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ALT4P009
APPENDIX I

A DESCRIPTION OF A PORTION APPLICABLE TO THE PRESENT STUDY OF THE
PAPER "STATISTICAL PROPERTIES UF ANISOTROPIC RANDOM SURFACE" BY
M. S. LONGUET-HIGGINS

B A

The definition of spectral mcments is as follows: -f the
power spectrum of the two-dimensional height process is T (wy @Wy)
and that of a profile traced in the direction @ relative to x 1s
Tg(«) then the two-dimensional spectral moment of order P9 is

)y LY
MMy * SS T (g @y) Wy Dy dwxdedy
' — o0 o
and the profile spectral moment of order n is ™Mng» (-«.(w)w"doa
— o0

The first two non-zero spectral moments of a profile are
designated WMo and m, . (In a symmetrical (Gaussian) process,
odd order moments vanish). ™g is identical to the variance @
of the roughness amplitude process, and m, is the variance of the
slope of the roughness process in the @ direction.

0f the two-dimensional spectral moments of the surface (with
two subscripts), the lowest order non-zero values are ™ee , ™20
and ey .

f a cartesian coordinaie system is arbitrarily established
on a rough surface and a profile trace is made 2t an angle @
to the x axis of this coordinate system, the profile moments g
and wm,y are, according to Longuet-Higgins, related to the two-
dimensional spectral moments as follows:

2
Moe s Moo * T (3)
W9 = M0 “s‘. + 2'“\\5"\.60‘. + WMpoa S\}e (4)

Eq. (3) shows that the RMS roughness height is independent
of o .
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TEST CONDITION

M=-50 riders on
Si Nh flat, lubtricsted
withd MIL-1-23699

EigN, riders on Si,N
flat: nnlub*icated3 b
Run 1

“ame condition as
sbove, Run 2

N’ riders on M=-50
3t lubricated with
PIL-L-23699

<13Nb riders on Si,N)
flat, lubricated w th
hIL-L-23699

TABLE 1

TEMP. (°

36
.‘)5
150
200

30
105
150
18n
200

28
50
110
1')0
200

32

90
155
200

33

90
115
150
200

-11/14-

c)

AL74P009

RICTION COE=F,

0.122
0.126
0.126
0.130

0.126-0.1580
0.122-0,173
0.155-0,18n
1.153-0,171
0.155-1,180

1.151-n,173
n.,158-0.180
0.1<F-o 1)
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ENCLOSURE 2

SPECTEAL 20 1-S1ZE BALL BEARING WITH CEMENTED CARBIDE RINGS, CERAMIC
BALLS AND MOLYBDENUM CAGE AFTER 12 HOURS OPERATION AT 1500°F,

#8000 RPM, THRUST LOADED TO 300000 PSI CONTACT STRESS, AND
LUBRICATED WETH MoSs POWDER IN ARGON CARRIER.
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ENCLOSURE 5
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Spall morphology on a Silicon Nitride bhall

run in a five-hatl
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ENCLOSURE 6

AL74P0G9

A halo of lube disiress
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formed around the spall

300X

INDUSTRIES. INC.

— e,



—

g p— P

— — — poamm p—

-

ALT4P009

ENCILOSURE 7

surface ol an unrun Sirlicon NiLtride
Ball as Received 1000X
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ENCLOSURE 9

TYPICAL SILHOUETTE OF OIL DROPS ON THE SILICON NITRIDE SUBSTRATE

¢ Surface of the
substrate

a) MIL-L-23699
(No. 1 -~ Taple 1)

b)  Polyphenyl ether
(No.5 - Table 1)
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ENCLOSURE 12
EHD TEST RIG ASScMBLY
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ENCLOSURE 14
ASTM Standard Temperature-Viscosity Chart
for the 5ix 0ils Used in this Program,
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ENCLOSURE 15

FRINGE PHOTOGRAPHS OF EHD CONTACIS WITH STARVATION

Lubricant:
Speed:
52100 steel

Exit

RESEARCH LABORATORY

Ester Cil (MIL-L=-23699)
40 in/sec
ball

Inlet

Sapphire - Steel Contact
Po = 305 ksi

Glass - Steel Contact
PO = 126 ksi

SKF INDUSTRIES, INC.
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ENCLOSUKE 18

SURFACE OF AN UNRUN SILICUN NITRIDE BALL AFTER
FERRIC OXIDe POLISHING

a) 1000X

b) 3000X
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ENCLOSUKE 19

ALT 4009

STATIC FRINGE PHOTOGRAPH OF POLISHED SILICON NITRIDE BALL

IN OPTICAL

LHD R1G
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Exit

Enclosure 24,
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Inlet

Uynamic Fringegram of a Silicon Nitride-
Glass Contact,

Speed = 40 in/sec., Max, Hertz Stress = 113 ksi,
Lubricant: Mobil Jet Il
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ENCLUOSURE 27

Color Fringegrams of biuxl-UIass Contacls al

Loads = 5 and 15 1lbs, #nd Three opeeds for

Lach Load,

= 3 Ibs. v

U = 35 lbs. V = 100 in/sec, kL b Q =

Y=

V = 200 in/sec, F C Qg = 15 Ibs.

Y = 5 1lbs.

RESEARCH LABORATORY SKF

O

20 in/sec, D A ] 15 lbs, V = 35 in/sec.

15 1bs., V = 00 in/sec.

100 in/sec.
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ENCLOSURE 37

PHOTOGRAPH OF SEVERAL FLAT WASHER ROLLING CONTACT
FATIGUE TESTERS

-













ENCLOSURE 41

o ®® ™~ © W

AUC IVEOEYY  k¥ah
gh1 SAIMASNONI LT
P ® ~N n > w ~

oV
ejeq 1S9l J0

e T o -—.\.ﬂ

O d RIS

=

o
~N

o
"

3

LAY 2

D@ ~N O
i .4~141”, "
1

prgefeaes .. e

|

|
foosaperesbonnagintfo bas

| | | i
z.:?!.qoii. B RS BEE

L.

I

- .Loo!?!i. e
|

|
broseprersgrarsdrrrgprers

PPISEItIRRR IS S B SS

|
_
i

» ol ~n

N e S T SRR

‘
|
{
B S Siatas R et “ L
|

Rt LA Cr et RERAS R R
|

e I ssnt R RS RS S S o B

B e I

f
FISEIIRRY IoRpRets Iee +
B ot fateaaaans e s SERIEER BB S

! |

A BINME S0 SNOIMTIW - 4
»
e e Y YT T
IR TR T
|

..... e SRS

INIHT3E

—

V99EE-Hd

WA .

|
<

IO ;*:}.7. SUEBSSRIEE WIS S

TS 8B R e R
&

1ITRRIORL IESENEERS SURBRES B St et e o

o0 ® ~ © O

11

1

T
-
1

371&«4’2\ vzt. "y
| |

} *4.”44,.0?,» -

444

— oz

T b +
T.“,L:. .<..H., +
Arr e by M,ﬂﬂc.-. —4-

i T 1 W , «_ o¢
L L { ]|
HH T

1 ! H i

Y..lvf«, SEEEE SR S5 TH

|

dreibbane
|

6

ASSERE S SRS

T
|

Pepeieret

+— 0S

+—+—+— 09

oL

Mgoo

€ e i) —— Bt ¢

001y veers-4
e

MNVH NYIG3IW — Q31531 SONI¥VIE

INDUSTRIES., INC.

SKF

RESEARCH LABORATORY



AL74P00 9
ENCLOSURE 42

Appearance of Ground
5i,N, Plate, 1000X
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ENCLOSURE
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SEM Photograph of Wear

Debris Obtained from
Lap-master Wear Tests
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