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Company profile
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MONTON bearing @ main manufacturers leader of high precision bearings in China was established in 2001 locate in
Luoyang--“Ancient Imperial Capital and Peony Flower City”,we specialized in the bearing production research and
development more than 20 years , focus on the development of "High-tech, High precision, Advancing, customized”
bearings development .MONTON covers an area of of 35000 sq.m., building area of 20000 sg.m., including office area
3000 sq.m., research and development center of 500 sg.m., and international marketing & reception center 2000sq.m.Qur
mission is to provide customers with complete selution, including design and development, manufacturing, testing and
evaluation, and excellent after-sales service.The factory is located in the Bearing Industry Park of Yiyang County, Luoyang
City, Henan Pravince.
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SMETARPS/PA/P2E: BEiGFTRETES ¢ 1mmE160mm, MESHRHA | . 1R, HUEREALS, KiEE
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MONTON bearing mainly produce high precision angular contact ball bearing, ball screw support bearing,low
temperature bearing, High speed motor bearings, military thin section ball bearing,special high precision bearing,
crossed roller bearing, harmonic drive bearing,thrust bearing stack, Tungsten Carbide Radial Bearing, military thin section
ball bearing,tandem bearing,cylindrical roller bearing, customized bearing and bearings parts, The bearing accuracy at
P5/Pa/P2 level, rolling elements from ¢ lmm to 160mm, precision degree | ., |l ,We Contributions to important
scientific research projects of several well-known universities, including Henan University of Science and Technology,
Dalian University of Technology, Harbin Institute of Technology, Beijing University of Science and Technology, Beijing
traffic University, and China Petroleum etc,
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We produce bearings and parts with inner diameter of 1.5mm to an outer diameter of 3000mm. Our products have been
widely used in important industrial fields such as CNC machine tools, high-speed spindles, precision measurement
instruments, oll drilling, petrochemicals,Cryogenic pump, FANUC/Siemens motars, mining metallurgy, port machinery,
medical equipment., extruder gearbox, Cement roller press, wvertical mill. rocker arm, textiles equipment, paper
mill,rebatics, harmonic drive, concrete mixer trucks, steel mills, rolling mills, Wind Power,Continuous casting mill, VAV, Alr

Compressor,Tension levelers, LIDAR systems, missile tracking camera ,aerospace, etc.

RIRSRTFNEFEREYS, sREFEFERINESIEMEIOEHRLSBETNENTHEE; £88

BMUEFZEHFACCRETECH, £¥, EEZcissFHORNE; EEHERATRARE, BEFECREERS
apid 1B EISO001EMERINE; ASFErSEHERRI1000ENETEED.
Cur company have very good products quality guarantee equipment, key eguipment and instrumentation are imported or
design special equipment for special procedure by us. Main instrumentation is Japan ACCRETECH, TAYLOR,ZEISS Germany
etc. Established precision bearing product testing laboratory, we can test bearing performance and life,Passed 1509001
guality system certification, with an annual production capacity of 1 million sets of various precision bearings.
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MONTON owns CNC lathes, machining centers, CNC grinding machines, and ultra precision equipment more than 160 sets.
10 CNC lathes, 65 CNC precision grinding machines, and 1set 4-axis machining center. 2 sets Ultrasonic cleaning line and
equipment,2 sets tempering and stabilizing furnaces,1set heat treatment furnace, lsets low temperature stabilization
equipment and vacuum equipment,8 production lines of automatic assembly.lnspection equipment include Mitotoyo
Japan Contour,roundness measuring instrument,hardness tester,coordinate measuring instrument, length measuring
instrument,vibration measuring instrument,contact angle goniometer,Bearing convexity value measuring
instrument, hardness tester,Metallographic tissue measuring instrument,Clearance measuring instrument,height
measuring instrument,inner diameter outer diameter and rotation accuracy measuring instrument ate.

AEAERTII405E, Hob, HAARIOA, BRAR25A, BIEHTRULIEARSS, FHEH25E, ¥
HEZERAR3IE.
We have more than 140 employees, including 10 technical persons and 25 inspection persons. There are 5 persons with a
master's degree, 25 persons with bachelor's degree, and 30 with vocational degree currently

SEHNEFERNEENENER, BEAEFFRAERNSE. ROMNEASITLIREEPHITRR
EFER AT AR, MBI FRFROEF BT LURERRETES . BOORR SRR ESSEREHTE
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LAHSBEFRHEENRALE. RATTAEFRIMEFELRRSHHRARNER, RESENSR]

With advanced production equipment and perfect testing technology, MONTON can guarantee the quality and
accuracy of the products we produced. Our technical department can efficiently complete the bearing design
according to customer needs, and customers who need non—standard bearings can also enjoy customized services,

Qur guality system regularly monitors various production facilities and complies with strict quality requirements, all

material certificates and certification reports are kept in files. Products are traceable and can be provided on request,

Therefere, we are confident to provide the best solutions for global customers, Our company can design non—

standard bearings and special application bearings for customer, as well as customized products with samples!

RINASHFHE, Sl HESHRNNFFEH#HCOENMRALGE, RNNTEENSTHEESREHT LN
AENAEFRMNTELES. BRARBESRINERILR, NEREFRSNWE, SHITEBERFHI, BFE
ZHEEKE, BOEE, telRTFRE
We are innovative, motivated and courageous to provide our customers with necessary solutions. Our management and
employees are always ready to provide professional and personalized services to our customers, In the future, MONTON
will adhere to the brand development strategy, strengthen the research and development of high-end products, strive to
bulld a digital factory, and join hands with more partners to work together for a better future|

KnME. WL, TE, 58, 58,
wEGH: ERAF;

LBSEEE. WE. T

LBFE: ABFRREE, KARSER!
DS RAEAMREN. F8, SELS.

Company spirit: Honesty, Trustworthiness and Mutual benefit;

Company policy: Quality-oriented;

Company Business philosophy: Honesty, fulfill promise;

Company principle: Solve problems for customers and prioritize customer service at first,
We warmly welcome all friends come to visit us, study or business negotiation.
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Precision Angular Contact Ball Bearings

® Bearing Code

B 70 08-C
HSS 70 08-C

-T-P4s-UL
T-Pas-UL

HCB 70 08-C DLR -T-P4S-UL
B 70 08-C-2RSD -T-P4S-UL

MSNTON

B7008-C 1-P4s-UL
Bearing T'yl']JE
B Standard
Steel bails
HCB Hybrid Standard
Ceramic balls Preload
HS High Speed Bearings - Lt
Steel balls M Medium
H55 High Specd Bearings H Heavy.
Steel balls, sealed
HC High Speed Bearings Bearing Arrangement
Ceramic balls
HCS High Speed Bearings u {5U) universal Single bearing
Ceramic balls, sealed ou Set of 2 universal bearings
Ty Set of 3 universal bearings
BMR, BER: High-5peed Angular au set of 4 universal bearings
Contact Ball Bearings PU Set of 5 universal bearings
DB Set of 2 bearings
- s . 0 arrangement
Dimension Series
718 Ultra-light series C} e)
7149 Light i
70 ht:em:::::ne; DF Set of 2 bearings
72 Heawvy series X a.rlﬁngn.ernenl
Bore Reference Number 9 e
oT Set of 2 bearings
& Bmm Tandem arrangement
7 7mm ]
B2 Bmm g C’
9 amm
an 10mm TET (DBD,DFDDTD,DUD)Set of 3 bearings
o1 13mm Tandem = O = arrangement
o QOO
03 17mm
04 A-5=20mm QBcC {DBB,DFF,DAT,DFT , DTT.QU)Set of 4 bearings
05 5-5=25mm Tandem — 0 = Tandem arrangem.
Contact Angle 0 @ 0 O
C 15° Accuracy
E 25"
P2 IS0 Class 2
External Form P4 IS0 Class 4
DIRECT LUBE P5 I50 Class 5
CDLR Direct radial lubrication holes with integral O rings  15°
-EDLR  Integral O-ring 25°
Cage
Seal
T Textile laminated phenolic resin,
-2RSD  Sealed at both sides and lubricated outer ring guided
Sealed designs are indicated with ™ Textile laminated phenolic resin,
a point (*) In the bearing tables outer ring guided
TPA Textile laminated phenclic resin,

series BY18
outer ring guided
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MONTON can provided universal types according to user's requirements. It's can interchangeable, users can configure

@® Angular contact ball bearings arrangement

various arrangement according to their needs, universal code U, and after U, follow the preload code, A B or C. Universal

Angular contact ball bearings can be configured according to different loads. Ex.: DB back-to-back, DF face-to-face and DT arrangement, each bearings with mark < on outer ring.Below shows DB DF DT arrangement ect. with marks, others, similar
Tandem arrangement, also can arrange triple or quarter combine types, arrangement as the picture shows. Tandem type, ex. as below. About the arrangement technical, refer to: Technical requirements for angular contact ball bearings assembly GB/T
DT TT&QT, only withstand single direction axial load. The above combined configuration is not interchangeable, Therefore, 32334-2015.

after the combination, there is marks < on bearings outer ring surface. The user must not change the position of the
bearing by willing. In order to improve the accuracy of bearing installation, The inner ring run out Kis, outer Rings run out
Kea, max point mark on inner & outer rings, For the user to install the bearing, the inside and outside diameter of the
bearing and the matched shaft and the seat hole are properly configured, so that the spindle can obtain the best geometric
precision and rotation accuracy. There is suffix after the arrangement, A B or C, A: light preload, B: Medium load, C: heavy
load.

BhE Forced Direction

MONTON provide costumed preload according to customer request, and different arrangement bearings.

imF4EREL S T Bearing arrangement
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REEE A IEMER R
Micro Precision Angular Contact Ball Bearings

R<%E - #8fI. mm Dimenisons Unit:mm

rimin Co Vasination d B ramin | rimin

7200 15 35 11 060 015 91 58 48000 70000 005 729¢ 9 26 4900 2100 56000 0.02

7202AC | 15 | 35 | 11 060 045 88 | 56 | 43000 00 0.0 i, ERESRIEERINDER, WERILE,
7203C 17 40 12 060 030 1.3 74 40000 60000 0.07 Note: If the bearings not list here, please contact with us.

it: EMBEFRTIPRTIALMFR, BSE(IRER,
Note: If the bearings not list here, please conlact with us.
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. SMEARTEFRINDER, BSRIKE.
MNote: If the bearings not list here, please contact with us.

BERE A ERERER
Precision Angular Contact Ball Bearings

7000C Series o=15°
7000AC Series o=25"

RI%F - 8. mm Dimenisons Unit:mm

miim

T

BETIBe

Mmax

FAbutment Dimensions | B2 Load

rimin

MSNTON
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Precision Angular Contact Ball Bearings

7000C Series o=15"
7000AC Series o=25"

Rst#% - 8{%. mm Dimenisons Unit:mm

7000 11000 590 1750 3500 112 162 205 1.97

110.4 139.8

1425 1875

152.5

1975 20 10 1487

A 1635 2115

1?{.5‘.-2’25’.-5 11 189.1 | 264.5

7034C 170 260 42 21 11 188

242 21 11 2056 2993 4800 7000 1100 6600 158 230 201 6.9

280 46 21 11 2015 259 11 2205 3521

260 24 14 2351 3708

7038C 190 200 46 21 1.1 2115

7040C 200 310 51 21 11 200 21 11 2891 4714 3800 5600 1600 4800 9600 186 342 12.1
._.'. Al ...-. < ' | .__' 10 | :- 3 ; ] : 0 ': 3 T : .__".': T AT 7 TR0 = Tels .:.. = TEN m '... T -.I-_.: 207 0 q 1 i
i, ERMEXRIERRIIANMNE, HEHIHER.

Mote: If the bearings not list here, please contact with us.
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T [ B Ik R IR AL ER R [ I8
High speed ceramic angular contact ball bearing '

H7000C «=15° fs —
H7000AC «=25° $0

R<I% + 82{%. mm Dimenisons Unit:mm
R

Dirmensior

MONTON

Womc-RZHQUPE 20 4 12 06 ois 10 61 43 w00 008
n‘a | ' Bl .1' '_ 7] i | _-4. 45000 0,09

H7008C-2RZHQ1/P4

H7009C-2RZHQ1/P4 78 16 10 03 16 125 114 26000 026

H7011C-2RZHQ1/P4 55 90 | 18 11 06 26 175 168 22000 0.41
H7012C-2RZHQ1/P4 60 95 18 11 06 19 193 193 20000 0.43
. EREERTEPHRIIANMR, BSHIER,

Mote: If the bearings not list here, please contact with us.

"

H7012AC-2RZHQ1/P4 60 95 18 11 06 27 182 18.2 18000 0.43

H?'ﬂ'i;'a.#éc'-f.‘lﬂﬁ'#
H7015 AC-2RZHQ1/P4

‘H7016 AC-2RZHQ1/P4

H7017AC-2RZHQ1/P4

T
T T T T e T T
et %
e
T T e T
e —

it EMEERTIPRIIANGFR, HSHERIHE.
Mote: If the bearings not list here, please contact with us.
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Precision Angular Contact Ball Bearings

7200C Series «o=15"
7200AC Series o=25°

R<1% + 2{%. mm Dimenisons Unit:mm
=T Demensior a1 Abutmeant Dimensions | fiERE

ramul

7204C 20 47 14 10 03 265 405 10 03 131 96 34000 50000 70 210 420 27 39 49 0.11

7206 25 52 15 10 03 305 465 1.0 03 168 131 30000 45000 90 270 540 32 46 58 0.14

7206 30 62 16 10 03 365 555 1.0 03 234 188 24000 38000 120 360 720 38 55 69 0.21

7209C 45 8 19 1.1 08 54 76 A1 08 35.5 33.8 16000 26000 187 560 1120 53 77 97 045

7210C 50 90 20 11 06 575 83 11 06 433 406 15000 24000 225 670 1340 57 82 104 0.49

7211C 5 100 21 15 06 63 92 15 06 536 5141 14000 22000 870 1740 63 91 116 0.65

7213 65 120 23 15 06 765 1085 15 06 675 69 11000 18000 1060 2120 74 107 136 108

290

1 & 1'1- 2 15 o -?-5:: 1._5.-- 15 u 558 - 1 - w05 51_- s | & | o 5 .'
| | _ o
370

7214C 70 126 24 15 06 815 1135 15 06 702 746 10000 17000 1110 2220 78 113 143 1.19

iE: ERBARTEPRFIAOME, HSERIKR.

Mote: If the bearings not list here, please contact with us.

13 14
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IR AR B R
Precision Angular Contact Ball Bearings

7200C Series «o=15"
7200AC Series o=25°

R<1% + 2{%. mm Dimenisons Unit:mm
EZRAbutmeant Dimensions. | B3

DaDb

7217C 85 150 28 20 10 985 187 20 10 974 1075 8500 14000 515 1540 3080 93 134 169 196

7218C 90 160 30 20 10 103 147 20 10 1219 1313 8000 13000 655 1960 3920 110 160 202 244

7220C 100 180 34 21 13 116 164 23 11 1462 1658 7000 11000 770 2310 4620 114 165 208 351

7221C 405 190 3B 24 11 122 173 21 11 1643 1832 7000 11000 890 2670 5340 124 175 221 417

100 380 9B 59| 4f 98 98 35 10| 4. 500E 6700 1000C 550 2760 5520 127 184 233 495

7224C 1200 215 40 21 14 143 192 21 14 1754 2184 6000 9000 950 2850 5700 133 193 245 6.01

7226C 130 230 40 30 11 1515 209 30 11 2006 2583 5600 8500 1050 3100 6200 139 202 255 6.41

7228C 140 250 42 30 14 165 2255 3.0 1.1 2236 3066 5000 7500 1200 3600 7200 152 221 279 8.17

*. EMEARIZPHFI)AET, BEBRIBE.
Mote: If the bearings not list here, please contact with us.
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IR AR B R
Precision Angular Contact Ball Bearings

7200C Series «o=15"
7200AC Series o=25°

R<%E + 2{%. mm Dimenisons Unit:mm
elflE Axial i-';'.::|:|1|‘|-.r-

Bi ) Gl

Mfum

7230C 150 270 45 30 14 1785 2420 30 1.1 2409 3415 4500 6700 1280 3800 7600 158 229 290 10.38

7238C 190 340 55 40 1.5 227 3035 40 15 321.3 524.8 3400 BOOO 1700 5100 10200 190 276 349 2029

iF: ERMESRTT|BRINNGER, WSRIBRR.
Note: Ifthe bearings not list here, please contact with us,

7 18
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Precision Angular Contact Ball Bearings L e 8 :l:z

7300C Series a=15° 700G La=18" 1 TO0GAC (o=38" )
94, § 35000 8L §48000
7300AC Series «=25°

R<%E - 8{Z. mm Dimenisons Unit:mm

i . 1
BEEimm)

Principal Dimeansicns
B8]

35
37

,

7312AC 60 130 31 952
it EREXRIEPFIANRE, HSRIIBER.
Mote: If the bearings not list here, please contact with us.

19

e [ o QR e MOSNTSON

AT LR TRnN
i N \ X,
: Q iﬁ
| R s "

TO00C (aw=il® ) TOO0AG (a=28" ) TO0OB [a=40" )
BiLS am000 B H40000 B gsec00

73168 80 170 1414 1079 38

rs17AC w0 o tses 2 w0 a0 43

. EREXRIEPRTINGOESR, BSRIBER.
Mote: If the bearings not list here, please contact with us.
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Precision Angular Contact Ball Bearings VB2 3}

7300C Series oa=15° T00OC {a=18" 1 TOOOAG (o=2%" )
44 35000 84 §48000

7300AC Series «=25°

R<% - #£{Z: mm Dimenisons Unit:mm

| B e n

TO00C (aw=il® ) TOO0AG (a=28" ) TO0OB [a=40" )
BiLS am000 B H40000 B gsec00

e (ky)
g --T_Zt.:.l”r"n

MR (mm)

Weight

Principal Dimensions

i
23
2

120 29 845 55.1 5000 6500 18

1214 845 4200 5600  2.75

260
260
7528 140 @  aw1 st 70 212
320
340

7332AC 160 68 370 4463 1500 2000 2

160 340 68 386.1 4641 1500 2000

i EREXRIBPRIANMER, WSHRIBRE. HE
Mote. If the bearings not list here, please contact with us. 7414AC

33
35
a7
52
54

it EMBESRITERPRFINGMT, BSEER.
Mote: If the bearings not list here, please contact with us.
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EHIEMAIRMER
Angular contact ball bearing with sealing

da
Ja

R3% - B{I. mm Dimenisons Unit:mm

o 1 R
e e

HIEEE Limited Speed

H7000C-2RZ/P4 10

H'zc—4 15

H7004C-2RZ/P4

5 199 191 18000 31000 189 18.2 16000 27000 Bk

HI02C-2RZP4 110 170 28 1100 1398 6000 10000 104.4 1328 5700 %000 mA

T —— N B | | T, BBEARTEGRIIAGGE, BSRIOEER,
Note: If the bearings not list here, please contact with us. Note: If the bearings nat list here, please contact with us.
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EHERARER
Sealed angular contact ball bearing

da
Do

R<%& - 8. mm Dimenisons Unit:mm

BT Dimension

20D

H71914C-2RZ/P4

H71916C-2RZIP4 80 110 16 355 478 9000 16000

H71922C-2RZ/P4 10 150 623 91'5"_ 6500 11000

H71926C-2RZ/P4 130 180 24 783 1174 9000 719 1109 5000 8000

114 165.8
3 1 1 'Bl 5 1804 330

H71938C-2RZ/P4 190 260 1628 260.8 5300 1535 247.0

i amg:mﬂqnxmma, WERIERE. iE:; ERETRIRPRIIANGME, BSEINBER.
Mote: If the bearings not list here, please contact with us., Mote: If the bearings not list here, please contact with us.
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EIHER A IRR
Sealed angular contact ball bearing

dg
Dg

R<%E - 84, mm Dimenisons Unit:mm

SR Dimension

H71802C~2RZ/P4

H71804C~2RZ/P4

31000 47000 41 45 2000 42000

H71808C-2RZ/P4

oo G w4 o o zoo % o

H71818C-2RZIP4

86.8

116.5

i, EREXRITERRIANGE, BESRIORE. . EREXRTEPHRIINGHEE, HEBI1ER.
Note: If the bearings not list here, please contact with us. Note: If lhe bearings not list here, please contact with us.
2V 28
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BEAEAERERME
Precision Angular Contact Ball Bearings I N

b
718...%% 718... Series ]‘_ g

R<# - 8{i, mm Dimenisons Unit:mm 3

) rll

R

71802C 15 2 5 03 01 228 15 56000 85000 8 27 63 0.01

71803C 17 26 5 03 0.1 232 16 50000 75000 8 26 64 0.01

7804 20 2 7 03 01 38 265 43000 63000 5 50 114 0.02

71805C 25 37 7 03 0.4 4.15 3.2 36000 53000 16 54 123 0.02

71807C 35 a7 7 03 0.1 465 415 26000 40000 17 58 135 0.03

71810¢

71811C 55 2 9 0.3 0.1 10.2 10.2 17000 28000 35 147 326 0.08

. EMEARIZPHEFI) AT, BEBRIBE.
Mote: If the bearings not list here, please confact with us,
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BIEEE A IEM BRI i
Precision Angular Contact Ball Bearings

718...%5%1 718... Series |

1 Fis

R<T% + 82{%. mm Dimenisons Unit:mm

fizEa Preloading Force

71813C 85 85 10 0.6 0.3 134 14 15000 24000 51 201 440 0.13

71814C 70 90 10 06 0.3 14 15

71815C 75 95 10 06 0.3 14.3 156 113000 20000 53 213 467 0.14

71816C 80 100 10 0.6 0.3 14.6 16.6 12000 19000 53 216 474 0.15

71817C 85 110 13 1 03 216 24 11000 18000 93 344 739 0.27

71818C 90 115 13 1.00 0.30 21.20 23.60 11000 18000 91 337 724 0.28

71819C 95 120 13 1.00 0.30 21.60 24.50 10000 17000 92 343 737 0.29

71820C 100 125 13 1 03 216 25 9500 16000 91 341 735 03

71821C 105 130 13 1 0.3 228 275 9000 15000 a5 358 774 03

71822C 110 140 16 1 0.3 315 3.5 8500 14000 146 521 1105 05

it; EMEARIRDHEFI AR, WSHIIBE.
Note: If the bearings not list here, please contact with us.
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BIEEE A IEM BRI i
Precision Angular Contact Ball Bearings

718...%5%1 718... Series |

1 Fis

R<I% + 82{%. mm Dimenisons Unit:mm

71882 160 200 11 06 03 57 735 5600 8500 283 969 2032 12

F18HC 170 28 1.1 0.6 03 68 88 5000 7500 357 1189 2492 16

it; EMEARIRDHEFI AR, WSHIIBE.
Note: If the bearings not list here, please contact with us.
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Precision Angular Contact Ball Bearings

719...F5% 719... Series F "

=1 Fis

R<% - 247. mm Dimenisons Unit:mm "

RS Altainalbe Spped

ELub

71911C 55 80 13 1 N 22.8 20.4
71912C 60 85 13 1 | 24 22_3-

71913C 65 90 13 1 1 245 24

i EREXRITEPERIIME, HEHITRER.,
Note: If the bearings not list here, please contact with us.
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IR AR B R 1
Precision Angular Contact Ball Bearings '

719...F5% 719... Series F "

R<% - 247. mm Dimenisons Unit:mm "

HTELEE Altainalbe Spped M7 Preloading Force

ELub

71914C 70 100 16 1 1 33.5 325 13000 20000 172 1230 0.33

71915C 75 105 16 1 1 34 345

588
596

71917C 85 120 18 11 1.1 45 465

71918C % 125 18 110 110 4550 49.00 10000 17000 240 811 1688 0.55

71919C 9% 130 18 1.10 1.10 46,50 51.00 9500 16000 245 827 1724 058

i EREXRITEPERIME, HEHRITRER.,
Note: If the bearings not list here, please contact with us.

37 38




MSNTON MENTON

BIEEE A IEM BRI
Precision Angular Contact Ball Bearings

719...%5 719... Series F ~

Fis

-

R<% - 247. mm Dimenisons Unit:mm "

71944C. 220 300

. EMEAXARIZPETI) AT, BEBIIBE.
MNote: |f the bearings not list here, please contact with us.
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8 1S i R FE R ER S R KBTS IE A R RO R AR
Ultra High—speed Agular contact thrust ball bearings | “% Ultra High—-speed Agular contact thrust ball bearings

BNR10%%) BNR10Series o=18° BNR19%%] BNR19 Series o«=18°

RT% - 8{F. mm Dimenisons Unit:mm — [ Rg3% - 8. mm Dimemsons Unit: mm s l

06 216 190

i 215 19u

40BNR19H 40 62

45BNR19X 45

SOBNRIOH 50 72 12 06 03 128 975 910 159 29600 46000  0.111

55BNR19S 55 80 13 10 06 144 114 162 175 20800 29700  0.178 1NR19}<

50
55
65

ﬁNR-’t'sis-. 65

?ﬂ 1““ ’1'5 10 15¢ 28 20 10 770 785 @ 114 7800 11200 2.459

UBNRISA 70 C | 21.8 248 sodUl DL2H2 1EEBNR19H 150210 28 20 1.0 77.0 785 75.0 43.2 10000 15600 2.139
M$Eﬁﬁ¢ﬂ€§ﬂhﬁ*ﬂﬂﬁ. ﬂ?ﬁﬁﬁ.ﬁn it EREFRTERPFRIINNME, HTFRITERR.

Nutice If the bearings not Isit here, please contact with us for details. MNotice: If the bearings not Isit here, please contact with us for details.
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8 1 1 HE R R S "
Ultra High—speed Agular contact thrust ball bearings | i >

BNR10%%) BNR10Series o=18°

RI% - 8. mm Dimenisons Unit:mm

30BNR10S . 865 575

30BNR10X 30 0 06 865 575
35BNR1OH 3¢
40BNR10S 40 68 15 10 06 106 7.95 115 162 26000 37100  0.204

0BRI0X 40

S0BNR10X 50
55BNR10H 55 18 '1'.1- 0.6 154 125 457 206 | 24900 38700 - 0.393

60BNR10S 60 18 11 06 156 137 195 215 18100 2

Lissil e

B0BNR1OX 60 95 18 1.1 06 156 137 128 215 27100 0419
65 100 18 '1.1_ 06 162 148 139 23 21900 34000 |

223

70BNR10S 70 110 20 11 06 223 198 286 245 15600 22300

70BNR10X 70 110 20 6 223 198 188 | 23400 36700

7SBNRIOH 75 115 20 1.1 06 226 207

it EMERERTEPRRTIAMFR, HTERIRE.
Motice: If the bearings not Isit here, please contact with us for details,

43

MONTON

EEEAERERR
Ultra High—speed Agular contact thrust ball bearings

BNR10%% BNR10 Series «=18"

RI%* - 8, mm Dimenisons Unit:mm

=T Demension

B0BNR10S

8O0BNR1OX 80 125 22 1.1 06 265 245

8SBNR1OM 85 130 22 11 06 268 257 245 284 16800 26100 0.906

90BNR10S 24 15 10 350 330 480 307 12200 17400 1241
90BNR10X 90 140

95BNRIOH 95 145 24
100BNR10S 100150 24 1.5 1.0 360 36.0

00 150

100BNRIOX 24 15 10

105BNR1OH 105160 26 20 10 41.0 410 390 345 13600 21200 1.585

110BNR10S 460 470 680 367 10000 14300 2.133

110BNR10X 46.0 47.0 445 15000

120180 28 2.

505 84 12000 18700

120BNR10H ) 475

R I T

140BNR10S 140210 33 20 1.0 625 B66.5
150 225

it EREFRTERPFRIINNMF, HTFRITERR.
MNotice: If the bearings not Isit here, please contact with us for details.

150BNR10S 1.0 735 78.0
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® Double Direction Angular Contact Ball Bearings

{t=4#l Bearings designation system:

W 37D FA F R K

Double Direction Angular Contact Ball Bearings

23 4| |08| | M| |sP

R BNs

Bearings designation

23 - T EHED AR R ER AR

EMme0

23~ Double Direction Angular Contact
Ball Bearings Contact angle 60°

RIYFRIKS
Dimension series

2344 — SNNI0KHEF I viESeeE A

2344 —For mounting at NN30K small-end taper
2347 - SNMI0KHEFL X isEEEE

2347- For mounting at NN30Klarge-end taper
AEgE

Bore Diameter

08— 8x5=40mm 16— 16 x5=80mm

ATRIIMARERIFAETFMRS, NERTEPERE,

— REEEKS
Precision degree
SP - GBITE362 — 1995
SP#&
UP - GB/T6362 - 1995
UP

FIFEMEIES
Cage material

M - BEEEAFEEE

M- brass cage

47 series inner diameter different from 44 series,dimension can check out from tables.

® High Speed Angular Contact Ball Bearings

80| [BAR! [10] [H | |TYn| [DBB||EL| P4

LIRS

Bore Diameter

80 MR Bore diameler
WRRENICS

Bearing type

BAR: 30" Eefd
BAR:30° contactangle
BTR: 40° #§tfH

BTR:40" contactangle
RI&EMiIS= Dimension

10:AERTHEFERTI0ESR
10: bore&outer dimension 10 series

#£BES Material

S: AR (SUJ2)

H: MR (SiaN4)

S: Bearings steel (SUJ2)
H: Ceramic ball (SizN4)

WEICS
Accuracy

P4:1S0 P4
P2:1S0O P24
P4:150 Clas P4
P2:130 Clas P2

MARICS Preload

EL Mm%

L: BWE

CP: E5HmE

EL : extrapreload
L: light preload
CP: special load

HH5i28 Arrangement

DB: §HEs

DB: back to back arrangement
tRigRic= Cage

TYN: a5 | SR ik iE R iR R SR

TYN: ball guided polyamide resin cage

46
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T [EE D ISR BRI :
Double Direction Angular Contact Ball Bearings 2 'r b= .. ry
&Rt «=60" Contact angle «=60°

e e Ll

=0

J o .

R Abutment dimensions

2344, 2347
R<% - 8{Z: mm Dimenisons Unit:mm a=60°

—
Ay !

Waight

985 1170 11 03 56000 175000 4500 6000 400 1140 640

1035 1220 14 03 57000 181000
23418 292 90 140 s e D siann

27
27

it: EWMELFRTRPRIINDGGR, BFHRNRR.
Maotice: If the bearings not Isit here, please contact with us for details.
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T [EE D ISR BRI -
Double Direction Angular Contact Ball Bearings ARt =
&Rt «=60" Contact angle «=60°

e e Ll

J o .

R Abutment dimensions

=0

R<% - 8{Z: mm Dimenisons Unit:mm a=60°

234421M 407 105 160 66 33 142 165 20 06 48 95

234422M 519 110 170 72 150 18 20 06 48 95

101000 345000
128000 440000

132000 470000

108 150 225 90 45 200 225 24 06 80 15 181 2115 21 06 142000 2600 3600 1320 3764 1183

234440M 315 200 310 132 66 274 33 21 80 80 15 245 2015 21 06 285000 1060000 1800 2600 2600 5704 1449

i+, ERBARTEDRIINGER, WBFRIEER.
Notice: If the bearings not Isit here, please contact with us for details,
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ONTON

RN mIEMERER
High-speed Agular contact thrust ball bearings

BAR10%%] BAR10 Series «=30°
BTR10%%] BTR10 Series «=40°

R<FE - 8041 mm DEmE‘ﬂlSDﬂS Umt

£, BREARIEFRINGIE, WFROIKR.
Motice: If the bearings not Isit here, please contact with us for details.

MSNTON

BRI R IR RR RS R %
High-speed Agular contact thrust ball bearings Tt

BAR10%&%I BAR10 Series «=30"
BTR10%% BTR10 Series o=40°

R<%E - 8{i. mm Dimenisons Unit:mm

FIUTY, | YO,

1BHB«AR1HS

1EGEAR1{IS '

T ERERRIEPEIAGME, HFEIIBRE.
Motice: If the bearings not Isit here, please contact with us for details.
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Precision Ball Screw Support Bearings

MINTON

® Precision Ball Screw Support Bearings

{£ =4l Bearings Designation system :

76 (03] [020] [TVP| [P4] [QBC|

MEERRS — EMESEARS

Bearings Designations Bearings Arrangement

76 - E4T RN RiEM IR #HEgHL: DB, DF. DT. TT. QBC. QFC
76=Ball Screw Support Bearings Arrangment; DB, DF, DT, TT. QBC and QFC
R AH60°

Contact angle 60° QE% ir& re

RYZBjS Precision degree )

Dimension series P4. P2 - gl EREREEI

03. 02 - SRISERET iR P4, P2 - 150 stdandrad

03 . 02 - Standard diameter series

L REmaERS
HERTE Cage Material
Bors Disimister TVP - R RIEFLISRAR 66
BEHEST LTI e

020 - RiERT20mm

020 - inner diameter 20mm TNVE-PAGG Dol yaniids cage.

ball-centered

FEATITNRRE—NEHERERENBYR(IERAC0" ), BiE. BHRRIE. BFEE. EEGHBETHEEE
#. REREFLHFS P A0IE B T M S SRR PR R AT R SR LS shEP RV ST .

Ball screw support bearing is a kind angular contact thrust ball bearing (contact angle 80°) with high
precision, high speed, high axial stiffness, low friction, long life and transient high/low speed conversion.
The ball screw bearing is particularly suitable for the supporting of ball screw and similar transmitting
components in high-speed precision CNC machine tools.

WERREILZRMREETE02, 7603, BS. BSSHEFEHELITMRAMMTR. 7602H7603RIIBFELH, AR
M12mmEN130mm;BSRFREE LA AR 2 IR HIFIBSSHRI DN .

Precision ball screw support bearings include four kinds of products: 7602, 7603, BS, BSS5 series ball screw
bearings. The 7602 and 7603 series are standard metric, with the inner diameters from 12mm to 130mm; BS

series bearings for ball screws are non-standard metric and BS5 series are inch series.

~mis = Features

1 fEENZER High transmission efficiency
25§71 Stable movement

3. M E High precision

4. i A High durability

5. A §EfE High reliability



MSNTON MENTON

Ms

AT D BEMERIhR : @
Ball Screw Support Bearings D ' 3ATs

760Series o=60° Jj
|

Friction
|-'_"|-.'| L&

_'I'iI"III"-I

Tﬁ X ;

7602070TVP

4800 6300 88 1720 25 460 20 169  7603085TVP

20
30
40
50
60
70
28
35
45
55
65

1055

116.0 151.0

. ERBEARTEPRIIAGWR, WSRORR, | - i+, EREARTEPFFINGER, WSRIEE.
Mote: If the bearings not listed , please contact with us. Mote: If the bearings not listed , please contact with us.
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s

R

iy

R<#%& + 8{. mm Dimenisons Unit;mm

BS2047TN1 20 47 15 10 37 275 395 1 193 25 12000 17000 0.13

BS55120TN1 55 120 20 15 8 77 975 2 60 116 5000 6700 1.18

BS75110TN1 75 110 15 1.5 8 8 995 15 355 83 5000 6700 07

i EMEARTEDET MR, WS8R,
Mote: If the bearings not listed , please contact with us.

57

MVEXSWIH  LOTSH  —  20TACHTICN]

MONTON

£ MRERER
Ball Screw Support Bearings Exchange table

MM12BS32 - 7602012-TVP - = = BSA201  BS212

MM17BS47 = = ITTACATCIO BSTI7XA7-1B BSBOTTO47 - -

BST20X47-28  BSBO78 - =

HI'I - 7602025-TVP B | = BSB2025 BSA205 BS225

MMI310W12H L150H - 38TACT2C11 BST38.1X72-1B  BSB150 - -

MMAOBS0-23 - 7603040-TVP - - - BSAMB  BSMO

MMSaTIWA3H L175H - 44TACT6C1! BSTA45X762-18 BSBI?S - =
BSBO45100 BSDAS100 BS45100
BSB050100 BSD50100 BSS50/100

MM45B85100 -  BSBO45100-T 45TAC100C10 BST45X100-18

MMS0BS100 -  BSBUS0100-T SOTACI00CT0 BSTSOX100-1B BSBOSC

MME5BS120 - BSBOS5120-T SSTACI20C10 BSTS5X120-1B BSBOS5120 BSDS5120 BSSS/120

MMO0BS120 -  BSB0GO120-T 6OTAC120C10 BST6OX120-1B BSBOGO120 BSD60120 BS6/120

MMI316W13H L300 - 7eTActoCtt - BSBAD - =

eI s - 101TAC145CH = BSB40O - -



MINTON

1 77 A F AR Bk 4 75

Thrust Angular Contact Ball Bearing

MSNTON

iR ) AR PR R

Product overview Axial angular contact ball bearings

Wit
mRE
=Fawsceaian NG
Double row design,
for screw mounting

Lip seals or minimal gap seals

Feadigit
Matched pair design

WHigit,
FETEL
BEXEEEE NS
Double row design,

not for screw mounting

Lip seals or minimal gap seals

Aatigit
Matched pair design

ZKLF..-2RS, ZKLF..-2Z,
ZKLF..-2R5-PE

ZKLN..-2RS, ZKLN..-2Z,
ZKLN..-2RS5-PE




MSNTON MENTON

ENREMERER
Thrust Angular Contact Ball Bearing

RT3 - 8. mm
Dimenisons Unit:mm =

25 Ifli:& HB- #2 B;ﬂ 3 1'? 3&:12‘9' 33 15 {M M& 3*120' 13.5‘13 mm

. s T 45 B 150 128 2 M1un:45- 154

EE@ES-FE 125525 E n.a 06 42 5.33173:12{1'33

50
¥ T au =

1510 5 ZM35  AM3SS8 40 10770 143

masau—zﬁa-ﬁ 03 '. ?5&33& e Muﬁuw 11muuu.mn 4400 2000 060
iE Eﬂlﬁﬁjﬁqﬁﬁﬂhﬁmﬁ. ﬂ%ﬁf]ﬁﬁa

Mote:If the bearings nost list here, please contact with us.
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8] 177 / 7 -
I
|

D u d |d plé |
#Hh AR ER R . r
Thrust Angular Contact Ball Bearing LIT4lAlB =

‘0,8 08/

! ! ’ ’— e e[ma

Dimenisons Unit:mm

TN, | T | T

ZKLNOG19-22 6 18 12 12 'ELE ﬂ.3 16 & 5400 6100 360 22800 14000 0.01 150" 4 0.0019 2 Zmis - 1 2010 0.02

8 2 20 19 03 06 26

03 06

:Mt.l-;szﬂ 63 125000

0.6 ns 11-:1 92 97000 z«nm 14200

2RS- . 4 03 05 19 .n-
it EREXRIRDRFIANGF, BSBRIBRE.
Mote:lf the bearings nost list here, please contact with us.
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®Precision Cylindrical Roller Bearings

{£=1! Bearings Designation system :

NN [ 3020 k|| ™ |[was| Pd]] ct

e 15 22 B4 S F R 7

High Precision Cylindrical Roller Bearings

HmRSEAE

Bearing Type

NN: TREEEETR
SHEEHEAL, AETETEA

N BIEERET R
SHEEHEL, AEETEA
MM : Cylindrical Roller Bearings
Double row lips on inner ring
MML Cylindrical Raoller Bearings
Double row lips on outar ring

M: Cylindrical Roller Bearings
Single row lips on inner ring

RIENES
Dimension series

10, 30, 404 BIE=idiRe
EEEERY

49: light series

30: Medium series

10: Medium series

AEts
Bore saries

HFEAE=HELS « 5mm
ID=hore size x5

06 6x5=30mm
08 8x5=40mm

Efmis

Tapered Bore

K. $EBEA1:1200EHERTL
FARCHEERTL

K: Tapered bore 1:12

—: Cylindrical bore

#EEHS Clearance

C1,C2,C3; wEliiEpE
EERGB/T4604-19938)

1,2, 340

C2 CO C3: IS0 Standard
LESTHS Accuracy
P2,P4,P5: wRltEMEFREER
GBIT307.1-2005892 4 5
HJB/M5356-2005MEBrISP. UP
maE

SP: Special precision

Up: ultra precision

P2 P4 P5: 1SO precision

#ILES Oil groove
W33: HFEIMETMETHEIL
W33 :Qil hole on outer ring

FIFEEELE Cage
M. FREFRRR

TN: BEFEGE

M: brass cage

TH: Mylon Cage



MSNTON MENTON

BEBERL TR L= T

Precision Cylindrical Roller Bearings

RA%E - 84. mm N‘I'El N1E K_
Dimenisons Unit:mm

—
N1010K
N1012K.

N1014K

N1016K

N@ﬁ&
N1020K
ﬂﬁﬁﬁ
oo

2.0 106 N1038K

M_"[' o

N1052 N1052K

i+, ERBARTERFIAGME, BESRINKE.
MNote:If the bearings nost list here, please contact with us.
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BETEEEFHE e | ot |

Precision Cylindrical Roller Bearings " e L b

nl——— 4 i

L) B z . :
[ L - I

L]

m
=]
—a
-

RI%E - 84i: mm e ERHRT
Dimenisons Unit:mm NN30

Axial displacement Abutment dimensions

NN30T2KW33 067 067 95 14 - - 48 32

'i; |
NS 15KWS3
91 '
ANU918KW3

NNU49TOKWE3 132

NNU421KW33

NNU4924KW33 271 120 165 45 11 - 1345 65 32

iE: EEZFE‘IﬁFFiEﬂ}\B‘JM. T:l'—iﬂfﬁﬁo
MNote:If the bearings nost list here, please contact with us.
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BETEEEFHE e | ot |

Precision Cylindrical Roller Bearings " e L b

m
=]
—a
-

R<%E - 24. mm
Dimenisons Unit:mm NN30

NNU4926KW33 373 130 180

1.5 - 146 65 32

NNU4932KW33 641 160 20 - 47585 65 32

ANUA3BKWGS
NNUASAOKVISS
NNUAOABKWSS
—

NNU49BOKW33  49.

NNU4964KW33 51,8 440 118 30 - 359 177 95

5. ERBARTEFFIINGWK, BSBIEE.
MNote:If the bearings nost list here, please contact with us.

7

Axial displacement

MONTON

Shim e FERT
Abutment dimensions

L]

166 1.5 190000 330000 4000
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® Tapered Roller Bearings

= Bearings Designation system:

mAREREIRS

Bearings Type

RESHLS

Precision degree

: 3 - EHERF MR PS — GB/T307.1-2005fI54%
2 '& 7 ( 3- Tapered Roller Bearings PS5 precision degree

ISi I RYRIIHE P4 — GB/T307.1-2005A945R%
Precision Tapered Roller Bearings RAFFULS = euinye
02 = GB/T297-19948902 85
02-02series ARKS
20 - Gﬂmw—lgﬁ‘iﬁ'ﬂzﬂﬁﬁﬂj Bore Diameter
20- 20eires HFRAE = ARHES « Smm

EPA#EH26 x 5 = 130mm
ID=bore code x5

Ex: bore=26
ID=26#%5=130mm

23 - GBIT297-19948929 %5
23- 23series

E#EEFHAESEEAEDE, BEETFHEANEE(ZE, EEFNEEERFAMNEET . REMRNRSZIE
F, FERASHMREITLIENESEEaE, wOaLtEE AR AREE.

Tapered roller bearings feature tapered inner and outer ring raceways with tapered rollers arranged between
them, angled so the surface of the rollers converge at theaxis of the bearing. These bearings are unique in that,
unlike most bearings that can handle either axial or radial loads, they can handle large amounts of load in both
directions.

B FHRERST LA BERUMNSY. FEETNESFREHNARTLINIME ERENSMESE. BREFHE
IEMAEMENTAENSREENEDERESNENSNNA. SEEETHR—8, BREFRRSASTRNNGOH,
BRI REMENAS, FNEREDF0MESRD LR FHRE 2 @~ .

Tapered roller bearings can usually be broken down into separate parts. The inner ring with a roller and cage
assembly can be removed and mountedseparately from the outer ring.The ability of a tapered roller bearing
to accommodate angular misalignment of the inner ring in relation to the outer ring is limited to a few minutes
of arc. As with other roller bearings, tapered roller bearings must be given a minimum load, especially in high
speed applications where the inertial forcesand friction can have a damaging effect between the rollers and
raceway.

100 F &= AN IR High quality through hardened bearing steel

2 {4 P ERIR T Optimized, engineered internal geometry

3., B R EHIE Highly consistent, reliable, and flexible manufacturing
4.9/ EHEEYiE Tt interchangeable metric designs

= e -4 = it i - ~ e b e R, o o T
¥ anile="" R -__--. ” . .:-_r ™ T _ - -t e :__ $ g
B = - A SN ot S : : S . e S SN e ] 74
= T TR WA T P, i E
=

"

= - e i bl RPN




MSNTON MENTON

R HR
Tappered Roller Bearing

R<s% - 8{%. mm Dimenisons Unit:mm

= Dimension

.:. e rease

FITIr

170 30 82 187 248 249 10 140 465 800 1200 1700 106

T, BERBARTEFFRINGEE, BFRIEE,
MNotice: If the bearings not Isit here, please contact with us for details.
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R HR
Tappered Roller Bearing

R<I%E - 84I. mm Dimenisons Unit:mm

B Dimension

Wm0 0 48

202
235

2 40 74 189 2 276 20 8 0 s 7m0 140 183 302
338

i ERMEXRITEPRIINGOME, BTRIIBER.
Motice: If the bearings not Isit here, please contact with us for details.

i 78



MINTON

(5% i B 73

Low temperature bearing

MSNTON

® LNGR{KiRm i

LNG pump Low temperature bearing

LNG (X245 ) RRTEWRAXASHEREIREAREENGE. EXREAY, BRNTHERGEEE
%, LEREALUATI-196" C, #EMFASATEEHTARNNAETES. BRERLXSSERRATRAR
LRGSR DB RA, R LIRSS .

LNG (Liquefied Natural Gas) pumps are used for receiving and discharging LNG to road tankers and
starage tanks. In this application the bearing operating conditions are very tough, as the temperature
can reach —196°C, and the bearing has to run without external lubrication.MONTON LNG pump

bearings are available not only as deep groove ball bearings but also angular contact ball bearings.

IR : Working situation
EEIRE ' Arduous Environments
BRIRg I Corrosive Environment
iz I High Speed
[ ®iE I Low Temperature
| i - Without Lubrication

Ei2ie WA MRS Charactenistics of low temperature beanings for equipment
TREHEH Complex working conditions

1LEE T EPSE L The conveying medium contains impurity
2R B RS E M Corrosive substances often contain conveying media
38R EhEH NS The conveying medium contains water vapor

4. B WEFR# Anti magnetic needed sometimes

MR ITEE Bad lubricatian enviranment Bearing siruciure Fluororesin cage
2itiae R ESE

1iE8T P AR Without lubricant during operation | <
2.3 B &% B iEBH searings must be self-lubricating JI /
al - / -

3.3 B WA BT Bearings need good wear resistance
S— E Spacial
rivels

TR BB Low working temperature E -

-
[l
!H BRIZN0
1SR EE9-183C ligquid-oxygen temperature around -1837C /__:_\
\

2.HEEIREL-196C liquid nitrogen temperature around =196 C
3IEEIEEE-253T Liquid hydrogen temperature around -2537TC

Stainless steel Stainless

s e swa—
1. EH P RE S High costs of downtime and maintenance

2 B PIRAE X Large downtime maintenance loss

1TSS E X Great losses due to bearing failure



MSNTON

Code £5 Description 888

{2 S SS = Low temperature bearing characteristics

FEHE R High Precision

1L.EMP2EM I T Z P2 degree manufacturing technology

2RI ErAE B L Finished product rotation accuracy equal or above P4
3. 80 50 2 % S RN strictly control bearing clearance

B T e T IR BT b A
o s el Rl

E F High wear resistance and corrosion resistance
1A RN W B89 Stainless steel or high nitrogen stainless steel
2EBEEES PRI EA IR special treatment an the surface of the ferrule to improve wear resistance
3 R FE ek SR B A AR Resist damage to the bearing caused by foreign objects in the medium

1. BSR4 optimized Internal structure
2 35T ALTE Special heat treatment
IEFIRBAKIER Greatly improved Fatigue limit

o High reliability

1R EREREEE-273"C The lowest operating temperature as low as -273°C
2. BB HEEL B Excellent self-lubricating performance

3B FREY T 8IE{T Rellable operation without lubrication

R Bk Application

LBEHEMSE NG pump
2. B EBSERE LPGpump
3. 8H Liquid nitrogen pump

4 EE Liquid oxygen pump

5 HEARIR#EIE Other eryogenic liquid pumps
6. HEHFER Other vacuum pumps

BT Applicable meadiun

LN2,LO2,LH2,LALLNG,CNG,LPG, B B 1R ( Liquid Methane Gas WAL (Liquid Ethylene

ERENAPENRFARERTSHRRTIE, ASAREEREFETO CRREEERRTR, BAERE
ENTE (0K . EREWFNERSGE, FREHNESFEABENEERE, LREEHE RS ML E

HREEEA.

&

MENTON

In crycgenic applications rolling bearings very often operate in the harshest environment, characterized by
temperature far below 0°C and poor lubrication, because the lubrication withoil and grease becomes a
challenge at temperatures close to absolute zero (0 K). Small wonder then that conventional steel bearings
provide short service life and are the main root cause not only for planned maintenance cycles but also

premature equipment failures and unplanned machinery shutdowns.

HMERBFDBERAAISI 440C AWARFROER. SENAFTHENHEME, HESENRESE, LHE
S584EEE (SI3N4) RS SEA. TIRHSISNARNE,. BT, BEENETABLESEER, HREEE
SEABERNGFER. Bit, BSRRSNEMTNEEHRAE. BRi (PA) I PEEK RERESEETAES
e, MLNG RFRFRHAEIMESDESHHNMNERSR, FEDE, REEER, BlEEREZE-273° CH
mE T REIET.

Ourcryogenic bearing specification features rings either made from AlS| 440C or High-Nitrogen-5teel. High-
Nitrogen-5Steel provides excellent resistance against corrosion, wear and fatigue, particularly in combination
with silicon nitride ceramic (5i3N4) rolling elements. Si3N4 rolling bodies, balls or rollers are available, prevent
adhesive wear by their inert behavior and significantly reduce abrasive wear and bearing friction. Thus hybrid
bearings are especially qualified for media lubrication operation. While polyamide (PA)- and PEEK-cages tend to
get brittle at ultra low temperature, LNG pump bearings feature retainers made from fluoropolymer compound
material, which remains ductile, provides self-lubrication and hence operates perfectly at temperatures down
to-273"C.

ENFNSZRRaMREE, MEFERRANIESHEISHE. #MNBRIEFTERITNEEETHaHE
(EFESHERE ) OFEHRERE, LERMMBFEREEHEDFESERS, AEITFRETSRESEHR
XES, ZTUEHRAIRANAEEINBELAHMESG. RNTREEREHENOMARTINQE, B6E
Bt LiESR .

Our does not only pay careful attention to all bearing materials, but also adapts the inner and outer bearing
geometry tothe cryogenic environment. Our bearing engineers consider the different thermal properties of
all materials, including shaft and housing, during the design phase, so that our bearings provide an optimized
radial play or contact angle as well as perfect fits to the mating parts at operating temperature. This leads to
maximized load capacity and superior bearing life. We offers customized bearing dimensions and tolerances
onrequest, even in small guantities,

EBAESERE (LNG, LN2, LO2, LH2. LHe2) &, EMFAREGTERNREPLENE. RPRTEY
HifmR, SHESFTFHAER. EREHHTARERRRSIZNMTRSBHFIPRTRERNBRNE. SRE,
WERLAESLESHEASE, MELSER2BRNE—ERTER. SESREROEFREHE, LUERFRIEERE
HER#THERR, BEEFRETFERIBERBFNEERMTREER,
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In Liquefied Gas Pumps (LNG, LN2, LO2, LH2, LHe2) rolling bearings are designed directly into the flow path of the process

media. The advantage of this design principle is, that the construction becomes less complex, Rotary seals, which separate

and protect the bearings from the process media, and which are typical wear parts, are no longer necessary. The trade-off is,

that the bearings must be capable to cope with the various liguefied gases, which act as their only lubrication. Special
advanced bearing materials are required to enable bearings for media lubrication by cryogenic liguids and MONTON's long

time proven bearing specification for cryogenic temperature perfectly reflects these requirements.

REHEY. RIS, HREERMRAEEREREETSNEEEPEINER. ERFROMKET TR

BHADEHRBTERHBCSUFARSEEBROEEREAMNES (LNG. LN2, LO2. LH2, LHe2) LIR&E %‘H
REEEEER, ARPNERIESESEABNOMERRKE,

MONTON has a long experience in supplying hybrid ceramic bearings to the cryogenic industry, for Liquefied Gas Pumps (LNG,
LN2, LO2, LH2, LHe2) but also Turbo Expanders, Liquid Turbines and Chillers, MONTOMN bearings for cryogenic applications are
designed to fulfil the requests of improving productivity and cutting maintenance costs. Skilled MONTON bearing engineers

are happy to consult customers to lift their cryogenic rotating equipment to the next performance level.
L]

(77

)
&

® {£iR#F Low temperature bearing

R=T%F - 8{: mm Dimenisons Unit:mm

6314-H-T35D 70
6320-H-T35D _ _ _
6328-H-T350 140 300 62 4 255 4000

iE: ERMEARIBPRINGMFK, HFRIOBRER.

7210A5hU9
730aA5NhUS Motice: If the bearings not Isit here, please contact with us for details.

7308A5hU9

7310881



MSNTON

Servo motor bearing

ERAREINMRSS. T, ATRRER, KESBRYE SUEFRNRGETE, HisESEA EHE
FABHENERESGAXIBI FHIRIEE BENRE EEE.

Servo motor bearing features: good sealing, high stability, metal material is preferred. Through special heat
treatment process, manufacturing equipment and technology, the service life of precision deep groove ball

bearing is greatly increased, supporting high-speed operation, reducing cost and improving efficiency.

ERSA
HEOEAETRENE SHEAHREETEREREES1.51
{ERAIRE A B /TR RS

R BF RN, ERBNETEES

EHEME TEIEBY
Benefits

Superior grease properties extend service life 1.5x's

Product Features
Exceptional oxidation and heat stability
Excellent rust prevention
) Low torque/minimal power loss
Low noise
Quieter servomotor operation due to less vibration

Excellent in humid conditions

R R
D E=E
W A
i8N E5 PR

Condition Description FANUCEE=EM

Corrosive Environment i 1 FE By
B,
Industries
Electric Motors

Machine Tools

High Accuracy
Low Vibration

spindle motor of drilling machine
FANUC servo motor
Siemens Servo motor

centrifuge

‘B25-254-2RS/P4 Ceramic ball 25

'B40-180-2RS/P4

B40-160-2RS/P4

F-568240-2RS/P4

=—563087-2RS/P4

. EMEXRTEPRIINGME, BTRIIER.
Matice: If the bearings not Isit here, please contact with us for details.

Ceramicbal |
-:|' | : '
BA0-16820RS 5;" I .
-3 || | '

F-563001-2RS/P Ceramic bai 0

MONTON

R<%E « 8{ii: mm Dimenisons Unit:mm
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Special bearings

HERM*
Vacuum Pump Bearing

Far turbomolecular pumps and dry pumps, bearings are required to have long service life, reliability,

and high rotational speed;
The inner and outer ring materials of vacuum pump bearings are made of X-life Cronidur30 high

nitrogen stainless steel, combined with special heat and cold treatment processes. The rolling element
adopts high-performance hot isostatic pressing ceramic balls, and the higher precision raceway is
processed, which makes bearings exhibit amazing performance in high temperature, high speed, low
vibration, high pollution, insufficient lubrication, high reliability, and long service life. vacuum pump
bearings can operate continuously for more than 30000 hours with a DmLvalue = 500000.
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Aerospace bearings

As a key component in spacecraft, the stability and reliability of the performance of space bearings
are directly related to the operational safety and mission success of spacecraft. In the aerospace
field, aerospace bearings are widely used, involving satellites, rockets, space stations and other
aspects. MONTON Precision Bearing will discuss the application cases of aerospace bearings in the
aerospace field and look forward to its future development prospects.

=R
GAMET Super Precision Tapered Roller Bearings

The geometry of tapered roller bearings provides certain unique features: most importantly, the long
line contact between roller and race gives high load carrying capacity and high bearing stiffness. The
‘'on apex’ design ensures a true rolling motion of the rollers on the raceways, at every point along the
roller body. See Fig 1. In addition, the tapered construction allows the bearing to carry combinations
of radial and thrust load. The small seating force (x) produced at the rib aligns the rollers to prevent
skewing.
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High Speed Wire Rolling Mill Bearings

The wire Rolling Mill Bearings must meet continuous operation requirements under High-Speed and
high-impact conditions. Therefore, making bearings that can withstand constant production and the
prohibition of bearing damage becomes a critical standard for the manufacturers which produce
bearings for high-speed wire rolling mills.

Rolling bearings in wire rod rolling mills are used for the safe and accurate bearing arrangement of
shafts, axles and bevel gearboxes. High speeds and dynamic loads represent a major challenge here.
Depending on the shape and temperature of the rolled material, the initial peak loads are more than
twice the rolling force or rolling mill torque. The result is a significant raise in the service life of the
rolling bearings.

In order to ensure the durable and safe operation of the wire rod rolling equipment, high-precision
special bearings are used that can absorb the forces that occur, and guarantee low-friction and low-
vibration rotation with the components. MONTON bearings produce with accuracy standards P5-P2
especially for this demanding application. In doing so, long, expensive down times are avoided, while a
high quality of rolled products is achieved.

MONTON

Morgan bearing type

FO0364023 - 801681 162250-H (MR312C-1/2/4)

162250~-HA (MR312C-3/5)

162250-D (MCS—128~107. N=228-VAR)
Cylindrical P e P s
roller

bearing

F0364046 ~ 804809 162250-V (MR228 C1, U~122B-ENR-302, N-228 A

162250-S (MCS134-104, MCS134-104-CD, N-134-VAA)

F0384048 - 804810
F5795832 - NU 234 E.MPA P63 —

162250~Y (7126KRD-2/45)

162250-M8 (7310PD~4/8S)
162250~J [mn"w.’ﬂﬂ T310PD-4B)

Angular
contact
bearing F0364043 - 804974

162250-MA (MRC5310;
MRCB311-5/C2, BA2B-475882)

MA38106C

F5795833 QU234 N2 MPA.C3

Four-point
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Turbojet Engine Bearing

MONTON can supply full series and ceramic ball turbojet bearings for the model gas jet turbine

fraternity.

Introduction:

Inner and outer ring material: All models are made of high nitriding stainless steel (X30N material)
Ball material: S5I3N4 ceramic ball High-performance ceramic ball roller

Cage: full ball or high strength alloy steel surface silver plated cage

Heat treatment : special heat treatment and cold treatment process

Bearing type: Full ball no cage angular contact bearing

Accuracy: P4 or P2

Single bearing up to the limit speed: 156,000 RPM,200,000 RPM (oil lubrication)

Lubrication: jet aviation kerosene lubrication while reducing the temperature

Working temperature: 250-450 degrees Celsius Application conditions: short time high-speed high

temperature operation model jet engine,

MSNTON

H 8 A 5 A BR i
Direct Lubricated angular contact ball bearings

Direct Lube angular contact ball bearings lubricating oil is routed straight to a point right by
the working surfaces on the outer ring via a circular groove and a through—hole in the outer
ring. This guarantees a reliable, even supply of lubricant, enabling rotational speeds of over
3 million DaN .

In addition, two O—rings in the outer ring ensure that the through—hole in the housing is
securely sealed. This means that any fit can be selected, depending on the application.
Because there are no injection nozzles between the bearings, very compact spindles can be
designed. As the Direct Lube angular contact ball bearings have the same dimensions as
greaselubricated bearings, it is easier to use spindle components as modules for various

spindle series.

This increases cost—effectiveness for spindle manufacturer.
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1. Life

Rolling Fatigue Life and Basic Dynamic
Load Rating

Bearing Life
The functions required of rolling bearings vary according to

the bearing application, and these functions must be
performed for a prolonged period. Even if bearings are
properly mounted and correctly operated, they will eventually
fail to perform satisfactorily due to an increase in noise and
vibration, loss of running accuracy, deterioration of grease, or
fatigue flaking of the rolling surfaces. In the broad sense of the
term, bearing life refers to the period during which bearings
continue to operate and satisfy their required functions.
Depending on the cause of bearing failure, this bearing life
may be defined as:

® noise life

e grease life

¢ rolling fatigue life
Besides natural deterioration, bearings may fail due to:

® heat seizure

e fracture or cracks

® wear

® rings becoming scored

e damaged seals

If the bearing fails for such reasons, this should not be

interpreted as normal bearing life because these failures often
occur as a result of selecting the wrong bearings, improper
design or manufacture of the bearing surroundings, incorrect
mounting, or insufficient maintenance.

Rolling Fatigue Life and Basic Rating Life

When rolling bearings are operated under load, the raceways
of their inner and outer rings and rolling elements are
subjected to repeated cyclic stress. The rolling contact
surfaces of the raceways and rolling elements experience
metal fatigue, and scaly particles may separate from the
bearing material in a phenomenon called “flaking”. Rolling
fatigue life is represented by the total number of revolutions at
which the bearing surface will start flaking due to stress.
Rolling fatigue life is often also called “bearing life” when the
term is used in a more narrow sense.

Even for seemingly identical bearings of the same type, size,
and material that receive the same heat treatment and other
processing, the rolling fatigue life varies greatly, even under
identical operating conditions. This is because the flaking of
materials due to fatigue is subject to many other variables.
Consequently, the concept of “basic rating life”, in which
rolling fatigue life is treated as a statistical phenomenon, is
used in preference to actual rolling fatigue life.

97

Suppose a number of bearings of the same type are operated
individually under the same conditions. After a certain period,
10% of them will fail as a result of flaking caused by rolling
fatigue. The total number of revolutions at this point is defined
as the basic rating life. If the speed is constant, the basic
rating life is often expressed by the total number of operating
hours completed when 10% of the bearings become
inoperable due to flaking.

In determining bearing life, basic rating life is often the only
factor considered. However, other factors must also be taken
into account. For example, it is possible to approximate the
grease life of bearings prelubricated with grease. Since noise
life and abrasion life are determined according to individual
standards for different applications, specific values for noise
or abrasion life have to be determined empirically.

Basic Dynamic Load Rating
The basic dynamic load rating applies to bearings with
stationary outer rings and rotating inner rings. It is defined as
the constant load that the bearing can endure for a rating life
of one million revolutions (10° rev). For radial bearings, the
basic dynamic load is given as a central radial load in a
constant direction and magnitude, while the basic dynamic
load rating of thrust bearings is given as an axial load of
constant magnitude in the same direction as the central axis.
The basic dynamic load ratings are listed in the bearing tables
under C, for radial bearings and C, for thrust bearings.

The basic dynamic load rating of multi-row bearing
arrangements can be calculated using the following formula:

for ball bearings: Cj =j% x Cy

for roller bearings: Cj =)™ x Cy

where  j: Number of rows (j = 2)
C : Basic dynamic load rating for single-row bearings
C;: Basic dynamic load rating for multi-row bearings
(where j is the number of rows)

Special care must be taken when calculating the basic
dynamic load rating C, for thrust bearings, as j refers to the
number of rows sustaining axial load only. For example, only
two rows sustain the axial load in a four-row DBB
arrangement; thus j = 2.

Basic Rating Life
The following relationships exist between basic dynamic load
rating, dynamic equivalent load, and basic rating life:

for ball bearings: ~ Lio= (Q)3 (10° rev)

P
=g (8] o

for roller bearings: [ ;5= (%)m (10°rev)

L3 (8" 0

P : Dynamic equivalent load (N)
C : Basic dynamic load rating (N)
n : Rotational speed (min-)

For bearings that run at a constant speed, it is convenient to
express the fatigue life in terms of hours.

Dynamic Equivalent Load

In some cases, the loads applied on bearings are purely
radial or axial loads; however, in most cases, the loads are a
combination of both. In addition, such loads usually fluctuate
in both magnitude and direction.

In such cases, the loads actually applied to bearings cannot
be used for bearing life calculations; therefore, a hypothetical
load should be estimated that has a constant magnitude,
passes through the center of the bearing, and achieves the
same bearing life as the bearing would attain under actual
conditions of load and rotation. Such a hypothetical load is
called the dynamic equivalent load.

Assuming the equivalent radial load as P,, the radial load as
F., the axial load as F,, and the contact angle as @, the
relationship between the equivalent radial load and bearing
load can be approximated as follows:

P,= XF,+ YF,

where: X : Radial load factor
) see Table 1.1
Y : Axial load factor

The axial load factor varies depending on the contact angle.
For roller bearings, the contact angle remains the same
regardless of the magnitude of the axial load. In the case of
single-row deep groove ball bearings and angular contact ball
bearings, the contact angle increases when the axial load is
increased. Such change in the contact angle can be
expressed by the ratio of the basic static load rating Co, and
the axial load F,. Table 1.1 shows the axial load factor at the
contact angle corresponding to this ratio. Regarding angular
contact ball bearings, if the contact angle is 25° 30°, or 40°,
the effect of contact angle change on the load factor may be
ignored under normal operating conditions.

For thrust bearings with contact angles of a =90° that

MONTON

receive both radial and axial loads simultaneously, the
equivalent axial load P, becomes as follows:

P, = XF,+ YF,

Relationship between Bearing Life and
Contact Angle

When a load is applied to an angular contact ball bearing,
the amount of stress at the contact point changes as a result
of the varying load conditions of the balls, inner ring, and outer
ring relative to the contact angle of the bearing.

Figure 1.1 illustrates loads acting on two rolling elements at a
30° contact angle and a 15° contact angle.

The relationship between an axial load applied to the bearing
and the resulting load acting on the rolling element can be
formulated as:

Load on rolling element = Fa/(number of balls x sin ).

Therefore, the larger the contact angle, the smaller the load
acting on the rolling element. The load at the contact point
and its consequential deformation are reduced, thus resulting
in longer life.

When a radial load is applied, the smaller the contact angle,
the smaller the load acting on the rolling element. This results
in reduced load at the contact point.

For these reasons, bearing life varies according to the
contact angle under the same load conditions.

Fig. 1.1 Contact point

Contact point

Fa/ _
Number of balls

Fas -
Number of balls

Load acting on

) Load acting on
rolling element

rolling element

30° contact angle 15° contact angle
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Table 1.1 Value of Factors X and Y for Calculation of Equivalent Load P = XF; + YFa

MONTON

2i11g)le row @ DB (i=2) @ ®
DT (i=1) ;Zf §Z§ DF (i=2) ?SQ §Z§ peb §2§ sz ESQ ol sz §2§ sz ESQ
Beaing type o I e %11%]1% NN oo | Q| o [QQQ|F
DTT(i=1) @ @ @ @ DFF (=2) ® ® @ @ Axial load supported by 2 rows Axial load supported by 1 row Axial load supported by 3 rows Axial load supported by 1 row
Fa/Fr=e Fa/Fr>e Fa/Fr=e Fa/Fr>e j Fo/Fr=e Fa/Fr>e j Fo/Fr=e Fa/Fi>e ; FalFr=e FalFr>e ; FalFr=e Fa/Fr>e
X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
0.178 0.38 1.47 1.65 2.39 0.87 1.97 3.07 3.19 0.59 1.81 4.35 3.90
0.357 0.40 1.40 1.57 2.28 0.83 1.86 2.91 3.02 0.56 1.71 412 3.70
0.714 0.43 1.30 1.46 2.1 0.77 1.73 2.71 2.82 0.52 1.60 3.84 3.45
1.07 0.46 1.23 1.38 2.00 3 0.73 1.65 2.58 268 | 4 0.50 1.52 3.65 3.28
R 0.47 1 ° o.44 1.19 1 1.34 o7 1.93 2|1 070 % 4ss| 2T 048 | %P 0sr| B | 0as| " l1as| | ast| ' as
2.14 0.50 1.12 1.26 1.82 0.66 1.49 2.33 2.42 0.45 1.37 3.30 2.96
3.57 0.55 1.02 1.14 1.66 0.61 1.37 2.14 2.22 0.41 1.26 3.02 2.71
5.35 0.56 1.00 1.12 1.63 0.56 1.27 1.98 2.06 0.40 1.22 2.94 2.64
Angular contact 0.181 0.44 1.30 1.42 2.11 0.75 1.72 2.63 2.80 0.51 1.57 3.73 3.38
ball bearings
(c=Cy 0.363 0.46 1.25 1.37 2.03 0.72 1.66 2.53 2.69 0.49 1.51 3.59 3.26
0.726 0.48 1.18 1.30 1.92 0.68 1.57 2.40 2.55 0.46 1.43 3.41 3.09
18° 1.09 0.50 1 0 0.43 1.14 1 1.25 0.70 1.85 % 1 0.65 | 0.57 | 1.51 3 |1 2.31 | 0.93 | 2.45 % 1 045|053 |138| 4 |1 3.28 | 1.15 | 2.97
1.45 0.52 1.10 1.21 1.79 0.63 1.46 2.24 2.38 0.43 1.34 3.18 2.88
2.18 0.54 1.05 1.15 1.70 0.60 1.39 212 2.26 0.41 1.27 3.02 2.74
3.63 0.57 1.00 1.10 1.63 0.56 1.29 1.97 2.10 0.40 1.22 2.91 2.64
25° - 0.68 1 0 0.41 0.87 1 0.92 0.67 1.41 - |1 0.48 (054|116 | — |1 171089188 | — |1 0.33|050|1.08| — |1 2.4511.08 | 2.33
30° - 0.80 1 0 0.39 0.76 1 0.78 0.63 1.24 - |1 0.41 (052|101 | — |1 145|084 (164 | — |1 0.28 048|093 | — |1 2.05| 1.03 | 2.01
40° - 1.14 1 0 0.35 0.57 1 0.55 0.57 0.93 - |1 029|046 (076 | — |1 1.02 076 |1.23| — |1 020|042 071 | — |1 1.46 | 0.92 | 1.54
30° - 0.72 - - 0.48 1 0.74 0.55 0.48 1 — 1091|041 |048 |1 — 1056|089 |048 |1 — 1098 030|048 |1 — 1046 |1.04 | 048 |1
Angular contact thrust 40° - 1.05 - - 0.60 1 1.01 0.64 0.60 1 — 1124|039 |0.60 |1 — 10.76 | 0.84 | 0.60 | 1 — 1135|029 |0.60 |1 — 10.62|0.98|0.60 |1
ball(g:aCZ?gs 55° - 1.79 - - 0.81 1 1.60 0.60 0.81 1 — 1195|036 |0.381 |1 — 1120|078 | 0.81 |1 — 212|027 |0.81 |1 — 1098|090 |0.81 |1
60° — 217 - - 0.92 1 1.90 0.56 0.92 1 — 1232/035|092 |1 — 1143|076 | 0.92 | 1 — 252|026 |092 |1 — 1117 /088|092 |1
Tapered roller bearings (') - 1.5tan 1 0 0.4 0.4cot 1 0.45cot | 0.67 |0.67cot - -
oo (D DD oo (D DIDND o [BIOD DO
Bearing type e DFFD ® ® ® @ @ DFTD ® ® ® ® @ DFTT ® ® ® ® ® @
Axial load supported by 3 rows Axial load supported by 2 rows Axial load supported by 4 rows Axial load supported by 1 row Axial load supported by 5 rows Axial load supported by 1 row
Fa/Fr=e Fo/Fr>e Fa/Fr=e Fa/Fr>e Fo/Fr=e Fa/Fr>e Fo/Fr=e Fa/Fr>e Fa/Fr=e Fo/Fr>e Fa/Fr=e Fa/Fr>e
X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
30° 0.72 0.84 0.64 0.48 1 0.63 0.64 0.48 1 1.03 | 0.64 | 0.48 1 0.39 | 0.64 | 0.48 1 1.06 | 0.64 | 0.48 1 0.34 | 0.64 | 0.48 1
Angular contact thrust 40° 1.05 1.15 0.60 0.60 1 0.87 0.60 0.60 1 1.41 0.60 | 0.60 1 0.53 | 0.60 | 0.60 1 1.45 | 0.60 | 0.60 1 0.47 | 0.60 | 0.60 1
ball(gzeg:)ngs 55° 1.79 1.82 0.56 0.81 1 1.37 0.56 0.81 1 222 | 0.56 | 0.81 1 0.84 | 0.56 | 0.81 1 228 | 0.56 | 0.81 1 0.74 | 0.56 | 0.81 1
60° 217 2.15 0.55 0.92 1 1.62 0.55 0.92 1 2.63 | 0.55 | 0.92 1 1.00 | 0.55 | 0.92 1 2.7 0.55 | 0.92 1 0.88 | 0.55 | 0.92 1
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New Life Theory

Introduction

The conventional life calculation formula based on the
theories of G. Lundberg and A. Palmgren addresses only
subsurface-originated flaking. This phenomenon occurs from
cracks due to dynamic shear stress immediately below the
rolling surface that progressively reach the surface in the form
of flaking.

|n% o % (1)

In recent years, bearing technology has advanced
considerably, particularly in the areas of dimensional accuracy
and material cleanliness. In addition, progress has been made
in bearing-related technology such as lubrication cleanliness
and filtration. As a result, bearings can now have a longer
rolling fatigue life in a cleaner environment than the life
obtained by the traditional ISO life calculation formula.

MONTON's new life calculation formula theorizes thatrolling
fatigue life is the sum total of the combined effects of both
subsurface-originated flaking and surface-originated flaking
occurring simultaneously.

Composition of MONTON’s New Life

Calculation Formula
(1) Subsurface-originated flaking

Before examining subsurface-originated flaking, contact of
the rolling elements with the raceway surface must have a
sufficient and continuous, clean oil-film.

Fig. 1.2 plots the L4 life for each test condition regarding the
maximum surface contact pressure (Pnay) along the y-axis
and the number of repeated stress cycles applied along the
x-axis. In the figure, line Ly theoretical is obtained using the
conventional life calculation formula. As maximum surface
contact pressure decreases, the line representing actual life
separates from the conventional line and moves towards
longer life. This separation suggests the presence of a fatigue
load limit P, below which no rolling fatigue occurs. This is
better illustrated in Fig. 1.3. The following equation introduces
a fatigue limit for subsurface-originated flaking into the
Lundberg-Palmgren theory:

1 e - uC
|nSocN/(’ZOf)dv-~(z)
4
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Fig. 1.2 Life Test Results Under Clean Lubrication Conditions

6 000
S L Flat washer
=S 5000 6204, 10 pm filtrated
N 6206, 10 um filtrated
[} [ s
3 4000 Re 6206, 3 um filtrated
3 6206, 10 um filtrated
a 3000r
= 7306 (VIM-VAR)
E 20 um filtrated
f
Q L,, theoretical
S 2000 *©
8 M50,
5 Longer than theoretical 6 um filtrated
g life (presence of
> fatigue load limit)
1000 L 1 I !

1
10 10° 107 10 10°  10* 10"

Number of repeated stress, cycles

Fig. 1.3 New Life Theory That Considers Fatigue Limit

new life theory

Py | oo N ———

/

Conventional theory

Bearing load, P

P, : fatigue load limit

Lifetime

(2) Surface-originated flaking

Under actual bearing operation, the lubricant is often
contaminated with foreign objects such as metal chips, burrs,
casting sand, and so on. When foreign particles are mixed in
the lubricant, the particles become pressed onto the
raceways by the rolling elements, and dents occur on the
surfaces of the raceways and rolling elements. Stress
concentration occurs at the edges of the dents, generating
fine cracks that over time propagate into flaking of the
raceways and rolling elements. As shown in Fig. 1.4, the
actual life is shorter than conventionally calculated life when
lubrication is contaminated at low maximum surface pressure.
The line representing actual life separates from the line
created by theoretical life calculations and moves towards a
shorter life. This shows that actual life under contaminated
lubrication is further shortened because of the decrease in
maximum surface contact pressure.

Table 1.2 Value of Contamination Coefficient a.

MONTON

Very clean Clean Normal Contaminated Hea\(lly
contaminated
ac factor 1 0.8 0.5 0.4-0.1 0.05
Application Greater than 100 ym No filtration,
guide <10 ym 10-30 upm 30-100 pm or no filtration (oil bath, presence of many

/Degree of filtration

circulating lubrication, etc.) | fine particles

bearings for electrical

Sealed, grease -lubricated | Sealed, grease-lubricated
bearings for electric motors

Normal usage Bearings for automotive

Application ) ) ) ) Automotive hub | transmission, industrial
appliances, information Sealed, grease-lubricated ) . ) -
examples ) ) . unit bearings, gearboxes; construction
technology equipment, bearings for railway axle boxes )
) X etc. machines, etc.
etc. Bearings for machine tools, etc.

Fig. 1.4 Life Test Results Under Contaminated Lubrication Conditions
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MONTON's n ew life calculation formula accounts for trends in
the results of the life testin a clean environment and at low load.
Therefore, the new equation is a function of (P-P,)/C. This
function is affected by specific lubrication conditions identified
by a lubrication parameter. In addition, it is assumed that the
effects of different types and shapes of foreign particles are
strongly influenced by the bearing load and lubrication
conditions present and that such a relationship can be
expressed as a function of the load parameter. This load
parameter is defined in the new life calculation formula as
(P-P,)/C - 1/a..

Based on the above concept, the calculation formula for
surface-originated flaking is as follows:

1 e (1—1,)° 1
InSxN[ 75 de{ G a -1}---(3)

(8) Calculation of contamination coefficient a,

Test results on ball and roller bearings with grease
lubrication and clean filtration show that bearing life is a
number of times longer than the conventionally calculated life.
However, if a foreign particle is harder than HV350, hardness
becomes a factor and a dent will appear on the raceway.
Fatigue damage from these dents can progress to flaking in a
short time. Test results on ball and roller bearings with foreign
object contamination show that they have no more than 1/3 to
1/10 of the conventionally calculated bearing life.

Based on these test results, we have adopted contamination
coefficient a, as a basic concept for MONTON's new life
theory. The contamination coefficient a, is classified into five
stages, as shown in Table 1.2.
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1. Life

(4) New Life Calculation Formula Lape

Adding the formulas for subsurface-originated flaking (2) and
surface-originated flaking (3) yields a formula that can be
expressed as:

1 e (1—1,)° 1
InSxN[Zg de{ faa }---(4)

From this equation (4), another equation (5) can be derived:

Lable =a;-a- L10 ............................. (5)

Reliability factor a; is shown in Table 1.3. The theory also
utilizes viscosity ratio K(k= v/v4 where Vv is the operational
viscosity and V4 is the required viscosity). The lubrication
parameter g, is a function of K. The theory indicates that the
better the lubrication conditions (the higher the kvalue), the
longer the life.

As shown in equation (6), correction factor a is a function of
lubrication parameter a; and load parameter (P-P,)/C + 1/ac.

amF{%. a10 731_} .................... (6)

Figures 1.5 and 1.6 chart the correction factor a of the
new life calculation formula as a function.

Based on test results, the new life calculation formula
considers ball bearings and roller bearings separately.

Table 1.3 Reliability Factor a4
Reliability (%) 90 95 96 97 98 99
Reliability Factor | 1.00 | 0.62 | 0.53 | 0.44 | 0.33 | 0.21

List of symbols used:

S :Probability that flaking does not occur after stress
has been repeated N times
N : Number of repeated stresses
T :lnternal stress
T, :Internal stress at fatigue limit
V' : Stress volume
Zy : Depth at which maximum shear stress occurs
a. :Contamination coefficient
a, :Lubrication parameter (a function of viscosity ratio k)
P :Load applied to bearing
P, :Fatigue load limit
C  :Basic dynamic load rating
e, ¢, h : Constants
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Fig. 1.5 New Life Calculation Graph for Ball Bearings
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Fig. 1.6 New Life Calculation Graph for Roller Bearings

ansk

100

0.1

0.01
0.01

0.1 1 10
(P—Pu) /C - 1/ac

Life of High-Speed Bearings

When bearings are operated at high speed, the effect of
centrifugal force acting on the rolling elements must be
considered (Fig. 1.7). In the basic rating life equation on page
190, a ratio of basic dynamic load rating and external load
was used, and the internal load generated by centrifugal force
was not taken into account.

To perform convergence calculations that obtain a
balance of the forces acting on rolling elements , including
centrifugal force and various other elements.

An example result of such a calculation regarding bearing
life in high-speed operation is given in Fig. 1.8.

Note: Bearing life as mentioned above indicates rolling fatigue
life, which does not include bearing failure caused by seizure,
wear, or the like. It is difficult to calculate how long a bearing
will perform until a bearing failure takes place. Please refer to
page 190 for details on the definition of bearing life.

Life of Ceramic Hybrid Bearings

As ceramic balls have a lower density than steel balls, the
increase in internal load due to centrifugal force in high-speed
operation is less than with steel balls. Thus, the life calculation
will show a longer life.

ISO 281 does not define static load ratings and dynamic load
ratings for bearings with ceramic balls. Therefore, the load
rating values listed in the bearing tables from page 48 onward
are reference values calculated with the same formula that
applies to steel ball bearings.

Fig. 1.7 Change in Contact Angle Due to Centrifugal Force

—— Outer ring

—— Innerring

F¢ : Centrifugal force acting on the rolling elements

MONTON

Fig. 1.8 Example Calculated Life Considering Centrifugal Force
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Life Calculation for Multiple Bearings as a Group

When multiple rolling bearings are used in one machine, the
fatigue life of individual bearings can be determined if the load
acting on individual bearings is known. In general however,
the machine becomes inoperative if a bearing in any part fails.
It may therefore be necessary in certain cases to know the
fatigue life of a group of bearings used in one machine.

The fatigue life of bearings varies greatly, and our fatigue life
calculation equation Ly = (%)D (where p=3 for ball bearings
and p:% for roller bearings) applies to the 90% life, or
“basic rating life”. This refers to either the number of
revolutions or hours that 90% of bearings of the same type
operated under the same conditions can reach.

In other words, the calculated fatigue life for one bearing has
a probability of 90%. Since the endurance probability of a
group of multiple bearings for a certain period is a product of
the endurance probability of individual bearings for the same
period, the basic rating life of a group of multiple bearings is
not determined solely from the shortest basic rating life
among the individual bearings. In fact, the group life is much
shorter than the life of the bearing with the shortest fatigue
life.

Defining the basic rating life of individual bearings as L4, Lo,
L3 ... and the basic rating life of the entire group of bearings as
L, the relationship may be expressed by the following
equation:
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2. Static Load Ratings and Static Equivalent Loads

Basic Static Load Rating

When subjected to an excessive load or a strong shock load,
rolling bearings may incur a local, permanent deformation of
the rolling elements and raceway surface. This deformation
increases in area and depth as the load increases, and when
the load exceeds a certain limit, the smooth running of the
bearing is impeded.

The basic static load rating produces the following
calculated contact stress at the center of the contact area
between the raceway surface and the rolling element
subjected to the maximum stress:

for ball bearings : 4 200MPa
for roller bearings : 4 000MPa

In this most heavily contacted area, the sum of the
permanent deformation of the rolling element and that of the
raceway is approximately 0.0001 times the rolling element’s
diameter. The basic static load rating value Cy, is listed in the
bearing tables as Cy, for radial bearings and Cy, for thrust
bearings.

The basic static load rating of multi-row bearing
arrangements may be calculated using the following formula:

Cj=jXC1

where j : Number of rows
C; : Basic static load rating for a single-row bearing
C; : Basic static load rating for a multi-row bearing
(where j refers to the number of rows)

However, when calculating the basic static load rating for
thrust bearings Cy,, J refers only to the number of rows that
sustain an axial load.

Fig. 2.1 The Relation between Indentations and Basic Static
Load Rating

84 l
8
Sz
Q 8= 68, +8,=0.0001D,,
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Static Equivalent Load

The static equivalent load is a hypothetical load that
produces a contact stress equal to the maximum contact
stress the bearing is subjected to under actual load conditions
while stationary in the area of contact between the most
heavily stressed rolling element and the bearing raceway.

For radial bearings, the radial load passing through the
bearing center is used as the static equivalent load. For thrust
bearings, the axial load in the direction coinciding with the
central axis is used as the static equivalent load.

(a) Static equivalent loads for radial bearings

The greater of the two values calculated from the following
equations should be adopted as the static equivalent load on
radial bearings:

where P, : Static equivalent load (N)
F, : Radial load (N)
F, : Axial load (N)
Xo : Static radial load factor
Yo @ Static axial load factor

(b) Static equivalent loads for thrust bearings

Po=XoFr+Fa Q%90 <ooovemenenene (3)

where Py : Static equivalent load (N)
@ : Nominal contact angle

Note that the accuracy of this equation decreases when
Fa<XoFy.

The values X, and Y, of equations (1) and (3) are shown in
Table 2.1.

Note that P o = F, for thrust bearings with @ = 90°.

Table 2.1 Static Equivalent Loads

Bearing type Single row Double row

Xo Yo Xo Yo
a=15"10.5| 0.46 1 0.92
Angular contact ball a=18"| 0.5 | 0.46 1 0.92
bearings a=25"|0.5| 0.38 1 0.76
a=30"|0.5| 0.33 1 0.66

Tapered roller bearings a#0 | 0.5 |022cot | 1 |0.44cot

Cylindrical roller bearings | a =0 Po = Fr

Thrust ball bearings a=90° Po. = F
Thrust roller bearings a=90° 0a = a

Thrust ball bearings a#90°| Poa=Fa+ 23F tan a
Thrust roller bearings a#90°| (where Fa > 2.3 Frtan ar)

Permissible Static Load Factor

The permissible static equivalent load on bearings varies
depending on their basic static load rating, their application,
and operating conditions. The permissible static load factor
fg is a safety factor that is applied to the basic static load
rating, and it is defined by the ratio in the equation below:

fs = (Co/Po)

where Cj : Basic static load rating
Py : Static equivalent load

Table 2.2 lists the generally recommended values for the
permissible static load factor 7.

Table 2.2 Values of Permissible Static Load Factor f

Lower limit of fg
Ball bearings | Roller bearings
Low-noise applications 2.0 3.0
Bearings subjected to
vibration and shock loads
Standard operating conditions 1.0 1.5

Operating conditions

1.5 2.0

Permissible Axial Load for Angular Contact

Ball Bearings
We have defined the limiting static axial load as the smaller
of the two values listed below:

1. Limiting axial load that produces shoulder override
The limiting load at which the contact ellipse generated
between the ball and the raceway overrides the shoulder of
the raceway groove (Fig. 2.2)

2. Limiting axial load in terms of surface pressure
The limiting load at which the contact stress at the center
of the contact area between the ball and the raceway
groove reaches a level that leaves an indentation as defined
in the basic static load rating (Fig. 2.3)

To maintain optimal bearing performance, MONTON defined
permissible static axial load values by applying a safety factor
to the limiting axial load based on many years of experience.

The formula for calculating the basic static axial load rating
Cop, does not take the shoulder height of the raceway groove
into account. Therefore, in some cases the Cgy, value may
exceed the limiting axial load that produces shoulder override.
In such cases, the maximum load that the bearing can sustain
is lower than the Cgp, value, making the Cy, value unsuitable
(Fig. 2.4). Therefore, instead of Cg, values, we have listed
limiting axial load values in the bearing tables where
necessary, particularly for angular contact thrust ball bearings
as they are usually used to support heavy axial loads.

MONTON

Fig. 2.2 Limiting Axial Load that Produces Shoulder Override

Rolling element load

Ve

-

Contact ellipse

Fig. 2.3 Limiting Axial Load in Terms of Surface Pressure

Deep indentation occurs

Fig. 2.4 Cp, and Limiting Axial Load

Very high pressure occurring on edge surface

Coa
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Angular Contact Ball Bearing Combinations

The combinations of angular contact ball bearings used for the fixed end of spindles are usually 2 row (DB), 3 row (DBD), and 4
row (DBB) sets. However, in 3 row combinations the preload is unevenly distributed between the bearings, resulting in a very

limited optimum range of preload which makes them unsuitable for high-speed applications.

Matched bearings are manufactured as sets, so when they are mounted adjacent to each other, the specified preload is

automatically achieved. The variation of bore and outer diameter within each set of matched bearings is adjusted to less than 1/3

of the permissible tolerance.

Table 3.1 Features of Each Combination

©Excellent ©Very good OGood AFair —One direction only <Two directions

DB DF DT DBD DBB

Load direction > — - — >
Moment stiffness @) O VAN @)
Speed capability @) @) A O
Low heat generation O @) VAN O
Stiffness O O A @)

Features of Each Combination
@ Back-to-back Arrangement, DB

Axial loads in both directions and radial loads can be
sustained. Since the distance between the effective load
centers is large, this type is suitable if moments are
applied. However, in case of insufficient housing accuracy
or shaft misalignment, internal load of the bearings could
be large enough to possibly cause premature failure due
to the high level of moment stiffness.
@ Face-to-face Arrangement, DF

Compared with the DB type, the distance between the
effective load centers is small, so the capacity to sustain
moments is inferior to the DB type. On the other hand,
this type is suitable for use with housings that have less
accuracy or larger shaft deflections due to low bending
stiffness of the shaft.
@ Tandem Arrangement, DT

Axial loads in one direction and combined loads can be
sustained. Since axial stiffness of this type is twice the
value of a single row type, this arrangement is used
when the axial load in one direction is heavy.

If preload is required, it needs to be applied externally,
e.g. by using a spring.
@ 3 Row Arrangement, DBD

Axial loads in both directions and radial loads can be
sustained. However, the preload distribution to each
bearing is not equal, and preload on the counter side
(single side) is twice that of the other side. Consequently,
this type is unsuitable for high-speed operation because
of the large increase of internal load on the single side,
which could lead to bearing failure.
@ 4 Row Arrangement, DBB

Axial loads in both directions and radial loads can be
sustained. In situations that have the same axial clearance
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as DB arrangement, preload and stiffness are twice that of
the DB arrangement. Also, the permissible axial load of a 4
row arrangement is larger than that of a DB arrangement.

Fig. 3.1 The Distance between the Effective Load Centers of
Back-to-back and Face-to-face Arrangements

/ \ \ /

SO=1=0CIN= 0= =0::

Distance between the
effective load centers

Distance between the
effective load centers

DB DF
Fig. 3.2 Load Application Direction in Back-to-Back and Tandem
Arrangements
[ g% / /
DB DT

Fig. 3.3 Internal Preload in DBD Arrangement

Preload=500 N

250 N|250 N|500 N

Shaft Bending Comparison between Back-to-

back and Face-to-face Arrangements

Moment stiffness is different between back-to-back and
face-to-face arrangements. We have calculated typical shaft
deflections for the spindle structure shown in Fig. 3.4. In this
example, angular contact ball bearings (75BNR10XET) are
used at the front end and shaft deflections are shown for both
DB and DF configurations. A radial load of 1 000 N applied to
the spindle nose will cause the following radial deflection of
the spindle nose:

O pg = 2.4079 x 102 (mm)
O o = 2.9853 x 102 (mm)

This demonstrates the effect the distance between effective
load centers has on spindle bending.

Mounting Instructions for Matched Angular
Contact Ball Bearings

Direction of Matching

For matched bearings, the mounting order and load
application direction are very important. As shown in Fig. 3.6,
marks on the outer ring surfaces of the bearings form a “Vv”
when the bearings are properly matched and aligned.

Radial Run-out Mark

On the side surface or chamfered part of the inner rings, the
symbol “O” is marked to indicate the position of maximum
radial run-out. Optimum accuracy is achieved when the
bearing is mounted so the “O” symbol is placed directly
opposite the point of maximum shaft eccentricity.

Fig. 3.5 The Symbol for the Position of Maximum Radial Runout
of the Inner Ring

MONTON

Fig. 3.4 Spindle Deflection Curve
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Fig. 3.6 Combinations of Angular Contact Ball Bearings
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Important Points to Consider When Using Matched Bearings

The axial clearance (stand-out) of each bearing in a set of matched bearings (DB, DT, DFD etc.) has been adjusted and
controlled, so that the specified amount for each standard preload is achieved when the bearings are arranged in the order
indicated by the marks on the surface of their outer rings. These marks form a “V” when the bearings have been correctly
mounted. Thus, as long as the bearing direction and the order of the bearings are not altered, bearing axial clearance or preload
gap is controlled even if some bearings are selected from a bearing set. In this case the marks on the outer rings will also form
continuous straight lines.

Should the direction or order of matched bearings be changed, the clearance adjustment of mating surfaces will be lost and the
resulting clearance values will be unknown. If used this way, problems may arise due to excessive or insufficient preload and
uneven load distribution. Therefore, in order to use matched bearings in other than the prescribed directions and order, it is
necessary to measure the stand-out (offset) of each individual bearing and use spacers to adjust the axial clearance according to
these measurements.

We do not recommend machining the bearings themselves to the desired offset, as debris from grinding may remain inside the
bearing.

To customers who wish to use the same bearings on various machines, we recommend stocking universal combination bearings
rather than sets of matched bearings prepared for specific arrangements. Universal combination bearings are ready for use in
different arrangements.

Fig. 3.7 DT Combination
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Fig. 3.8 DBB Combination

Stand-out
not adjusted

Clearance adjusted between DT pairs

Ready for use

W

Examples of applicable arrangements

Clearance adjusted between DT pairs

MONTON

Stand-out
not adjusted

Preload gap 2b

Matched bearings
for DBB combination

Not ready for use

|

Needs additional clearance adjustment

Clearance not adjusted Clearance not adjusted

Clearance adjusted between DT pairs

Preload gap 2b

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Preload gap 2b :
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Clearance not adjusted

Clearance not adjusted

110



MONTON

3. Angular Contact Ball Bearing Combinations

Universal Combination Bearings

MONTON manufactures universal combination bearings which have been controlled to have the same amount of stand-out (offset)
on their front and back faces. That way, for bearings with the same bearing number, users will achieve the specified amount for each
standard preload, regardless of which combination they chose. Each universal combination bearing comes with a V-shaped mark
on the surface of the outer ring to simplify identification of the correct direction when mounting and to ensure that the correct
combination is achieved. The V-shaped mark points to the direction of the axial load that the inner ring supports (contact angle).

Fig. 3.9 Universal Combination

Can be used in any
arrangement because
front face stand-out is
the same as back face
stand-out b

Preload gap 2f

JR N
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DF arrangement
Specified standard preload is
achieved: front face stand-
out x 2 =2f(=2b)

DB arrangement

Specified standard preload is
achieved: back face stand-out x
2 =2b (=2f)

v v Preload gap 2f

Preload gap 2b

DBD Arrangement

DFD Arrangement

Types of Universal Combination Bearings

MONTON supplies four types of universal combination bearings, as shown in Table 3.2. Variation of bore and outer diameter

are controlled for multiple-row universal combination bearings.

Table 3.2 Types of Universal Combination Bearings and Their Features

DT arrangement

As with DT combination bearings, no
clearance occurs between DT pair
because front face stand-out f = back

face stand-out b I
D 4

DTD Arrangement

MONTON

Notice for the Use of Single Universal (SU) Bearings

@ In the case of bearing sets (DB, DU etc.), the variations of bore and outer diameter within each set are controlled. However,
when using single row universal combination bearings (SU), users should check the actual bore/outer diameter variation
printed on the box of each bearing and make sure variation of these dimensions is low. Otherwise variations in housing or
shaft fit may occur that result in imbalances of internal load, which may cause damage to the bearings.

® One way of keeping the variation of bore and outer diameter of SU bearings low is to choose the P4Y accuracy class that
MONTON provides. P4Y rated bearings have a running accuracy of ISO Class 4. As bore diameter and outer diameter are
strictly controlled, these bearings are suitable for random matching.

Fig. 3.10 Tolerances of P4 and P4Y Accuracy

Variation of outer diameter

¥

e

i

Variation of bore

(222
-

Tolerance range of P4Y
Tolerance range of P4

Tolerance range of P4

Tolerance range of P4Y

e
k72,7777,
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When randomly matching bearings, attention
should be paid to the variation in bore and
outer diameter between the bearings.

Combination Mark and Matching Method for Universal Combination Bearings

Fig. 3.12 Arrangements of Universal Combination Bearings

SU

DU

DUD

Number of rows 1

2

3

Variation of bore and outer diameter =

Controlled to be within 1/3 of tolerance

Note: Variation control for P4Y class bearings is the same as for P4 class bearings.

Fig. 3.11 DU Combination

Within 1/3 of outer
diameter tolerance

Within 1/3 of
bore tolerance
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Regarding the rigidity of machine tool spindles, it is possible
to think of the bearings as being springs. When an axial load
is applied to the spindle, axial displacement of the spindle is
determined by the axial rigidity of the fixed end bearings.

Radial loads applied to the spindle end will cause radial
deflection. While shaft deformation will account for most of
this deflection, bearing deflection is also a factor that may not
be ignored.

When high radial rigidity is required, cylindrical roller bearings
are generally used. In this case, axial loads are usually
sustained by angular contact thrust ball bearings. The bigger
the contact angle of an angular contact ball bearing, the
higher its axial rigidity.

Normally, preload is applied to bearings in order to increase
the rigidity of machine tool spindles. However, excessively
high preload may cause seizure and flaking. Many users
increase rigidity by using a combination of two or more
angular contact ball bearings. This is especially true for ball
screw support bearings, where high rigidity is required,
contact angle is as large as possible, and preload is higher
than that for a spindle.

Purpose

The main purposes of applying preload to bearings in
machine tool spindles are as follows:

- To improve the running accuracy of the spindle.

-To increase spindle rigidity.

- To minimize noise due to spindle vibration.

-To prevent abnormal wear due to oscillation and vibration

-To prevent sliding between the rolling elements and

raceways

Usually a preload is applied to bearings by using two or
more bearings in combination, such as angular contact ball
bearings or tapered roller bearings. Cylindrical roller bearings
can be preloaded by making the radial internal clearance
negative.
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(1) Position Preload

A position preload is achieved by fixing two axially opposed
bearings so that their position relative to one another remains
unchanged during operation. In practice, the following three
methods are generally used to obtain a position preload.

1. By using a spacer or shim of proper size to obtain the
required spacing and preload, as shown in Fig. 4.1(a) on the
left, (b) and (c).

2. By installing a bearing set with previously adjusted stand-
out dimensions and axial clearance, as shown in Fig. 4.1(a)
on the right.

3. By utilizing bolts or nuts to allow adjustment of axial
preload, as shown in Fig. 4.1(d). In this case, starting torque
should be measured to verify proper preload. However, this
method cannot be recommended for high precision
machine tool spindles due to difficulty in verifying the
proper preload, thus risking vertical displacement (tilting) of
the bearing.

Fig 4.1 Position Preload Examples

(@) Angular contact ball bearings in position preload

Note: The cages of tapered roller bearings
417 usually protrude from the bearing’s
1 end faces. Customers who wish to
reduce bearing span, please bear in

mind the required minimum amount
of spacer width.

(b) Tapered roller bearings in position preload

(c) Bearing combinations of differently sized bearings in position preload

(d) Position preload without spacers

MONTON
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Axial Load and Displacement in Position Preload (DB Arrangement)
Fig 4.2 illustrates the mechanism of preload and axial load in bearing combinations.

Fig 4.2 Axial Displacement in Position Preload (DB Arrangement)

Bearing A Bearing B

(1) When the inner rings are fixed axially, bearings Displalcement ,/
A and B are displaced by 6,04 and & .oz, of beating B/'Displacemem
respectively. Thus, the axial clearance (preload of bearing A
gap) O 4o between the inner rings is eliminated.
In this condition, preload F,q is imposed on Oao
each bearing.

Axial Load

Axial
displacement
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T

/
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Fao Fao  Axial
displacement
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Axial Load
——
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(2)When an axial load F, is applied to the
preloaded bearing combination as shown, the
inner ring of bearing A will be displaced by 0 ,. Fa

Axial Load
e
Fao +Fa—Fa

A balance between the loads acting on each . =
bearing will be achieved in the point where the F,?;’fFa, Fa—Fa’ o \ Sy &
(M
amount of displacement of bearing A equals 0 = -
., Oa 0 ‘@01\ Oa . Axial
that of bearing B. e displacement

(8) When a large axial load is applied so that the
displacement of the inner ring of bearing B
exceeds O,og, bearing B will no longer sustain
axial load. Axial load will be sustained by
bearing A only. Therefore axial rigidity will
decrease.

____:__________.l__-____

Fa 0

\ 7g1
Axial Load
Fa

o

Oa Oaos 0[Oaon | Oa ~ Axial
displacement
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Axial Load and Displacement in Position Preload (DBD Arrangement)
In DBD arrangements, one direction of axial load is divided equally between two bearings. Apart from that the basic concept is
the same as with DB arrangements (shown in Fig 4.2.)

Fig 4.3 Axial Displacement in Position Preload (DBD Arrangement)
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Unloading Force

As shown in Fig 4.2 (3), when a large axial load is applied to preloaded bearings, the bearing opposite the side that experiences
the thrust will be relieved of axial load. In such cases, sliding may occur between the rolling elements and the raceways. In high-
speed rotation, this may lead to excessive wear or bearing damage.

Where bearings of the same type are used in combinations, the level of load that will cancel preload can be approximated as 3
times the preload of a single bearing in the case of angular contact ball bearings, and 2 times the preload of a single bearing for
tapered roller bearings. Fig. 4.4 shows the factors for combinations of angular contact ball bearings and an example of a
calculation of unloading force.

Table 4.1 Approximate Values of Unloading Forces

Combination Combination | Direction of |Unloading force factor (multiply Calculation Example
symbol force with single row preload value)
[N DB C ®
S DD
—> 6
DT DBD — 51 500N 500N  1000N
> 6
DQQ DBB
<— 6
> 9
DD DT
<:| 1.8 Direction of force Unloading force
IR | oeeo —> 9 —> 500 6=3 000N
<— 2.3 < 1000x2.1=2 100N
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4. Preload and Rigidity

Standard Clearance Fig 4.4 Special Clearances Measuring Axial Clearance of Angular Contact Ball Bearing Combinations
MONTON supplies matched angular contact ball bearings in +4a In the case of a DB arrangement, place the bearing without the inner-ring spacer on the cradle as described in the figure below;
four standard preload classes: = then apply the measuring load to the inner ring. After the bearing is sufficiently stabilized, set the dial gauge to zero.
qﬁg&ﬁ Next, after removing the outer-ring spacer, place the bearing with the inner-ring spacer on the cradle and apply measuring load in
EL: Extra light preload L: Light preload the same way as described above. The reading on the dial gauge now indicates the axial clearance. A positive reading signifies a
M: Medium preload H: Heavy preload CA clearance (positive clearance in axial direction). A negative reading signifies a CP clearance, which generates preload.
The axial clearance of a DF arrangement is measured in the same manner as with a DB arrangement, although the positions of
In addition, two special clearances are available for matched o I | spacers and cradles are different.
angular contact ball bearings and for tapered roller bearings: :;1: With a DT arrangement, the sum of front face stand-out and back face stand-out of the combined bearings at the mating
tﬁa surfaces should be zero.
CA: Axial clearance -+ (positive clearance in the axial direction) For single-row bearings, axial clearance of a double-row arrangement can be obtained by adding the measured values of each
CP: Preload gap «-+*-+* (preload is generated) bearing.

DB Arrangement

Zero setting ] /

_ _ _ _ — I} Zero setting - /
:j: Measuring load
CA: Axial clearance CP: Preload gap
Spacer ‘%’ ‘@
Preload Adjustment with Spacers Fig 4.5 Adjustment of Axial Clearance with Spacers :
I I
The measured axial clearance of each bearing is listed in the
bearing tables in Part 4 of this catalogue. The listed values Preload decreases ‘§~ % ﬁ %
refer to DB and DF arrangements and do not include the ‘ ‘ N N
influence of shaft and housing fit or nut clamping force. ¢ :é}: zﬁi ﬂ; Cradle
When using spacers to adjust the preload (for example \ \
gsp i ) . P ( P ! 1| Preload ‘ DF Arrangement
L—EL, L— M etc.), adjust the difference between measured ‘ ‘ Increases ‘

axial clearance and target clearance value with a spacer. With ‘
i inner-r || L] | L]

DB arrangement, reduce the width of the inner-ring spacer to R - R -1

increase preload, and reduce the width of the outer-ring

Measuring load

Example of adjustment by spacers:
spacer to decrease preload. 100BER10ETDBELP4, change preload from EL — L

In the case of universal combination bearings, the following EL: O pacel | |:>

applies: L:-12
When using a DB combination, the amount of axial

Inner-ring spacer should be 12'm less in width than %
clearance between the bearings equals the sum of the

outer-ring spacer. ] 1

back face stand-out values of each bearing. Cradle

In a DF combination, the amount of axial clearance Single R

' i i ingle Row

between the bearings equals the sum of the front face Table 4.2 Measuring Loads for Axial Clearance Measurement g

tand-out val Nominal bearing outer diameter Back face stand-out
stand-out values. D (mm) Measuring load (N) Zero setting /

Please adjust the difference to your required axial clearance Larger than Up to Measuring load
with spacers. Table 4.2 shows measuring loads for measuring 10() 50 24.5 = — ]
axial clearance. The values in the table indicate the amount of 128 ;58 gg |:>
load necessary to obtain stable measurements. 200 400 196 ﬁ ; I «é h

(") Outer diameter of 10mm is included in this range

Front face stand-out
Zero setting /
Measuring load

B Y B
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Measuring Axial Clearance of Tapered Roller Bearing Combinations (Stand-out Measuring Method)
In the case of a DB arrangement, place a single row bearing on a cradle with the back face of the inner ring facing down. Turn
the outer ring (at least 10 turns) to stabilize the rollers. Then measure inner ring width and assembled bearing width. Next,
measure the inner ring width and assembled bearing width of the second bearing in the same way. Finally, measure widths K and
L of the spacers.
Inserting these measurements into the equation below will obtain axial clearance A4,.
Ay = (L-K)-(fa+1p) = (L-K)-[(Ta-Ba)+(Tp-Bg)]
A, < 0 signifies a preload.
In the case of a DF arrangement, measure the outer ring instead of the inner ring. This gives the following equation for axial
clearance:
4a = (K-L)-(ba+bg) = (K-L)-[(Ta-Ca)+(T5-Cp)]
Tapered rolling bearings in DF arrangement are often operated without the use of an inner-ring spacer, so that the inner rings of
both bearings touch directly. In this case, L = 0.
Since the cages protrude, please make sure you place the bearings with the correct side onto the cradle when measuring
tapered roller bearings and take care to avoid mechanical interaction with other parts so as to prevent cage deformation.

Outer-ring Outer-ring
spacer Bearing B spacer Bearing B
Bearing A Inner-ring spacer / Bearing A Inner-ring spacer /
< / N N
[
DB Arrangement DF Arrangement
f : Back face stand-out
Ta, Ts Ba, Bs b : Front face stand-out
farfo | T : Assembled bearing width
] i C : Outer ring width
| B :Inner ring width
K : Outer-ring spacer width
b, | \ L :Inner-ring spacer width
ba, bg
L
K
|
|
|
Ca, Cs
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(2) Constant Pressure Preload

Constant pressure preload is achieved using a coil or disc spring. Even if the relative position of the bearings changes during
operation, the magnitude of the preload remains relatively constant throughout all the various operation conditions. Therefore
constant pressure preload is used for combinations of angular contact ball bearings in high-speed applications.

One example is shown in Fig. 4.6. Since spring rigidity is, as a rule, small compared with bearing rigidity, the change in spring
preload due to bearing displacement is negligible. Thus, the preload applied to bearings C, D and E in the figure below will be
approximately the same in both vertical shaft and horizontal shaft configurations.

However, in addition to the forces of each spring, bearings A and B will also be affected by the dead weight of the shaft in vertical
operation. Axial loads exerted from the free end towards the fixed end (from right to left in the figure below) will reduce preload of
bearings A and B. It is necessary to consider these effects when setting preloads for bearings A and B so that they will not
become unloaded.

Fig. 4.6 Distribution of Preload in Constant Pressure Preload

Spring 1

Preload (N)
Bearing A Bearing B Bearing C Bearing D
Horizontal shaft 250 250 250 250
Vertical shaft 200 200 250 250
(a) Shaft weight = 100 N, Spring 1 = 500 N
Spring 1 Spring 2

Preload (N)
Bearing A Bearing B Bearing C Bearing D Bearing E
Horizontal shaft 250 250 300 100 100
Vertical shaft 200 200 300 100 100

(b) Shaft weight = 100 N, Spring 1 = 300 N, Spring 2 = 200 N
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Preload and Axial Rigidity
Generally, when an axial load F, is applied to a bearing it is
possible to calculate the axial displacement 0, of the bearing
using the following formula:
For angular contact ball bearings: 0, = cF,??
For tapered roller bearings: 0,=CF°
Where c is a constant that depends on the bearing’s internal
design.

As the displacement is increased by axial load to the 0.9 for
tapered roller bearings and the 2/3 for ball bearings, the effect
of preload application to reduce displacement is stronger with
ball bearings.

The above equation refers to elastic displacement between
the rolling elements (balls, tapered rollers) and the inner and
outer rings. Actual axial displacement will also depend on the
material and the thickness of shaft and housing as well as on
shaft fit and housing fit.

Fig. 4.7 Axial Load and Axial Displacement in Single Row Bearings
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Fig. 4.8 Comparison of Rigidity under each Preloading Method

Position preload

— — Constant pressure preload

Radial rigidity

Speed

Comparison of Preloading Methods

Position preload and constant pressure preload can be
compared as follows:

(1) Position preload provides greater bearing rigidity than
constant pressure preload at the same amount of preload.
In other words, the deflection due to external loads is less
for bearings with position preload.

(2) Under position preload, the preload varies during operation
depending on such factors as a difference in axial
expansion due to a temperature difference between the
shaft and the housing, a difference in radial expansion due
to a temperature difference between the inner and outer
rings, and the effect of centrifugal force acting on the
rolling elements. Under constant pressure preload, the
variation of spring load due to shaft expansion and
contraction etc. is minimal, so its effect on preload is
negligible.

With position preload, bearing rigidity will generally increase
with spindle speed because preload increases during
operation. In contrast, the preload level with constant
pressure preload will remain constant. However, the contact
angle will changes due to centrifugal force acting on the balls
(Fig. 1.7 on page 197) and result in a decrease of rigidity (Fig.
4.8).

Consequently, position preloads are generally preferred
where increasing rigidity is desired, while constant pressure
preloads are more suitable for high-speed applications, for
applications where axial vibration needs to be prevented, for
use with thrust bearings on horizontal shafts, etc.

Preloading Amount

A larger preload results in higher rigidity. However, increasing
preload reduces fatigue life and increases heat generation. In
extreme cases, excessive preload may result in abnormal
wear or even seizure.

Therefore, the amount of preload needs to be carefully
selected taking into consideration the type of application and
the operating conditions, to avoid larger preload than
necessary.

High-Speed Spindles and Preload

When bearings are operated at high speed, internal load
increases as a result of the expansion of the inner ring due to
centrifugal force, the effect centrifugal force has on balls, and
the temperature difference between inner and outer ring.
Then, surface contact pressure between the balls and the
raceways of the inner and outer ring will increase. For
bearings having a contact angle, such as angular contact ball
bearings, pure rolling motion will be accompanied by sliding
as a result of spin moments and gyroscopic moments on the
balls. Sliding increases as bearing speed increases. As a
result, the intensity of heat generated in the contact areas
increases and the viscosity of the lubricating oil decreases. In
some cases, a breakdown of the oil film occurs, which results
in bearing seizure. This means that even if contact surface
pressure were to remain unchanged from low-speed
operation to high-speed operation, heat generation would still
increase as speed increases due to sliding.

We calculate contact surface pressure and slip rate
generated during high-speed operation by computer. Based
on our own abundant empirical test data as well as market
results, we have established limiting factors according to the
lubricating method and rotating speed; this is the foundation
on which we determine preload.

For high-speed bearings in constant pressure preload, a
medium preload (M) per row is commonly chosen as a
guideline value and then adjusted according to the required
rigidity and the temperature rise in high-speed operation.

Preload for Thrust Bearings

Thrust bearings generally require an axial load in order to
prevent slipping between the rolling elements and the
washers.

The minimum axial load required to prevent rolling element
slippage can be calculated using the equation below. In cases
where shaft dead weight is insufficient, a preload needs to be
added, e.g. by a spring.

MONTON

For thrust ball bearings: Fg min = Mn?

where  F, min : Minimum axial load (kN)
M : Minimum load factor (listed in bearing tables)
n : Maximum speed during operation (min-)

For thrust cylindrical roller bearings: F4 min =0.0005C,, + Mn?

where  F, min ¢ Minimum axial load (kN)
M : Minimum load factor (listed in bearing tables)
Coa : Basic static axial load rating (kN)
n : Maximum speed during operation (min-)

Internal Clearance in Cylindrical Roller

Bearings

In order for machine tool spindles to have high running
accuracy and rigidity, bearings are used with minimum
internal clearance or preload after mounting. When using
cylindrical roller bearings, bearings with tapered bores are
usually used to allow easier adjustment of internal clearance.
In general, cylindrical roller bearings for the front end (fixed
end) of the spindle are adjusted upon mounting to have a
preload during operation. Bearings for the rear end (free end)
are adjusted upon mounting to produce a slight clearance
during operation. The amount of internal radial clearance after
mounting is determined based on several factors such as
speed, load, lubricating method, bearing size, required rigidity,
service life, etc.

Fig. 4.9 shows the relationship between internal radial
clearance and rolling fatigue life as well as the relationship
between internal radial clearance and radial elastic
displacement for a cylindrical roller bearing (NN3020, bore
diameter 100 mm, outside diameter 150 mm, width 37 mm).

Fig. 4.9 Influence of Internal Radial Clearance on Rolling Fatigue
Life and Rigidity in a Double-Row Cylindrical Roller Bearing
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5. Limiting Speeds

Limiting Speeds

The limiting speeds listed in the bearing tables are guideline
values. They are applicable when all of the following criteria
are met:

¢ A single bearing, appropriately preloaded using springs
¢ A spindle system controlled for unbalance

e Good heat dissipation

e Good lubrication

® Inner ring rotation

These values are not guaranteed for continuous operation
over a prolonged period. Especially in the case of grease
lubrication, it is recommended to choose suitable speeds
taking grease life into consideration.

The limiting speeds with grease lubrication require
appropriate amounts of high quality grease to be applied
appropriately as well as sufficient run-in. Refer to page 256 for
grease application procedures, page 268 for running-in.

Limiting speeds for oil Iubrication are based on oil-air (or oil
mist) lubrication. It is possible to achieve higher speeds in cases
where oil serves to efficiently remove heat, as in jet lubrication.

In order to achieve high-speed operation, it is necessary to
keep bearing load (including internal load), heat generation
and temperature increase down. In addition to those
mentioned, the following factors also exert an influence on
limiting speeds:

(1) Preloading Method

Under position preload, internal preload increases when speed
is increased. As a general rule, limiting speed with position
preload will be lower than with constant pressure preload.
(2) Bearing Positioning and Arrangement

The number of rows in a combination of bearings affects
load distribution. The limiting speed will be determined by the
bearing operating under the most stress within a combination.
In addition, even under the same preload, heat dissipation will
be affected by the presence or absence of spacers and by
spacer length.
(3) Bearing Load

High speed and heavy load are difficult to combine. Load
endurance is affected by speed.
(4) Drive Method

Spindle drive systems can be classified roughly into three
groups: (a) coupling drives (b) built-in motor drives (c) belt or
gear drives. (a)High eccentricity in coupling drives leads to
shaft vibrations that result in lower limiting speeds. (b)With
built-in motor drives, internal heat generation of the spindle is
high; so it is especially bearings located near the motor that
could be affected and damaged by heat. In spindles equipped
with jacket cooling, the temperature difference between the
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Table 5.1 Speed Factors for Position Preload

Preload after mounting

Arrangement EL L M H

DB @ ® 0.85 | 0.80 | 0.65 | 0.55

DBB @@ ®® 0.80 | 0.75 | 0.60 | 0.45

DBD @@ ® 0.75 | 0.70 | 0.55 | 0.40

DBBD @@@@@ 075 | 0.70 | 0.55 | 0.40

inner ring and the outer ring of the bearing will likely increase;
in the case of position preload this results in the internal load
increasing, which in turn means lower limiting speeds (Fig.
5.2). (c)in gear or belt drives, the driving force itself may have
to be considered. Caution is required with high-torque
spindles and high-speed spindles in particular.

(5) Mounting Conditions

In the case of position preload, the shaft fit will affect
preload. Spacer length and tightening force also affect
bearing clearance, thereby changing preload.

Housing fit conditions will greatly influence preload,
particularly during operation. Too little clearance between
bearing and housing will lead to an interference fit due to the
difference in heat expansion between bearing and housing;
this increases internal preload (Fig. 5.3).

If cylindrical roller bearings are mounted with excessive
negative clearance, the limiting speed will decline due to rising
heat generation. (page 46)

Speed Factors for Position Preload

The limiting speed of a combination of angular contact ball
bearings is calculated by multiplying the limiting speed of a
single bearing in the combination by the appropriate
adjustment factor listed in Table 5.1. The preload classification
in the table refers to the preload after the bearings have been
attached to the spindle (i.e. preload after mounting).

Usually, preload after mounting is affected by shaft fit and
spacer deformation and may exceed that resulting from initial
axial clearance. For example, an EL preloaded bearing
mounted with high interference, may have a preload after
mounting that is equivalent to an M preload. It will be
necessary to adjust axial clearance using spacers according
to the conditions in which the bearings are used.

In order to maintain stable operation over time, it is advisable
to reduce the values given in Table 5.1 further by a safety
factor of 0.75.

Calculation example:

Target value for 70BNR10HTDB, EL preload after mounting,
grease lubrication:(limiting speed) 20000 x (EL) 0.85 x (safety
factor) 0.75 = 12750min-'

Factors that Change Preload

Fig. 5.1 Preload Setting Study Flow

(@Preload increase due
to deformation of inner
ring spacer caused by
nut tightening force

MONTON

due to centrifugal
force on balls

@Preload increase (®Preload increase due
to inner/outer ring due to heat
temperature difference

(®Preload increase

expansion of balls

Initial preload or

Preload after mounting

axial clearance

Proper preload to ensure high speed operation

(necessary preload force for
cutting in low speed)

Target Ky =100 N/pm
(Ka: Axial rigidity)

* Stability in high speed
*Rolling fatigue life

(Preload increase due to
interference fit between
inner ring and shaft

®Deformation of outer
ring spacer due to
compression by
retaining cover
(Decrease of preload)

(®Expansion of inner
ring raceway due to
centrifugal force
(Increase of preload)

(DDecrease of interference fits
by expansion of inner ring
and shaft due to centrifugal
force (Decrease of preload)

Fig. 5.3 The Influence of the Clearance between the Bearing &

Fig. 5.2 The Influence of the Jacket Cooling on Limiting Speed
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6. Lubrication

Purposes of Lubrication

The main purpose of lubrication is to reduce friction and
wear inside the bearing and thereby to prevent seizure. The
effects of lubrication may be briefly explained as follows:
(1) Reduction of Friction and Wear

Direct metallic contact between the bearing rings, rolling
elements, and cage, which are the basic parts of a bearing, is
prevented by an oil film which reduces the friction and wear in
the contact areas.
(2) Extension of Fatigue Life

Appropriate lubrication of the rolling contact surfaces
extends the rolling fatigue life of bearings. This requires
suitable viscosity of the lubricant. If the viscosity of the oil is
too low so the film thickness is insufficient, rolling fatigue life
will be shortened.
(3) Dissipation of Heat

Circulating lubrication may be employed to remove frictional
heat or heat transferred to the bearing from the outside. This
prevents the bearing from overheating and the lubricant itself
from deteriorating.
(4) Others

Adequate lubrication also helps to prevent foreign material
from entering the bearings and guards against corrosion or
rusting.

Lubricating Methods

For machine tool spindles in which high accuracy is
important, it is necessary to prevent excessive temperature
rise of the spindle to reduce thermal deformation.

Bearing heat generation is divided into a load term
determined by the bearing type and load, and a speed term
determined by the lubricating method and speed.

Generally, the speed term is greater, but if a lubricating
method resulting in a small speed term is selected, the
influence of the load term cannot be disregarded. Therefore, it
is important to select a low heat generating bearing (load
term) and lubricating method (speed term).

Regarding heat generation, both the lubricating method and
the quantity of lubricant have important effects. Lubrication
using a small amount of grease is common since this method
is economical, maintenance free, and there is little heat
generation. The oil-air lubricating method requiring a minimum
quantity of oil was developed to maintain a constant low
temperature in conjunction with high speeds. Refer to Table
6.1. for a comparison of lubricating methods.
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The relation between oil quantity and heat generation
(frictional loss) and temperature rise is already known as
shown in Fig. 6.1. In zone A, oil is employed in the minimal
quantity necessary. This minimizes agitation resistance and
the amount of associated heat generation. However, caution
is required since oil quantities lower than zone A pose the risk
of insufficient lubrication causing heat increase and bearing
failure.

In zone B, the oil quantity is higher which means more heat
is generated due to oil agitation. However, once a certain
quantity is exceeded, temperature decreases as the oil
transports some of the heat away from the bearing.

In this case, the amount of oil needed depends on the oil
drain features of the machine, allowable temperature, heat
dissipation, and the heat generation characteristics of the oil
due to agitation resistance. The adequate oil amount is thus
often determined empirically.

—Load term (Determined by bearing type

froton s and oac)
i q Mi=f,Fd,
ot bearing ) where f, : Coefficient determined by
(heat generation) .

bearing type and load
M=Mi+Mv F : Load

d.. : Pitch circle diameter of rolling
element

—Speed term (Determined by oil Viscosity,
oil amount, and speed)
My =fo (von)*°dm®
where f, : Coefficient determined by
bearing and lubricating
method
Vo : Kinematic viscosity of oil
n : Speed

Fig. 6.1 Oil Quantity and Temperature Rise

Amount of
Temperature heat generation
i ’
rise 49\’/ .
—\ ’

Heat generation —-
Temperature rise —

Seizure

Zone B

e Forced circulation
lubrication

e Jet lubrication

z
Zone A

¢ Qil-air lubrication

 Oil mist lubrication

¢ Grease lubrication

Oil quantity —

Table 6.1 Comparison of Lubricating Methods

MONTON

Lubricating Method Advantages

Disadvantages

[JCost is low.
Grease Lubrication O Limitation of temperature rise is possible.
[0 Maintenance free.

[JIf packed grease deteriorates, seizure may occur.
[JMay allow penetration of dust or cutting fluid.

Oil Mist Lubrication [ Dust and cutting fluid cannot easily enter.

[JSince new oil is always fed, no fear of oil deterioration. [ Pollution of environment.

[ Oil supply quantity varies depending on the oil viscosity
and temperature, so control of a small flow rate is difficult.
Ot is difficult to confirm that oil is actually fed.

of oil is fed and heat generation is low.
Qil-Air Lubrication the air, so the temperature rise low.

[ Dust, cutting fluid cannot easily enter.
[ Environmental pollution mist is slight.

[JSince new oil is always fed, no fear of oil deterioration.

[JSince oil quantity control is possible, the optimum quantity | [ Cost is rather high.

[ Confirmation of whether oil is actually fed to bearing is

[IBesides little heat-generation, there is a cooling effect of difficult.

- enter and seizure hardly ever occurs.
Jet Lubrication Y

controlled to some degree.

[ Since the oil flow rate is high, dust and cutting fluid cannot | [JFrictional loss is high.

[ Since oil leaks, it is difficult to use for vertical spindles.

[0 Because of cooling by oil, the bearing temperature can be | [JCost is high.

Grease Lubrication
(1) Recommended Greases

For grease lubrication of bearings in high-speed machine
tool spindles that require low temperature rise and long life, a
consistency No.2 or No.3 grease with a synthetic base oll
(diester, diester + mineral oll, etc.) is recommended.

Table 6.2 lists the brand names and properties of greases
widely used in machine tool spindles and ball screw support
bearings.

Grease life depends to a large degree upon operating
temperature. Therefore, it is necessary to keep the
temperature of the bearing (including atmospheric
temperature) cool in order to extend grease life.

(2) Grease Quantities for High-Speed Spindle Bearings

To operate bearings at high speed with grease lubrication,
the recommended quantity to be packed is 10% to 30% of

Table 6.2 Grease Brand Names and Properties

internal space. If too much grease is packed, abnormal heat
generation occurs especially during running-in; this may
cause the grease to deteriorate. To avoid such a risk, it is
necessary to run in spindles for a sufficient time. Based on
accumulated experience.

(3) Grease Quantities for Ball Screw Support Bearings

As bearings for ball screw support are usually operated at
slow speed, under high load, and in intermittent operation, we
recommend a grease quantity of 30% to 55% of internal
space for increased reliability. Recommended grease
quantities for each bearing are listed in the bearing tables for
ball screw support bearings.

Base Ol | .| Working 0
Brand Name Thickener Base Oil Viscosity, Poi:tp("C% Temperature Main Applications
mm’/s (40T) Range (C)
MTE Grease Barium complex Mineral oil + Ester oil (9 23 >260 -20 to +130 | Bearings for high-speed spindles
MTS Grease Urea () Poly- a -olefin+Ester oil () 22 >220 -40 to +130 | Bearings for high-speed spindles
TURMOGREASE L ) . . . .
HIGHSPEED L252 Lithium soap Poly- a-olefin+Ester oil () 25 >250 -50 to +120 | Bearings for high-speed spindles
ISOFLEX NBU15 Barium complex Mineral oil + Ester oil (%) 23 >260 -20 to +120 | Bearings for spindles
STABURAGS NBU 8 EP | Barium complex Mineral oil 105 >220 -10to +130 | Bearings for high load spindles
EA7 Grease Urea () Poly- o -olefin oil 46 >260 -40 to +160 | Bearings for motors
ENS Grease Urea () Polyol ester oil (9 30.5 >260 -40 to +160 | Bearings for motors
Alvania S2 Lithium Mineral oil 130 185 -10to +110 | Ball screw support bearings
WPH Urea () Poly- a-olefin oil 95.8 259 -40 to +150 | Ball screw support bearings
FS2 Lithium soap Mineral oil 139 205 | -10to+110 | 52!l screw support bearings, heavy
load applications
Multemp PS No. 2 Lithium soap Poly- a -olefin + Diester oil () 15.9 190 | -50to+110 | Ball screw support bearings, light
load applications
. R . . . o —alafin o _ Ball screw support bearings
Kluberplex BEM 41-132 Lithium soap Mineral oil + Poly-a -olefin ol 120 >250 40 to +150 (standard grease for BSBD Series)

(") For special application environments such as operating temperatures close to the low end or high end of the range or vacuum etc.,
(%) Caution: Grease containing urea thickener degrades fluorine-based materials.

(°) Caution: Ester oil-based grease causes acrylic materials to swell.
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6. Lubrication

Oil Lubrication

For oil lubrication of bearings, highly purified mineral and
synthetic oils with good anti-oxidative and anti-corrosive
properties are used that perform well under high loads.

The most important factor to consider when choosing
lubricating oil is the viscosity it will exhibit at operating
temperature. If viscosity is too low, the oil film will be
insufficient which may cause abnormal wear and seizure. If
viscosity is too high, the agitation resistance of the oil will
generate more heat and lead to power loss. Oil film formation
is also influenced by operating speed and load conditions.

Generally, the higher the operating speed the lower the
viscosity of the oil used. The higher the bearing load, or the
larger the size of the bearing, the higher the viscosity of the oil
used. Table 6.3 shows guideline values for oil viscosity at oil
temperatures in the vicinity of operated bearings under normal
operating conditions.

To aid your selection of lubricating oil, Fig. 6.2 shows the
relationship between oil temperature and viscosity.

(1) Oil Mist and Qil-Air Lubrication (Minimal Oil Quantity
Lubrication)

Oil mist lubrication is a method of spraying oil by turning it
into a mist using compressed air.

Oil-air lubrication is a method of feeding oil continuously by
injecting oil into a compressed air stream by means of a
mixing valve that intermittently discharges the minimum
quantity of oil using a constant-quantity piston. Fig. 6.3 shows
the recommended oil quantity for these minimal oil quantity
lubrication methods; each quantity is for one bearing. In the

Fig. 6.2 Relationship of Viscosity and Temperature of Lubricating Oil

Redwood  Saybolt ,
(Seconds) (Seconds)  MM?/s.

case of oil mist lubrication, it is necessary to adjust the oil
quantity to accommodate the effects of the branches in
distribution tubing and leakage from the gaps around the
spacers.

Example of an oil-air lubrication system
Air supply
e Clean and dry compressed air
e Dew point 3°C or lower
® Air pressure: 0.2 to 0.5 MPa
(0.4 to 0.45 recommended)
Lubricating oil
e Clean high-speed spindle oil, or turbine oil
(With online filter, if needed)
e Viscosity:22 to 68cst
Distributing tube for oil-air
¢ Length of distribution tubing: 1.5t0 5 m
(8.5 to 5 m recommended)
e Inner diameter of distribution tubing: 2 to 2.5 mm
(transparent urethane tube with 4mm outer diameter etc.)

Please refer to the instruction manual of your lubrication
device manufacturer etc. for details.

Table 6.3 Required Viscosity of Lubricating Oil for Each Bearing Type

Kinematic Viscosity
during Operation

Ball bearings, Cylindrical roller bearings 13 ¢St or higher
20 cSt or higher

Bearing Type

Tapered roller bearings

Fi

g. 6.3 Recommended Oil Quantity for Each Bore Size of Bearing
(Minimal Oil Quantity Lubrication)
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Fig. 6.4 Oil-air Lubrication System (Example)
Oil il line fi
pump Oil line filter
é Mixing valve l:' Spindle |
istribution tul
Distribution tube
Air supply Refrigeration  Air filter Mist separator Regulator
dryer (5pm) (0.3pm)

(2) Jet Lubrication

MONTON

Jet lubrication is mainly used for high-speed bearings with a d,n value of more than 1.0 x 10°. Jets of lubricating oil pass through
the bearings via one or several nozzles at a constant pressure. In high-speed applications, the air surrounding the bearing rotates
together with the bearing and forms a wall of air. The speed of the jet from each nozzle must exceed the circumferential speed of
the inner ring outside surface by at least 20%. To cool bearings and shaft down uniformly, it proves advantageous to increase the
number of nozzles. Enlarging the oil discharge outlet or employing forced discharge should also be considered so as to improve

heat removal.

Though it increases equipment size, this method is used for machine tool spindle bearings in some applications as a means of

achieving stable operation at ultra-high speeds (see Fig. 6.5).

Fig. 6.5 Jet Lubrication Spindle (Example)

Oil inlet

Air seal

Additional oil outlet

Oil Amount in Forced-Circulation Lubrication

The empirical equation below can be used to estimate the
amount of oil needed for a bearing with forced-circulation
lubrication.00000

Q. 0.19x10°

T,-T, aunF (N) - (1)

where Q : Oil supply rate (liters/min)

T; : Oil temperature at oil inlet (°C)

T, : Oil temperature at oil outlet (°C)

d : Bearing bore (mm)

u : Dynamic friction coefficient
(quideline value, determined by bearing type, see
Table 6.4)

n : Bearing speed (min”)

F : Bearing load (N)

Air seal

Main oil outlet

Table 6.4 Dynamic Friction Coefficient (Guideline Values)

Bearing Type Coefficient u
Angular contact ball bearings 0.0015
Thrust ball bearings 0.0011
Cylindrical roller bearings 0.0010
Tapered roller bearings 0.0022
Thrust cylindrical roller bearings 0.0040

The value calculated from equation (1) is a guideline only and
may be modified after considering such factors as the
restrictions on oil inlet and oil outlet bore sizes.

Note that the oil drain pipe and oil outlet bore must be
designed large enough to prevent stagnation of the circulating
oil in the housing.

The oil amount obtained from equation (1) is too large for
large bearings (bore sizes of more than 200 mm) if they are
exposed to heavy loads. In these cases a value of about 2/3
to 1/2 of the calculated value should be taken as a guideline
and the final value determined after having been confirmed on
the actual machine.
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7. Bearing Tolerances

The tolerance for the boundary dimensions and running accuracy of MONTON radial bearings are specified by the Accuracies of Fig. 7.1 Measuring Methods for Running Accuracy
Rolling Bearings in ISO 492/199/582/1132-1, and Rolling Bearing Tolerances in JIS B 1514. In addition to the above tolerances, : O
MONTON manufactures angular contact ball bearings with precision classes ABEC 5, 7, and 9. Melasfj”r‘g —El &)
oal
Rough definitions of the items listed for running accuracy and their measuring methods are described in Table 7.1 and Fig 7.1.
= ~——()C
Table 7.1
- - - Dial A - -
Running Accuracy Inner Ring Outer Ring Gauge
Radial runout of inner ring of assembled bearing Kia Rotating Stationary A
Radial runout of outer ring of assembled bearing Kea Stationary Rotating A c
Axial runout of inner ring of assembled bearing Sia Rotating Stationary B
Axial runout of outer ring of assembled bearing Sea Stationary Rotating B2 5. Measuring load F (max)X1.2 Supporting pins at three .
Perpendicularity of inner ring face surface with respect to the bore Sd Rotating Stationary C i D: 4 i points around circumference
Perpendicularity of outer ring outside surface with respect to the face So — Rotating D e Q } L i { @ }
TSI, " _ Only the shaft washer or the ¥ 7 \
Variation in thickness between shaft washer (housing washer) raceway and back face S;, Se housing washer is to be rotated E r (max)X1.2 ‘
Stops (at two points) Stops at two points for inside or outside surface
Tolerances for Radial Bearings (excluding Tapered Roller Bearings)
. Table 7.4 Inner Ring (Class 3) (%) Unit: pm
Inner Ring e p—
- . Nominal Bore Single Plane Mean |Deviation of a Single [BoreDia Vaiaion|  Mean Radial | Inner Ring | InnerRing | Deviation of Single Inner Ring Width | inner Ring
Table 7.2 Inner Ring (Class 5) Unit: pm Diameter Bore Dia. Deviation Bore Dia. inaSinge | Bore Dia. | Runoutof | Runout | FaceRunout 4ss Width
Nominal Bore Deviation of Mean Bore | 8D Vaton naSinge RedelPlne | Mean Bore | Radiial | Inner Ring | InnerRing | Deviation of Single Inner Ring Width | |nner Ring d RagdPlare | Variation | Inner Ring | with Bore |with Raceway| sigeBesing | Single | Combined ()| Variation
Diameter Dia. in a single plane Vap () Dia. | Runoutof | Runout | FaceRunout Ass Width (mm) Aamp () Aas () Vap () | Vamp () | Kia Sq Sia (‘) | ContinedBeang| Bearing | Bearing Vas
d Diameter Series Variation | Inner Ring | with Bore | with Raceway | Single Bearing|  Single | Combined| Variation Over Incl. High Low High Low Max. Max. Max. Max. Max. High Low Max.
(mm) Admp () 9 | 023 | Vew0 | Ka Sa Sia() | CombiedBeaing | Bearing |Bearing ()| Vs 25| 10 0 - 4 0 - 4| 25 1.5 1.5 1.5 1.5 0 |—40] -250 | 15
Over Incl. High Low Max. Max. Max. Max. Max. High Low Max. 10 18 0 — 4 0 — 4 25 15 15 15 15 0 — 80 | -250 15
25 10 0 -5 5 4 3 4 7 7 0 — 40 — 250 5
10 18 o s s 4 3 4 7 7 o . 250 5 18 30 0 - 5 0 - 5 2.5 1.5 2.5 1.5 2.5 0 — 120 | -250 1.5
18 30 0 -6 6 5 3 4 8 8 0 - 120 — 250 5 30 50 0 — 6 0 — 6 25 1.5 2.5 1.5 2.5 0 — 120 | -250 1.5
30 50 0 -8 8 6 4 5 8 8 0 - 120 — 250 5 50 80 0 -7 0 - 7 4 2 25 1.5 2.5 0 — 150 | -250 1.5
50 80 0 -9 9 7 5 5 8 8 0 - 150 — 250 6
80 120 0 —10 10 8 5 6 9 o 0 _ 200 _ 380 7 80 120 0 - 8 0 - 8 5 25 2.5 25 2.5 0 — 200 | -380 25
120 180 0 —13 13 10 7 8 10 10 0 — 250 — 380 8 120 150 0 —10 0 — 10 7 3.5 2.5 25 2.5 0 — 250 | -380 25
180 250 0 —15 15 12 8 10 11 13 0 — 300 — 500 10 150 180 0 —10 0 —10 7 35 5 4 5 0 — 950 | —380 4
250 315 0 —18 18 14 9 13 13 15 0 — 350 — 500 13
315 400 0 —23 23 18 12 15 15 20 0 — 400 | —630 15 180 250 0 —12 0 —12 8 4 5 5 5 0 —300| -500 | 5
Table 7.3 Inner Ring (Class 4) Unit: pm Table 7.5 Inner Ring (Class 2) Unit: pm
Nominal Bore | Single plane mean | Deviation of a | BoreBie-VarieferinaSinglehean Bore |  Radial | Inner Ring | InnerRing | Deviation of Single Inner Ring Width | inner Ring Nominal Bore Single Plane Mean - ) Bore Dia. Variaon | Mean Radial |Inner Ring | InnerRing | Deviation of Single Inner Ring Width | inner Ring
- o deviati . i | Radial Plane Vep () : A : Diamet Bore Dia. Deviation |D2V1tion of aSingle| .| Bore Dia. | Runout of | Runout | Face Runout Ass Width
Diameter bore Dia. deviation | Single Bore Dia. a e Vadp Dia. Runout of | Runout | Face Runout Bs Width lameter ore Dia. Deviation Bore Dia. {4 unout o unou ace Runou
d Diameter Series | Variation | Inner Ring | with Bore |with Raceway Single Bearing| Single | Combined | Variation d Aas ) RadelPlane | Variation | Inner Ring | with Bore |with Raceway| SigeBeay | Single | Combined ()| Variation
(mm) Aamp () Aas () 9 | o023 ]|VemO| Ka Sa | Sa() |CoiedBeaiy| Bearing | Bearing ()| Vs (mm) Aamo () Vap () | Vamp () | Kia Sq Sia () |ConbivedBeaing| Bearing |  Bearing Ves
Over Incl. High Low High Low Max. Max. Max. Max. Max. High Low Max. Over Incl. High Low High Low Max. Max. Max. Max. Max. High Low Max.
2.5 10 0 -4 0 — 4 4 3 2 25 3 3 0 — 40 | —250 25 2.5 10 0 —25 0 —25 2.5 1.5 1.5 1.5 15 0 — 40 | — 250 1.5
10 18 0 - 4 0 4 4 3 25 3 3 0 - 80 | —250 25
18 30 0 _ s 0 _ 5 . 25 s . . 0 — 100 | — 280 s 10 18 0 25 0 2.5 25 1.5 1.5 1.5 1.5 0 80 250 1.5
30 50 0 -6 0 -6 6 5 3 4 4 4 0 —120 | —250 3 18 30 0 —25 0 —25 2.5 15 25 1.5 2.5 0 — 120 | — 250 1.5
x :g 0 -7 0 -7 7 5 35 4 5 5 0 —150 | =250 4 30 50 0 —25 0 —25 25 15 25 1.5 25 0 — 120 | — 250 1.5
1 0 -8 0 -8 8 6 4 5 5 5 0 —200 | —380 4
120 180 0 —10 0 — 10 10 8 5 6 6 7 0 —o50 | — 380 5 50 80 0 —4 0 —4 4 2 25 1.5 25 0 — 150 | — 250 1.5
180 250 0 —12 0 —12 12 9 6 8 7 8 0 —300 | —500 6 80 120 0 -5 0 -5 5 2.5 25 25 25 0 — 200 | — 380 2.5
() Applicable to individual rings manufactured for combined bearings. 120 150 0 -7 0 -7 7 3.5 2.5 2.5 2.5 0 — 250 | — 380 2.5
(%) Applicable to bearings with cylindrical bores. 150 180 0 -7 0 -7 7 3.5 S 4 5 0 — 250 | — 380 4
(%) Class 3 is MONTON's original accuracy. Tolerance of bearing bore diameter and outer ring outer diameter are Class 4. Other tolerances are Class 2. 180 250 0 -8 0 —8 8 4 5 5 5 0 — 300 | — 500 5
(‘) Applicable to ball bearings. .
Inner ring (Class 4Y)
Remarks: 1. The bore diameter tolerance limit (High) for bearings with cylindrical bores, as specified in this table, is not necessarily applicable within a Table 7.6 Tolerance of Bore Diameter of Inner Ring Unit: pm
distance of 1.2 times the chamfer dimension r (Max.) from the ring face. Bore diameter (mm) Class 4 Class 4Y Contrled to mediumvalue) * Class 4Y is MONTON's proprietary accuracy standard, in which tolerance
2. Standards ABEC5, ABEC7, and ABECO are equivalent o ISO Classes 5, 4, and 2 respectively. Over Incl. High Low High Low of bearing bore diameter and outer ring outer diameter are in a special
) ) 30 50 0 - 6 -1 -3 class (controlled to medium value) and running accuracy is Class 4.
Standards are applicable to angular contact ball bearings. 50 80 0 -7 -2 -5 Since variation of bearing bore diameter and outer ring outer diameter
80 120 0 - 8 -3 —6 is minimized, P4Y is the most suitable accuracy class for universal
120 150 0 — 10 -3 -7 combination bearings.
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7. Bearing Tolerances

Tolerances for Radial Bearings (excluding Tapered Roller Bearings)

Outer Ring

Table 7.7 Outer Ring (Class 5) Unit: pm Table 7.9 Outer Ring (Class 3) (?) Unit: pm
Nominal Outside | Single Plane Mean | Outside Dia. Variation ina Single Radial Plane | Mean Radial | Variation of Outside | OuterRing | Deviation of | Outer Ring Nominal Outside | Single Plane Mean | Deviation of Single |  Outside Dia. Mean Radial | Variation of Outside | Outer Ring | Deviation of | Outer Ring
Diameter Outside Dia. Vop Outside Dia. | Runout of | Surface Generatrix | Face Runout Single Outer Width Diameter Outside Dia. Outside Dia. Variation in a Single| Outside Dia.| Runout of | Surface Generatrix | Face Runout Single Outer Width
D Deviation Diameter Series Variation | Outer Ring | Inclination with Face | with Raceway | Ring Width Variation D Deviation Radial Plane Variation | Outer Ring | Inclination with Face | with Raceway | - Ring Width Variation
(mm) Apmp 9 0,2 Vbmp Kea Sp Seal(’) Ves (mm) Apmp Aps Vop Vomp Kea Sp Sea (') Ves
Over Incl. High Low Max. Max. Max. Max Max. des Max. Over Incl. High Low High Low Max. Max. Max. Max. Max. Acs Max.
6 18 0 — 5 5 4 3 5 8 8 5 6 18 0 — 4 0 — 4 2.5 1.5 1.5 15 15 15
18 30 0 — 6 6 5 3 6 8 8 5 18 30 0 — 5 0 — 5 4 2 25 15 25 15
30 50 0 -7 7 5 4 7 8 8 5 30 50 0 - 6 0 — 6 4 2 25 15 25 Equal to the 15
50 80 0 -9 9 7 5 8 8 10 | Equal to the 6 50 80 0 -7 0 -7 4 2 4 1.5 4 value of inner | 1.5
80 120 0 —10 10 8 5 10 9 " value of inner 8 80 120 0 - 8 0 - 8 5 2.5 5 2.5 5 ring (4gs) of 2.5
120 | 150 L 11 8 6 11 10 18 | g (sd) of 8 120 | 150 0o |—-9| 0o | -9 5 25 5 25 5 | thesame 25
150 | 180 0 | —13 13 10 7 13 10 14 e same 8 150 | 180 0o | -1 o | —10 7 35 5 25 5 | bearing 25
180 250 0 — 15 15 11 8 15 11 15 boaring 10 180 250 0 — 11 0 — 11 8 4 7 4 7 — 4
250 315 0 —18 18 14 9 18 13 18 11
number. 250 315 0 — 13 0 — 13 8 4 7 5 7 5
315 400 0 - 20 20 15 10 20 13 20 13 315 400 0 — 15 0 — 15 10 5 8 7 8 7
400 500 0 — 23 23 17 12 23 15 23 15
500 630 0 — 28 28 21 14 25 18 25 18
630 800 0 — 35 35 26 18 30 20 30 20 Table 7.10 Outer Ring (Class 2) Unit: ym
Nominal Outside | Single Plane Mean | Deviation of Single Qutside Dia. Mean Radial | Variation of Outside | Outer Ring Face | Deviation of | Outer Ring
Table 7.8 Outer Ring (Class 4) Unit: um Diameter Outside Dia. Outside Dia. Variationina | Outside Dia. | Runout of | Surface Generatrix Runout with Single Outer Width
— - D Deviation Single Radial Plane| Variation | Outer Ring | Inclination with Face Raceway Ring Width Variation
Nominal Outside |Single Plane Mean - ) Qutside Dia.Variationin a Single Radial Plane | tean Radial | Variation of Outside | OuterRing | Deviation of |Outer Ring (mm) Apmp Aps Vbp Vbmp Kea Sp Seal(") Ves
Diameter Outside Dia. Deviation of Single Vbp Outside Dia. | Runout of | Surface Generatrix | Face Runout | Single Out: Width A
o Outside Dia. - - e ) R ) ingle Luter - Over Incl. High Low High Low Max. Max. Max. Max. Max. Cs Max.
D Deviation A Diameter Series Variation | Quter Ring | Inclination with Face | with Raceway |  Ring Width | Variation
(mm) Apmp Ds 9 0.2 Vomp Kea Sp Sea(!) Ves 6 18 0 — 25 0 — 25 2.5 1.5 1.5 1.5 1.5 1.5
Over Incl. High Low High Low Max. Max. | Max. Max. Max Aoes Max. 18 30 0 — 4 0 — 4 4 2 2.5 1.5 2.5 1.5
6 18 0 ) 0 ) 4 3 2 3 4 5 25 30 50 0 — 4 0 — 4 4 2 2.5 1.5 2.5 Equal to the 1.5
18 30| 0o |-5| 0 |—5 5 4 25 4 4 5 2.5 50 80 0 |— 4 0 |— 4 4 2 4 1.5 4 value of inner | 1.5
30 50 0 — 6 0 — 6 6 5 3 5 4 5 Equal to the 25 80 120 0 — 5 0 — 5 5 2.5 5 2.5 5 ring (4gs) of 2.5
50 80 0 -7 0 -7 7 5 35 5 4 5 value of inner | 3 120 150 0 - 5 0 - 5 5 2.5 5 2.5 5 the same 25
80 120 0 - 8 0 - 8 8 6 4 6 5 6 ring (Ass) of 4 150 180 0 - 7 0 - 7 7 3.5 5 2.5 5 bearing 25
120 150 0 - 9 0 -9 9 7 5 7 5 7 the same 5 180 250 0 - 8 0 - 8 8 4 7 4 7 number. 4
150 180 0 —10 0 — 10 10 8 5 8 5 8 bearing 5 250 315 0 - 8 0 — 8 8 4 7 5 7 5
180 250 0 — 11 0 - 11 11 8 6 10 7 10 number. 7 315 400 0 —10 0 —10 10 5 8 7 8 7
250 315 0 —13 0 —13 13 10 7 11 8 10 7
315 400 0 —15 0 — 15 15 11 8 13 10 13 8
Outer Ring (Class 4Y)
(") Applicable to ball bearings. Table 7.11 Tolerance of Outer Diameter of Outer Ring Unit: pm
() MONTON specification. Tolerance of bearing bore diameter and outer ring outer diameter are Class 4. Other tolerances are Class 2. Outer diameter (mm) Class 4 Class 4Y (Controlled to medium valug)
Over Incl. High Low High Low
30 50 0 -6 -2 -6
50 80 0 -7 -2 -6
80 120 0 -8 -2 -6
120 150 0 -9 -3 -7
150 180 0 -10 -3 -7
180 200 0 -1 -4 -9
200 215 and less 0 -11 -2 -9

*Class 4Y is MONTON's proprietary accuracy standard, in which tolerance of bearing
bore diameter and outer ring outer diameter are in a special class (controlled to
medium value) and running accuracy is Class 4. Since variation of bearing bore
diameter and outer ring outer diameter is minimized, P4Y is the most suitable
accuracy class for universal combination bearings.
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7. Bearing Tolerances

Tolerances for Tapered Bores of Cylindrical Roller Bearings

Table 7.12 KR Tapered Bores Unit: pm
d () (Reference) () ”
Tolerances for Tapered Bores (mm) Admp Adtmp= Admp Vap ()
. The b?re acouracy of tapereq bor.e cylindrical roller bearings Fig. 7.2 Taper Angle Tolerances Over Incl. High Low High Low Max.
is specified by ISO. However, in this standard, the tolerances 18 30 ¥ 13 0 ¥ 3 0 4
are rather wide. 30 50 + 16 0 + 3 0 5
KR tolerance 50 80 + 19 0 + 4 0 6
80 120 + 22 0 + 5 0 7
Ktolerance 120 180 + 25 0 + 7 0 9
180 250 + 29 0 + 9 0 12
250 315 + 32 0 + 11 0 14
I || Taper1:12 315 400 + 36 0 + 12 0 16
(4° 46" 18.8") (") For bearings with larger than 400mm bore, please contact.
() Bore diameter variation in a single radial plane, which is applicable to all radial planes of tapered bores.
() Taper angular tolerance, 4°4618.8” ¢
KR : A very narrow range positioned towards the lower
limit of ISO tolerance for easier adjustment of taper
angle during mounting. Table 7.13 K Tapered Bores Unit: pm
d A Adimp— A4 Vap (1)
K :Positioned midrange of ISO tolerance, this accuracy (mm) dme dtmp £ldme @
class offers bore dimensional accuracy identical to Over Incl. High Low High Low Max.
the ISO specification. 18 30 + 33 0 + 21 0 13
30 50 + 39 0 + 25 0 16
50 80 + 46 0 + 30 0 19
80 120 + 54 0 + 35 0 22
120 180 + 63 0 + 40 0 40
) 180 250 + 72 0 + 46 0 46
Fig. 7.3 Tapered Bore Tolerances 250 315 + 81 0 +50 0 52
315 400 + 89 0 + 57 0 57
Nominal tapered bore Tapered bore with deviation in single plane mean bore diameter 400 500 + 97 0 + 63 0 63
s 500 630 + 110 0 + 70 0 70
‘F 630 800 + 125 0 + 80 0 —
(o}
< (') Bore diameter variation in a single radial plane, which is applicable to all radial planes of tapered bores.
N
. o ] — tq
3 j T
of _|Teeertiz | o Rl I 4. |3
ANS IS8 ) o
= s
- \ [ ——— —
s 5
d : Nominal bore diameter V4o : Bore diameter variation in a single
dy : Theoretical diameter of larger end of tapered bore radial plane
d1=d+%zB B : Nominal inner ring width
Agmp - Deviation of single plane mean bore diameter of smaller a : Half of taper angle of tapered bore
end of tapered bore from the nominal diameter a=223'9.4"
Agimp - Deviation of single plane mean bore diameter of larger =2.38594°
end of tapered bore from the theoretical diameter =0.041643rad
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7. Bearing Tolerances

Tolerances for Angular Contact Thrust Ball Bearings

Tolerances for angular contact thrust ball bearings (Class 4A (') of BAR, BTR, TAC2xF types)

Table 7.14 Inner ring Unit: pm
Nominal Bore Single Plane Deviation of a Bore Dia. Variation in |Mean Bore| Radial | InnerRing | InnerRing | Inner Ring Deviation of
Diameter Mean Bore Single Bore Dia. | a Single Radial Plane Dia. Runout of | Runout | Face Runout | Width Single Inner
Dia. Deviation Vap Variation | Inner Ring | with Bore |with Raceway | Variation Ring Width
d Admp Ads Diameter Series Vamp Kia Sd Sia Vas Ags
(mm) 9 0 Combined Bearing
Over Incl. High Low High Low Max. Max. Max. Max. Max. Max. Max. High Low
- 50 0 - 6 0 -6 6 5 3 4 4 4 3 0 — 250
50 80 0 -7 0 -7 7 5 3.5 4 5 5 4 0 — 250
80 120 0 - 8 0 - 8 8 6 4 5 5 5 4 0 — 380
120 150 0 —10 0 —10 10 8 5 6 6 7 5 0 — 380
150 180 0 —10 0 —10 10 8 5 6 6 7 5 0 — 500
180 250 0 — 12 0 —12 12 9 6 8 7 8 6 0 — 500
Table 7.15 Outer ring Unit: pm
Nominal Outside Single Plane Deviation of Outside Dia. Variation Mean Radial |Variaionof Quiside| Outer Ring | Outer Ring Deviation of
Diameter Mean Outside Single Outside Dia. | in a Single Radial Plane | Outside Dia. | Runout of | Suface Generatix | Face Runout |~ Width Single Outer
Dia. Deviation Vop Variation | Outer Ring | Incination ithFace | with Raceway | Variation Ring Width
D Apmp Aps Diameter Series Vbmp Kea Sp Sea Ves Acs
(mm) 9 0 Combined Bearing
Over Incl. High Low High Low Max. Max. Max. Max. Max. Max. Max. High \ Low
- 80 — 30 — 37 — 30 — 37 7 5 3.5 5 4 5 3
80 120 — 40 — 48 — 40 — 48 8 6 4 6 5 6 4
120 150 —50 | —59 | —50 | —59 9 7 5 7 5 7 5 | Bqualtothe value of
150 | 180 | —50 | —60 | —50 | —60 | 10 8 5 8 5 8 5 | imnerring (e of the
same bearing
180 250 — 50 — 61 — 50 — 61 11 8 6 10 7 10 7 number.
250 315 — 60 — 73 — 60 — 73 13 10 7 11 8 10 7
315 400 — 60 — 80 — 60 — 80 15 11 8 13 10 13 8

Tolerances for double-direction angular contact thrust ball bearings (Class 7 (%) of TAC2xD type)

Table 7.16 Tolerances of inner ring, outer ring, and bearing height

Table 7.17 Tolerance of outer ring

Unit: pm Unit: pm
Nominal Bore Single Plane Mean Deviation of the  |Radial Runout of Assembled | Inner Ring| Inner ring (Outer Ring) Nominal Outside Deviation of
Diameter Bore Diameter Actual Bearing Bearing Inner Ring Runout Face Runout with Diameter Single Outside Dia.
d Deviation Height (Outer Ring) with Bore Raceway D Aps
(mm) Admp Ats Kia (Kea) Sq Sia (Sea) (mm)

Over Incl. High Low High Low Max. Max. Max. Over Incl. High Low
- 30 0 -5 0 — 300 5 4 3 30 50 —25 - 41
30 50 0 -5 0 — 400 5 4 3 50 80 — 30 — 49
50 80 0 - 8 0 — 500 6 5 5 80 120 — 36 — 58
80 120 0 - 8 0 — 600 6 5 5 120 180 — 43 — 68

120 180 0 10 0 — 700 8 8 5 180 250 — 50 - 79

180 250 0 —-13 0 — 800 8 8 6 250 315 — 56 — 88

250 315 0 —15 0 — 900 10 10 6 315 400 — 62 — 98

315 400 0 —18 0 — 1200 10 12 7 400 500 — 68 — 108

500 630 — 76 — 120
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Tolerances for Angular Contact Thrust Ball Bearings for Ball Screw Support

MONTON

Tolerances for high-rigidity angular contact thrust ball bearings (Class PN7C (°) of TACxxC type)

Table 7.18 TAC C Series Unit: pm
Nominal Bore Single Plane Mean Deviation of Single Single Plane Mean Deviation of Single Deviation of Single | Inner ring (Outer Ring)
(Outer Ring) Bore Diameter Bore Diameter Outside Diameter Outside Diameter Inner Ring Width Face Runout with
Diameter Deviation Deviation Raceway
(mm) Admp Ads Apmp Aps Ags Sia (Sea)
Over Incl. High Low High Low High Low High Low High Low Max.
10 18 0 —4 0 —4 - - - - 0 —120 2.5
18 30 0 -5 0 -5 - - - - 0 —120 25
30 50 0 -6 0 -6 0 -6 0 -6 0 —120 2.5
50 80 0 -7 0 -7 0 -7 0 -7 0 — 150 25
80 120 0 -8 0 -8 0 -8 0 -8 0 — 200 25
Tolerances for angular contact thrust ball bearings for high-load drive applications
(Class PNSD (%) of TACOxD and TACxx-3 types)
Table 7.19 TACO3 Series Unit: ym

Nominal Bore Single Plane Mean Single Plane Mean Deviation of Single Inner ring (Outer Ring)
(Outer Ring) Bore Diameter Outside Diameter Inner Ring Width Face Runout with
Diameter Deviation Deviation Raceway
(mm) Admp Apmp Ags Sia (Sea)
Over Incl. High Low High Low High Low Max.
10 18 0 - 5 - 0 — 80 5
18 30 0 - 6 - 0 — 120 5
30 50 0 - 8 0 -7 0 —120 5
50 80 0 -9 0 -9 0 — 150 8
80 120 0 —10 0 —10 0 — 200 8
120 150 0 —13 0 -1 0 — 250 10
150 180 0 - 13 0 —13 0 — 250 10
180 250 - - 0 —15 - - 10
250 315 - - 0 — 18 - - 11
315 400 - - 0 - 20 - - 13
Tolerances for BSBD Series double-row bearings (Class P2B (°) of BSF and BSN types)
Table 7.20 BSBD Series double-row bearings (BSF and BSN types) Unit: pm
Nominal Bore Single Plane Mean Single Plane Mean Inner Ring Face Radial
Diameter Bore Qiameter OutsidelDilameter Runout with Runoutl of Width Tolerance
Deviation Deviation Raceway Inner Ring
(mm) Admp Apmp Sia Kia
Over Incl. High Low High Low Max. Max. High Low
10 18 0 -5 0 — 10 1.5 1.5 0 — 250
18 30 0 -5 0 - 10 25 2.5 0 — 250
30 50 0 -5 0 — 10 25 25 0 — 250
50 80 0 —8 0 — 15 2.5 2.5 0 — 250
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7. Bearing Tolerances

Tolerances for Metric Design Tapered Roller Bearings Tolerances for Thrust Ball Bearings
Inner Ring W
Table 7.21 Inner ring (Class 5) Unit: um Shaft aSher )
Nominal Bore Single Plane Mean Bore | Bore Diameter Variation Mean Bore Radial Runout of | Inner Ring Runout Table 725 Shaft WaSher (ClaSS 5) Unlt' lJm
Diameter Diameter Deviation in a Single Radial Plane | Diameter Variation Inner Ring with Bore | | K e K .
d(mm) Admp Ve Vemp Kia Sy Nominal Bore Single Plane Mean Bore |Bore Diameter Variation | Shaft Washer (Housing Washer) Raceway | (Reference) Deviation
Over Inal. High Low Max. Max. Max. Max. Diameter Diameter Deviation in a Single Radial Plane | to Back Face Thickness Variation of Bearing Height
10 18 0 -7 5 5 35 7 d(mm) Admp Vap Si(Se) ATs
;g gg 8 - 1% g g g g Over Incl. High Low Max. Max. High Low
50 80 0 - 12 9 6 5 8 18 30 0 — 10 8 3 0 — 75
- R A A T I I I I : 0 | 10
180 250 0 —22 17 11 10 11 50 80 0 — 15 11 4 0 — 125
250 315 0 —25 - - 13 13 80 120 0 - 20 15 4 0 — 150
315 400 0 —30 — — 15 15 120 180 0 — 25 19 5 0 — 175
400 | s00 0 =35 = = 18 19 180 250 0 - 30 23 5 0 — 200
Table 7.22 Inner ring (Class 4) Unit: ym 250 315 0 — 35 26 7 0 — 225
315 400 0 — 40 30 7 0 — 300
Nominal Bore Single Plane Mean Bore . . . Bore Diameter Variation Mean Bore Radial Runout of |Inner Ring Runout| Inner Ring Face
Diameter Diameter Deviation Deviation of Smjle Bore Diameter ina Single Radial Plane | Diameter Variation Inner Ring with Bore Runout with Raceway 400 500 0 — 45 34 9 0 — 350
d(mm) Admp ds Vdp Vamp Kia Sq Sia 500 630 0 — 50 38 11 0 — 450
Over Incl. High Low High Low Max. Max. Max. Max. Max. 630 800 0 - 75 — 13 0 — 550
10 18 0 -5 0 -5 4 4 25 3 3 800 1000 0 — 100 — 15 0 — 700
B ® O 0 -8 2 : 8 4 4 1000 | 1250 0 — 125 — 18 0 — 900
30 50 0 - 8 0 - 8 6 5 4 4 4
50 80 0 -9 0 -9 7 5 4 5 4
80 | 120 0 - 10 0 - 10 8 5 5 5 5 Table 7.26 Shaft washer (Class 4) Unit: ym
120 180 0 —13 0 —13 10 7 6 6 7
180 250 0 —15 0 —15 1 8 8 7 8 Nominal Bore Single Plane Mean Bore |Bore Diameter Variation | Shaft Washer (Housing Washer)Raceway | (Reference) Deviation
g?g %g 8 _ ;g 8 B ;g — _ 1(2) 13 ]g Diameter Diameter Deviation  |ina Single Radial Plane |  to Back Face Thickness Variation of Bearing Height
400 500 0 - 27 0 - 27 — — 14 13 17 d(mm) Admp Vap Si(Se) ATs
Remarks: 1. The outside diameter "no-go side" tolerances (low) specified in this table do not necessarily apply within a distance of 1.2 times the chamfer Over Incl. High Low Max. Max. High Low
dimension r (max.) from the ring face. 18 30 0 — 8 6 2 0 — 75
30 50 0 —10 8 2 0 — 100
) 50 80 0 —12 9 3 0 — 125
Outer Ring 80 | 120 0 — 15 11 3 0 | —150
Table 7.23 Outer ring (Class 5) Unit: ym 128 ;28 8 - ;g ]‘71 i 8 - ;(7)8
Nominal Outside |Single Plane Mean Outside | Outside Diameter Variation| ~ Mean Outside Radial Runout of | Variation of Outside Surface 250 315 0 — 25 19 5 0 — 295
Diameter Diameter Deviation inaSingle Radial Plane | Diameter Variation Outer Ring Generatrix Inclination with Face
D(mm) Abmp Vop Vomp Kea So 315 400 0 — 30 23 5 0 — 300
Over Incl. High Low Max. Max. Max. Max. 400 500 0 — 35 26 6 0 — 350
18 30 0 -8 6 5 6 8 500 630 0 — 40 30 7 0 — 450
30 50 0 -9 7 5 7 8 630 800 0 — 50 — 8 0 — 550
50 80 0 - 11 8 6 8 8
80 120 0 —13 10 7 10 9
120 150 0 —15 11 8 11 10
150 180 0 —18 14 9 13 10 -
180 | 250 0 —20 15 10 15 11 Hous|ng Washer
250 315 0 —25 19 13 18 13
%g ggg 8 - gg 22 14 gg 12 Table 7.27 Housing washer (Class 5)  Unit: pm Table 7.28 Housing washer (Class 4)  Unit: pm
500 630 0 —38 — — 25 18 Nominal Outside | Single Plane Mean Outside | Outside Diameter Variation Nominal Outside | Single Plane Mean Outside | Outside Diameter Variation
Table 7.24 Outer ring (Class 4) Unit: ym Diameter Diameter Deviation in a Single Radial Plane Diameter Diameter Deviation in a Single Radial Plane
Nominal Outside |Single Plane Mean Outside Deviation of Single Outside Diamet Outside Diameter Variation| ~ Mean Outside Radial Runout of | Variation of Outside Surface Outer Ring Face D(mm) 4 Dmp VDp D(m m) 4 Dmp VDp
Diameter Diameter Deviation eviation o Ingj utside Dlameter | aSingle Radial Plane | Diameter Variation Outer Ring Generatrx Inclination with Face | Runout with Raceway QOver Incl. High Low Max. QOver Incl. High Low Max.
Ds
D(mm) : ADmp : VDp VDmp Kea SD Sea 30 50 0 _— 16 12 30 50 O _— 9 7
Over Incl. High Low High Low Max. Max. Max. Max. Max. 50 80 0 — 19 14 50 80 0 - 11 8
18 30 0 - 6 0 - 6 5 4 4 4 5
30 =0 0 J 0 I . . . 4 . 80 120 0 - 22 17 80 120 0 —13 10
50 80 0 -9 0 -9 7 5 5 4 5 120 180 0 — 25 19 120 180 0 — 15 11
128 158 g - 11$ 8 - 11? g 2 g g 573 180 250 0 — 30 23 180 250 0 — 20 15
i | 180 o | Zia o BN 10 7 8 ; 8 250 315 0 - 35 26 250 315 0 —25 19
180 250 0 - 15 0 —15 11 8 10 7 10 315 400 0 — 40 30 315 400 0 — 28 21
250 315 0 —18 0 —18 14 9 11 8 10 400 500 0 — 45 34 400 500 0 — 33 25
315 400 0 — 20 0 — 20 15 10 13 10 13 _ _
400 500 0 — o3 0 — o3 > - 15 " 15 500 630 0 50 38 500 630 0 38 29
500 | 630 0 o 0 o — — 18 13 18 630 800 0 - 75 55 630 800 0 — 45 34
R ) o ) . o L e . L . 800 1000 0 — 100 75
emarks: 1. The cylindrical bore diameter "no-go side" tolerance limit (high) specified in this table does not necessarily apply within a distance of 1.2 1000 1250 0 — 120
times the chamfer dimension r (max.) from the ring face. 5 -
1250 1600 0 — 160 —
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8. Design of Shafts and Housings

Fitting of Shafts and Housings

In order to take full advantage of the capabilities of super precision bearings such as running accuracy, high-speed performance,
and low heat generation, a high level of accuracy is required of shafts, housings and other surrounding parts as well.

When the inner ring or outer ring is mounted onto a shaft or into a housing with interference, the shape of the shaft or the
housing (out-of-roundness) is transferred to the bearing raceway surfaces and will affect running accuracy. When multiple angular
contact ball bearings are used in combination, cylindricity affects the distribution of preload between the bearings. Therefore, the
parts that mate with bearing surfaces should be as accurate as possible. Inaccurate mating of parts may cause the formation of
peaks or ridges along the shaft, which can affect the quality of finished work, especially in precision lathes etc.

Tables 8.1 through 8.4 list recommended interference values for bearings operated in standard conditions at speeds of less than
800 000 d,,n (Tables 8.1 and 8.2 refer to bearings for machine tool spindles, Tables 8.3 and 8.4 refer to ball screw support
bearings).

For thrust cylindrical roller bearings and thrust ball bearings, we recommend a shaft fit of h6 and a housing fit of G7 as a target.
Clearance fits are commonly used for both shaft washer and housing washer. However, particularly in the case of thrust ball
bearings where alignment of both washers with the shaft is required, small values are preferable within the range that assembly
allows.

Table 8.1 Fits on Shafts

Bearing type Shaft Outer diameter (mm) Tolerance of shaft outer diameter (mm) Target interference(')(*) (mm)
Over Incl. Min. Max. Min. Max.

10 18 — 0.003 0 0 0.002T

18 50 — 0.004 0 0 0.003T

50 80 — 0.005 0 0 0.003T

Bearings for 80 120 — 0.003 0.003 0 0.004T

machine tool 120 180 — 0.004 0.004 0 0.006T

spindles 180 250 — 0.005 0.005 0 0.008T

250 315 — 0.008 0.008 0 0.010T

315 400 — 0.009 0.009 0 0.013T

400 500 — 0.010 0.010 0 0.015T

(") Use the target interference when the bearing can be matched to the shaft or housing. Otherwise, use the shaft outer diameter and housing bore
minimum and maximum for random matching.

(%) T=Interference or tight fit; L=Clearance or loose fit

(%) Only applicable if outer ring is inserted into housing separately.
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Table 8.2 Fits on Housings
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Housing Bore diameter (mm)

Tolerance of housing bore (mm)

Target interference (')(%) (mm)

Bearing type Over Incl. Min. Max. Min. Max.
18 50 — 0.002 0.002 0.002L 0.005L
50 80 — 0.0025 0.0025 0.002L 0.005L
80 120 — 0.003 0.003 0.002L 0.006L
120 180 — 0.004 0.004 0.003L 0.009L
Aggﬁ'gre:g:;asct 180 250 —0.005 0.005 0.004L 0.012L
(Fixed end) 250 315 — 0.006 0.006 0.005L 0.015L
315 400 — 0.007 0.007 0.007L 0.02L
400 500 —0.008 0.008 0.008L 0.023L
500 630 —0.008 0.008 0.008L 0.024L
630 800 — 0.009 0.009 0.009L 0.027L
50 80 —0.005 0 0.025L 0.037L
80 120 — 0.007 0 0.033L 0.047L
120 150 —0.008 0 0.042L 0.059L
Angular contact 150 180 —0.011 0 0.039L 0.059L
thrust ball bearings 180 250 —0.012 0 0.038L 0.061L
(if used together
with radial bearings) 250 315 — 0.013 0 0.047L 0.073L
315 400 —0.015 0 0.045L 0.080L
400 500 —0.016 0 0.054L 0.091L
500 630 —0.018 0 0.052L 0.094L
18 50 0.004 0.007 0.006L 0.009L
50 80 0.005 0.008 0.007L 0.01L
80 120 0.006 0.010 0.008L 0.012L
120 180 0.008 0.014 0.011L 0.017L
Aggﬁ'i;:ﬁ:tasd 180 250 0.010 0.018 0.014L 0.022L
(Free end“? 250 315 0.012 0.022 0.017L 0.027L
315 400 0.013 0.026 0.021L 0.034L
400 500 0.015 0.030 0.024L 0.039L
500 630 0.016 0.032 0.026L 0.042L
630 800 0.018 0.036 0.031L 0.049L
50 80 — 0.005 0 0.002L 0.002T
80 120 — 0.007 0 0.002L 0.002T
120 180 —0.008 0 0.003L 0.003T
180 250 — 0.011 0 0.004L 0.004T
Cylindrical roller bearings, 250 315 —0.012 0 0.005L 0.005T
Tapered roller bearings () 315 400 —0.013 0 0.007L 0.007T
400 500 —0.015 0 0.008L 0.008T
500 630 —0.016 0 0.008L 0.008T
630 800 —0.018 0 0.009L 0.009T
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Recommended interference values for standard operating conditions of ball screws are listed in Tables 8.3 and 8.4. Recommended accuracy and surface roughness for bearing seats in machine tool spindle applications are shown in the tables
When using angular contact thrust ball bearings for high-load drive ball screw support, in cases where a single end is supported below.
and moment loads are high, it is advisable to increase shaft interference, for example by choosing k5 etc. as required. When using cylindrical roller bearings with tapered bores, if the taper of the inner ring does not match that of the shaft,
For super precision class applications please make sure during designing and mounting that: misalignment of the inner ring groove will cause irregular movement of the rollers. With double-row cylindrical roller bearings, a
Misalignment in inclination is below 1/2000 (target: below 1/5000) difference in residual clearance between the rows will occur. Consequently, load will not be sustained equally, and rigidity will
Eccentricity is below 0.020mm decline.
We recommend that you gauge the tapered parts to be mated with bearings. Contact should cover more than 80% of the total
Table 8.3 Fits on Shafts surface area that is dyed blue. Please refer to page 248 for a description and details on the gauging of shaft tapers.
) Shaft Outer Diameter (mm) Tolerance of Shaft Outer Diameter (mm)
Bearing type -
Over Incl. Min. Max. &
10 18 — 0.008 0 o b OldA
Angular contact thrust ball 18 30 — 0.009 0
bearings for ball screw 30 50 h5 — 0.011 0
support in machine tools 50 80 —0.013 0
80 120 — 0.015 0 X 5
10 18 — 0.004 0.004 JICTAB
Angular contact thrust ball 18 30 — 0.0045 0.0045
bearings for ball screw 30 50 js5 — 0.0055 0.0055 Table 8.5 Tolerance for and Mean Roughness of Shafts
support in high-load drive
applications 50 80 — 0.0065 0.0065 Tolerance Grades and Mean Roughness (um)
80 120 — 0.0075 0.0075 Shaft Diameter Out-of-roundness (O) Cylindricity (()) Runout () Coaxiality (O) Roughness
(mm) a b c d Ra
. . Bearing Accuracy Bearing Accuracy Bearing Accuracy Bearing Accuracy Bearing Accuracy
Table 8.4 Fits on Housings Over Incl. P5 P4,P3,P2 | All accuracy cl P5 P4,P3,P2 P5 P4,P3,P2 | All accuracy cl
Bearing type Housing Bore Diameter (mm) Tolerance of Housing Bore Diameter (mm) — 10 0.7 0.5 0.7 2 1.2 4 2.5 0.2
9P Over Incl. Min. Max. 10 18 1 0.6 1 25 15 5 3 0.2
30 50 0 0.016 18 30 1.2 0.7 1.2 3 2 6 4 0.2
50 80 0 0.019 30 50 1.2 0.7 1.2 3.5 2 7 4 0.2
Angular contact thrust 80 120 0 0.022 50 80 1.5 1 15 4 2.5 8 5 0.2
ball bearings for H6 ' 80 120 2 1.2 2 5 3 10 6 0.4
ball screw support 120 180 0 0.025 120 180 25 1.7 25 6 4 12 8 0.4
180 250 0 0.029 180 250 35 22 35 7 5 14 10 0.4
250 315 0 0.032 250 315 4 3 4 8 6 16 12 0.4
315 400 4.5 3.5 4.5 9 6.5 18 13 0.8
400 500 5 4 5 10 7.5 20 15 0.8
Fig. 8.1 Arrangement of Ball Screw Support Bearings (Example) oTa
]
O] b,

—T S —

2 N AB /Tc.[AB]
S O e e AN " e

K | - :q_[:l | Table 8.6 Tolerance for and Mean Roughness of Housings
| Tolerance Grades and Mean Roughness (um)
Housing Bore Diameter | Out-of-roundness (O) Cylindricity (()) Runout () Coaxiality (O) Roughness
- (mm) a b1 c1 d1 Ra
Bearing Accuracy Bearing Accuracy Bearing Accuracy Bearing Accuracy Bearing Accuracy

Over Incl. P5 P4,P3,P2 | All accuracy classes P5 P4,P3,P2 P5 P4,P3,P2 | All accuracy classes
10 18 1 0.6 1 25 1.5 5 3 0.4
18 30 1.2 0.7 1.2 3 2 6 4 0.4
30 50 1.2 0.7 1.2 3.5 2 7 4 0.4
50 80 1.5 1 1.5 4 25 8 5 0.4
80 120 2 1.2 2 5 3 10 6 0.8
120 180 25 1.7 25 6 4 12 8 0.8
180 250 3.5 2.2 3.5 7 5 14 10 0.8
250 315 4 3 4 8 6 16 12 1.6
315 400 4.5 3.5 4.5 9 6.5 18 13 1.6
400 500 5 4 5 10 7.5 20 15 1.6
500 630 5.5 4.5 5.5 11 8 22 16 1.6
630 800 6.5 5 6.5 12.5 9 25 18 1.6
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Chamfer Dimension Limits and Corner Radius of Shaft or Housing Spacer Dimensions

. . ) The dimensions of standard spacers for open type angular contact ball bearings (19, 29, 10, 20 and 02 Series) are listed below.
Fig. 8.2 Chamfer Dimension

_ | r(max)orr, (max) Additional information:
%’g (Axial direction) Material of spacer: Bearing steel or carbon steel
EE r (min.) or Bore surface or When using spacers, parallelism of spacer end surfaces should be:
. N\ ry (min.) outside surface '
% = — — Less than 0.003 mm (for spacers up to 300mm bore size)
% 2 X /,'/ Less than 0.004 mm (for spacers over 300mm bore size)
g % e " (min) or Remarks: The precise shape of chamfer surfaces has not been .
Pk min) specified but its profile in the axial plane shall not 19 Or 29 SeriesS stndadspacers for dimension seriss 19 or 29 (70, BNR19, BER1S, BNR29, BER29, BSR19) Unit: mm
£ 1< intersect an arc of radius r (min.) or ry (Min.) touching - -
- the side face of an inner ring and the bore surface Nominal bearing | Bearing outside Outer ring spacer Inner ring spacer
o Bearing . 9 . . ’ Bore number bore diameter diameter Outer diameter () Bore Outer diameter Bore () Spacer chamfer
T or the side face of an outer ring and the outside d D
§ }';’ surface. 00 10 22 21.5 17.5 14.5 10.5 0.2
Eg 01 12 24 23.5 19.5 16.5 12.5 0.2
g2 02 15 28 27.5 235 19.5 15.5 0.2
£ 03 17 30 29.5 25.5 215 17.5 0.2
04 20 37 36.5 31.5 26 20.5 0.2
r : chamfer dimension of inner/outer ring 05 25 42 415 36 31 255 0.2
r,: chamfer dimension of inner/outer ring 06 30 47 46.5 4 36 30.5 0.2
(Front side) 07 35 55 54.5 48 42 355 0.3
08 40 62 61.5 54.5 47.5 40.5 0.3
Table 8.7 Chamfer Dimension Limits for Radial Table 8.8 Chamfer Dimension Limits for Tapered Table 8.9 Chamfer Dimension Limits 09 45 68 67.5 60 53 45.5 0.3
Bearings (excluding Tapered Roller Bearings) Roller Bearings for Thrust Bearings 10 50 72 7.5 66 56 50.5 0.3
Unit: mm Unit: mm Unit: mm " 55 80 79.5 2 64 55.5 0.5
Smallest | Norminal |Largest permissible | FO" reference Sllst Nominal bore Largest For reference Smallest Largest |For reference 12 g: :g :3: ;Z ?g 222 82
permissible|  bore | chamfer dimension | Gomer raius of issibl dameter o permissible Corner radius of permissible | Pemissible Corner radius of ' ’ '
i permissible [nominal outside chamfer chamfer 14 70 100 99.5 91.5 79 70.5 0.5
ghamfgr diameter shaft or housing chamfer diameter dimension shaft or housing ?hamf,er dimension | shaft or housing
dimension d r (max.) or 1 (max.) ra dimension | d or D r (max,) ra dimension r (max.) ra 15 75 105 104.5 96.5 84 755 0.5
r (min.) Radial | Axial (min) Radial | Al r(min) | Radiland axil 13 :g 1;8 1?2': 1?:)'5 32'5 :(5)'2 8':
-\ [Over|Incl. | .~ A Max. r{min.) |Over|Incl. | .. A Max. . - Max. . . .
orrq (min.) direction | direction () direction | direction () or r1 (min.) direction 18 %0 125 1949 116 100 905 05
015 | — | — | 0.3 0.6 0.15 0.6 — | 40| 141 1.7 0.6 0.6 1.5 0.6 19 95 130 1292 120 106 95.5 05
03 | — | 40| 06| 1 0.3 06 | 40— |13 | 2 0.6 1 2.2 1 20 100 140 139.2 129 112 100.5 0.5
0.3 40| — 0.8 1 0.3 1 - 50| 1.6 25 1 1.1 2.7 1 21 105 145 144.2 133 117 105.5 0.5
0.6 — | 40| 1 2 0.6 1 50| — 119 3 1 1.5 3.5 1.5 22 110 150 149.2 138 122 110.5 0.5
0.6 40| — | 1.3 2 0.6 1.5 — [120] 2.3 3 1.5 2 4 2 24 120 165 164.2 152 133 120.5 0.5
1 — | 50| 1.5 3 1 1.5 1201250 2.8 3.5 1.5 241 4.5 2 26 130 180 179.2 166 144 130.8 0.8
1 50| — 1.9 3 1 1.5 250 | — 3.5 4 1.5 3 5.5 2.5 28 140 190 189.2 176 154 140.8 0.8
11 — |120| 2 3.5 1 2 — |120| 2.8 4 2 4 6.5 3 30 150 210 209.2 193 167 150.8 1.0
1.1 120 — | 2.5 4 1 2 120(250| 3.5 4.5 2 5 8 4 32 160 220 219.2 203 175 160.8 1.0
15 — [120] 2.3 4 15 2 250 — | 4 5 2 6 10 5 34 170 230 229.2 214 188 170.8 1.0
15 [120] — | 3 5 1.5 25 | — [120/ 35| 5 2 7.5 12.5 6 36 180 250 249.2 231 200 180.8 1.0
2 — | 80| 3 4.5 2 2.5 [120250| 4 55 2 9.5 15 8 38 190 260 259.2 242 206 190.8 1.0
2 80(220| 35| 5 2 25 |250| — | 45| 6 2 12 18 10 40 200 280 292 255 225 2008 1.0
2 200 — 38 6 2 3 “T120] 4 55 o5 15 21 12 44 220 300 299.2 275 245 220.8 1.2
21 | —|280] 4 | 65| 2 3 |120|250| 45 | 65 25 19 25 15 i o o oot ol o oo -
21 280 — 4.5 U 2 3 2501400 5 ! 25 56 280 380 379.2 348 312 280.8 1.2
25 — |100) 338 6 2 3 400| — 55 75 25 60 300 420 419.2 386 335 300.8 1.2
2.5 1001280 4.5 6 2 4 — [120| 5 ’ 3 64 320 440 439.2 400 360 320.8 1.2
25 1280 — | & 7 2 4 120/1250) 55 | 7.5 3 68 340 460 450.2 425 375 340.8 12
3 — 280 5 8 2.5 4 |250|400 6 8 3 72 360 480 479.2 441 399 360.8 1.2
3 280 — | 55| 8 2.5 4 400| — | 65 | 85 3 76 380 520 519.2 475 425 380.8 15
4 - |— | 65| 9 3 5 — |180) 65 | 8 4 80 400 540 539.2 494 446 400.8 15
5 - | — | 8 10 4 5 180| — | 7.5 9 4
6 — | — |10 13 5 6 — |180| 7.5 | 10 5 (") For outer ring spacers operated using oil mist lubrication or jet lubrication, we recommend that the outer diameter of the outer ring spacer is the same
6 180 — | 9 1M 5 as the bearing outside diameter, with a tolerance of g5 or better.
() For inner ring chamfer, locate d in "Over"/Incl.” columns; (%) For high-speed operations exceeding 700 000 d.yn, we recommend that the bore diameter of the inner ring spacer is the same as the bearing bore
for outer ring chamfer, locate D in "Over"/"Incl." columns. diameter, with a tolerance of F6 or better.
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9. Spacers

Additional information:

10 or 20 Series sunc spacers for dimension series 10 or 20 (70, BNR10, BER10, BNR20, BER20, BSR10)

Material of spacer: Bearing steel or carbon steel

When using spacers, parallelism of spacer end surfaces should be:

Less than 0.003 mm (for spacers up to 300mm bore size)

Less than 0.004 mm (for spacers over 300mm bore size)

02 Series

Standard spacers for dimension series 02 (72, BSR02)

MONTON

Unit: mm
Nominal bearing | Bearing outside Outer ring spacer Inner ring spacer
Bore number bore ds\meter dlargeter Outer diameter () Bore Outer diameter Bore () Spacer chamfer
00 10 26 25.5 21.5 14.5 10.5 0.2
01 12 28 27.5 23.5 17 12.5 0.2
02 15 32 31.5 27 20 15.5 0.2
03 17 35 34.5 29.5 23 17.5 0.2
04 20 42 41.5 35 27 20.5 0.3
05 25 47 46.5 40.5 32 25.5 0.3
06 30 55 54.5 47.5 38 30.5 0.5
07 35 62 61.5 54 43 35.5 0.5
08 40 68 67.5 60 48 40.5 0.5
09 45 75 74.5 66 55 45.5 0.5
10 50 80 79.5 [al 60 50.5 0.5
1A 55 90 89.5 81 66 55.5 0.5
12 60 95 94.5 86 69 60.5 0.5
13 65 100 99.5 91 74 65.5 0.5
14 70 110 109.5 98 83 70.5 0.5
15 75 115 114.5 105 85 75.5 0.5
16 80 125 124.2 112 93 80.5 0.5
17 85 130 129.2 17 99 85.5 0.5
18 90 140 139.2 126 104 90.5 0.8
19 95 145 144.2 131 109 95.5 0.8
20 100 150 149.2 136 114 100.5 0.8
21 105 160 159.2 144 121 105.5 1.0
22 110 170 169.2 153 128 110.5 1.0
24 120 180 179.2 166 136 120.5 1.0
26 130 200 199.2 177 150 130.8 1.0
28 140 210 209.2 190 160 140.8 1.0
30 150 225 224.2 203 172 150.8 1.2
32 160 240 239.2 217 183 160.8 1.2
34 170 260 259.2 230.5 199.5 170.8 1.2
36 180 280 279.2 250 210 180.8 1.2
38 190 290 289.2 261 221 190.8 1.2
40 200 310 309.2 278 232 200.8 1.2
44 220 340 339.2 305 255 220.8 1.2
48 240 360 359.2 325 275 240.8 1.2
52 260 400 399.2 345 304 260.8 1.5
56 280 420 419.2 380 320 280.8 1.5
60 300 460 459.2 412 352 300.8 1.5
64 320 480 479.2 440 360 320.8 1.5
68 340 520 519.2 470 390 340.8 2.0
72 360 540 539.2 490 410 360.8 2.0
76 380 560 559.2 502 438 380.8 2.0
80 400 600 599.2 536 464 400.8 2.0

(") For outer ring spacers operated using oil mist lubrication or jet lubrication, we recommend that the outer diameter of the outer ring spacer is the same
as the bearing outside diameter, with a tolerance of g5 or better.
(?) For high-speed operations exceeding 700 000 d,,,n, we recommend that the bore diameter of the inner ring spacer is the same as the bearing bore
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Unit: mm
Nominal bearing | Bearing outside Outer ring spacer Inner ring spacer
Bore number bore ds\meter dlargeter Outer diameter () Bore Outer diameter Bore () Spacer chamfer
00 10 30 29.5 25 17 10.5 0.3
01 12 32 31.5 27 18 12.5 0.3
02 15 35 34.5 29 21 15.5 0.3
03 17 40 39.5 33 24 17.5 0.3
04 20 47 46.5 39 28 20.5 0.5
05 25 52 51.5 44 33 25.5 0.5
06 30 62 61.5 53 40 30.5 0.5
07 35 72 71.5 62 46 35.5 0.5
08 40 80 79.5 68 52 40.5 0.5
09 45 85 84.5 75 56 45.5 0.5
10 50 90 89.5 80 60 50.5 0.5
11 55 100 99.5 90 65 55.5 0.8
12 60 110 109.5 95 75 60.5 0.8
13 65 120 119.5 105 80 65.5 0.8
14 70 125 124.2 110 85 70.5 0.8
15 75 130 129.2 115 90 75.5 0.8
16 80 140 139.2 125 95 80.5 1.0
17 85 150 149.2 135 105 85.5 1.0
18 90 160 159.2 140 110 90.5 1.0
19 95 170 169.2 150 115 95.5 1.0
20 100 180 179.2 160 125 100.5 1.0
21 105 190 189.2 170 132 105.5 1.0
22 110 200 199.2 175 135 110.5 1.0
24 120 215 214.2 190 145 120.5 1.0
26 130 230 229.2 203 157 130.8 1.2
28 140 250 249.2 220 170 140.8 1.2
30 150 270 269.2 233 189 150.8 1.2
32 160 290 289.2 255 195 160.8 1.2
34 170 310 309.2 270 210 170.8 1.5
36 180 320 319.2 277 223 180.8 1.5
38 190 340 339.2 300 235 190.8 1.5
40 200 360 359.2 320 250 200.8 1.5

(") For outer ring spacers operated using oil mist lubrication or jet lubrication, we recommend that the outer diameter of the outer ring spacer is the same
as the bearing outside diameter, with a tolerance of g5 or better.
(?) For high-speed operations exceeding 700 000 d,,n, we recommend that the bore diameter of the inner ring spacer is the same as the bearing bore
diameter, with a tolerance of F6 or better.

146



MONTON

9. Spacers

Nozzle Position

The following table lists nozzle positions for oil-air, oil mist, and oil jet lubrication systems.

MONTON

Unit: mm
Bore Ngminal 79 Series 70 Series 72 Series (Staﬁ:jg)r((;( ’;/I:ries) (ROI;\‘L](S)#XSZries)
number | bearing bore 0A() B DA () B DA B DA B ?A B
00 10 14.5 0.4 16.1 0.5 18.1 0.5 - - - -
01 12 16.5 0.4 18.3 0.5 19.6 0.5 - - - -
02 15 20.0 0.5 21.3 0.5 22.6 0.7 - - - -
03 17 21.8 0.5 23.5 1.0 25.9 0.7 - - - -
04 20 26.1 0.5 28.2 1.0 30.5 1.0 - - - -
05 25 31.1 0.5 32.9 1.0 35.5 1.0 — - - -
06 30 36.1 0.5 39.5 1.0 41.8 1.0 39.7 1.2 - -
07 35 42.6 0.5 44.6 1.0 48.6 0.7 45.4 1.5 - -
08 40 47.9 0.5 50.0 1.0 54.6 0.7 50.6 1.5 - -
09 45 53.4 0.5 55.6 1.0 59.4 0.7 56.5 2.0 60.0 1.2
10 50 57.9 0.5 60.6 1.0 64.4 1.0 61.5 2.0 64.5 1.3
11 55 64.0 0.5 67.3 1.0 70.8 1.0 69.2 2.5 71.0 1.2
12 60 69.0 0.5 725 1.0 77.4 0.7 74.3 2.5 76.5 1.2
13 65 74.0 0.5 77.5 1.0 84.6 0.7 79.2 25 81.5 1.2
14 70 80.9 0.7 83.7 1.0 89.4 0.7 86.6 3.0 89.0 1.5
15 75 85.5 0.7 89.4 1.0 94.5 0.7 90.0 2.5 94.5 1.5
16 80 90.5 0.7 96.5 1.0 101.4 0.7 98.5 3.0 101.0 2.0
17 85 98.8 0.7 101.5 1.0 109.8 1.0 103.5 3.0 106.0 2.0
18 90 102.8 0.7 108.6 1.0 116.7 1.0 109.0 3.0 - -
19 95 107.7 0.7 113.3 1.0 123.6 1.0 115.5 2.5 — -
20 100 116.0 0.7 118.6 1.0 130.6 1.0 119.0 2.5 - -
21 105 119.5 0.7 125.1 0.7 137.4 1.0 125.5 3.0 - -
22 110 124.5 0.7 131.9 0.7 144.4 1.0 134.0 3.0 - -
24 120 136.3 0.7 142.3 0.7 156.3 1.0 142.0 3.0 - -
26 130 149.3 0.7 156.2 1.0 168.9 1.0 156.1 4.5 - -
28 140 158.1 0.7 165.7 25 182.6 1.0 168.0 4.5 - -
30 150 171.8 0.7 178.1 25 196.5 1 - - - -
32 160 181.8 0.7 190.4 2.5 210 1 190 5 - -
34 170 191.8 0.7 203.4 2.5 223 1 203 5 - -
36 180 205.6 0.7 2171 2.5 233 1 - - - -
38 190 215.4 0.7 2271 25 248 1 - - - -
40 200 229 0.7 240.9 25 262 1 242 6.5 - -
44 220 249 0.7 264.3 5 290 1.5 - - - -
48 240 271.4 0.7 287 5 320 2 - - - -

(") @A of 79 and 70 Series bearings are in compliance with DIN Standard 628-6.

Note

Fig. 9.1 Angle of Spray Nozzle

M Positioning the nozzle parallel to the spindle axis is sufficient
for normal operating speeds. For bearings usually operated
at high speeds, it is advantageous to position the nozzle
bore so that the lubricant is directed into the bearing at an
angle of about 15° to 20°.

B An appropriate oil drain is necessary to prevent oil from
accumulating in the spindle which leads to increased heat
in the sliding sections and damages bearings.

W We recommend filtering the oil to 5 micron or less before it
enters the lubrication system. Refer to page 220 for an
example of an oil-air lubrication system.
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Unit: mm
Norinal 2’;2: Z 32‘2}3 BSR19 BSR10 BSR02 g?g:g
bearing bore = 7 B A B DA B DA B DA B DA B
6 - - - - - - 9.0 0.4 - - - -
7 - - - - - - 10.5 0.4 - - - -
8 - - - - - - 12.0 0.5 - - - -
10 - - - - 13.5 0.4 14,5 0.5 17.0 1.0 - -
12 - - — - 15.5 0.4 16.5 0.5 18.0 0.5 — -
15 - - — - 18.5 0.5 20.0 1.0 21.0 1.0 - -
17 - - - - 20.5 0.5 225 1.5 24.0 0.5 - -
20 - - - - 25.0 08 26.5 0.8 28.3 05 - -
25 31.0 0.5 - - 30.0 0.8 315 0.8 33.2 1.0 - -
30 35.5 0.5 39.0 1.0 — - - — - - - —
35 42.0 0.5 445 1.2 — - - - — - - -
40 48.0 0.5 50.0 1.5 - - - - - - - -
45 53.0 0.5 55.5 17 - - - - - - - -
50 57.5 0.5 60.5 1.7 - - - - - - 60.5 0.9
55 63.5 0.5 67.5 15 — — - - — — 67.5 0.7
60 68.5 0.5 73.0 1.5 - - - - - - 73.5 0.7
65 73.5 0.5 775 1.5 - - - - - - 77.5 0.7
70 80.5 0.7 84.0 1.7 - - - - - - 84.0 0.7
75 85.0 0.7 89.0 1.7 - - - - - - 89.0 0.7
80 90.5 0.7 96.0 1.7 - — — - — — 96.0 0.9
85 98.5 0.7 102.0 1.7 - - — - - - 102.0 0.9
90 102.0 0.7 109.0 1.7 - - - - - - 108.5 1.2
95 107.0 0.7 112.0 1.7 - - - - - - 112.5 1.2
100 113.5 0.7 118.5 25 - - - - - - 118.5 1.7
105 119.0 0.7 125.0 1.7 — - - - - - 126.0 1.4
110 124.0 0.7 132.5 1.7 - - - - - - 132.5 1.2
120 136.0 0.7 143.0 1.7 - - - - - - 142.5 1.2
130 149.0 0.7 156.5 1.7 - - - - - - 155.5 1.7
140 157.5 0.7 166.0 1.7 - - - - - - 167 1.7
150 171.5 0.7 178.5 1.7 - - - - - - 179.5 1.9
160 181.8 0.7 190 2 - - - - - - 190 2.0
170 191.8 0.7 - - - - - - - - 205 17
180 205.6 0.7 - - - - - - - - 218 2.0
190 215.4 0.7 - - - - - - - - 228 2.0
200 229 0.7 — — — — — — — — 242 2.2
Fig. 9.2 Position and Direction of Spray Nozzle
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APPENDICES

Request for Specification Investigation
To request specification investigation, please contact the nearest MONTON office and provide us with the following information:

149

Request for a specification investigation regarding precision bearings

Name of company

e Operating
conditions
Model number

Type of machine [Machining Center, Lathe, Internal Grinding Machine, Motor, Others (

Position of bearing [Main shaft spindle, Ball screw support ]

Main shaft position [Vertical, Horizontal, Other (

Bearing type Please circle all that apply.

Angular contact [
ball bearing

Cylindrical roller bearing [

Angular contact thrust [
ball bearing

Deep groove ball bearing [
Ball screw support bearing [

Arrangement

MONTON bearing number

[DB - DBD - DBB - DF - DFD - DFF - Other (

[ Fixed-end, Free-end ]

Other maker number

QOuter diameter
mm

Bore

Outer ring width Inner ring width

mm
Clearance
e Load condition
Rotating speed min Radial load
Moment Unclamp force
N-mm

e Shaft and housing

Overall wide
mm

Accuracy class
m

Axial load

Tolerance of Tolerance Outer diameter
shaft of housing of housing
Material of Bore diameter
Material of housing of hollow shaft
shaft
Driving Cooling method Preload type
method (External cylinder cooling: Yes, No)
Spacer length Ambient temperature
mm °C
e Requirement value
Rigidit Preload Life
9idtty N/pm N

e Comments

mm

class

mm

mm

(Position preload or constant pressure preload)

Please indicate any special requests, questions, or comments here:

Attachments: (Yes) (No)




