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TABLE 1.

X #= B
RBEAEES POR T8 B2

v, whebd sl A EATE, K# 52 “mild” 2ol #
o] A4mk AR5 5wl Ao “hard” - “heavy” &=
Hi el A5 g A =5l Aol Fefel g
ko Ho8) ’50“0“‘1 7171 318 A5 o e 2bx] B
ShA - Ab-gshi=e] chgoll o] %al sbudr EH
ol sisko] A 7t} 7] a ghe},

HB{EMHIESE BHkE 5 vjojal
AR AR EPERHIG 2 4= phenolic, cresylic
polyester, silicone B 5ol el wfkik ol A

BRI 0. Haba) 2 o) Asafifof e 528
AIxlek ghAtE BilRel 4 A 2, 000~6, 000

psi®| MESI#F 150 ~190°CE] R ol 4] 7 7h Rl
BUEHE ¥ sk del 2 BT s o
vhoool HEE gbE se) w2 Liﬁif"”ﬂ R
Fr £ 2dskoll A oL Mgl E ok A 13 &
20l ole EMOl HHES) o e 7}-41 WS 2

b 7ol A o] BRSO gl EAEed ek

THE STRENGTH OF VARIOUS GRADES OF REINFORCED RESIN LAMINATES USED IN BEARING APPLICATIONS

Property Cotton-cloth-

reinforced phenolic

Asbestos-cloth-

reinforced phenolic

Asbestos-feli- Cotton- Asbestos-~

reinforced phenolic reinforced polvester reinforced silicone

11,000-13. 000 °

Tilttirate ten~||( xlreng‘h

tp. s. b. ) ilengthwise)

Compressive strength *

(p. 5.4,
Flatwise 35, 000 - 45, 000 28, 000 - 50, 000
Edgewise 21,000 — 25, 000 11, 000 - 26, 000
Flexural modulus > 10°* 0.9-1.2 1.2-1.8
posail)
Impact strength 1.3-2.1 2.6-50

(ft.-1b, /in. of notch)

7, 004 - 12, 00N

15, 000 - 30, 000 10, 00¢ 9,000

45, 000 — 65, 000 32, (00 15, 000

18, 000 — 40, 000 20, 000 10, 000
2.7 0.7 2.0
2.4 3.0 3.0
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TABLE 2.

FRICTION COEFFICIENT OF FABRIC-REINFORCED
POLYESTER BEARINGS

Sliding speed:90 ft./min. Load:2, 240 p. s. i.

Lubricant Viscosity Friction
(poise at 20C) coefficient
None 0.21
Grease 500 0. 062
Oil 3 0.017
3% Soluble oil ~0.05 0.015
Water 0.01 0. 006

slef By L2 i 84 hot roll millel )

WATER SUPPLY HOLES\
TOP ROLL THRUST COLLAR -

TOP ROLL BEARING —_[}i 13

KEEPER BARS - -
TOP ROLL

FESE eI R] ol == phenoliclo] A}-&-%v B -
fitell 41 2] mEE, MEEEPEC| 98k o] al-Fo]ch,

2| ol v epoxyfii b 2to| 71 4] 2FEL g4 -d]
k- phenolicl M. v} -8} x|a}  gho] wsxir}
+ Aol Fol =mlvh refu) AL MR 3
oFdlrli- fdio] 9l 7] o F-of] epoxy-% 244-d
Bgiolvt L@fteelnglS FHEE giiflo s
o 85 ek o M-S gl F A A}
Al uhxul B N ol A4 ERLGEEN) (K
o] F 7 wWtoll shge|l —uwshAl fraizEs 9
off 45 F-2 MElel slvh 538 Hfitel fmsl
epoxy i+ 25~500psi B 3F 400~800 rpmys
ol fifiell < BEPELRBAE 0.006~0. 0571 5[4
L S Bl

CHOCK WEARING PADS

WATER SPRAY PIPES —]

$-

o Sp—

r KEEPER BARS

SCALE GUARD WITH
SEGMENT

BOTTOM ROLL

KEEPER BARS

—J—70P ROLL CARRIER. BEARING

- WATER SPRAY PIPES

e - BOTTOM ROLL BEARING

BOTTOM ROLL THRUST COLLAR

(=)

Fig.1 A typical application for fabric bearings to a steel rolling mill.
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BOTAMBEEE BHE 3 H|0jE
of 7loll 2ol Bl © FFoF B 4l 7hR|,

= nylon, polyacetal, fluoro carbon®| #o| &4

Bheh olE2] 542 FEfkikol A Btk ow “le_’

olghi= Helvh MMM C R WS nhir

Az ole MES WS wias] ve k3 J’F

el nylono| 7HAF BE 7} Z31 abrasionel] 7}

b 2glo] it éz‘—s%l'?: ab 4 Qlul. e g
b Selobd EEE f28ha ¥dly 03 e

acetal % 2| #E ol 50~70C ol 4= %85 o 5=
k. A RMERBHIE & RHER 3 ol B o) &k
Vo BEREOll Al S BEEEA 4 TR R R 7,
faf i, IR, BiAell fArshed A 2 fEkbsh- 4

?{ | KEHE S35 o]l AT kA g} o
+ ¥ nylonol v acetal%2| HH & uE bush-

ing- HHHE <8 MZ] U+ Rl A .
11(P) 3k $-3] (V) 2] 35, & PV2| gkel 3,000
psi- ft/min¢] ‘”—?]0”‘1 HIJJ’ A 0 HEAE
A 5 ek o AL K *ﬁf{‘ 7} 20uin(cla)
9l steel shaftoll "L‘H“ tERES] Zlolet, 1ela
Pvel gt siof & ikatell 4 Salel 48278
A5k o) | Rhelh I BEBE] st
v BRI ELO A - oS- F g RolalalE
A #Nel xlvh crelER slo) Bl it
v *73] wall thickeness2}+-7} clearance 2]
A t5E ok ghek wall thickeness7F 7431 =

dl r~{n

TABLE 3.
SOME MECHANICAL AND THERMAL PROPERTIES OF THE NYLONS, ACETALS, AND PTFE
Property Conditions Nvlon 66 Nylon 11 Acetal Acetal Acatal PTFE
home- co-
polymer polymer
Specific gravity L1 11 L0 1.4 1.4 2.2
Tensile yield stress 20C 10, 500 11, 500 8, 500 10,200 9.000 1,300
(p.s. i) 70C 7, 000 7,400 7,000 800
120C 3, 900 4,100 4,600 500
Flexural modulus 20C 4.0 4.2 1.7 4.1 3.8 0.9
x10 *(p.s. i) 70°C 1.0 2.2 2.0 0.5
120°C 0.9 0.8 0.2
50%RH 20C 2.0 3.9 3.6 0.9
Fatigue stress 20T 5, 000 5000 4,400
(p.s. i) 50%RH 20C 3, 500 5000 4,400
(load producing
failure in
10* cycles)
Taber abrasion 5 7 20 14
(mgper 1,000 cycles)
Heat distortion 66p. s. i. 185 190 68 170 158 120
temperature (C) 264p. s: 1. 67 70 48 100 110 55
ASTM D648 - 56
Melting point(C) 220 260 186 175 163 327
tran-
sition
point
Water absorption 24h 1.6 1.5 0.4 0.2 0.2 0
(%) Saturation 9 8 1.4 09 0.8 0

The figures in this table have been taken from a variety of sources.

They should be used as guides

only. since values may vary considerably with polymer grade and heat treatment.
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TABLE 4

THE BEARING PERFORMANCE OF SOME COMMERCIALLY AVAILABLE DRY BEARING COMPOSITIONS

Flat specimens rubbing under a load of 16 Ib. against a 1 in. dia. steel shaft rotating at 450 r.p.m,

Shaft temperature 25°and 80C

and 1350

r.p.m.

. Wear x 10! (in*)
Composition _
at 25C and 450 r.p.m. at 80 Cand 1350 r.p.m
4h 16h 64h 256h 4h 16h 64h
Nylon * 0.5-15 1L0-50 20-(>5)
MoS ,-filled nylon 66 1.5 2.7-3.8
MoS,-filled nylon 11 2.0 5.9
MoS,-filled cast nylon 6 3.9
Polyacetal ** 0.7-4.0 2.0- (>5)
PTF]E—fibrle— filled 0.12 0. 57 1. 33 5.2
polvaceta (after 168h)
Pr(igdfv‘i‘;i acetal 0.13 0.49 1.21 6.6
10 % Glass-fibre } 1.4 5.2
pigment- filled 1.3
PTFE *** 5
15 % GIaEs-fibre- filled 08-11 L7 L6y
PTFE )
15 % Glass-fibre+ LO-13 14 3.5—(>5)
pigment-filled PTFE
15% Glass-fibre-+2-1 9 0.66,0.69 1.6 1.7-3.5
MoS,-filled PTFE
20% Glass-fibre 4 5% 0.65,0.65 2.4-2.8
graphite-filled PTFE
25% Glass-{ibre-filled 1.0-1.4 1.8 4. 3— (>5)
PTFE
Glass-fibre + Pb,0, 0.64,1.0 >5
filled PTFE
Asbestos+MoS,-filled >5 4.3 >5
PTFE
Mica-filled PTFE 0.19 1L.2-15 >5 >5
27% Bronze-filled PTFE 0.25;0.38 >5
20% Bronze+20% 0.08—-0.11 0.13-10.20 0.25— 0.40 0.57 2.0 3.8

graphite-filled PTFE
1

2% % Bronze+ 37—2— Z

Pb,0,-filled PTFE

0.05-0.08 0.07-0. 14

0.10-0.17 0.25-0.40

0.35-0.55 0

L70-1.2

* Various grades of nylon 66, nylon 6 and nylon 11.

* % Various grades of polyacetal, homopolymer and copolymer.

% % %k Filler percentages are by volume.

Stops were set under the specimen carrying arms to prevent damage to the shaft in cases of

excessive wear. The specimen carrying arms came down onto the stops after the specimen had

worn to the exent of 5—7x10 , inches, The wear of these specimens is rocorded as>5,
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B X ool §&3=Int 438 PTFE+ MAE
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PTFEE- iEfhist= 72 wielo] ol A wpgko
2R =l o] BEEEH Btk o] abs| P 2 PTFES]

A (A7) 5wl M HEA 483tk o714 PTFE

o] gHMEE ok oo 3 E =l o], = oo}
2 =2 PTFEZ olgk 255 332 fili$ st
eel backing®ll Bff & <171 oo o] 2o
PTFE7} % += 49| steel-backing #lel & o] =+
Holeh o] eldl wlof B2 FAfE 2+ 60,000
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Y, #4%, BRI GY, el LIRS
o] FHEF L Aok E ol ok EA L RE
Bl Hey ER, H# S 2 B BFw"r
2], Bz HHa 2ol F sl FERE
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ol 5,000PVell 4 2k 4, 0004 7-~50, 000PV o]
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Fig. 2. The effect of PV on the life of
lead/PTFE-impregnated porous bronze
bushes;bushes 5/8 in. bore X3/4 in. long
running against mild steel shafts rotating
at 750, 1500and 3000 r. p. m.
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TABLE 5. [l f10) HRHE

5) 5}t
2zbol] 4] 2] pump, valve &, (6) =H-&=2 plston
valve, clutch disc & °] ##iol R 5L Qe
REFEE Bl — &5 sl oo ‘P‘%OP*‘?
B et FkutE 2l #hlel 713 F ashe
o By, Humikiel g1 hakAl, Eiiaekel &5 7
Jid Sol are =ofof gkl B ol #ihE -
G B el ES A K5k ol
Calhoun (Lub. Eng.,21, 97 (1965)) -°- #thr <kl fd
S TSl glaboted o2 A 2]k steel 4]
Holl o] & ff#H A1 #A 300°Fell 41 3 4zk o 2 2] gk
A0 RS, BEEE Soll kel ’“‘ﬂﬂ abzb glar
# 62 MoS, —#fEgie] 44 AskE ek

o]

Zoleh, BT HHT / MoS, 7)1 3/79 o 2 4
&1 5- eFot 31 epoxy phenolic $5{H5 71 MM EE, MES
il By tEoll 00 Al<psRoivh «pg3t 4]
o) el 2 ) Abel o) WA ol fifk 2l BEEE
s, EEME Sooll SrAl oJeFs el 53] glak
ofed o] Al ol A g]5- mj‘WtEV‘f",— ghal 4 S
g%w BB 400°F ol 41 3047k el 7iskel =
L9
"i

- [‘_u_ O.u.

o] shaE S Eh WJiH (Bl S S R
325°Foll A 304~ 14| 7k2] Zstxde] of %
5 A Aksk sk
epoxy phenolic #ifii5 FHA= 3+4l5- = MoS,
B Sb,0, o0 Al(yeke] ubi #ERRe] MRE-C-
i ¢l /JJ‘“Y“EHOH abel FAl dgkS whizch
Zrel 33k 4l 4] Hi- oubs} qbo] Srioh A sl
Aol EEEES ol 2w WAl T salt fog 419
off ola] -3 W ek

polyamide S A 2 <8313 o = 5 71 300
~400°Fell 4 4= 71 3-8 vhebv 500°F 7+ 5]

Bk Al R s
A A Graphite MoS, Ws, Mica PTFE
oA 4
ey 0.1~0.2 0.1~0.2 0.2~0.4 0.004~0.2 0.1~0.25 0.04~0.2 0.14~0.3
A F =g 0.07~1.5 =& 0.04 e P Ea
2 & 0.8 0.68 NA =& 0.04 0.1 0.04 014
A 8ewe 0~1,000 0 ~750 0~850 1,500 —320~ —320~ 320~ —320~
of 7 5 +600 +500 +600 -+400
(Btu. /hr./sq.fr./ft/F) 50 to NA NA 0.25 0.4 0.14 0. 14 0.14
it Atk
sharebE S 2 ¥% S+ I S+ S F%
24 23 Ry ®rE  ok3 EF wE Hek NE
ahls ” %3 o2 mEF R ok . =2k
Mg 1~2 1~2 5 2.5~3 1~2 L.5~2.5 1~2 2~3
A 7] 2} 8} 10°~10"" 10* 10"
(ohmem) 50x107 FEAEA AbsLE 10" 2x10" 10% 10"
SR RS CO,CO, MoO, SO, Fee S0, C.H, C,F, C:FClLCFCl
& KB KEM SR Flea F1ea
FH FL ] 4
v 1.4~1.73 4.85 74 2.7~3.1 2.1~2.3 2.1~2.3 2.1~2.3 2.1~2.2
E7HA $0.30 $ 121 $550 $0.90 $5.50 $7.00 $11.20 $9.90

* FEP (Fluorinated ethylene propylene)+ PTFE 2z} &
(brach Chair)& #a. 7| W5 F7Fdl A=
% PTFE telomerstchain 2] #Zo]7} & PTFEYz}24] =

o} 2

AEAA Qe Aoleh FEPE 2afujol ik
F7k £OkA S00F ol vl 483 + 2lek
+ PTFESt 228 g5z 4o opan 42

7bx= PTFER e} £o #k3lel Telomer & phe] &+ 74‘51’% odugt Al E A =] wiFolr)

* NA (Not Applicaple) #&HAa]
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TABLE 6. MoS. - i8Sl OH&, 0t22f Hiul
11 13 15
Epoxy Epoxy Phenolic
73% 60% 75%
Resin : 9 10 Phenolic 12 Polyamid 14 Polyamid
Test Ratio  Furank Phenolic  Silcone 24% Urea 40% Epoxy 25%
Four Ball 1:1 1.3 1.1 1.5 1.3 11 1.4 1.3 1.3
Wear (Sear) 1 : 3 1.2 1.4 1.2 0. 44 0.83 0.95 1.1 1.0
Dia. (mim) 1:9 1.4 0.53 0.62 0.41 0. 43 0.39 0. 43 0.2
Mean Heats 1 : 1 66 50 37 47 64 51 73 51
Load Kgm} 17 3 67 82 78 82 66 55 50 64
1:9 86 74 122 148 120 101 60 73
Falex Load 1 : 1 2200 1400 1800 2200 2500 1000 2000 2500
at Failure 1:3 2300 1700 2500 2400 4500 3200 2400 2700
(L.bs) 1:9 2400 1900 2800 2900 3800 3000 2500 3900
oAb g 1:1 0.15 0.25 0. 17 0.12 0.15 0.12 0.12 0.15
1:3 0. 14 0.12 an 0.03 0.11 0.11 0.12 0.14
1:9 0.15 0.13 0. 05 0.01 0.01 0. 07 0.10 0.09
] 1000
900F o = GOOD PIGMENT
: DISPERSION 900} o = GOOD PIGMENT
800+ ] DISPERSION
o = POOR PIGMENT 800 P
of ~ POOR PIGMENT
700} DISPERSION * " bispERsIoN
v a 700}
¥ oot ° g
5 ) ]
z Q 600
3 500 z
w Wwsoo
‘_3 400t 3
400 }
% 300 8
‘i’ = 300
200 3‘
200
100}
- ry A 1 "~ s L IW
0 10 30 40 S50 60 70 B8O
PIGMENT VOLUME CONCENTRATION 0 10 2 30 40 %0 e 70 8o
PIGMENT VOLUME CONCENTRATION
Fig. 3. Effect df Vak Conc.of Resin on Fig. 4. Effect of Vol Conc. of Resin
Wear Life on Corrosion
vl o] gobx|i- ghdel vl e 3 XA wel HE 4 gloy ®E 0 0002~
of 4 b z] ol 4] 1000°Fol 4o m el 45 ok 0. 0003inch7} Frc}, o] #E->- 4ul 7 sjof 4§
4 & polyimide 4 #-E-o1 5 4 4 MoS, &0 A&t 5|+ spur gear®| f-&hell 53] Frh
wk spgbe o] 50 BERED oS 4 Qlaew) Aol 4 el 4ol & shvke] BilE R po-
ofal gt o 4 ey WAL e el T lybenzothiazole (PBT)o| 4=t epoxy phenolic, %
Aabi x| obasvh o] 28 epoxy-phenolickthfi & polvimideﬁﬂﬁwﬂ s} vkalk7}x 5 MoS,+ Sb,0,
w 9p4= Abubs)i- @l Aboul RSl Sl s Ao + il o) PR M REMETmE obvlel AT A ol
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TABLE 7. Common Evaluation Testers for Bonded Solid Lubricans
Name Specimen 'I‘omyzc‘raturo Fnvironment Load
geometry I
Falex Lubricant Pin between two Ambient Air Variable to
Tester V-blocks 45001b
(sce fig.2)
Alpha Molykote One block on Ambicnt Air Variable to
LEFW-1 rotating disk 6001b
(see fig.5)
Alpha Molykote One block on Ambient Air Variable to
LEW-1 rotating ring 1100 1b
(see fig.8)
Hohman A-6 Two blocks on Ambient Air Variable to at
rotating disk to 1600° least 600 Ib
(see fig.4)
Midwest Research| Two blocks on Ambient 10°° torr Varible to
Institute Mark rotating disk to 1500° 600 th
VB (see fig.4)
MRI Three Room Temp Air on N, 300 gm / contact
Pellet Wear
Life Apparatus
MRI Vacuum Three pellets on Ambient 10 7 torr 300gm / contact
Friction flat track 1o 400°
Apparatus [see fig. 16)
MRI Oscillatory Plain spherical Room Temp Air ¢ Variable to
Bearing Tester bearing * to 1000° ‘ 10000 psi
(see fig. 19) ]
Alpha Molykote Annular ring on Ambient Air | Variable
LEW-3 flat block t0 1200° | 100 = 5000 Ib.
|
{

(see fig.2])
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_Alpha Molykote
LFW-4

NASA High
[Load Machine

NASA Spherical
Rider

(Westinghouse)
F riction
Tester

Pin and bushing

{see fig.23)
Flat on flat

(see fig.27)
3/16 in hemispheri-
cal rider on rota-
ting flat disk

(see fig.29)
One rotating ring

on a flat disk.

Ambient Air Variable to
12000 b
Room Air Variable to
150000 psi
Variable Air Variable
Crvag enic
to 2000°
Ambient Air Variable to
2000 psi

% Bearing locked to cause rotation on spherical surface

LOAD

O

== LOAD

Fiourz 6 —Falex lubricant tester.

Fig. 5.

Falex lubricant tester.

LOAD

Fioune & ~LFW-1 test machine.

Fig. 6. LFW-1 test machine.
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Rotatable = _/
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Fi~ [id) o] —F
MRI wear life test configuration.
Stroin Goge
HOLDER LUBRICATED PELLET
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@ WEAR TRACK PLATE
Rotatable WEATER | /
Carriage -
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Fig. 7. Hohman A-6 test configuration.
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Fig.8. MRI vacuum friction apparatus drive assembly.
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