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Optimization of roller logarithmic modification for
cylindrical roller bearings

LV Haiting' , GUO Yufei’, WEI Yangang'”, XU Kai', YAO Jinchi'
(1. School of Mechanical Engineering, Dalian University of Science and Technology, Dalian 116052, China; 2. Wafangdian Bearing
Group Co. , Lid. , Wafangdian 116300, China; 3. School of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract; In order to improve the fatigue life of bearings, Romax Designer engineering analysis software was used, fully considering the main
factors affecting bearing life, such as radial clearance and relative inclination of inner and outer rings, to optimize the logarithmic modification
of the output shaft bearing of a large MW wind turbine gearbox. Firstly, a brief analysis was conducted on the international standard ISO/TS
16281 life calculation method. Secondly, the effects of logarithmic modification under different radial clearances were analyzed. Finally, the
effects of logarithmic modification under different relative inclinations of the inner and outer rings were analyzed. The research results indicate
that, under the specific conditions of bearings, the optimal modification convex metric with the longest service life of ISO/TS 16281 as the
optimization objective corresponds to a 2.39% ~10.63% longer service life of ISO/TS 16281 compared to the optimal modification convex
metric with the minimum maximum contact stress as the optimization objective. Moreover, the optimal modified convex metric with the
objective of maximizing the lifespan of ISO/TS 16281 corresponds to a lifespan of 111.47% ~1 054.88% longer than the unmodified ISO/TS
16281. The optimal amount of logarithmic modification for bearings is different between the optimization objective of minimizing the maximum
contact stress of bearings and the optimization objective of International Standard ISO/TS 16281 with the longest service life and the resulting

differences of the corresponding ISO/TS 16281 service life are significant. It is recommended to optimize the design of bearings with the
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longest service life of ISO/TS 16281 as the optimization objective. The research results can provide guidance or reference for the optimization

design of roller bearings.

Key words: roller bearings; logarithmic modification; contact stress; fatigue life; radial clearance; relative inclination of inner and outer

rings ; international standard ISO/TS 16281
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®1 AR OEEXNEFGREXSH(ASMEEER 0.175 6 mrad, TIER EHE 0.027 4 mm)

Table 1 Lifespan and related parameters corresponding to different convex metrics ( Relative inclination of inner and outer rings 0. 175 6
mrad, radial clearance 0.027 4 mm)
T WM g gopemsy PP e maaer  IRILS MBI
e I /mom FFfin L, /hrs R 0./N IS} BiiC /N Zfla. Wl wshEkfr
‘ y/mrad €,/ MPa e Qei/N Qee/N
1 0 12 829 000 0.17559 22707.30 1039.61 164 100 8.498 15754.9 16 684. 1
2 0.004 4 42 870 000 0.17595 23026.10 854.87 194 370 23.589 15054.4 15805.3
3 0.006 1 48 504 000 0.176 16 23104.90 847.66 206 370 27.73 15199.4 15953.9
4 0.007 9 52393 000 0.176 39 23 150.5 850.20 219570 31.804 15428.5 16 198.8
5 0.008 8 53 658 000 0.176 55 23153.2 852.85 226 130 33.676 15557.2 16 338.9
6 0.0106 51 865 000 0.176 92 23 191.8 860. 61 234530 35.067 15848.9 16 651.6
(L5-L1)/L1  318.26% 0.55% 1.96% -17.96% 37.80% 296.28% -1.25% -2.07%
(L5-13)/13 10.63% 0.22% 0.21% 0.61% 9.58% 21.44% 2.35% 2.41%

xR2 AR OEENNEFaREXSE(WIMEHER RS 0.175 6 mrad, TE{RE 7 0 mm)

Table 2 Lifespan and related parameters corresponding to different convex metrics ( Relative inclination of inner and outer rings 0. 175 6

mrad, radial clearance 0 mm)

Lol man, DU poopmy FORER papm pper  PIRRILS SMEIRILY
e L /om . fipt 0./N N BT C N Ffay, wEIEAT EEhEAT
& v/ mrad " C, i/ MPa h ’ Qei/N Qee/N
1 0 21 024 000 0.175 38 19247.4 973.61 164 100 9.921 14 482.9 15248.8
2 0.003 2 64 659 000 0.17562 19 627.5 819.76 186 520 25.249 13 825.1 14 435.9
3 0.005 3 79 323 000 0.175 80 19794.2 796. 46 200910 32.141 13954.4 14 559.6
4 0.0070 84 962 000 0.176 02 19901.1 797.76 213 120 36.627 14172 14 790. 1
5 0.008 4 86 734 000 0.176 33 19976.2 802.50 223 080 39.741 14 388.7 15025.4
6 0.009 2 87 029 000 0.176 50 20013.2 805. 83 228 530 41.295 14 514.6 15161.3
7 0.009 8 86 869 000 0.176 63 20042.4 809. 20 233510 42.57 14 632.2 15283
(L6-L1) /11 313.95% 0.64% 3.98% -17.23% 39.26% 316.24% 0.22% -0.57%
(L6-13) /13 9.71% 0.40% 1.11% 1.18% 13.75% 28.48% 4.01% 4.13%

R3 AR OEE XM E 6 RAEXSE (WM IR 0.175 6 mrad , TIER [E3HFFR - 0. 027 4 mm)

Table 3  Lifespan and related parameters corresponding to different convex metrics ( Relative inclination of inner and outer rings 0. 175 6

mrad, radial clearance —0.027 4 mm)

Comgm Han,  PUMEEXE ooy FONER pmm o PIRHRIE SHERIEY
Fe I /mom e BURHE 0./N I} B C /N ¥ ay, wmaEhEar  EBhEaT
€ v/ mrad " C i/ MPa e : Qei/N Qee/N
1 0 3 862 300 0.167 44 24 377.1 1063.41 164 100 6.212 19714 20 386
2 0.0053 19 984 000 0.170 41 22210.5 832.26 200910 18.932 17 280.6 17 760
3 0.007 0 24 610 000 0.171 32 21720.4 824.62 213120 22.51 17 129 17 608. 5
4 0.008 8 29 509 000 0.172 35 21260.8 822.54 226 130 26.506 17049.5 17 548.9
5 0.0106 31917 000 0.173 41 20 880.7 824.97 234 530 28.738 17 058.4 17 572.4
6 0.014 3 27 264 000 0.17511 20220.8 831.91 227 290 24.756 17 093.2 17621.3
(L5-L1) /L1 726.37% 3.57% —14.34% -22.42% 42.92% 362.62% -13.47% —-13.80%
(L5-14)/14 8.16% 0.62% -1.79% 0.30% 3.71% 8.42% 0.05% 0.13%

% 1 .38 2 FEE 3 I hL. DL ISO/TS 16281 F it
KA B bR i B BT N B 5 L, 53508 0. 008 8
mm 0. 009 2 mm F10.010 6 mm , DA KAZ fi 7 7 5/
A BAR I EAMETE N B L, 43519 0.006 1 mm
0.005 3 mm #10.008 8 mm,

S5RBIEM MM, LLIS0/TS 16281 FHfrfic
RAAL B bR 0 S 8 T8 ™ R Y 7 A Sl K

318.26% 313.95% H1 726. 37% ; % i 1) H5 A 422 fh 7
T ARIBIE I35/ 17.96% 17.23% F122.42%

LA ISO/TS 16281 5 i fe < ik H bR 9 S L 18
o BB I B 1SO/TS 16281 5 iy b LA i R $2 i 17
J1ie/N R Ak B bR 6 S EAE TR Y B 5% B 1) 1SO/TS
16281 i 43 H 4 10. 63% .9. 71% 1 8. 16% ; 1iij LA
I1SO/TS 16281 Firfic & Ry Ak B b i e AB T2 ™ 3
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T T FEaH

SN I PR e KA A T Bl DA e KA ik by g fe /N R il Ak
H AR I e DA T ™ 0 10 A i KA i 02 7 43 I AR
0.61% .1.18% #10.30% ,

HY AT UL ZE AR R AR R T, DA 14952 55 77
A K AL B AR AL S 0 e R A g d5e /N R
b HFRIrRAS I B AEAE TR AR [R] B8R, A A i
AR 7 HH2EERAR /1N | (EL 2 AH L 1) 98 55 75 i AH 22 4B
K,

AL, X BB TE B 1 >4 LA 7R ) TSO/TS 16281 %%
95 A AL H AR

3 AEASMEEXHEBHE R T X E SR

R T HIFSE PN AN A G A A X il 7 e RV TR 50
Y520, S8 TR o B il R TAEAR I B s o 0.027 4
mm , Fli K P Fh FERE 61 R £ 43 591 0. 041 8 mrad
0. 175 6 mrad#1 0. 534 6 mrad i}, JLAL I ™ )3 42 BT ot
N 1SO/TS 16281 F5iw LA K 5 F3 i AH I 1) S5,
ANTR]RE ' J3E 2 X6 17 1 75 i B A D S8 ( T AR AR 1)
iEBR 0.027 4 mm, /MR A X4 0. 041 8 mrad ) W15
4 iR o

x4 AEMOESXNEMNESRBEXSEH( TIEZEHER 0.027 4 mm, J5MEFE3TREL 0. 041 8 mrad)
Table 4 Lifespan and related parameters corresponding to different convex metrics ( Radial clearance 0. 027 4 mm, relative inclination of

inner and outer rings 0. 041 8 mrad)

EERIERS)

TR A NIERIEY SMERIE Y

TN P = G 25 s

¢ v/ mrad i €,/ MPa ur T o Qei/N Qee/N

1 0 37091000 0.041834  22702.9 924.33 164 100 16.545 14285.4 14 992
2 0.002 3 71396000  0.041843  22890.3 808.97 180 260 29.319 13998.6  14633.1
3 0.003 2 76606 000  0.041845  22957.6 778.05 186 520 32.008 14059. 1 14 697.6
4 0.004 4 78438000  0.041857  23035.4 782.20 194 370 34.198 14208.6  14863.4
5 0.005 3 78322000 0.041879  23085.6 789.22 200910 35.709 14367.3  15039.9
6 0.006 1 77620000  0.041 881 23117.6 795.66 206 370 36. 852 14512.8  15200.5
(14-L1)/L1  111.47% 0.05% 1.46% -15.38% 18.45% 106.70% -0.54%  -0.86%

(14-13)/13  2.39% 0.03% 0.34% 0.53% 4.21% 6.84% 1.06% 1.13%

AN IR 88 X IO P 7 iy S AE E S TAEAR 1R 0. 027 4 mm , PIAREFIXTAR} 0. 534 6 mrad ) 4135 5 PR
R5 AEAMOEENHWEGEBXSEH( TIEREFER 0. 027 4 mm, A 5MEEITHE] 0. 534 6 mrad)

Table 5 Lifespan and related parameters corresponding to different convex metrics ( Radial clearance 0. 027 4 mm, relative inclination of

inner and outer rings 0. 534 6 mrad)

Lo mdrn, DI gy BB e per  PIEIRIS MR
L S St TV i A T T e
¢ ¥/ mrad " C,,,m,x,»/ MPa v ’ Qei/N Qee/N
1 0 1 045 300 0.534 64 22 468. 6 1304.88 164 100 2.995 22677.7 24 443.9
2 0.0070 7 835 900 0.541 12 22794.5 1031.77 213120 11.418 19 189.2 20301.3
3 0.008 8 10 309 000 0.54275 22871.1 1009. 57 226 130 14.222 18 930. 8 20 004
4 0.0106 12 072 000 0.544 34 22940.9 997.79 234 530 16.248 18 815.1 19 876.7
5 0.0143 11 469 000 0.547 20 23025.8 987.23 227 290 15.45 18 819.8 19 873
6 0.0217 8938 900 0.552 41 23074.8 987. 86 212950 12.764 19099.2 20134.9
7 0.0320 5618 700 0.55722 23135.1 1005.12 194 620 9.268 19 800. 8 20872.5
(LA-L1)/L1  1054.88% 1.81% 2.10% -23.53% 42.92% 442.50% -17.03% -18.68%
(IA-15)/15 5.26% -0.52% -0.37% 1.07% 3.19% 5.17% -0.02% 0.02%

4 %2 ks nl UL, L ISO/TS 16281 ik
KA EFR i BTN B L, 5353124 0.004 4 mm |
0.008 8 mm #10.010 6 mm , L4 K3 i 1 H1 e/ F
LB AR dR LB I8 D B i L, 43 5] 0,003 2 mm
0.006 1 mm#10.014 3 mm,

PLISO/TS 16281 F i e K M LAk H 45 19 fe AL 1&
e B X R B A7 A b R B TR 1 5 A o ) K

111.47% 318.26% F1 1 054. 88% ; XiF Jj {1 F5¢ 322 finh 1
FHERAETERY 53 5/N 15.38% % 17.96% F1 23.53%
PLISO/TS 16281 F5 4y fie < Ak H b i s L 18
FE I BB I A 1SO/TS 16281 5 iy b LA f R 35 fi 17
J1de /N R Ae AR S5 JEAB TE ™ B 1 6 R 1Y) 1SO/TS
16281 43 W 2. 39% . 10. 63% Fl 5. 26% ; 1M LA
I1SO/TS 16281 Ffiy e & M LAk H A5 09 B LB T8 o B2
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HHEEE 5 AR THURE T BB AT 5 - 611 -

SN I ) B R A T B A S R A 1 T B /N A pE Ak
H AR S PEAB T ™ 1 % I 19 i R i 7 7 43 AR
0.53% .0.61% H11.07% .

FH OH AT D, R 2t 7R P A BB X6 AR s AN ] 7 1 200
T, DA 0952 55 75 i e R D0 Ak B AR A Dl )
KAZLAN T 55/ N AR B AR FRAS 9 BB AR A
A, EEAR  RH I 8 B R i 7 AR 22 AR /N  (EZ AR
(9% 57 F5 i AH 25 R

AL, XEEIBIE I 1 > DLl AR 5 1SO/TS 16281 3%
57 FE i K AL Hr

4 HRIF

ZE# K H Romax Designer T F24 BT84, XKk
JK O XU ATL A U7 6 A i 113 A ety 7 AS R A2 ] 9 B L AN
Ivi] P A1 AR iR 1% O T, S [RR T X BB TR Y
S AR R B A 3 A0 SR B AN ) R 55 5t LA
B 5 AR AH OGP RE S B AT T R 38R, IF X i
FEXTEUETE ™ B 04T T 08, AP AR 200 2518 .

1) FERE AR T EB T, LAl R 98 55 77 A e K ol
Pk BAR AL R s KA T e/ N A Ak H AR sk
B HEAEBIE BH AN, LI ISO/TS 16281 F it N
Pk B AR e AR IR ™ BE BN Y 1SO/TS 16281 7
i L DA s KA 1 e/ N DAk B AR S BT ™
XN A 1S0/TS 16281 75 4y K AR £, 1 L 1SO/TS
16281 Ffii & A Ak H bR B S AR BT ™ B % B 1Y)
e KA 7 L D e R Ay g e /N A Ak B A 19 i
FEAB T 1™ B 0T 7 14 fe A s 1 T3 R IR — a5

TEEEE T R B BAAR ST, ISR AR X (R
0.175 6 mrad , 7&K T AVERZ [0 £ R 73514 0. 027 4 mm 0
mm F1 —0.027 4 mm B}, P4 1SO/TS 16281 Farm KN
Yotk Hbr Y B ARAE I B 1 X 0 /Y 1SO/TS 16281 7
i He DA KA Al g e/ N Al B AR S BT ™
OOV Y 1SO/TS 16281 #4351 10. 63% 9. 71%
F18.16% ;1ML 1SO/TS 16281 FH e K Mk HERrAY
SRR T ™ B 0T N7 114 e R N g b D e R4
J15/ N B RR A B ATAETE ™ B 8 % I A A R fi
I 1 A 0. 619% (1. 18% F10.30% 4

2) TEAS [ (4 b 7 9 A BB R (st |, X BB B
RO STEA R AR B T (AL, 283 T o i
AR EARSAET R TAER BN 0. 027 4 mm, %l
N AN R A X (0 43 51 A 0. 041 8 mrad 0. 175 6
mrad 1 0. 534 6 mrad i}, A 1SO/TS 16281 #fivfc{
DAt BRI B AEAE B ™ BE 5 %5 1 (Y 1SO/TS 16281 7
i L DA s KA 1 e/ N DAk B AR S BT ™

XTI 1SO/TS 16281 H A 4r HlHK 2.39% 10. 63%
H5.26% ;1 LA 1SO/TS 16281 FHfvae & Mt L Hinnd
SR TE Y 3 2 06 I P e KA A 1 7 B DA e R4 i 7
F1ie/ N RARAR B bR B S EEAB T Y B ) R 1) e K i
15 BN 0. 53% 0.61% F11.07% ;

3V VR T 2B R BB TE 1 7 24 LA 7K (9 1SO/TS
16281 9% 57 F e K AL B xR

PR TR SR i ELAR 5 A, PR A0 B AR X fi
RH0. 175 6 mrad, fll A& TAEAR e 5351 R 0. 027 4
mm 0 mm F1 - 0.027 4 mm B, A 1ISO/TS 16281 iy
BRI H AR 09 e BT ™ B &4 R A IS0/ TS
16281 7 i b KT B 1S0/TS 16281 7 v 4 7] K
318.26% .313.95% F 726. 37% ; fih 7K TAEAZ 1) I [
°0.027 4 mm , Fli7& N S EREHBRFH 53900 4 0. 041 8
mrad .0. 175 6 mrad A1 0. 534 6 mrad i}, L ISO/TS
16281 F i LAk B AR 0 B AR IE ™ B2 £ % g /)
ISO/TS 16281 F4i b AR AEIE A 1SO/TS 16281 F i 43
WK 111.47% 318.26% 11 054. 88% ;

4) TR R R VR T R B 9 57 75 i) — o B R
PR YR B JhR p 2 B AR R RNl R BT 1 25 B
Wi s Xl AR SEATAETE P AR ), A 24 25 AR 1) U0 B el
PR 71 B R X (0 AR X BT R R R D

B HATHWE T SR 0] R R R Ak i
RAHE S %, FEURH TAET, EE5 ¥ TR 5
KA FEATEAE , LARE R 5T 45 5 BEAT A 56 (1 52 56
L 118
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