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Fig. 1 Schematic diagram of the intelligent roller structure
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Fig. 2 Schematic diagram of the wind turbine main shaft system

structure
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Fig. 3 Mechanical model of the wind turbine main shaft
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Fig. 4 Schematic diagram of the overall circuit design
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Fig. 5 Schematic diagram of the load sensor structure
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Fig. 6 Finite element mesh contact model of the intelligent roller

D) SRR . IR FRIE R A #H o 42CrMo,
eI RO SR

2)) 12 fiph XoF 9 5 B R WA Kl oo R Gk 7R PN L) A1
I A A R A P 3 A D s i (B B VR T O 4
T, SR P BE S Ak o < Js (R0 R DM 0 A9 O B i i ™, 9
F VAL FLBE A S 1T, SR P 540 fh , 3 o 7 v
P KA AU <5 s 181 7 55 P9 FLBE 2 e Bl i e e o R
JH DU T AR PR 3] 5, 3 -5 R Ak DX Il g I A R
0.4 mm, /NF TR Z R TE R A IR EE
L4 I 16 At A A AL Ak B

3) LR LT A AT o T TR T Y 2 TG [
SELR . AEREARBR AR T REE TR BERS 0 4
Jie e I P E B R 00 28 ART T 0 J7 1) g S IR 1 1 ¥
], #fmf K/ R 1150 kN,

Xt BB VR ¥t I 1 150 KN 5% 1] 32 firh 28 A7 1),
Ansys FPFAf I AERORL AR ST AR EAE AR AR AR R
PR A A A 8 mm AL AR 1] NS, ANTEL 7 TR o

K ARARAR R (i AR
PR )

A - gk AR (el )

MEFRF 2 :
) - 4 L)
2024/3/11 12:18

3372 6X10* &k
1.359 8 10™
—-6.5295X10°
2,665 7X10™*
—4.678 5X10™*
—6.691 3X10™
—8.704 1X 10
-1.0717 X107
-1.273%X10°
—1.4743X107 f/h

—_—

7 ZREEZEE
Fig.7 Nephogram of radial strain
A FROTASE B R - T -5 28 12 s 26 1T AH 52 i
— R HK, ZELEE N ESARAE M AL . 5
I RIE R RO AR R 0° 0 MR PR ORI AR, LA
iy 2 S g 164 J&] 7 1) 3 B8 DR R A A A% 8 mm b AR



—-800

146 IR SR S 3 2026 4F:
[ 778 SR N A A, £ S AR ) 1O AR R AL £(0), ANl 8 BT RACRIIE SR 43 i R AR
o AR AL PR £ (0) S N m B R L 2 (o) A A R AR
AP N, 48 [ 3R AR 2 500 i Fla) =20 4 g cos PTE (10)
{37 AR 47 FH A 0 0 AT L 5 R 4 9 0 1 S r
TS B LT, B P R T 4 3 =] f@eos BT b = 0,12, (1)
GJ:E/JJ ~ 85T B 5% 5 R B 0 RE R N AR /im N7 SRR 2 (0) M JELI g e 11 BB L A Tl
.Jﬂf.,ffﬁmﬁﬁ—l‘_,Eﬂﬁiﬁﬁ%@%&ﬁﬁ{&%%ﬁ],IZI SRR £(0) [ (EHL SR BUR
(0) WHHEAAE a, | <
0l £(0) =5+ > a,cos(2n0) (12)
200 !
v L0 Ho, R, i8R
g ol 2f 8)cos(2n0)d6,n = 0,1,2, - (13)
T
r<4

-1000
-1200 +
-1 400
-1 600

0 160 2(I)0 360
V58 77 1A AR /()

B8 2[RI R &
Fig. 8 Radial strain function

MR HE T 45 B30 | I Matlab 2 {2 4 B 4004 o8 5L
£(0) BRI 8 T, th T eR &K 2 (0) 2 I A m ) {1t RER, il
TE Ry i 9 ZRBOBEE O O, Rl B A 5% 0
FACE N 0,75 2GS sRECH
£(6) =-0.000 4 — 0.000 9cos(26) — 0.000 2cos(460) (8)

ARAEADL 5 25 2R, A28 1] 077288 R K 2 2 ph AR U Dl 2
e BR USRS, B ORI N A BX o e IR T T
0 1 Je J0T e 2K
2.2 HREMEENETE

o TR e Rz 17 e P AN B TR A
TR T TR ) A2 S i A X TR 1 I 52 28y 1 o7 Bt A
AWIAEAL , D T BEAE T BRI 52 R R R EL I 2 2
IR B LT , 0 v BELRE A R 0 3 <6 s B A A 4 5
(L8, NG A . R R T AR, LER
T 3% B [ 2 2 A, 28 A2 S i i L R AN 52
R T H S S m , B e Hh AU A L TR, LS i vl
SEMT A RAF AR SC R o Xl fE il i 2 AR
PR 1, B TR T T 32 A8 5 A e R A9 2
PEICZR , DTN € X 5 BT 52426 fih 2 Ay )00

AEAT 3914 2T (59 PRESCS (oo ) s AR A SECE BRI 281
DAl L ks R K R 0T 5

nmx
=24 2 +b
acos sin T )

Y de,n=0,1,2,+- (9)

= lTJ:Tf(x)cos T

1 (" . nm
=7£Tf(x)sm T
K, (ag/2) R f (x) I E TR 5 5 a, b, 35N % 01

Ydeon=1,2,3,

TEHE— I 2, L BV A8 R R, 7 3 Ay A JEede 64T )
Tr1a i B 07, #i BRIEN 9 (a) s I B I =X, e
BELIY A% R 11 B 30°, &l 9 (b) s , Het i i o

K
U, = 2(8]+82+83+8]+82+8)U_

S le@) o8+ T v a0+ D)+

12
f0+ D)+ o0+ ) 4 o0+ 21U,
n=0,1,2,-- (14)

P, U, A LR A S R 5 U, R B AR TR 5 K
RHLBEN A B RUE R e, 6,.85.8] &) 557 5]
J BN AR B R, (R, Ry Ry R R R W A7 A o AR
{3 0" hy FELBELI A% R (7 T B o 22

HRUAZ [ 1 A% PR AR £ (0) HIF 6 B 1S I8 0 2t F
MnlLo,1,2,3,4,5,60,

Fr ot

U, = £ [3a, + 6a,cos(120") | U, (15)

L@Tffﬂ%ﬂlﬁ%tﬂﬂ’]ﬁ}u G A OP N AL
%szlllmj%aﬁ W T 56 1.2.3.4.5 IS, BIHF & 04 2
W AT IR AY S 5 6 R R S I

(a) HLBHRAE A 247 J5 5

(b) R BELIY 8 R ARG M 37 2
B9 mMENERHAHRAXSHIECE

Fig. 9 Configuration method and bonding location of the electric

resistance strain gauges
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Fig. 14 Measured patterns of radial strain



148 L i

G i 2026 4F

YR Tt i 50.150.250.350.450.550 kN X 6 2H
3, 10 SR T LA 157 (R B4 sl 1 8 i) 28 5 J s
B E, AR 15 B .

2.0 4NNyt gty g i

e 50 KN

rietrteiy Sttty aga, Ay Sl —e— 150 kN
250 kN
350 kN

= 450 kKN

e 550 kKN

P-0-0-0-0-00-0-00-0-0-0"-0-0-0- 000 o4 0-*
05 f

oyttt gty

0 3I() 6I0 9IO 12IO ISIO léO 2i0 24I¥O 2I70 3I00 3I3O 3I60
T R ARE )
E15 HEEBRERY
Fig. 15 Output of the load sensor
WA far A SRR i P R S B 2 AT (9 S R
U=KQ, +b (18)
Ko, Q WAMNRTE 5VR T 2 18] B H2 i 2R Ar 5 K, R 15 K
A AR S b AT RS IR R a5 L
PEHL 50.150.250.350.450,550 kN 3X 6 2H 12 1] %%
ff & V& 1% 0 5 A S i s P R A Y0, A5 2 e
B AR MR, i 16 Fis .

2.0

N AY

100 200 300 400 500 600

AT kN
E16 BEERTFHAIRE ML
Fig. 16 Calibration curve of the intelligent roller load
X A% B v i s 349 5 n 28 ey 4 A7 e 1 4L
G PEXRRZRX U =0.00370, +0.001 1,510
R* = 0.998 8, Ut B AL Jk 25 v s i 1 389 (-5t o 28 i L
HEUFILERAR.

4 ZEig

DA HL 5 HE VR Tl R O BIFTE RS 42, S 1 T —Fdo
FVR T HE b Ay I 1 7 3 45 1 LR 24618

1) 38 o 6 28 PR 1 R e s [ AR il
A BROC O 5, A5 1 <6 Ja [0y A2 ri) 1oz A2 il 1) J] O
[f) 1 2 AR AL R AL, i IR AT T RIE

2) MR35 45 Jim 199 A A 1o 2 228 o 158 &) 1) A R A A

AR, BT TR R L BHL N A P AT, oL BEL I 7 A A
W e JB B 46 R o, e TR R A A
o TEIRT PS80 — e m, RVEVR T 5, i i
AE A ASUE I, L H R s S A IR PR AR

3)FEAL bR 1, o8 A 2 At o PR T
SN AT TR . SRRV A HA R
U RO E SR, BT $ 07 0k RE 08 52 BV 1 4 fih 2 T 1)
ke

AR A it — A AR AR BT RIS 5 b B
5, DA e A R L

2% L ik (References)

(1] ZEXUE,moCee, B . Fm ALV E X S il R 14 9% 55 5
SABTLT]. RPARES41,2022,43(6):176-182.

LI Yunfeng, GAO Yuan’an, JIA Lei. Analysis for fatigue life of
wind turbine main bearing with surface hardened raceways[J]. Acta
Energiae Solaris Sinica,2022,43(6):176-182. (In Chinese)

(2]  sKIE, Toemk, M frpd , 55 . 3T W2 ARk S S AT 5 1 = kIR R
R HR IO SR BTHT]. #lR,2023(6) :36-42.
ZHANG Xu, YU Maolin, WEN Baogang, et al. Mechanical model
and profiling design of three row cylindrical roller bearings based
on mixing of stiffness equivalence and solid[J]. Bearing,2023(6):
36-42. (In Chinese)

(3] HRBH, WS M 5 . TR AR S 14 80 1O 8 B A
ALT]. P EBUCTRE,2010,21(21):2527-2531.

SHAO Yimin, TU Wenbing, ZHOU Xiaojun, et al. Smart bearing
based on embedded multi-parameter sensors[J]. China Mechanical
Engineering,2010,21(21):2527-2531. (In Chinese)

(4] AAMREL. oROTR T AR ASAGIN S B A5 1 B AR TR
B LLKR ) KL CN103867565B[P]. 2017-10-31.
MATSUDA Shinya. The condition checkout gear of bearing roller,
the roller bearing device of belt sensor and wind-driven generator:
CN103867565B[P]. 2017-10-31. (In Chinese)

(5] myo JERTHRREAR . HAT A AT A I 7R 1 : CN109990000B
[P]. 2022-05-06.

HAAK, VAN AMERONGEN. Roller with integrated load
detection: CN109990000B[P]. 2022-05-06. (In Chinese)

(6] frid, b, B5F, 45 I R R E RBR TR BOT SRS

PRI HUB S5, 2022,38(1) 1 122-127.
SHI Gang, TAO Jianfeng, WEI Qi, et al. Design and vibration
characteristic analysis of smart roller for low speed and heavy load
bearing[J]. Machine Design & Research, 2022,38(1) : 122-127.
(In Chinese)

(7] ek, EWe Ty, ar . He T EEE - v R A 1 ) A% R A R

PR oA A 1], K, 2024(12) :29-34.
ZHENG Gao, WANG Xiaoli, LI Lizhou. Measuring method for
internal load distribution of bearings based on triboelectric-
piezoelectric coupling pressure sensor{J]. Bearing,2024(12):29-34.
(In Chinese)



548 B 1 1 F T A FE TR AR T 04 XUHL B VR b 7R fh A3 A ) k72 149

(8]  Braxife, 2k, sk 30, 55 . B REVR SR I N 7 5 S RT3 [10] ZRIEME, BRBTR B . IR T2 O 8 2 AR W B2 45

REGRLT]. HLBRIRIE ,2021,43(3) :509-516. [J]. 7k, 2019(11): 10-15.
CHEN lJinhai, LI Wei, ZHANG Wenyuan, et al. Research status of WU Zhenghai, XU Yingqgiang, ZHAO Xing. Analysis on stiffness
smart rolling bearing monitoring methods[J]. Journal of Mechani- characteristics of grease-lubricated hollow tapered roller bearings
cal Strength,2021,43(3):509-516. (In Chinese) [J]. Bearing,2019(11):10-15. (In Chinese)

[9] HARRIS T A,KOTZALASMN. R a7k Hr(M]. B4k, 5 (1] JRMIRE . ECERARIN Iy S0 7 BRI E (D). ne#i - P4 g 28 il K2
5,3 AEat MU L th Rk, 20092 144-146. 2015:10-11.
HARRIS T A, KOTZALASMN. Rolling bearing analysis [M]. ZHU Minglong. Research on straight plate instrument wheelset
LUO Jiwei, MA Wei, Jr. Beijing: Machinery Industry Press, 2009: method[D]. Chengdu: Southwest Jiaotong University,2015: 10-11.
144-146. (In Chinese) (In Chinese)

Contact load measurement method of wind turbine tapered roller bearings

based on intelligent roller
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Abstract: [Objective] To address the challenge of directly measuring the contact load of large wind turbine tapered roller
bearings, the main shaft bearing of a specific model wind turbine is taken as an example to implement intelligent modifications
on the bearing rollers. [Methods] Firstly, a load sensor and its associated circuitry were installed within a hollow roller to
develop an intelligent roller designed for measuring contact load, along with corresponding load sensors. Secondly, finite
element simulations were conducted to derive the radial strain distribution pattern of the metallic disc within the load sensor,
followed by virtual bridge assembly simulations. Finally, experimental validation was performed to confirm the radial strain
distribution pattern of the metallic disc and sensor calibration tests were conducted. [Results] The results indicate that when
subjected to fixed loads, the proposed bridge assembly method effectively mitigates the influence of roller rotation angle on
load measurement, allowing for stable voltage output during roller rotation. The proposed measurement methodology provides
a novel approach for obtaining contact loads in large tapered roller bearings.
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