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WILLIAM S. AYER
PRESIDENT AND CHIEF EXECUTIVE OFFICER

March 18, 2002

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

Ms. Marion Blakey

Chairman

National Transportation Safety Board
490 L'Enfant Plaza East, SW
Washington, D.C. 20594

Dear Chairman Blakey:

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 letter 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 | 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, | believe it is critically important that we
emphasize communication and information sharing among all of the parties to the
investigation.

For my part, | have shared your letter with Captain Terry Clark, Alaska Airlines' Party
Coordinator, for his review and comments. More importantly, however, | have
determined that this type of open communication warrants extraordinary measures by
Alaska Airlines in response. | 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. | 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.

BOX 68900 SEATTLE WA 98168/206-433-.3200
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Speed Range ' Speed 1
Torque Sensor Range Type Torque 1.4
L.oad Range Boost 500
Chamber Temp 20
Radius in mm Chamber Exit Temp 20
Fluid Flow Rate Setpoint
Gap / Vert. Dist. Interface Temp 20
Rigidity Sim Setting (%)
Repeats Fiuid Flow Dev 0.10
Vibration 0.10
Cof 0.01
| Total Errors: | 0} 0 0 0 0
Min Max Step 1 Step2 | Step3 | Step4 | Step5 Step 6 Step 7 Step 8
Parameter Sequence See Comment (TLS  {TLS = JTIS  |TLS  ITLS  |TLS  JTLS — [TLS
Temperature Setpoint (°C) 20 285 20 20 20l . . 20] . 20 .20} 201 . 20
Allow Temp Overshoot N Y |y, Y o Ay Y 1Y Y Y
Allow Temp Undershoot N Y |Y 1 1Y Y Y. Y. Y
Load Setpoint (N) 500 11214 889 1334] . 1779] 2224 2669 3114] 3559 4003
Ramp Rate (N/sec) 2 100 50] . 50} . .50] 50{.. . .50} -~ 50 50 50
Sec to achieve setpoint 17.78 8.90 8.90 8.90 8.90 8.90 8.90 8.88
Speed Setpoint (RPM) 1 10 51 51 5 5 5] . 5 5 5
Acc/Dec (RPM/sec) 1 1000 5]. 5] .5 5 . 5] 5 5 5
Step Duration Hours 0 999 ) 0L... .. .0] 0} . 0 0 0 0
Step Duration Minutes 0 59 1] IR 11 A1 1 1
Step Duration Seconds 10 60 _60] 6o 60 60l 60l . 60l 80 60
Total Step Seconds 120 120 120 120 120 120 120 120
Start Fast Data N Y |IN (N IN N IN [N IN [N
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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):

FalexID #

Test Results:

Test Date:
Test Number:

Test Speed (rpm):

Page: 3

Project # 01-111

Falex Multi-Specimen Test Machine, Computer Controlled Version

Max Specimen Temperature (°C): 40

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 (ibs)

100
200
300
400
500
600
700
800
800 @ 23 rpm

Comments:

Dombroff & Gilmore
12/07/01
N. Pekoc
Modified Thrust Washer
835000600496
1018 Steel
14-18
15-25
4935
1018 Steel
14-18
15-25
4936
9/11/01
0606378
5
4935
4936
Mobil 28
4844
D&GO5
Manual Control
0.0000
0.0012
CoF
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.07

9/11/01
0606379

5
37
- 4935
4936
Aeroshell 33
4948
D&GO6
Manual Control

0.0003
0.0002

CoF

0.06
0.06
0.06
0.06
0.06
0.05
0.06
0.06
0.06

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

Test Load (lb):

Mean Test Radius (in):

9/11/01
0606380

5
25
4935
4936

Aeroshell 33 Weathered

4949
D&GO7
Manual Control

0.0004
0.0008

CoF

0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.06
N/A

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 (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
5 min/stage
100 to 800
0.531
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escription

Bdtch Name

Scale Range

Samplé Freq.

Eng. Units

01:03:16

OEF-FRICT
JAD

MP-S
IRQUE

d&g05
d2g05
d8g0s
d8g05
d&go5

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

00:00:01
00:00:01
000001
00:00:01
00:00:01

LB

RPM

DEG. C
-~ LB-IN.

0.00
~8.37
0.60
35.18
0.00
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Jescription

Batch Name

Scale Range

Sample Freq.

Eng. Units

01:07:24

OEF-FRICT
OAD

PEED
EMP-S
ORQUE

d&g06
d&agoe
48g08
d&g06

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

00:00:01
G0:00:01
0000001
00:00:01
00:00:01

LB
fPM
DEG.C
LB-IN.

0.00
-8.97
0.00
34.32
0.00
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escription Batch Name Scale Range Sample Freq. Eng. Units 01:11:57
OEFFRICT d&go? ; 0.00/0.25 00:00:01 No Data
SAD &gy 0.00/1000.00 00:60:01 LB No Data

FEED
EMP-5
JRQUE

d&gg?
d&go7
d3g07

0.00/200.00
0.08/50.00
0.00/50.00

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

FEM
DEG.C
LB-IN.

Mo Dats
No Data
No Data




Company: Dombroff & Gilmore Page: 1
Date: 12/07/101 Project #:
Technician N. Pekoc
Method: Modified Thrust Washer
Machine: Falex Multi-Specimen Test Machine, Computer Controlled Version
Serial #: 835000600496
TEST SPECIMENS: ~ TEST CONDITIONS:
Upper Material: 1018 Steel Test Speed (rpm):
Finish (rms): 14-18 Temperature (°C):
Hardness (HRc): 15-25 Duration:
Falex ID #: 4935 Test Load (lb):
Mean Test Radius (in):
Lower Material: 1018 Steel
Finish (rms): 14-18
Hardness (HRc): 15-25
Falex D # 4936
Test Results:
Test Date: 08/28/01 09/04/01 09/04/01 08/04/01
Test Number: 0606373 0606374 0606375 0606376
Test Speed (rpm): 100 100 100 100
Max Specimen Temperature (°C): 236 124 116 208
Test Load (b): 50-800 200-600 400-600 200-800
Upper Falex ID # 4935 4935 4935 4935
Lower Falex ID #: 4936 4936 4936 4935
Lubricant: Mobil 28 Mobil 28 Mobil 28 Aeroshell 33
Lubricant Falex ID #: 4944 4944 4944 4948
SaveFile Name: D&GOO D&GO1 D&G02 D&GO3
Test Program Name: Manual Control Manual Control Manual Control Manual Control
Mass Loss, Upper (g): 0.0880 0.0472 0.0072 0.0251
Mass Loss, Lower (g): 0.0192 0.0223 0.0631 0.0193
Load Step (Ibs) CoF Cof CoF CoF
50 0.12 X X X
100 0.08 X X X
150 0.09 X X
200 0.11 0.06 X 0.06
240 0.11 0.05 0.06
300 0.12 0.05 X 0.06
340 0.11 0.06 X 0.06
400 0.16 0.06 0.06 0.06
440 0.15 0.06 0.06 0.06
500 0.05 0.06 0.06 0.06
540 0.06 0.05 0.06 0.06
600 0.05 0.18 0.11 0.07
640 0.05 X X 0.07
700 0.05 X X 0.06
740 0.05 X 0.06
800 0.06 X X 0.07
Comments: This is Preliminary testing to find friction characteristics of these greases.

1
01-111

100
Ambient
Variable
Variable

0.531

09/05/01
0606377

100

184
400-800

4935

4935

Aeroshell 33

4948

D&G04

Manual Control

0.0127
0.0427

CoF

X
X

X

b 4
X
0.06
0.07
0.06
0.07
0.07
0.07
0.07
0.07
0.07

See Graphs for Torque, Friction Coefficient, Load, Speed, and Specimen Temperature trends.
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Company: ~ Dombroff & Gilmore Page: 2

Date: 12/07/01 Project #: 01-111

Technician N. Pekoc

Method: Modified Thrust Washer

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

Serial #: 835000600496

TEST SPECIMENS: ‘ TEST CONDITIONS:

Upper Material: 1018 Steel Test Speed (rpm): 100
Finish (rms): 14-18 , Temperature (°C): Ambient
Hardness (HRc): 15-25 Duration (sec): Variable

FalexID #: 4935 Test Load (bb): Variable

Mean Test Radius (in): 0.531

Lower Material: 1018 Steel
Finish (rms): 14-18
Hardness (HRc): 15-25

Falex ID #: 4936

Test Results:

Test Date: 09/25/01 09/25/01

Test Number: 0606381 0606382

Test Speed (rpm): 100 100

Max Specimen Temperature (°C): 86 104

Upper Falex ID #: 4935 4935

Lower Falex ID #: 4936 4936

Lubricant: Aeroshell 33 Weathered Aeroshell 33 Weathered

Lubricant Falex ID #: 4949 4949

SaveFile Name: D&G08 D&G09

Test Program Name: Manual Control Manual Control

Mass Loss, Upper (g): . 0.0506 0.0003

Mass Loss, Lower (g): 0.0357 -0.0003

Load Step (ibs) CoF CoF
400 0.06 0.06
450 0.06 0.07
500 0.06 0.07
550 0.06 0.07
600 spiked t0 .18 0.07
700 spiked to .17, stopped due to high friction stopped due to high temperature
800 X 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 (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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escription

Batch Name

Scale Range

Sample Freg.

Eng. Units

02:39:36

CEF-FRICT
DAD

PEED
=MP-G
DRQUE

d&g0o
a&glo
&0
d&glo
dég0o0 _

0.00/0.25
0.00/1000.00
0.00/200.00
0.00/250.00
0.00/110.00

00:00:01
00:00:01
00:00:04
00:00:01
00:00:01

LB
RPR
DEG. C
LB-IN.

0.00
=10.32
£.00
125.48
0.00
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escription Batch Name Scale Range Sample Freq. Eng. Units 3 Days 00:19:19

DEF-FRICT d&gl0 0.00/0.25 00:00:01 1.25

JAD ad&goo 0.00/1000.00 00:00:01 LB -9.62

SRl d&glo 0.00/200.00 00:00:01 RPM 5.40e-11

SMP-5 d&glo 0.00/250.00 00:00:01 DEG. ¢C 172.58

JRQUE d&g0o 0.00/110.00 00:00:01 LB-IN. 0.07
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ascription

Batch Name

Scale R‘ange

Sample Freq.

Eng. Units

00:45:11

DEF-FRICT
JAD

EED
IMP-S
JRQUE

dé&go1
d&oti
8401
d&g01
d&g01

0.00/0.25
0.00/1000.00
0.00/260.00
0.00/250.00
0.00/50.00

00:00:01
00:00:01
GO:00:01
00:00:01
00:00:01

LB
RPM
DEG. C
LB-IN.

0.26
000

108.97

0.11
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escription

Batch Name

Scale Range

Sampile Freq.

Eng. Units

00:24:42

OEF-FRICT
DAL

JEED
P-8
SRQUE

G&g02
d&gl2
dé&gl2
dég2
d&g02

0.00/0.25
$.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

LB
RPM
DEG.C
LB-IN.

0.05
-8.51
9.91e-03
109.78
0.09
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COEFFICIENT OF FRICTION:

Dombroff & Gilmore

COMPANY:
DATE: , 10/11/01
_ TECHNICIAN: M. Rapp

MACHIN\E: Falex-ISC Pin On Disk Tribometer System, S/N 808020000045

METHOD: ASTM G99 Modified

TEST CONDITIONS:

TEST SPEED (rpm): 20 BALL MATERIAL:

TEMPERATURE (°C): Ambient BALL GRADE:

DURATION {min): 75 BALL POSITION:

TEST LOAD (grams): 100/ increments of 100 TEST RADIUS (mm):

LUBRICANT: Various

TEST RESULTS:

TEST DATE: 09/12/01 09/13/01 09/24/01
G TEST NUMBER: 8002494 8002495 8002499

FILE IDENTIFICATION: DANDGO0 DANDGO1 DANDGO02

DISK MATERIAL: 440C Stainless 440C Stainless 440C Stainless

BALL MATERIAL: 52100 Steel 52100 Steel 52100 Steel

LUBRICANT: Mobil 28 Aeroshell 33 Aeroshell 33

Weathered

TOTAL CYCLES: 1621 1603 1579

AVG. BALL SCAR(mm }: 0.644 0.726 , 0.670

COEFFICIENT OF FRICTION: See Attached Graphs for Friction Traces

TEST DATE: 09/25/01 09/25/01

TEST NUMBER: 8002501 8002502

FILE IDENTIFICATION: DANDGO4 DANDGOS

DISK MATERIAL: 440c Stainless 440c Stainless

PIN MATERIAL: 52100 Steel 52100 Steel

LUBRICANT: Mobil 28 Aeroshell 33

TOTAL CYCLES: 1771 1886

AVG. BALL SCAR (mm): 0.637 0.604

See Attached Graphs for Friction Traces

PAGE:
PROJ#:

1
01-111

52100 Steel
5

90

22

09/24/01
8002500
DANDGO03
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 (rms):
Hardness (HRc):

Falex ID No.:

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

Falex ID No.:

Ball Material:
Hardness (HRc):
Grade:

Falex ID#:

Test Results:

Test Date:
Test Numbgn

Upper Falex ID #:
Lower Falex 1D #:
Lubricant:

Lubricant Falex ID #
Test Program Name:

SaveFile Name:

Comments:

Dombroff & Gilmore

12/07/01
D. Hiavacek

Three-Ball Microfiim

Falex Multi-Specimen Test Machine, Computer Controlled Version

835000600496
440C Stainless Steel
1
56
5026V
440C Stainless Steel
1
56
5026L
E-52100 Steel
64-66
5
Lot 98
10/22/01
0606395
5026UA
5026LA
Mobil 28
AA 4944
DANDG3BL
D&G3B01

See Graphs for Friction and additional data.

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.

11/08/01
0606403

5026UB
5026LB
Mobil 28
AA 4944

DANDG3BL |

dg3bl07

Page: 1
Project#: 01-111
TEST CONDITIONS:
Test Speed (pm): 20
Temperature (°C): Ambient
Test Load (Ib): 400-800 (50 Ib steps)
Mean Test Radius (in): 0.672
10/24/01 11/05/01
0606397 0606400
5026UC 5026UD
5026LC 5026LD
Aeroshell 33 Aeroshell 33
AA 4948 . AA 4948
DANDG3BL DANDG3BL
dg3bl03 dg3bl04
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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 1D #:

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 #:

Ealex Multi-Specimen Test Machine, Computer Controlled Version

835000600496

440C Stainless Steel

1 .

56

5026U

440C Stainless Steel

1

56

5026L.

E-52100 Steel

64-66

5

Lot 98
11/05/01
0606401
5026UA
5026LA

Aeroshell 33, weathered
AA 4948
DANDG3BL

dg3bl05

See Graphs for Friction and additional data.

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.

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

Mean Test Radius (in):

11/08/01
0606402

5026UC
5026L.C

Aeroshell 33, weathered

AA 4949

DANDG3BL

dg3blo6

01-111

20

Ambient

400-800 (50 Ib steps)
0.672
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¢ weathered Aerc@ell 33, run 2 &
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o 05:41:30
 05:41:30
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00:00:01
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0.00
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ballt0#
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Company: Dombroff & Gilmore Page: 3
Date: 11/8/01 Project # 01-111
Technician: M. Rapp
Test Method: ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Osclllatmg Motion
Test Machine: Falex Computer Controlled Block on Ring Test Machine
Serial #: 800135004198
Testing Specimens: Testing Conditions:
Sample ID: Mobil 28
Falex ID #: 4944 Speed (cpm): 875 &
Temperature (°C): Ambient
Block Type: HP Test Block Load (Ib): 360 7
Material: C95500 Al Bronze Duration (cycles): 5000&‘://
Finish (uin): 32 Oscillation Angle: 90°
Hardness (BHN): 112-123
Falex ID #: 5060 Test Date: 11/8/01__ -
Ring Type: Falex test ring w/ black oxide coating Test Number: ""0107406
_ Material: AlIS| 4140 steel
Finish (uin): 32
Condition Nitride, case depth .003-.005
Core strength 160-180 KSI
Falex ID #: 5150
Test Resuts:
Mass Data, g < - Block Scar Data
' -Block Ring Measurement 1 (mm): 2.920
Initial 7.3970 22.3889 Measurement 2 (mm): 2.925
- Final 7.3959 22.3884 Measurement 3 (mm): 2.892 "
Loss  0.0011 _ 0.0005 Average Scar (mm): 2.912 = O. 1146
~ Standared Deviation: 0.015
Coefficient of Variation (%) ~ 0.499 g
Volumetric Wear (mm?®): 0.7487
- Final Pressure (psi): 12,559
Comments:
R %
Test file: 3704_360.xs A gl A"

W

oo

Save file: D&G19 -
%fg\%é Ay
| i\\f{
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Company:

- Date:

)

°

Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

Block Type:

Material:
. Finish (uin):

Hardness (BHN):

Falex ID #:

Ring Type:
Material:
Finish (pin):
Condition

Falex ID#:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

P
"?ﬁ:)

Dombroff & Gilmore Page: ' ]
11/9/01 : ' - Project#: 01-111
M. Rapp

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion
Falex Computer Controlled Block on Ring Test Machine

800135004198

' Testing Conditions:
Mobil 28
4944 Speed (cpm): 87.5

Temperature (°C): Ambient-

HP Test Block Load (Ib): . 360
C95500 Al Bronze Duration (cycles): 5000
32 Oscillation Angle: 90°
112-123
5060 : Test Date: 49004
Falex test ring w/ black oxide coating Test Number: /0107409 )
AIS] 4140 steel S
32

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

5150 - .
Block Scar Data ,
Block. Ring Measurement 1 (mm): 3.772
7.3832 22.3948 Measurement 2 (mm): 3.745
7.3731 22.3953 Measurement 3 (mm): 3.728
0.0101 : -0.0005 Average Scar (mm): 3.748
’ Standared Deviation: 0.018
Coefficient of Variation (%) 0.483 «~ '
Volumetric Wear (mm?®): 1.5984
Final Pressure (psi): 9,758

Test file: 3704_360.xis

Save file: D&G22



L

Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

Block Type:
Material:
Finish (uin):
Hardness (BHN):
Falex ID #
Ring Type:
Material:
Finish (pin}:
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/9/01
M. Rapp

Page:
Project #:

1
01-111

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion
Falex Computer Controlled Block on Ring Test Machine

800135004198

Aeroshell 33
4948

HP Test Block

'C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlS| 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSlI

5150
Block ‘ Ring
73967 22.3305
7.3835 22.3386
0.0132 ~ 0.0009

Test file: 3704_360.xls
. Save file: D&G1 7

Testing Conditions:
Speed (cpm): 87.5
Temperature (°C): Ambient
Load (Ib): 360
Duration (cycles): 5000
Oscillation Angle: 90°
Test Date: 11/7/01
Test Number: 0107404)
- Block Scar Data
Measurement 1 (mm): 3.994
Measurement 2 (mm): 3.965
Measurement 3 (mm): 3.942
Average Scar (mm): 3.967
Standared Deviation: 0.021
Coefficient of Variation (%) 0.536 «~
Volumetric Wear (mm®): 1.8956
Final Pressure (psi):

9,220

%
Yo
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Company: Dombroff & Gilmore Page: 4
Date: 11/9/01 Project #: 01-111
Technician: M. Rapp
Test Method: ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion
Test Machine: Falex Computer Controlled Block on Ring Test Machine
Serial #: 800135004198
Testing Specimens: , Testing Conditions:
Sample ID: - Aeroshell 33 '
Falex ID #: 4948 Speed (cpm). 87.5
o Temperature (°C): Ambient
Block Type: HP Test Block Load (Ib): 360
Material: C95500 Al Bronze Duration (cycles): 5000 <
Finish (pin): 32 : Oscillation Angle: 90°
Hardness (BHN): 112-123
Falex ID #: 5060 Test Date: 11/8/01__
Ring Type: Falex test ring w/ black oxide coating Test Number: 0107407
Material: AlS| 4140 steel :
Finish (uin): 32
Condition Nitride, case depth .003-.005
Core strength 160-180 KSI
Falex ID #; 5150
Test Resuits:
Mass Data, g Block Scar Data
Block - Ring Measurement 1 (mm): 3.919
Initial 7.4128 22.3062 Measurement 2 (mm): 3.850
Final 7.4017 22.3065 Measurement 3 (mm): 3.768
Loss 0.0111 -0.0003 Average Scar (mm): 3.846
: Standared Deviation: 0.062 .
Coefficient of Variation (%) 1605 v
Volumetric Wear (mm°): - 1.7265
Final Pressure (psi): 9,511
Comments: '

Test file: 3704_360.xIs
Save file: D&G20
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®

Company:.
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID-#:

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

Falex ID #:

Ring Type:
Material:
Finish (uin): -
Condition

Falex 1D #:

Test Resuts:
Mass Data, g
Initial
Final

Loss

Comments:

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

Page:
Project #:

2
01-111

ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion
Falex Computer Controlled Block on Ring Test Machine

800135004198

Weathered Aeroshell 33
4949

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlISI 4140 steel

32

Nitride, case depth .003-.005
Core strength 160-180 KSI
5150 :

Block Ring
7.3742 22.3452
7.3658 22.3440
0.0084 0.0012

Test file: 3704_360.xIs

Save file: D&G18

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (ib):
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
9g°

11/8/01
0107405

3.952
3.927
3.923
3.934
0.013
0.326
1.8486

9,297



‘Company: Dombroff & Gilmore Page: 5

Date: 11/9/01 Project#: 01-111
Technician: M. Rapp ’
Test Method: ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motlon
“Test Machine: Falex Computer Controlled Block on Ring Test Machine
Serial #: 800135004198
Testing Specimens: Testing Conditions:
Sample ID: Weathered Aeroshell 33 ' N '
Falex ID #: 4949 . ‘ Speed (cpm): » 87.5
. . ' Temperature (°C): Ambient
Block Type: HP Test Block Load (Ib): 360
Material: C95500 Al Bronze Duration (cycles): 5000
Finish (uin): 32 Oscillation Angle: 90°
 Hardness (BHN): 112-123 )
‘Falex 1D #: 5060 Test Date: 11/9/01
Ring Type: Falex test ring w/ black oxide coating Test Number: 0107408
Material: AlIS| 4140 steel
Finish (uin): 32
Condition Nitride, case depth .003-.005
; Core strength 160-180 KSI
Falex ID #: 5150
Test Resuts: a i :
Mass Data, g - Block Scar Data
‘ Block Ring Measurement 1 (mm): 3.823
Initial 7.3900 22.3492 Measurement 2 (mm): 3.821
Final 7.3788 ‘ 22.3489 Measurement 3 (mm): 3.801
Loss 0.0112 _ 0.0003 Average Scar (mm): 3.815
Standared Deviation: 0.010
Coefficient of Variation (%) 0.260
Volumetric Wear (mm?®): 1.6855
Final Pressure (psi): 9,587

Comments:

Test file: 3704_360.xIs
Save file: D&G21
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Company: Dombrofif & Giimore Page: 8
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: Mobil 28 Speed (rpm): 800 (£ 5)
Falex ID #: 4944 \ Temperature (°C): 37.8 (x2.8)
Load (ib): Various
Block Material: Alu. Brnz. #C95500 Break-In (sec): 3
Finish (pin): 32 Duration (min): 10 / load stage
Hardness (Rc):  As Supplied
Falex ID: 5061
Ring Material: 4140 Steel Test Date: 11/13/01
Finish (pin): 32 (Black Oxide) Test Number: 0202117
Hardness (Rc): Case, 160-180-KSI
Test Results:
Applied Load, Ib Block Number Result, (P)ass/(F)ail Average Scar, mm Coefficient of Friction
30 1 P 3.828 0.081
40 1 P 4.594
50 1 P 5.222
60 1 P 6.075
OK Load (Ib): 60 Contact Pressure
at OK load:
Score Load (Ib): N/A . 5017.3
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.




)

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: Mobil 28 Speed (rpm): 800 (+ 5)
Falex ID #: 4944 ‘ Temperature (°C): 37.8 (+ 2.8)
Load (Ib): Various
Block Material: Alu. Brnz. #C95500 Break-In (sec): 30
Finish (pin): 32 : Duration (min): 10 / load stage
Hardness (Rc):  As Supplied
Falex ID: 5061
Ring Material: 4140 Steel Test Date: 12/3/01
Finish (uin): 32 (Black Oxide) Test Number: 0202120
Hardness (Rc): Case, 160-180-KSlI
Test Results:
Applied Load, b Block Number Result, (P)ass/(F)ail Average Scar, mm Coefficient of Friction
30 1 P 4.075 0.079
40 1 P 3.863 0.0690
50 1 P 4.880 0.059
60 1 P 6.155
OK Load (Ib): 60 Contact Pressure
‘ at OK load:
Score Load (Ib): N/A 4952.1
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.
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Company: Dombroff & Gilmore Page: 7
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: Aerosheli 33 Speed (rpm): 800 (£ 5)
Falex ID #: 4948 ‘ Temperature (°C): 37.8 (+ 2.8)
Load (Ib): Various
Block Material: Alu. Brnz. #C95500 Break-In (sec): 30
Finish (pin): 32 Duration (min}): 10/ load stage
Hardness (Rc):  As Supplied
Falex ID: 5061
Ring Material: 4140 Steel Test Date: 11/13/01
Finish (uin): 32 (Black Oxide) Test Number: 0202116

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

Test Results:

Applied Load, Ib Block Number Result, (P)ass/(F)ail Average Scar, mm Coefficient of Friction

30 1 P 5.702 0.153
40 1 P N/A
50 1 P N/A
60 1 P N/A
OK Load (Ib): 30 Contact Pressure
at OK load:
Score Load (Ib): N/A 2672.8
Scar Width at OK Load (mm): 5.702
Comments: 40, 50, and 60 Lb. loads produced immesureable scars, where the scar

continued off the edge of the block.

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.
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Company: Dombroff & Gilmore Page: 1
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: Aeroshell 33 Speed (rpm): 800 (¢ 5)
Falex ID #: 4948 V Temperature (°C): 37.8 (+ 2.8)
Load (Ib): Various
Block Material: Alu. Brnz. #C95500 Break-In (sec): 30
Finish (uin): 32 Duration (min): 10/ load stage
Hardness (Rc):  As Supplied
Falex ID: 5061
Ring Material: 4140 Steel Test Date: 11/30/01
Finish (pin): 32 (Black Oxide) Test Number: 0202119

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

Test Results:

Applied Load, Ib Block Number Result, (P)ass/(F)ail Average Scar, mm

Coefficient of Friction

30 1 P 5.453
OK Load (Ib): 30
Score Load (Ib): 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
The average scar width at the load corresponding to the OK Load Value.

0.152

Contact Pressure

at OK load:
2794.8



),

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: Dombroff & Giimore Page: 9
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: Aeroshell 33 Weathered Speed (rpm): 800 (£ 5)
Falex ID #: 4944 ) Temperature (°C): 37.8 (+ 2.8)
Load (Ib): Various
Block Material: Alu. Brnz. #C95500 Break-In (sec): 30
Finish (pin): 32 Duration (min): 10/ load stage
Hardness (Rc): As Supplied
Falex ID: 5061
Ring Material: 4140 Steel Test Date: 11/14/01
Finish (uin): 32 (Black Oxide) Test Number: 0202118
Hardness (Rc): Case, 160-180-KSlI
Test Results:
Applied Load, Ib Block Number Result, (P)ass/(F)ail Average Scar, mm Coefficient of Friction
30 1 P 5.267 0.152
40 1 P 5.992 0.1370
50 1 P 6.238
OK Load (Ib): 50 Contact Pressure
at OK load:
Score Load (Ib): 0 4071.8
Scar Width at OK Load (mm): 6.238
Comments: ‘
OK Load Value



®)

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

Test Results:

Applied Load, Ib Block Number Result, (P)ass/(F)ail Average Scar, mm

Company: Dombroff & Gitmore Page i

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

Technician: D. Hiavacek

Method: ASTM D 2508, Measurement of Load-Carrying Capacity of Lubricating Grease

Machine: Falex Timken Test Machine

" Serial #: 002-93-574

Test Specimen: Test Conditions:

Sample ID: - Aeroshell 33 Weathered Speed (rpm): 800 (¢ 5)

Falex ID #: 4950 ‘ Temperature (°C): 37.8 (+ 2.8)

Load (ib): Various

Block Material: Alu. Brnz. #C95500 Break-In (sec): 30
Finish (pin): 32 Duration (min): 10 / load stage
Hardness (Rc): As Supplied :
Falex ID: 5061 ~

Ring Material: 4140 Steel Test Date: 12/3/01
Finish (pin): 32 (Black Oxide) Test Number: 0202121

Coefficient of Friction

30 1 P 5.194
OK Load (Ib): . 30
Score Load (ib): 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.

0.146

Contact Pressure

at OK load:
2034.2
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Company: Dombroff & Gilmore Page:
Date: 12/10/01 Project #
Technician N. Pekoc
Method: Modified Thrust Washer
Machine: Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version
Serial # 809C35001108
TEST SPECIMENS: ) TEST CONDITIONS:
Upper Material: C95500 Al Bronze Test Speed (rpm):
Finish (u in.): 32 Temperature (°C):
Hardness (BHN): 1124123 Duration:
Falex ID # 5172 Test Load (Ib):
Mean Test Radius (in):
Lower Material: AIS! 4140 Steel, oxide coated
Finish (u in.): 32
Hardness: Nitride, case depth .003-.005
core strength 160-180 ksi
Falex ID#: 5164
Test Results:
Test Date: 11/20/01 11/21/01 11/21/01 11/21/01
Test Number: 09042 09045 03043 09046
Lubricant: Mobit 28 Mobil 28 Aeroshell 33 Aeroshell 33
Lubricant Falex ID #: 4944 4944 4948 4948
SaveFile Name: DGBRNZTHRW1 DGBRNZTHRW4 DGBRNZTHRW2 DGBRNZTHRWS
Test Program Name: DGSTLTHRW DGSTLTHRW DGSTLTHRW DGSTLTHRW
Mass Loss, Upper (g): 0.0002 0.0005 -0.0001 0.0007
Mass Loss, Lower () 0.0012 0.0006 0.001 0.0017
Load Step. N Cof CoF CoF CoF
889 (200 1b.) 0.151 C.144 0.136 0.133
1334 (300 Ib.) 0.130 0.135 0.133 0.130
1779 (400 1b.) 0.126 0.141 0.128 0.126
2224 (500 1b.) 0.125 0.141 0.126 0.121
2669 (600 Ib.) 0.125 0.138 0.121 0.115
3114 (700 b.) 0.124 0.133 0.122 0.112
3559 (800 Ib.) 0.122 0.132 0.125 0.122
4003 (900 Ib.) 0.118 0.131 0.129 0.118
4448 (1000 Ib.) 0.116 0.127 0.130 0.116
4893 (1100 Ib.) 0.114 0.117 0.129 0117
5338 (1200 1b.) 0.110 0.118 0.129 0.120
5783 (1300 b.) 0.107 0.119 0.125 0.125
6228 (1400 Ib.) 0.106 0.112 0.126 0.131
6672 (1500 1b.) 0.106 0.104 0.128 0.133
7117 (1600 Ib.) 0.105 0.104 0.128 0.185
7562 (1700 Ib.) 0.106 0.108 0.129 0.152
8007 (1800 Ib.) 0.112 0.100 0.129 0.150
8452 (1900 Ib.) 0.128 0.098 0.128 0173
8896 (2000 Ib.) 0.161 0.098 0.130 0.168
9341 (2100 Ib.) 0.101 0.135 0.168
9786 (2200 b.) 0.143 0.140 0.171
Comments: This is Preliminary testing to find friction characteristics of these greases.

1

~

01-111

5
Ambient
1 min/stage
200 to 2200
0.531

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



[

Company:
Date:
Technician

Method:
Machine:
Serial #:

TEST SPECIMENS:
Upper Material:
Finish (u in.):
Hardness (BHN):
FalexID #:

Lower Material:
Finish (p in.):
Hardness:

FalexID #:

Test Results:

Test Date:
Test Number:

Lubricant:
Lubricant Falex ID #:

SaveFile Name: -
Test Program Name:

Mass Loss, Upper (9):
Mass Loss, Lower (g):

Load Step, N

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

Comments:

E
j‘i%:

Dombroff & Gilmore Page: 2
12/10/01 Project #: C01-111
N. Pekoc

Modified Thrust Washer

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

; TEST CONDITIONS:
C95500 Al Bronze Test Speed (rpm). 5
32 Temperature (°C): Ambient
112-123 Duration: 1 min/stage
5172 Test Load (Ib): 200 to 2200
Mean Test Radius (in): 0.531
AIS1 4140 Steel, oxide coated
32 :
Nitride, case depth .003-.005
core strength 160-180 ksi
5164
11/21/01 11/21/01
9044 9047
Aeroshell 33 Aeroshell 33
weathered weathered
DGBRNZTHRW3 DGBRNZTHRWS6
DGSTLTHRW DGSTLTHRW
-0.0006 0.0003
-0.0008 0.0007
CoF CoF
0.144 0.143
0.136 0.145
0.136 0.136
0.140 0.127
0.129 0.120
0.153 0.117
0.192 0.117
0.219 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.
See Graphs for Torque, Friction Coefficient, Load, Speed, and Specimen Temperature trends.

-



Bronze, Black Oxide, @bbil 28, HL, run 1
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01:39:14

Batch Name 01:39:14

Jescription

Scale Range

Eng. Units

SOEFFICIENT OF FRICTION
SPECHVEN LOAD

"ORGUE

dgbrnzthrw1
dgbrnzihrw
dgbrnzthrwi
dgbrnzthrwi

0.00/0.20
0.00/10000.00
0.00/25.00
0.00/100.00

Coef

i

N-m
DEG.C

0.19

.00
-5.93e-03
47.38

NTERFACE TEMP.
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Bronze, Black Ox

id@Wobil 28, run 2

1.207]10000.007]25.007]100.00 B
23.21- 9286
i
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00:00:26 01:02:53 01:03:20
Jescription Batch Name Scale Range Eng. Units 01:03:20
:OEFF:mENT OF FRICTION dgbrnzthrw4 0.00/0.20 Coef 017
SPECIMEN LOAD dabrnzthiwd 0.00/10000.00 i 0.00
”C&RQUE dgbrnzthrwd 0.00/25.00 N-m 0.00
NTERFACE TEMP. dgbrnzthrw4 0.00/100.00 DEG.C 50.99
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Bronze, Black Oxide,aeroshell 33, run 1
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Jescription

Batch Name

Scale Range

Eng. Units

00:59:18

SOEFFICIE

L L

NTERFACE TEMP.

NT OF FRICTION
|

dgbmzthrwz
dgbmzthrw?
dobmzthrwz
dgbmzthrw2

0.00/0.20
0.00/10000.00
0.00/25.00
0.00/180.00

Coef

P

MN-m
DEG.C

dedek

el

edek




@ Bronze, Black Oxide,czroshell 33, run 2
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e

0.0 714.204 1.79- 7.4 5 -

ﬂ
0.00 | 000 ooe| o000 M

00:12:53 00:55:33 01:08:26
Description Batch Name Scale Range Eng. Units 01:08:26

COEFFICIENT OF FRICTION
SPECIMEN LOAD

TORQUE

INTERFACE TEMP.

dgbrnzthrw5

dabrmzthrwd
dgbrzthrwb
dgbmzthrw5

0.00/0.20
§.00/10000.00
0.00/25.00
0.00/100.00

Coef

N

MN-m
DEG.C

0.17
0.00
5.68e-04
52.40
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Bronze, Black Oxide, Aeros.

-

Il Weathered

. HL, run 1
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Description

Batch Name

Scale Range

Eng. Units

00:34:57

COEFFICIENT OF FRICTION
SPECIMEN LOAD

TORQUE
NTERFACE TEMP.

dgbrnzthrw3
dgbrnzthrwd
dgbrmzthrw3
dgbmzthrw3

0.00/0.20
0.00/10000.00
0.00/25.00
0.00/100.00
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N

N-m
DEG.C

0.28
0.00
0.00
46.91
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Batch Name
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SOEFFICIENT OF FRICTION
SPECIVIEN LOAD
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NTERFACE TEMP.
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COMPANY: Dombroff & Gilmore PAGE: 1
DATE: 12/6/01 PROJ#: 01-111
TECHNICIAN: M. Rapp
MACHINE: Falex-ISC Pin On Disk Tribometer System, S/N 808020000045
METHOD: ASTM G99 Modified
TEST CONDITIONS:
TEST SPEED (rpm): 20 PIN MATERIAL: Al Bronze
TEMPERATURE (°C): Ambient PIN GRADE: €95500
DURATION (min): 75 PIN POSITION: 90
TEST LOAD (grams): 100/ increments of 100 PIN TL# 5028
LUBRICANT: Various TEST RADIUS (mm): 22
TEST RESULTS:
TEST DATE: 11/17/01 11/19/01 11/19/01 11/19/01
TEST NUMBER: 8002548 8002549 8002550 8002551
FILE IDENTIFICATION: DANDGO6 DANDGO7 DANDGO8 DANDGO09
DISK MATERIAL: 4140 oxide 4140 oxide 4140 oxide 4140 oxide
PIN MATERIAL: Al Bronze Al Bronze Al Bronze Al Bronze
LUBRICANT: Mobil 28 Aeroshell 33 Aeroshell 33 Mobil 28
Weathered

TOTAL CYCLES: 1602 1637 ' 1749 - 1856
AVG. BALL SCAR (mm): 0.440 0.560 0.550 0.664
COEFFICIENT OF FRICTION: See Attached Graphs for Friction Traces
TEST DATE: 11/27/01 11127101
TEST NUMBER: 8002552 8002559
FILE IDENTIFICATION: DANDG10 DANDG11
DISK MATERIAL: 4140 oxide 4140 oxide
PIN MATERIAL: Al Bronze Al Bronze
LUBRICANT: Aeroshell 33 Aeroshell 33

Weathered
TOTAL CYCLES: 1677 1742
AVG. BALL SCAR (mm): 0.500 0.600

COEFFICIENT OF FRICTION:

See Attached Graphs for Friction Traces
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COMPANY: Dombroff & Gilmore PAGE: 2
DATE: 12/6/01 PROJ#: 01-111
TECHNICIAN: M. Rapp
MACHINE: Falex-ISC Pin On Disk Tribometer System, S/N 808020000045
METHOD: ASTM G99 Modified
TEST CONDITIONS:
TEST SPEED (rpm): 20 PIN MATERIAL: Al Bronze
TEMPERATURE (°C): Ambient PIN GRADE: C95500
DURATION (min): 75 PIN POSITION: 90
TEST LOAD (grams): 100/ increments of 100 PIN TL# 5028
LUBRICANT: Aeroshell 33, and Mobil 28 TEST RADIUS (mm): 22
TEST RESULTS:
TEST DATE; 11/17/01 11/19/01 11/19/01 11/119/01
TEST NUMBER: 8002548 8002549 8002550 8002551
FILE IDENTIFICATION: DANDGO06 DANDGO7 DANDGO8 DANDGO09
DISK MATERIAL: 4140 oxide 4140 oxide 4140 oxide 4140 oxide
PIN MATERIAL: Al Bronze Al Bronze Al Bronze Al Bronze
LUBRICANT: Mobil 28 Aeroshell 33 Aeroshell 33 Mobil 28
Weathered

TOTAL CYCLES: 1602 1637 1749 1856
AVG. BALL SCAR: 0.440 0.560 0.550 0.664
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: Al Bronze Al 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
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Company: Dombroff & Gilmore Page:
Date: 12/07/01 Project #:
Technician D. Hiavacek
Method: ' Three-Ball Microfilm
Machine: Falex Multi-Specimen Test Machine, Computer Controlled Version
Serial #: 835000600496
TEST SPECIMENS: TEST CONDITIONS:
Upper Material: C95500 Al Bronze \ Test Speed (rpm):
Finish ( ,In.): 32 Temperature (°C):
Hardness (BHN): 112-123 Test Load (Ib):
Falex ID #: AA-5174 Mean Test Radius (in):
Lower Material: C95500 Al Bronze
Finish (, 1) 32
Hardness (BHN): 112-123
Falex ID #: AA-5173
Ball Material: E-52100 Steel, black oxide coated
Hardness (HRc): 64-66
Grade: 5
Falex ID#: Lot 99
Test Results:
Test Date: 11/15/01 11/15/01 11/28/01
Test Number: 0606404 0606405* 0606415
Upper Falex ID #: AA-5174 AA-5174 AA-5174
Lower Falex ID #: AA-5173 AA-5173 AA-5173
Lubricant: Mobil 28 Mobil 28 Mobil 28
Lubricant Falex ID #: AA 4944 AA 4944 AA 4944
Test Program Name: DANDG3BL DANDG3BL DNG3BL2
SaveFile Name: dg3bl08 dg3bl09 dg3bi18
Comments: See Graphs for Friction and additional data.

*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.

01-111

20

Ambient

400-800 (50 Ib steps)
0.672
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Company: Dombroff & Gilmore Page:
Date: 12107101 Project #:
Technician D. Hiavacek
Method: Three-Ball Microfilm
Machine: Falex Multi-Specimen Test Machine, Computer Controlled Version
Serial #: 835000600496
TEST SPECIMENS: TEST CONDITIONS:
Upper Material: C95500 Al Bronze Test Speed (rpm):
Finish { yin.): 32 ‘ Temperature (°C):
Hardness (BHN): 112-123 Test Load (ib):
Falex ID #: AA-5174 Mean Test Radius (in):
Lower Material: C95500 Al Bronze
Finish (, ) 32 '
Hardness (BHN): 112-123
Falex ID #: AA-5173
Ball Material: E-52100 Steel, black oxide coated
Hardness (HRc): 64-66
Grade: 5
FalexID # Lot 99
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 #: AA 4948 AA 4948 AA 4948
Test Program Name: DNG3BL2 DNG3BL2 DNG3BL2
SaveFile Name: dg3bi10 dg3bl11 dg3bi22
Comments: See Graphs for Friction and additional data.

*Test conducted on same sample specimen set as 0606407.

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.

01-111

20

Ambient

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

Method:
Machine:
Serial #:

TEST SPECIMENS:
Upper Material:
Finish ( ,In.):
Hardness (BHN):
FalexID #:

Lower Material:
tish (, In.):
Hardness (BHN):

FalexID #: :

Ball Material:
Hardness (HRc):
Grade:

FalexID #

Test Results:

Test Date:
Test Number:

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

Lubricant Falex ID #:

Test Program Name:
SaveFile Name:

Comments:

Dombroff & Gilmore Page:
12/07/01 Project #:
D. Hlavacek
Three-Ball Microfilm
Falex Multi-Specimen Test Machine, Computer Controlled Version
835000600496
TEST CONDITIONS:
C95500 Al Bronze , Test Speed (rpm):
32 Temperature (°C):
112123 Test Load (b):
AA-5174 Mean Test Radius (in):
C95500 Al Bronze
32
112-123
AA-5173
E-52100 Steel, black oxide coated
64-66
5
Lot 99
11/19/01 11/19/01 11/21/01 11/29/01
0606409 0606410* 0606413 0606418
AA-5174 AA-5174 AA5174 AA-5174
AA-5173 AA-5173 AAS173 AA-5173
Aeroshell 33 Aeroshell 33 Aeroshell 33 Aeroshelt 33
weathered weathered weathered weathered
AA 4949 . AA 4949 AA 4949 AA 4949
DNG3BL2 DNG3BL2 DNG3BL2 DNG3BL2
dg3bl12 dg3bl13 dg3bl16 dg3bi21

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

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.

01111

20
Ambient

400-800 (50 Ib steps)
0.672



i
[

.

wasa

6€ L¥:00

e L0:00:00
1 LO00:00
e 10:00:00

0000°05/0000°0 g01qehp
00°0001/00°0 gotgebp
020°0/000°0 8019¢06p

abuey ajeog aweN uojeg

m::.:..o:m ‘bai4 aidwes

6¢:1#:00

00:00:00

m
I WA o T AN

L Ur. @7 1O



10:8%:00

o 2R LOI00:00
N L0:00:00

N 8 A N Yl

00°0001/00°0
020°0/000°0

GLHE P
60laehp
6010¢0p

ABug T Baig ajdwes

sbuey ajeog

swunBug T

L0:8%:00

L0:8%:00

alWweN yojeg

00:00:00

— AR

s

e

e e e

N -

OB

L 000005

Zun ez Iqon

) :o:@commo

0000

eO00

w
/000

—OLow




@ Aerosnen®@, run 1 @

20 oo on s0.00007] e e e

DUT0] i 5746 4286

0= 500 00-425 0000
!
V0o 408 72 4286

R IGIRTE I RS I T B |
; ]
I3
!
it

L P A BT A

vong | noo | 0.0000 | A
00:00:00 01:15:54 o 01:15:54‘

Description Batch Name Scale Range Sample Freq.  Eng. Units 1 01:15:54

OBFRICT dg3blio 0.000/0.020 00:00:01 7 “NoData f
LA dg3bl10 0.00/1000.00 00:00:01 L0 N Daiz i
Ui o _ dg3piio 0.0000/50.0000 _00:00:01 RPM N Dmia i




¢
PR
i
%

b cruboantras N

[ R

1
1
i
+
'
'

vombvuabowa
]
i
s
"
¥
i

PSP NN PR, S

1 L) 13

¥ % v

L 13 i

) ] i 1 ¥ Al 1

1 4 T 1] t ¢ L3

' ' 1 ' ' ] '

1 L L " " " i

t T 1 [ ' ' v

+ + § L] ¥ 13 i

13 3 i . ) 4 k)
ewebesnpannbeoa vaw R I T R T o e N S R A T T e T

3 t 4 1} 1 i Ll

. ) t ' . 3 I

' ' : ' ' v '

i i e 4 F L i I3

T Ny 3 T ' i 1 i T

* 1 ¢ t 1 + 3 i

13 i L} v 1 t t ) ¥
EEES e P e I T T ehevobmanbemnboantrnebanabonclnavbecupomcbanntannbinclnan

b b 4 b ' r r F b

4 + ] 1 1 t + t i

) t ] | ' ) L3 ‘ i) 1

$ i ! L I 3 3 3 :

i ¥ ¥ T T T T t d T

+ I SOy ' i v s v ' 1

¥ Ll i b 1 ¥ ¥ +
,,}-,_ R ! L 1 t i | NN i [ R A

v | 1 * I 3 4

¥ il g ki L} 13 1 1

1 » 1 ¥ L} ’ t % +

Parameter nans A t ‘ P
Pt 1515.745 u” | Company Name D§G Project
*Rz.J 1480.115 u” \:Purpose Aeroshell 33
Tilt A4 -0.316 deg Part's Name 3 ball Micro Wé,g,_,gg,g
AVH 142.283 u" | Haterial Al,Bronze/Oxide balls -
Hmax 253.937 u" : Date 01/11/19
Hian 40,1587 un Time 09:05:11
AREL 3.476E4+06 ul2 ' Orientation across path, at thermocouple
i’Lot No.
v Sample No. . 01
‘4Output Unit ”,u”
Polaricy Positive
Pickup Scandard Pickup
Stendarad ANSI
. Hessurement Type Profile
Measurement Length o.1"
: Cutoff Wavelength
Heasurement Hag. * 1K -

11719/04: | '9:06 an

e (e ey e e
.v . i(, Loy v‘; ;
l" .YWJMWTE :

T RRLIO

CCo6AoT

HeF @20 5 et 1 ¢




Weldd 1000500 00°05/00°0 LHaehp
&7 10:00:00 00°0004/00°0 Fagtp
10:00:00 020°0/000°0 LLiaebp
vio0ik0 swun Bug ‘bai4 e dwes abuey ajeos aweN yoleg I

1919010 | 19:90:10

.
O
i
w2
1
H
P

£

(1

~cp

—-O0 T b

o

7 unl .ﬁ‘:mcwo._mi



B
]

Poowakono

P
.
'

¥ [ '
# o :

bowubaowbovatowuloosbaonh s

i
]

FOUPNIS S,

5
5
‘
1

t
s

/

T
s
s
¥
i
:
¢
N
¢
®

3
3
4
[

B
’
'

'
1
N
B
@

Parametey haye

; LN Lue
Pt 2'748.420
Rz.J 663.888
Tilt & -0.,636
AVH 270.891
Hmax 758.8986
Hmin 40.787
ARE XA 9.915E+06

deg
u"
u"
u"
u'z

Time
@ Orientation
Lot No.

. Output Unit
‘Polarity

- Heasurement Type
" Measurement Length

VE3BLI

]
[
i

e g o b o g o o

vanrdesmapracabesapennpheon

4
‘
t
f
‘

T Y A

B
%
[
&
%
¥
PO TRV SAPUYI oA TS S
.
s
1 £
H
®
B T T T
*
i
:
B
s
1

‘
'
'
i
s

-
'
'
:

Aeroshell 33

3 ball Nicro wuppar [owWe R

Al.Bronze/Oxide balls
01/11/19

15:51:32

across path, at thermocouple

07

n, u”

Positive
Standard Pickup
ANSI

Profile

g.15"

* 10K

11718701

3

.
14

52 PH



01:07:08

01:07:08

&

Eng. Units

Sample Freq.

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

01:07:08

ell 33, run 1

ty
]

weathered Aer®

Scale Range
0.000/0.020

0.00/1000.00
0.00/50.00

Batch Name

dg3bl2
dg3bl12

00:00:00

I j
= 1
i i C
g b py !
— ey & [ L
- o BV
- - e
o
=
“ T ! R “ 1 1 T : ! i 2 -
- < = - - = [y = = = s o Q7
- I £ 3 =z & 2 £ 2 = = g &g gt
- i o - - = - oo



S e

Paramster! nswe

Pt
*Rz . J
Tilt 4
AVH
Hmax
Hmin
AREA

1743.776
984,053
* -0.308
173.958
350.314

40.787
3.932E4+06

ur2

' i s i ' 1 : .
4 + ) + 1 3 + 1 . 5 ¢
el wmwbwenbroaboonbansbonw L cwal evobonvebunrbucuboanta )
' h v ‘ + [ v ¥ ¥ i y 1 '
' ' ' ) 1 [l ¢ i ' ' . ' ’ '
‘ I ) ' a ‘ v 1 s ] ' ' 1 :
i 3 3 ). i 3 1 . i ) i A . 3
g v v i i [ [ i 1 ¥ v i v 0
. 1 1 i v ' . i s 4 i . : .
¥ ' ' i i ) + ' ¢ 1 1 1 v .
. cecbomubiwaluwchovntbowsbavatosnpanabeactbooibonnbonsbosupunelou, PN SIS RS A AT U R N
v i h v < v i B h i ' i i i
¢ l l 4 + 1 * s i ¥ i ¢ i '
. ‘ i . ‘ ' Il 1 ‘ i 1 . ) i
2 X 3 " i ) . Shve.. i i i 5 i i
l v v ¥ ) [ t 1 ¥ ¥ v 1 v [
¢ ' s v i ' ) ¢ i i ' ' .
' l ' : i 1 v 5 ¢ [ s ) v »
: §
~ b R s R AT B LRt TS TR FRITEES . TR TR T BEES TEES TERY TR RS TR TRRE TR TR RS s
' [ ¢ ‘ v i [ ¢ s ‘ ¢ ) '
¢ I 1 ' ¥ & ] ) v . . I '
i ) 1 4 L i : i . . 3 3} !
T A ) ¥ K] P H ¥ v T T k T ¥
b 4 8 _’__’g..—"" : 1 t ] & 13 i + ]
3 1 -*—\_.;,_‘____,_,,.b-—"‘ ¥ s ' : ¢ ¢ s ' ' '
(RN e e aniegTNIDI PRIV IDPIDE SPNDVNS SRR R R R it R AR SRl Rt S RN AU TN R T T
Rt Bl et h bomepenel ¢ F ¢ k ] ; h v
' ' 13 ' : i ¢ > r 1
i l i i : v 3 . )
" T T "
T N

A

. Company Name D&G Project
 Purpose Aeroshell 33 Weathered
| Part's Name 3 pall Micro upperd o oS
i Haterial Al.Bronze/Oxide balls -
. Date 01/11/19

| Time 15:231:22

Orientation across path, at thermocouple

Lot No.
:LSample No. 03
‘output Unit "oy

| Polarity Positive
: Pickup Svandard Pickup

Standard ANSI

Heasurement Type Profile

Measurement Length go.1i"

Cutoff Wavelength
Heasuremwent Hag.

o




RC] ON e 1000700 TT0006/00°0 9gebp S

BleC] ON a1 L0:00:00 00°0001/00°0 oLiaebp

C i PO o Jo LG S .

gy'g0lo swun ‘Buz baiyeidwes  abuey sjeos aweN yoeg T T uonduosa(

812010 87:80: 10 00:00:00
|
|
N
|

|

st

Z uni .ombm_ﬂw‘m; ‘ee "olay



7 R R
, LO:00:00 00°000+/00°0
Cle ON +0:00:00 0Z0°0/000°0 gLiaebp

Hd

cozyie - swnbuz  baideidwes | ebueyeleos 0 ewenues
T L0:ZL10 00:00:00

=000

g

— T

L c:,,ON IIAOIA




Hie(E)  Condition(G)

= =

V- Heg !
i .
~~~~~~
1000 : % : ; ? ;
e BERERE
Z : E E ‘: 3 ;
-1000 : 3 : | i |
Paramener nams it i hy SeL value i ol
br 2803.085 u” Company Name D&G Project
"Red 1z232.622 u* 2 Purpose sheliSd-gEerhered NG =N *«'%:v‘jgmgw:{,
Tile & 0.440 deg % Part!s Name 3 ball Micro lower
AVH 411.483 u" . Material Al.Bronze/Oxide balls -
Hine 1336.612 u" “ Date 01/11/29
Hmin 41,417 u" & Time 03:53:56
LREA 4.640E+07 a2 7 Orientation across peth, at thermocouple
%+ Lot No.
% Sample No. 13
4 Output Unit ",u”
4 Polaricty Positive
i
! Pickup Scandard Pickup
! Standard ANSI
i, Measurement Type Profile
Heasurement Length a,1ig"
Cutotf Wavelength
Heasurement Mag. % 10X -

{ ]
|
L

-

3

L2901 - |, 384 &



-

L0000 JUOS000 mm%ﬁ”@ﬁ
LO00:00 00°0001/00°0 ceiaghp
i LO:00:00 . 020°0/000°0 zelaebp

vOLOLO  swinbuz | Cbeijaiddles | ebueyolos eweNudes

vO:LOTLO 70:40:10 00°00:00

—

e T

v

i

L uni ”C:mcmem/.\



*

'
)
s

P

v
il

A

/

'
'
i
'
‘
t
'

B
+
i
[
«
e
«
p

‘
)
‘
;
.
1 ‘
:
>
.
)
i
‘
‘
LA U I
‘

.
®
N
’

*

i
1
N
t
X
'
il
2

]
5
1
2
B
5
i
“
[l

B

v
1

F T

i

a4 ' \
* ¥
: .
:

b _.w} ..... |2 NP,
:
: ;
k3 2
¥ ¥
: : N
N 3 i

L [ A N T T o,

1 + H
: : .
; : :

]

P S e e

N
4

i i ‘
1l v +
cembamuhoreboanbanmbonn
‘ i h
L} 1 t
1 ¢ 1
i N
3 H 1
' ' ‘

L} 1 / i3
(R SIS RSN R AU S
¥ ¢ I
s ¢ T
' I .

i I
T : T
] tl i
: ¢ '

4

R R S R T

) ot )
t ' t
) ) !
) T T
1 ' :

i ) ¥
JRUSY VS T R AMpRPTE [P S
i i b
13 ) )

i § 1

3 S A N R e R L

e e i oo o R e o B

¢
1
'
3

R S U T it

(NP NP SpEe

. STy
Paramster nEome 00

o

Pt
Rz.dJd
Tilt
AVH
Hrax
Hmin
AREL

2008, 185
547,605
0,413
234,348
698,503
39,921
2.262E407

,‘Comp&ny Nawe
4 Purpose

i Parc's Neme
il Hateraial

f Date

}’Tima
“orientation
Lot No.
1semple No.

Output Unit
Polaricy

A pickup

Standard
Heasurement Type

% Measurement Length
‘xCutatf Wavelength

I Measurement Hag.

across path,

D&G Project

Aeroshell 33, run 1
3 ball Micro lower
Al.Bronze/0xide balls

01/11/29
14:03:59
at thermocouple

16

n’un

Positive
Sctandard Pickup
ANSI

Profile

g.18"

* 10K

:Uﬁﬁgtgvaiﬁeﬂl‘ :fﬁet va, ..

b 1Lreev



. At 10:00°00 00°08/00°0 Leigetp
. e LOR00°00 00°000 1000 Leiagbp
10°00:00 020°0/000°0 velaebp

0590 10 G Bug beug siduies abuegewss T emeniowa
?é:c ] : o,m“mo;o oo“oo..o,o

| uni ‘ce =m.@zm< palauleanA



pem

s

g

woabwunbowa

®

i
H
v
0
.
©
£
B
i
3
v
3

v
v
3
'
e
«
¢
+

®
€
i
:
5
¢

i
«
®
€
@
©

SN TGP SN

- R

Y
6
+

*
v
+
s
:
1
®

B A e st

i
s
i
v
B
2

'
'

[P

g =

Parswetsr name

D A ! el 2td

«
r
'
'
s

e 10 o g e e e e

i

t

®

¥

3

3
N T e

N .

JR T S e st afied

R o
\
‘
'

Purpose
Part's Name
Haterial

: Sareple No.

{ Output Unit
(Polaricy
Pickup

* Standard

! Heasurenent Type
MHeasurement Length
ECutoff Wavelength
Heasurement Mag.

R A L ch o
°
s
¥
«
®

&G Project
Westh. Aero. 33, Run 1

3 ball Micro lower
Al.Bronze/Oxide balls
oL/11/29

11:20:55

acrbss path, at thermocouple

15

n, u

Poaitive
Standard Pickup
ANSI

Profile

0.1i8"




11-16-2001

TEST GROUP

is FALEX

TEST is DNG3BL2 PAGE
MACHIN SET-UP SUMMARY
PARAMETER CURRENT CONFIGURATION
CONFIGURATION LIST NUMBER 006-108-023
SPECIMEN TYPE 2 Ball Micro Film
LOAD RANGE HIGH 10 to 820 1lbs.
TYPE OF MOTION UNIDIRECTIONAL
UNIDIRECTIONAIL SPEED RANGE 0 - 23 RPM
CYCLE/DISTANCE RESOLUTION 1
TORQUE SENSOR RANGE TYDPE LOW 10 LBS
TEMPERATURE CONTROL. SPECIMEN
TEST LIMITS SUMMARY
PARAMETER MAXIMUM ALERT SHUTDOWN
SPEED 24 23 24 RPM
SPECIMEN LOAD 864.0 820.0 850.0 LBS
CHAMBER TEMP. 421 200 200 DEG C
SPECIMEN TEMP. 421 120 200 DEG C
i\a 1200 0 0 .0001 IN.
LLE 30000 0 0
DISTANCE 30000 0 0 FEET
COEFFRIC. 2.0000 0.0000 0.0000
TORQUE 10.00 5.00 9.00 LB.IN.
VIBRATION 20.00 0.00 0.00 G
ELAPSED TIME 522:59:59 005:00:00 005:01:00 HHH:MM:SS
START TEST SUMMARY
PARAMETER MAXIMUM VALUE
STARTING SEQUENCE 9 SPEED-LOAD
INITIAL SPEED SETPOINT 22 20 RPM
INITIAL SPECIMEN LOAD SETPQINT 807.0 200.0 LBS
INITIAL TEMPERATURE SETPOINT 189 15 DEG C
START SPEED HOLD TIME 3600 0 SEC
START LOAD HOLD TIME 3600 0 SEC
INITIAL SPEED RAMP RATE 1000 10 RDPM/SEC
INITIAL LOAD RAMDP RATE 600 20 LBS/SEC
IS SPECIAL CONFIGURATION REQUIRE YES
IGNORE TEMPERATURE OVERSHOOT YES
iii SPECIAL CONFIGURATION SUMMAMARY
SPEED LOAD TEMP, SPEED  LOAD NEXT
POINT SETPT SETPT SETPT RATE RATE. DURATION STEP
1 20.0 200 15 10 20 300 2

22:32:19

1

REPS
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Company: Dombroff & Gilmore Page: 1
Date: 12/03/01 Project #: 01111
Technician N. Pekoc
Method: Modified Thrust Washer
Machine: Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version
Serial # 809C350011008, 009-091-105
TEST SPECIMENS: TEST CONDITIONS:
Upper Material: C95500 Al Bronze Test Speed (rpm): 5
Finish (u in.): 32 Temperature (°C): Ambient
Hardness (HRc): 112-123 Duration (hr): 24
Falex ID #: 5172 Test Load (bb): 1520
Mean Test Radius (in): 0631 ==, .
Lower Material: AISI 4140 Steel, black oxide coated Contact pressure (psi): 7600 Ay {? (A S
Finish (s in.): 32 L/)
Hardness (HRc): Nitride, case depth .003-.005 } J
Core strength 160-180 KSI N (Vtam o
Falex ID #: 5164 U } ji
Test Results: J// \i[j i/ &l
TestDate: 11/26/01 12/03/01 11/%1 11/29/01 ~
.\ Test Number: 09048 09057 09049 09052
Upper FalexID #: 5172A 51724 51728 5172E
Lower FalexID #: 5164A 5164J 5164B 5164E .
Lubricant: Aeroshell 33 Aeroshell 33 Mobil 28 Mobil 28
weathered weathered
Lubricant Falex ID #: 4949 . 4949 4944 4944
SaveFile Name: DGWEARO1 DGWEARO7 DGWEAR02 DGWEAR04

@

Test Program Name: D&GWEARTEST D&GWEARTEST D&GWEARTEST D&GWEARTEST
Mass Loss, Upper (mg): 19.1 228 57 32
Mass Loss, Lower (mg): 17 1.3 1.7 1.8
Bronze height change (mm): N/A . 0.031 0.0128 0.009
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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Company: Dombroff & Gilmore Page:
Date: 12/03/01 Project #: 01111
Technician N. Pekoc
Method: Modified Thrust Washer
Machine: Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version
Serial #: 809C350011008, 009-091-105
TEST SPECIMENS: ) TEST CONDITIONS:
Upper Material: C95500 Al Bronze Test Speed (rpm):
Finish (u in.): 32 Temperature (°C):
Hardness (HRc): 112-123 Duration (hr):
Falex ID #: 5172 Test Load (Ib):
Mean Test Radius (in):
Lower Material: AIS! 4140 Steel Black Oxide Coated -Contact Pressure (psi):
Finish {p in.): 32
Hardness (HRc): Nitride, case depth .003-.005
Core strength 160-180 KSI
Falex ID #: 5164
Test Resuits:
Test Date: 11/28/01 12/03/01 11/29/01
Test Number: 09050 9058 09053*
Upper Falex ID # §5172C 5172K 5172F
Lower Falex ID #: 5164C 5164K 5164F
Lubricant: Aeroshell 33 Aeroshell 33 Aeroshell 33
Weathered
Lubricant Falex ID #: 4948 4948 4949
SaveFile Name: DGWEARO3 TDAT002-003 TDAT038-039
Test Program Name: D&GWEARTEST DGTHWRT DGTHWRT
Mass Loss, Upper (mg): 414 237 52.0
Mass Loss, Lower (mg): 19 1.9 0.8
Bronze height change (mm): 0.082 0.0305 0.077

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.

g){’f 300

11/30/01
09054

5172G
5164G
Aeroshell 33
Weathered
4949
DGWEAR05
D&GWEARTEST

98.0
1.6

0.024
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Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version

Coefficient of Friction (CoF)

Company: Dombroff & Gilmore
Date: 12/03/01
Technician N. Pekoc /M. Rapp
Method: Modified Thrust Washer
Machine:
Serial #: 809C350011008, 009-091-105
TEST SPECIMENS: .
" Upper Material: C95500 Al Bronze

Finish (u in): 32

Hardness (HRc): 112-123
Falex ID #: 5172
Lower Material: AlIS1 4140 Steel, black oxide coated

Finish (u in): 32

Hardness (HRc): Nitride, case depth .003-.005

Core strength 160-180 KSI
FalexID #: 5164
Test Results:
Test Date: 11/28/01
Test Number: 9051*
Upper FalexID #: 5172D
Lower Falex ID # 5164D
Lubricant: Aeroshell 33
weathered

Lubricant Falex ID #: 4949
SaveFile Name: TDAT018-037
Test Program Name: DGTHWRT
Mass Loss, Upper (mg): 224
Mass Loss, Lower (mg): 18
Bronze height change (mm): 0:025
Comments:

Page: 3
Project #:

TEST CONDITIONS:
Test Speed (pm):
Temperature (°C):
Duration (hr):

Test Load (lb):

Mean Test Radius (in):
Contact Pressure (psi):

12/1/01
09056*

51721
51641
Aeroshell 33

4948
TDATO000-001
DGTHWRT

26.2
1.0

0.025

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

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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Ambient
24
1520

0531
600 /)
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25 50004 5600,00-
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18— 25 714 3571484

ld— ZR5T 2857 14414

L 21434 2142806+

LOT— 14,204 142857 7.7

104+ T4 TH4.20-

14.29-28.57—

50.00

46,43

42.86—

39.29-

35.714

Bronze, Black Oxid‘Mobil 28, run 1

32. 14—

25.00
2143

17.86- |

Loo | ooo | 6.00

0.00

00:00:00

1 Days 00:14:28

1 Days 00:14:28

Jescription

Batch Name

Scale Range

Eng. Units

1 Day 00:14:28

SOEFFICIENT OF FRICTION

NTERFACE TEMP.
SPECIMEN LOAD
ORGQUE

dgwear02
dgweardd
dowearQZ
dowear02

0.00/0.50
0.00/100.00
(.00/106000.00
0.00/50.00

Coef
DEG.C
N

N-m

0.00
39,449
0.00

-5 42e-03




6\ Bronze, Black Oxid‘Mobil 28, run 2 '

5071100.007110000.007150.00

6+ G2.86H G265.7146.43+
43— BE 714 8571.4542.86—
39— TABTA TBET 14+39.20+

36~ 7143+ 7142.66~35.71-

i

32+ G420 6428.57+ 32.14—]

29— 57 14 5714.28428.57+
25— 50.004 5000.00425.00+

IR
e ey 5oy g 2 / &
214 4286+ 4285712143+ /4

18- 25714 3571.4317.86-

14~ 28 574 2857 14—14.29+

114 21.437 2142.86410.71

07+ 14204 1428574 7.14

L4 714 714294 35

00 0.00 0,00 0.00

00:00:00 1 Days 00:10:15 1 Days 00:10:15
)escription Batch Name Scale Range Eng. Units 1 Day 00:10:15
OEFFICIENT OF FRICTION dgwear(4 0.00/0.50 Coef 0.26
4T EMP. dgwear(4 0.00/100.00 DEG.C 52.18
JECIMEN LOAD dgwear04 0.00/10000.00 N 0.00
ORQUE dgwear(4 00.00/50.00 N-m -5.80e-03




6‘ Bronze, Black Oxide,‘aroshell 33, run 1 .

5071400007 110000.007150.00

46— D286+ 9285.7146.43+

43— BE T+ 8571 .4342.86—

39~ TR.57H 7857 14~38.29+

36 7143 7142 8635714

324 64204 684285743214

29 57144 5714.29-28.57-

Uy ey

25+ 80.00— 5000.00-25.00—)

244 ao.as- azes. 7142143

A8+ 25714 3571.43~17.86

, . w4 i
A4 28,574 2857 14414.28

A1 21.43+4 2142.86-10.71

LOT— 14.204 142857~ 7.4+

104 714 71400 357

100 | 0.00 ] (.00 0.00_
00:00:00 1 Days 00:15:16 1 Days 00:15:16
Jescription Batch Name Scale Range Eng. Units 1 Day 00:15:16
SOEFFICIENT OF FRICTION dgwear03 0.00/0.50 Coef 0.30

FACE TEMP dowesrdd 0.00/100.00 DEG.C 58.48
PECHEN LOAD dowear(d 0.00/10000.00 M .00
ORAQUVE dawear(3 0.00/50.00 N-m -65.88e-03




"\ Bronze, Black Oxide, Aeros‘\,ll 33 Weathered, run 1 .

5071100.007110000.007]50.00

46+ 82.56— 9285.71-46.43+
43— BE VI 8571.43442.864

) it
43
39+ 7B.57- 7857.14~39.20 T

W
BB T 4B 71428643571 o A A\
i ’ ™,
| '

I gy e | / { 1N SN jooe W SN e
32+ 64,20 8428573214 NP | S ; T
i !

20+ 5712 571400408574 ]\j;
~ |

25 50,004 5000.00425.004

21+ 42.86- 4285.71421.43 |

e BETE AR \lﬂ‘% fi uﬁ Aﬁ
A8 25 71 3571434 1?&6 Y !’
‘qu iy ,‘yh‘)

A4 2857 2857 14—14.29

A1 21434 21428641071

LOTH 14.204 142857 714

LO4~ 74— T14.289 3.57

00| o0 000 000

00:00:00

1 Days 00:13:26

1 Days 00:13:26

Jescription

Batch Name

Scale Range

Eng. Units

1 Day 00:13:26

OE%‘F&C!ENT Qi* FR!CT?ON

Qﬁﬁué

dgwear(1
dgwear(l
dgwear(
dgwear01t

0.00/0.50
0.00/100.00
0.00/10000.00
0.00/50.00

Coef
DEG.C
N

N-m

0.29
8581
0.00
4.21e-03




39—

36—

32—

18—

LSS

LA —

)

o3 £ ) .
100,00

e
B 80—

7143

54, 29—

G
38y
2857 —

21 45—

i A o0
1. 29

10000.00° |

02857 1—

BET] 43—

TE5T 14—

5714 29—

500 00—

4285.71—

2857 14—

2142 Be—

A I
F428.57

0.00

0.00_|

30.00 |

27.86—

25.71—

23.57—

21.43—

19.29—

17. 14—

15.00—

12.86—

10.71—

4 29—

2.14—

Bronze, Black Oxide, Aeros‘.ll 33 Weathered, run 3

0.00_|

T .

00:00:00

1 Days 00:25:54

1 Days 00:25:54

Jescription

Batch Name

Scale Range

Eng. Units

1 Day 00:25:54

N

SOEFFICIENT

OF FRICTION

=

dgwear07
dowear(7
dowear(l7
dgwearQ?

0.00/0.50

- 0,00/100.00

0.00/10000.00
0.00/30.00

Cosf
DEG.C
N

N-m

*kdk

ek




L]

B0 1100.007 1 40000.007 |

o

A 02.B6— 828571
43— BET— 657143

L39— TE.57—

ey 4 g
TaET 4 d—

R T APy
71 As— 714266

B.00—  5000.00-—

1.21—

A R Areses 7o
42 BG e 5.71—

3AB— 2571— 357145

) 14— 28.57— 2857

1 ‘L-—

1A —

207— 14.29

3.04—

— 28.57—

Bronze, Black Oxide, Aeros‘ Il 33 Weathered, run 2

50.00 |

46 43—
42.86—
39.20—

35 71—

32.14—

25.00—

21.43—) (i
j E} iy
|

17.86—|

! L\r’w\
14.29—

1071\
7.14—

3.57—

3.00_ | ©.00_|

0.00

Ay /wf f

?

A Mkﬁ\/\ W“ i C\Cr’

..........

~00:00:00

1 Days 00:27:19

1 Days 00:27:19

Jescription

Batch Name

Scale Range

Eng. Units

1 Day 00:27:19

SOEFFICIENT OF: FRICTION
ACE 15

ORAUE

dgwearlh
dowearlb
dgwesrs
dgwear(s

0.00/0.50
0.00/160.00
0.00/10000.00
0.00/50.00

Coef
DEG.C
N

N-m

Fekedks

Festi

ek

Fedek
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Company: Dombroff & Gilmore Page: 19

Date: 11/21/2001 Project #: 01-111
Technician: M. Rapp
Test Method: ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion
Test Machine: Falex Computer Controlled Block on Ring Test Machine
Serial #: 800135004198
Testing Specimens: Testing Conditions:
Sample ID: Mobil 28 ,
Falex ID #: 4944 ‘Speed (cpm): 87.5
Temperature (°C): Ambient
Block Type: HP Test Block Load (ib): 180
Material: C95500 Al Bronze Duration (cycles): 5000
Finish (uin): 32 Oscillation Angle: 90°
Hardness (BHN): 112-123
Falex ID #: 5060 Test Date: 11/21/01
Ring Type: Falex test ring w/ black oxide coating Test Number: 0107422
Material: AlSI 4140 steel
Finish (pin): 32
Condition Nitride, case depth .003-.005
Core strength 160-180 KSI
Falex ID #: 5150
Test Resuts: :
Mass Data, g Block Scar Data '
Block Ring Measurement 1 (mm); 3.137
Initial 7.3972 22.2658 Measurement 2 (mm): 3.119
Final 7.3912 22.2652 Measurement 3 (mm): 3.071
Loss 0.0060 - 0.0006 Average Scar (mm): 3.109
Standared Deviation: 0.028
Coefficient of Variation (%) 0.896
Volumetric Wear (mm?): 0.9111
Final Pressure (psi): 5,882
Comments:

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

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



®

Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

initial

Final
Loss

Comments:

Dombroff & Gilmore
1172172001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Mobil 28
4944

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlSl 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSI

5150
Block Ring
7.3915 22.2652
7.3849 22.2653
0.0066 -0.0001

Test file: 3704_180.xIs

Save file: D&G36

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

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

20
01-111

87.5
Ambient
180
5000
9Q°

11/21/01
0107423

3.267
3.264
3.232
3.254
0.016
0.487
1.0452

5,620



@

Company:

-Date:

Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex 1D #:

Ring Type:
Material:
Finish (nin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/15/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Aeroshell 33
4948

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlSI] 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSI

5150
Block Ring
7.3989 22.3005
7.3929 22.2993
0.0060 0.0012

Test file: 3704_180.xls

Save file: D&G30

Te§ting Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

14
01-111

87.5
Ambient
180
5000
90°

11/14/01
0107417

2.995
2.931
2.829
2.918
0.068
2.342
0.7533

6,267
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/21/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Aeroshell 33
4948

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlSI 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSli

5150

Block Ring

7.3942 22.3002
7.3877 22.3002
0.0065 0.0000

Test file: 3704_180.xIs

Save file: D&G31

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

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

15
01111

87.5
Ambient
180
5000
90°

11/20/01
0107418

3.236
3.289
3.202
3.242
0.036
1.104
1.0337

5,640



)

Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

Block Type:
. Material:

Finish (uin):
Hardness (BHN):

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
12/03/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Aeroshell 33
4948

HP Test Block

C95500 Al Bronze

32 "

112-123

5212

Falex test ring w/ black oxide coating
AlSI 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSI

5150
Block Ring
7.4439 22.3125
7.4347 22.3119
0.0092 0.0006

Test file: 3704_180.xIs

Save file: D&G48

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

32
01-111

87.5

Ambient
180
5000
90°

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: Dombroff & Gilmore Page: 16

Date: 11/21/2001 Project #: 01-111
Technician: M. Rapp :
Test Method: ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion
Test Machine: ‘Falex Computer Controlled Block on Ring Test Machine
Serial #: 800135004198
Testing Specimens: Testing Conditions:
Sample ID: Weathered Aeroshell 33
Falex ID #: 4949 Speed (cpm): 87.5
Temperature (°C): Ambient
Block Type: HP Test Block Load (Ib): 180
Material: C95500 Al Bronze Duration (cycles): 5000
Finish (uin): 32 Oscillation Angle: 90°
Hardness (BHN): 112-123 '
Falex 1D #: 5060 Test Date: 11/20/01
Ring Type: Falex test ring w/ black oxide coating Test Number: 0107419
Material: AISI 4140 steel
Finish (nin): 32
Condition Nitride, case depth .003-.005
Core strength 160-180 KSI
Falex 1D #: 5150
Test Resuts:
Mass Data, g Block Scar Data ,
Block Ring Measurement 1 (mm); 3.287
Initial 7.3921 22.3134 Measurement 2 (mm): 3.238
Final 7.3857 22.3121 Measurement 3 (mm): 3.220
Loss 0.0064 : 0.0013 Average Scar (mm). 3.248
Standared Deviation: 0.028
Coefficient of Variation (%) 0.872
Volumetric Wear (mm®): 1.0394
Final Pressure (psi): 5,630
Comments:

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

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



)

Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/21/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Weathered Aeroshell 33
4949

HP Test Block

C95500 Al Bronze

32 ‘

112-123

5060

Falex test ring w/ black oxide coating
AlS| 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSlI

5150
Block Ring
7.3857 22.3130
7.3782 22.3133
0.0075 -0.0003

Test file: 3704_180.xIs

Save file: D&G34

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (ib):
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).

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

18
01-111

87.5
Ambient
180
5000
90°

11/20/01
0107421

3.256
3.245
3.225
3.242
0.013
0.396
1.0333

5,641



(),

Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
12/11/01
M. Rapp

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

Page:
Project #:

Falex Computer Controlied Block on Ring Test Machine

800135004198

Aeroshell 33
4948

HP Test Block
C95500 Al 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 Ring

7.4015 22.3328
7.3960 22.3325
0.0055 0.0003

Test file: 3704_180Is.xls

Save file: D&GA47

Testing Conditions:

‘Speed (cpm):

Temperature (°C):
Load (Ib):

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):

31
01-111

2.1

Ambient
180
5000
a90°

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:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex 1D #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data. g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
12/11/01
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Mobil 28
4944

HP Test Block

C95500 Al 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 Ring
7.3837 22.3608
7.3807 22.3606
0.0030 ' 0.0002

Test file: 3704_180Is.xIs

Save file: D&G38

Testing Conditions:

Speed (cpm):
Temperature (°C).
Load (Ib):
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):

22
01-111

2.1
Ambient
180
5000
aQ°

11721/01
0107425

3.030

2974

2.936

2.980

0.039

1.296
0.8022

6,137
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

FalexID #:

Ring Type:
Material:
Finish (uin):
Condition

FalexID#:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
1111212001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Weathered Aeroshell 33
4949

HP Test Block
C95500 Al 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 Ring
7.3831 22.3041
7.3694 22.3039
0.0137 0.0002

Test file: 3704_360.xls

Save file: D&G23

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

7
01-111

87.5
Ambient
360
5000
90°

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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Test file: 3704_360.xls
Save file: D&G24

Company: Dombroff & Gilmore Page: 8
Date: 11/12/2001 Project #: 01-111
“Technician: M. Rapp
Test Method: ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion
Test Machine: Falex Computer Controlled Block on Ring Test Machine
Serial #: 800135004198
Testing Specimens: Testing Conditions:
Sample ID: Mobil 28
Falex ID #: 4944 Speed (cpm): 87.5
Temperature (°C). Ambient
Block Type: HP Test Block Load (Ib): 360
Material: C95500 Al Bronze Duration (cycles): 5000
Finish (pin): 32 Oscillation Angle: 90°
Hardness (BHN): 112-123
Falex ID #: 5060 Test Date: 11/10/01
Ring Type: Falex test ring w/ black oxide coating Test Number: 0107411
Material: AlSI 4140 steel
Finish (pin): 32
Condition Nitride, case depth .003-.005
Core strength 160-180 KSI
Falex ID #: 5150
Test Resuts:
Mass Data, g Block Scar Data :
Block Ring Measurément 1 (mm): 3.960
Initial 7.3974 22.3245 Measurement 2 (mm): 3.928
Final 7.3850 22.3236 Measurement 3 (mm): 3.859
Loss 0.0124 ' 0.0009 Average Scar (mm): 3.916
Standared Deviation: 0.042
Coefficient of Variation (%) 1.076
Volumetric Wear (mm®): 1.8228
Final Pressure (psi): 9,341
Comments:

2.5mi 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:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID#:

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

Falex ID #:

Ring Type:
Material:
Finish (pin):
Condition

Falex ID #:

Test Resuts:
Mass Data. g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/12/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Mobil 28
4944

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring W/ black oxide coating
AlSI 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSI

5150

Block Ring

7.4001 22.3107
7.3907 22.3101
0.0094 0.0006

Test file: 3704_360.xls

Save file: D&G26

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

10
01-111

87.5
Ambient
360
5000
90°

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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Company: Dombroff & Gilmore Page: 17

Date: 11/20/2001 Project #: 01-111
Technician: M. Rapp
Test Method: ASTM D 3704, Wear Preventative Properties of Lubricating Greases in Oscillating Motion
Test Machine: Falex Computer Controlled Block on Ring Test Machine
Serial #: 800135004198
Testing Specimens: » Testing Conditions:
Sample ID: Weathered Aeroshell 33
Falex ID #: 4949 Speed (cpm): 87.5
Temperature (°C): Ambient
Block Type: HP Test Block Load (Ib): 360
Material: C95500 Al Bronze Duration (cycles): 5000
Finish (uin): 32 Oscillation Angle: 90°
Hardness (BHN): 112-123
Falex ID #: 5060 Test Date: 11/20/01
Ring Type: Falex test ring w/ black oxide coating Test Number: 0107420
Material: AlSI 4140 steel
Finish (uin): 32
Condition Nitride, case depth .003-.005
Core strength 160-180 KSI
Falex ID#: 5150
Test Resuts:
Mass Data, g Block Scar Data
Block Ring Measurement 1 (mm): 3.874
Initial 7.3875 22.2462 Measurement 2 (mm): 3.852
Final 7.3773 ‘ 22.2454 Measurement 3 (mm): 3.805
Loss 0.0102 0.0008 Average Scar (mm): 3.844
Standared Deviation: 0.029
Coefficient of Variation (%) 0.749
Volumetric Wear (mm?): 1.7238
Final Pressure (psi): 9,516
Comments:

Test file: 3704_360.xIs
Save file: D&G33

2 5mi 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 #0107412. Double score mark is this test.
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID #:

Ring Type:
Material:

Finish (uin):
Condition

Falex ID#:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/26/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Weathered Aeroshell 33
4949

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlSI 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSI

5150
Block Ring
7.4085 22.3292
7.4021  22.3281
0.0064 0.0011

Test file: 3704_180.xIs

Save file: D&G37

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

2 5ml of deicer was applied three times, at start of test, 20 and 40 minutes

21
01-111

87.5
Ambient
180
5000
90°

11/21/01
0107424

3.158
3.151
3.149
3.163
0.004
0.122
0.9501

5,801
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID#:

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

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID#:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/26/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Weathered Aeroshell 33
4949

HP Test Block

C95500 Al 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 Ring
7.4112 22.3319
7.3979 , 22.3309
0.0133 - 0.0010

Test file: 3704_360ht.xls

Save file: D&G39

2 5mi of distilled water was applied at start of test.

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

Block and ring shared with test #0107427. Single score mark is this test.

23
01-111

87.5

95
360
5000
90°

11/26/01
0107426

4111
4.051
4.003
4.055
0.044
1.090
2.0249

9,020



Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID#:

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

Falex ID#:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/28/2001 -
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Weathered Aeroshell 33
4949

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlIS| 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSI

5150
Block Ring
7.3976 22.2309
7.3841 22.2304
0.0135 0.0005

Test file: 3704_360ht.xls

Save file: D&G40

2 5mi of distilled water was applied at start of test.

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

Block and ring shared with test #0107426. Double score mark is this test.

24
01-111

87.5

95

360
5000
90°

11/26/01
0107427

4.004
3.998
3.998
4.000
0.003
0.071
1.9434

9,144
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/28/2001
M. Rapp

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Weathered Aeroshell 33

4949

HP Test Block
C95500 Al Bronze
32

112-123

5060

Falex test ring w/ black oxide coating

AlSI 4140 steel
32

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

5150

Block
7.3988
7.3845
0.0143

Test file: 3704_360ht.xls

Save file: D&G41

Ring
22.2643
22.2633

0.0010

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

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

25
01-111

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

87.5

95
360
5000
90°

11/27/01
0107428

4.089
4.034
4.023
4.049
0.029
0.713
2.0154

9,034
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID#:

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

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/28/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Weathered Aeroshell 33
4949

HP Test Block

C95500 Al 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 Ring
7.3838 22.2634
7.3709 22.2634
0.0129 0.0000

Test file: 3704_360ht.xis

Save file: D&G42

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

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

26
01-111

87.5

95
360
5000
90°

11/27/01
0107429

4.050

3.982

3.978

4.003

0.033

0.825
1.9483

9,136
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID #:

Ring Type:
Material:
Finish (uin):
Condition

FalexID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/28/2001
M. Rapp

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

Page:

Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Mobil 28
4944

HP Test Block
C95500 Al Bronze
32

112-123

5060

Falex test ring w/ black oxide coating

AlSI 4140 steel
32

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

5150

Block
7.3935
7.3877
0.0058

Test file: 3704_360ht.xls

Save file: D&G43

2.5 ml of water was applied at start of test.

Ring
22.3219
22.3217

0.0002

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (ib):
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):

Block and ring shared with test #0107431. Single score mark is this test.

27
01-111

87.5
95
360
5000
90°

11/27101
0107430

3.262
3.183
3.139
3.195
0.051
1.693
0.9887

11,449
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID#:

Ring Type:
Material:
Finish (uin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/28/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Mobil 28
4944

HP Test Block

C95500 Al 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 Ring
7.3869 22.3210
7.3801 22.3207
0.0068 0.0003

Test file: 3704_360ht.xls

Save file: D&G44

2.5 m! of water was applied at start of test.

Testing Conditions:

Speed (cpm):
Temperature (°C).
Load (ib):

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):

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

28
01-111

87.5

95

360
5000
90°

11/28/01
0107431

3.396

3.383

3.357

3.379

0.016

0.480
1.1699

10,826
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Company:
Date:
Technician:

Test Method:
Test Machine:
Serial #:

Testing Specimens:
Sample ID:
Falex ID #:

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

Falex ID #:

Ring Type:
Material:
Finish (nin):
Condition

Falex ID #:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/28/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Aeroshell 33
4948

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlISI 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSI

5150
Block Ring
7.4010 22.3483
7.3880 22 3477
0.0130 0.0006

Test file: 3704_360ht.xls

Save file: D&G45

2.5 mi of water was applied at start of test.

Testing Conditions:

Speed (cpm):
Temperature (°C):
Load (Ib):
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):

Block and ring shared with test #0107433. Single score mark is this test.

29
01-111

87.5

95
360
5000
90°

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:

Test Method:
Test Machine:
Serial #

Testing Specimens:
Sample ID:
Falex ID #

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

Falex ID #:

Ring Type:
Material:
Finish (pin):
Condition

Falex ID#:

Test Resuts:
Mass Data, g

Initial

Final
Loss

Comments:

Dombroff & Gilmore
11/28/2001
M. Rapp

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

Page:
Project #:

Falex Computer Controlled Block on Ring Test Machine

800135004198

Aeroshell 33
4948

HP Test Block

C95500 Al Bronze

32

112-123

5060

Falex test ring w/ black oxide coating
AlSI 4140 steel

32

Nitride, case depth .003-.005

Core strength 160-180 KSI

5150
Block Ring
7.3879 22.3481
7.3770 22.3481
0.0109 ‘ 0.0000

Test file: 3704_360ht.xIs

Save file: D&G46

2.5 ml of water was applied at start of test.

Testing Conditions:

Speed (cpm):
Temperature (°C).
Load (Ib):
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):

Block and ring shared with test #0107432. Double score mark is this test.

30
01-111

87.5

95
360
5000
90°

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

Methog:
Machine:
Serial #:

TEST SPECIMENS:
Upper Materiaf:
Finish (1 in);
Hardness (HRc):
Falex ID #:

Lower Materia}:
Finish ( in):
Hardness (HRc):

Dombrofr & Gilmore
12/07/01
M. Rapp

Modified Thrust Washer

Page: 1
Project #: 01-111

Falex High Performance Multi-Specimen Test Machine, Computer Controlleq Version
9-091-105

809C350011 008, 0o

C95500 A Bronze
32

112-123
5172

AlSi 4149 steel, black oxide Coated
32

Nitride, case depth .003-.005

TEST CONDITIONS:

Test Speed (rpm): 5.
Temperatyre (°C): Varioys
Duration (hr): 24
Test Load (Ib): 1520

Mean Test Radius (in): 0531
Contact Pressure (psi): 7600

Falex Ip #
Test Results:
Test Date:

Test Number-
Test Temperature (“C):

Upper Fajex D%

Lower Falex 1D #
Lubricant:

Lubricant Falex ID #
SaveFjle Name:;
Test Program Name:

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

Bronze Height change (mm):

Comments:

Coefﬁcient of Friction CoF

Core strength 160-180 K|
5164

12/04/01
09060
23

5172
5164
Aeroshel] 33

Weathered, wl H,0

4949
TDAT004-005
DGTHWRT

19.6
1.0

0.028

12/05/p1
08062
23

5172
5164
Aeroshel| 33
Weathered, w/H,0
4949
TDAT006~007
DGTHWRT

135
03

12/04/01
09059
95

51721,
51641
Aeroshel] 33
Weathered, w/ H,0
4949
DGWEARps
D&GWEARTESTHT

47.9
1.0

0.067

12/06/01

09064
95

51720
51640
Aeroshel 33

Weathered, w/ H,0

4949 '
TDAT008-00g
DGTHWHT

16.1
23

0.024
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Company: Dombroff & Gilmore Page: 2
Date: 12/03/01 Project #: 01-111
Technician N. Pekoc /M. Rapp

Method: Modified Thrust Washer

Machine: Falex High Performance Multi-Specimen Test Machine, Computer Controlied Version

Serial #: 809C350011008, 009-091-105

TEST SPECIMENS: ' TEST CONDITIONS:

Upper Material: C95500 Al Bronze Test Speed (rpmy): 5
Finish (u in.): 32 Temperature (°C}; 95
Hardness (HRc): 112-123 i Duration (hr): 24

Falex ID #: 5172 Test Load (lb): 1520

Mean Test Radius (in): 0.531

Lower Materiaf: AlSI 4140 Steel, black oxide coated Contact Pressure(psi): 7600
Finish (u in.): 32
Hardness: Nitride, case depth .003-.005

Core strength 160-180 KS

Falex ID #: 5164

Test Results:

Test Date: 12/5/01 12/8/01 12/06/01 12/07/01

Test Number: 08065 09068 09063 08066

Test Temperature {C): 95 95 95 95

Upper Falex 1D # 5172 5172 5172 5172

Lower Falex ID #: 5164 5164 5164 5164

Lubricant: Mobil 28 w/H,0 Mobil 28 w/H,0 Aeroshell 33 w/ H;0 Aeroshell 33 w/ H,0

Lubricant Falex ID #: 4944 : 4944 4948 4948

SaveFile Name: DGWEAR11 TDAT012-013 DGWEAR10 TDAT010-011

Test Program Name: D&GWEARTESTHT DGTHWHT D&GWEARTESTHT DGTHWHT

Mass Loss, Upper {mg): 15.3 9.3 47.4 236

Mass Loss, Lower (mg): 1.5 1.5 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 nomal force (N) pressing these bodies together.




Company: Dombroff & Gilmore Page: 3
Date: 12/10/01 Project #: 01-111
Technician N. Pekoc /M. Rapp
Method: Modified Thrust Washer
Machine: Falex High Performance Multi-Specimen Test Machine, Computer Controlled Version
Serial #: 809C350011008, 009-091-1056
TEST SPECIMENS: , TEST CONDITIONS:
Upper Material: C95500 Al Bronze Test Speed (pm):
Finish (p in.): 32 Temperature (°C):
Hardness (HRc): 1124123 Duration (hr):
Falex ID #: 5172 Test Load (b):
Mean Test Radius (in):
Lower Material: AlIS! 4140 Steel, black oxide coated Contact Pressure (psi):
Finish (u in): 32
Hardness (HRc): Nitride, case depth .003-.005
Core strength 160-180 KS!
FalexID #: 5164
Test Results:
»\ Test Date: 12/5/01 12/8/01 12/1/01
Test Number: 09061* 08067 09055*
Test Temperature (C): 95 g5 g5
Upper Falex ID #; 5172N 5172T 5172H
Lower Falex ID #: 5164N 5164T 5164H
Lubricant: Mobil 28 w/ H,0 Aeroshell 33 Mobil 28 w/ H,O
weathered, w/ H,0
Lubricant Falex ID # 4944 4949 4944
SaveFile Name: DGWEARO09 DGWEAR12 DGWEARO06
Test Program Name: D&GWEARTESTHT D&GWEARTESTHT D&GWEARTESTHT
Mass Loss, Upper (mg): 43.3 96.4 288
Mass Loss, Lower (mg): 23 2.1 1.8
Bronze Height Change (mm): 0.029 0.086 0.031
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.

95
24
1520
0.531
7600
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Company:
Date:
Technician
Method:

Machine:
Serial #

TEST SPECIMENS:

Upper Material:
Finish (nin.):
Hardness (HRc):

FalexID #:

Lower Material:
Finish (uin.):
Hardness (HRc):

Falex 1D #:

Test Results:

Test Date:
Test Number:

Upper Falex ID #:
Lower Falex ID #:

Dombroff & Gilmore
01/28/02
N. Pekoc

Modified Thrust Washer

Page:
Project #:

02-8

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

809C350011008, 009-091-105

C95500 Al Bronze
32
112123
5030

AISI 4140 Steel, black oxide coated
32
Nitride, case depth .003-.005
Core strength 160-180 KSI
5306

01/15/02
09071

5030
5306

Lubricant: Aeroshell 33 w/ H20
Lubricant Falex ID #: 4948
SaveFile Name: DGWEAR13
Test Program Name: D&GWEARTESTHT
Load(Lb): 1520

Mass Loss, Upper (mg): 14.4

Mass Loss, Lower (mg): 1.1

Bronze height change (mm): 0.0315

Comments:

TEST CONDITIONS:
Test Speed (rpm):
Teniperature (°C):
Duration (hr):

Test Load (lb):

Mean Test Radius (in):
Contact pressure (psi):

Ambient
24
Varies
0.531
Varies

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.



Coefficient of Friction

Aeroshell 33 Weathered, w/ H,0

Thrust Washer Geometry
Testi# 09060

0.5
0.4

0.3 i |

’ ,

H ‘ 5 :
0.1
0
Time (24 Hours)

| e COF =====] oad ]

Load, lbs



Coefficient of Friction

@ o

Aeroshell 33 Weathered, w/ H.0
Thrust Washer Geometry

Test# 09062
0.5

0.4

Time (24 Hours)

| —— CoF =—Load |

Load, ibs



Coefficient of Friction

‘\ [ ) @

Aeroshell 33 Weathered, w/ H,0 @ 95° C
Thrust Washer Geometry

Test# 09064

0.5 1800
- 1700
+ 1600
1500
+ 1400
+ 1300
« + 1200
0.3 + 1100
+ 1000
+ 900
-+ 800
1 700
+ 600

WWWWWW. 500
+ 400
+ 300
+ 200
+ 100

0.4

Time (24 Hours)

Load, ibs



Coefficient of Friction

() é® é

Aeroshell 33, w/ H,o @ 95° C
Thrust Washer Geometry

Test# 09066

Time (24 Hours)

[-— CoF ===Load |

Load, Ibs



Coefficient of Friction

61

Mobil 28, w/ H,o @ 95° C
Thrust Washer Geometry

Test# 09068

0.5

0.4

0.3

0.2

LN

;:‘x.‘h t‘“h L t! mhu b

,' W

0.1

Time (24 Hours)

[—— CoF ==Load |

Load, ibs



ﬁronze Black Oxide, Aeroshell 3"Veathered HZO 95 C, run 1 ‘

p— 1
507 100.007 ] 10000.007 | 50.007 | |

46— 92,06— 0285.71— 46.43—| i
i

43— 85.71— B571.43— 42.86—|,

39— TRET— 785714~ 30.29—

Ba— B420— BARE5T— 32.14—|

29— 57 14— 5714 29— 28.57—

25— 50.00— 5000.00— 25.00—

S

L21— 42.86— 428571 21.43—

V18— 35.71— 3571.43— 17.86—|

bi4— 28.57— 2857 14— 14.29— ‘\u]‘\,

Pt 2148 2142 86— 10.71—
1.O7— 14.29— 1428.57— 7.14—

1.04— T4/ 71428 3.57—

.00 | 0.00_ 0.00_| 0.00

"~ 00:00:00 1 Days 00:23:48 1 Days 00:23:48
Jescription Batch Name Scale Range Eng. Units 1 Day 00:23:48
SOEFFICIENT OF FRICTION dgwear08 0.00/0.50 Coef b
I AR dgwear0g 0.00/100.00 DEG.C e
dogwear(a 0.00/10000.00 & o
dgwear08 0.00/50.00 N-mi ok




) Bronze, Black Oxide, Mol 28, H20, 95 C, run 3 é

50710000 110000007 1 50.007 ] TV T

46— 02.86—] op85.71— 46.43—|
43— 857 8571 45— 42 86—
89— 78.57— TB5T7 14— 39.29—|

36— 71.43— 7142.86— 35.71—|

]
32— 8400 6428.57— 32.14—|

20— 57 14— 5714.20— 28.57—| k \

E% | | fﬂ w M}
L25— 50.00— 5000.00— zﬁ.mﬂw‘ I ’ [.“
i U Wl

21— 42.86— 4285.71— 21.43— ww‘w J

ol
M“’%&/\MJ}\ gty }ﬁm M I

W i R ﬂ\V»JW

¥y
i AT ﬁ’»" i

D e

148— 35.71— 3571 43— 17.86—

Lid— 28.87— 2857 14— 14 28—

JAT— 21.43— 2142 86— 10.71—

1.07—

2.04—  Votd——  T14.28— 3.57—

2.00_ | 0.00_ ] 0.00_| 0.00_|

00:05:22 1 Days 00:21:14 1 Days 00:26:37

Jescription

Batch Name

Scale Range

Eng. Units

1 Day 00:26:37

SOEFFICIENT OF FRICTION

dgweartt
doweartl
dgweart
dgweari

0.00/0.50
0.00/100.00
0.06/10000.00
0.00/50.00

Coef
DEG.C
N

N-mi

ek

g

ey

el




‘ e gor

L36—

’ 32——— ; ;j N

21— 2143

3.07—

304~

110000 |

2.00_|

)

5000

7. 44—

10000.007

0.00_|

828571~

B4238.57—

5744 00—

H5060.00—

AR T
420071

2BET7 14—

2142.86— 10.71—

428, 57—

714.26— 3.57—

Bronze Bla

50.00 |

4.2.66—

35.71—

32 14—

25.00—

21.43—

17.86—

14. 28—

7. 44—

0.00

0.00_|

ck Oxide, Aero@ Il 33, H20, 95C, run 1

)

38.28—|"

1

i\

[
A
i

46.43—| |

i
L
i

N

Wl ﬂf\
5"’\&\‘ A / ¢

~00:00:00

1 Days 00:22:48

1 Days 00:22:48

Jescription

Batch Name

Scale Range

Eng. Units

1 Day 00:22:48

.,‘”‘)EFFKAENT OF FRICTION

”Q?\QU

EMP

dgwearit
dagweart
dogweartQ
dgwearil

0.00/0.50
0.00/100.00
£.00/10000.00
0.00/50.00

Coef
DEGC
™

N-m

Ferkdke

B g

el

Faede




5071100007 |106000.007 | 50.00 | JASVAT

) Bronze, Black Ox1de MODZS H20,95C,run2 ‘“

46.43—

42.86—|

VR

129— 87 14— 671420 28.57—

5000.00— 25.00—

4285.71— 21.43—]

18— 28.71— 2571.43— 17.86— &

\f\ Aoy ’\h\l\\wx% \ v - W\MM»MAMJ‘ J‘\M f\w At

yi4— 28.57— 2857 14— 14.28— p} /A N
e YA
\ el sy M w«j“lw MWJ\NJs
/\ // /
\/

|
i/

— 21.48— 2142.88— 10.71—
107— 14.29— 14E8.57— T.14—

1.0d— T Ad—  T714.28— 3.57—

3.00_| 00| woo_| 0.00

~00:00:00 1 Days 00:11:51 1 Days 00:11:51
Jescription Batch Name Scale Range Eng. Units 1 Day 00:11:51

SOEFFICIENT OF FRICTION dgwear09 0.00/0.50 Coef ek

dowearDy (3.00/100.00 DEG.C e
gowenr(s 0.00/106000.00 #
dgwear(9 ~0.00/50.00 N ek




50 1100.007]

32— B4 29

ﬂronze Black Oxide, Aeroshell QNeathered H20, 95 C, run 2 ‘

0000, gm

1285, 71—

' 14-139.29.

5714294

500000

50.00

48,43

42.86—

535,714
32.14-

28.57-

WAAAN ATV

25.00—
121 42.66- a§2€3§v’?’1~2‘!.434i%

P18~ 35714 3571.43-17.86+

b d— 2887

b1 21.484 2142.86410.71

307+ 14.299 1426.57 7.14

104~ 74 71400+ 3.57—

.00 | ©.00_] 0.00_| 0.00

00:00:00

1 Days 00:29:45

1 Days 00:29:45

Jescription

Batch Name

Scaie Range

Eng. Units

1 Day 00:29:45

SOEFFICIENT OF FRICTION

TORQUE

dgweariz2
doweartd
dgweart?
dgweari?2

0.00/0.50
0.00/100.00
0.00/10000.00
0.00/50.00

Coef
DEG.C
N

N-m

0.21
63.76
0.00
0.01




@ Bronze, | Black Oxide, Moi@'28, H20, 95 C, run 1_ é

— - ] % W 4 TooT o LR b TR \‘,-' Aoad ok 1 P
5071100.007110000.00150.00 ‘*‘M RV VAV g Ay TR PR et b
iy ‘K
4B~ 02 86+ 9285714643+ 1, ‘1
i :
H \
A3 85714 8571.43-42.86— |
39+ T8.57- THET.14439.28
i
i
36— 71.434 7142 86435714
:-., ..... g
i gy S g oy p | |
32— 64,20 6426.57-32.14—) |
| ) |
20 8714 57142042857 |
! : :
i |
i
125+ 50.00+ 5000.00425.00-
. l
|
|
|

|
12— A 664 4285 T1H21.45 M\ { &A
1 - J\ a ) I w

| ) b Nl W o WV, T

118+ 35,71 3571 43-17.86-] K f% | M\ f | "n'}iNl‘hzyfb‘vm\‘\ , WJ‘“‘{ %ﬁ‘}%\g i rk;N j"}&‘\,%f i I
ﬁ\ J(\ it ﬂh‘b\ﬂ \f }g ﬁ W}%\ﬂ V !\){M‘m ‘\xj: J VI ;f*{»}“thﬁ}}ﬁ | gﬁ‘ | v\{ ])‘!} ‘ S
’ / T4y #, | ‘< i i l . ' : 14 !

A4 28 5T 2657 14-14.29+ \/;ﬂ "J«W«\V Uﬁ %W L’I k P |

» /

1414 21454 21428610714

.07+ 14204 142857 7.14

104+ 714 714.20 3.57-

200 000 0.00 0.00 i

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
MOEFHC i:NT OF FRICTION dgwear(o 0.00/0.50 Coef 0.18
VCE TEMP dgwenrls 0.00/100.00 DEG.C 73.90
agwearGt 0.00/10000.00 M 3,00
dgwearlg 0.00/50.00 N-m 0.02
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007 i

0.071- 1714 1428

G038 507+

00 110000.00

é

L2571+
BET1 45
FBET 14—
7142 B6—
5428 57—
5714 28—
SO0 00—
4285 71—
357143+

2867 14

2142 86+

71429

0.000 |

.00

Aeroshell 33 w/ H20 @ 9., 1520 Ib load, 24 hrs
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iy,

ﬁi VA AL 4 s
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.00
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1 \J&
W\‘W\W“’ o APt

it

00:00:00

1 Days 00:13:54

1 Days 00:13:54

Description

Batch Name

Scale Range

Eng. Units

1 Day 00:13:54

CORFFICHENT
T4 =

OF FRICTION

WP

dgweari3
daweart3
dgweari3

0.000/0.500
0.00/120.00
0.00/10000.00

Coef
DEG.C
N

No Data
No Data
f\;(} {}fz‘\%




12-06~-2001

'y,

PARAMETER

MACHINE

TEST GROUP is FALEX

TEST is DGTHWHT PAGE

CONFIGURATION LIST NUMBER

SPECIMEN TYPE

LOAD RANGE

TYPE OF MOTION

UNIDIRECTIONAL SPEED RANGE - MAIN
UNIDIRECTIONAL SPEED RANGE -~ SECONDARY NOT ACTIVE
CYCLE/DISTANCE RESOLUTION

TORQUE SENSOR RANGE TYPE
HIGH/LOW TEMP. ADAPTER
TEMPERATURE CONTROL

PARAMETER

SPEED - MAIN

SPEED - SECONDARY

SPECIMEN LOAD

”“MBER TEMPERATURE
JIMEN TEMPERATURE

T IAR
CYCLE
DISTANCE

COEFFICIENT OF FRICTION

TORQUE
VIBRATION

ELAPSED TIME

PARAMETER

STARTING SEQUENCE

TEST

START

LIMITS

UNITS

RPM

RPM

LBS

DEG C

DEG C
.0001 IN.

FEET
LB.IN.

G
HHH:MM:SS

TEST

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
;Q:TIAL LOAD RAMP RATE

' ;PECIAL CONFIGURATION REQUIRED

SET~-UP SUMMARY

CONFIGURATION

006-108-007

Small Thurst Washer
HIGH 10 to 2000 1l1bs.
UNIDIRECTIONAL

0 =~ 1800 RPM

1

HIGH 500 LBS.

0 - 400 DEG C (MODEL6 ADAPTER)
SPECIMEN

SUMMARY

MAXIMUM ALERT SHUTDOWN
1885 500 600
0 0 0
2106 1700 1800
422 100 150
422 120 150
1250 0 0
30000 0 O
3000 0 0
2 0 0
500 400 450
20 0 0
522:59:59 020:00:00 024:00:00

SUMMARY

MAXIMUM VALUE
‘ 1 LOAD~TEMP . -SPEED

569 375 RPM
0 0 RPM
1709 1520 LBS

142 95 DEG C
3600 0 SEC
3600 o SEC
1000 100 RPM/SEC
0 0 RPM/SEC
600 200 LBS/SEC

NO

18:45:46

1



12-06-2001

‘l[) DATA STORAGE

DATA COLLECTION RATE

NUMBER OF RECORDS PER FILE
MAXTMUM NUMBER OF DATA FILES
DATA COLLECTION RATE

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

®)

TEST GROUP is FALEX
TEST is DGTHWHT

10
4325

18:45:47

PAGE

SET~-UP SUMMARY

SECS
RECORDS
FILES
SECS
RECORDS
FILES

2



-
e




e

Company:
Date:
Technician

Method:
Machine:
Serial #:

TEST SPECIMENS:

Upper Material:
Fimsh ( ,In):

Hardness (BHN):

, Falex ID #:

Lower Material:
Finish (4 1n.):

Hardness (BHN):

Falex ID #:

all 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:

ﬂ 4

Dombroff & Gilmore
12/07/01
D. Hlavacek

Three-Ball Microfilm

Page:

Project #:

Falex Multi-Specimen Test Machine, Computer Controlled Version

835000600496

C95500 Al Bronze
32 |
112-123

AA-5174

C95500 Al Bronze
32

112-123

AA-5173

E-52100 Steel, black oxide coated
64-66

5

Lot 99

TEST CONDITIONS:

Test Speed (rpm):
Temperature (°C):

Test Load (Ib):

Mean Test Radius (in):

01-111

20
Ambient

200-800 (50 Ib steps)

0.672

See Graphs for Friction and additional data.

11/20/01
0606411

AA-5174
AA-5173
Aeroshell 33
weathered
with de-icer
AA 4949
DNG3BL2
dg3bl14*

11/21/01
0606414

AA-5174
AA-5173
Aerosheli 33
weathered
with de-icer
AA 4949
DNG3BL2
dg3bl17

11/29/01 11/29/01
0606416 0606417
AA-5174 AA-5174
AA-5173 AA-5173
Mobil 28 Aeroshell 33
with de-icer weathered
at 95C
AA 4944 AA 4949
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.

woefficient 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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| 857,14~ 2.~
i
Wi 7857139 0 - -

15 BA2.860. 1Al
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D101 B00.00 0600 - 1y

S AZBBTH L Ad

G- 285 71 14 20

P00 21428110 7= i

. {‘,{'H‘;m 0()0_~ 0

l

01:08:18

Jescription

Batch Name

Scale Range

Sample Freq. Eng. Units

SOAD

dodbiig
dg3niig
dgabitg

70.000/0.020
0.00/1000.00
0.00/50.00

01:08:18
00:00:01 Sty
(0:00:01 LR o
00:06:01 B s
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Paremetir naksl

Pt
*Rz.J
Tilt A
AVH
Hmax
Hmin
AREL

2384.798
677.782
0.336
241.669
761.967
39.764

2.389E4+07 u"2

sgt:vn,ma 1‘ 1 Set va. ..

DEG Project
Hobil 28

Part's Neame

Haterial

i Date

i Time

Al.Bronze/Oxide halls
01/11/29

06:02:52

across path, at thermocouple

< Sample No. 14
Qutput Unit "L, u
Polaricy Posicive

i Pickup Standard Pickup
Standard ANSI
Measurement Type Profile

% Heasurement Length g.1isg"
Cutoff Wavelength

* 10K

11729701

|

1

3 ball Micro lower(k?ﬁ)bldﬁ&(

6:03 &M
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£ 0 11000.06 750 007

_Aero. 33, Weath. ch Deicer, run 1

" 01:07:40

01:07:40

Eng. Units
BPM

LB

Sample Freq.
(0:00:01

O0:00:01

00:00:01

01:07.40

Scale Range
0.000/0.020
0.00/1000.00

0.00/50.00

Batch Name

tlg3bity

Aoty

dg3bii7

il
;

57
7441/

14286+ A
7143+ 157

o & =

H . AN W
i il i A ! 1 T
o = = N . = =

i 2142010 71

Lontie] 285.71-14 20

[ERSISRE.
Description

LLOAD

(RIS
ORVISES
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o Bet value,il ‘|Sen VE. .. *

3504.009 Company Name
1289.997 u” ! purpose
0.235 deg . Parc's Name
435.999 u"  Material
1563.461 u” Date
39,921 u" Time
3.843E+07 u"2 Orientation
Lot No.
 Sample No.
% Output Unit
 Polarity
';Pickup
 Standard
| Measurement Type

D&G Project

Aeroshell 33 Weathered
3 ball Micro lower
Al.Bronze/Oxide balls
oi/11/28

12:52:39

across path, at thermocouple

11

n, u"

Positive
Standard Pickup
ANSI

Profile

g.18"

* 10K

o

11728701 1 12:54 PN



AoT14D00.00 7150, 007]250.0071250.00

\
¢ Weath. Aero. 33‘ -Temp., run 1 ‘ A
.1 T .

| .
M 9ea.0ein 1HRA0 77230774 - : ; f

vie| 846,151 11421154211 54— L I

Girthe 7682800 40192314 192.31~

Ve BO2.39+ 2 5-173.08—173.08-
G tned B1R.A8 0 T /41683.854153 .85

1id 5384600 0134 82410462 -
oo 461.54- 00 184115.38-1115.38-] -
08 384,82 10 20 06,15+ 0615

B0 207 868415 48

76.92~ 76,92

P 220,771 B~ BT7.69—+ 57.69-

G060 183,85 7 8u- 38 46— 38,46

A 78,892+ 3 00— 1923+ 19,234

coen | 000 aoo ] 000 ] 0.00 1 i f t : : ;
| 00:36:54 01:39:50 02:16:45
Description Batch Name Scale Range Samiple Freq. Eng. Units 02:16:45
Ol rRIeT dgabiht20 0.000/0.020 00:00:01 Mo s
I.CAD dgabiht20 0.00/1000.00 00:00:01 LB No Dats

g 3biht2n 1.00/50.00 (0:00:011 RPN N sl
RV IANS dg3biht20 0.00/250.00 00:00:01 DEG. C No Data
FEMIP G da3biht20 0.00/250.00 00:00:01 DEG. C No Dafa




11-29-2001 TEST GROUP is FALEX 09:19:41
‘q» TEST is DNG3BLHT PAGE 1
MACHINE SET-UP SUMMARY
PARAMETER. CURRENT. CONFIGURATION
CONFIGURATION LIST NUMBER 006-108-023
SPECIMEN. TYPE 3 Ball Micro Film
LOAD RANGE HIGH 10 to 820 lbs.
TYPE. OF. MOTION. UNIDIRECTIONAL
UNIDIRECTIONAL SPEED RANGE 0 - 23 REM
CYCLE/DISTANCE RESOLUTION. 1
TORQUE SENSOR RANGE TYPE LOW 10 -LBS
TEMPERATURE. CONTROL: SPECIMEN
TEST LIMITS SUMMARY
PARAMETER. MAX IMUM ALERT. SHUTDOWN
SPEED 24 23 24 RPM
SPECIMEN LOAD 864.0 820..0- 850.0. LBS
CHAMBER TEMP. 421 200 250 DEG C
S‘.EIMEN“TEMEL. 421 150 250 DEG C
{ 1200 0 0 0001 IN.
CWLE 30000 Q 0
DISTANCE 30000 0 0 FEET
COEFFRIC.. 2.0000 0..0000 0..0000
TORQUE 10.00 5.00 9.00 ILB.IN
VIRRATION. 20..00. 0.00 0.00 G
ELAPSED TIME 522:59:59 005:00:00 005:01:00 HHH:MM:SS
START TEST SUMMARY
PARAMETER 1AX TMUM VALUE
STARTING SEQUENCE. 5. TEMP .- SPEED-LOA
INITIAL SPEED SETPOIN 22 20 RPM
INITIAL SPECIMEN LOAD. SETPQINT . 807.0. 200.0 LBS
INITIAL TEMPERATURE SETPOINT 237 95 DEG C
START SPEED HOLD TIME 3600 0 SEC
START LOAD HOLD TIME 3600 0 SEC
INITIAL. SPEED. RAMP RATE 1000 10 RPM/SEC
INITIAL LOAD RAMP RATE 600 20 LBS/SEC
IS SPECIAL CONFIGURATION REQUIRE. YES
IGNORE TEMPERATURE OVERSHOOT YES
‘." SPECIAL COQOQNFIGURATION SUMMARY
SPEED LOAD TEMP . SPEED  LOAD NEXT
POINT. SETPT SETPT SETPT RATE RATE. DURATION STEP REPS
1 20.0 200 95 10 20 300 2 1
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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 Falex Test Number
Pin-on-disk 8002551
Pin-on-disk 8002552
Pin-on-disk 8002559
Block-on-ring 0107406
Block-on-ring 0107407
Block-on-ring 0107426
Thrust washer 09052
Thrust washer 09058
Thrust washer 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 isopropy! 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 100X, 250X, 500X and 1000X. In addition, we obtained a
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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, X500 or X1.00\K)
Electron beam accelerating voltage (bottom middle, all at 20 KV)
Distance legend (bottom right, mm = millimeter; um = micrometer)

The tilt axis for the specimens is parallel 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 |. 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 (Al)
silicon (Si)
calcium (Ca)
oxygen (O)

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 Wear Spot Diameter (mm)
8002551 0.4
8002552 0.45
8002559 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 |, 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. V

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
black 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 |, pages 16, 23 and 30). The widths of the scars are:

Falex Test Number Wear Scar Width (mm)
0107406 2.3
0107407 3.3
0107426 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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6 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.

77 /
Mark Germani, Ph.D.
Laboratory Director

(. ,
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Table 1. Semi-quantitative Elemental Compositions of Wear Surfaces

Falex Test Number and Part Description
Pin-on-disk
8002551 bronze pinarea1
8002551 black iron disk area 1
8002551 black iron disk area 2
8002552 bronze pin area 1
8002552 black iron disk area 1
8002552 black iron disk area 2
8002559 bronze pin area 1
8002559 black iron disk area 1
8002559 black iron disk area 2
Block-on-ring
0107406 bronze block area 1
0107406 bronze block area 2
0107406 black iron ring area 1
0107406 black iron ring area 2
0107407 bronze block area 1
0107407 bronze block area 2
0107407 black iron ring area 1
0107407 black iron ring area 2
0107426 bronze block area 1
0107426 bronze block area 2
0107426 black iron ring area 1
0107426 black iron ring area 2
Thrust washer
09052 bronze rim area 1
09052 bronze rim area 2
09052 black iron washer O degree position
09052 black iron washer 90 degree position
09052 black iron washer 180 degree position
08052 black iron washer 270 degree position
09058 bronze rim area 1
09058 bronze rim area 2
09058 black iron washer O degree position
09058 black iron washer 90 degree position
09058 black iron washer 180 degree position

09058 black iron washer 270 degree position

09059 bronze rim area 1

09058 bronze rim area 2

09058 black iron washer 0 degree position
09059 black iron washer 90 degree position
09059 black iron washer 180 degree position
09059 black iron washer 270 degree position
09063 black iron washer 0 degree position
09063 black iron washer 90 degree position
09063 black iron washer 180 degree position
09063 black iron washer 270 degree position

09059 non-wear bronze surface

09059 non-wear black iron surface
nd = not detected
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(weight percent)

Cu

78.1
0.7
0.9

77.2
0.6
0.8

76.1
07
0.3

82.5
81.1
6
57
83.5
83.2
4.5
54
82.9
82.3

0.7
0.5

80.1
78
1.1

1.1
1.4
78
793
5,4
6.5
5.5

77
785
3.2
22
3.7
3.2

3.4
4.9
5.3

79.7
