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Abstract

Serious vibration marks were found on the surface of chill plate of stainless steel for railway ve-
hicle in cold rolling process. It is found that the alternately bright and dark stripes of vibration
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marks were the result of the quantitative difference of micro-porosities on the surface of strip
through characteristic analysis. The results of a mass of field experiments show that the vibration
belongs to the third-octave mode, and the transferred length of contact arc in the deformation
area is equal to the length of vibration marks on the strip. In addition, it is identified that rolling
skid caused vibration based on the study of the formation process of vibration marks. Single pass
information rate, front and backward tension difference, rolling speed process, roll-changing
process have a decisive effect on controlling skid. Furthermore, optimizing rolling process para-
meters and improving roll-changing institution can effectively inhibit skidding; finally control the
defect of vibration marks.
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BB PIE R G ORI RIERE D 5 R, MBI RHE R HE USRI [1], 301L RAIEIK
PR BV AR AT R PRI R v e A e 2R L DR R A 2 T o e DA S R AR AR R [2], F Tl
TEAROME . AR RO MR, TTRE. sk DUAESE[3], BONBUIE R RSB ERA R, 301L &5
BRIRAR AR BEAAE VR A 22 B L i RS 2B Ja, AN EHMTRIBR T2, PR
JiR B SRARR M, BEASRIEAS SO VR ™ F R L A SR o

301L ZF1 B IR AR AN VA AR A 7 S R AR AR 2 7 A IR SOk, BRRE R 7 R T o, B fL 4R
BORE . EORHRGUA S, E N ANAF T KRR TAR, Q1 Wu SERETT T 5L SR IR SO R 5 (4] 5
FIRFE S M 1 LR M AR RS 2L B R R A I [5]; A SMREERIE L 1 AR IS DU AR 4 LT LS
6 i [ A 56 T IR LA L L T Z S B0 REUR SR B S5 400 [6]. F AT, WFFcREAsEh
FEIRSURFE 2 AL 70T AL ELL S P BENLAE e & A BRI SR R 70 A, TR IR S0 B4 O R ALE 20 # ik
Z v AR BERCE SRR PRGBS E R A . IR R TR = s, AN AR 4R
LU B ATAT A RN 53 o BT U R, ARSORPIE R 42 3010 ANER SNV AR AL L A L)
PREURBEIEAT T2 O SARAFAE AT, B5E 1A, WIRA TP AR ER R, il Bl T
ot AR HIREUEREE, R AR T R 2% AT

2. MREFTE

BB 4 3010 ANF RO R WA 1 o, 5L A% ihr iR A5 244 72 9 LT DLT. ST,
MT. HT 3t 5 NEER[7], Hrf MT. HT TGRS 0R T BEH0™ dh, £ EER A A 3 T A AL AL
[8], XUALAEA™.
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Table 1. Chemical composition of stainless steel 301L for railway vehicle

1 HUBEFM 301L FEMMLER S

1H 27 43 Iwt%
s
C Si Mn P S Cr Ni N
FrifE <0.03 <1.00 <2.00 <0.045 <0.003 16.00~18.00 6.00~8.00 <0.020
SR 0.02 0.40 1.10 0.03 0.001 17.21 7.15 0.011

3. PRSUEBEHIGFIER R A 5
3.1. HRGUERBEHI B MAFAE 5T #hr

DRGSR RITESEEAT 704, BAT DU HRAE: FU0F LN RIS A 5 AR A 14T | [RIEEAH AR
DU HAT T8 T 1) A WS A TR SR S0, WIS 2R SR B 3~6 mm, WLIA] 1(a); FLHIIRGG™ERTE, 0
W AELHTT P JC R R 22 AL R N R I — B AR IRGG SR TAR AR S AL TTE M bR, A
IREUR S TARSR, MDEWEE T DRI T AR AR T BAT 5 5L AR R AR PR STR I s ¥ 28 T B A Ak 2
Ja FUFRIIRSUI SRR K B2, WL 1(b).

(@) (b)

Figure 1. Vibration marks defect. (a) Overall morphology of defect on rolling; (b) Overall morphology of defect after
degreased
E 1. #ROUERPR. (a) ELEIBIEPRESAETE; (b) BRAEERRBEATER

3.2. PRBUERBERIRIEFIE 24

FIFA%EE] EVO 18 93t fL 1~ S Sl 0 IR SUBR b B I S SR B AT 620 200 fBUBCR M EE, 4551
WK 2 fos. A 2 SR, IREUSREE IS SUL WO FLIF W] AL SUab 2, ISR (R os AL W] A
XCHEAT KB b L7 B RS AL, WIS B O L IR e s DAL L= A8 IRt
B I 5 DX 3R] SRS AN () S BN LIS L T IS € Z2 B, IR B IR ) 25 S0 A0 1T oW
fLiAZ D> ZEFIEE R
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Figure 2. Microscopic features of bright-dark stripes for vibration marks. (a) Overall morphology of defect (left dark right
bright); (b) Microscopic features of dark stripes; (¢) Microscopic features of bright stripes

2. REUERPEFARESIAIMINILER . (2) TROUERBEEATESR(ZAREARR); (b) HREUERPERESURMASR; () HREUERIERR
KR SR

3.3. IRSUERBESNRFFAE 574

AN R R SCER A AR FE Y 3~5 mm, P AEIRSUN TARR L LR —f0h 0.80 mis, a7 AAT(D)
A IS H R BN Ay 160~266 Hz, J& T 55 A5 ANEid.
FLHLIR BN SR SO AR AT A2 2 R 5K R 2

v x1000
W= ;

LH, o FIRGLGEE, mm; v TAERELSHIZIEE, mis; fAIRSINE, Hz.

X UE L 5 R AR MR B (1 A AOIR S T LU B2 1 i 38045 5 FRT 784, &1 3 SR RBN T FL
FEATRE, P 3(@)FTn, 1EH ELHI UG AMZRAE 110 Hz /244, 7F 100~250 Hz $BAFEAE £ E IBENLBE &
Pesh. W 3b)Frw, RSN AN ARE S5 I H ARSI, —RARSIR E s, —RARS)
I AR I AE HHILAE 170~200 Hz. X WIER T iZIRSNIREINZ N 170~200 Hz, J& T 55 =55 Eifk.
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Figure 3. Spectrum of speed with normal rolling and vibration marks. (a) Spectrum of speed with normal rolling; (b) Spec-
trum of speed with vibration marks

3. IRENETEELFIRESNIE. (a) ERFLBIRELELREIE; (b) TREhBIELHIR

DOI: 10.12677/meng.2022.92014 108 Bae TR


https://doi.org/10.12677/meng.2022.92014

ERVIPEN

3.4. PRGUBBAERI =4 R E 534

TR AT A ELNLEL ) 301L AR IR ARG, LML RGBRRE S RAL, KR 1s i, %
FRAE TR 85 58 = A5 ARER A AR, 56 = AP ER AR M ARFE, ARAEAE LR R N AR R K E R E AR
MR A, A BRI

XF e A TR BN 1 J5 A [E I B e AL, 14 4 SRARBN AR T A S AR A 2k, L S11 R FL R
FE (A kB 2R), CL0 9N I 4N B (I e 32k),  CO0 Sy H My BN F (S (ke B 2k), |l 4w,
04:00:00 B [B) 2 Aif 4y 1E 5 FLAPIR S , S11 FL 1 38 5 ik vl 0.885~0.901 m/s, # & 3¢ & 4 C90 > S11 > C10,
BPELAR s PR T AL R, FLEDERE R TN DR, FLHIR T X AT SIS, A TS EL ]
R, K% 04:00:10 I S11 FLAIE FEIF A6 RIRE S, I ahEHy 0.865~0.920 m/s, & I F #L I S11 3
FEBANMEAER) 7 6%, HHHILT S11 5 Co0 MFHAMF IR, RIFLAFH s 5 S UL A
LA AT TR, FLVL AR S AR AR ST LS, R T AR5 5 7y 43R T #0 7= AE W AR R B
BB BETTED,  FLEIAT I I BRI T X R R AR, P AEIRSII R .
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Figure 4. Characters of speed with normal rolling and vibration marks
[E] 4. PROUERRE= 4 B fEIR B L HFE

N T W TEIRSCRRE WIS 2 205 FLHI SR X (IS 5 Fs) I &, B i 2 4.0 mm () 301L 4 ff
WL RS 5 AT X LT RST 3#EAT 2047
LB A R DX P42 i A L ) S 46 PR B 2 3[9] ¢

2hl,/RAh—%Ah2 +(2R—Ah)‘/RAh—%Ah2 —2R? arccos[ZRz;Ahj

2h,

A, ROAVFURFAR, hy NELAEANTRERE, o NELAFH IR, Ah=h —h, AZEXT R,

B T RSO 2R U RIEE, W 6 s, SREUEEEAY 4.0 mm Zidy, FRRZH0AE AP il R xt b
MTZSHR . hy ho AhFEARRQUEE S, W2 FR, 179 4.002mm, S5SCEEEARME, b
W Sk B 14— 2L IS5 2 S0 L i R i T A 2P i ) W e S e ik S B0 380 0 7 2 T 2 F ) o
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Figure 5. Diagram of deformation zone in rolling
5. HLFIEHXTEE

Figure 6. Size of vibration marks

6. TREBUERPER T

Table 2. Contact arc lengths on rolling interface

2. ALFITH Xl

e R/mm hy/mm ho/mm Ah/mm I/mm

1 50 3.24 2.94 0.30 4.002

grbnrn, PRGUERRE LR AL AT DR A BRI AT, T I AR R I S LA 2 T A )
SRIRETERIE , T 1L e LML 3 L, AR SRR AT O™ A2 (KR Sk a7 L i R A D 81l 4 i
TR AR (] 26 5. BRIt FLHHT IR RSO A I BRI .
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s T AJESKIT; TooNRTIK AT PUSALEIE 7. Horby BT 0.5, U5 BT -

HARE@EHE T, AEHMARALRHELT, EREN R ESITIHN T RIELRR, BHERLE
ST R, THBE S R, BE G ARG SebrErid fid 301LHT WAl it B TE 4% 18%
FAr, KM LIEUELEIE 5 AT IRE. E BRI TE R A R K S BT A RS 301LMT
RIS AR T 2R 8% 70 A7, Lt SR FE AR > 4.0 mm (VA BEBCR A 138 VL il 78 5 7= AR TV IR 4L
FEEAP R T SRR, RN A REOR, N T RIEBOE AT G K AN BRI R, BRI 528 T8 v 4
XA R TR v PEAE A
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AL 5N
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4. TZEHGH KRR
4.1. TEK#*

RAE ER s LIRS G T2 R0, RENIEFLHITE R K& R TR T2, RAELHIT S
T2 Yl INEL A TE R Sk RO | 5E 3% AR AR AR T VY T it AT et

1) HEHEAS ) () 50 3 5 AR N SR B HURS , BV 3011 AR ALHIE R SRR T 2. Hrh 301LHT
PRSI s ot J5E BERURS > 4.0 mm (1) 30LLMT ¥ BEAR R A PRI L, B S FE A% < 4.0 mm ) 301LMT
A RERCR ] — B ELH . SR R ELH] 301LHT WA REAR 1 1 I8 R AR < 15%, % H] W63 &L 1
301LMT AR 1) BB IR LT < 5%.

2) —IEUELHIA 3010 AREARALHIRTE 5K 175 <50 KN; 38 VELHI ) 3011 AR AR 55— 38 U L 1 i
JE 7K 717 100~400 KN, 28 38 RELHIRT 57K /12 <50 KN.

3) FLHEALA<0.80 m/s, SkEIEGHKH “DEZ K" 7.
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I 3011 ¥R 2 THTHR St b= A 5 PR 437 AR ) A St 36 e, RSB A S s 2 1l 10%
WA 5] 0%.
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