nd 
8002559 bronze pin area 1 76.1 11A 5.4 7.2 0.8 
8002559 black iron disk area 1 0.7 1.9 84.4 nd 
8002559 black iron disk area 2 0.3 1.9 82.8 nd 

Block-on-ring 
01 07 406 bronze block area 1 82.5 3.2 4.3 6 0.7 
01 07 406 bronze block area 2 81.1 4.2 4.2 5.4 0.8 
01 07 406 black iron ring area 1 6 2.3 76.8 0.6 
01 07 406 black iron ring area 2 .5.7 2.1 78.7 0.6 
01 07 407 bronze block area 1 83.5 2.9 4A 4.9 0.9 
01 07 407 bronze block area 2 83.2 2.9 4.2 4.5 0.9 
01 07 407 black iron ring area 1 4.5 3 75.7 0.6 
01 07 407 black iron ring area 2 5.4 3.7 74 0.7 
01 07 426 bronze block area 1 82.9 2.8 5.2 6.4 0.8 
01 07 426 bronze block area 2 82.3 2.9 5.4 6.4 0.8 
01 07 426 black iron ring area 1 0.7 1.5 80.4 0.3 
01 07 426 black iron ring area 2 0.5 0.9 83.1 0.3 

Thrust washer - 09052 bronze rim area 1 80.1 4.4 6.7 5.8 1.2 
09052 bronze rim area 2 78 5.5 5.6 5.8 1.0 
09052 black iron washer 0 degree position 1.1 2.8 84.3 0.3 
09052 black iron washer 90 degree position 1 2A 84.2 0.2 
09052 black iron washer ; 80 degree posiiion i.i 2.1 84 0.3 
09052 black iron washer 270 degree position 1.4 3 84.5 0.2 
09058 bronze rim area 1 78 6.3 3.3 5.8 0.6 
09058 bronze rim area 2 79.3 6.4 3.7 5.8 0.6 
09058 black iron washer 0 degree position 5,4 1.6 82.2 0.9 
09058 black iron washer 90 degree position 6.5 1.9 82.9 0.5 
09058 black iron washer 180 degree position 5.5 1.9 81.4 0.7 
09058 black iron washer 270 degree position 5 2 84.5 0.5 
09059 bronze rim area 1 77 6.6 3.2 5.5 0.6 
09059 bronze rim area 2 78.5 7 3.9 5.9 0.7 
09059 black iron washer 0 degree position 3.2 2.7 83.2 0.9 
09059 black iron washer 90 degree position 2.2 2.9 83.9 0.6 
09059 black iron washer 180 degree position 3.7 3.2 82.1 0.8 
09059 black iron washer 270 degree position 3.2 3.4 83.4 0.6 
09063 black iron washer 0 degree positiof"! 5 1.6 80.7 0.7 
09063 black iron washer 90 degree position 3.4 1.5 82.4 0.4 
09063 black iron washer 180 degree position 4.9 1.6 81.5 0.7 
09063 black iron washer 270 degree position 5.3 2 82.2 0.7 

09059 non-wear bronze surface 79.7 10.4 3.8 6.1 0.6 

tit 09059 non-wear black iron surface nd nd 78.8 nd 
nd = not detected 
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• Ms. Marion Blakey 
March 18, 2002 
Page2 

I am sure you can appreciate that this course of action has not been undertaken lightly, 
and may not be the most popular or easiest way for Alaska Airlines to proceed. I am 
convinced, however, that your personal involvement, and willingness to communicate, 
represents an opportunity for all of us to advance the investigation in ways that are 
beyond the ordinary. 

Thank you again for your attention and assistance. 

Sincerely, 

0 

• Enclosure 

• 



• 

• 

• 

EXECUTIVE SUMMARY 

GREASE AND WEAR TESTING 

Background 

Early tests revealed that Aeroshell33 grease failed the Fed Standard Method copper 
corrosion test This fact, combined with the service history of Alaska MD-80 jackscrews 
after a changeover to Aeroshell 33 in January 1998, raised questions about the adequacy of 
Aeroshell33, particularly in applications involving bronze or other copper alloys. (The 
MD-80 horizontal stabilizer gimbal nut is made of a bronze that consists of 80% copper.) 
It also raised questions about the role of Aeroshell 33 in the excessive wear and failure of 
the gimbal nut threads on Alaska Airlines Flight 261. 

While the available knowledge of grease testing conducted as part of the Flight 261 
accident investigation is limited, it is not clear that any testing was conducted using actual 
MD-80 jackscrew materials. It is also unclear whether any testing was done to replicate 
sliding wear at constant pressures representative of the in-service conditions experienced 
by the MD-80.jackscrew. (While the block-on-ring testing puts components at high initial 
pressures, the contact pressures decline quickly as wear progresses and do not accurately 
represent in-service conditions.) 

Accordingly, outside counsel for Alaska Airlines arranged, in the context of litigation 
pending against Alaska Airlines, for independent testing of Aeroshell 3 3 grease and 
Mobilgrease 28 by a nationally-recognized lubricant testing laboratory. 

In order to investigate the performance of Aeroshell 33 grease, and compare it to 
Mobilgrease 28, a test program was developed using standard methods and test equipment. 
This testing included both standard test materials and the actual materials used in the MD-
80 jackscrew application. 

The testing was conducted by Falex Corporation. This company is recognized in the wear 
testing community as the leader in the development of the wear test specifications for the 
American Society of Testing and Materials (ASTM), and is the developer and supplier of 
test equipment necessary to conduct the ASTM tests. Falex provides a comprehensive 
suite of objective wear testing services. This summary analyzes the results of the testing 
conducted by Falex. 

Scope of Testing 

Testing was conducted on fresh Aeroshell33 grease, fresh Mobilgrease 28 and 
"weathered" Aeroshell 33 grease. The "weathered" grease was tested because 
observations indicated that Aeroshell33 underwent a change in characteristics after 
exposure to moisture and copper alloys, resulting in the grease becoming dark reddish-
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brown to black in color. The Aeroshell33 grease was weathered by exposing it to 

moisture and copper. 

Some of the tests explored the effects of certain environmental factors, including the 

presence of de-icing fluid, water, and a slightly elevated temperature. 

Testing was performed with standard test materials specified by the ASTM (steel on steel) 
and with the materials actually used in the MD-80 jackscrew system (steel on bronze). 

Findings 

Wear testing was conducted using MD-80 jackscrew materials and a test method designed 
to simulate sliding contact, such as the MD-80 jackscrew application. These tests were 
conducted using pressures similar to the in-service condition of the MD-80 jackscrew as 
well as pressures much lower than those present in an MD-80 jackscrew. The test results 
showed that Aeroshell 33 had a wear rate that was 3 to 10 times greater than that 
exlribited by Mobilgrease 28 under the same test conditions. 

Details of Test Results 

A set of wear tests were run to compare the greases under various conditions. Both 
standard test materials and actual MD-80 jackscrew materials were used. The following is 
a general description of the tests: 

Block on Ring Test. (ASTM D-3704.) This test uses a lubricated block on which a ring is 
placed u.11der load. The ring rotates back and fort.h in the sa.rne position on the block, 

causing wear. As the test samples wear, the area where the two parts contact one another 
becomes larger. As a result, the "contact pressures" between the test samples start at a 
fairly high level, but quickly transition to lower contact pressures. 

Timken Test. (ASTM D-2509.) This is a sliding wear test similar to the block on ring test 
except that fresh grease is continuously introduced throughout the test. Each run is ten 
minutes. Pressure is increased for each run, and each run uses a fresh ring and face of the 

test block. This test determines the threshold pressure for onset of extreme contact wear or 

galling. 

Pin on Disk Test. (ASTM G-99.) This test places a pin in contact with a flat rotating 

surface. This test determines the relationship between a load and the sliding velocity at 

which extreme wear or galling begins. Again, the change in wear is detected by a change 

in the friction coefficient. 

Thrust Washer Test. (ASTM D-3702.) A flat disk is lubricated and a flat, rotating washer 

is pressed onto the disk The washer presses onto the disc causing wear. The test is used 

to determine rate of wear and friction forces. The results provide a comparison of wear 

rates for various pressures and lubricants. 
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3 Ball Micro-Film Test. (Falex Multi-purpose number 6.) This test introduces the greases 
on steel balls under high pressures and compares the film strength and effectiveness of the 
greases. 

Standard Tests Using Steel-on-Steel Contact 

The steel on steel testing generally showed similar results with all three greases. The 
exception was the thrust washer test, where Aeroshell33 grease demonstrated significantly 
more wear than Mobilgrease 28. 

• The two fresh greases were essentially equal in the block on ring tests. Weathered 
Aeroshell33 performed somewhat better than the other two fresh (unweathered) 
greases. As the weathered Aeroshell grease appeared to have "stiffened" during the 
weathering process, this may have allowed the grease to better stay in the contact 
region during the block on ring testing, reducing the amount of block wear. 

• The Timken test determines the maximum load until the coefficient of friction rises 
while fresh grease is introduced to the contact area. In this test, Mobil 28 demonstrated 
a lower threshold transition load than the Aeroshell greases. 

• Mobil 28 demonstrated a lower friction coefficient in the pin on disk test. 

• Mobil28 demonstrated the ability to withstand more contact pressure before torque 
increase in the thrust washer characterization testing, withstanding 1 0,500 psi as 
opposed to 8,750 psi for the Aeroshell33. 

• Aeroshell33 demonstrated the most uniform characteristics in the three ball microfilm 
test. 

Standard Tests using MD-80 Jackscrew Materials 

Repeating the same standard tests using MD-80 jackscrew materials (steel on bronze), the 
Aeroshell 33 grease performed worse than Mobilgrease 28 in virtually every test. In 
general, the weathered Aeroshell 33 performed the worst, except in the block on ring test, 
where it was essentially equal to the fresh Aeroshell 33 .. 

• Aeroshell33 grease performed worse than Mobilgrease 28 in the block on ring tests 
(3.33 vs 3.91 mm scar width) with a 360 pound loading. Both greases performed 
similarly at a block on ring loading of 180 pounds. 

• The Timken test showed all three greases reached the same load when the friction 
coefficient increased, with a worse wear scar for Aeroshell33 grease (5.5775 vs. 
3.9515 mm scar width) . 
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PROGRAM OVERVIEW 

A test program was conducted to study the friction, wear, load-carrying and film strength 
characteristics of two greases. In addition, one of the greases was exposed to copper to 
create a "weathered" condition, which was then subjected to test conditions. 
Environmental test conditions included the addition of a de-icing agent, water, and 
temperature in various combinations to determine the effect on friction and wear 
properties. 

Additionally, various loads levels were investigated using the thrust washer test geometry 
on the two submitted greases. This testing phase was conducted to determine the wear 
rate of the aluminum bronze when subjected to various load levels in the presence of 
Mobil 28 and Aeroshell 33 greases. 

Overview: 

The following test progmm report details the grease evaluation study performed by Falex 
Tribology Test Laboratory, Sugar Grove, IL Two greases were investigated in this study. 
The submitted grease information follows: 

Identification: Quantity: Falex Identification: 
Mobilgrease 28 · 

Batch: B22951-XI9LO 35 lb. TL 4944 
Mobilgrease 28 

Batch: B18872-XIOJO 351b. TL 4945 
Mobilgrease 28 

Batch: B18872-XIOJO 351b. TL 4946 
Mobilgrease 28 

Batch: B16596-X31GO 35 lb. TL 4947 
Aeroshell Grease 33 

Batch: 98127mllmp052101 
Sequence # 55 35 lb. TL-4948 

Aeroshell Grease 33 
Batch: 98127ml/mp052101 
Sequence # 23 35 lb. TL-4949 

Aeroshell Grease 33 
Batch: 98127ml/mp052101 
Sequence# 31 35 lb. TL-4950 

Aeroshell Grease 33 
Batch: 98127ml/mp052101 
Sequence # 15 35 lb. TL-4951 

Aeroshell Grease 33 
Batch: 98127ml/mp052101 
Sequence # 69 35 lb. TL-4952 

Aeroshell Grease 33 
Batch: 98127ml/mp052101 
Sequence # 63 35 lb. TL-4953 

Aeroshell Grease 33 
Batch: 98127mllmp052101 
Sequence # 48 35 lb. TL-4954 
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Sample TL-4949 and TL-4950 Aeroshell 33 grease was exposed to copper in order to 
created a "weathered" condition. The process was conducted within the Falex Laboratory. 
Two 5-gallon stainless steel containers were used to heat six layers of grease and 0.012 
inch diameter wire copper mesh to 1 oooc for 56 hours in a convection oven. (These two 
m t:::mtitil=!~ will h!=! rP.fP-rrP.d to as "uooer" and "lower'' sa moles in this test reoort. These _,_..._.. .. ~·~·-- ....... -- ·-·-··--· ----- --.-.--- -- -- ----- ------~---- --------------.---- -----

terms are used to describe their placement in the oven.) Distilled water was sprayed onto 
the copper mesh prior to adding grease. The grease was removed from the containers 
and returned to their original plastic containers, blended, and stored until used for testing. 

Six grease samples were submitted to Phoenix Chemical Laboratory, Chicago, IL for 
chemical analysis. These consisted of three samples of each manufactured lot of Mobil 
28, one sample of Aeroshell 33 and a sample from each container of weathered Aeroshell 
33 grease. 

Grease: Falex Lab ID: 
Mobil 28 TL- 4944 

Phoenix Chemical Lab ID: 
01 11 2 11 

Mobil 28 TL- 4945 
Mobil28 TL- 4947 
Aeroshell 33 TL- 4948 
Aeroshell 33, weathered (lower) TL- 4949 
Aeroshell 33, weathered (upper) TL- 4950 

01 11 2 12 
01 11 2 13 
01 11 2 14 
01 11 2 15 
01 11 2 16 

The analysis showed no lot variation for the Mobil grease supplied for this study. 
Elemental analysis on the Aeroshell grease showed an increase in copper for the 
weathered greases. Aeroshell 33 showed 3.3 parts per million (ppm) copper, while the 
lower weathered pan showed 2950 ppm and the upper pan showed 4620 ppm copper. 
This verified the weathering process, which was designed to introduce copper into the 
Aeroshell grease. 

The complete report follows this report ("Chemical Analysis" section). All testing done in 
the Falex study used one batch of Mobil 28 grease (Falex ID #TL-4944), one batch of 
Aeroshell 33 grease (Falex ID #TL-4948) and the lower container of weathered Aeroshell 
33 (Falex ID # TL- 4949). 

The three greases were then tested under several conditions, with each test being 
conducted in duplicate. Five test methods were used to evaluate the greases. 
These include: 

ASTM D3704 Standard Test Method for Wear Properties of Lubricating Greases 
Using the (Falex) Block on Ring Test Machine in Oscillating Motion 

ASTM D2509 Standard Test Method for Measurement of Load-Carrying Capacity 
of Lubricating Grease (Timken Method) 

ASTM G99 Standard Test Method for Wear Testing with a Pin-on-Disk apparatus 

ASTM D3702 Standard Test Method for Wear Rate and Coefficient of Friction of 
Materials in Self-Lubricated Rubbing Contact Using a Thrust Washer 
Testing Machine 

Three Ball Micro-film Test 
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The program is divided into five sections, or plans. Each section goal is detailed in the 
appropriate section. Following the test outline is a summary of test data gathered in the 
section. All data collected has been included as attachments to this report Following the 
summary of each test phase, a final summary is presented which will allows a quick 
review of the program and conclusions drawn for the data collected. Additionally, images 
of worn test samples are included for additional information. Scanning Electron 
Microscope (SEM) images allow a closer image of the samples and provide further 
information on the wear processes involved with the tests conducted. Along with the SEM 
photos, elemental analysis was performed on the surfaces. This analysis allows a 
comparison of an unworn surface to a tested surface. 

Test Plan: 

Part A included standardized tests or procedures to establish the baseline for future tests 
with actual materials used in the field application (Part B). The standardized tests and 
materials were used to determine optimum test parameters when not specified by the test 
method. 

The test conditions for each test configuration were: 

Block on Ring Test Geometry: 
Test Parameters: 

Test Load: 
Test Speed: 
Motion: 
Oscillation Angle: 
Test Temperature: 
Duration: 

Timken Test Geometry: 
Test Parameters: 

Test Load: 
Test Speed: 
Test Duration: 
Test Temperature: 

Pin on Disk Geometry: 
Test Parameters: 

Test Load: 
Test Speed: 
Test Radius: 
Test Temperature: 
Test Duration: 

Falex Tribology Test Lab Report 

630 or 360 or 180 lb. 
87.5 cpm 
Oscillatory 
goo 

Ambient conditions 
5,000 cycles 

Various, starting at 30 lb. 
800 rpm 
10 minutes/load stage 
38°C 

Various, increasing 
20 rpm 
22mm 
Ambient conditions 
approx. 75 minutes 

Standard Test Specimens: 
Block: 01 Steel 

27 - 33 Rc hardness 
4 - 8 1-l inch finish 

Ring: SAE 4620 steel 
58-63 Rc 
6 - 12 1-l inch finish 

Standard Test Specimens: 
Block: Carburized steel 

58- 62 Rc hardness 
20 - 30 J.l inch finish 

Ring: Carburized steel 
58 - 62 Rc hardness 
20- 30 J.l inch finish 

Standard Test Specimens: 
Pin: AISI E-52100 steel 

Grade 5 ball 
0.5 inch diameter 

Disk: 440C stainless steel 
48 - 52 Rc hardness 
12-14 J.l inch finish 
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Thrust Washer Geometry: 
Test Parameters: 

Test Load: 
Test Speed: 
Test Duration: 
Test Temperature: 

Various, increasing 
5 rpm 
2 minutes/load stage 
Ambient conditions 

Three Ball Micro-film Geometry: 
Test Parameters: 

Test Load: 
Test Speed: 
Test Duration: 
Test Temperature: 

Various, increasing 
20 rpm 
5 minutes/load stage 
Ambient conditions 

Standard Test Specimens: 
Rotating: 1 018 steel 

14 - 18 Rc hardness 
15-18 1-l inch finish 

Stationary: 1 018 steel 
14 - 18 Rc hardness 
15-18 1-l inch finish 

Standard Test Specimens: 
Rotating: 440C stainless steel 

1 1-1. inch finish 
54-58 Rc hardness 

Stationary: 440C stainless steel 
1 1-1. inch finish 
54-58 Rc hardness 

Balls (3): AISI E521 00 steel 
Grade 5 
64-68 Rc hardness 

A description of the test equipment used in this study can be found in the section titled 
"Test Equipment" This section describes, in detail, the test configuration for each of the 
methods conducted. · 
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Summary of Part A: 

Test Method: Mobil28 Aeroshell33 Aeroshell 33, 
weathered 

Block on Ring Test: 
Block Scar Width (mm) 2.5065 2.4150 1.5545 
Final contact pressure (psi) 14,611 15,171 23,561 

Timken Test: 
OK Load (lb) 18 30 30 

Scar width at load (mm) 1.2015 1.211 1.5195 
Final contact pressure (psi) 7,611 12,775 10,124 

Pin on Disk Test: 
Final friction coefficient 0.123 0.141 0.135 

Thrust Washer Test: 
Contact pressure (psi) 10,500 8,750 8,000 

at torque increase 
Three Ball Microfilm Test: 

Friction, as load increases Upward trending Flat Downward trend, 
high 

Summary graphs for the Pin on Disk, Thrust washer, and Three Ball Micro-film tests are 
included for review to observe trends. 

Falex Tribology Test Lab Report Page 6 



• 
0.200 

0.180 

0.160 

0.140 
c 
0 

ts 0.120 
'i: 
LL .... 
0 
.... 0.100 
c 
CD 
'(j 

!i 0.080 
0 
(.) 

0.060 

0.040 

0.020 

0.000 

• • 
CoF vs Load 

Steel vs ste!el, thrustwasher geometry 

200 300 400 500 600 700 800 900 1 000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 

Load, lb. 

I-Mobil28 -Mobil28 -.-Aeroshell33 -.-Aeroshell33 -""~l~r-Aeroshell33, weath. -~,'!w-wAeroshell3~~. weath.! 



~ ~ • 
CoF vs Load 

Steel vs steel, pin on disk geometry 

0.300...------------------------------------------, 

0.250+-----------------------------------------------------------~ 

r: 0.200 
0 = (.) 
"i: 
LL .... 
0 .... 0.150 
r: 
Q) 

"(3 

~ 
0 
0 0.100 

0.050+-------------------------------------------------------~ 

0.000+--~,---~---.-----r----.-----r----.---~---.----.-----r----.--~----.--~ 

100 200 300 400 500 600 700 800 1000 1100 1200 1300 1500 1600 2000 

Load, grams 

I--Mobil28 -B-Mobil28 -.=Aeroshelll33 -.-Aeroshell33 -'iiltii-Aeroshell33, weath. anwillW~'~Aerosheil33,-weath] 



• • ~ 

CoF vs Load 
440C vs. steel ball, 3 Ball Micro-film Geometry 

0.014-...----------------------------------------, 

0.012 -- - --------

0.010 

c 
0 

~ 
;E 0.008 
.... 
0 .... 
c 
(!) 

~ 0.006 
(!) 
0 
0 

0.004 

0.002 -1---- - -----------------

o.oool.---------------.--------.----·---.---::~-.---=~--.--~~-.---;~--~--~~~ 
400 600 

Load, lbs. 

650 450 500 5150 700 750 800 

I%"''''"'"% Mobil 28 _.,._. Aeroshell 33 -utr-Aeroshell 33, weathered I 



• 

• 

Part B 

Part B tests were identical to those conducted in Part A, using test specimens machined 
from supplied bronze material and oxide coated steel specimens. The bronze material 
was supplied by the client and machined by Falex Corporation into test pieces. 

The following pieces were made from the submitted materials: 
Material: Identification: Falex ID#: Test ~ieces machined: 
Bronze AB05-01259-A TL-5027 Block on Ring Test Block 

Timken Test Block 
Bronze AB05-01259-B TL-5028 Thrust washer, rotating 

Pin on Disk, pin 
Bronze AB05-01259-C TL-5029 3 Ball Micro-film, upper 

3 Ball Micro-film, lower 
Bronze AB05-01259-D TL-5030 Thrust washer, rotating 

The steel components were supplied and machined by Falex Corporation. After 
machining, the bronze and steel test pieces were identified as listed below: 

Material: 
Bronze 
Bronze 
Bronze 
Bronze 
Bronze 
Bronze 
4140 steel 
4140 steel 
4140 steel 
4140 steel 

Descri~tion: 
Block on Ring Test Block 
Tim ken Test Block 
Thrust washer, rotating 
Pin on Disk, pin 
3 Ball Micro-film, upper 
3 Ball Micro-film, lower 
Test Ring 
Thrust washer, lower 
Pin on Disk, disk 
Timken Test Ring 

Falex ID: 
TL-5060 
TL-5061 
TL-5172 
TL-5175 
TL-5174 
TL-5173 
TL-5150 
TL-5164 
TL-5165 
TL-5166 

Quantity: 
31 
29 
28 
12 
13 
12 
33 
30 
23 
61 

The finished steel specimens were then coated with a black oxide process per the client's 
requirements by HMQ Metal Finishing Group, LLC, Herkimer, NY. 

In addition to conducting identical tests as determined in Part A, this part also investigated 
pressure conditions to determine deviations to wear and friction performance. 
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Interim Test 

Prior to starting Part B, an interim study was conducted using the block on ring 
configuration. Bronze test blocks were tested versus oxide coated standard steel test 
rings (SAE 4620 steel). This preliminary study was performed to investigate wear when 
de-icing fluid and a combination of de-icing fluid and water was applied during testing. 
The ARCO de-icing fluid was applied using a spray mist to deliver 2.5 ml per application. 
The fluid was applied prior to starting the test, and at 20-minute intervals thereafter. A 
total of 3 applications were performed for each test. This application technique was used 
for all tests performed with de-icing fluid. The last condition tested included introducing 
adding salt water to the test at the same intervals as the de-icer. 2. 7 m I of salt water was 
added for this test condition. 

A summary graph showing the volumetric wear of the test block follows. ARCO de-icing 
fluid caused an increase in wear of approximately 6.5% to the Aeroshell 33 and Aeroshell 
33 weathered grease. Introduction of salt water also caused an increase in wear, but to a 
lesser extent. A 5.3% increase in wear was seen with the Aeroshell 33 grease and 0.5% 
increase to the Aeroshell 33 weathered grease was experienced. 

Summary of Part B: 

Test Method: Mobil28 Aeroshell33 Aeroshell33 
weathered 

Block on Ring Test: 
Block Scar Width (mm) 3.3300 3.9065 3.8745 
Final contact pressure (psi) 11,159 9,366 9,442 

Timken Test: 
Load (lb) 30 30 30 
Scar width at ioad (mm) 3.95i5 5.5775 5.2305 

Pin on Disk Test 
Final CoF 0.123 0.134 0.135 

Thrust Washer Test 
Contact pressure (psi) 9,750 8,250 5,750 

at torque increase 
Three Ball Microfilm Test 

Friction, as load increases Level Increasing Level, high 

Summary graphs for the Pin on Disk, Thrust washer, and Three Ball Micro-film tests are 
included for review to observe trends . 
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The block on ring test geometry and the thrust washer geometry were used further to 
study the effects of pressure differences on the performance of the greases. 

Summary of Part B, pressure conditions 

The block on ring tests were conducted at one-half the load of previous tests. The thrust 
washer tests were conducted at a constant load of 1520 pounds (7600 psi) for a 24-hour 
duration. 

Test Method: Mobil28 Aeroshell33 Aeroshell33 
weathered 

Block on Ring Test: 
Block Scar Width (mm) 3.1815 3.080 3.245 
Final contact pressure (psi) 5,751 5,954 5,636 

Block on Ring Test (2 mm/sec) 
Block Scar Width (mm) 2.980 3.066 
Final contact pressure (psi) 6,137 5,965 

Thrust Washer Test: 
Bronze mass loss, mg 4.5 32.6 21.0 
Steel mass loss, mg 1.8 1.9 1.5 
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Part e,, Pressure Conditions 

ThnJst Washer Geometry 
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Part C summary 

Block on Ring Thrust Washer 3 Ball Micro-film 
De-icer added: 
Mobi128 3.946 mm scar See Chart 

Q ?7~ n~i -,-·- ,....-. 
Aeroshell33 3.881 mm scar 

9,425 psi 
Aeroshell33 3.9525 mm scar 16.55 mg loss See Chart 

weathered 9,262 psi 
% load condition: 
Aeroshell33 3.153 mm scar 

weathered 5,801 psi 

At gsoc 
Aeroshell33 4.026 mm scar See Chart 

weathered 9,085 psi 

At 95°C with water 
Mobil28 3.2590 mm scar 12.3 mg loss 

11,138 
Aeroshell33 3.9115 mm scar 35.5 mg loss 

9,360 
Aeroshell33 4.0275 mm scar 32.0 mg loss 

weathered 9,082 psi 

Tests were conducted to investigate the wear of the bronze component under various load 
ieveis when iviobii 28 and Aeroshell 33 were applied prior to the test. Tests were 
conducted using the same test parameters as the previous test phase: 

Speed: 5 rpm (0.28 in/sec) 
Duration: 24 hours 
Temperature: 72F, ambient conditions 
Lubricant: Mobil 28 or Aeroshell 33, 3 grams applied 
Test Specimens: 

Upper (rotating): Aluminum bronze 
Lower (stationary): Oxide coated 4140 steel 

The test load was reduced from the original test load of 1520 pounds. The load was 
reduced to 760, 380, 190, and finally, to 95 lb. The results can be seen in the summary 
graph on the next page. 

Due to the low wear at the 95 lb load stage, the test duration was extended an additional 
24 hours. The data from this 48-hour test is not included with the summary graph. A 
separate graph showing the wear of the bronze test piece with the Aeroshell 33 grease 
and the Mobil 28 grease follows . 

Falex Tribology Test Lab Report Page 10 
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CoF vs Load 

AI Bronze vs. Oxide Coated Balls, 3 Ball Micro-film geometry 
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A description of the test equipment used in the study follows. This 
information provided for background information only. Some test 
configurations described were not part of the grease study. 

Block on Ring Test Machine 

Applicable ASTM Test Methods: 
• ASTM G77, "Ranking Resistance of Materials to Sliding Wear Using the 

Block-on-Ring Wear Test." 
• ASTM 03704, "Wear Preventive Properties of Lubrication Greases Using the 

(Falex) Block on Ring Test Machine in Oscillating Motion." 
• 02714, "Calibration and Operation of the Falex Block-on-Ring Friction and 

Wear Testing Machine." 
• 02781, "Wear Life of Solid Film Lubricants in Oscillating Motion 
• G137, "Ranking Resistance of Plastic Materials to Sliding Wear Using a 

Block-on-Ring Configuration." 

The Block-on-Ring test machine is a research tool primarily used to determine 
wear rates of materials in pure sliding motion. The tester is designed to 
accommodate different test fixtures to effect point, line, ellipsoid and area 
contact The standard block-on-ring test uses a rectangular block on a rotating 
ring and starts as Hertzian line contact. As motion begins, a load carrying 
bearing surface forms, allowing the formation of anti-wear and/or EP films to form 
~~ ~h~ ~· • ...+~~~ Th~ ,.,,.,,.,,. .,.,.......,,. ,.,j~th ic- rna"'"''''"""~ ""n~ ronnrto~ ~+tho ""nrl nf th"" 
Ull LIIC '>Uitavc~ 1 11c vvt;;;:;cu ~vc;.t• vv•uu• ·~ •••vc;;;.t~u• '""u ua•u • '-t·"""• .. ,.,..""' """'" ... •'-' """"' ·- '-"• ... ·-

test. A table in ASTM G77 gives block scar volumes for measured wear scar 
widths. Oscillating drive mechanisms can be installed to effect reciprocating 
(back and forth) motion. This motion is used test methods for evaluating 
greases and bonded film lubricants. With increasing loads, monitoring the 
friction force of lubricants containing EP additives has shown good correlation 
with predicting load limits obtained from more sophisticated component tests. 
Area tests, which simulate journal-bearing applications, are affected on this test 
machine using the conforming or curved test block. This configuration is most 
effective when testing polymeric materials. When testing under area contact, it is 
advisable to perform an initial break-in to achieve complete contact between the 
mating surfaces. If complete contact is not achieved, limited contact will give 
higher than desired pressures on the contacting areas resulting in premature 
failure . 
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Block on Ring Test piece configuration 
Timken size (left); Falex size (right) 

ROTATlCN 

Block on Ring schematic Diagram 

High Pressure (rectangular) block (left) 
Low pressure (conformal) block (right) 



i Tim ken Test Machine 

Applicable ASTM Test Methods: 
• 02509, "Measurement of Load Carrying Capacity of Lubricating Grease" 

• 02682, "Measurement of Extreme Pressure Properties of Lubricating Fluids" 

The Timken Extreme Pressure (EP) Test Machine was developed in 1932 to 
measure load carrying capacity of EP lubricants for use in steel production. It is 
a block-on-ring type test and is called out in many specifications for oils and 
greases requiring extreme pressure properties or high levels of load carrying 
ability. This tester is designed to evaluate lubricants for low, medium and high 
levels of extreme pressure for lubricating greases [02509] and fluids [02782]. 
The test is carried out by running a series of 1 0-minute duration test runs at 
increasing test loads to the point where scoring or seizure occurs on the wear 
scar and is considered a failure. This failure mechanism is evidenced by lines 
that extend past the edge of the wear scar (scoring) or by jagged irregularities 
(scuffing). The tester is designed to provide friction data by balancing the lower 
friction arm with the upper load arm. Through the use of the equation listed 
below, the coefficient of friction is calculated. 

Timken Test Machine 
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Typical OK 
No Scoring 

Timken Ring and Block configuration 

Improper Setup 

Scoring (failure) 

Typical Timken test Wear Scars 



i Multi-Specimen Test Machine 

The Multi-Specimen test machine is designed to be a versatile tribology research 

test apparatus. It consists of two opposed, vertical test shafts. One rotates; the 

other is stationary. It is called Multi-Specimen because of the use of different 

adapters Uiat can be placed bet,Aieen the opposing vertical shafts. These 

adapters are used to simulate many different tribological configurations. The 

Multi-Specimen can measure friction and wear under point, line and area 

contacts, in pure sliding, pure rolling, or combination roll/slide motion in 

unidirectional or oscillation studies. Because a lubricant is another parameter for 

the tribological system, virtually any of the adapters can accept a lubricant to 

determine its effect on friction and wear of the selected tribological system. 

The most common adapter is the thrust washer. This adapter evaluates friction 

and wear properties of materials and lubricants under pure sliding motion and 

area contact A break-in period is required to insure complete contact between 

the mating surfaces. This is verified visually. When using the thrust washer 

configuration for testing a lubricant for friction and wear properties, the lubricant 

is "squeezed" between the contacting surfaces, forcing excess lubricant out of 

the contact area. Only the residual lubricant remains in the contact zone. This is 

a good test for evaluating lubricants and lubricant chemistry in a starved 
lubrication system. A starved lubrication system is one where the lubricant is not 

replenished during the test. 

Falex Multi-Specimen Test Machine 



Thrust Washer test in testing position on the Falex Multi-Specimen Test Machine 

• 

TORQUE 

Schematic Diagram of Thrust Washer Configuration 
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Pin on Disk Test Machine 

Applicable ASTM Test Methods: 
• ASTM G99, "Wear Testing with a Pin-on-Disk Apparatus." 

Pin-on-Disk testing is the most commonty used wear test for determining 
comparative frictional properties and wear rates of material pairs in pure sliding 
motion. It consists of a rotating disk upon which is loaded a pin or ball. The pin 
can be radiused or flat. In the simplest version, the ball rotates over the same 
wear scar. Other mechanisms can be incotporated such that the pin or bail 
comes in contact with an untouched portion of the rotating disk. This results in a 
spiral type of wear track. 

In wear evaluations, as wear progresses, material can be removed from the pin 
or baH and/or from the di~k Under some conditions, the material can be 
transferred from one piece to the other. Therefore, as with any wear test, both 
pieces should be examined for wear or material transfer. The pin or ball can be 
evaluated by measuring the diameter of the wear scar. Observations of material 
transfer should also be noted. The wear scar on the disk can be characterized 
by a profilometric trace across the surface to determine depth and width of the 
wear scar or by another surface characterization method . 

Pin-on-Disk schematic 

Top view photo of Falex ISC Pin 
on Disk Test Machine used in the 
grease study. 



Three Ball Micro Film Test 

This test measures the film strength of lubricants and the threshold load value 
where the lubricant breaks down. The adapter holds three 1/2" test balls at three 
slightly different radii. It is attached to the upper shaft of the Multi-Specimen Test 
Machine. it is designed to mil and slide balls in a new tmck against the mtating 
upper and the stationary lower disk with each revolution to ensure full fluid film, up 
to the threshold limit. Threshold limit is indicated by a rise in the torque. 

Assembly Drawing showing Three Ball Microfilm Adapter 
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Company: 
Date: 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 
SampleiD: 
Falex ID#: 

Block Type: 
Material: 
Finish (~-tin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (~-tin): 

Hardness (Rc): 
Falex ID#: 

Test Resuts: 
Mass Data. g 

Initial 
Final 
Loss 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

9 
01-111 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine 
800135004198 

Mobil28 
4944 

HP Test Block 
Supplied Bronze, A 
32 
112-123 
5060 
Falex 8-25 w/ black oxide coating 
SAE 4620 steel 
22-28 
58-63 
5062 

Block 
7.3840 
7.3754 
0.0086 

Ring 
21.9861 
21.9858 
0.0003 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation(%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

10/18/01 
0107370 

3.655 
3.604 
3.564 
3.608 
0.037 
1.032 

1.4248 

10,138 
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Company: 
Date: 
Technician: 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

10 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Aeroshell33 
Falex ID #: 4948 

Block Type: 
Material: 
Finish (f.Lin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (f.lin): 
Hardness (Rc): 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Initial 
Final 
Loss 

HP Test Block 
Supplied Bronze, A 
32 
112-123 
5060 
Falex S-25 w/ black oxide coating 
SAE 4620 steel 
22-28 
58-63 
5062 

Block 
7.4173 
7.3986 
0.0187 

Ring 
22.2229 
22.2229 
0.0000 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

10/18/01 
0107371 

4.418 
4.405 
4.401 
4.408 
0.007 
0.165 

2.6031 

8,298 
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Company: 
Date: 
Technician: 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

11 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine 
Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 
Falex ID #: 4949 

Block Type: 
Material: 
Finish (f.!.in): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (f.l.in): 
Hardness (Rc): 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Initial 
Final 
Loss 

HP Test Block 
Supplied Bronze, A 
32 
112-123 
5060 
Falex S-25 w/ black oxide coating 
SAE 4620 steel 
22-28 
58-63 
5062 

Block 
7.3936 
7.3750 
0.0186 

Ring 
22.2332 
22.2339 
-0.0007 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 

Volumetric Wear (mm3
}: 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

10/18/01 
0107372 

4.596 
4.543 
4.407 
4.515 
0.080 
1.763 

2.7985 

8,100 
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Company: 
Date: 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

12 
01-111 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine 
800135004198 

Testing Conditions: 

Sample ID: Aeroshell33 

Falex ID #: 4948 

Block Type: 
Material: 
Finish (J.Lin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (J.Lin): 

Hardness (Rc): 
Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
Supplied Bronze, A 
32 
112-123 
5060 
Falex S-25 w/ black oxide coating 
SAE 4620 steel 
22-28 
58-63 
5062 

Block 
7.4054 
7.3867 
0.0187 

Ring 
22.2245 
22.2243 
0.0002 

Speed (cpm): 
Temperature ec): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 {mm): 
Measurement 2 {mm): 
Measurement 3 {mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

10/19/01 
0107373 

4.506 
4.503 
4.501 
4.503 
0.002 
0.046 
2.7762 

8,122 

2.5ml of Arco deicer (TL# 5063) was applied three times, at start of test, 20 minutes and 40 minutes . 
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Company: 

Date: 
Technician: 

Oombroff & Gilmore 

10/19/01 
M. Rapp 

Page: 
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Test Method: ASTM D 3704, Wear Preventative Properties of lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine -Test Machine: 
Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 
Falex ID #: 4949 

Block Type: 
Material: 
Finish (J.Lin): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (J.Lin): 

Hardness (Rc): 
Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
Supplied Bronze, A 
32 
112-123 
5060 
Falex S-25 w/ black oxide coating 

SAE 4620 steel 
22-28 
58-63 
5062 

~ 
7.4118 
7.3922 
0.0196 

Ring 
22.1412 
22.1421 
-0.0009 

Testing Conditions: 

Speed (cpm): 
Temperature (DC): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 {mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation {%) 
Volumetric Wear (mm3

): 

Final Pressure {psi): 

87.5 
Ambient 
360 
5000 
goo 

10/19/01 
0107374 

4.617 
4.602 
4.601 
4.607 
0.007 
0.159 
2.9724 

7,940 

2.5ml of Arco deicer (TL# 5063) was applied three times, at start of test, 20 minutes and 40 minutes. 
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Company: 
Date: 
Technician: 

Dombroff & Gilmore 
10/19/01 
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Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 
Falex Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Aeroshell 33 
Falex ID #: 4948 

Block Type: 
Material: 
Finish (J.Lin): 
Hardness (BHN): 

Falex ID#: 
Ring Type: 

Material: 
Finish (J.Lin): 
Hardness {Rc): 

Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
Supplied Bronze, A 
32 
112-123 
5060 
Falex S-25 w/ black oxide coating 
SAE 4620 steel 
22-28 
58-63 
5062 

Block 
7.3905 
7.3700 
0.0205 

Ring 
22.2746 
22.2746 
0.0000 

Testing Conditions: 

Speed (cpm): 
Temperature eq: 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

}: 

Final Pressure {psi): 

87.5 
Ambient 
360 
5000 
goo 

10/19/01 
0107375 

4.589 
4.567 
4.586 
4.581 
0.010 
0.213 

2.9222 

7,985 

2.5ml of Arco deicer {TL# 5063) was applied three times, at start of test, 20 minutes and 40 minutes. 

2. 7ml of salt water {TL# 5065) was applied three times, at start of test, 20 minutes and 40 minutes. 
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Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 

Falex ID #: 4949 

Block Type: 
Material: 
Finish (l!in): 

Hardness (BHN): 
Falex ID#: 
Ring Type: 

Material: 
Finish (J..tin): 

Hardness (Rc): 
Falex ID#: 

Test Resuts: 
Mass Data. g 

Comments: 

Initial 
Final 
Loss 

HP Test Block 
Supplied Bronze, A 
32 
112-123 
5060 
Falex S-25 w/ black oxide coating 
SAE 4620 steel 
22-28 
58-63 
5062 

Block 
7.3930 
7.3716 
0.0214 

Ring 
22.1571 
22.1571 
0.0000 

Testing Conditions: 

Speed (cpm): 
Temperature eC): 
Load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): 
Stan dared Deviation: 
Coefficient of Variation (%) 

Volumetric Wear (mm3
): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

10/20/01 
0107377 

4.626 
4.611 
4.601 
4.613 
0.010 
0.223 

2.9841 

7,929 

2.5ml of Arco deicer (TL# 5063) was applied three times, at start of test, 20 minutes and 40 minutes. 

2. 7ml of salt water (TL# 5065) was applied three times, at start of test, 20 minutes and 40 minutes. 

Test block is from Test #0107374. Edge with double marking is this test. 



• 

• 

Company: 
Date: 
Technician 

Method: 

Dombroff & Gilmore 
01/28/02 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 

1 
02-8 

Machine: 
Serial#: 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 

809C350011008, 009-091-105 

TEST SPECIMENS: 
Upper Material: 

Finish (!lin.): 
Hardness (HRc): 

FalexiD#: 

Lower Material: 
Finish (!l in.): 
Hardness (HRc): 

FalexiD#: 

Test Results: 

Test Date: 
Test Number: 

Upper Falex ID #: 
Lower Falex ID #: 
Lubricant 

Lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 
Load(Lb): 
Mass Loss, Upper (mg): 
Mass Loss, Lower (mg): 

C95500 AI Bronze 
32 

112-123 
5030 

AISI4140 Steel, black oxide coated 

32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5306 

01/15/02 
09072 

5030 
5306 

Mobll28 

4944 

01/18/02 
9077 

5030 
5306 

Mobll28 

4944 
TDAT014-015 TDAT020-021 
DGTHWRT2 DGTHWRT2 

760 760 
1.6 1.0 
0.7 0.3 

Bronze height change (mm): 0.0200 0.0035 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (0 C}: 

Duration (hr): 
Test Load (lb): 
Mean Test Radius (in): 
Contact pressure (psi): 

01/16/02 
09074 

5030 
5306 

Mobi128 

4944 
2dgwear01 

D&GWEARTEST2 
760 
0.5 
0.9 

0.0008 

5 
Ambient 

24 
Varies 
0.531 

Varies 

Comments: See Graphs for Torque, Friction Coefficient, Load, and Specimen Temperature trends. 

Coefficient of Friction CCoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 
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• • • 
Mobil28 

Tlhrm)t Washer Geometry 

Test#09077 
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• 

00:00:00 

l:)_?scri ption 

Mobil 28, 760 lt.ad, 24 hrs J-

Batch Name 
2dgwear01 

~~-·· 

1 Days 00:07:22 1 Days 00:07:22 

0.00/0.50 Coef No Data 

0.00/100.00 DEG.C No DAta 

Scale Range Eng. Units 1 Day 00:07:22j 

:~:c!nwearo·1 0.00/5000.00 1\1 No .. . 



i 

Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 

Upper Material: 
Finish (JJ. in.): 

Hardness (HRc): 
FalexiD#: 

lower Material: 
Finish (JJ. in.): 

Hardness (HRc): 

FalexiD#: 

Test Results: 

Test Date: 
Test Number: 

Upper Falex ID #: 
Lower Falex ID #: 

Lubricant: 

Lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 
Load(Lb): 
Mass LoSs, Upper (mg): 

Mass Loss, Lower (mg): 

Dombroff & Gilmore 
01/28/02 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 

2 
02-8 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 

809C350011008, 009-091-105 

C95500 AI Bronze 
32 

112-123 
5030 

AISI4140 Steel, black oxide coated 

32 
Nitride, case depth .003-.005 

Core strength 160-18_0 KSI 

5306 

01/16/02 01/17/02 

09073 09075 

5030 5030 

5306 5306 

Aeroshell 33 Aeroshell 33 

4948 4948 

TDAT016-017 TDAT018-019 

DGTHWRT2 DGTHWRT2 

760 760 
4.8 5.3 

0.5 +0.3 

TEST CONDITIONS: 

Test Speed (rpm): 
Temperature (DC): 

Duration (hr}: 
Test Load (lb}: 
Mean Test Radius (in): 

5 
Ambient 

24 
Varies 
0.531 

Varies Contact pressure (psi): 

01117/02 01/21/02 

09076 09080 

5030 5030 

5306 5306 

Aeroshell 33 Aeroshell 33 

4948 4948 

2dgwear02 TDAT022-023 

D&GWEARTEST3 DGTHWRT3 

380 380 

3.9 1.3 

0.6 1.8 

Bronze height change (mm): 0.0085 0.0115 0.0060 0.0043 

Comments: See Graphs for Torque, Friction Coefficient, Load, and Specimen Temperature trends. 

Coefficient of Friction (CoF) 

The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 
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• • 
Aeroshell 33 

Thrus~t Washer Geometry 

Test#09075 
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• Aeroshell 33, 380.1oad, 24 hrs • 

00:00:00 1 Days 00:05:32 1 Days 00:05:32 

gescripti~r:!__ 
Batch Name Scale Range Eng. Units 1 Day 00:05:32 

0.00/0.50 Coef 

li 
0.00i100.00 DEG.C 

0.00/5000.00 N 
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Aeroshell 33 

Thrust Washer Geometry 

Test# 09080 
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• 
Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish(!! in.): 

Hardness (HRc): 
FalexiD#: 

Lower Material: 
Finish (f.l. in.): 

Hardness (HRc): 

Falex 10#: 

01/28/02 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 

3 
02-8 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 

809C350011008, 009-091-105 

C95SOO AI Bronze 
32 

112-123 
5030 

AISI4140 Steel, black oxide coated 
32 

Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5306 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature (0 C): 
Duration (hr): 
Test Load (lb): 
Mean Test Radius (in): 
Contact pressure (psi): 

5 
Ambient 

24 
Varies 
0.531 

Varies 

• Test Results: 

Test Date: 
Test Number: 

Upper Falex ID #: 
Lower Falex ID #: 

lubricant: 

Lubricant Falex 10 #: 
SaveFile Name: 
Test Program Name: 
Load(Lb): . 

Mass Loss, Upper (mg): 
Mass Loss, Lower (mg): 

Bronze height change (mm): 

01/18/02 
09078 

5030 
5306 

Mobi128 

01/21/02 
09079 

5030 
5306 

Mobi128 

4944 4944 
2dgwear03 2dgwear04 

D&GWEARTEST3 D&GWEARTEST3 
380 380 
0.5 0.1 

+0.1 N/A* 

0.0078 0.0093 

01/22/02 01/24/02 
09082 09084 

5030 5030 
5306 5306 

Aeroshell 33 Aeroshell 33 

4948 4948 
TDAT024-025 2dgwear07 
DGTHWRT4 D&GWEARTEST4 

190 190 
2.8 4.5 
0.9 0.6 

0.0098 0.0118 

Comments: See Graphs for Torque, Friction Coefficient, Load, and Specimen Temperature trends. 

*Lower specimen was damaged on removat Mass measurement is innaccurate. 

Coefficient of Friction (CoF) 
The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 



, 
l 

Mobil 28, 380 I.Jad, 24 hrs. ·-

00:00:00 1 Day 00:06:50 1 Day 00:06:5( 

Batch Name Scale Range Eng. Units 1 Day 00:06:50 

2dgwear03 0.00/0.50 Coef 0.19 

2dgwear03 0.00/100.00 DEG.C :~3.:36 
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00:00:00 

P
sc6eti_{in . 

' 
., . 

Mobil 28, 380 I.Jad, 24 hrs. ·-

Batch Name 

1 Day 00:25:11 

Scale Range 

0.00/0.20 
0.00/100.00 
0.00/5000.00 

Eng. Units 

Coef 
DEG.C 
N 

1 Day 00:25:11 

1 Day 00:25:11 

No Data 
i\lo Oaw 
1\Jo 
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., Aeroshell 33, 19. load, 24 hrs ·-

~J 
v 

00:00:00 1 Day 00:06:17 1 Day 00:06:17 

Batch Name Scale Range Eng. Units 1 Day 00:06:17 

F~~IGT!ON 2dgwear07 0.00/0.20 Coef 0.15 

:2dgwear07 0.00/100.00 DEG.C 30.51 

0.00/5000.00 N 0.00 



Company: 
Date: 
Technician 

Method: 

Dombroff & Gilmore 

01/28/02 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 

4 
02-8 

Machine: 
Serial#: 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 

809C350011008, 009-091-105 

TEST SPECIMENS: 

Upper Material: 
Finish (J.L in.): 

Hardness (HRc): 
FalexiD#: 

Lower Material: 
Finish (J.L in.): 

Hardness (HRc): 

FalexiD#: 

• Test Results: 

Test Date: 
Test Number: 

Upper Falex ID #: 
Lower Falex ID #: 

Lubricant: 

Lubricant Falex ID #: 

SaveFile Name: 
Test Program Name: 

Load(Lb): 
Mass Loss, Upper (mg): 

Mass Loss, Lower (mg): 

C95500 AI Bronze 
32 

112-123 
5030 

AISI4140 Steel, black oxide coated 

32 
Nitride, case depth .003-.005 

Core strength 160-180 KSI 

5306 

01122/02 
09081 

5030 
5306 

Mobi128 

01/23102 
09083 

5030 
5306 

Mobil28 

TEST CONDITIONS: 

Test Speed (rpm): 

Temperature (OC): 

Duration (hr): 
Test Load (lb): 
Mean Test Radius (in): 
Contact pressure (psi): 

02101/02 
09085 

5030 
5306 

Aeroshell 33 

4944 4944 4948 

2dgwear05 2dgweai06 2dgwear08 

D&GWEARTEST4 D&GWEARTEST4 D&GWEARTEST3 

190 190 380 

0.7 0.6 2.9 

Q7 Q7 Q4 

Bronze height change (mm): 0.0083 0.0080 0.0100 

5 
Ambient 

24 
Varies 
0.531 

Varies 

Comments: See Graphs for Torque, Friction Coefficient, Load, and Specimen Temperature trends. 

Coefficient of Friction (CoF) 

The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 



• 

00:00:00 

D~!>C!iEtion 

Mobil 28, 190 l•)ad, 24 hrs •-

Batch Name 

2dgwear05 

1 Day 00:12:03 

Scale Range 

0.00/0.50 
0.00/100.00 
0.00/5000.00 

Eng. Units 

Coef 
DEG.C 
N 

1 Day 00:12:m 

1 Day 00:12:03 

0.21 
31.95 
0.00 



41" Mobi128, 190 l.)ad, 24 hrs ·-
.... M. 

00:00:00 1 Days 00:03:41 1 Days 00:03:41 

Batch Name Scale Range Eng. Units 1 Day 00:03:4T--

2dgwear06 0.00/0.20 Coef 1\lo DRta 

0.00/100.00 DEG.C 

0.00/1000.00 N 
1.. 



• 

00:00:00 

FRICTION 

Aeroshell 33, .J lb, 24hrs ·-

1 Days 00:06:13 

Batch Name Scale Range Eng. Units 

2dgwear08 0.0010.50 Coef 

0.00/100.00 DEG.C 

1 Days 00:06:1~ 
1 Day 00:06:13 
0.20 

26 



• 
Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (f..l in.): 

Hardness (HRc): 
FalexiD#: 

Lower Material: 
Finish (f..l in.): 

Hardness (HRc): 

FalexiD#: 

Dombroff & Gilmore 
02108/02 
N. Pekoe 

Modified Thrust Washer 

Page: 
Project#: 

6 
02-8 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 

809C350011 008, 009-091-1 05 

C95500 AI Bronze 
32 

112-123 
5030 

AISI4140 Steel, black oxide coated 

32 
Nitride, case depth .003-.005 
Core strength 160-180 KSI 

5306 

TEST CONDITIONS: 
Test Speed (rpm): 
Temperature ec): 
Duration (hr): 
Test Load (lb): 
Mean Test Radius (in): 
Contact pressure (psi): 

5 
Ambient 

Varies 
Varies 
0.531 

Varies 

• Test Results: 

• 

Test Date: 02104/02 02105/02 02104/02 02105/02 

Test Number: 09086 0606424 0606423 09087 

Upper Falex ID #: 5030 5030 5030 5030 

Lower Falex ID #: 5306 5306 5306 5306 

Lubricant: Aeroshell 33 Aeroshell 33 Mobi128 Mobi128 

Lubricant Falex ID #: 4948 4948 4944 4944 

Duration: 24 48 24 48 

SaveFile Name: 2dgwear09 2dgwear12 2dgwear10 2dgwear11 

Test Program Name: D&GWEARTEST5 DGTHWRT5 DGTHWRT5 DGWEARTEST5 

Load(Lb): 95 95 95 95 

Mass Loss, Upper (mg): 0.0 4.4 0.5 0.5 

Mass Loss, Lower (mg): 2.2 1.5 0.6 1.0 

Bronze height change (mm): 0.0053 0.0070 0.0033 0.0010 

Comments: See Graphs for Torque, Friction CoeffiCient, Load, and Specimen Temperature trends. 

Coefficient of Friction (CoF) 

The dimensionless ratio of the friction force (FF) between the upper rotating material and the lower 

stationary material to the normal force (N) pressing these bodies together. 



• 

00:00:00 

Aeroshell 33, 954t~load, 24 hrs • 

Batch Name 

1 Days 00:23:25 
Scale Range 
0.00/0.20 
0.001'!00.00 
0.00/3000.00 

1 Days 00:23:25 
-------=-~~----------~~~~-Eng. Units 1 Day 00:23:25 

--····--··--

Coef No Data 
DEG.C 
N f 



• 

00:00:00 
~~c;r_~ption 

Aeroshell 33, 95 eJoad, 48 hrs •-
i ; l 

.... ~ ....... _. ... , ._ . .,, ~----4·. -· ._.,~·--. .. > '''""1-·· *--··-·-"" ~-· ···-~"'" -··"t'-""·'"~ ~ ····~··~·~--··--·""'""-""'-'''" ""'"·-···~·· .. ··- ._ .. _. 

2 Days 00:27:04 
Batch Name Scale Range Sample Freq. Eng. Units 
2dgwear12 0.00/0.20 00:00:()1 

0.00/120.00 00:00:01 
0.00/100.00 00:00:1)'1 

LB 
DEG. 

2 Days 00:27:04 
2 oayso-0:27:0{~ 
No Data 
No Data 



• 

~~~ip~i~!! __ -- ------
00:00:00 

Batch Name 
2dgwear10 
2dowe<'lr10 

Mobil 28, 95 lb.ad, 24 hrs 

1 Days 00:02:00 
Scale Range 
0.00/0.20 
0.00/120.00 
0.00/100.00 

Sample Freq. 
00:00:01 
00:00:0'1 
00:00:01 

• 

1 Days 00:02:00 
Eng. Units -----,--1 =o-ay-00:02:00-- ---

" No Data ----

LB No Data 
c 



"~ • Mobil 28, 95 lte~:ad, 48 hrs ·-

I
I 

! 'II 
I ~ 

I 
I 

~~ 

''· '~ 

00:00:00 2 Days 00:27:40 2 Days 00:27:40 

' Batch Name Scale Range Eng. Units 2 Days 00:27:40-

FHICTION 2dgwear11 0.00/0.30 Coef No Data 

I ; ;~aawea1n 1 0.00/100.00 DEG.C 

Zd<lWEl8r11 0.00/1000.00 N 1\lo 



TELEPHONE 773-772-3577 
FAX NO. 773-772-3778 

Phoenix Chemical Laboratory. lnc. 
FUEL AND q:JBRICANT TECHNOLOGISTS 

3953 SHAKESPEARE A VENUE 

CHICAGO, ILL. 60647-3497 

November 19, 2001 

RECEIVED FROM Fal ex Corp. 
1020 Airpark 
Sugar Grove, IL 60554 

Attn: Brian Holtkamp 
SAMPLE OF Grease 

MARKED See below 

Lab. No. 

Marked 

Ash, % 
Penetration@ 77°F, 

Worked Strokes 
(1/4 scale) 

NLGI Grade 
Heptane Soluble, % 
Heptane Insoluble, % 

01 11 2 11 

#822951 
#TLAA4944 

7.81 

309 
Between 1 & 2 

83. 61 
15.44 

Emission Spectrographic Analysis 
Major Aluminum 

Minor 

Trace 

Calcium 
Iron 
Magnesium 
Sodium 
Silicon 

Copper 
Lithium 
Manganese 
St ront i urn 
Titanium 
Zinc 

LABORATORY NO. 

01 11 2 12 

#818872 
#TLAA4945 

7.50 

313 
1 

83.77 
15. 18 

Aluminum 

Calcium 
Iron 
Magnesium 
Sodium 
Silicon 

Copper 
Lithium 
Manganese 
Strontium 
Titanium 
Zinc 

01 11 2 11-16 

01 11 2 13 

#B16596 
#TLAA4947 

8.49 

309 
Between 1 & 2 

81.34 
17.58 

Aluminum 

Calcium 
Iron 
Magnesium 
Sodium 
Silicon 

Copper 
Lithium 
Manganese 
Strontium 
Tit ani urn 
Zinc 



TELEPHONE 773-772-3577 
FAX NO. 773-772-3778 

Phoenix Chemical Laboratory. Inc. 
FUEL AND LUBRICANT TECHNOLOGISTS 

3953 SHAKESPEARE A VENUE 

CHICAGO, ILL. 60647-3497 

November 19, 2001 

RECEIVED FROM Fa 1 ex Corp. 

SAr-1PLE OF Grease 

MARKED See below 

Lab. No. 

Marked 

Ash, % 
Penetration @ 77°F, 

Worked Strokes 
(1/4 scale) 

NLGI Grade 
Heptane Soluble, % 
Heptane Insoluble, % 

01 11 2 14 

#B052101 
#TLAA4948 

4.98 

272 
2 

82.59 
16.39 

Emission Spectrographic Analysis 
Major Calcium 

Minor 

Trace 

Lithium 

Boron 
Bismuth 
Magnesium 
Sodium 
Si 1 i c'on 
Zinc 

Aluminum 
Chromium 
Copper 
Iron 
Manganese 
Phosphorus 
Lead 
Strontium 

LABORATORY NO. 

Oi 11 2 15 

#B052101 
#TLAA4949 

5.73 

317 
1 

81.28 
17.71 

Calcium 
Lithium 

Aluminum 
Boron 
Bismuth 
Copper 
Magnesium 
Sodium 
Zinc 
Phosphorus 

Chromium 
Iron 
Manganese 
Lead 
St ront i urn 

01 11 2 11-16 

Page 2 of 6 

01 11 2 1 6 

#B052101 
#TLAA4950 

5.88 

287 
2 

82.75 
1 6. 1 9 

Calcium 
Lithium 

Aluminum 
Boron 
Bismuth 
Copper 
Magnesium 
Sodium 
Zinc 
Phosphorus 

Chromium 
Iron 
Manganese 
Lead 
Strontium 



• 

TELEPHONE 773-772-3577 
FAX NO. 773-772-3778 

Phoenix Chemical Laboratory. Inc. 

RECEIVED FROM Fa lex Corp. 

SAMPLE OF Grease 

MARKED See below 

Lab. No. 

FUEL AND LUBRICANT TECHNOLOGISTS 

3953 SHAKESPEARE A VENUE 

CHICAGO, ILL. 60647-3497 

November 19, 2001 

LABORATORY NO. 

01 11 2 11 01 11 2 12 

Elemental Analysis by ICP 

Aluminum, % 0.862 0.817 

Calcium, % 0.495 0.552 

I ron, % 0. 1 71 0. 1 71 

Sodium, % 0.601 0.601 

Magnesium, ppm 826 874 

Copper, ppm 2.0 2.0 

Manganese, ppm 5.9 5.7 

Lithium, ppm 3.7 0.4 

Titanium, ppm 78.8 74.7 

Zinc, ppm 5.7 5.5 

Strontium, ppm 2.6 2.7 

+ (': 

~
\ -$-<": 

ctl · ~,.., 
:<' . . ':-t q7 f(WHOUI "' 1'111 ( 

L-...------ --
LABORATORY. INC. 

01 11 2 11-1 6 

Page 3 of 6 

01 11 2 13 

1 • 028 

0. 651 

0.216 

0.873 

2160 

3.4 

5.8 

131 . 7 

103.6 

7.8 

2.5 



• 

TELEPHONE 773-772-3577 
FAX NO. 773-772-3778 

Phoenix Chemical Laboratory. Inc. 

RECEIVED FROM Fa 1 ex Corp. 

SAMPLE OF Grease 

MARKED See below 

Lab. No. 

FUEL AND LUBRICANT TECHNOLOGISTS 

3953 SHAKESPEARE A VENUE 

CHICAGO, ILL. 60647-3497 

November 19, 2001 

LA BORA TORY NO. 

01 11 2 14 01 11 2 15 

Elemental Analysis by ICP 

Lit hi urn, % 2.62 2.76 

Calcium, % 1 . 45 1 . 50 

Boron, % 0.244 0.223 

Zinc, % 0. 119 0. 137 

Copper, ppm 3.3 2950 

Bismuth, ppm 532 706 

Sodium, ppm 91 . 9 266 

Magnesium, ppm 62.9 72.5 

Aluminum, ppm 42.6 68.5 

Iron, ppm 21.3 24.6 

Phosphorus, ppm 231 1170 

Lead, ppm 14.9 24.7 

Strontium, ppm 6.4 6.5 

Manganese, ppm 0.4 0.3 

Chromium, ppm 0.9 1 . 6 

01 11 2 11-16 

Page 4 of 6 

01 11 2 16 

2.48 

1 . 48 

0.212 

0. 121 

4620 

916 

244 

74.8 

52.3 

26.7 

1770 

25.2 

6.5 

0.2 

2.2 



• 

TELEPHONE 773-772-3577 
FAX NO. 773-772-3778 

Phoenix Chemical Laboratory. Inc. 
FUEL AND LUBRICANT TECHNOLOGISTS 

3953 SHAKESPEARE A VENUE 

CHICAGO, ILL. 60647-3497 

November 19, 2001 

RECEIVED FROM Fa 1 ex Corp. 

SAMPLE OF Grease LABORATORY NO. 01 11 2 11-16 

MARKED 

»t", 

Page 5 of 6 
See below 

Infrared Analysis 
The infrared spectra of the following fractions of the 

samples were run. The spectra are attached and are made part 
of this report by reference: 

Lab . No. o 1 11 2 11 
1) As received. 
2) Heptane soluble. 
3) Heptane insoluble. 

Lab. No. 01 11 2 12 
1) As received. 
2) Heptane soluble. 
3) Heptane insoluble. 

Lab. No. o 1 11 2 13 
1) As received. 
2) Heptane soluble. 
3) Heptane insoluble. 

Lab. No. 01 11 2 14 
1) As received. 
2) Heptane soluble. 
3) Heptane insoluble. 

Lab. No. 01 11 2 1 5 
1 ~ As received. 
2) Heptane soluble. 
3) Heptane insoluble. 

Lab. No. 01 11 2 1 6 
1) As received. 
2) Heptane soluble. 
3) Heptane insoluble. 
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FAX NO. 773-772-3778 

Phoenix Chemical Laboratory. Inc. 
FUEL AND LUBRICANT TECHNOLOGISTS 

3953 SHAKESPEARE A VENUE 
CHICAGO, ILL. 60647-3497 

November 19, 2001 

RECEIVED FROM Fa lex Corp. 

SAMPLE OF Grease LABORATORY NO. 01 11 2 11-16 

.MARKED 
Page 6 of 6 

See below 

Conclusions 
The following conclusions are based on the data which have 

been obtained: 

1 ) The samples identified as Lab. Nos. 01 11 2 11, 01 11 2 12 
and 01 11 2 13 are substantially identical to each other. 
Each consists of a paraffinic mineral which has been 
thickened with a calcium complex soap. Each also contains 
an organophilic bentonite clay filler. 

2) The samples identified as Lab. Nos. 01 11 2 14, 01 11 2 15 
and 01 11 2 16 are substantially identical to each other 
but different from the samples previously identified as 
Lab. Nos. 01 11 2 11, 01 11 2 12 and 01 11 2 13. Each 
consists of a synthetic ester such as dioctyl sebacate 
which has been thickened with a lithium soap such as 
lithium 12-hydroxystearate. A small amount of a calcium 
carbonate filler is also present. 

3) The sample identified as Lab. No. 01 11 2 13 may be 
contaminated with a lithium soap grease. 

1 I ( 
I.-

f/ji'/IVVVU r. /--- -- / 

f'Arthur A. Krawetz 
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Company: 
Date: 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 
SampleiD: 
FalexiD#: 

Block Type: 
Material: 
Finish (J.lin): 
Hardness (Rc): 

FalexiD#: 

•• Ring Type: 
Material: 
Finish (J.lin): 
Hardness (Rc): 

Falex 10#: 

Test Resuts: 
Mass Data, g 

Initial 
Final 
Loss 

i 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

2 
01-111 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Fatex Block on Ring Test Machine 
800135004198 

Testing Conditions: 

Mobi128 
4994 

H-30 Speed (cpm): 87.5 

.SAE 01 tool steel Temperature ec): Ambient 

4-8 Load (lb): 360 

27-33 Duration (cycles): 5000 

4938 Oscillation Angle: goo 

Falex S-10 
SAE 4620 steel Test Date: 8/28/01 

6-12 Test Number: 0107358 

58-63 
4937 

Block Scar Data 

Block Ring Measurement 1 (mm): 2.57.0 

7.6629 22.2 Measurement 2 (mm): 2.617 

7.6589 22.1988 Measurement 3 (mm): 2.602 

0.0040 0.0012 Average Scar (mm): 2.596 

Standared Deviation: 0.020 
Coefficient of Variation (%) 0.755 
Volumetric Wear (mm3

): 0.5302 

Final Pressure (psi): 14,088 



~ 

• 

Company: 
Date:· 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 
Sample ID: 
Falex ID#: 

Block Type: 
Material: 
Finish (Jlin): 
Hardness (Rc): 

Falex ID#: 
Ring Type: 

Material: 
Finish (J.Lin): 
Hardness (Rc): 

Falex ID#: 

Test Resuts: 
Mass Data, g 

Initial 
Final 
Loss 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine 
800135004198 

Testing Conditions: 

Mobi128 
4944 

H-30 Speed (cpm): 87.5 

SAE 01 tool steel Temperature ec): Ambient 

4-8 Load (lb): 360 

27-33 Duration (cycles): 5000 

4938 Oscillation Angle: goo 

FalexS-10 
SAE 4620 steel Test Date: 9/6/01 

6-12 Test Number: 0107361 

58-63 
4937 

Block Scar Data 

Block Ring Measurement 1 (mm): 2.414 

7.7119 22.2836 Measurement 2 (mm): 2.427 

7.7091 22.2833 Measurement 3 (mm): 2.410 

0.0028 0.0003 Average Scar (mm): 2.417 
Standared Deviation: 0.007 
Coefficient of Variation (%) 0.300 
Volumetric Wear (mm3

): 0.4277 

Final Pressure (psi): 15,133 



Company: 
Date: 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 
SampleiD: 
Falex ID#: 

Block Type: 
Material: 
Finish (!lin): 
Hardness (Rc): 

Falex ID#: 

ff 
Ring Type: 

Material: 
Finish (!lin): 
Hardness (Rc): 

Falex ID#: 

Test Resuts: 
Mass Data, g 

Initial 
Final 
Loss 

• 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

3 
01-111 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine 
800135004198 

Testing Conditions: 
Aeroshell 33 
4948 

H-30 Speed (cpm): 87.5 
SAE 01 tool steel Temperature ec): Ambient 
4-8 load (lb): 360 

27-33 Duration (cycles): 5000 
4938 Oscillation Angle: goo 

FalexS-10 
SAE 4620 steel Test Date: 8/28/01 
6-12 Test Number: 0107359 

58-63 
4937 

Block Scar Data 
Block Ring Measurement 1 (mm): 2.513 

7.6401 22.1687 Measurement 2 {mm): 2.399 

7.6380 22.1685 Measurement 3 (mm): 2.050 

0.0021 0.0002 Average Scar (mm): 2.321 
Standared Deviation: 0.197 
Coefficient of Variation (%) 8.488 
Volumetric Wear (mm3

): 0.3785 

Final Pressure (psi): 15,761 



Company: 
Date: 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 
Sample ID: 
Falex ID#: 

Block Type: 
Material: 
Finish (~in): 
Hardness (Rc): 

Falex ID#: 

~ 
Ring Type: 

Material: • Finish (~in): 
Hardness (Rc): 

Falex ID#: 

Test Resuts: 
Mass Data, g 

Initial 
Final 
Loss 

i 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

6 
01-111 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 
Falex Block on Ring Test Machine 
800135004198 

Testing Conditions: 
Aeroshell 33 
4948 

H-30 Speed (cpm): 87.5 
SAE 01 tool steel Temperature ec): Ambient 
4-8 Load (lb): 360 
27-33 Duration (cycles): 5000 
4938 Oscillation Angle: goo 
Falex S-10 
SAE 4620 steel Test Date: 9/6/01 
6-12 Test Number: 0107362 

58-63 
4937 

Block Scar Data 
Block Ring Measurement 1 (mm): 2.492 

7.6461 22.2403 Measurement 2 (mm): 2.517 
7.6431 22.2401 Measurement 3 (mm): 2.517 
0.0030 0.0002 Average Scar (mm): 2.509 

Standared Deviation: 0.012 
Coefficient of Variation(%) 0.470 
Volumetric Wear (mm3

): 0.4783 

Final Pressure (psi): 14,580 



Company: 
Date: 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 
SampleiD: 
Falex ID#: 

Block Type: 
Material: 
Finish (J!in): 
Hardness (Rc): 

Ring Type: 

• Material: 
Finish (J.l.in): 
Hardness (Rc): 

Test Resuts: 
Mass Data, g 

Initial 
Final 
Loss 

Dombroff & Gilmore 
10/19/01 
MRapp 

Page: 
Project#: 

7 
01-111 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 
Falex Block on Ring Test Machine 
800135004198 

Testing Conditions: 
Weathered Aeroshell 33 
4949 Speed (cpm): 87.5 

Temperature ec): Ambient 
H-30 Load (lb): 360 
SAE 01 tool steel Duration (cycles): 5000 
4-8 Oscillation Angle: goo 

27-33 
FalexS-10 Test Date: 9/20/01 
SAE 4620 steel Test Number: 0107363 
6-12 
58-63 

Biock Scar Data 
Block Ring Measurement 1 (mm): 1.480 

7.7024 22.2277 Measurement 2 (mm): 1.515 
7.6999 22.2275 Measurement 3 (mm): 1.485 
0.0025 0.0002 Average Scar (mm): 1.493 

Standared Deviation: 0.015 
Coefficient of Variation (%) 1.035 
Volumetric Wear (mm3

): 0.1008 

Final Pressure (psi): 24,493 



i 

Company: 
Date: 
Technician: 

Dombroff & Gilmore 
10/19/01 
MRapp 

Page: 
Project#: 

8 
01-111 

Test Method: 
Test Machine: 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 
Falex Block on Ring Test Machine 

Serial#: 800135004198 

Testing Specimens: 
Sample ID: Weathered Aeroshell 33 
Falex ID #: 4949 

Block Type: 
Material: 
Finish (!lin): 
Hardness (Rc): 

Ring Type: 
Material: 
Finish (!lin): 
Hardness (Rc): 

Test Resuts: 
Mass Data. g 

Initial 
Final 
Loss 

H-30 
SAE 01 tool steel 
4-8 
27-33 
Falex S-10 
SAE 4620 steel 
6-12 
58-63 

Block 
7.7072 
7.7059 
0.0013 

Ring 
22.1877 
22.1874 
0.0003 

Testing Conditions: 

Speed (cpm): 
Temperature ec): 
load (lb): 
Duration (cycles): 
Oscillation Angle: 

Test Date: 
Test Number: 

Block Scar Data 
Measurement 1 (mm): 
Measurement 2 (mm): 
Measurement 3 (mm): 
Average Scar (mm): · 
Standared Deviation: 
Coefficient of Variation (%) 
Volumetric Wear (mm3

): 

Final Pressure (psi): 

87.5 
Ambient 
360 
5000 
goo 

9/20/01 
0107364 

1.631 
1.614 
1.604 
1.616 
0.011 
0.690 
0.1278 

22,629 



Company: 
Date: 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 
Sample ID: 
Falex ID#: 

Block Type: 
Material: 
Finish (!lin): 
Hardness (Rc): 

FalexiD#: 

• Ring Type: 
Material: 
Finish (!lin): 
Hardness (Rc): 

Falex ID#: 

Test Resuts: 
Mass Data, g 

Initial 
Final 
Loss 

i 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

1 
01-111 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 

Falex Block on Ring Test Machine 
800135004198 

Testing Conditions: 

Mobil28 
4994 

H-30 Speed (cpm): 87.5 

SAE 01 tool steel Temperature ec): Ambient 

4-8 Load (lb): 630 

27-33 Duration (cycles): 5000 

4938 Oscillation Angle: goo 

FalexS-10 
SAE 4620 steel Test Date: 8/23/01 

6-12 Test Number: 0107357 

58-63 
4937 

Block Scar Data 

Block Ring Measurement 1 (mm): 3.459 

7.7200 22.1269 Measurement 2 (mm): 3.577 

7.7069 22.1262 Measurement 3 (mm}: 3.476 

0.0131 0.0007 Average Scar (mm): 3.504 
Standared Deviation: 0.052 
Coefficient of Variation (%) 1.486 
Volumetric Wear (mm3

): 1.3052 

Final Pressure (psi): 18,267 



e"1 

Company: 
Date: 
Technician: 

Test Method: 
Test Machine: 
Serial#: 

Testing Specimens: 
Sample 10: 
Falex ID#: 

Block Type: 
Material: 
Finish (J.Lin): 
Hardness (Rc): 

Falex 10#: ., Ring Type: 
Material: 
Finish (J.Lin): 
Hardness (Rc): 

Falex ID#: 

Test Resuts: 
Mass Data, g 

Initial 
Final 
Loss 

Dombroff & Gilmore 
10/19/01 
M. Rapp 

Page: 
Project#: 

4 
01-111 

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion 
Falex Block on Ring Test Machine 
800135004198 

Testing Conditions: 
Aeroshell 33 
4948 

H-30 Speed (cpm): 87.5 
SAE 01 tool steel Temperature ec): Ambient 
4-8 Load (lb): 630 
27-33 Duration (cycles): 5000 
4938 Oscillation Angle: goo 

Falex S-10 
SAE 4620 steel Test Date: 8/29/01 
6-12 Test Number: 0107360 

58-63 
4937 

Block Scar Data 
Block Ring Measurement 1 (mm): 3.523 

" . . . 

7.7108 22.2273 Measurement 2 (mm): 3.552 
7.7021 22.2270 Measurement 3 (mm): 3.339 
0.0087 0.0003 Average Scar (mm): 3.471 

Standared Deviation: 0.094 
Coefficient of Variation(%) 2.717 
Volumetric Wear (mm3

): 1.2690 

Final Pressure (psi): 18,439 



• 



Company: 
Date: 
Technician: 

Method: 
Machine: 
Serial#: 

Test Specimen: 
Sample ID: 
Falex ID#: 

Block Material: 
Finish (~in): 

Hardness (Rc): 
Ring Material: 

Finish (~in): 

Hardness (Rc): 

Dombroff & Gilmore 

9/6/01 
D. Hlavacek 

Page: 
Project#: 01-111 

ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 

Falex Timken Test Machine 
002-93-574 

Mobil28 
4944 

Carburized Steel 
20-30 
58-62 
Carburized Steel 
20-30 
58-62 

Test Conditions: 
Speed (rpm): 
Temperature (OC): 
Load (lb): 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number. 

800 (± 5) 
37.8 (± 2.8) 
Various 
30 
10 /load stage 

8/23/01 
0202110 

iii Test Results: 

i 

Applied Load. lb 
30 

Block Number 
1 

Result. (P)ass/(F)ail 
F 

Average Scar. mm Coefficient of Friction 
N/A 

18 1 p 1.195 0.2820 

24 1 F NIA 

21 2 F NIA 

OK Load (I b): 18 

Score Load (lb): 21 

Scar Width at OK Load (mm): 1.195 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score Load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 
The average scar width at the load corresponding to the OK Load Value. 

Contact Pressure 
at OK load: 

7651.9 



Company: 

Date: 
Technician: 

Method: 
Machine: 
Serial#: 

Test Specimen: 
Sample 10: 

Falex ID #: 

Block Material: 
Finish (J.tin}: 

Hardness (Rc): 
Ring Material: 

Finish (J.tin): 

Hardness (Rc): 

Dombroff & Gilmore 

9/25/01 
D. Hlavacek 

Page: 
Project#: 

3 
01-111 

ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 

Falex Timken Test Machine 
002-93-574 

Mobil28 

4944 

Carburized Steel 
20-30 
58-62 
Carburized Steel 
20-30 
58-62 

Test Conditions: 
Speed (rpm}: 

Temperature (°C}: 
Load (lb}: 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number: 

800 (± 5} 
37.8 (± 2.8) 
Various 
30 
1 0 /load stage 

9/6/01 
0202112 

fit Test Results: 

i 

Applied Load. lb 
18 

Block Number 
1 

Result. <P>ass/(F)ail Average Scar. mm Coefficient of Friction 

p 1.208 0.1216 

21 1 F 

OK Load (lb): 18 

Score Load (lb): 21 

Scar Width at OK Load (mm): 1.208 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score Load Value 

The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 
The average scar width at the load corresponding to the OK Load Value. 

Contact Pressure 

at OK load: 
7569.6 



Company: 
Date: 
Technician: 

Method: 
Machine: 
Serial#: 

Test Specimen: 
Sample ID: 
Falex ID#: 

Block Material: 
Finish (f..lin): 
Hardness (Rc): 

Ring Material: 
Finish (f..lin): 
Hardness (Rc): 

Dombroff & Gilmore 

12/10/01 
D. Hlavacek 

Page: 
Project#: 

1 
01-111 

ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 

Falex Timken Test Machine 
002-93-574 

Mobi128 

4944 

Carburized Steel 
20-30 
58-62 
Carburized Steel 
20-30 
58-62 

Test Conditions: 
Speed (rpm): 
Temperature (0C): 
Load (lb): 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number: 

800 (± 5) 
37.8 (± 2.8) 
Various 
30 
10 /load stage 

12/10/01 
0202122 

• Test Results: 

i 

Applied Load. lb 
18 

Block Number 
1 

Result. <Plass/(Flail Average Scar. mm Coefficient of Friction 
p 1.212 0.1221 

21 1 F 
24 1 F 
30 1 F 

OK Load (lb): 18 

Score Load (lb): 21 

Scar Width at OK Load (mm}: 1.212 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score Load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 
The average scar width at the load corresponding to the OK Load Value. 

Contact Pressure 
at OK load: 



i 

Company: 
Date: 
Technician: 

Dombroff & Gilmore 
9/6/01 
D. Hlavacek 

Page: 
Project#: 

2 
01-111 

Method: 
Machine: 

ASTM D 2509, Measurement of load-Carrying Capacity of Lubricating Grease 

Falex Timken Test Machine 

Serial#: 

Test Specimen: 
SampleiD: 
Falex ID#: 

Block Material: 
Finish (J.Lin): 

Hardness (Rc): 
Ring Material: 

Finish (J.Lin): 

Hardness (Rc): 

Test Results: 

AQQiied load, lb 
15 
21 
27 
35 
30 

002-93-574 

Aeroshell 33 
4948 

Carburized Steel 
20-30 
58-62 
Carburized Steel 
20-30 
58-62 

Block Number 
1 
1 
1 
2 
2 

OK Load (lb): 

Score Load (lb): 

Result, {P)asst(F)ail 
p 
p 
p 
F 
p 

30 

35 

Scar Width at OK load (mm): 1.359 

Comments: 

OK load Value 

Test Conditions: 
Speed (rpm): 
Temperature (0 C): 
load (lb): 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number: 

Average Scar, mm 
0.788 
1.125 
1.286 
N/A 

1.359 

The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 
The average scar width at the load corresponding to the OK Load Value. 

800 (± 5) 
37.8 (±2.8) 
Various 
30 
10 /load stage 

8/27/01 
0202111 

Coefficient of Friction 
0.1094 
0.0920 
0.1267 

0.0950 

Contact Pressure 

at OK load: 
11214.2 



Company: 
Date: 
Technician: 

Method: 
Machine: 
Serial#: 

Test Specimen: 
Sample ID: 
Falex ID #: 

Block Material: 
Finish (J.Lin): 
Hardness (Rc): 

Ring Material: 
Finish (J.Lin): 
Hardness (Rc): 

Dombroff & Gilmore 

9/25/01 
D. Hlavacek 

Page: 
Project#: 

4 
01-111 

ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 
Falex Timken Test Machine 
002-93-574 

Aeroshell 33 
4948 

Carburized Steel 
20-30 
58-62 
Carburized Steel 
20-30 
58-62 

Test Conditions: 
Speed (rpm): 
Temperature (OC): 
Load (lb): 
Break-In (sec): 
Duration (min): 

Test Date: 
Test Number: 

800 (± 5) 
37.8 (± 2.8) 
Various 
30 
10 /load stage 

9/6/01 
0202113 

if Test Results: 

i 

Applied Load. lb 
30 

Block Number 
1 

Result. <Plassi(F)ail Average Scar. mm Coefficient of Friction 
p 1.063 0.079 

35 1 F 

OK Load (lb): 30 

Score Load (lb): 35 

Scar Width at OK Load (mm): 1.063 

Comments: 

OK load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 
This load reflects the load carrying capacity of the lubricant. 

Score Load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

Scar Width at OK Load 
The average scar width at the load corresponding to the OK Load Value. 

Contact Pressure 
at OK load: 

14336.8 



~ 

• 

Company: Dombroff & Gilmore Page: 5 

Date: 9/25/01 Project#: 01-111 

Technician: D. Hlavacek 

Method: ASTM D 2509, Measurement of Load-Carrying Capacity· of Lubricating Grease 

Machine: Falex Timken Test Machine 

Serial#: 002-93-574 

Test Specimen: Test Conditions: 

SampleiD: Aeroshell 33 Weathered Speed (rpm): 

Falex ID#: 4949 Temperature (°C): 
Load (lb}: 

Block Material: Carburized Steel Break-In (sec): 

Finish (p.in): 20-30 Duration (min): 

Hardness (Rc): . 58-82 
Ring Material: Carburized Steel Test Date: 

Finish (p.in): 20-30 Test Number: 

Hardness (Rc): 58-62 

Test Results: 

A1212lied Load, lb Block Number Result, (P)ass/(F)ail Average Scar, mm 

30 1 p 1.373 

35 1 F 

40 1 F 

OK Load (lb): 30 

Score Load (lb}: 35 

Scar Width at OK l-oad (mm): 1.373 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score Load Value 
The minimum load added to the lever system at which scoring or seizure occurs. 

~car Width at OK Load 

The average scar width at the load corresponding to the OK Load Value. 

800 (± 5) 
37.8 (± 2.8) 
Various 
30 
10 /load stage 

9/20/01 
0202114 

Coefficient of Friction 
0.12 

Contact Pressure 

at OK load: 
11099.8 



~ 

Company: Dombroff & Gilmore Page: 6 

Date: 9/25/01 Project#: 01-111 

Technician: D. Hlavacek 

Method: ASTM D 2509, Measurement of Load-Carrying Capacity of Lubricating Grease 

Machine: Falex Timken Test Machine 

Serial#: 002-93-574 

Test Specimen: Test Conditions: 

SampleiD: Aeroshell 33 Weathered Speed (rpm): 

Falex 10#: 4949 Temperature (0C): 
Load (lb): 

Block Material: Carburized Steel Break-In (sec): 

Finish (!lin): 20-30 Duration (min): 

Hardness (Rc): 58-62 
Ring Material: Carburized Steel Test Date: 

Finish (!lin): 20-30 Test Number: 

Hardness (Rc): 58-62 

Test Results: 

A~~lied Load, lb Block Number Result, (P)assi(F)ail Average Scar, mm 
..,n 1 p 1.666 
vu 

35 1 F 

40 1 F 

OK Load (lb): 30 

Score Load (lb): 35 

Scar Width at OK Load (mm): 1.666 

Comments: 

OK Load Value 
The maximum load added to the lever system at which no scoring or seizure occurs. 

This load reflects the load carrying capacity of the lubricant. 

Score Load Value 

The minimum load added to the lever system at which scoring or seizure occurs. 

Scar \hJidth at OK Load 
The average scar width at the load corresponding to the OK Load Value. 

800 (± 5) 
37.8 (±2.8} 
Various 
30 
10 I load stage 

9/21/01 
0202115 

Coefficient of Friction 
0.119 

Contact Pressure 

at OK load: 
9147.7 



., Company: Dombroff & Gilmore Page: 1 
Date: 12/10/01 Project#: 01-111 
Technician N. Pekoe 

Method: Modified Thrust Washer 
Machine: Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 
Serial#: 809C35001108 

TEST SPECIMENS: TEST CONDITIONS: 
Upper Material: 1018 Steel Test Speed (rpm): 5 

Finish (ll in.): 14-18 Temperature (0C): Ambient 
Hardness (HRc): 15-25 Duration: 2 min/stage 

FalexiD #: 4935 Test Load (lb): 200to2200 
Mean Test Radius (in): 0.531 

Lower Material: 1018 Steel 
Finish (J.l in.): 14-18 
Hardness {HRc): 15-25 

FalexlD#: 4936 

Test Results: 

Test Date: 11/17/01 11/20/01 11/18/01 11/20/01 
Test Number: 09036 09039 090937 090940 

Upper Falex ID #: 4935 4935 4935 4935 
Lower Falex ID #: 4936 4936 4936 4935 
Lubricant Mobi128 Mobil28 Aeroshell33 Aeroshell 33 
Lubricant Falex ID #: 4944 4944 4948 4948 

~ SaveFile Name: DGSTLTHRW1 DGSTLTHRW4 DGSTLTHRW2 DGSTLTHRW5 
Test Program Name: DGSTLTHRW DGSTLTHRW DGSTLTHRW DGSTLTHRW 

Mass Loss, Upper (g): 0.0001 0.0009 0.0003 0.0013 
Mass Loss. Lower (g): 0.0001 0.0028 0.0039 0.0007 

load SteQ, N CoF CoF CoF CoF 

889 (200 lb.) 0.132 0.146 0.146 0.154 
1334 (300 lb.) 0.130 0.130 0.132 0.132 
1779 (400 lb.) 0.127 0.124 0.126 0.128 
2224 (500 lb.) 0.124 0.123 0.122 0.126 
2669 (600 lb.) 0.120 0.119 0.117 0.124 
3114 (700 lb.) 0.117 0.117 0.115 0.124 
3559 (800 lb.) 0.116 0.116 0.114 0.123 
4003 (900 lb.) 0.115 0.113 0.112 0.122 
4448 (1000 lb.) 0.114 0.111 0.111 0.122 
4893 (1100 lb.) 0.113 0.110 0.110 0.122 
5338 (1200 lb.) 0.112 0.109 0.109 0.122 
5783 (1300 lb.) 0.112 0.108 0.108 0.121 
6228 (1400 lb.) 0.112 0.108 0.108 0.121 
6672 (1500 lb.) 0.111 0.107 0.108 0.120 
7117 (1600 lb.) 0.111 0.107 0.108 0.123 
7562 (1700 lb.) 0.110 0.106 0.107 0.131 
8007 (1800 lb.) 0.108 0.107 0.109 0.137 
8452 (1900 lb.) 0.108 0.106 0.110 0.140 
8896 (2000 lb.) 0.112 0.106 0.112 0.134 

• 9341 (2100 lb.) 0.137 0.105 0.118 
9786 (2200 lb.) 0.138 0.104 0.130 

Comments: This is Prefiminary testing to find friction characteristics of these greases. 
See Graphs for Torque, Friction CoeffiCient. load, Speed, and Specimen Temperature trends. 



Company: 
Date: 
Technician 

Method: 
Machine: 
Serial#: 

TEST SPECIMENS: 
Upper Material: 

Finish (Jl in.): 
Hardness (HRc): 

FalexiD#: 

lower Material: 
Finish (Jl in.): 
Hardness (HRc): 

FalexiD#: 

Test Results: 

Test Date: 
Test Number: 

Upper Falex ID #: 
Lower Falex ID #: 
Lubricant: 

lubricant Falex ID #: 
SaveFile Name: 
Test Program Name: 

Mass loss, Upper (g): 
Mass Loss, lower (g): 

Load Steo. N 

889 (200 lb.) 
1334 (300 lb.) 
1779 (400 lb.) 
2224 (500 lb.) 
2669 (600 lb.) 
3114 (700 lb.) 
3559 (800 lb.) 
4003 (900 lb.) 
4448 (1000 lb.) 
4893 (1100 lb.) 
5338 (1200 lb.) 
5783 (1300 lb.) 
6228 (1400 lb.) 
6672 (1500 lb.) 
7117 (1600 lb.) 
7562 (1700 lb.) 
8007 (1800 lb.) 
8452 (1900 lb.) 
8896 (2000 lb.) 
9341 (2100 lb.) 
9786 (2200 lb.) 

Comments: 

Dombroff & Gilmore 
12/10/01 
N. Pekoe 

Modifted Thrust Washer 

Page: 
Project#: 

2 
01-111 

Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version 
809C35001108 

1018Steel 
14-18 
15-25 
4935 

1018Steel 
14-18 
15-25 
4936 

11/18/01 
09038 

4935 
4936 

Aeroshell33 
weathered 

4949 
DGSTLTHRW3 
DGSTLTHRW 

0.0010 
0.0012 

CoF 

0.173 
0.140 
0.133 
0.127 
0.122 
0.120 
0.119 
0.117 
0.118 
0.115 
0.115 
0.113 
0.112 
0.110 
0.110 
0.109 
0.111 
0.117 
0.115 
0.109 
0.111 

TEST CONDmONS: 
Test Speed (rpm): 
Temperature (OC): 
Duration: 
Test load (lb): 
Mean Test Radius (in): 

11/20/01 
09041 

4935 
4936 

Aeroshell33 
weathered 

4949 
DGSTLTHRW6 
DGSTlTHRW 

0.0028 
0.0013 

CoF 

0.158 
0.140 
0.132 
0.128 
0.126 
0.125 
0.124 
0.121 
0.121 
0.123 
0.130 
0.133 
0.161 
0.120 
0.107 
0.101 
0.101 
0.098 
0.095 
0.092 
0.092 

This is Preliminary testing to find friction characteristics of these greases. 

5 
Ambient 

2 min/stage 
200to2200 

0.531 

See Graphs for Torque, Friction Coefficient, load, Speed, and Specimen Temperature trends. 



• 1018 Steel, M(e) 28, run1 • 

00:41:33 01:19:38 02:01:11 

)ascription Batch Name Scale Range Eng. Units 02:01:11 

~OEFFIClENT OF FRICTION dgstlthrwi 0.000/0.250 Coef 0.215 

0.00/10.00 rpm 

dgstlthrw1 0.00/25.00 N-m 8.59e-04 



• 1018 Steel, Mob.8, HL, run 2 .__.., 

00:01:04 00:57:56 00:59:00 

)escription Batch Name Scale Range Eng. Units 00:59:00 

X>EFFICIEN 1 OF FRICTION dgstlthrw4 0.000/0.250 Coef 0.104 

0.00/10.00 rpm 0.00 

dgstithrw4 0.00/25.00 N-m -8.75e-03 



• 1018 Steel, Aerceen 33, run 1 e-. 

00:00:38 01:55:06 01:55:45 

)escription Batch Name Scale Range Eng. Units 01:55:45 

:::OEFFICIENT OF FRICTION dgstlthrw2 0.000/0.250 Coef 0:127 

0.00/'10.00 rpm 

!ORQUE dgstlthrw2 0.00/25.00 N-m 6.93e-03 



• 1018 Steel, Aerost.l 33, HL run 2 .___, 

00:00:22 00:49:40 00:50:02 

)escription Batch Name Scale Range Eng. Units 00:50:02 

~OEFFICIENT OF FH!CT!ON dgstlthrw5 0.00/0.25 Coef *** 

0.00/'lO.OO rpm 

dgstlthrw5 0.00/25.00 N-m *'** 



• 25.00 

23.21 

21.43 

19.64 

'17.86 

'16.0"1 

14.29 

a.UU----1 •'!2.50 

10.71 

8.93 

7.'14 

5.36 

3.57 

'1.79 

0.00 

)escription 
~OEFFICIENT OF FRICTION 

"ORQUE 

1018 steel, Aeroshell a weathered, run 1 

00:00:38 
Batch Name 
dgstlthrw3 

dgstlthrw3 

01:08:30 
Scale Range 
0.000/0.250 

0.00/10.00 
0.00/25.00 

Eng. Units 
Coef 

rprn 
N~m 

e----. 

01:09:08 
01:09:08 
*~"* 

*~'d\; 




