

















AVAILABILITY

Sizes listed above ane
normally available from
stock in AISI 4400 stainless
steel material. For SAE
52100 and beryllium copper
material, please chack with
MPE for latest availability
information.

See page 18 for additional
radial retainer bearing sizes.

Shielded versions may be
specified with single shield
{use one H in beanng
number). ltems marked with
t are available as standard
only with single shield, For
double shield consult MPB
engineering.

MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS
ABEC 5P AND 7P

Radial Retainer
Flanged Extended
Inner Ring Shielded Bearings

Bire | 00 Width Fangr | Fangt | e [Fotien| ity | Load Ratags (e

B|D|W|W, FOOFW | L |L | T C|R-|T-

o) 2 o0 200 | 2 00| bt 8- 0
Flanged | Flan Flan —
Extended | Extended | Extended 3 :5-
Inner Ring | Inner Ring | Inner Ring | | m |

ub Double Double 52| EIC|:

Shielded | Shielded Shielded EIEIEB|E| R
Crown | Ribbon | Minapar i 3|18\ 288
Retainer | Refainer Retainer

02501000

04001250

0489].1562|.1250{ .0937| S25FCHHE | S25FRHHE 203] 031|077 13a| o0a| 6 [1m2| 2| 4| n

0550].1675.1406 1094 | SIFCHHE 234 031|003 67| 00a| 5 [ama| 36| 8| 18

0550] 1875 1406 1094 SIFRHHE 234|031 | 092 167 003| 6 [1mm| 35 17

.0781| 2500| 1718|1406 | SAFCHHE 206 | 031|125 22| ooa| 5 [16] 61| 13| 27

0781|2500 1718|1406 S4FRHHE SAFMCKHHE | 296 |.031| 163 | 230 | 003| & [1mm| 46| 11| 28

.0937|.1875].1250] 0937| $3332FCHHE 234|031 .120| 169 | 003| 8 |025| 20| 4| 13

0937|1875 1250 0937 $3332FRHHE 234|031 | 117 69| ooa| 8 [1m2| 2| 6| w7

.0937|,3125(.1718|. 1406 SSFCHHE S5FRHHE BSFMCKHHE 359 031 | 73| 23| 005| 6 |16 B1 | 19| 4D

1250/.2500 1406 1094| S418FCHHE 296 | 031|.166| 230| .003| 7 [1mm| 42| 10| 28

1250/.2500 1406 1094 | serarmune | sarermexnmE | 206| 031 | 166|230 003 & [1mm| 45| 11| 20

.125u|.3125 A718(.1406| 8518FCHHE | S518FRHHE ES1BFMCKHHE | 350 | 031 173 | 283 | 003 | & |1M6| 81| 19| 40

1250].3750].1718].1406| S618FCHHE | SE18FRHE | SB1BFMCKHHE | .422 | 031 202| 324|005 | 7 |116| 94| 23| 49

1250/.3750/ 1875 1562 SRZFCHHE | SRRFRHHE | SRZFMCKHHE | .440 | .030 | .202 | 324 | 02| 7 [1n6| 94| 23| 48

1250|5000

1562|.3125| 1562 1250| S5532FCHHE | S5532FRHHE | SS532FMCKHHE | 350 | 036 | 226|293 | 003| 7 364 | 56| 14| 32

1575 6299

1875|.3125.1562| 1250| $5632FCHHE | SS632FRHHE | SS632FMCKHHE | 359 | 036 | 226 | 293 | 003| 7 364 | 56| 14| 22

1875{.3750.1562| 1250| S6316FCHHE | S6316FRHHE | SG316FMCKHER | .422 | 031 | 236 | 343|003 | & [1n6| 102 28| 50

1875|.5000|.2272| 1960 SRAFCHHE | SRAFRHHE | SROFMCKHHE | 565 | 042 | 272 | as0| 02| 7 [am2| 181 50 | eo

19696299

2187|3125

2362|7480

2500|3750 1562 1250| S614FCHHE SB14FMCKHHE | 422 | 036 | 200 | 352|003 | 11 [1mm| 53| 18| 45

.2500|.5000].2187|1875| SB14FCHHE SBI4FMCKHHE | 547 | 045 | 336 | 443 | 010 10 [1n6 [ 120 | 39| 1

2500|5000 2187| 1875 SB14FRHHE 547] 045] 336 | 443| on0| 11 {16 127 | 43| 89

2500.6250| 2272|1960 SRAFCHHE | SRAFRHHE | SRAFMCKHHE | 690 | 042 | 365 | 535| 012 8 |3m2| 209 | 63 | 14

25007500

3125|.5000| 1875 1562| SBS1GFCHHE | SISIGFRHHE | SB51BFMCKHME | 547 | 031 | 382 | 461|005 11 [106| 121 | 43| @1

31508681

ars0.a750|
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

ABEC 5P and 7P

Radial Retainer
Sealed Bearings

Bers no. | W - Readint® Camgrement Laad Ratings [1bs.}
B 1] ') L L, r C R, T.
g+ -~ B B
| B
. | E
= = = = (=
= T} E = u
o —
E|S| 5| 2| =
H = =1 g
.0250 | .1000
0400 | 1250
0469 | L1562
0550 | 1875
550 | 1875
0781 | L2500
0781 | 2500
0937 | 1875
0937 | 1875
0837 | 3125 | 1406 | 8SC 60 | 283 | 005 fi 118 B1 19 40
1250 | 2500 | .10%4 A48 | 230 | 003 7| imm | a2 10 %6
1250 | 2500 | 1094 A48 | 2a0 | 003 g8 | imm | 1 29
1250 | 3125 | 1408 A60 | 283 | 003 8 | 16 | @ 19 40
1250 | 3750 | 1406 A8 | 324 | 005 7| e | @4 23 49
1250 | 3750 | 1562 A8 | a4 | oz 7| e | ae 3 49
250 | 5000 | 1718 A8 | a4 | o2 7| e | w 23 49
562 | 3125 | 1250 20 | 23 | oo3 7 | s | 56 14 32
1575 | 6299
BT | 3125 | 1250 20 | 23 | oo 7| a4 | 56 14 32
L1875 | 3750
STANMDARD
(BTS | 5000 | 190 52 | 40 | o2 7| 3@ | e 50 f9 SPECIFICATIONS
-1969 | 6299 Tolerances—All pracision
2187 | 31 standard radial retainer
bearings are available in
2362 | 7480 ABEC 5P (add suffix 5 to
bearing number) or ABEC 7P
L2500 | 3750 {add sulfix 7 1o bearing
number) iolerances. For
(2500 | 5000 | 1875 M5 | 443 | oo | 10 | 116 | 120 9 g1 information on ABEC
2500 | .5000 | 1875 315 | aga | oo | v | e | a2 43 | g | [Iolerances sce page 47
Radial Play— 0002/.0008"
JE500 | 6250 | 1960 B | 535 | 2 8 | am | 200 63 | 114 Other ranges are available
2500 | 7500 | 2812 1 | 649 | 016 | 6 | 964 | 332 | 95 | 13 | Coopeseds)
- . - : : - Lubrication—MI L-L-6085A.
3125 | 5000 | 1562 3 | a1 | oos | o1 | ue | oz 2| 90 Other lubricants are available
{800 page 52)
150 | BGE1
750 | 8750 | 2812 50 | 787 | 016 | 7 | 582 | aa | a0 | zs7 | Pocksveservialpack
Dimensions—aAll
5000 [1.1250 | 3125 K | 678 | e | 06 | 10 | 532 |04 | 4w | 205 | SRS nches.
"I ts maximum radius of shaft or howsing fillet that bearing comer will clear.
$ aiso availatile with Buna N seal,

16 £ Bura N seal anly.



MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

ABEC 5P AND 7P

Radial Retainer
Flanged Sealed Bearings

[=I.- Bare 0.6 Wiith Pﬁf" ',:: e W [ P 5.,.:- Load Batings (b}
|‘I T +.EH +Eﬂ :.HHI fEI f!‘ll L L' J c H' ’
J —o08T | 08 | -.801 ~lon | -

g 5| ®
= =
| 3|2 | 2| E
2|2/ 8|ele
¢ / ElS|5| 5|3
v c|oc|a|d|nd
ol 0250 | 1000
) 0400 | 1250
J0469 | 1562
0550 | 1875
0550 | 1875
0781 | .2500
0781 | .2500
0837 | 1875
0937 | 1875
0937 | 3125 | 1406 | S5FCZZ | SSFRZZ | SSFMCKZZ | 359 | 031 | 60| 283 | 005 | 6 | 146 81 | 19| 40
1250 | 2500 | 1094 | S418FCZZ : 206 | 031 | 148 | 230 | 003 | 7 [tmm| 42| 10| 28
1250 | (2500 | 1084 S418FRZZ | SA1BFMCKZZ | 296 | 031 | 146 | 230 | 003 | & |[1mm| 46 | 11| 29
1250 | 3125 | 1406 | $518FCZZ | S518FRZZ | SS1SFMCKZZ | 350 | 031 | 160 | 283 | oo3| 6 | 116 81 | 19| 40
1250 | 3750 | 1406 | S618FCZZ | B618FRZZ | S618FMCKZZ | az2 | 031 | st | apa | oos| 7 [ 6| s | 3| an
1250 | 3750 | 1562 | SR2FCZZ | SR2FRIZ | SR2ZFMCKIZ AdD | 030 | 981 | 32| 2| T |16 94| 23| 40
1250 | .5000
(562 | 3125 | 1250 | §5532F0ZZ | 55532FRIZ | B5532FMCKZZ | 355 | 036 | 710 | 200 | ooa | 7 |amsa| 56| 14 | 3
1575 | 6299
875 | 3125 | 1250 | $5632FCZZ | S5632FRZL | SSE3ZFMCNZZ | 359 | 036 | 210 | 203 | 003 | 7 [am4| 56| 14 | 3
1875 | 3750
875 | .5000 | 1960 | SRAFCZZ | SRIFRZZ | SRIFMCKZZ | 565 | 042 | 252 | aa0 | .z | 7 |aa3e| 1| 50| 6o
1960 | G289
2187 | 3125
2362 | .7480
2500 | .3750
2500 | 5000 | 1875 | SE14FCIZ SBIAFMERZZ | 547 | 045 | 315 | 443 | o0 | 10 | 176 | 120
AVAILABILITY 0 B
Sizes listed above are 2500 | 5000 | .1875 SB14FRIZ 547 [ 045 | 315 | 493 oo | 1 e | 1er | a3 | s
1l ilable f
mavehelly svailin from, 2500 | 6250 | 1960 | SRAFCZZ} | SRAFRZZ | SRAFMCKZZY | 590 | 042 | 346 | 535 | 2| & | 3@z | 200 | 63 | 114
steel material. For SAE 2500 -
52100 and beryllium copper . .18
MPE for latest avalabilty 3125 | 5000 | 1562 | SBS16FCZZ | S8S16FRZZ | SBS16FMCKZZ | 547 | 031 | 351 | 461 | 005 | 11 |16 | 121 | 43| o
information. Sealed versions
may be specified with a 3150 | 8661
ingh | Zi
ﬁ?&ﬁ;’:&,ﬁﬁ;gir}_'" 3750 | 8780 | 2812 SREFRZZ. | SReFMCKZZA | 960 | 062 | 4s0 | 7e7 | o6 | 7 | sme | aa | om0 | 267
Mote: All dimensions are in
inches,

1MM|mm&nﬂN seal

£\ Buna N seal only
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

ABEC 5P

Modified Dimension
Radial Retainer Bearings

Bare oo | wm Bearing Humbers e Ratims® [ g B el Luad Ratiegs {ibs. )
i | e | M Lk CIR T

= = R =.mn
= -
s | o | 8| E
IR
Single Double 2 | 5| &| 5| &

Dpen Shield Shield

0468 | L1875 | 0937 A158 077 | 134 | 005 & 1732 22 1
0S50 | .1B7S | .0%37 S3CHN 093 | 167 003 5 64 ki 8 14
ATEY | L2500 | 1094 S4CHN 125 | 222 | 003 5 116 &1 13 2
0937 | 2500 | 0937 AB33t JABE | 230 | 005 g Imm | 4 1 29
0937 | 2750 | 0625 A2B0 A20 | 190 | 005 B 25 20 4 13
0937 | 25| 1094 - S5CHN A73 | 283 | 005 6 116 Bl 19 40
250 | 2500 | 0957 L] S418CHN 66 | 230 | 003 T 1mm 42 10 25
1250 | .2500 | 0937 AE91Y 88 | 230 | 005 8 1mm 46 1 2
250 | ;25 1094 L] SH18CHN A73 | 283 | 003 & 116 Bl 19 40
250 | .3Ts0 | 0937 AB3at 66 | 230 | 005 8 1mm 46 " 2
250 | L3750 | 104 n S618CHN 202 | 324 | 005 7 1116 G4 2 44
250 | 3750 | 1094 u AZE1 JABE | 230 005 7 imm 42 10 25
250 | 4100 | 0937 As21 226 | 293 | 005 1 imm 53 17 43
J2500 | 4100 | 0837 B70% BB | 230 | D05 8 imm 16 1 29
JA2500 | 4250 | 1094 A282 e ) e 1 T 116 44 23 48
250 | 5000 | 1094 A430 A4 86 [ 230 | 005 T 1mm 42 10 25
JA562 | 3125 | 1094 L] B5532CHN 226 | 293 | 003 7 64 56 14 32
'Tﬂ?ﬁ 25| 1094 - S5632CHN 236|293 | 003 T 364 56 13 33
JBTS | 3750 | 1562 | BSO 26 | 285 | 005 7 64 56 14 32
875 | 5000 | 1094 | A245 40 | 342 | 008 n imm | 53 17 43
875 | 5000 | 1094 B44t 226 | 283 | 005 i) 56 14 32
1875 | 5000 | 1562 D893, ABT21 236 | 343 | 005 8 116 | 103 28 59
2499 | 7500 | 2812 AB15¢ 66 | 535 | .2 ] a2 | 00 63 114
2500 | 5000 | 1250 L] SH14CHN 336 | 443 | .0 10 116 | 120 ki #
2500 | 7500 | 1950 BEaat 366 | 535 | .2 8 32 [ 209 [k 114
2500 | .B6BS | 1960 B34t 366 | 535 | 012 b 332 | 209 63 114
L2500 | 1.0480 | 1360 B285¢ 366 [ 535 | M2 B 332 | 2om 63 114
125 | 5000 | 1094 | EBBStA 362 450 | .0 1 116 | 121 43 9
3780 | 8BTS0 | 8B Fa69%, G224 | 510 | FET7 | MG 17 16 | 151 74 155

18

* I is maximum radius of shat or housing filet that bearing corner will clear,
B {pen bearings in these sizes e standard bearngs. See page B

£ Fanged oeter ring.

STANDARD
SPECIFICATIONS

Material—AISI 440C stainles
steal rings and balls,
Telerances—Modified
dimension bearings are
available in ABEC TP and
ABEC 5P tolerances. Specily
when ordering or consull
wilh MPB.
Retainer—One-piece
stainless steel crown
relainer is standard,
Bearings indicated by a t
have a two-piece ribbon
retainer. Bearings indicated
by T have PTFE slug
separalors,

Radial Play—.0002 to 0008
Other ranges are available.
See Page 48,
Lubrication—MI L-L-G0B5A,
Other lubricants ane
available. See Page 52.



MPB PRECISION THRUST AND PIVOT BEARINGS

Thrust Bearings

far 0.0 wian —— Hasins” Comgrement Laad Ratings
B D w D, B, r H T.
+ .00 + 0000 = .00 +.000 + g
] - -.m =2 =
)
.| 5| e | E
Machined 8| 8 |8 | %
Stainless E E g =
Steel 2| 2|8 | &
Retainers
.0aar 2500 0837 2480 857 005 8 384 159 a9
1250 A3 1250 85T 3105 A2T0 0048 8 116 T2 156
! 1250 125 1250 AT22 3105 270 008 ] 116 272 156
- o u! 1875 750 1500 S6T AT B95 004 8 116 250 173
8T ATH0 1500 AT 3T 1885 0048 8 116 250 173
AVAILABILITY :
Thrust bearings are nr::m"n-gllyr -1250 4375 1500 s 4355 A2 004 10 116 289 232
available from stock in AISI
menfialaia drom stock 250 | 435 | 187 AGBD | 4355 | 120 | 008 6 | 332 | 4p | 238
Mote: All dimensions are in
inches,

*I is masimum radius of shaft or housing filled that bearing comer will ciear,

Pivot Bearings

Lo ] ot
Degrees
1] W 5 SE X Y [H r T.
+ 0008 + 000
—.0oaa2 — .03z
-
o
2
= | 8 | E
2 E o
El s | B
Type PR | Type A | min. | max. £ = @
0580 | 0472 | S15PR 020 ws | .04 B0 e} 4 1154 0.2
1181 | 0709 | S3PR 030 o7 | 054 B0 004 4 1132
t 1250 | D469 S2A 0z | o o 034 B0 o3 6 132 2
| 575 | 0945 | S4PR 040 049 | 074 0 D05 4 354 2
% 4 1875 | 0700 S3A 062 | g8 | 003 | 051 0 005 6 364 4
-
I | 1968 | 1161 | S5PR 050 059 o3 B0 00 4 116 35
| 2500 | 0837 S 085 | 065 02 | 066 B0 006 6 1116 7
2953 | 1772 | S75PR 75 0 | 138 B0 DO 4 332 B
3150 | 1 124 | o4 o6 | 098 B0 010 B 332 1%
AVAILABILITY 106 s
Pivol bearings are normal A750 | 1406 SEATE 150 125 - 014 104 60 0o 7 332 20
ilable f tock in Al
240C stainiess steel 3937 | 2362 | S10PR 100 18 | 82 | 60 | o | a4 1w |
Mote: All dimensions ara in
inches,

tr ts mamimum radivs of howsing lilked that beaning commer will dear.
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS
ABEC 5P and 7P

Radial Retainer
High Speed Open
and Shielded Bearings

i
| OPEN SHIELDED OPEN & SHIELDED

i [ oo [wen | fmm | g [ we [ gmm [ s (e il | e

sl w e N ¢ [a ]

] a0az | -8m - — -—

s | B

=

- s | 2 o =

2B 3| E|S|G

/| —_

Double E| E g_ |5

Open Shielded 2| & & | &
0250 | 1000
| .Dago | 1250
0469 | 1562
0550 | 175
0550 | 1875

0781 | .2500 | 0937 | SAMC 163 | 222 | 1406 | SAMCHH 63| 2w|os| 7 [m| 22| 0] 2
0781 | 2500

0937 | 1875 | 0625 | S3332MCD# 120 | 165 o003 | 7 |1 | 2 5| 15
0937 | 1875

0937 | 3125 | 1094 | S5MC 173 | 271 | 1406 | SsmcHH 73| zea | oos| 6 | wE | @ | 19| 40

1250 | 2500 | 0937 | S418MC | 166 | 220 | 1094 | S418MCHE | 166 | 230 | 003 | 7 | tmm | 42 | 10 | 26
1250 | 2500 1T
1250 | 3125 | 1094 | SS18MC | 173 | 271 | 1406 | SSIBMCHH | 173 | 283 | 003
1250 | 3750 | 1094 | SE1BMC | 202 | 298 | 1406 | Se18MCHH | 202 | 324 | 005
250 | 3750 | 1562 | sReMe | 202 | 298 | 1562 | smemowm | 202 | sea | on2
1250 | 5000 | 1719 | SRZAME | 202 | 324 | 1710 | SRRAMCHH | 202 | 324 | 012
1562 | 3125 | 1094 | SSS32MC | 226 | 285 | 1250 | SSS3ZMCHE | 226 | 293 | 003
1575 | 6299
JETS | 3125 | 1054 | SH6IBMC | 226 | 285 | 1250 | SS63ZMCHE | 226 | 293 | 003 7T | 364 | 56 14 az
1875 | 3750 | 1250 | SG316MC | 236 | 329 | 1250 | SGA1GMCHY | 236 | 343 | 003 | & | 116 | 103 | 26 | 58

116 | &1 19 40
116 | 94 bl 49
1716 | 94 23 49
116 94 23 49
dg4 5% 14 32

=1 R ETR -]

STANDARD
J875 | 5000 | 1562 | SRAMG 272 | 415 | 1960 | SRIMCHH 22| 440 | ong 7| 332 | 50 B SPECIFICATIONS

1969 | .6299 . Tolerances—All precision
Ma7 | 3135 standard radial retainer
bearings are available in
2362 | T4BD | 2362 | SIEMC J3BE | 596 | 2362 | SIBMCHT 342 | 649 | 2 B | 964 [ 332 95 139 ABEC 5P (add suffix 5 1o
. bexaring number) or ABEC TP
2500 | 3750 (add suffix 7 to bearing

. number) tolerances. For
2500 | 5000 | 1250 | S&14MC 33 | 429 | 1875 | SE14MCHH 336 ".dnﬁ 010 0 116 | 120 ] # infarmation on ABEC

.2500 | 5000 . tolerances see page 47,
Radial Play—.0002/ 0008"

iﬂl] 6250 | 1960 | SR4MC 66 | 509 | 1960 | SRAMCHH 366 | 535 [ .2 8 | 332 | 209 63 | 114 Other ranges are available
(soe page 48).

2500 | 7500 | 2185 | SRAAMC | 335 | 595 | 2817 | SRAAMCHH | 386 | 649 | 016 | 6 | 9ed | 332 | o5 | 139 L reation.MI L-L-B085A
3125 | 5000 | 1567 | SESYBMC | 352 | 450 | 1562 | SES1EMCHH | 382 | 461 | 005 | 11 | 116 | 121 | 43 | @1 ?'“‘-" '“b"g;’]‘“ are available
sea page 52).

3150 | 8661 | 7755 | S3AMC 453 | B9z | 2756 | S3AMCHE 915 | 747 | 012 | 7 | 532 [443 | 139 | 213 |  Packaging—Individual pin

3750 | 8750 | 2812 | SRGMEW | 520 | 787 | 2812 | SRGMCHH | 520 | 787 | 016 | 7 | 532 | 444 | 209 | pg7 |  PACKSWPsorvialpack

Dimensions—AN
—  dimensons an in inchas,

*¥ is maximum radéus of shalt or Pagusary filked pl bearing cormer will der
# toetal Resin Rataingr
20 T waitable with single shield only.



MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS
ABEC 5P AND 7P

Radial Retainer
High Speed Flanged Open
and Shielded Bearings

OPEN SHIELDED OPEN & SHIELDED
B | 00 | wian |fdngs | et | wem o R o e o I SO (TS PR [P PR
B8 W KT Ll ] felr]n
- iz .0 N0 = .0 —.mm —
= W
. B|E
L=

HEHHE

=2 elsl22

Double HEE AR

Open Shielded ZS|8|a|a
0250 | 1000
400 | 1250
D469 | 1562
(0550 | 1875
0550 | 1875

0761 | 2500 | 0937 | S4FMC 296|023 | 163 222 [ 1406 | SAFMCHH 296 (031 163|230 003 | T[1mm| 42| 10| 26
0781 | 2500

0937 | 1875 | 0625 | SIIIZFMCD#| . 234 ) 018 [.120] 165 03y TR 26] 5] 15
0937 | 1875

0937 | 3125 | 1094 | S5FMC (359 (.023(.173(.271| 1406 | S5FMCHH 3500031 173 .283) 005 | &(116| &1] 19| 40

250 | L2500 | 0937 | S418FMC 296 | 023 166 (. 220) 1094 | S418FMCOHT | .296|.031 (. 166).230) 003 | 7|itmm| 42| 10{ 26

250 | L3125 | 1094 | S518FMC 59| 023) AT73(.271 ) 1406 | SHIBFMCHH | 359 031 (173|283 003 | & [116] 81| 19| 40
1250 | 3750 | 1094 | SE18FMC 220 .023(.202) 258| 1406 | S61BFMCHH | 422 ( 031 202|324 | 005 | 7)146| 94| 23| 49
L1250 | 3750 | 1562 | SRZFMC A40|.030( 202|298 1562 | SRZFMCHH | 440|030 202|324 | 012 | 7|116| 4] 23| 49
L1250 | 5000
L1562 | 3125 | 1094 | SS532FMC | 350 023 (.226|.285| 1250 | S553ZFMCHT |.359(.036|.226).283) 003 | 7|364) 56| 14| 32
5T | 6209
8BTS | 3125 | 1094 | BSEI2ZFMC | 350(.023| 226 .785| 1250 | S5632ZFMCHT |.359) .036).226| 293 003 | 7)364| 56| 14| 32
JB75 | 3750 | 1250 | SEINGFMC | 427|023 | 236) .329( 1250 | SEZ1GFMCHY | .422) 031|.236|.343| 003 | 8|16 (102 28| 59
J1ETS | L5000 | 1562 | SRIFMC 965|042 (. 27E| 415) 1960 | SRAFMCHH | 565( 042 | 272 | 440) 012 | 7332 |187| 50| 89
1969 | 6299
2187 | W25

AVAILABILITY 2362 | 1480

Sizes listed above are L2500 | 3750

narmally available from

stock in AISI 440G stainless .2500 | .S000 | 1250 | SBI4FMC | 547(.023) 336 429| 1875 | SE14FMCHH | 547 .045| 336|443 010 [ 10 (116 [120] 39) &1

steel rings and balls with -

paper base phenolic resin L2500 | 5000

retainer matenal as denoted

by MC. These MC retainers 2500 | 6250 | 1960 | SRAFMC 690|042 | 366 |.50%) 1960 | SRAFMCHH GO0 042 |.366(.535) 012 [ 8|332[200( 63[114

can be impregnated with oil

lubricant if desired. Consult .2500 | 7500

MFB Engineering for olher

retainer materials. 325 | 5000 | 1562 | SASTGFMC | 547|031 362, 450 1562 | SES1GFMCHH | 547|.031) 382 461|005 (11176121 | 43| 91

For SAE 52100 and beryllium

copper material please L3150 | L8661

check with MPB for latest

availability information, 3750 | .B750 | 2812 | SREFMC 969|062 | 520|.787 | 2812 | SREFMCHH | 969 | 062|520 .7E7 | 006 | 7|53z |444|200| 267

_Nnt:l: All dimensions are in

inches,
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

ABEC 7P

High Speed Angular Contact
Non-Separable Bearing

wo | oo | wan sy, e | e | || S| | Lont i
B ] w FD [FW I L [ L | ¢ n | d C | R T
0000 |+ 0080 | -+ 000 + 008 | + 080.
=002 | -0082 | -0 T | -om
3z
=
| B e e | 8| &
] ] ] E “ .
Flanged -E E 2 | =| =
Non- Mon- S| =| 8 §' =2
Separable | Separable El=| =
0250 | 1000
L0400 | .1250
L0469 | L1562
0550 | 1875
L0550 | 1875 W
T8 | 2500
0781 | 2500 '
0937 | 1875
0937 | 1875 o
0837 | 3125 | 1094 | C5M CSFM Ji59 | 023 | 160 | (248 | 005 T |16 | 12 |.0003( E8 Fi| 44
1250 | .2500 |
1250 | 2500 | 0937 | CA18M 166 | 220 | .003 B |imm| 15 | .0003| 47 12| %
1250 | (3125 | 1094 | CS18M C518FM A9 | 023 | 79| T 003 7 O|1M6| 12 (0003 BE | 22| 48 t
1250 | 3750 | 1094 | CE1BM CE18FM A2 | 023 | 02 | 298 | 005 T Q16| 12 |.0003( o4 23 49
1250 | 3750 | 1562 | CH2ZM CRZFM A0 | 030 | 204 | 293 | .2 B |16 | 16 | .0004] 103 H 56
1250 | 5000
1562 | 3125
575 | 6299 | 1969 | C3AM 00 | 488 | .02 B | 18 | 16 |.0006 | 320 a2 | 170
1875 | 3125
1875 | 3750
1875 | 5000 | 1562 | CR3IM CRIFM GBS | 042 | 278 | 40 | .2 8 | 332| 10 |.0003( 195 54 | 112
1968 | 6299 | 1969 | C345M 300 | 488 | .2 B | 18 | 16 |.0006( 320 g2 | 170
STANDARD
2187 | 3125 SPECIFICATIONS
i Tolerances—These angular
2a62 | 7480 | 2362 | C3GM 86 (596 | .12 B | 964 | 15 | 0004 395 | 111 | 228 anmbﬂﬂ.ngsar&c R
manufactured to A Tl
2500 | 3750 tolerances.
(2500 | 5000 | 1250 | CB14M CA14FM 54T | 023 | 336 | 430 [ .0 ) 0 | 1mE | 12 | 0003|120 | 39 | B1 | Contact angle/radial play—
These Dearings are
L2500 | 5000 assembled to a radial play
range 1o yield the nominal
L2500 | 6250 | 1960 | CR4M CR4FM GO0 | 042 | 372 | 504 | 02 9 | 332 | 10 [.0003( 224 67 | 140 | contact angle shown. Tha
standard tolerance is = 37
L2500 | 7500 Other contact angles or
tolerances available upan
3125 | 5000 | 1562 | CBST6M CB516FM 547 | 031 | 363 | 449 [ 005 ) 11 |16 | 12 0003 | 121 LN request.
. Lubrication—Standard
3150 | .BGG61 | 2756 | C3BM 463 | B2 | M2 9 | 532 14 [.0006| 414 | 169 | 263 !uhficahm‘glsvﬁl.rl‘umh .
impregnation d =] anolic
3750 | 8750 | 2188 | CRGM 520 | .7a5 | 016 | 9 [532| 10 [.000a| 421 | 165 | 339 | L EreOnE O O NREA
oil. Other lubricant options
available.

*F is maimsm radius of 53k oo Rousing fille that beanng comer wil cles
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AVAILABILITY

—The above bearings are
shown with prefix G (SAE
52100, but this series is also
available in AlS| 440C (prefix
5). Consult factory far
availability,

MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

ABEC 7P

High Speed Angular
Contact Separable Bearings

B | 0.5 | wien Bearing Pasge | Faoge | Lad | e nm:l-m Gt “;#" Load Aaings 1k,
| o8| Mo :F.ggg"’""““ C R T
| B
_ 5| 8
5| 2|2 22| E
Separable Silpaagﬁe 15| S|&|»
J0250 | 1000
0400 | 1250
0469 | 1562
0550 | 1675
;ﬂl JABTS
0781 | 2500
0781 | 2500
0937 | 1875
0837 | 1875
.0937 | 3125 | 1094 | CHMB CSFMB 359 | 023 | 160 | 248 | 005 | 6 |16 16 |.ooos| &1 | 18| e
1250 | 2500
1250 | 2500
1250 | 3125 | 1084 | CS1EMB C518FMEB 359 | 023 | 79| 267 | 003 | T |16 | 16 |.0006| &4 23 47
250 | 3750 | 10%4 | CE1BMB CE18FMEB A22 | 023 | 202 | 208 | 005 T 16| 17 0007 o4 23 49
1260 | L3750 | 1562 | CRZMB CR2FMB 440 | 030 | 204 | 293 | M2 T |16 | 16 | 0006 54 23 49
12500 | 5000
1562 | L3125
575 | L6299 | 1969 | CI4MB 300 | 488 | .2 [ V8 | 12 | 0009 264 61 | 127
875 | 3125
1875 | 3750
1875 | 5000 | 1552 | CR3MB CRIFME S65 | 042 | 2VE | 490 | 02| 7 (@32 | 16 |.000B| 179 | 47 | 98
1969 | L6299 | 1969 | CI45MB 300 | 488 [ .2 6 | 1B [ 14 |.0010) 264 61 | 127
(2187 | 3125
(2362 | T4BD | 2362 | CIE6MB 86 | 506 | 012 6 | 964 [ 11 | .0DDG) 326 B | 1M
L2500 | 3750
2500 | 5000 @ 1250 | CE14ME CE14FMB BA7 | 023 ) 336 | 430 ) 0| 10 J 1A | 17 | 0007 | 120 19 Bl
.2500 | 5000
(2500 | 6250 | 1960 | CR4MB CRAFMEB 690 | 042 | 372 | 504 | 2 B | 332 | 16 |.0008( 207 60 | 124
2500 | 7500
3125 | 5000
3150 | L8661 | 2756 | CIEAME 463 | 692 | M2 7| 532 14 | 0012 437 | 123 | 254
3750 | BTS0

'I‘ is maximum radius of shalt or housing fille gt beasing comar will cleas
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

ABEC 5P and 7P

Radial Open and Shielded
Full Complement Bearings

OPEN SHIELDED OPEN & SHIELDED
tare o0 e Henbers hl:'ur b Wurbtr uul';ﬂfw Py n-:ﬁlmn lm‘l,m.:
ERRCRET Le | L c | ®
= .0 —.agy —.mm - —
[
- b
- @ =
E | 5| E| S
= E o =
Double E|E|2| 8
Open Shielded E | 5| & in
0250 | 1000 | 0312 | S100 047 | o7 003 7| s | 18 2
0400 | 1250 | 0469 | 82 065 | 102 003 | 10 | 08 | 22 4
469 | 1562 | 0625 | S25 82 | 003 | 10 | 1Ee | 7
0550 | 1875 | 0781 | 83 093 | 159 | 1094 | S3HH 093 | 67 | 003 B | am4 | 53 11 e W e
L0550 | L1875 |
L0781 | 2500 | 0937 | 54 125 | 215 | 1406 | S4HH 125 | 222 | 003 g | 16 | @0 20
0781 | 2500
0937 | 1875 | 0625 | $3332 420 | 165 | 0937 | $3332HH 420 | 168 | 003 | w4 | 132 | 42 1
0937 | L1875
0937 | 3125 | 1004 | 85 A73 | 271 | 1406 | S5HH 475 | 283 | 005 | 11 | 116 | 124 kT
1250 | 2500 | 0937 | S418 66 | 220 | 1094 | S418HH 166 | 230 | 003 | 15 | tmm | 68 2
1250 | 2500
1250 | 3125 | 1054 | 8518 473 | 271 | 1406 | S518HH 173 | 283 | o003 | 1 | ame | 124 a2
1250 | 3750 | 1094 | $618 202 | 298 | 1406 | SG18HH 202 | 324 | 005 | 12 | e | 138 34
250 | 3750 | 1562 | A2 202 | 298 | 1567 | SR2HH 202 | 324 | oz | 12 | 16 | 138 34
250 | 5000
562 | 3125 | 1094 | 85532 226 | 285 | 1250 | S5532HH 226 | 299 | oo3 | 16 | B4 | oE a2
1575 | 6299
875 | 3125 | 1094 | 85632 206 | 285 | 1250 | SS632HH 2| 293 | 003 | 16 | asd | o8 32
BT | 3750 | 1250 | SB316 236 | 329 | 1250 | SB31GHH EIE | 343 | 003 | 13 | 116 | 143 45
STANDARD
1875 | 5000 | .15562 | SR3 272 | 415 | 1960 | SRIHH 272 | 40 | 012 | nm | ase | 256 78 SPECIFICATIONS
1963 | 6299 Tolerances—All precision
187 | 3125 | 094 | 85732 247 | 285 003 | 2 | 132 | s 24 slandard radial
— beﬂl’ll'lgﬁ. are avalable in
2362 | .T4BD | ABEC 5P (add suffix 5 10
bearing numbser) or ABEC 7P
2500 | 3750 | 1250 | S614 290 | 342 | 1250 | SE14HH 290 | 352 | 003 | 25 | tmm | @1 F {add suftix 7 to bearing
} number) tolerances, For
2500 | L5000 | 1250 | $814 336 | 429 | 1875 | SE14HH 33 | 443 | o0 | 19 | 116 | 17 74 information on ABEC
2500 | 5000 tolerances see page 47.
Radial Play—, 0002/,0008",
.2500 | 6250 | 1960 | SR 366 | 509 | 1960 | SR4HH 366 | 535 | o1z | 14 | @2 | aoe | 111 Other ranges are available
(sea page 48),
-2500 | 7500 . Lubrication—M| L-L-5085A.
3125 | 5000 | 1562 | 88516 362 | 450 | 1562 | SB516HH 62 | 461 | 005 | 20 | 116 | 183 78 Other lubricants are available
(sea page 52).
3150 | .BBG1 Packaging—Individual pill
a7s0 | 8750 pack strips of vial pack,
Dimensions—All
dimansions ara in inchas.

*I is maximum radius of shatt ar housing fillet that bearing corner will clear.
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS
ABEC 5P AND 7P

Radial Open
and Shielded Flanged
Full Complement Bearings

OPEN SHIELDED OPEN & SHIELDED
wo | oo |wen | e (Peweltee ume | | e el om0 g 88 e
AL L AL L IR
—. W1 - a0 = .0 = | = 0 =
52| 2
. 2
EE|E| s
Double E § s s
Shielded E| B @
0400 | 1250 | 0463 | S2F 171|013 085 102 003 | 100250 21 4
D469 | 1562 | 0625 | S25F 203 .013] 082 | 129 003 10132 7 7
.D550 | 1875 | .O7E1 | 53F 234|023 .093).159] 1094 | S3FHH 234 .031(.093| 167|003 | 8|364| 49 1
0550 | 1875
0781 | L2500 | 0937 | S4F 296 (.023) 125).215| 1406 | S4FHH 296 031|125 .222 | 003 | 8|116| a3 a0
0781 | 2500
0937 | 1875 | 0625 | $3332F 234 .018(.120] 165 | 0937 | 53332FHH Z34|.031).120(.168 | .003 (14} 1/32| 42 11
0937 | 18T
For 0937 | 3125 | 1034 | B5F 3500023 73271 1405 | S5FHH A58 031 73283 ) 005 {10196 ( 120 34
' 1250 | L2500 | 0937 | S418F 206|023 .166( .220| 1094 | S418FHH 296|031 .166 | .230 | .003 |15 |1mm| &9 i |
| ! 1250 | .2500
250 | 3125 | 1094 | S518F 359).023).173|.271| 1406 | S518FHH .359).031| 173 |.283| .003 | 11 116|120 34
250 | 3750 | 1094 | SE18F AZ2| 023|302 | 298| 1406 | SE18FHH A22|.031(.202|.324| 005 (12 | 116|127 39
250 | L3750 | 1562 | SR2F A40| 030|202 | 298| 1562 | SR2ZFHH 440).030 | .202 | 324 [ 02 |12 (116 127 39
1250 | 5000
562 | 3125 | 1094 | S5532F 359|023 226|285 1250 | S5532FHH 359|036 (.226(.293 ) 003 |16 |364) 96 | 32
1575 | L6299
875 | 3125 | 1094 | 55632F 359 .023| 226 .285)| (1250 | 85632FHH 359 .036| 226|253 | 003 |16 |64 96 | 32
875 | L3750 | 1250 | S6316F 22| .023| 236|.329| 1250 | S6316FHH A22).031| 236|343 | 003 |13 |116 | 142 45
875 | 5000 | 1562 | SR3F 565|042 272) 415( 1960 | SRIFHH 565 | .042( 272|440 | 012 (11 [3/32 | 244 74
J1869 | 6209
2187 | 3125
L2362 | 7480
2500 | 3750 | 1250 | SE14F ARE| 023 | F90| 342| 1250 | SE14FHH 422|036 (.200| 352 | .003 | 25 |imm| 92 41
2500 | 5000 | 1250 | SB14F 547|023, 429| 187 !
AVAILABILITY 3|.336| 429 1875 | SB14FHH 547|045 .336| 443 | 010 [ 19116 183 74
Sizes Ihslm:l a_tlm';-la ?fe <2500 | 5000
inoh AT DG atainless 2500 | 6250 | 1950 | SRAF 630 042| 366 | 508 1960 | SRAFHH 690 042|366 535 | 012 14 332|303 | 111
steel material. Please chick
with MPE for latest 2500 | 7500
availability information. ; A .
Shiolded varsions mey be 4126 | 5000 | 1562 | $8516F 54T [.031] 362 | .450| 1562 | BAS16FHH JBAT| 031|362 | 461|005 | 201716 | 183 78
spacified with single shield 1150 | 8661
{use one H in bearing : .
number). 3750 | 8750
MNote: This series is designed
for predominantly radial load
applications.
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

METRIC

ABEC 5P and 7P

Radial Retainer
Open Bearings

tore oo Wit Brarireg Mambirs ... LE T . Load Fatiags (e}
+.IE f.EI f.E Ih h -rrl " inck c E' T'
] - .Mimn - B5mm
= B
= L =
= &2 2 0= (3
Open | Open S 8|8 2|s
Crown | Ribbon s = | & s =
o b | oam | mm » | Retainer | Retainer =]l 9| B8 @
1 | 0394 | 4| 1575 | 16| 0630 | SELIC 196 | 310 o5 6 | a2 | 4] n
1.5 | 0591 4 575 | 1.2 | 72
15| .0591 | 5| 1989 |2 | .0787 | SEL15C 305 | 419 .08 7 || 5| 18
15 .0500 | 5| 1969 |2 | .07E7 SEL15R 08 B | vaz | 29 B |
2z | o787 | 5| 1969 |15 0591 | suizoc 305| 419 o8 7 | 1ae| 5| 15
2 | 0787 | B | .2362 |23 | 0906 | SELZC 305 | 419 .10 7| | 5| 15
2 | o787 | B | 2362 | 25| 0%ad
25| .0984 | B | .2362 |18 | o708
25| .0984 | 7| 2756 |25 | .0og4
3 | 18| 7| 276 |2 | 0787 | SUL3OC 414 | 564 | 10 g | mm| 48| 13| 33
3 | e | B as0|s | o 0
3 | .81 | 10| .3%a7 |4 | 1575 | SELAC SEL3IR 513 | 757 15 7| we | 83| 23| e
4 | 1575 | 9| 354325 0984 | suL4OC 513 | 757 | .10 7l we | | 23| s
4 | 1575 | 13| 51185 | 1968 SEL4R 7.01 [ w40 | 20 B | aaz | 3| 43| 7
4 | 1575 |16 | 6299 |5 | 1980 S34R 748 1250 | 30 6 | we | 266 | se | 1w
5 969 | 1 A |3 18 SUL50C 6.71 9.30 A5 1 116 103 ! B
5 | 1969 | 16 | 6299 |5 | 1968 SELSA 7.49 | 1250 | .30 6 | 18 | 268 | ¢ | 108
5 | 1969 | 16 | 6299 5 | 1969 S345R 7.49 [ 1250 | .30 6 | 18 | 263 | 68 | 108
§ | 1989 | 19 | 7480 |6 | 2362 S35 980 [ 1510 30 6 | oe4 | 332 | 95 | 139
6 | .2382 | 13 | 5118 |35 | 1378 | SULeOC 795 | 1080 15 B | 564 | 155 | 45 | a7
STANDARD
6 | .2362 | 15 | 5906 |5 | 1949 SPECIFICATIONS
6 | .zas2 | 19| veEn |6 | 23e2 SELER 9.80 | 1510 | .30 6 | o84 | 332 | 95 | 130 Tolerances—Al precision
5 | .2362 |19 | 4806 | 2382 SI6R 980 [ 1510 [ 30 5 | w64 | 332 | o5 | 139 | standard radial retainer
beanings are avallable in
7 BTG | 14 | 5512 | 35| 137E | SULTOC BS53 | 1080 15 10 116 | 120 39 Bt ABEC 5P {add suff 5 to
bearing number) or ABEC 7P
T 2758 | 17 | 6693 | 5 1968 {mdd suffix 7 to bearing
; number) lolerances. For
7T | 2756 |19 | 7480 |6 | 2362 SELTR 980 [ 1510 | 30 6 | 9B | 332 | 85 | 1ae | o BEs
T | 2756 | 22 | .eeE1 |7 | 27se S37H 1.70 | 17.60 | .30 7| s@e | 243 | fag | ;mp | oterances see page 47
Radial Play—. 0002/, 0008°,
8 50 | 19 | 7480 | 6 2362 Other ranges are available
{sea page 48),
8 50 | 22 | .B6EY | T | 2TEE SELBR _11.1’0 17.60 | .30 T | s | a7 | 138 | 22 Lubrication—M| L-L-60854,
8 | .50 | 22 | .ee1 |7 | 27se S38R .70 | 1760 | .30 7| 532 | a7 | 138 | 212 | ©therlubricants are available
{see page 52).
8 | .3150 [ 24 | 9440 |8 | 3150 S3BARe | 1170 | 1760 | 30 T | 532 | a7 | 138 | 212 Packaging—Individual pil
9 | .43 | 20| 78m |6 | 232 pack strips of vial pack.
9 | .3543 | 26 | 1.0236 | & | 3150 SELIR 1540 | 2130 | 30 7| a6 | 2ee | A9 | 663

* Maximurm ragies of shalt o howsing fikef that bearing corner will clear
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

METRIC

ABEC 5P and 7P

Radial Retainer
Shielded Bearings

Bare o Rasar | o Laad Rstinga {1b1.}
22 aRDDRE
B | B
= 1] = .E
Double | Double 5| = | E| = | F
Shield | Shield E|E| 2| €| 2
Crown | Ribbon s | S|z 2|8
am w |sm W | == w | Refainer | Retainer
1 0384 | 4 | 1575
15| .0s91 | 4| .i575|2 | o787
15| .0501 | 5| .1963|26| 1024 | SEL1SCHHe o6 | 7 || s | & | 15
15| 0501 | 5| 989 |2 | over SELISRHHN| 2957 | 420 | 08 | 8 |32 | 20 | 6 | 14
2 | 0767 | 5| 1969 |23 | 0906 | SULZ0CHH 267 439 08 | 7 || 3w | 5| 15
2 | o787 | 6| .2062|3 | 1181 | SEL2CHM 305 | 420 10 | 8 | o5 | w| a4 w2
2 | o787 | 6| .2382 | 23| 0906 | SELZCHHN® sos | 420 10 | 8 | oes | s 4| 12
25| 0984 | 6| 2362 |25 | 1024
25| 0984 | 7| .2756 |35 | 1378
3 | 81| 7| 21563 | 1181 | SULIOCHH 376 | se4| 0 | 9 [mom| 48| 13| 3
3 | .| 8| ms0|4 | 1575
3 | 181 | 10| .3097 |4 | 1575 | SELGCHH | SELSRMW | 513 | 23| 15 | 7 | e | 94 | 23 | 49
4 1575 | 9| .3543 | 4 | 1575 | SULAOCHH 472 | 823 | 10 7| 16 54 2 4
4 | 1875 |13 | 5118|5 | 1960 SELARHH | 640 (1120 20 | 6 |as2 | 63 | 43 | 77
4 | 1575 |16 | 6299 |5 | 1969 SMAHH | 650 (1390 | 30 | 6 | 18 | 266 | 68 | 108
5 | 1969 | 11| .4331|5 | 1969 | SULSOCHH 671 | 998| 15 | & | we | w3 | 29| &
5 | .199 | 16 | 6209 |5 | 1069 SELSRHH | 650 (1390 30 | 6 | 18 | 268 | 63 | 108
5 | 1969 |16 | 6209 |5 | 1069 SMSAWH | 650 (1390 50 | 6 | 1B | 268 | 68 | 108
5 | .1969 | 19 | 7480 |6 | 2362 SISAHH | 669 | 1650 30 | 6 | 964 | 332 | 95 | 139
6 | .2862 |13 | 5118 |5 | 1960 | SULGOCHH 770|130 45 | 8 | 584 | 155 | 46 | &7
6 | 2362 | 15 | 5906 |5 | 1969
6 | .2362 | 19| 7480 |6 | 2362 SELGRHH | 669 [1650 | 20 | 6 | @64 | 33 | 95 | 139
6 | .2362 [ 19 | .74B0 |6 | 2362 ‘| S36RAHH 869 | 1650 | 30 6 | 964 | 332 8 | 139
7 | 2756 | 14| 5512|5 | 1969 | SULT0CHH 853 (1130 15 | 10 |16 | 120 | 30 | 8
7 | 2786 | 17 | 6693 |5 | 1960
7 | 2756 |19 | .7480 |6 | 2362 SELTRHM | g0 (1650 30 | 6 | 964 | 332 | 85 | 139
AVAILABILITY T | 2756 | 22 | .BBG1|7 | 2756 S3TRHH | 10.50 [ 19.00 | .30 7o sm2 | 468 | 140 | 210
Al s et 8 | 3150 | 19 | 7480 |6 | 2362 | SULBOCHHe| 95 | 8 | 18 | w8 | we | 172
e foCgiainiesso |8 | 50 | 22 | as61 |7 | 2156 SELSRMM | 1050 | 19.00 | 30 | 7 | 532 | 447 | 138 | 212
e e o |8 | 150 | 22 | 8661 |7 | 2786 S38RHH | 1050 (1900 | 30 | 7 | 532 | aa7 | 138 | 2ne
[toat averability 8 | 3150 |24 | sadn|s | 3% S36ARHHe 0 | 7 |58 | 4 | 10 | 200
Speciied winamgeea |9 | s |20 | 701
f_mgm“mheaﬂﬂﬂ 9 | .3543 | 26 [1.0236 | & | 3150 SELORHH | 13.90 | 2260 | 60 7| a6 | 931 | 419 | 663

- Meximum radius of shall o housging fillet thal bearing corner will clear
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MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

METRIC

ABEC 5P and 7P

Radial Retainer

Flanged Open Bearings

%]
(= +]

Bara oo, witth Searing Humber Fiasor | flapt | Lime Fu. Compitmant | Load Ratings e}
Ny .2 N W L ILIrn CIR|T
~ Sns - gSmm — MGmm +.000 |+ .000
- 07 =025
=B
S| 5|e|B|E
Sle|E| ol e
E|E|E =
S | = E- E =
- ™ ™ = | Retainer | Retainer =9 “ |«
1 0304 4 1575 | 1.6 | .0630 | SEL1FC S5.000050(1.96| 310 05| 6 (132) 22| 4 [ 11
1.5 | .0591 4 1675 1.2 | 0472
1.5 | .0591 5 | 1969 2 OFET | SEL1SFC G.50( 060|305 419 08| 7 132 26| 5 ) 15
1.5 | .09 5 | 1969 2 OTE7 SEL15FRe 6.50) 0.60 08| B |13 28] 5| 14
2 0787 5 | 1969 1.5 | 0591 | SULZOFC 6.10{0.50 | 3.05| 4.19) .08 T3] 2| 5| 15
2 0T8T | 6 | .2362| 2.1 | 0005 | SELZFCe 7.50( 050 A0 T {waz| | 5| 15
2 0787 6 | 2362 25 | (084
2.5 | 0984 6 | .2362| 1.8 | 0709
2.5 | 0984 7 | 2756 25 | 0984
3 J18 7 2756 2 787 | SULIDFC B.10/ 050 (414 | 564 10| 9 [tmm| 43| 13 | 33
JiE ] 3150 3 BAL}
3 A181 | 10 | 3937 4 1575 SELIFRe 11.50) 1.00 A5 T [1A6) %4 23 | 47
4 ASTE | 8 | 3543 25 | 0984 | SULJOFC 1030|060 | 513 7.57) 00 ) 7 |1n6| 94| 23 | 49
] 575 | 13 5118 5 1969
4 AT5 | 16 | B299) 5 1969
5 969 [ 11 | 43| 3 1181 | SULSOFC 12.50| 080|671 9300 15| & |16 103 | 29 | &1
5 1969 | 16 | 6299 5 1969
5 1969 | 16 | 6299 5 1963
5 1969 [ 19 T480| & L2362
] 2362 | 13 | J511B| 3.5 | 1378 | SULBOFC 15.00{1.00 (79510800 15 & |5%4|155 ( 46 | &7
STANDARD
& 2362 | 15 5906 | 5 1969 SPECIFICATIONS
[ L2362 | 19 7480 & 2382 Tolera All precision
6 |.2362| 19 | 7480| 5 | 2362 slandard radial retainer
bearings are available in
7 L2756 | 14 | 5512 35 | 137E | SULTOFC 16.000 1.00 (8,53 110.90| 15 | 10 (1A6|120 [ 39 | &1 ABEC 5P (add suffix 5 to
beari mbe ABEC 7P
7 | 216 | 17 | e6e3| 5 | 1068 (a0d suftix 7 mmﬁm
number) tolerances, For
7 (2756 | 19 | .T4BD| & 2362 information on ABEC
7 2756 | 22 | .BGG1| T 2756 lolerances sea page 47.
Radial Play—,0002/.0008",
B A150 | 19 | 48D 6 2362 Other ranges are available
(see page 48).
8 X0 | 2 | 4681 7 2758 Lubrication—MI L-L-G085A,
B S0 | 22 | BBE1) T 2755 Other lubricants are available
(see page 52).
B 150 | 24 | 9449 B 3150 Packaging—Individual pill
9 | as43| 20 | 7874 5 | om0 pack strips or vial pack.
] A543 | 26 |1.0236 & 150



MPB PRECISION STANDARD MINIATURE AND INSTRUMENT BEARINGS

METRIC

ABEC 5P AND 7P

Radial Retainer
Flanged Shielded Bearings

Bore 0.0, Bearing Members Fasge | Mege|  Lamd bacr Complemens | Lo Ratings (1.}
LR ;ﬂm AEROBEOEEE
= 05 |- .02
3z
Double | Double 5| B2 E|E
Shielded | Shielded £ E| 8 = %
Crown Ribbon S|I=|E|l2|=
mm w |mm m | == = | Retainer | Retainer sE|9v|8|®|»
1 0354 4 | 1575
1.5 | .0591 4 | 1575 2 A7ar
1.5 [ .0581 | 5 | 1969 2.6 | 1024 | SELISFCHHe 6.50( 0.80 0a| 7w | 5|15
1.5 | .0591 5 | 1969 2 7ar SEL15FRHHNe | £.50(0.80 08| & (132 29 6| 14
2 0787 5 | .1969| 23 | 0906 | SULZOFCHH B.10)0.60 | 2.67 | 4.39) .08 7 [132) 26 5| 15
2 O7eT | B | .2362| 3 1181 | SELZFCHHe 7.50| .080 A0 T | V32| 2| 5|15
2 0787 ] 2362 | 2.3 | .0906
2.5 | .0984 B | .2362| 26 | 1024
25 | .ooBd4 | 7 | 2786| 35 | 1376
3 || 7| .2786| 3 | 1181 | SUL3OFCHH B.10/0.80|3.76| 584 10| 9 [1mm| 45 [ 13 | B
3 1181 B | 3150 4 1575
3| .81 | 10 | 3037| 4 | 15TS SEL3FAHHe  |11.501.00 A5 716|423 | 47
4 575 9 | 3543 4 1675 | SULAOFCHH w30 1.00(472( 823 10| 7 (16| 94| 23 | 49
4 AS75 [ 13 | 5118 5 1969
4 | 1575 | 16 | 6299| 5 | 1969
5 | 1969 | 11 | 4331| 5 | 1969 | SULSOFCHH 12.50(1.00 |6.71 | 9.98 15 | 8 |1716|103 | 29 | &1
5 1969 | 16 | 6299 5 1969
5 | 1969 | 16 | 6299| 5 | 1960
5 1969 | 19 | 7480 B 2362
[ 2362 | 13 | 5118 5 %69 | SULBOFCHH 15.0001.90 [ 7.70 11.3[* A5 | B |564)155 | 46 | &7
] 2382 | 15 | 5908 5 1969
] 2362 | 19 | 748D & 2362
] L2362 | 19 | 7480 & 262
7 L2736 | 14 5512| 5 1969 | SULTOFCHH 16.00/1.10 | 8,53 11,300 15 | 10 |16 (120 | 39 | &1
7 2756 | 17 6693 5 1969
7 L2756 | 19 .J480| & 2362
AVAILABILITY 7 | .21s6 | 22 | se61| 7 | 2756
Sizes listed above ara
:&rmq:uyhﬁ?l‘liaﬂg ;gm oss g L1500 [ 19 | L7480 6 262
:L&:Iumt:ﬂ;ﬁ.‘:ﬁ;d S:EI I;.j::_: .II‘::[I g 3150 | 22 | .8EE1| 7 2756
please check with MPB for B 160 | 22 | .BBR1| 7 2756
fﬂiﬁﬁé‘ﬁf“‘” B |.:50| 24 | 9a4m| 8 | 3150
Shetiedversoremaybe o | asa | = | ol 5 | o2
Nmbary 0 bearing 9 |.3543 | 25 |1.0236| 8 | 3150
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Special Products

A precision bearing product may be any component,
sub-assembly, or assembly which can be produced
utilizing the unigue technological and problem-
solving capabilities of MPB. Pages 30 to 41 depict a
few of the many special products manufactured by
MPB. We would welcome the opportunity to discuss
your special requirements.

Figure 30-1—An AIS| 316 stainless
steel bearing used in highly corrosive
environment processes.
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Figure 30-2—An inch series phenalic
retainer baaring built to R16 dimensions.
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Figure 30-3-—Special QD configuration
high speed dental handpiece bearing.
S5418MC chassis.
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Figure 30-4—Spherical radius OD and threaded pin form
this follower bearing. S618CHH chassis.

Figure 30-5—A video disk drive spindle assembly.
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Gyro Spin

y. p . Gyro spin axis bearings are designed and manufac-

Ax I S B ea ri tured to provide long life at high speed under critical
ngs torque and stability requirements.
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| | - Figure 31-3—This bearing provides
. . . ease of assembly with the tapered OD.
I — Figure 3d1'2E—:'“'-'_1 Entg CTE:F' bearing with  The extra width provides for shields
. , & rugged outer nng for heavier gyro and ample grease capacity.
Figure 31-1—This bearing has an wheel designs and for maximum Pea pacty
unusual inner race end bell design rigidity.

which helps 1o accurately locate the

spinning mass while providing for inner
ring rotation. Inner ring retation avoids - -
lubricant throwout at high speeds.
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Figure 31-5—Called a [ prazar=i

gyro stop bearing, this :'f il azs
bearing is used to support

an air bearing gyro during [ s r
shutdown and startup to [

Figure 31-4—This end cap bearing is i - —
typical of a large number of similar fﬂfgﬁﬂgﬁﬁms, '_ F [ '
bearings used in small rate gyros. The High speed and accelera- s« |~ o
end cap style outer ring forms the | tion are its primary | -
entire end bell of the motor. An operating conditions. N cr:,,;mﬁ
oil-impregnated retainer, plus a [ %, |
controlled quantity of additional r_ .
grease, are commonly specified, | N
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Figure 31-6—This integral cartridge-type bearing provides
or preloading through the one moveabls inner ring. The
double row outer ring helps assure good alignment and
concentricity. The raceway on the shaft insures adequate
concentricity and geometry control for tuned qgyro
applications.

Figure 31-7—An integral raceway shaft characterizes this
high precision gyro bearing. The integral approach helps
reduce the tolerance buildup of discrete bearings.




Gimbal Bearings

Gyro gimbal bearings are designed and manuf__
tured to provide minimum starting frictional torque
with a minimum of free radial and end play.

Figure 32-1—A thin section, toroid
retainer, platform gimbal bearing with an
external shield integral with the inner
ring.
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Figure 32-4—A typical "Piggyback”
bearing with a motor driven, rotatable
middle ring for reduction of inner ring
starting torgue.

S

Figure 32-2—This unigue, close-land
clearance design provides bearing
survivability under extremely high shock
Ipads. The lands instantaneously
“hottom out” under high G launch loads
betore the balls and races become
overloaded.

¥ 0% MmO E§
4 Lo e

| — mon EmD
] .1 L

Sl
— 1

l
P/
Figure 32-5—The large flange provides
holes for bolt on mounting of this

otherwise conventional low torgue
ribbon retainer gimbal bearing.

Figure 32-3—Double row, Tefion slug
bearing with controlled end play for low
starting torque and moment support,

Figure 32-6—The extremely thin width
made possible by use of Teflon slugs
saves space and offers low lorque,
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Figure 32-7, 32-8, 32-9—This group of preloaded pair, angular contact gimbal
bearings is equippad with outboard shields.
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I nteg ral Du plex A level of operating performance and compliance

control not possible with discrete bearings, is
B H achieved by integrating dual races in a single outer
ea rl n g S ring to produce integral duplex bearings.

o -i Figure 33-1—A gyro spin axis bearing
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I | in a tactical missile guidance system.
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Figure 33-3—A gyro gimbal torquer Figure 33-4—A support bearing for Figure 33-5—A precision double row
motor bearing used in a tactical the optics in a laser scanning mecha- full ball complement cam follower
missile guidance system, nism, bearing.
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Figure 33-6—A high speed turbo Figure 33-7—A single sealed airborne Figure 33-B—A gyro gimbal torquer
molecular pump bearing used for hard radar system bearing. motor bearing used in a tactical
vacuum work. missile guidance system.
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Carriage Bearings
Guide Bearings

Close control of carriage bearing radial play and run-
out results in accurate positional control of carriage
and way assemblies. Smooth operation is assured by
careful control of OD finish and roundness. Greater
accuracy, stability and load capacity may be achieved
by integrating components or incorporating the dou-
ble row feature.

Guide bearings provide an economical alternative to
machining and assembling individual components in
applications such as wire guides, plotters, printers
and cable or belt drive systems,

Carriage Bearings
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Figure 34-4—Discrete pin mounted in
the bore of the bearing. SRAMCKHHE

chassis. chassis.

Figure 34-5—Integral pin design with
built-in eccentric feature for radial
position adjustability, S814MCKHH
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Figure 34-1—Integral pin design, 1 Figure 34-3—Double row, gothic outer
SR2CHH chassis. Figure 34-2—Double row, crowned groove construction with controlled
0D, end play controlled carriage end play. N .
bearing assembly. f
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Figure 34-6—Integral pin design,
S34RHH chassis with close radial
runout contral,
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Guide Bearings
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Figure 34-7—Wire guide bearing with
a full radius groove integral with the
M50 tool steel outer ring. S418CHH
chassis.

Figure 34-8—\Wire guide bearing with
a blended “V" groove in a discrete
aluminum housing.
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Figure 34-9—A radiused “V" groove,
acetairesin guide housing with an

SR3CHH chassis. SR2CHH bearing.
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High
Temperature
Bearings

High temperature applications present unigue prob-
lems, many of which can be solved by selection of
specially alloyed materials and designs which com-
pensate for significant temperature variations.

Figure 35-1—This bearing assembly
supports the rotating anode in an x-ray
generating vacuum tube. To meet the
severe operating conditions of 10-9
TORR vacuum, 400°-500°C and 10,000
RPM, super high speed steel alloys are
required for bearing rings and balls, The
integral shaft raceway design offers cost
and performance advantages.

Figure 35-4—A two-piece, Gothic arch
inner raceway design. This x-ray lube
bearing employs the Gothic design to
control the axial play of the assembly.
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| { Figure 35-3—A discrete bearing version
| - of an x-ray tube bearing similar to the
! F730 requirements. The spacers are
R preselected to control the axial play of

the assembly.

Figure 35-2—This fraciured outer ring,
full complemant bearing is used in a
magnetron application which is a radio
frequency generator for an airborne
radar unit. The high speed, high
temperature and high vacuum requires
super high speed alloy steels similar to
x-ray tube bearings.
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Figure 35-5, 35-6—These bearings are used in actuator motors
which are driven by bleed air from gas turbine engines.

Temperatures are lypically 500°C coupled with high speed
rotation,
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Tape Control
Assemblies

Precise control of tape speed and position in voice
and data recording devices is featured in this spe-
cially designed series of assemblies,
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Figure 36-2—Computer tape drive guide roller.
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Figure 36-4—Computer tape drive tension idler,
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Figure 36-3—Naval audio recording system, stationary-flange

tape guide.
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Figure 36-5—Aircraft flight recorder tape drive capstan,
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Integral Assemblies

Integral assemblies offer the ultimate in stiffness and
runout control, by reducing the number of compo-
nents involved. This type of design often results in
reduced costs at subsequent assembly operations.
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Figure 37-2—Integral idler assembly.
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Figure 37-4—Cartridge-type spindle used in double-sided,
double-density floppy disk drive.

Figure 37-1—Rotary arm actuator pivot assembly used in a
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Figure 37-3—5upport spindle for the rotating oplics in a laser
transit device.
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Figure 37-5—A precision high speed spindle for use in
computer memory disk drive or laser scanner applications,
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Gyro Optics
Assemblies

Extensive experience working with metallic and non-
metallic materials are combined with precision grind-
ing, machining and assembly skills to produce Gyro
Optics assemblies, sub-assemblies and components.
These optical/mechanical assemblies are routinely
built with gimbal axis and spin axis intersection toler-
ances of less than .0002 inches, Basic precision bear-
ing technology is applied to select and match
bearings to each other and the mating hardware.
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Figure 38-1—Gyro, Gimbal Assembly

This unit provides stabilization and look angle for a videotype
detector on a “fire and forget” anti-armor missile. Large free
gyro 1D allows space for mounting of video detector/ optics.

Figure 38-2—Infrared Gyro Optics Sub-Assembly

This unit integrates gimbal, gyro, and Cassegrain optics for a
heat-seeking missile application.

Figure 38-3—Laser Seeker Gyro Assembly

This gyro optics package for a missile that homes on a laser
designated target is an integrated unit that makes extensive
use of cost saving concepts such as molded components and
adhesive assembly technigues.
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MPB Bearing Test Equipment

RT2C Running Torque Tester
INTRODUCTION

The RT2C running torque tester is a diagnostic instru-
ment used to measure the running torgue values of minia-
ture and instrument ball bearings. Through the
interpretation of running torque data, the user of the RT2C
is able to identify many common bearing problems such as
retainer hangup, ball or race surface problems, contamina-
tion, problems with internal geometry or other structural
defects. Almost any problem affecting the performance of a
bearing can be identified through analysis of the RT2C
torque data output. Torque data may be used to assess the
quality of a single bearing, or using sampling methods, the
quality of a group of bearings. The RT2C may also be used
to analyze a bearing's quality prior to its use, or to provide
post service analysis of a bearing failure.

The RT2C meets or exceeds the guidelines established by
MIL-STD-206, the most comprehensive running torque
specification in the industry.

RT2C OPERATION

The RT2C is easy to operate, with training usually accom-
plished in an hour or less. Micro-processor based CRT com-
mands lead the operator through most gage functions,
including the calibration, setup, and test procedures. The
average cycle time is under (2) two minutes. The system
features validity checking of operator key inputs, rejecting
incorrect entries. Typical inputs require anly a few key
punches. The typical cperations sequence is outlined in the
sample CRT instruction screen to the right.

RT2C DESIGN

The RT2C has standard tooling to accept 26 industry
standard Miniature and Instrument bearing sizes from %"
0D to %" OD. Torgue tests are completed at the low rota-
tional speed of 2 RPM and usually under axial loads of
either 75 or 400 grams, which are accepted standards.

ST2 Starting Torque Tester

INTRODUCTION

The ST2 Starting Tarque Tester is a GO/NO GO diagnostic
gaging system used to determine if the starting torque of a
given miniature or instrument bearing is within the maxi-
mum torque level established by the operator. Starting or
“breakaway' torque is often a critical consideration for
bearings used in sensitive instrumentation. The STC pro-
vides an easy means of identifying starting torque problems
in single bearings or using sampling methods, in groups of
bearings, prior to their use in your applications.

The 5T2 meets or exceeds the guidelines established by
MIL-STD-2086, the most comprehensive starting torque
specifications in the industry. Micro-processor based, the
5T2 automatically performs bearing torque measurement,
analysis and test cycle sequencing.

§T2 DESIGN

The Universal tooling concept developed for the RT2C
was adapted for the ST2. Twenty-six miniature and instru-
ment bearing sizes in a range from " 0D to 7&" OD may be
tested on the ST2. Optional tooling will accept bearing sizes
up to 1.250" 0.0,

Tests are performed under standard axial loads of either
75 grams or 400 grams with maximum measurable torque
beyond the requirements anticipated for most miniature
and instrument bearing sizes.

INFORMATION

For more details about the operation or availability of the
5T2 starting torgque tester or the RT2C running torque
tester, please contact MPB Corporation, Keene, N.H.
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MPB Bearing Lubricants

Minapure™ Grease is supplied in 100 gram tubes or (1) one
pound glass jars. Minapure Qil is available in 1 0z., 4 oz. and
16 oz. containers.

Minapure™ Grease was first introduced by MPB in 1960
after an extended development period. Its introduction was
in response to an industry need for a pure, ultra-clean
grease, suitable for use in miniature and instrument bear-
ings and related components.

Qriginally qualified under MIL-G-3278 and MIL-G-15793,
Minapure™ Grease is QPL approved by MIL-G-81937. Itis a
Lithium soap thickened diester oil.

Upgraded continually over the years, Minapure™ exceeds
the requirements of MIL-G-81937 for purity and perfor-
mance. It has virtually no particulate contamination. Clean-
liness is assured by blending contamination-free base
materials to form a grease of consistently high purity and
quality. This process sets Minapure™ above other commer-
cially available greases. The manufacture and packaging
are carefully controlled by technicians used to working in a
white roeom environment and sensitive to the need to supply
ultra-clean bearing products.

Oxidation stability of Minapure™ is excellent, with out-
standing evaportion, separation and water resistance char-
acteristics. Operating temperature range is —65°F to
+ 250°F.

Minapure™ Grease is clean-room packaged in sterile 100
gram polyethylene tubes or in (1) one pound glass jars. This
type of packaging eliminates cracking or chipping and min-
imizes waste.

Minapure™ may be applied by syringe (20-22 gauge
needle) or other suitable metering device, depending on
the quantity tolerance required.

For most applications, a quantity of one third to one half
of the free void space within the bearing is satisfactory. For
more torque-sensitive applications, more specific weight
limitations may be required. When grease weight becomes
very small it is sometimes advantageous to employ a grease
plating or grease filming process. This involves applying a
grease solvent mixture to the bearing and evaporating the
solvent. MPB engineers can help establish the greasing
method most applicable to the requirements.

To assure contamination-free use, it is recommended that
the clean-packed tubes be used under clean room condi-
tions, opened only as needed, and kept tightly sealed when
not in use. Minapure™ should be stored in a dark area at
room temperature. Do not exceed 120°F.

TYPICAL PROPERTIES OF MINAPURE™ GREASE
COMPARED WITH MIL-G-815937
MINAPURE™ MIL-G-81937
TEST TYPICAL VALUES SPECIFICATION
Greasa Properties

Colar Ligght Tan —
Texture Smooth —
Specific Gravity @ 80°F 0.95 -
Dropping Point (ASTM D2265) TTFE 350°F Min
Penetration (ASTM D217)

Unwiorked 224 200 Min

‘Worked—G0 Strokes 278 265 1o 300

Worked—100.000 Strokes an 375 Max
Bomb Cxidation (ASTM Did2)

100 Hours 0 Psi 3 Psi Max

500 Hours 3 Psi 10 Psd Max
Evaporation (ASTM DET2)

22 Howrs at 250°F 0.21% 2.5% Max
Onl Separation (FSTM 791-321)

30 Hours at 250°F 2.5% (24 hours) 5% Max
‘Water Resistance (ASTM D1264)

Tes! Temperature 105°F B.7% 20% Max
Particulate Contamination

10 Micrans or Larger i) 1000 Maximum

35 Microns or Larger a o

BASE OIL PROPERTIES

Pour Point [ASTM D592) BOF
Flash Point (ASTM DA7) +420°F
Vigcosity (ASTM Da8)

fc 210°F 33cs

G 100°F 12,7 %

i —85°F B100 cs

Thi information contained harain s belleved to be accurate, but all recommendations,

stated or implied aré made withou! guarantee.,
{Onher lubricants avadable on request from taciany
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Minapure Special Precision Bearing Lubricating Qils are
synthetic-hydrocarbon-based, developed to assure manu-
facturers and users of instrument bearings of a lang term
availability for specialized oils qualified for immediate use
in instrument bearings.

Three viscosity oils are available for a choice of optimum
EHD film over a wide temperature range. Low volatility and
axidation stability enhance Minapure's properties in
“lubed-for-life” bearings. An anti-wear additive is featured
for longer bearing life. Minapure™ opils are ultra-clean and
designed for clean room envirenments.

Viscosity and EHD Film:
Elastohydrodynamic (EHD) lubrication theory has been
shown in recent years to apply to ball bearing operation.
Applications of EHD theory to a specific set of bearing op-
erating conditions result in a determination of optimum
lubricant viscosity; ie., for known speeds, loads, and
configuration one may calculate the lubricant viscosity nec-
essary to provide complete film separation of balils and
races at operating temperature.

MPB Corporation’s Minapure™ lubricant family allows a
choice of viscosity to result in optimum EHD film.

Viscosity Index and Temperature:
Instrument bearing applications often must function over a
wide temperature range. Lubricants limit bearing perfor-
mance by increasing viscous drag at low temperatures and
limit bearing life as they thin out at high temperatures. Vis-
cosity Index (V1) is a relative measure of the rate of viscosity
change with temperature. Higher VI indicates a preferred
lower rate of viscosity change.

Minapure™ lubricants have high VI's in comparison to
petroleum products:
{e.g., KG-8U oil, a well-known gyro bearing lubricant has a
Vil of 100 compared to the MO119 VI value of 128).

Stability and Bearing Life:

Instrument ball bearings are typically lubricated by their
manufacturer, with a “one-shot lubrication” providing for
their entire service life.

Oxidation products formed during the bearing's service
can significantly deter smooth rotation and cause failure,

Evaporative losses over a period of time deplete the avail-
able quantity of lubricant as well, affecting viscosity
changes ultimately causing failure.

Both oxidation and evaporation rates are accelerated by
the high surface area to bulk mass ratios afforded by typical
instrument bearing application.

The low volatility synthesized hydrocarbon base oils have
their already superior oxidation stability enhanced by the
addition of a low volatility oxidation inhibitor.

MPE Corporation’s Minapure™ lubricants are com-
pounded for maximum property retention over long time
periods in “lubed-for-life” instrument bearing applications.

Anti-Wear Additive:

Tricresyl Phosphate (TCP) has for years been associated
with bearing lubrication as an inhibitor of surface wear
under oil starved or boundary lubrication conditions.

In gyro spin axis bearing applications, TCP's use in metal
pretreatment and as a lubricant additive has resulted in
enhanced performance and longer bearing life.

MPEB Corporation’s Minapure' lubricants contain a con-
trolled amount of Tricresyl Phosphate (TCP).

Cleanness:
The presence of particulate contamination in lubricants is
of particular concern to instrument bearing users. The ex-
tremely small ball-race contacts coupled with the need for
low frictional torques and long life make instrument bearing
application susceptible to contamination levels considered
narmal in industrial lubricants. Although oil may be filtered
to acceptable levels, the filtration process becomes time
consuming with the higher viscosity fluids.

MPB Corporation’s Minapure™ lubricants are supplied
with particulate contaminant levels suitably low for immedi-
ate use in instrument ball bearings.

MINAPURE OILS™ TYPICAL PHYSICAL PROPERTIES
MOE MOTE MON19
Visgoaly.
fie 100°F (C5) 1B8.5 750 11450
e 2T0°F [C5) 3.7 08, 154
fie 210°F [SUS) 38, - B3 B
Viscomty Indeax — 130 128
Flash Point [F] 430 480 485
Pour Faint |°F) S =55
Trace Sadimend (% Val] - -_— Lits
Than
200
Whiltability
(MIL-L-00831T6A)__ 0% 0% oK
DOxidaton Stability
Loss of Wesght of Metals
Stene! {mgiem) 0.0, -~ 00 Q.00
Copper (mglem)— — - 000 - 00 =00
Chiidation Resistance
Change in Viscosity (%] 0.5 ~ =05 w27
Change in Neutralization
number [mg KOHg] .01 0.0 =0.m
Evaposation Loss
48 hrs. o J00°F () — 0.3 or
Cleanness: Product is filtered 1how 045 ricoon filter

The information contained herein is believed to be accu-
rate, but all recommendations. stated or implied, are made
without guarantee.
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Materials

SPECIFICATIONS

MPE's extensive experience in the developmeant and manu-
facture of ball bearings and bearing assemblies has led to a
system of detailed material specifications. These specifica-
tions are continuously reviewed and updated as new appli-
cations place increasing demands on bearing components
and as new materials manufacturing technigques allow
improved quality standards. In addition, MPB works closely
with materials suppliers lo develop new materials which
improve bearing capabilities. Only the cleanest and most
uniform materials are used. Our requirements include
chemical analysis, micro-cleanlingss, micro-structure, car-
bide distribution, grain size, and hardenability. These speci-
fications generally exceed industry, government, and
customer specifications. Such quality resulls in improved
surface finish. dimensional stability, resistance to rolling
contact fatigue, dimensional tolerance control, and operat-
ing characteristics.

QUALITY CONTROL

Each lot of matenal is inspected by MPB inspectors for
conformance to the engineering specifications before it is
accepted for use. Furthermore bearing rings and balls are
inspecled during the manufacturing process for hardness,
dimensional stability, and where applicable, corrosion
resistance.

RING AND BALL MATERIALS

440C Stainless Steel remains the predominant alloy for
standard instrument bearing rings and balls, It is a high
carbon, 18% chromium steel which provides both the high
hardness needed for bearing applications and corrosion
resistance. With the standard heat treatment, bearings of
440C have a minimum hardness of Rockwell C 58 and
can be operated al lemperatures of 350°F. With special
heat treatment, operating temperatures of 500°F may be
tolerated,

MPE uses primarily consumable electrode vacuum arc
remelted 440C made to the strictest limits of cleanliness
and uniformity of structure. These requirements, especially
of micro-cleanliness and carbide structure, have resulted in
improved raceway finishes and, hence, improved trearing
performance. MPB 440C bearings are identified with an 5"
prefix in the part number.

52100 high carbon, 1'% chromium steel is used for a
variety of bearing applications such as gyroscope spin—
axis bearings which operate in inert environment, making
carrosion resistance a minor consideration. It has a shightly
higher minimum hardness than 440C at Rockwell C 60 and

greater wear resistance. It is sometimes chosen in instru-
ment bearing applications because of its extraordinarily
uniform micro-structure. The standard heat treatment will
be suitable for service at temperatures as high as 350°F,
Special heat treatments are available which provide higher
rockwell hardness or extraordinary stability.

The 52100 used at MPB is primarily made by double vac-
uurm melting (vacuum induction melting followed by con-
sumable electrode vacuum arg remelting) to provide
material of the highest micro-cleaniness and carbide struc-
ture standards. MPB bearings made of 52100 steel are iden-
tified with a "C" prefix in the part number.

M-50 High Speed Steel contains 4% molybdenum, 4%
chramium, and 1% vanadium. This material has proven par-
ticularly suited to main shaft bearings in gas turbine
engines, however, it solves many other application prob-
lems as well.

It has better wear resistance than 52100 and 440C as well
as operating temperature capabilities as high as 800°F, All
M-50 used at MPB is made by the double vacuum melting
process (vacuum induction melting plus consumable elec-
trede vacuum arc remelting) to achieve to highest degree of
cleanliness and uniformity of structure,

Beryllium Copper is a precipitation hardening alloy of 2%
beryllium in copper. This material is frequently specified
where non-magnetic properties and electrical conductivity
are critical. Since the hardoess is well below that of othor
bearing materials, bearings made of this material are load
rated at lower values. Beryliium copper bearings are identi-
fied with an "N in the prefix of the bearings part number.
{Consult factory for availability.)

Super High Speed Tool Steels, highly alloyed steels with
high hardness (Rockwell C 64 minimum), excellent wear
resistance, and superior hot hardness, are used for severe
service applications. This family of steels can be used at
temperatures of 1000°F.

Other Materials. MPB is continually investigating new
materials to solve special bearing problems. Our laboratory
facilities enable usto do extensive metallurgical evaluations
and allow us to simulate many actual applications for bear-
ing performance tests. Although some of the testing is per-
formed lo determine characteristics of new or differently
processed materials, a substantial portion of testing is
directed toward salving specific applications problems. For
example, some materials may be tested for high tempera-
ture applications where hot hardness is a problem, while
others are investigated to improve torque or noise charac-
teristics.
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HEAT TREATMENT

MPE maintains a highly sophisticated heat treat department
with special capabilities suitable to our product. Heat treat-
ing specifications are closely correlated with material spec-
ifications and end-use requirements.

In many cases a unique heat treatment is developed for a
particular customer need. Special heat treating techniques
involving low temperature tempering and sub zero treat-
ment have been developed at MPB for both 440C and 52100
steels.

These proprietary technigues produce maximum hard-
ness and stability, and in the case of 440C, maintain maxi-
mum corrosion resistance.

MPB's modem vacuum furnaces allow us to meet the strictest
nheat treating requirements of a wide variety of materials.

RETAINER, SHIELD & SEAL MATERIALS

One-piece, pressed steel retainers (type C) are made of AISI
410 stainless steel, heat treated to provide optimum resis-
tance to distortion. Beryllium copper is used for C-type
retainers in nonmagnetic bearings.

Two-piece ribbon retainers (type R) are made of AIS| 430
ar AlSI 300 series stainless steel, Hardening is unnecessary
due to design and assembly methods,

One-piece Minapar |l retainers (lype MCK) are molded
plastic snap-type retainers. They have torque characteris-
tics comparable to metallic retainers with lower noise and
vibration levels, and the high speed performance character-
istics of non-metallic retainers.

Standard retainers for angular contact and high speed
bearings (M, MB, and MC types) are made of wound cotton
or paper base phenalic laminates

Certain high speed applications where retainer porosity is
not required use machined or precision molded retainers of
acetal resins. Other special machined retainer materials
include glass-filled fluoro-polymers, porous polyimides,
and poly amide-imides, for special applications or severe
environments such as high radiation levels or cryogenic
temperatures

Shields and shield retaining wires are made of AISI 300
series stainless steel for maximum corrosion resistance. In
nonmagnetic bearings, beryllium copper is used

Standard miniature bearings have seals made of fluoro-
polymer impregnated glass cloth, combining high abrasion
resistance with resistance to oils, greases and solvents.
Standard thin section bearings have Buna N molded rubber
seals which can be used to 225°F. Viton is specified for
higher temperature applications to 400°F

RING MARKING

Certain radial lines on one bearing face indicate that the
bearing was made by MPB, and identifies the material.
These identifying marks are shown below

(v]
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Retainers

The ball retainer or ball cage is the element of a ball bearing
assembly functioning to separate the balls and maintain
their symmetrical radial spacing, Its rubbing contact, inher-
ent in this function, produces frictional forces adding to the
overall friction torque of the bearing assembly. Variations of
retainer material and configuration have been developed to
“trade-off " these two diverging design characteristics in
relation to specific bearing application requirements. Other
functions performed by a ball retainer include its use as a
lubricant reservoir for fluid lubricants or sacrificial solid
lubricants and as a means of maintaining outer race assem-
bly of separable, angular contact bearings

Froper selection of retainer design is essential to suc-
cessful application of instrument bearings. For this pur-
pose, tabulation of bearing size and configuration data has
been grouped around retainer type. Certain retainer
designs are limited by bearing size and configuration as
some types are suitable only for miniature sizes while oth-
ers are best utilized in the larger thin section bearings. If a

retainer type is not listed in the appropriate table, MPB
Sales Engineering should be contacted for availability.

Many of the retainers shown can be made from a variety
of special materials which can be fabricated on a special
basis for specific application needs. Some of these mate-
rials are bronze, silver-plated steel, aluminum, polyimide
plastics, elc.

Ribbon retainers may be coated with PTFE, providing
self-lubrication in their contact with ball and ring surfaces.
Although compatible with most oils and greases, the PTFE
coated retainer is designed for lightly loaded, low speed use
where conventional lubricants cannot be used. These
include applications such as units functioning in a vacuum
and bearings operating in close proximity to optics, as well
as special requirermnents for long term shelf life capability.

The following table describes some of the more widely
used MPE retainer designs and their application and
limitations,

MPB RETAINER OPTIONS

Bearing
Type Material Design Description Useiul Features Limiation
Code
410 S5T Balls in deep groove bearing Low frictional torque at speeds | Mot to be used under high
C Hardened { separated by 2 one-piece up 1o 10,000 RPM. acceleration,
snap-in pressed steel retainer
S
430 88T Balis in deep groove bearing Low breakaway friction at High speeds may result in
R or 300 separated by a two-piece, speeds to 10,000 RPM. eXCEsSive wear
Series pressed steel retainer
53T
N s Balls in deep groove bearing Low friction torque, speeds to | Ambient tlemperataure to 275°F,
MCK | Minapar II A\ 7 | separated by a one-piece 200,000 RPM. Low wear rate.
\ /=7 | snap-in molded retainer.
et 2N |
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Bearing

Type Material Design Description Useful Features Limitation
Code
IS Angular contact, outer race Can be vacuum impregnated Ambient temperature 1o 275°F,
Phenalic @ﬁ?}t relieved, non-separable bearing | with oil for long life. Assembly | Unidirectional thrust load.
M Laminate |~ [l | with one-piece machined has maximum ball comple-
@ | |retainer. ment, Dperates at speeds to
=ty 400,000 RPM.
) / ,ﬁé\:‘ﬁ Angular contact, inner race Retains balls in outer race Ambient temperature to 275°F,
MB P“"!“"ﬂ .' - |‘J 1,0 \| | relieved, separable bearing with | allowing removal of inner race. | Unidirectional thrust load.
Laminate ' '\;@ il | one-piece, step pocketed Can be vacuum impregnated.
h@ W) | machined retainer. Speeds to 200,000 RPM.
/ Balls in deep groove bearing Can be vacuum impregnated Ambient temperature 1o 275°F.
mc | Phenolic | | a separated by a one-piece with oil. Speeds to 200,000
Laminate \ /=T |snap-in machined retainer. RPM. Accepts thrust loads in
\,; 7 both directions.
Glass Balls in deep groove Self lubricated. Compatible Long life is dependent on
Reinforced Bearing separated by wilh high vacuum and low spesds and ight loads.
MCJ | Teflonwith | | | a ong-piece snap-in Cryogenic environments
MOs, machined retaines. Temperature ta 550°F,
Minapore Balls in deep groove. High oil IreTentinn when Temperature range
Meldin 8100 Bearing separated by vatuum impregnated -400°F to 600°F
MCEP | borous A a one-piece snap-in (8% by weight.) speeds up
Polyimide machined refainer. fo 200,000 RPM
Bronze Balls in deap groove. Selt lubricated. Compatibla Long life is dependent on
MCX | Reinforced Bearing separated by wilh high vacuum and low speeds and light loads.
Teflon A One-piece snap-in Cryogenic environments
rmachined retainer Temperature to 550°F.
Minapore Angular contact High ail retention when Temperature range
Meldin 8100 outer race relieved VaCULM impregnatad -400°F to 600°F
MP | porous “non-separable bearing,” (8% by weight ) speeds up
Polyimide with one piece to 200,000 RPM.
rmachined retainer,
Full Ball m Bearing has full ball comple- High radial load capacity and | Little thrust load capacity. High
P Complement ment utilizing filling notch con- | radial stiffness available in frac- | torque due to ball rubbing.

struction. Mo ball separation

tured design.
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Shields
and Seals

SHIELDS

MPB Miniature size bearings use precision stainless steel
stampings held to the outer ring by snap wires. These
shields are accurately positioned in the outer ring to main-
tain a close clearance with the OD of the inner ring. The
snap wires are precision formed to minimize distortion of
the outer ring, while at the same time retaining the shield in
the outer ring under external vibration and shock loads.
{See Figure 1)

MPB Thin Section bearings incorporate a stainless steel
insert which has a rubber bonded 1o it. The shield is held
securely in place by the compression of the rubber around
the OD of the insert while the bore of the shield is precision
trimmed to provide a close clearance with the OD of the
inner ring. (See Figure 2)

Bath of these shield designs provide contamination pro-
tection with a minimum effect on frictional torque levels.
Since the shield does not come into direct contact with the
rotating ring, certain very fine contaminants could possibly
enter the bearing. The same environmental controls are rec-
ommended for the handling of shielded bearings as for
open bearings. (See page 64)
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FIGURE 2

SEALS

In extremely dirty application environments, seals provide
extra contamination protection at a sacrifice of the lowest
possible frictional torgue levels,

MPB's standard seal design for miniature size bearings
features a thin fluoro-palymer-coated glass cloth washer
fixed to the outer ring by a snap ring and maintaining a
rubbing contact with a polished shoulder on the inner ring.
{See Figure 3)

MPB's Thin Section bearings use a stainless steel insert
and molded rubber design similar to the shields, except that
the ID of the seal is carefully controlled to provide a positive
contact against the sealing surface on the inner ring. Buna
M (nitrile) rubber is the standard seal material for these
sizes. Other materials, such as Viton, can be supplied, if
necessary. (See Figure 4)

Because of the rubbing contact, the frictional level of a
sealed bearing can be as much as ten times higher than in a
shielded or open bearing.

Special seal designs have been developed by MPB for
extremealy contaminated applications or for cases where
significant pressure differentials exist. Consult MPB for
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Tolerances

Miniature and Instrument Bearings

MPB bearing tolerances comply with those specified by the
Anti-Friction Bearing Manufacturers’ Association (AFBMA).
“AFBMA Standards for Instrument Ball Bearings—Section
12" describes various tolerance classes including ABEC 3,
5P, 7P and 9P. AFBMA Section 12 has been approved by the
American National Standards Institute, Inc. under number
B3.10-1970. These classes reflect instrument bearing usage
in various degrees of precision, ABEC 3 being the lowest
and ABEC 9P the higheast.

This table compares the toleranced features of the var-
ious ABEC classes. These tolerances relate to external
dimensions as well as the geometric relationship of the ball
groove with bearing mounting surfaces. These individual

tolerance values provide a guide to the bearing user in
designing his shaft and housings. since surfaces to which
bearings are mounted should have tolerance levels equiva-
lent to those on the corresponding bearing surface.

Tolerances on features not yet defined by AFBMA Stan-
dard are under constant review and development by
MPB to achieve optimum performance under typical appli-
cation of each ABEC class. MPB recommendations of
specific ABEC classes or special tolarances insure that
bearing users’ goals are met—both in performance and
cost, MPE radial bearings are normally manufactured to
ABEC 5P or 7P tolerances.

ABEC3 THRU ABEC 9P TOLERANCES LISTED BELOW ARE FOR COMPARISON

All Tolerances are in .0001 Inches ABEC ABEC ABEC ABEC

Limits: Bores to 0.7087; OD's to 1.1811 3 5P Fid qp
INNER RING
Mean Bore—High Tolerance Limit (1) +0 — — -
Mean Bore— Low Tolerance Limit (1) -2 — — —
Bore Maximum Tolerance Limit +1 +0 +0 i +0
Bare Minimum Tolerance Limit -3 -2 -2 | -1
Radial Runout 2 1.5 1 0.5
Face Parallelism — 2 1 0.5
Reference Side Runout Width Bore | — 3 1 0.5
Groove Runout with Reference Side — 3 1 0.5
OUTER RING
Mean 0D—High Tolerance Limit (2) +0 +0 +0 —
Mean 00— Low Tolerance Limit {2) -3 -2 -2 —
0D Max. Tolerance Limit—0pen Bearing +1(3) +0 +0 +0°
0D Min. Tolerance Limit—Open Bearing —4(3) -2 -2 -1*
00 Max. Tolerance Limit—Seal/Shield Bearing + 2{3) +0.4(3) +0.4(3) +0°
0D Min. Tolerance Limit—Seal/Shield Bearing 5(3) —2.4{3) 2.4(3) -1*
Radial Runout 4 2 1.5 0.5
Face Parallelism — 2 1 0.5
0D Runout with Reference Side — 3 1.5 0.5
Groove Runout with Reference Side — 3 2 0.5*
Inmer and Quter Width Talerance. +0 =0 +0 +0
Bearings, other than Duplexed, Width of - 50 =10 =10 -10
Individual Inner and Outer Bings
Duplexed Bearings, Total Width of +10 +0 +0 +0
a Pair of Inner or Outer Rings - 200 -150 - 150 —150

NOTES: 1—ean Bore = 2= ort B0re M. g 0D Max + 0D M\, b6 withn 00 mean
3 Mean 00 - 0D Max - 0D M *—For O0°s from 0.7087 + 1.1811: 0D Tolerance Limits (Open or Shiglded) = +0, ~1.5
2 Radial Runowt = 1, Groave Runout with Ref Sice = 1
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Radial Play, End Play and

Contact Angle

RADIAL PLAY

Radial play or free internal clearance in a radial ball bearing
is defined as the difference between the inner ball groove
diameter and the outer ball groove diameter minus twice
the actual ball diameter. It is measured directly on MPB
bearings under precisely located and controlled reversing
loads chosen to minimize erroneous readings due to outer
ring distortion.

The radial play value in a specific ball bearing application
is an important design consideration. Contrary to a com-
mon misconception, radial play is completely independent
of quality or the ABEC tolerance class. It directly affects and
controls operating contact angle and free end play.

Radial Play Selection: The selection of radial play is as
important as basic bore and OD sizes. The value of radial
play in the bearing as “mounted” is the basic consideration.
When MPB bearings are mounted with interference fits on
shafts or in housings, the “free” radial play is reduced by
approximately 80% of the diametral interference. Allow-
ances for bearing ring fits must be considered in
establishing the “free" radial play of the bearing. Standard
clearances for all bearings are shown in the table below,
These values are considered optimum for most miniature,
instrument or airframe applications. All other clearances
are special and the actual value must be shown in our part
number by a “P" followed by two or mare digits which indi-
cate the radial play range in ten-thousandths of an inch.

STANDARD
BEARING TYPE RADIAL PLAY
RANGE (INCH)

MINIATURE & INSTRUMENT 0002/.0008

Reasons for Radial Play Selection

Looser Fits—Specify to:

1. Allow for a press fit on one or both races.

2. Provide higher contact angles under thrust loads to
reduce stress levels and torque.

3. Provide greater axial stability in preloaded pairs.

4. Allow greater misalignment,

Tighter Fits—Specify to:

1. Control cocking or end play when a preloaded pair is
impractical.

2. Control radial movement.

END PLAY OR AXIAL PLAY

End play or axial play of a radial ballbearing is the total
amount of axial shift of the inner ring in relation to the outer
ring under a reversing axial gage load.

End play is proportional to radial play, ball size and race
curvature, such that:

where P, = end play
P. = VZBdP, - P: B = tolal raceway
curvature

d = ball diameter
P, = radial play

The total raceway curvature (B) is a constant for each
series of MPB bearings. Therefore, the end play versus
radial play relationship may be plotted for each ball size
(See Figure 5). When using this curve to determine end play
in an application, the “mounted” radial play value must be
used.
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Figure 5

Normally, end play is not directly measured on MPB bear-
ings, since radial play is the controlling parameter.

In applications where end play must be controlled to
values approaching zero, it is advisable to shim out or oth-
erwise remove end play in application assembly rather than
specify extremely low radial play values. This assures mini-
mum frictional torque and maximum operating life.




Radial Play, End Play and

COI‘ItaCt Angle (cont.)

CONTACT ANGLE

When bearing end play is removed by shimming or axial
preloading, a line through the ball-to-race contact points
forms an angle with a line perpendicular to the bearing axis.
This angle is the bearing contact angle (Figure 6).
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FIGURE 6

Contact angle determination is necessary to control
deflection of axially loaded bearings and to assess stress
levels due to bearing loading.

The contact angle is related to radial play, ball size, race-
curvature and applied load. This relationship may be
depressed for bearings under zero load as:

Fa
2 Bd
where 3, = Initial Contact Angle (no load)
P. = Radial Play
B = Total Raceway Curvature
d = Ball Diameter

cosp, =1 —

Assuming no load, the initial contact angle versus radial
play relationship may be plotted for each ball size using
standard MPB total curvatures (Figure 7).

FIGURE Y

The contact angle is normally controlled indirectly by
radial play specification and measurement. However, when
extremely close control of contact angle is necessary (usu-
ally because of a need for closely controlled bearing

deflection rates), contact angle may be specified and mea-
sured directly.
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Lubrication

The function and operational life of instrument ballbearings
depend heavily on their lubrication, A lubricant may be visu-
alized as a separating layer between two sliding surfaces,
the purpose of which is to inhibit surface wear while main-
taining the lowest possible friction torque level. The ball
and raceway surfaces, although finished to levels
expressed in less than 3 microinch CLA, appear microscop-
ically as a pattern of “'hills and valleys.”” When rubbed
together under the high unit loadings inherent in point con-
tacts, these asperities are thought to weld together, then
break off, initiating an adhesive wear process which ulti-
mately fails the bearing by increasing friction torgue and
changing dimension,

Adhesive wear is inhibited by:

* glastohydrodynamic (EHD) film
& boundary lubrication

o mixed film lubrication

EHD films are generated dynamically in the rotating bear-
ing, depending on the lubricating fluid's property of
increasing viscosity with increasing pressure. Ball-to-race
contacts can be effectively separated by the high viscosities
generated under typical pressures expressed in hundreds
of thousands of pounds per square inch.

Once separated by a distance greater than asperity
height, the surfaces will not contact and adhesive wear will
be eliminated.

In practical terms, EHD film depends primarily on:
® fluid viscosity at operating temperature
& pearing speed

Boundary lubricating films are formed on machined steel
surfaces as complex chemical adsorbed layers resulting
from the surface's interaction with its environment. Pre-
ferred layers may be formed by chemical treatment of the
surface as it is processed and by additives in the lubricating
fluid.

Mixed film lubrication, a combination of EHD film and
boundary conditions, describes the regime in which most
instrument ball bearing contacting surfaces operate.

LUBRICANT SELECTION

Fluids used as bearing lubricants are effective as they

reflect these film generating properties:

# high pressure-viscosity coefficient

# viscosity (at operating temp.) compatible with adequate
EHD film generation

& additives praviding preferred adsorbed films

Further consideration must be given to the fluia proper-
ties relating to other application parameters:

temperature capability
volatility
viscosity-temperature
surface tension (migration)
oxidation stability
corrosion inhibition

L O I ]

Fluids used as lubricants are generally mineral or syn-
thetic oils, formulated with anti-oxidation and anti-wear
additives, and offered commercially,

Greases are oils, thickened with metallic soaps, clay, urea
or other material, to maintain their position within the bear-
ing cavity, assuring a supply of fluid over an extended time.

Qils are used where low bearing friction torque is a pri-
mary consideration, although grease may provide longer
operating life and better resist lubricant loss due to “spin-
out” at higher speeds. EHD film criteria should be applied
to grease base-oils in the same manner as applied to oils.
However, the vast difference in properties of various grease
thickeners makes their selection somewhat more complex
than oils.

Military specifications in effect describe various classes
of lubricants, both oils and greases, and usually relate to
specific bulk properties rather than to specific formulation.
Far this reason. and the large number of proprietary formu-
lations on the market, care should be taken to fully evaluate
specific trade-name lubricant products in application.

MPB catalogs over 300 lubricants which have been
applied to specific applications of instrument ball bearings.
A number of these, typical of current applications, are tabu-
lated in Table 8, page52.
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Lubrication (on,)

LUBRICATING METHODS

Instrument ball bearings, with few exceptions, are prelubri-
cated and receive no further lubrication during their operat-
ing life. Applications often depend on the maintenance of
very low bearing friction torque for proper function which,
in turn, is influenced by lubricant quantity and placement.
MPB has developed a number of techniques for control of
lubricant quantity and placement to allow use of the bear-
ing directly out of the package with the pre-lubrication fully
compatible with application requirements.

OILING METHODS

Dip and Drain: Slight excess of oil on all bearing surfaces,
providing corrosion protection as well as final lubrication;
specify as LO or LY.

Dip and Centrifuge: Oil on all surfaces with quantity con-
trolled by specified centrifuge level. Specify as LOC or LYC
plus "'G" leveal,

[Relel=R=1-1-]

Vacuum Impregnate: Bearings with porous ball retainers
are immersed in 0il under vacuum, followed by soak at
room pressure, thereby forcing oil into retainer pores. Spec-
ify as LOV or LYV.

Film Oiling: Dip bearing into oil-solvent mixture, leaving a
thin film on all surfaces, Specify as LOF or LYF, with oil-to-
solvent ratio.

GREASING METHODS

Standard Greasing: Meler controlled quantity of grease
directly into bearing cavity. Specify as LG or LY, plus quan-
tity in %6 fill or milligrams.

Film Greasing. Apply grease-solvent mixture to bearing
cavity to achieve controlled quantity. Specify as LGF or
LYF, plus guantity in % fill or milligrams.
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LUbl’ication (cont.)

SPECIAL LUBRICATION

The vast majority of instrument ballbearing applications are
adequately lubricated by conventional oils and greases. In
certain environments this is not possible, usually because
of high or low temperatures, high vacuums or other limita-
tions on use of fluids. Various types of solid film coatings
may be considered for these applications, although, in gen-
eral, bearing performance and life expectancy must be
down-rated severely.

Proprietary solid film lubricating systems are available
commercially. Their consideration for instrument ballbear-
ing application should be discussed with MPB engineers to
assure compatibility with bearing materials, processing and
function.

MPB LUBRICANTS

MPB Minapure lubricants are available both in prelubri-
cated instrument ballbearings and in bulk. MPB markets
Minapure to assure its customers a source for clean, instru-
ment-quality grease and oils.

Minapure grease is a lithium soap thickened diester oil,
qualified under MIL-G-81937, with a cleanness level
exceeded by no other commercial product.

Minapure oils are formulated synthetic hydrocarbon oils
offered in three viscosity grades for matching with bearing
application EHD film needs. See pages40-41.

Commonly-Used Bearing Lubricants TABLE 8
0il Viscosity
P8 Lubricant 0il Type Thickener (Centistokes) Ramae ) Mil-Spec
100°F 210°F
LO1 Winsor Lube Diester - 3.0 5.3 ~ 65 to 200 MIL-L-6085A
L-245%
Lo2 Anderol 4010 Diester - 11.5 3.2 ~ 65 to 200 MIL-L-6085A
LY5 Versilube F50 Silicone - 50.0 16.0 —100 to 350 MIL-5-81087
(Type 1)
LyY21 DC510 (50 C5) Silicone - 38.0 14.0 —65 10 400 —
LY161 Krytox 143AC Fluorocarbon - 260.0 26.0 — 30 to 550 —
LY187 SHC2224 Synthetic - 31 5.6 — B0 to 300 -
{formerly RL714) Hydrocarbon
LY313 MO8 Synthetic - 18.0 3.7 ~ 80 to 300 -
Hydrocrbon
LY314 MOT5 Synthetic — 75.0 10.9 —65 to 300 —
Hydrocarbon
LY315 M0119 Synthetic — 119.0 15.4 — 60 to 300 —
Hydrocarbon
LG20 Beacon 325 Diester Lithium Soap 13.0 36 — 65 to 250 —
LG Minapure Grease Diester Lithium Soap 12.0 3.3 — 65 to 250 MIL-G-81937
LG39 Andok G Mineral Sodium Soap 110.0 8.5 + 20 to 250 —
LY15 Versilube G300 Silicone Lithium Soap 50.0 16.0 — 65 to 350 —
L'Y196 Aeroshell 7 Diester Microgel 10 KA -100 to 300 MIL-G-23827
LY231 Maobil 28 Synthetic Clay 30.0 5.7 — 65 to 300 MIL-G-81322
Hydrocarbon
LY189 Krytox 24040 Flusrocarbon Telomer 260.0 26.0 — 30 to 550 MIL-G-27617

aher lubricanks avadable on request from lactory
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Shoulder
Diameters

SHOULDER DIAMETERS
Shaft and housing shoulders should be of adeguate height Table 12 shows minimum shaft and maximum housing
properly SUijimrt the face of the bearing. Shoulders  shoulder diameters for MPB standard miniature, instrument
should be carefully machined to prevent misalignment, with  bearings.
squareness held to a tolerance comparable to the “groove Sleeves, spacers, snap rings and similar devices can be
runout to reference side” values specified in the tolerance  used to provide shoulders, provided the above recommen-
charts. Housing and shatt fillet radii for the shoulders should  dations for precision and size are considered, The rotatin
not exceed the radius (r) dimension listed in the ring should preferably be provided with as precise a ShDUE
tabular sections. der as possible.
TABLE NO. 12
1
A B
Basic Bearing Minimum Shatt Maximum Housing
Size Shoulder Diameter | Shoulder Diameter
{Inches) {Inches)

100 043 082

2 060 105

2V 07 135

3 079 168

4 A02 226

3332 118 168

5 114 284

418 148 23

518 153 284

618 153 347

R2 179 325

R2a 179 446

5532 180 294

34 223 548

5632 210 294

6316 216 347

R3 244 446

3.5 265 548

35 285 651

5732 242 286

36 329 651

614 272 352

814 284 466

R4 310 .565

R4A 322 678

37 361 749

8516 47 466

38 381 749

R6 AB3 788

R8 609 1.000

R10 805 | 1.250




Shaft and
Housing Fits

SHAFT AND HOUSING FITS

Since MPB miniature and instrument bearings are precision
mechanical components, it is important that the size and
tolerances of the shaft OD, housing bore and adjacent
shoulders be carefully chosen and consistent with the toler-
ances of the bearings.

The inner and outer rings of these bearings are relatively
thin in cross section. These bearing rings will be distorted
when interference fitted on shafts or in housings which are
not of true geometric form. The roundness of the shaft or
housing should, therefore. be held within .0001" and the
surface finish should be 12 AA or better,

Generally shaft and housing diameters should be held
to tolerances equivalent to the bore and OD tolerances of

the bearing to be used. Use of larger tolerances negates the
advantages of precision positional control built into the
bearing itself. Tables No. 9 and 10 below which assume
ground steel housing and shaft mounting surfaces, indicate
general recommended fits for various operating conditions.

{Examples are shown for bearings with + 0000, - .0002 tol-
erances on both bore and 0D.) Extreme fits are. of course,
possible from random assembly, but occur only in a small
percentage of cases due to statistical variation in the
related diameter dimensions.

Keep in mind that 50-80% of an interference fit is reflected
in loss of radial play. Interference fits are even more signifi-
cant in their effect on increasing preload in factory duplex
preloaded pairs.

TABLE 9
SHAFT FITS
; Recommended Average Bearing Shaft Extreme
Operating Canditions Fit Fit Bore Diameter Fits
STATIONARY SHAFT

4001 B+ .0000" B-.0001" 0001" tight

Light load, low to high speed Clearance Iooss 10 to to
B - 0002" B-—.0003" .0003" loose
Medium load, low to high speed, or high Ling-to-Line 0000 B+ .tgnw' B+ .tgnﬂo" .DUO%; tight
cycis oscillation B~ .0002" B—.0002" .0002" loose
Heavy load, high speed or high cycle nterference 0001” B+ 'tgﬂm" B+ .gum" _nnu::; tight
oscillation tight B .0002" B—.0001" | .0001" loose

ROTATING SHAFT

_ ) 0001" B + .0000" B-.0001" 000 tight

Light load, low to high speed Clearance rlﬂ-use to to to
B-.0002 B - .0003" .0003" loose
B+ .0000" B+ .0000" 00027 tight

Light load, low cycle oscillation Line-to-Line .Qooo~ to to to
B —.0002" B - .0002" 0002 loose
Medium to heavy load, high speed or high | | . 0001 8+.0000" | B+.0001" | 0003 tight
cycle ascliation tight B— 0002 B-.0001" | .0001" loose

Note: B = nominal beanng bore
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If extreme fits are unacceptable in certain applications,

d ; - To determine
selective Hssembly of coded bﬂaﬂngs matched with f.SlJ’T‘It- expansion or
larly graded shaft and housing diameters may be utilized. potential fit
This approach is usually more economical than a reduction variation for

in diameter tolerances. See Page 56 for coding of bores
and OD's.

Itis always preferable to use shaft and housing materials
having compatible coefficients of expansion with the bear-
ing. Wheneaver this is impractical, due to weight or other
material considerations, use Table 11 to determine the pos-
sible degree of looseness or interferences at temperature
extremes. This additional looseness or tightness can be
partially compensated for by adjusting fits and radial play.

dissimilar materials;

Multiply bore or 0D
diameter times the
expansion for

each material @
the maximum
temperature
required.
Contraction (@
temperatures below
70°F is equal to
the expansion for

. . o ! a comparable

Contact your MPB Field Sales Engineer for specific appli- tgmpep:tum
cation assistance, differential
above 70°F,

100° 200° 300° 400° 500° 600" 700°
TABLE NO. 11

Linear or diametral expansion from 70°F shown in inches/
inch of diameter.

TABLE 10
HOUSING FITS
Operating Conditions “meFri':“"“" M%ﬁ“ H%’g"“ H%';f,g'g Extreme Fits
STATIONARY HOUSING

. D +.0000" D + .0002* 000" tight

Light load, low to high speed Clearance 006 to to to
D- .0002" 0 - .0000° 0004" loose
Medium load, low to high speed, or high Line-to-Line 000" D+ 'tgu 00" D+ .tﬂuﬂﬂﬂ" 0 DUEE; tight
cycle oscillation 0 - .0002" 0 - .0002" 0002" loose
Heavy load, high speed o high cycle Indorteranoe 0001 D+0000" § D-0001" | 0003 tight
oscillation tight 0-.0002" 0 - .0003" 0001" loose

ROTATING HOUSING

0002" D +.0000" D +.0002" 0000 tight

Light load, low to high speed Clearance 0056 to to to
D— .0002" D— .0000" 0004" loose
D + .0000" D+ .0000" 0002" tight

Liﬂhl load, low C‘_I’Ctﬂ oscillation Line-to-Line 0000~ i} 1] to
0 - .0002" D - .0002" 0002 lgose
Medium to heavy load, high speed or high N 0001" D+ .[gﬂﬂﬂ" D- .tIIEJ.l:I[H ’ .UUG:; tight
cycle oscillation ' tight D - .0002" D-.0003" | .0001" loose

Note: D = nominal housing OD
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- Coding of
Bores and O.D.S

Where closer fits than those listed in Tables 9 and 10 are
desired, the bore and/or OD dimensions can be coded to
the nearest .0001" or, if necessary, to the nearest .000050".
Bearings so coded are packaged in groups and labeled with
their specific code. Coded bearings can be selectively as-
sembled with components which have been similarly coded
so the actual fits are closer to the average fit specified.
While random bore and OD coding does not reduce the
talerance spread shipped in any one order, it does reduce
extreme conditions of fit,

Bearing codes for the various tolerances are listed in the
following table.

For miniature and instrument bearings the codes are de-
termined on the basis of the minimum bore and the maxi-
mum 0D size,

.0oo1"
Increment .000050" Half
Coding Increment Tolerance
Tolerance (Standard) Coding Coding
Nominal to A
— 0000507 i
- 0000507 to B H
- 000100
— 0001007 to C
- 0001507 ) o
—.000150" to 0
- .000200" !
— 0002007 to
000250" . E L

—.000250" 1o F
— 000300
GRADE SYMBOLS
Graded Bore D KD HZD
and QD
Graded Bore Only ZB xZB HZB
Graded 0D Only 0 XZ0 HZ0
Graded Bore
and 0D
Matched for Z0M XZ0OM HZDM
Preloaded Pairs

The basic symbol ZDM is used to define or specify a con-
dition where both bores and both OD's of a preload pair are
selected to be the same size within the increment indicated.
It is not necessary that they be of the same code symbol.
The code symbol of the pair will be that of the smaller bore
and the larger OD of the pair.

Also available on metric bearings is coding to 1 micron
increments rounded off to .000040", Use prefix M, as in
MZD, etc. to specify.

To avoid confusion between digits or letters and symbols
hyphens are used before bore and/or 0D symbols. The bore
code is the first digit.

EXAMPLES

ZD-1-2 = Bore Nominal to —.000100"
0D —.000100% to — .000200"

XZD-D-A = Bore —.000150" to — 0002007
0D Nominal to —.000050"

Z0-1 = 0D Nominal to - .000100"
HZB-L = Bore size in lower half of bore tolerance

ZDM-2-1 = Both bores of pair are egual size within
0001007,
The smaller bore is from —.000100" to
0002007,
Both OD's of pair are equal size within
00071007,

The larger OD is from Nominal to —.0001007,

MPB Air Gaging Equipment avoids the distortions of mechanical
gaging and assures accurate grading of Bores and OD's.
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Preloading

There are several basic reasons for preloading a ball bear-
ing set:

1. To remove radial and axial play for more precise shaft
positioning.

2. To control the axial and radial stiffness (compliance) of
the system,

3. To maintain bali-race contact to prevent skidding and
reduce noise,

4, Toimprove load sharing between bearings.

MPB supplies preloaded bearings that are flush-ground
or have matched stick-oul stick-in as a pair to achieve a
specified preload range. The bearings are marked for
proper orientation and preloaded as illustrated below:

DB (Back to Back)

Preferred for

a. high moment stifiness

b, higher speeds
where shaft may
run hotter than
housing {without
preload build-up)

) 1
Preload OH5el ) e (Before clamping inners)

DF (Face to Face)

Preferred for

a. low moment stifiness
allows for slight
misalignment
at low speeds

b. use where housing |
may be hotter

Predoas Oftsot r— [Before clampeng oulers)

than shaft
- (Mot affected by
TEi03d 1"—- | | ]
OT (Tandem) Offzat :;T:engs \'I.'.hrlfu?,l
Preferred for increases) -
a. unidirectional "
ruast

axial lpad sharing
b. greater axial

atiffness Thiust -

Note (Tandem sets must be ocpposed by anoiher
bearing or set)

Bearings can also be preloaded using solid equal length
spacers between them and axially clamping the stack to-
gether. Springs are also used to achieve preload: the bear-
ing rings may be allowed to “float” axially or can be
secured in place with an adhesive.

PRELOADING THIN SECTION BEARINGS

Thin section bearings have relatively low compliance levels
when preloaded—they are very stiff. Because of this char-
acteristic, the preload range should be as open as the apph-
cation will permit. It is recommended that the minimum
preload for an extra thin section bearing be equivalent ta
about 4 Ib./ball. The preload lolerance should be at least
0.5 the mimmum preload level specified ar 2 Ibs., which-
ever is greater. For a torque tube bearnng, the minimum
preload should be equivalent to about 'z Ib./ball. The pre-
load tolerance should be at least 0.5x the minimum pre-
load level specified or 4 Ibs.. whichever is greater.

EXAMPLES

S51014M (24 balls)—Minimum preload = 24 = s = 3lbs.
Tolerance = 0.5 = 3 =151b.
(Use 2 Ibs,)
Recommended preload specification 3-5 Ibs.

$1421M (20 balls)—Minimum preicad = 20 = s = 6.66
Tolerance = 0.5 = 6.686 = 3.33
{use 4 Ibs.)
Recommended preload specification 7-11 |bs.

Preloads below the recommended minimums do not per-
mit consistent, accurate measurement during preload oper-
ation. Too narrow a preload range cannot be achieved
consistently because the deflection difference between
min. and max. preload is less than the repeatability of the
measuring equipment.

PRELOADING MINIATURE AND INSTRUMENT
BEARINGS

Miniature and instrument bearings, with their more open
curvature and low capacities, have relatively high compli-
ance when preloaded—they are less stiff. Accordingly, the
levels of prelpad and the min.-max. spread can be more
closely controlled than with thin section bearings. Preloads
in the pound range are practical for the miniature size, with
atolerance of 11b. as a recommended minimum.

For specific applications, requiring preloaded bearings,
contact your MPB Sales Engineer or Product Engineering
at MPB.
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Pre|Oadil'lg (cont.)

R

THRUST

PRELOADED PAIR MARKING

These bearing pairs are marked with two axial lines forming
a 307 included angle V" etched across their OD's. As shown
in Fig. 14 for DT pairs, the “V" points in the direction of thrust
load to the outer ring face per Figure 15.

FIGURE NO. 14

THRUST
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FIGURE NO. 15
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PRELOAD (LBS) "
12
BEARING SIZE KEY
A 3 G7 R4
B.2 418 H8 B516
C.3 5 1.9 34
D.4 Rz J.10 36
ES R3 KH 38
F.6 814 L2 RE

All data is based on 15° initial contact angle and standard
race curvature. All bearings are angular contact construc-
tion and ball complement, These curves represent axial
{upper set) and radial (lower set) compliance or preloaded
pairs vs. preload. This data is presented only as a guide. For
more detailed data, contact Product Engineering at MPB,




Load Ratings

Tabular data within this catalog includes load rating values
termed “dynamic’”, “'static radial” and “static thrust™. It is
important for the bearing user to understand the bases for
determining these values, so that invalid comparison with
other manufacturers’ data may be avoided. Load ratings are
calculated to provide a guide for bearing selection against
application requirements. They are not absolute and varia-
tions in calculation methods existing within the industry
make direct comparison between manufacturers’ catalog
values impractical. Load ratings in this catalog are calcu-
lated for bearing steels using the mean of the standard
radial play range or in the case of angular contact bearings,
the nominal contact angle tabulated.

DYNAMIC LOAD RATING

Bearing life may be defined as the length of time a bearing
will operate satisfactorily in the application at its operating
speed under an applied load. Life predictions depend on
careful definition of failure criteria and consideration of
operating envireonment, mounting practice, lubrication,
possible contamination, geometry control, operating speed,
and, of course, loading.

The expected fatigue life under operating loads is seldom
the most important design consideration in the selection of
miniature and instrument ball bearings. The dynamic load
rating figures are presented primarily to permit a compari-
son of the load carrying potential for bearings of similar
material but differing in size, internal design and ball com-
plement.

Life predictions are necessarily nonprecise because of
the interaction of these many parameters. The AFBMA
(Anti-Friction Bearing Manufacturers' Association) has
established an accepted method of calculating fatigue life,
outlined in AFBMA Standards. The AFBMA Rating Life (L) is
the number of revolutions, or hours at constant speed, that
90% of a group of apparently identical bearings will attain,
or exceed, before the first evidence of fatigue develops, The
dynamic load rating (C) is the constanl radial load, station-
ary with respect to the outer ring, that a bearing can endure
for a rating life of one million revolutions of the inner ring,
or 500 hours at 33% rpm. The dynamic load rating is deter-
mined by bearing geometry, number and size of balls, bear-
ing pitch diameter, and ring and ball material. The dynamic
load rating (C) for each bearing is shown in the tabulations
in the body of the catalog.

This load rating is used in conjunction with the actual
applied radial load (R) to calculate bearing fatigue life as
follows:

| _ 16667 (c' ’
o= )
where: L, =Rating Life in Hours

N =Speed of Inner Ring Rotation, in RPM

C =Dynamic Load Rating

R =Applied Pure Radial Load, in Lbs.

The rating life as defined above relates solely to metal
fatigue and assumes perfect bearing configuration, align-
ment, lubrication and cleanliness. In addition, these load
ratings and life calculations are based on the application of
a pure radial load. Note that the dynamic load rating value
is used only in life calculations and, for instrument bearing
applications, should not be approached in actual applied
load. MPB can assist in establishing fatigue life calculations
for combination thrust and radial loads, pure thrust loads,
outer ring rotation, preloaded bearing pairs, or probabilities
other than 90%.

STATIC LOAD RATINGS

As load is applied to a nonrotating bearing a value will be
reached beyond which permanent deformation of raceways
and balls occurs. The resulting indentations, or “brinells”,
become defects interfering with smooth operation and
shortening bearing life. Static load ratings relate to limiting
loads applied to nonrotating bearings, as in bearing mount-
ing, or to shock loads applied to rotating bearings. Operat-
ing loads should not approach the rated value except in
isolated cases.

AFBMA standards state that static load ratings depend on
the maximum contact stress between the balls and either of
the two raceways. It is affected by material, number and size
of balls, raceway curvatures, raceway depths and contact
angle.

A maximum contact stress level of 580,000 PSI has been
established as a satisfactory limit for most applications and
is the basis for static load ratings tabulated herein,

Where low vibration and frictional torque levels are of
primary concern, applied loads should result in no more
than 508,000 PSI maximum contact stress, representing an
approximate 40% reduction in tabulated static load ratings.

STATIC RADIAL LOAD RATINGS

The static radial load ratings (R,) is that pure, radial load
which, when applied to a non-rotating ball bearing, will
result in a maximum stress level of 580,000 PSI at the most
heavily loaded ball contact.

STATIC THRUST LOAD RATINGS

The static thrust load rating (T;) is that pure axial load
which, when applied to a ball bearing, will result in:
(&) a maximum stress level of 580,000 PS! and or

(b) a ball-raceway contact area which lies completely

within the raceway (i.e.. the contact area is not trun-
cated by the raceway shoulder on either ring).
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Bearing Testing

Instrument ball bearing applications typically require pre-
cise positioning of a rotating member, low frictional torque,
and smooth operation—all remaining within limits for the
desired operating life.

Positioning can be controlled by selecting the proper tol-
erance classification and by holding certain dimensions to
special tolerances. These tolerances can be accurately
gaged and related directly to the control required.

Frictional torgue and smoothness of operation are much
more difficult to deal with. Many dimensional and physical
parameters affect them, both in the bearing itself and the
bearing as mounted and operated in an application,

To insure optimum bearing performance. MPE uses sev-
eral types of test instrumentation suitable for production
checks and used in the analysis of process improvements
or actual customer application simulation. Production-
oriented test gear involves standardized test conditions and
a relatively high rate of test cycling. Instrumentation for
bearing analysis is constantly being developed and modi-
fied as ball bearing technology progresses and applications
become more demanding.

MINIATURE AND INSTRUMENT BEARING
TORQUE TESTING

Ball bearing frictional torgue measurement is dependent
upon bearing speed, load and alignment, Since applica-
tions and bearings invalve an infinite variation of these
parameters, MPB has standardized production tests into
either starting or running torque testing. These tests com-
pare bearing performance levels under standardized test
conditions but do not necessarily simulate actual applica-
tion levels.

Starting anque

Starting Torque, defined as the torque necessary to start
bearing rotation, is measured under a 75 am thrust load on
bearings with an OD of %" or less, 400 gm on larger instru-
ment sizes, and expressed in milligram-millimeters. As both
instruments are widely utilized by bearing users, test data
correlation between the manufacturer and customer can be
maintained.

The development of the ST2 Starting Torque Tester by
MPB, shown in Figure 17, provides miniature and instru-
ment bearing producers and users with a gage to monitor
and analyze bearing performance. The ST2 may be used as
an inspection device on a bearing or group of bearings or
as an analytical tool to aid in bearing design.

The ST2 features solid state design, automatic test
sequencing, repeatability, and low maintenance, It is easily
calibrated and easy to operate. Under normal conditions, a
novice operator can become proficient with training time
of an hour or less. These features combing to produce the
most reliable device of its kind ever available and at a lower
unit cost per test.

Virtually all of the industry standard miniature and instru-
ment bearing series can be tested on the ST2. The universal
tooling concept developed for the RT2 Running Torgque
Tester was adapted to the ST2 making it a versalile test
instrument. If necessary, non-standard sizes can be tooled
by special order.

STANDARD STARTING TORQUE LEVELS

Basic Maximum Starting Torque |
Bearing Test Load (Milligram-Millimeter) |
Size (Grams) Radial Play Range |

P13 P25 P58 |
2 75 1800 1500 1400 |
2% 75 1800 1500 | 1400
3 75 1800 1500 1400
3332 75 1800 1500 1400
4 75 1800 1500 1400
418 75 1800 1500 1400
5 75 1800 1500 1400
518 75 | 1800 | 1500 | 1400
5532 75 1800 1500 1400
5632 75 1800 1500 1400
618 75| 2000 1600 1500
6632 75 2000 1600 1500
6316 75 2000 1600 1500
614 75 | 1800 L 1500 | 1400 |
814 w0 | s000 | 5200 4800
8516 400 | 6000 | 5200 4800

I

R2 400 | 5000 | 4500 4200
R 2A 400 | 5000 | 4500 4200
R3 400 | 6500 | 5500 5000
R4 400 7000 | 6000 5500
R 4A 400 8000 | 7000 6500
R6 400 11000 | 9500 9000
GENERAL CONDITIONS

These maxemum starting torgue values are subjecl 1o specific definitions and test conditions
cowvered in Paragraph @ of Section No 12, AFBMA Standard for instrument Ball Beanngs
These standard larque valees are valid for bearings that are
1] ABEC 7P 1alerances
2] open o sheelded beanngs
3} Standess 240C or SAE 52100 matena
4} Crown o Ribbon Retainers, and
5} lubricated with MIL-L-60854 o
MPE mlerpeets 1he (es! ConoM0as Sueh 1hat prar Lo testing, 1ne bearngs are to De cleaned
with a hitered solvent, lubncated with one drop of filtered MIL-L-6085A ol {or an equiva-
lent wiscosdy lubel and demagnetized Testing (0 be ¢one i @ nommally clean rgam
ST

The beanngs are 1o be lested a minmum of 10 starts (5 per side) wih the test ipad
applied axsally i a wertical posdian. MPE uses the industry accepted MPE ST2 Starting
Tarque Tester 10 Gelermving 1arque |evels
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RT2C Running Torque Tester
Running Torque

Beanng running torque, tested at a speed of 2 rpm, is
measured under either a 75 gm or a 400 gm thrust load on
the MPB RT2C Torque Tester, shown above, Designed and
built by MPE, this tester is used per MIL-STD-2086. A strip
chart recording indicates instantaneous torgue peaks as
well as average torgque values over two complete
revolutions. This tester has a two-fold purpose—it may be
used in production to test bearings against maximum torgue
limits or as an analysis tool to evaluate geometric perfection,
surface finish, cleanliness and internal damage in the
bearing tested.

The RT2C is basically a diagnostic instrument featuring
hinh reliability and repeatability with minimal maintenance
requirements. Perhaps its most important feature is its ease
operation, enhanced by automatic cycling.

ST2 Starting Torque Tester
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Bearing Testing

NOISE AND VIBRATION

Bearing noise is a performance characteristic under con-
stant examination to define and eliminate its causes.

Although it is accepted that all bearings generate vibra-
tions or noise, there is no recognized definition or test
method for noise available as a standard.

Each application may define a different acceptable noise
level in the assembled bearing system. These definitions
range from subjective audible levels to readouts from spe-
cialized electronic test equipment. Since either extreme of
method relates to a unigue bearing system consisting of
mounted bearings, specific loads, speeds, environments
and a specific frequency range, the problem of designing a
meaningful free bearing test becomes even more complex.

Although no bearing noise tester yet devised can relate to
all application noise specifications, there is one in use at
MPB which can provide relative noise readings from bear-
ing to bearing. The Smoothrator is one such noise measur-
ing instrument. |t reads out dimensionless numbers for
noise comparison under standardized speed and thrust
load. This instrument is used by many bearing users, allow-
ing them to establish noise levels consistent with their own
application requirements.

TORQUE CONVERSION CHART
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Other specialized vibration analysis equipment and fixtur-
ing has been developed for investigation and analysis of
bearing noise as related to specific application conditions.
MPB engineers are available for discussion of your noise
and vibration problems.

MPB's test facilities feature a wide variety of equipment.

LIFE TESTING

Just as there is no universal bearing performance tes
which will guarantee specific performance levels in appli-
cation, there is no standardized life test to prove the ability
of a bearing to function properly over a given period of time
in its application. Many life tests have been, and are being,
performed at MPB, comparing bearing designs, materials
and lubrications under varying loads and speeds.

Although these life test results seldom apply directly to a
specific application, they do allow MPB engineers to rec-
ommend the most satisfactory bearing system.

Life testing of unmounted bearings under specified loads
and speeds, cannot substitute for testing of the entire bear-
ing system in application. Handling and mounting tech-
niques, fits and operating environment are as significant in
determining unit life as bearing quality.

MPB engineers are available to help design bearing sys
tem life tests as well as recommend bearing designs consis
tent with application life requirements.
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Packaging

The packaging of MPB bearings is designed to deliver them
clean and undamaged. The containers used provide easy
identification, complete protection in transit and storage
and best meet the use and handling requirements of the
customer. To prevent contamination, packaging operations
are performed in the clean room. The same rigid cleaniness
standards are observed in the packaging section as are
specified for the. inspection, lubricating and testing sec-
tions of the clean room,

Four standard packages are available:
* Pill pack

& Vial pack

& Box pack

& Kraft foil pouch

The type or method of packaging desired should always
be specified on drawings or purchase orders. If no specific
packaging is requested, bearings will be packed in vials or
pill pack strips.

To reduce the possibility of bearing contamination at the
user’s facility, all outer packaging such as boxes, cartons,
or Kraft pouches, should be removed and the inner wrap
(vial or polyester pouch) cleaned of all dust particles before
being taken into white or clean areas.

PILL PACK

Pill packs are formed from strips of transparent, heat seala-
ble polyester backed polyethylene film or preformed poly-
ethylene bags. Both materials are impervious to most
lubricants and offer low vapor permeability and gas pene-
tration. The strips of static-free and clean film are heat
sealed into a strip of five pouches with one bearing in each
pouch. The pouch size is 2" x 2". The preformed bags are
sealed into a strip of four pouches with one bearing in each
pouch, The pouch size is 2%" = 2'%" to accommodate the
thin section bearing size range. The strip pack material
thickness is 2.5 mils and the preformed bag material is 4
mils thick.

A pressure sensitive label is applied to each pouch of the
strip pack whereas the preformed bag is direct printed on
each pouch. The printed information includes the customer
purchase order number, customer part number, MPB order
number, date packaged, MPB part number, quantity, lubri-
cation and radial play.

To prevent damage during shipment, the boxes contain-
ng the pill pack strips are enclosed in sturdy corrugated
shipping cartons. Filler material is used to prevent shifting
and to strengthen the package.

VIAL PACK

For high production requirements, packaging in transpar-
ent cellulose acetate butyrate reclosable vials is preferred.
Each vial contains a quantity of 50 bearings of the miniature
size range and 25 bearings of the instrument size range.
When specified by the customer the bearings may be
shipped in an excess of lubricant in which case the vial is
hermetically sealed to prevent leakage. When bearings are
lubricated with the dip and centrifuge method, the caps are
secured in place with a transparent vinyl tape. A pressure
sensitive label is applied to each vial imprinted with the
customer purchase order number, customer part number,
MPE order number, date of packaging, MPB part number,
quantity, the MPB lubrication code and radial play.

Several vials are normally packed in a polyethylene bag
and each bag is labeled with the same information as is
printed on the individual vial label. Depending on the num-
ber of vials to be shipped, the external shipping carton is a
chip board mailer or a 275-1b test corrugated carton,

BOX PACK
The intimate wrap for the box pack isa 2° = 2" = 6 mil
polyethylene clean bag for the miniature and instrument
bearing sizes and a 2'%" x 5" % 3 mil poly bag for the thin
section bearings over 1" OD. The air is pressed from the
poly bag, sealed and placed in a reverse tuck folding box of
appropriate size. A pressure sensitive label is applied to one
face of the box printed with the customer purchase order
number, customer part number, MPB order number and
part number, date packed. MPB lube code, quantity and
radial play. The bag and box is MPB's standard method of
packaging bearings, one inch QD and larger, for distribu-
tors and is used for OEM accounts when specified.

For the necessary protection in shipment, the boxes are
arranged ina corrugated carton with the necessary dunnage
to prevent damage in transit.

KRAFT FOIL POUCH

Each Kraft foil pouch is labeled per MIL-STD-129 with the
Federal Stock Number, the item description, the guantity
and unit of issue, the contract numboer, the level packaging
and the month and year of shipment. Following and below
the MIL-STD-129 marking format is the MPB order number
and part number. When required by the customer andior
contract, each Kraft foil pouch will be packed in an individ-
ual paperboard box conforming to military specification
PPP-B-566, a, Style ll, Type D, Class a. When required, each
box will be labeled with a duplication of the information that
appears on the face of the Kraft foil pouch.

Pouches or pouches boxed to the required level are
shipped in sturdy corrugated cartons. Rigid styrofoam
blocks or a cushioning filler is used to prevent shifting and
strengthen the package.

Upon request, MPB can provide Bar Code package marking
per MIL-STD-11849.




Bearing Handling

Instrument ball bearings are precision devices which will
provide long service life when properly specified and ap-
plied. However, unskilled or careless handling will inevita-
bly result in poor performance and life. Unfortunately, many
problems encountered by instrument bearing users are self-
imposed through improper handling.

Introduction of particulate contamination into instrument
ball bearings is probably the most universal problem, and
one of the more elusive and difficult to control,

Almost by definition, most instrument ball bearings are
used in torque and noise-sensitive applications. Even very
small particles of foreign matter (on the order of a few tens
of micro-inches) can degrade the quiet running qualities
and low lorque values of the bearing.

The control of particulate contamination must be a con-
scious endeavor throughout the entire life of an instrument
bearing. MPB bearings are manufactured, assembled, in-
spected, tested and packaged under rigidly controlled con-
ditions. It is imperative that the bearing user extends good
handling practices on his end so that the full performance
potential of MPB bearings may be realized.

Some fundamentals lo preserve bearing cleanliness are:

® Clean work areas.

®* Properly garbed personnel,

® Clean and maintained bearing handling instruments

and related equipmeant.

* Proper handling technigques.

® Maintenance of demagnetized bearing condition.

MPB bearings should be kept in the original. unopened
packages until ready for installation. Only the actual re-
quired number of bearings should be removed from the
package at any one time. Bearings should be removed from
the protective intimate package only in a clean, dry and
dust-free atmosphere, Any unused, opened bearings should
be stored and properly identified in clean, dry, covered con-
tainers.

It is preferable to handle bearings with specifically-
designed, handheld instrumenlts, such as tweezers with
special work ends.

In many cases, instruments of this sort are commercially
available. It goes without saying that these instruments
must be maintained in a state as clean as the bearings
themselvas,

In some cases, it is necessary to handle bearings by hand,
without the benefit of tools. In this event, fingers ar any
other bare skin must not touch the bearing. Microscopic
skin particles shed easily from hands and will inevitably find
a way into the bearing. Furthermore, most bearing steel,
other than AIS1 440C, will corrode rapidly from the moisture
and other residue left after skin contact. Clean, dry, un-
dusted finger cots or lint-free gloves should be worn.

All MPB bearings are thoroughly demagnetized prior to
shipment to the customer. If it happens that the bearings
become magnetized during shipment, the unopened bear-
ings must be demagnetized before further use because of
the obvious danger of attracting metallic particles into the
bearing.

BEARING CLEANING

MPE bearings are thoroughly inspected, washed and lubri-
cated to individual customer specification prior to final
packaging. They are, therefore, ready for immediate instal-
lation into the bearing user’s equipment.

If any bearings become accidentally contaminated, il is
recommended they be returned to MPB for cleaning and
relubrication.

If, however, the bearing user must wash and relubricate
the bearings. then the following advice is offered:

Bearings should be cleaned with a filtered, high-purity

solvent, such as trichlorotrifluoroethane. Solvents which

leave any film on the metal surface must be avoided.

Solvents should be filtered through a 0.5 micron filter

before use.

Bearings may be individually spray-washed or bulk-
processed in an ultrasonically-agitated wash tank, If the
spray-wash method is used, an end-of-line filter just
ahead of the spray nozzle is recommended to trap con-
tamination traveling through the air line. Also, care must
be exercised to prevent fast bearing rotation due to the
spray-blast. If the ultrasonic method is used, care must be
taken here as well to ensure that bearing damage does
not resull from over-exposure to the ultrasonic energy.

Bearings should be dried either under an infrared heat-
lamp or by a flow of filtered, dry air. Here again, if air-flow
is used, the bearing must be prevented from spinning.

Lubricating oil applied to the bearing after wash should
be filtered through a 0.8-1.2 micron filter and then in-
jected directly into the bearing through a clean hypoder-
mic syringe. The syringe itself should also be fitted with a
0.8-1.2 micron filter between the barrel and the needle.

After cleaning and lubrication, the bearings should be
stared in clean, dry, covered containers that are properly
identified.

DON'T

%

Correct and Incorrect Bearing Mounting Practices

5
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BEARING INSTALLATION
To repeat, only the actual number of bearings needed
should be removed from the bearing package.

¢ The mounting components, shafts/housings/related
hardware, should be fully complete and tharoughly
clean prior to any contact with the bearing.

# The performance and life of a ball bearing are signifi-
cantly affected by the geometry of the components that
contain the bearing. Hence, shaft/housing diameter tol-
erances and geometry must be carefully determined
and maintained before any attempt is made to install
the bearings (see Shaft and Housing Fits, Page 64-65).

# Interference fits with shaft and housing provide posi-
tive retention and lacation. Potential drawbacks are:
Bearing radial play, or internal clearance, is reduced by
about 50%-80% of the diametral interference fit. This
fact must be considerad in the initial bearing selection,

e Geometric errors of the fit diameters, out-of-roundness
for example, will be transferred to the mating bearing
ring. In other wards. a round bearing can be greatly
distorted by an out-of-round shaft or housing,

Clearance fits do not affect bearing geometry, but also do
not provide for the same degree of positive positioning,
unless special provision is taken in the hardware design.
Clearance fits are also prone to fretting corrosion at the
mounting interfaces, which can occur during normal opera-
tion or during exposure to external vibration sources,

Installation tooling must be thoughtfully designed and
carefully made. Important points to remember here are:

* Tooling should be designed and made to be easily-
cleaned and to remain burr-free,

& Tooling should mount the bearings sguarely onto the
shaft or into the housing. Misalignment during installa-
tion can severely distort a bearing.

» Tooling must be designed and used in a manner which
will not damage a bearing. AT NO TIME CAN ANY IN-
STALLATION FORCES BE TRANSMITTED FROM ONE
BEARING RING TO THE OTHER THROUGH THE
BALLS. This will "brinell” the bearing. resulting in high
torgue and noise. As a general statement, any force
should be applied only to the ring that is being
mounted.

e Shock or impact technigues should never be used to
seat the bearing.

ENVIRONMENTAL CONTROL

A controlled work environment for handling bearings will
help to reduce contamination and corrosion problems,
Ideally, an entire “clean room’ should be available. Alterna-
tively, individual. hooded work-stations or “clean” benches
may be used.

CLEAN ROOMS

A clean room, or white room, i$ an area in which temper-
ature, humidity and cleanliness, particularly in terms of
airborne contamination, are rigidly and continuously
controlled.

Clean rooms are generally of two types: Laminar flow and
non-Laminar flow. In Laminar flow rooms the filtered, con-
ditioned air moves with uniform velocity along parallel flow
lines. Air flow may be vertical, that is ceiling-to-floar, or
harizontal, wall-te-wall. In non-Laminar rooms, there are no
specified airflow patterns nor any requirements for uniform
velacity.

Clean rooms should be maintained at a constant temper-
ature of 68°F-T2°F with relative humidity in the 30%-45%
range. Rooms should also be pressurized to a level higher
than the surrounding external areas, so that contaminated,
external air cannot flow into the room. Usually, a system
of interlocking doors or an air-lock entrance is employed
to insure that the clean internal atmosphere is not directly
exposed to the outside atmosphere during personnel
entrance,

Personnel traffic in and out of the clean room should be
kept to a minimum. Where feasible, pass-through windows
should be used to deliver material and supplies.

Part of the control of airborne contamination is the re-
quirement that personnel in the clean room be properly
garbed. This normally means external garb made of lint-
free, synthetic yarn over street clothes. The external garb
should be laundered frequently and treated so as to be kept
lint and dust free. All exposed hair should likewise be cov-
ergd with a suitable cap or face-mask. Wearing of cosmet-
ics, such as face powders, needs to be prohibited. Naturally,
any food, drink or smoking materials must be excluded
from the area.

INDIVIDUAL WORK STATIONS

Where a clean room is unavailable, pressurized “'clean-
benches” are recommended for bearing handling. These
clean-benches are commercially available,

Maturally, many of the same prudent practices recom-
mended for the clean-room environment are appropriate in
the clean bench as well. For example, fingers and hands
should be covered, clean instruments for baaring handling
should be used, bearings should not be removed unpro-
tected, from the controlled atmosphere of the clean bench.




Post-Service
Analysis

MPB engineers welcome the opportunity to aid our custom-
ers in post-service analysis.

Much can be learned from careful examination and anal-
ysis of bearings that have been in service. Although most
post-service examinations are made after bearing failure, it
is often helpful to examine bearings before failure occurs to
determine incipient failure modes or conditions. Often such
visual examinations yield estimates of applied loads, misa-
lignment, geometry errors, contamination levels and lubri-
cant effectiveness. Further analytical investigation can then
be made as indicated before the evidence is obliterated by
catastrophic failure.

VISUAL ANALYSIS

It is of utmost impertance that bearings returned for analy-
sis are accompanied by application history, including loads,
speeds, operating environment and failure criteria, as well
as a detailed description of the handling involved subse-
quent to failure. For maximum information, bearings should
be left just as they were at the termination operation. If
possible, they should still be mounted in the unit.

/—DEPOSW

FIGURE 18

The basic equipment necessary for visual posl-service
analysis of instrument bearings is a 10X to 40X microscope
with adequate lighting. The following discussion points out
some pertinent visual conditions and their meanings, in the
order in which they would be determined in a typical exami-
nation.

LUBRICANT

The assembled bearing should first be examined for the
appearance of the lubricant or for any residue in its place.
Fig. 18 shows the areas within the bearing to be examined.
The initial type and guantity of lubricant should be known in
order to analyze properly the past-service condition.

1. Qil Lubricant

a. Dry surfaces with little evidence of residue, or per-
haps only a slight brownish haze on ball and raceway
surfaces indicate too little lubricant, either in initial
application or because of oil migration.

b. Free oil mixed with red or brown particles indicates
partial lubrication failure. Look for high tempera-
tures, high loading or contamination.

Dry surfaces accompanied by dry, particulate resi-
due, red to black in color, both free and attached to
metal surfaces. This is an extreme progression of
condition "a" above.

1+

2. Grease Lubricant

a. Grease darkened but still oily suggests high loads or
contamination.

b. Grease darkened and dry indicates an extreme pro-
gression of the above condition or loss of oily constit-
uents through migration or evaporation.

c. Grease surface darkened and hard, with soft interior,
is probably caused by exposure to high external heat.

3. Oil or Grease Lubricant

a. Reddish deposit at ball contact indicates fretting cor-
rasion. Look for oscillatory or vibratory motion in
operation.

b. Metallic particles, if accompanied by indication of
wear on bearing components, suggest that the lubri-
caiton failed first. Otherwise, the particles may be
from a contaminant source external to the bearing.
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RINGS

The bearing inner ring will generally yield more information
from a visual analysis than the outer, since its raceway is
more exposed to view and ball contact stresses are gen-
erally higher than on the outer raceway.

The most significant feature is the “track” formed by the
balls during service. This track may present the following
appearances:

1. Matte Finish. This is usually apparent after short running
time and does not indicate incipient failura.,

2. Pitted or Etched Finish. This is usually associated with a
pattern of “dirt bringlls”"—minute impingements of mi-
croscopic conlaminants in the ball path.

FIGURE 19

FIGURE 20

FIGURE 21

3. Spalling. This is a pattern of “craters” left when a piece
of the contact surface is lost due to metal fatigue. Spall-
ing is seldom a failure mode in miniature instrument
bearings since loads are typically low. Larger more
heavily-lcaded bearings are more apt to exhibit fatigue
failure.

4. Brown, Circumferential Bands. Usually these brown
bands follow the path of rolling contact, with burnished
areas between the bands scrubbed by sliding between
balls and raceway. The brown color is the result of local-
ized high heat, typically a result of inadequate lubrica-
tion or conditions working to break the lubricant film.

The position and shape of the ball track is also sig-
nificant:

1. Track in bottom of raceway indicates a radial load.

2. Track away from bottom of raceway indicates a thrust
load and the direction of load. Visual estimate of contact
angle compared with theoretical contact angle may
point up a mounting problem.

Track width is indirectly an indication of applied load.
The wider the track, the heavier the load.

3

4. Wavy track (Fig. 19) is caused by misalignment of the
bearing race rotating in respect to the load,

5. A single wide section in the track (Fig. 20) suggests dy-
namic unbalance in a rotating member or a point of con-
stant radial load in a stationary member,

6. Multiple wide sections in track (Fig. 21) indicates out-of-
round raceway as mounted.

The raceway should be examined for brinell marks. These
are indentations caused by overloading the bearing under
radial, axial or moment loads. They may be difficult to see
and careful manipulation of the ring under the microscope
is necessary. Several types of brinells are shown in Fig. 22.

1. Evenly spaced shoulder brinells indicate excessive
thrust load. These often occur in mounting or dismount-
ingabearingorbydroppingamounted bearing
assembly.

2. Irregularly spaced shoulder brinells, in groups approxi-
mately 180 degrees apart, may result from cocking the
bearing during installation. Any two opposing groups of
brinells would be on opposite race shoulders.
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Post-Service
AnaIYSis (cont.)

3. Radial brinells, appearing in the bottom of the race, are
the result of high static radial loading or shock loading.

QOuter races should be examined for track irregularities
and brinell marks in the same way as the inner races. Outer
race markings are usually less well defined than those on
inner races, However, correlations will exist between visual
characteristics of the inner and the outer races.

/*RhDIAL BRINELL

/ |

é (I

THRUST BRINELL
RADIAL BRINELL

>

A

SECTION AA

FIGURE 22

EXTERNAL SURFACES

An examination of inner ring bore, outer ring OD and both
ring face surfaces can also provide significant information.
Axial scratches on bore and OD surfaces indicate a press fit
on shaft or in housing. Tapered mating surfaces are indi-
cated by axial lines not extending across the entire ring
width, Unmarked sections indicate out-of-round shaft or
housing. Slippage of a race on the shaft or in the housing
will be apparent from circumferential scratches on the cor-
responding ring surface, sometimes accompanied by wear
debris. Ring faces also may show similar indications of slip-
ping, as well as damage occurring from improper mounting
or dismounting.

BALLS

Figure 23 shows several markings that cccur on balls. Matte
finish wear bands indicate operation under continual high
thrust loads. A light, uniform, matte finish is a result of bear-
ing operation in a lightly contaminated condition. Protuber-
ances or depressions may be caused by low potential
electric currents passing through the bearing. Where this
characteristic is observed, evidence of arcing may also
exist on bearing bore and QD surfaces.

FIGURE 23

RETAINERS

The normal progression of events leading to bearing failure
ultimately cause retainer wear and distortion sufficient to
stop rotation completely. Seldom is the retainer itself re-
sponsible for failure. However, where incipient failure
modes are at work in the bearing under examination, the
retainer condition frequently can lead the analyst to the
source of the problem.

Partial lubricant failure or lack of sufficient lubricant will
result in retainer wear on the land-locating surfaces. Wear
patterns an non-metallic retainers often indicate dynamic
out-of-balance or the presence of forces acting on the re-
tainer from outside the bearing.

The ball pockets tend to trap enough lubricant residue
and wear debris to be visible before they are apparent in
other parts of the bearing. These accumulations of debris
can provide evidence of incipient failure.

RETAINER WEAR FOR
INMER-LAND PILOT

~ TYPICAL LOCATION
OF WEAR DEBRIS
AND FAILED

EXAMPLE OF LUBRICANT
SEVERE BALL -

POCKET WEAR

_RETAINER WEAR FOR
OUTER-LAND PILOT
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Qual Ity MPB maintains the latest in measuring and diag-

nostic equipment backed by a team of trained

ASS u ra n ce Quality Assurance professionals. The highest stand-
ards of customer satisfaction are assured.

MPB promotes a continuing commitment, backed by the necessary investments, to produce the highest
guality bearing products available anywhere in the world. Those investments take many forms... starting
with a guality product design and review of manufacturability... to the purchase or construction of specialty
manufacturing and measuring equipment. In addition, investments in the development of critical human
skills, the analysis of new materials and testing of products in application, are often collaborative efforts
with our customers. All of this is done with one goal in mind... to assure that our products as well as our
customers' products meet or exceed performance levels for which they were designed.

MPB’s quality control organization works to assure that high standards of quality and performance are
met consistently by monitoring systems, procedures, tooling, gaging and equipment. The primary goal
of the program is prevention, rather then detection of defects. Controls are established, not only in
product areas, but among the support groups as well.

MPB's quality control systems for inspection and gaging comply with the requirements of a wide variety
of Government and commercial specifications. Practices such as continual unit gaging and inspection,
including statistical process control are an integral part of the manufacturing process. Also... when
required, several levels of traceability can be provided in accordance with various military and NASA
specifications or the customer's own specification.

Cur manufacturing facilities are modern, clean and equipped with the latest equipment designed to ensure
manufacturing guality. Final inspection, assembly and packaging of bearing products are done in a
“clean room” environment, where stringent controls are maintained to assure contamination-free products.
It is in these clean rooms that final performance tests are made and the products are documented to
specification.




Applications

The chart below provides a general guide to miniature and instrument bearing
selection beyond basic size considerations.

While a variety of typical situations are listed, many specific bearing applica-
tions are not covered directly. The chart is intended only to suggest reasonable
parameters for bearing specification. It also provides data from which nonlisted
application requirements may be interpolated.

If you have any question as to proper bearing selection for your application,
MPB bearing engineers are readily available to assist you. See inside back cover
for the location of the nearest MPE Sales Engineering Office,

Typical Material
Application Bearing Type Rings and Balls Radial Play
Synchro Radial 00027 to .0005" is typical.
ol Retainer AIS| 440C [0005" to 0008 if end play is reduced by shimming
Miniature or preloading.
s Radial 0002 to .0005" is typical.
M%TE: Retainer AISI 440C 0005 to 0008 if end play is reduced by shimming
0 Miniature or preloading.
Gear Radial AIS! 4400 0001 o .0003" for low speed.
Train Miniature .0003" to .0006" for high speed.
Angular
gm Contact SAE ?21 00 Radial play value corresponding to specific contact angle
AEII;. Miniature or AISIU 4400 within 15° to 357 range.
Thin Section
Radial " - N
Gyro Gimbal Retaner " 000110 000" shimming s mpracical.
Thin Section SAE 52100 St:fEard radial play for thin section bearings.
Tape Radial
Guide Retainer AIS! 440C 0005" to .0008"
Rollers Miniature
el
Handpiece High Speed AIST 4400 0003" to .0006"
Air Turbines Miniature
Fuel Thrust
Control Bearin AIS| 4400 N/A
Governor g
Disk Drive Radial 0002" to .0005" after , ,
‘ . . press fit an pin is typical.
Carriage Retainer AIS| 4400 ; ;
Bearings Miniature 0005 to .0008" also common,
Disk Drive Radial
Rotary Retainer SAE 52100 Standard of .0003" to .0008" or
Actuator Thin 0005 to .0011" depending on size.
Bearings Section
e N
Wave Guide Thin AlSI 440C 005" to 00117 is typical.
Bearings Section J
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Lubrication

Application Comments

Minimum amount of MIL-L-6085A instrument oil
typical (LOC-2), light silicone fluid for wide tem-
perature range (LYC-5).

Shields desirable to protect against brush wear debris. Low starting torgue and
low radial runout requirements typically require ABEC 5P or ABEC 7P bearings.
“Thin width™ special bearing designs allow precise assembly of unit without
removing end bells and allow space for longer rotors in same external envelope.

Instrument grease typical (LG-31), high temper-
ature grease for high temperature operation
(LY-198).

Shields desirable. Consistent torque and low radial runout typically require ABEC
5P or 7P. “Thin width" special bearing designs wseful. Machined “MC"' or
“MCJ" type retainers desirable for severe operating environments (e.q. vacuum,
high temperature, or cryogenic).

MIL-L-6085A instrument oil for light loads and low
speeds (LO-2), instrument grease for greater
lpads and speeds (LG-31).

Shieids desirable for protection from gear wear debris. Extended inner rings
allow assembly without use of bosses or separate spacers. Flanges allow
through-bored housings without snap rings. Degree of allowable radial runout
and driving torgue in unit determing ABEC class.

Synthetic hydrocarbon oil impregnated into
porous ball retainer and excess oil remaoved.

Gyro wheel deflection rate reguirements and available driving torque dictate
preload and contact angle specifications. Better than ABEC 7P tolerances often
necessary for bearing performance and life. Bearing design should relate to
overall gyro wheel design. Contact MPE engineers for bearing design service,

Minimum amount of MIL-L-60854 instrument oil
(LOC-2).

Low starting torque critical. Loose clinch ribbon retainers or toroids preferred.
ABEC 7P, ABEC 5T or better tolerances.

MIL-L-6085A instrument oil (LO-2)

Shields desirable. Flanged and extended inner rings may facilitate roller design.
End play shimmed out or light preload spring used to maintain position and
reduce noise. Unit runout and noise requirements determine ABEC class.

Air oil mist via turbine air supply or daily aerosol
spray lubrication.

Machined phenolic or molded plastic retainer allows speeds in excess of 400,000
rpm. Partial shimming out of end play or light preload desirable. Geometry
control of shaft and housings critical. ABEC 7P or betler tolerances. Porous
retainers preferred with aerosol lube.

Bearings immersed in fuel as only lubricant,

High thrust load capacity. Bearing [ife determined by maximum allowable wear
of balls and races.

A channeling type grease such as LG-39.

Shields desirable as bearings are exposed. The bearings operate in a frequent
random oscillatory mode. Torgue uniformity is important to the accurate and fast
positioning of the carriage. Radial outer nng runout is controlled by ABEC class
or by use of a tighter controlled special outer ring. The bearings are often press
fitted on a pin or employ an integral inner race and shaft.

A channeling type grease such as LG-39.

Thin-section-type bearings are the most commanly used. At least one shield is
desirable. The bearing operation is small angle random oscillation. High hard-
ness to combat adhesive wear is recommended. In some cases, special heat
treatment may be beneficial. ABEC 5T precision levels are recommended.

Instrument bearing grease often applied as a
grease film.

Shielded or sealed bearings are most often used. The operation is normally
moderate speed continuous rotation. Sealed bearings are often required to act
as air pressure seals in addition to excluding contaminants.
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Specializing in solving unique application problems.

Producing special miniature bearings as small as .059” OD.

Manufacturing a full range of standard instrument bearings.

Excelling in producing precision rotating assemblies.

imken Super Precision produces a wide range of

bearing products serving the aircraft/aerospace,

computer, dental, medical, and numerous other
industries. For more information on our products,

consult your Timken Super Precision Sales Engineer,

or contact Inside Sales, Timken Super Precision, P.O.
Box 547, Keene, New Hampshire 03431. Tel. (603) 352-
0310. Visit our web site at www.timken.com/mpb.




Manufacturing Divisions:

Timken Super Precision (MPB), Keene, NH

Standard and special precision miniature and instrument
“bearings .059” to 1.5” 0D, thin section bearings .625" to 6.0” 0D,
air-frame bearings, computer disk spindles, and precision
gimballed and rotary assemblies.

Tel: 603-352-0310, Fax: 603-355-4553

E-Mail: mpbbox@timken.com

Internet: http://www.timken.com/mpb

Timken Aerospace, Lebanon, NH

Standard and special high precision ball and roller bearings
and integral assemblies, to 24” 0OD.

Tel: 603-448-3000, Fax: 603-443-5202

Timken Aerospace Services (PBC), West Lebanon, NH
FAA/JAA - approved center for remanufacturing of aircraft
bearings.

Tel: 603-298-6155, Fax: 603-298-6157

Handpiece Headquarters, Orange, CA

Repair and overhaul of dental handpieces and
distribution of handpiece replacement parts.

Tel: 800-557-7867 © 714-685-3070, Fax: 714-921-1852
E-Mail: handpiece@timken.com

Internet: http://www.handpieceheadquarters.com

Timken Aerospace & Super Precision Bearings - Europa BV
Medemblik, The Netherlands

Assembly of precision miniature and instrument

bearings and precision bearing products.

Tel: (31) (0) 227 - 542344, Fax: (31) (0) 227 - 544552

Timken Aerospace & Super Precision Bearings - UK Ltd.
Wolverhampton, England

Standard and special precision ball and roller bearings
for aerospace mainshaft, gearbox and transmission
applications to 18.5” OD.

Tel: (44) (0) 1902 - 773300, Fax: (44) (0) 1902 - 771448

Timken Aerospace & Super Precision Bearings -
Singapore PTE Ltd., Kallang, Singapore
Assembly of precision miniature and instrument
bearings and precision bearing products.

Timken Aerospace & Super Precision Bearings serves
both OEM and aftermarkets throughout the world.
Tel: (65) 841 - 4380, Fax: (65) 841 - 4485

Ideas in Motion

International Sales Offices:

EUROPE / AFRICA

Timken Aerospace & Super Precision Bearings - Europa BV
Overleek 9, 1671GD Medemblik

P.0. Box 27, 1670AA Medemblik

The Netherlands

Tel: (31) (0) 227 - 542344, Fax: (31) (0) 227 - 544552

FRANCE

Timken Aerospace & Super Precision Bearings - Europa BV
Succersale, France

Bureau A101

14 Bis, rue de Mal Foch

77780 Bourron-Marlotte

Tel: (33) (0) 1 64459880, Fax: (33) (0) 1 64459830

GERMANY / AUSTRIA / SWITZERLAND

Timken Aerospace & Super Precision Bearings - Europa BV
Beratungs - und verkaufsniederlassung

Obertorstrasse, 3

D-97737 Gemunden am Main

Germany

Tel: (49) (0) 9351 - 3013, Fax: (49) (0) 2 - 5466163

ISRAEL

RDT Components Ltd.

P.0. Box 58013

61580 Tel Aviv, Isreal

Tel: (97) 3 6450707, Fax: (97) 3 6492413

ITALY

GIMAR di D.F. e M. Giordano

via Busoni 7a

20137 Milano, Italy

Tel: (39) (0) 2 - 5516918 / 5512004, Fax: (39) (0) 2 - 5466163

SCANDINAVIA

Svensson & Svensson Ingenjorsfirma AB

P.0. Box 141

S-691 23 Karlskoga, Sweden

Tel: (46) (0) 586 - 371 50, Fax: (46) (0) 586 - 379 80

SINGAPORE

Timken Aerospace& Super Precision Bearings -
Singapore PTE Ltd.

Block 1, Kallang Sector, #06-04

Singapore 349276

Tel: (65) 841 - 4380, Fax: (65) 841 - 4485

UNITED KINGDOM

Timken Aerospace& Super Precision Bearings - UK Ltd.
P.0. Box 667, Upper Villers Street, Wolverhampton
West Midlands, WV2 4UH, England

Tel: (44) (0) 1902 - 773300, Fax: (44) (0) 1902 - 771448

TIMKEN




