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Optimization on process parameters for reducing banded structure of
Q235 hot rolled steel plate
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Abstract: To reduce banded structure in 0235 hot rolled steel plate and improve its bending formability, four process parameters such as
finishing rolling speed, finishing rolling temperature, coiling speed and coiling temperature were selected by Taguchi orthogonal experi-
ment method, and the influences of process parameters on maximum thickness and maximum length of banded structure were discussed af-
ter Q235 steel plate was hot rolled. Then, the best hot rolling process parameters combination for Q235 hot rolled steel plate was con-
firmed, and the bending test was carried out. The results show that the influence degree of process parameters on the maximum thickness
of banded structure is in the order of finishing rolling temperature > finishing rolling speed > coiling temperature > coiling speed, and the
influence degree on the maximum length of banded structure is in the order of finishing rolling temperature > coiling temperature coiling
speed> finishing rolling speed. The optimal combination of hot rolling process parameters to reduce the banded structure of Q235 hot rolled
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steel plate is the finishing rolling speed of 0. 8 m + s™', the finishing rolling temperature of 870 °C , the colling speed of 2. 8 m - s
the colling temperature of 650 C. Under this hot rolling condition, the maximum thickness of banded structure is reduced by 64% , and
the maximum length is reduced by 74%.

Key words: Q235 hot rolled steel plate; banded structure; bending formability; Taguchi method; finishing rolling; coiling

PELHIR 2 R R A - BOBIRARR LA
Mg 2R, ISR R T W (Z 1)
FIRE ] Ty 2 PERE R FEAR . DAL, BRAE 28 /BT ik /Y

Wi BH . 2021-04-29; fEiTHHA. 2021-08-15

EE&WB: EFRARFFRETTESWIIWHE (51805345); T4
AARRIEEE S TR I H  (BK20170373) 5 VLA mifs “H ik L
A BIE (2019); RN E S E R BIE (SZS201815) 5
TLINE R HRBEA ST &bt Sk N RifHE (2022GRGDYX053)
EE®N: Zllis (1980-), B, Wi, RIHT

E-mail; 00314@ siit. edu. c¢n

PRELIIMR AN, A BN L AN AR 12 SR B A LA R i
AU KRN R T R B R R 4L 2 s
NN | 2FH AR R AL BRI B R PR D 42 i 7
TR T2 TAE IS T — A R .
Thompson S W %"/ 5% F] 6 5% Al oL T R AR 285
AR T, WE TAHIRA S e R IR Bl
PR kL 5 0 2 A BT X O R, R BT IR
IR I B BT & B9 AT A G, Solidifica-
tion K G35 2t 46 455 #0117 4 174 L EQ A e AR f
R TH&ER 1.75% . =R 0.25% HAEHK



142 B E

/N A7 4

TR HI RS 5 B TR 4L, (H 4%
MR TFE ZE 1500~3000 °C - h™' B ZIARIE B R
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Table 1 Chemical compositions of Q235 ordinary carbon

structural steel plate ( %, mass fraction)

C Mn Si S P Fe
0.14~0.22  0.30~0.65 <0.30 <0.050 =<0.045 #x&

1.2 REHE
1L.2.1 R8T

BEXE Q235 S 7E AEL IS AR h S T2 R 2 1)
BRFRAR-BROUIRA IR LY, FE5E I 90° A hn T /5
MR AL T re A A B R G, N FEARAN Hh A A R
A T M OB ERE, R Takuchi 1F 283
Bk R R IR -HOL IR IR A S R KR 5
KK 2 A P R A8 Aok BT H br ol 250
HRAE Q235 AL AE T 25 it 45 A Ak = A s g 5L
T &M CREELELHGERE 2 0.75 m - 57", KEEL5EMK
MREEH 835 C . FBHEEN 2.40 m « s FIELERRE
F730 °C), BEEREFLELHIERE | WL BURE . &
G AR AR N, DL LR SRAE R
Hefilh, AR MEL T 2 S8BKHE, iRk g
Lo(3") IEACIABGAE MR, AR A9 g R R K
B2, BARXWELEHIT 3K, RS RIER
ARG AT S5 8
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Table 2 Setting of factors and levels for orthogonal experiment

AT K1 KF-2 K3
FEELELHIHEE A/ (m - s7") 0. 60 0.70 0. 80
KL 5 WUR L B/C 810 840 870
FHBHE C/(m - s7h) 2.20 2.50 2.80
FAEWE D/C 650 700 750

1.2.2 ks
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Table 3 Hot rolling process parameters combination

BETFS A/(m-s™")  B/C C/(m-s')y D/C

1 0. 60 810 2.20 650
2 0. 60 840 2.50 700
3 0. 60 870 2.80 750
4 0.70 810 2.50 750
5 0.70 840 2.80 650
6 0.70 870 2.20 700
7 0. 80 810 2.80 700
8 0. 80 840 2.20 750
9 0.80 870 2.50 650

F 4 FREKETHRERSEKEETFIEMR NG
Table 4 Average signal-to-noise-ratios response
table for maximum thickness of banded structure

under different levels

K A B C D

1 -26.70 -28.00 -25.88 -24.70
2 -25.93 -25.81 -26. 50 -27.08
3 -24.30 -23.12 -24.55 -25.15
AT 2.40 4.89 1.94 2.37
A E S 2 1 4 3
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Table 5 Average signal-to-noise-ratios response
table for maximum length of banded structure

under different levels

7K A B c D

1 -48.57 -51.27 -48.12 -45.09
2 -47.54 -46. 44 -48.42 -49.70
3 -45.04 -43. 44 -44. 61 -46.36
AN 3.53 7.83 3.81 4.61
A S 4 1 3 2

BT 2S48 A3B3C3D1

PR 5 A 3EL T2 S 800 3 (5 4 Lt o
SEERTAL, TS BN R A SR KK B 1) 52
FEEEBINRE Ay . A 5L 58 IR > 3 5 10 B > 36
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Table 6 Initial variance analysis result of S/N for

maximum thickness of banded structure

WY BT hmss AMEDF  FEM Var  FWHF
A 8.98 2 4.49 2.12

B 35.93 2 17.97 4.24

c 5.91 2 2.96 1.72

D 9.54 2 4.77 2.18
A1 60.36 8 — —

2.2.2  H—HARAHRA S KK AR 08T

8 MTRALUR R B S/N 17 22 0 B 4
B, AR ELSE IR B 5 2K, T21E
/NG ELELHERE A, T I DR SLSE SLIREE B
BEEE ¢, HEBEE D T 3 iIRESIT, Ha
TR 9 iR,
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Table 7 Three times error statistics of S/N for maximum thickness of banded structure

EAR/E iR S 52 KGR % 553 Wit
o SS DF Var  F Bk ¥E % SS DF Var  F B % SS DF Var  F BRAKTF/ %
8.98 2 4.49 1.52 60 — — — — — 8.98 2 — — —
35.93 2 17.97 6.08 86 35.93 2 17.97 4.83 91 35.93 2 17.97 4.41 93
9.54 2 477 1.61 62 9.54 2 4.77 1.28 63 9.54 2 — — —

xS FREALAZRKKES/NWHEESN
Table 8 Variance analysis of S/N for maximum length of

banded structure

ISR SS DF Var F
A 17.76 2 9.88 3. 14
B 93. 60 2 46. 80 6. 84
C 26.95 2 13.48 3.67
D 34.05 2 17.03 4.13
it 174.37 8 — —

M9 A, KEFLISRUREE B XFHP IR 21K
KRRy B2, ¥ EFEKT R 87.33%,
AL, TEEEM AR T A28, REEL e LR EE Xt
PR SRR B R KK B A sg oy B g,
MRS I AE K, B ibE M T 235844
REASA B TREAT Q235 AL MR IR 4 21 5 $2 7 9
RN TPERE, JFE S H LML RS B X —
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Table 9 Three times error statistics of S/N for maximum length of banded structure

.- 551 RGEIHR 552 Wit o5 3 WSR2

SS DF Var  F BGKFE/ % SS DF Var  F BIEK¥E/% SS DF Var  F BRAKTE/ %
B 93.60 2 46.80 4.74 83 93.60 2 46.80 4.01 89 93.60 2 46.80 3.48 90
C 26.95 2 13.48 1.36 58 26.95 2 — - - 26.95 2 — - -
D 34.05 2 17.03 1.72 63 34.05 2 17.03 1.46 67 34.05 2 — - -
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Fig. 1

(a) The first measurement result

(b) 22 Wil 4,
Measurement results for maximum thickness of banded structure after process parameters optimization

(b) The second measurement result

(c) %53 K2

(¢) The third measurement result
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Fig. 2 Measurement result for maximum thickness of

banded structure before optimization
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Fig. 3 Measurement results for maximum length of banded structure after process parameters optimization

(a) The first measurement result
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Fig. 4 Measurement result for maximum length of banded

structure before optimization
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(b) The second measurement result

(¢) The third measurement result
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Fig.5 Comparison of appearance and surface of bending parts before and after parameter optimization

(a) Bending parts
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Fig. 6 Effect of finishing rolling temperature on maximum thickness and maximum length of banded structure
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