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Nonlinear Degradation Modeling and Residual Life Prediction for
Rollers Based on Kernel-based Wiener Process

WANG Hanyu, CHEN Zhen, ZHOU Di, CHEN Zhaoxiang, PAN Ershun
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In the process of steel rolling, due to wear and other reasons, the working performance of the
roll under long and complex working conditions has a gradual decline. Considering the characteristics of
complex working conditions and strong random interference of the roll working environment, this paper
proposed a kernel-based Wiener process (KWP) degradation model to characterize the strong randomness
of the roll degradation trend by using the Wiener process, and to capture the nonlinear degradation path of
the roll by using the kerna function. This paper derives the analytical expression of parameter estimation in
the Bayesian framework, and constructs the health index of the roll working rotation, then predicts the
remaining useful life (RUL) of the roll. In combination with the field data of 1580 hot rolling production
line of an iron and steel company, the goodness of fit of the model built is 0. 989, and the residual life
prediction error is less than 4.7%. Compared with the common machine learning algorithm, it has
achieved better results, which is helpful to improve the operating efficiency and safety of equipment and
achieve maintenance as needed.
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Fig.4 Modeling results of KWP

TR B Wiener b 75 ULIAT 4 HC T A

55 A i 22 BOR - 1l I 2 T4 BOR B0 Wiener i
FES e AL AR AR A A B B3 o PR 2. LI 32

BEJR AR BRI B 1 5 T R i e 220 A AR 2 PR AR
P 35 R AT R S T i R AE FL AR 52 Bl A A2 19 &2 2= 3k
SRR RRAE. ST v T A o B A DG 1) o AL AR 3k T
R UL T 4. 3T A% R ERAE A AR bR AR A e 4
5 2R AR MR AL B AR L AR AR T 47 0 TOM CR L H R
FEF v 17 A% vR B AH G 1 e LS A R A A I
(6 FE PR 22 . 5 TR R IAEL 2R 77 OB IR A 25
e i 52 2% L BEAIL TP it LR P g AR Ab ol R 5 A AL
b A3 5 2% Pk R T AL A BEALARAE. DR B T
PRI B A AR O ] 2 B T TG T 6 e A LR A 8 A%
8 B LA AR IE o M DL 3 20 S ) 5L AR R AL PR AR

T W pR B Y Wiener 3B 4k 3o F5 04 35 00 2%
T UL 4, AT LA H B A AT DL A G b 0 AL R A R
Ak B AT A5 F0T DB AR 7 E R A 1% 22 Y [T P L
DROCR KRR T 5 T 48 B ek B Wiener i #2 L IF 882
T v S A% oA B R OG ] ALAE VA A B

R TS e M T A AR AR ) R BE it 3 A
AlF) RMSE .CD .MAE DL 17 & b 40 #r, 45 2R a0 3k
4 s,

F4 HEFMRE

Tab. 4 Prediction error of models

el RMSE CD MAE

BT AT R R BB

" 1109.7 0.989 3 865. 1
Wiener i 75 45 %I

TR Wiener i FR AR AY 8059.8 0.472°6 6 369. 4
I T v R ek K A B

) - 1992.7 0.8719 1591.2
% [f] 45 AL A A

1 4 AT B T A R AU Wiener i) F2 A5
L ZERL A0 A48 50 Wiener i R A B 5 T
109% , B AH G 1 B HLAL AL 4R = T 142, iE B T
KWP 1B fb 5 50 i f B . 78 3+ 50 3 7 b L M A A o8
M EALE LAY 85 4 RVs., 3 T 5 Wi A% ek 2 iy Wie-
ner iIRfb I F2 L3 2L 6 4~ RV's, 15 B A 8L 7 (1) 5 i
PRI /N T — M 9 A G 1) LA . XIE B KWP R
AR TR AS SR Sl 4 R0 B AL 1 5 1 B LA 3 A 1
AbFERE Ty, HA B TR M s 88 38 F T LR
REIR 2 14 7 2 Wi

FL T C14S91460072 S H B EUHE . % KWP B
AEAR R T 80,100,120 ¥k iy RUL. i@ 52 i 53 i
DIAE 5 5 BRAE 22 18] 19 5% 25 7 0 300k i ME g 45 SR
=5 s,

FF KWP BB A (g RUL FUI0 B Fb 45 2 31
HSA L F R 2R 4. 7% . HL 6 & i A 3E B2 1% 22 R
FEAE U] AP B A il i Wiener 3o 8 5 4% R4



1044 E EH X @&

X F ¥ R 55 57 %

x5 HBEWIEEISFETNEHRESIT

Tab.5 Average error of roller working rotation prediction

P[] 13+ 57 RUL F il fif RUL FEhrf W2/ %
No. 80 53790.5 56 537.7 4.9
No. 100 52630.2 52021.6 1.2
No. 120 40 764. 1 37671.3 8.2

FHZE A 0] LA 340 50 4L 5 1) RUL.

DL 120 #tEyk it 3 I 59 RUL S 1), fy X (25) 4
S RUL W #E R4 W& 5 8% @ X 8 FioR. Bt R
AU 141 HEWk AL T AT 8 28 R AR R 4 A Y
Rl 4 45 RUL ££ 5% .50 % 1 95 %6 & 15 X [ 1) Bt
{500 16,21 F1 26, 0] Ay il 5 5L 40 4848 45 1R it
R0 i 1 L 1 e SR A AR

70r
T 60
g
=
E 501
=T 95% 71X i
R 30F — HIH
# — THE
& 20t
]_'
= 10
1 1 ]
0 50 100 120 141150
itk

Bl 5 T 120 #ER M RUL HE SR 43 A e 4
Fig.5 Estimated RUL at 120 batches

ST HLAR AT T A e g A B AR B i i FLAR OB
PR 5 7 i U BIF 5, T AT R IX A3 AL AR S 45 Y
A 1B A B B AR A B B . AL IR AL i 18
HpeAs o B R B EL R RUL AR R A8 fL AR, 45 &
FM BT 1580 AL TREE . 2T KWP 1B {k
BRI 4 08 3 LR AR A B AR B AR R R RN BE AL P AR AL
Z0m T FLHR AR AR Y 2l 25 MU S N B E R R —
A 0 L R AR A% ok AR A RUL AL T A4 i 2o
KA IR Bl LR AR Ak R AE 2 80, DB B ASE A 2 T 4L
R A 1 7S AR ML . B P SR NG AL BIL 2 i IR
A IR i i AR A% 7 i R AIE

5 H#5iE

0T 5L AR 1R A B A v A TE 1 BE AL A R 4 A2 i)
AR T KWP R AL, —J7 1i , Wiener iif 72 72
A3 2207 ELHR T AR b T A A% L R AL T G R
IR A A b i s BE AL 5 55— 7 T 51 A BR AL
A4 TR R Ml e S5 ) e 2 T A I (R 2 4 DDA
02 Zi AR 2 M IR R0 ol A5 AU i i Ak, T S 45 G T R
RE A% 70 S T2 i B 4 1 IO R RICR.

ASCHF AN A 1580 kLA = LR B
s A B AR it Wiener 3o B2 FIAH 56 7 WL &
2 TR TR TR BLA B A B4R R 109 %0 A 14 %,
RUL Wi 2204 4. 7%, A 548 5w @i fig 1
5PN R %4 R 5 o 3 B BT B A A B A
FAME AT XF LR B AR B HE AT A0 A T 5 e SR L A
BT 5UAN A 7= 4 D\ S 00 5 101 4 B ok I 0 R T R A
) A4, I T Sk A 2 fRL 45 38k Y RUL 35100 1 5K B
AR WL (] BBt 2 25l FL AR AR 72 2 77 i
KEAG ZHM  KWP R ALRE R K 5 5L HE ™ .
LR M T A5 BLARAE B 5 26wl A 5L A= = ek £
B I T 28 A Wiener 1 #2iR (LA AL, FF 2
FoUI 4 4E 47 5 AH SC B SE

S & Lk

C1] AEME. BRI, TR, 4. S E RNkl &

A S ERLD] PEELEHFFELZF. 2021, 34(8):
51-56.
ZHENG Guodong, CHEN Qishen, XING Jiayun, et
al. A prediction model for wear of working rolls in
hot rolling mills[ J]. Natural Resource Economics of
China, 2021, 34(8); 51-56.

[ 2] PRAKASH G. A Bayesian approach to degradation
modeling and reliability assessment of rolling element
bearing[ J]. Communications in Statistics-Theory and
Methods, 2021, 50(23): 5453-5474.

(3] X3, hEET, RIaak, . PRV TARRE

BHMBA]]. AT TE, 2015, 44(1). 131-
133.
LIU Ziying, SUN Yanguang, SONG Xiangrong, et
al. Prediction model of work roll wear for hot tandem
rolling mill[J]. Hot Working Technology, 2015, 44
(1): 131-133.

[4] CAIJ X, CHENG X, ZHAO B J. et al. Study on
the corrosion mechanism of the oxide scale on hot
rolled steel in an atmospheric environment[ ] |. Anti-
Corrosion Methods and Materials, 2019, 66(5): 613-
620.

[5] LIUZY, GUAN YP, WANG FQ. Model develop-
ment of work roll wear in hot strip mill[ J]. Materials
Science and Engineering, 2017, 207(1). 012022.

L6 #mM. 5/NF, B&EEE. AL R & ko
[J]. #MITITE, 2016, 45(1): 151-154.

YANG Yang, SU Xiaoping, ZHAQO Chunlei. Re-
search on fatigue life of hot roll surface[]]. Hot
Working Technology., 2016, 45(1) . 151-154.

L7] ZRA. skbed], XIAA4E, . SL o 72 4L 40 1 10 5L

FRANRI AT [T ], WA T F . 2002, 38(7):



%8 M IRE.E A TH B -Wiener i 2 69 L3 3E S MR L AL ) 4 & TN 1045
28-30. ing & System Safety, 2018, 171. 1-8.

L9]

[10]

[11]

[12]

[13]

[14]

[15]

LI Changsheng, ZHANG Xiaoming, LIU Xianghua,
et al. Experimental investigation of mathematic mod-
el on rollswear in rolling[ J]. Chinese Journal of Me-
chanical Engineering, 2002, 38(7). 28-30.

R X ELA BT AL T AR S T2 S 5k
TS [D]. dbat. Jbs B R2%, 2019,

SONG Guangyi. Research on work roll wear and
process parameter optimization for hot strip skin-pass
mill[D]. Beijing: University of Science and Technol-
ogy Beijing, 2019.

WORIT, BRAE. vl S B A AR 5 23R [T .
TITREE®E, 2015, 20(6): 1-6.

PAN Ershun, CHEN Zhen. Review of degradation
model for high reliability products[]J]. Industrial En-
gineering and Management, 2015, 20(6) . 1-6.

St BRARAK, FRoRf, . PRELRG FL AL AR E R
BWFFELI]. SMERTFZT . 2006, 34(6): 31-34.

WU Jin, QIU Chunlin, QI Kemin, et al. Investiga-
tion on friction and wear of finishing roll of hot roll-
ing[J]. Research on Iron and Steel, 2006, 34(6): 31-
34.

JIAO R H, PENG K X, DONG ]. Remaining useful
life prediction for a roller in a hot strip mill based on
deep recurrent neural networks[ ] ]. IEEE/CAA Jour-
nal of Automatica Sinica, 2021, 8(7): 1345-1354.
MLl E . 0. BT RILELM BT E T RGN &
g ML) ERZBERFFR, 2013, 47(12):
1911-1917.

TAO Hongyu. ZHOU Binghai. Opportunistic main-
tenance model for series production systems based on
stochastic degradations[J]. Journal of Shanghai Jiao
Tong University, 2013, 47(12). 1911-1917.
GIORGIO M, POSTIGLIONE F, PULCINI G.
Bayesian estimation and prediction for the trans-
formed Wiener degradation process[ ]J]. Applied Sto-
chastic Models in Business and Industry, 2020, 36(4) .
660-678.

AN BIEAE, IR, S B R E I dEL
PERLB L REFRFmBTMI]. EBXBREFE
. 2015, 49(6) : 855-860.

SI Xiaosheng, HU Changhua, LI Juan, et al. Remai-
ning useful life prediction of nonlinear stochastic de-
grading systems subject to uncertain measurements
[J]. Journal of Shanghai Jiao Tong University, 2015,
49(6) : 855-860.

GAO H D, CUI L R, KONG D J. Reliability analy-
sis for a Wiener degradation process model under

changing failure thresholds[J]. Reliability Engineer-

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

PSR, WP, L R m I AR gk
Mo l)]. TR TREE®E, 2017, 22(1): 89-
94.

GUO Hao, ZHANG Tian, LI Yaping, et al. Re-
search on competing failure modeling based on the in-
verse Gaussian process[ J|. Industrial Engineering and
Management, 2017, 22(1). 89-94.

BANNA O, MISHURA Y, SHKLYAR S. Approxi-
mation of a wiener process by integrals with respect
to the fractional Brownian motion of power functions
of a given exponent[]]. Theory of Probability and
Mathematical Statistics, 2015, 90. 13-22.

L1J] X, WANG Z H, ZHANG Y B, etal. A nonlin-
ear wiener process degradation model with autore-
gressive errors[ J]. Reliability Engineering & System
Safety, 2018, 173 48-57.

TANG ] X, ZHENG G H, HE D, et al. Rolling
bearing remaining useful life prediction via weight
tracking relevance vector machine[ ] ]. Measurement
Science and Technology, 2021, 32(2). 12-20.

MRAS, MR, KRtk S5 B TR R B M
MEMiTWB Al TWIRE5EE, 2021,
26(6): 1-8.

LIN Jie,

Joint

YE Hongqing. ZHENG Meimei. et al.

condition-based preventive replacement and
spare parts provisioning policy[J]. Industrial Engi-
neering and Management, 2021, 26(6). 1-8.

TR T A G AL AR B R TR R R OB
Iy R LD Kb ERFRFER AR K, 2016,
ZHANG Yang. Online remaining useful life predic-
tion of lithium-ion batteries based on relevance vector
machine[ DJ]. Changsha: National University of De-
fense Technology, 2016.

MACKAY D J C.
Computation, 1992, 4(3). 415-447.

ZHANG C L, HEY G, YUAN L F. et al. Capacity

Bayesian interpolation[ J]. Neural

prognostics of lithium-ion batteries using EMD de-
noising and multiple kernel RVM[]J]. IEEE Access,
2017, 5. 12061-12070.
JE, FrRE . SR T BB R T RG]
Mmook )] REXEZ2R(BAARRZ
D, 2021, 42(6) ;. 814-820.
ZHOU Binghai, SHI Yu, ZHANG Yuxian. Availa-
bility-centered maintenance policies for degrading
manufacturing systems considering product quality
[J]. Journal of Northeastern University (Natural Sci-
ence), 2021, 42(6) . 814-820.
(KR8 F 130



