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Fig. 1 Multi-source microsensor
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Tab.1 Structural parameters of the rolling mill bearing

240 Parameter {H Value
4% Inner diameter/mm 770
4% Outer diameter/mm 1075
&% Width/mm 770
VR HK B 1% Rolling element diameter/mm 80
R HNATEE Rolling element width/mm 147
TR NAA4~% Number of rolling elements 147

Ry S IR AG SRR I TR TE 3% R Re R
APt R K I A7, R SRt 22 s BT, T it o o T
LTI TG AR5 | Zeny IR Rl S FE Fn TR i
Wt 2 VAR R 15 | RSF AT, i 3 R . A
SCHE MY AR B BE AR BE 43 10 : 5 mmx5 mm .5 mmx
10 mm 10 mmx5 mm, 3 /> RF 23 AR 3 A% Sl i A
B AT TFAE N T T DA Jit R N 5 A S e 3
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Fig. 2 Structure of the rolling mill bearing and roll system
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(a) Slotted structure in the load-bearing area

(b) JFHERST
(b) Slotting size
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(¢) Slotted lead wire
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Fig.3 Overall slotted structure

2 NFHRESR

SER R TIPSR NN (R EndibE S S (R
NN IRS Ry P IR S B SR e RES Al
R R 2 ERE . o R RE AR A T AL T
DU B TSR AR A BROTOT BB X TRl )
TR SSA BERT R GENE PR RETTAS o T S AR
BARTRE S B A fih s 5 2% P AN S PR s 00 A FROT

RN H 3 AT AN (IR B S5 R 0t R N ) o34 R TR RE
TE DA% 55 Fr i se L . WFOTIS 25 6 5 TR RS K
ZRRE T BRI BRI LA S K IR A PE BB S5 O R AR
R RERR A A DA BT TR R A S

R F GEVEAL TR 25 48 X6 Bl g 2 1 R Y 5 e AL
il A 9T T S PR A A S EO A FR T/ A HEZE , #
T R R LA RO AR AR 4 BT R . %R
R A0 I T8 Rl 7 ) DG B R R A5 4 - (DB A% IR
B A AL S LA 5 Q) FFRE AR Ak A A 7K A A 5 D]
TR N J8 - FLER S SR & R S8, A LR AR R
SR T AR B AR 2 50 s A ) 1 X I Al DX R
0. 1 mm k5 B2 1% iy S AG H A, i DR HE AR A4 45 44 i
SL kS By I 7 AR B AR Ak (ST JR R A% 9 R A
0.5 mm HFITRA])

GCLIRE]

Plane of the action

|

AP

Plane of the action

tott
TAERR S

Reaction force of the working roll
B4 BRESHHR
Fig.4 High-fidelity 3D model
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*®2 IRBH A: A 451 Static structure
BASTE Total defe i
Tab. 2 Operating condition parameters %%)"Tfyp(e):taE'\%%??olllz;ldeformation -
" — A7 Unit: mm JFH[X Slotting area
24 Parameter { Value B 1) Time: 1's =
2025/5/24 15:22
R HELE 0.23623 1K Max
. . 2200 0.209 98
Maximum rolling force/t 0.183 73
0.157 49
e KA 0.13124
. i . 1250 0.104 99
Maximum rolling speed/(m/min) 0.078 743
) — 0.052 495
SCHERR ELARE L 1501 300 0026248 0 5000 10000 150.00 200.00 mm
Diameter range of the support roll/mm 0 i Min
. E7 BLEER
A TS s0-s0 , ,
Operating temperature of the bearing/°C Fig. 7 Total deformation result
FRSN .. Sth 4 e . . A: B 451 Static structure
TR =X il 29 3 Thin oil SR Equivalent stress
Lubrication method of bearings circulation lubrication KR Type: Z308 H1
Equivalent (von Mises) stress
SR T A 15 $437 Unit: MPa
21 I 1A Time: 15
Replacement cycle of support roll/d 2025/7/12 1:16
2 NV . 74.13 Bk Max
&1 1# B Radial clearance/mm 0.22~0.32 65.893
57.657
49.42
41.183
2200 t%Li Sy 32.947
: 2471
l Rolling force of 2 200 t l 16473
8.236 7 N
T T T T T T T T 7.1053X 10" /) Min
(a) ARSI
2200 t LIER R 7

. ) (a) Overall distribution
Working roller reaction force of 2 200 t
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Fig. 6 Meshing of the finite element model
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Tab.3 Material property

T Medium R L ] . .
S ¥ Parameter carbon cast steel Bearing steel &7 @fmjﬂifi?’%iﬂf%fﬂﬂﬁﬂﬂﬁ(@ ﬂ:*g'fzﬁﬁg&

(b) JRsEIi
(b) Partial dissection
8 FER~FAS mmx5 mm BN HHH

Fig. 8 Local stress distribution when the slotting size is

5 mmx5 mm
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% J¥f Density/(kg/mm’ 7.8x10° 7.8x107 . . . . .
eI R T 0. 02 mm, RO ATL 1057
PV 5 Volume modulus, a 75%10° 73
N TERE RS 10 mmxS mm BV 34047 45 54 4 FFAREIX
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(a) Overall distribution
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Areas with obvious
stress concentration
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(b) Partial dissection
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Fig. 9 Local stress distribution when the slotting size is

5 mmx10 mm
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(a) Overall distribution

A: A 451 Static structure
S48 71 Equivalent stress
KA Type: RN H1
Equivalent (von Mises) stress
AT Unit: MPa
I 7] Time: 1s
2025/7/12 0:30

99.706 £z K Max
H 88.627

N A v B S X gk
Areas with obvious
stress concentration

77.549
66.471
55.392
44314
33.235
22.157
11.078
9.472 6 X 10™ ft/s Min

b) Jafl L
(b) Partial dissection
B 10 F#ER~FH 10 mmx5 mm B EIBERR 5143 %

Fig. 10 Local stress distribution when the slotting size is

10 mmx5 mm
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Tab. 4 Maximum stress under different grid densities

X #% % B Grid density/mm #¢ KV 7) Maximum stress/MPa

0.3 98.92
0.5 99.71
0.8 101.21

£S5 FEFERTHRKEES

Tab.5 Maximum stress of different slotting sizes

JF#l RS} Slotting size/(mmxmm) iz K 7] Maximum stress/MPa

5x5 74.13
5x10 87.59
10x5 99.71
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Tab. 6 Classification of health status grades

RS Status R:ll;:ﬂ;irl%ty MRAHIA State description
{3 Health 0.7, 1] FI T AEFEARIAE IEH Y B P All work indicators are within the normal range
K 4 Good (0.5,0.7] I TAEPERETT 1R %218 Performance of all kinds of work began to decline
T2 % Minor fault (0.3,0.5] B S s, 7 T2 4E Y In case of minor faults, pay attention to maintenance
T i Serious fault (0,0.3] TAEFE AR S5, ™ 5l [ Work indicators are abnormal and serious faults have occurred
4 2B BARERLIE

PAVA FLAIL S #3550 DU 8] [0 A VR -l 7 R T 9 X 42
PR T — I T i A U PR AL SRR 1 FLALAS AR A
AREA BT T, A 7 H 2R T AT TR AR
¥, SR AT T A PRI 45 T REIR A 1 &) 431
M), FELEEUNE .

DT T — B BTl 30 1) 2 IR A 2%
A BRIC T IAIE T RS B , SIE % RE S
AR BREL T ) T 00 56 4l Al FHEEK

2) 4P R R SF S 10 mmx5 mm B, TR 307 e K
IV 12k 99. 71 MPa, @ KT 4R e IR B B o J32
BB, )i AR FE 45 7 1 mm DA P, B4 RESE {1 SR 4%

3) R IFHE R I BRI A5 o 3. 67x106, 3 R Tl
RUST il AR %) 3838 75 i 43 0 R 3. 63109 3. 58%10°
3. 55x106, JIESE T FERE X 4l 7RO 55 75 fr S M i)
B BRI R S M e A A R R U T S AR Sl R R R A
—3

AW FEAR A T 4375 AR o 1000 T 347 2 4 B
YR A AR G RSl R M RE I 52 ), Akl i 2
YRGB & I A T IR A GG UE . Ak, R
T H A A (1 3h 45 T SR TEAG 2R 40 DL S B RE ik
T 4 25 A J 300 P9 DR 20K o T 5 o Ak 2
RASR BTG
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Design and mechanical performance analysis of intelligent bearings for

rolling mills embedded with multi-source microsensors

LIN Shuilin"?> HU Bowen"?> XING Jiankang"’> ZHOU Meihua® SUN Jianliang"> PENG Yan"*>*
(1. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)
(2. National Engineering Research Center for Equipment and Technology of Cold Strip Rolling, Yanshan University, Qinhuangdao
066004, China)
[3. Beizhou (Luoyang) Technology Co., Ltd., Luoyang 471000, China]
(4. State Key Laboratory of Crane Technology, Yanshan University, Qinhuangdao 066004, China)

Abstract: Aiming at the limitations of current monitoring methods in the accuracy of early fault diagnosis for rolling mill
bearings, a structural design method for intelligent rolling mill bearings based on embedded multi-source microsensors was
proposed. A multi-source microsensor module integrating temperature and acceleration signals was developed, and an optimized
layout structure of axial sensing leads in the bearing housing was designed, breaking through the bottleneck of sensor
integration under the space constraints of traditional bearings. A mechanical performance evaluation system for the slotted
structure was established, and the reliability of the intelligent structure was verified through strength check and service life
calculation. The results showed that when the slotted area was 10 mmx5 mm, the maximum equivalent stress was 99.71 MPa,
which had sufficient safety margin compared with the material yield limit; the maximum overall deformation of the structure
was only 0.24 mm, and the local deformation was less than 0.02 mm, with the theoretical service life consistent with that of
conventional bearings. The optimized intelligent bearing ensured monitoring functionality while meeting industrial application
requirements in terms of structural strength and service life. The research results not only provide a high-precision monitoring
method for early fault diagnosis of rolling mill bearings under extreme working conditions but also achieve an integrated
"monitoring-structure" process through embedded design. Its strength check standards and service life evaluation methods can
directly guide the transformation and upgrading of intelligent bearings in industrial sites, holding significant engineering value
for improving the operation and maintenance efficiency of rolling production lines.

Key words: Intelligent bearings for rolling mill; Structural design; Embedded sensing; Finite element calculation;
Mechanical property
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