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Abstract

Hot rolling mill bearings are key components of hot rolling mills, and their operational status di-
rectly affects rolling accuracy, production efficiency, and equipment safety. In the F5 stand of a 2250
hot strip mill line at a steel plant, the rollers of the work roll bearings frequently failed, leading to
overall bearing damage and affecting normal equipment operation. This paper conducts an analysis
of the failure mechanism and proposes an optimized solution, which includes designing hollow roll-
ing elements with reserved clearance, while considering factors such as the internal surface rough-
ness of the bore, lubrication conditions, and inspection methods. Experimental verification
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demonstrates the effectiveness of the failure analysis and improvement measures.
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Figure 1. Simplified structural diagram of four-row cylindrical roller bearing
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Figure 2. Damage image of 1# rolling element

2. HRTNF IR E

Figure 3. Damage image of 2# rolling element
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Figure 4. Damage to rolling elements
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Figure 5. Fracture surface of roller sample
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Figure 6. Roller corrosion inspection diagram

6. R T IE AL I &

IR TR RMAEE 47.5.0 HRC. RBNAR T H BUIE G R THEFERF%; OSEBAEE 37.5. HRC, &2
FR . AR ZIRE 0 mm (bRdE 52.5 HRC ALVRFE > 3.0 mm).

2R T (RN R I 61.8 HRC (krifk 58~63 HRC).

OoARE 23.0 HRC(ARifE 32~48 HRC), L P9 H B8 10 il FH Al B2 FAEAIG . VA2 PR S 0.95 mm (BifE 52.5
HRC 4 E > 3.0 mm).

3HE T CRARIR) 3 1 R T AEE 61.0 HRC (brifk 58~63 HRC). A5EBAEE 34.0 HRC(h5ifE 32~48 HRC).
VEAZ R 4.55 mm (BrifE 52.5 HRC ARFE > 3.0 mm).

58 HRC VAF¥ 3.35 mm (b5#fE 58 HRC ABVEFE > 1.2 mm). EARRIIZE B W% 1.

Table 1. Hardness (HRC) of failed rolling elements at different depths from the surface
1. KRR ERE A ERENREE(HRC)

At 0.3 0.5 1 1.5 2 25 3 3.5 4 45 5
1# 475 50.6 435 46.4 47.1 475 48.1 47.4 46.4 453 44
24 61.8 58.8 51.7 42 31.7 31.1 30.4 28.6 28.9 28.9 27.7
3# 62.7 62.3 61.4 60.7 59.9 58.9 57.4 54.6 52.6 50.3 46.8

2.3. SHEKE

KA LEICA DMRXE &A1 B se, WEER A 4 0 R A LUk B, K ER FHLSR
4 IB/T8881-2011 ARt ER, AT RIMAHLRZHE, WALREETERL, X 3 MAFFEAT
Kl o ARSI I ZUROR 500 R0, Al gh 3R W22 2, HZIILIE 7~13.
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Table 2. Metallographic structure examination of failed rolling elements

2. RYURENF S AL

A RIZHL(FrilE 1~3 &) OHBALIbRAE 1~3 27) FUIRBEAA(<3 2R)
1# EZ JVIIEIDS 2% <1 %
24 -2V EIP EPI <1 %
3# 14 2% <1 %

Figure 7. Microstructure of the surface layer of roller No. 1 magnified 500 times
7. BIK 500 1& 1 SIRFREHRA

Figure 8. Microstructure of the core of roller No. 1 magnified 500 times
8. MK 500 f& 1 SIRFEEPLHELR

Figure 9. Microstructure of the surface layer of No. 2 roller magnified by 500 times
9. K500 1% 2 SIRFREAR
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K H LEICA DMRXE A BB, MR TIEE B It 47k, $4T GB/T3203-2016 e %
Ko BMSEHRER, 3 MNETFREIESE R R RAEESR . HAANSS SRR KE N 0.5, FFhni
FR., SERVENE 3,

Figure 10. Microstructure of the core of roller No. 2 magnified 500 times
B 10.50K 500 & 2 SIRFERBELR

100 pm EHT = 10.00kV. Signal A = SE1 Date: 12 Jun 2024 ZEISS
WD = 1662 mm Mag= 72X Time: 12:46:33

Figure 11. Analysis of cracks in the inner hole of roller No. 2 using an electron microscope

LB FRHEN 2 SIRFALRISH

Figure 12. Microstructure of the surface layer of roller No. 3 magnified 500 times
B 12, K 500 15 3 SIRTFHRBHR
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Figure 13. Microstructure of the core of roller No. 3 magnified 500 times
B 13. HK 500 15 3 SIRFERELR

Table 3. Detection of non-metallic inclusions in failed rolling elements

3. RHUREIFIEE B RGN
WH  ARMAR AR BRMAR BIMAR CRMAR CHRHAR DRMAR DEMA Ds

itk <25 <15 <2.0 <1.0 <0.5 <0.5 <1.0 <1.0 <2.0
1# 0.5 0.5 0.5 0.5 0 0 0.5 0.5 0
2 0.5 0.5 0.5 0.5 0 0 0.5 0.5 0
34 0.5 0.5 0.5 0.5 0 0 0.5 0.5 0

2.5. WERSKIE
KH ARL4460 ELELETESHTAUEI, R FMESFS SAE3311 ARiEER . el 5 1 B oniE 71k
ILERFTE SAE3311 brvEME, REKIMATTEIN. BARKG LS R W% 4.

Table 4. Chemical composition testing of failed rolling elements

® 4. KYUREMA L E RN

JLE C S Si P Mn Cr Cu Ni Mo Al Ti Ca
. 0.10~ 0.15~ 030~ 1.30~ 3.25~ 0.015~
pic ole 0010 o <0020 o 025 oo <005 e, =30 <10
1# 0.16  0.005 027  0.009 0.4 1.55 012 336 009  0.03 15 3
2# 0.15 0.006 029  0.009 0.4 1.45 012 333 0.09  0.029 14 6
3# 0.14  0.006 028 0.01 0.4 1.42 0.13 3.25 0.09  0.027 13 3
3. Ko

3. TRER
Tl AR B AL T, R TAE IR a0 R 36 5.

Table 5. Bearing working load
5. A T(ERAT

TR F, (kN) 3% n, (r/min)
5145 244
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EMEE S
AR SEOLE 6. TARRZE T BRI TR EP #0IN7, BORLEE-/17/14.

Table 6. Bearing lubricating oil parameters

6. HAHBMBSH

W 77 2 40°C B HEFEAE (mm?/s ) 100°C B A5 FE A (mm? /s )
PEFA T 320 32

3.2, ERENT

K H Romax BAF LA S - FefiisE Ay, fE8eih b E — NME 8 ngs, B A IIEA
W TR S . 7K Romax 224K LI 14,

Figure 14. Bearing modeling

14, HhAER

3.3. HABERAZ

218 Hertz FB[2], R THR — B &L, RIS 7T AN PR AR AL A . BT
R TAERIE TP 2 3 S IR 45 R, Palmgren $2 2RI AT A IRIES AN /7 %2 42 Z A o KR TE
RS Sy VERIAN ) Bl R I AR G o il VR el R ) i R T Al 7 g AR VR 5 [ 7
LAERBOTIH . WRARIA 7o BORBNIRHEARN S35/ RN ), S KRB R N 7 s T
WIRIE L.

Table 7. Statistics of rolling element strength calculation results
® 7. REERE T REERG
B KIRTE S Ak /) (MPa) LIRS Y F B2l S /3 (MPa)
1928.7 642.92 4000

GEEWIRTEIL, K AASEAT LU L7 T 204

(1) WHETFIAT EAHT, S TR B RS2 e KA I (R R 15 Ok AR 1] 15 W] DUE IR B R R T
KM 77 1928.7 Mpa, FLAE KR 7] 642.92 Mpa, ¥FH M. 7J 4000 Mpa [3] (R4 1SO76 SRl E), &t
AR, WE 15,

(2) RIBEENEBIRE R (B 1), R RZBIA 1 )5 R T WAL IS . 18 1 vify 1R R 170 5 5
Bl RAMERTA BN, RE R NFLR A #E4, SERNEEA R FECTE, #1455 51 I8 TR0
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Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

1928.7 Max
17144

1500.1

1285.8

1071.5

857.21

642.92
428.63

214.34
0.049689 Min

Figure 15. Equivalent stress of longitudinal section at contact center
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4. uHtERE

WA AR TG DL, R 5 FITEIN G, T HENR, MR G R SR i
TR, PETESEULPIMELL, 1A — B a8 5 . Bk, KEUMELER LA/ BT
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Figure 16. Schematic diagram of the optimized roller inner hole
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(2) PRI T FLARLRERE, XL BEAT HOCARER, 38t G Ty 4R

(3) MeALiE R Ge, SE NG 2, UL R AR AL R R R A 2~3 MR TR AETETE M . %
PRI A FLIRHT AN R i

SRR AT BEAT AL, A5 ZES A A 8000 /NI ok, 2% P I ER, Al v S
LR B R I )

5. it

SR SR T IAEL R DY 1 [ A ot R DR T R O e 38 AL R L EE 44, R et i i, 7931
IR

(1) REVIAEL R TU A [ A 50 AR F R R E B A HILNTEE A R, WS 2R FFLA 5, &
J& SEGRBNR KR

() BRRBUAR, FE TSR T LA BRI TS FE IR, RN ARG #8005, k)
1 8000 /NI ok, BRIE TR AL M LA H 2 A A R

SEHk
(11 MR, ELHLSL AR B AR A o HT[]. Bh7K, 2013(6): 49-50.

[2] AR, AENUSHERR DS B AER TR = E 3R N 7 73§ [D]: (B2 001850, B At FatEE oK%,
2014.

[31 M. BELHLSLHR Al AR T 80 A [I]. Bz, 2013(6): 49-50.
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