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Damage investigation and optimization measures of W-shaped

radiant tube in continuous annealing furnace

LIU Shun-ming', HOU Da-wei', WANG Dao-jin', ZHENG Xiao-fei'
(1. Cold Rolling Department, Shougang Jingtang United Iron and Steel Co. , Ltd. , Tangshan 064000, Hebei, China;

LI Yang-long®,
2. Research Institute of Technology, Shougang Group Corporation Beijing 100043, China)

Abstract: The damage of radiant tube will directly affect the capacity of the continuous annealing furnace and the pro-
tection atmosphere in the furnace. The large amount of cracking of W-shaped radiant tube in cold rolling continuous an-
nealing line is analyzed. The influence of the structure of radiant tube and its accessories on the stress field of radiant
tube is studied by numerical simulation. It is found that the improper installation of the radiant tube is the direct cause of
the cracking and damage of the radiant tube, and the optimization scheme for improving the installation structure of radi-
ant tube is further proposed. After improvement, the maximum equivalent stress of radiant tube at 850 C is about 104 MPa,

and there is no large local stress concentration point. The cracking probability of radiant tube is greatly reduced base on

this improvement, and the service life of radiant tube is prolonged from 2 to 5 years.
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Table 1 Chemical element analysis of initial materials and

damaged samples of radiant tube %
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Fig. 1 Pictures of damaged radiant tube

2 RRAE AR AR

2.1 YIRER

DA% ) R A 56 A A 9, v A AR )
(TSR . A S A A B R L [ 2 TR O
SR A Sk Hp ) b S R R Sk A A
Cr25-Ni35, T 308 2 SR 8] R S8 18 oAy
Cr28-NidQ, 4 & M A it S B W AR 2. Fm i 4
YRR N SO RS, L R R ) S AR

1
5
_— 9 "
9 6 |
/| | :
=[] | [ 10
~ > )8
M| x ‘
9 I —
=3 3 7
4
1— 324, 2—"im) B304, 3—whinl P, 4— N,
S5— Bk 6Bk T FE ks 84l

9B 10—2F RS
E2 wEHEWERE
Fig. 2 Physical model of radiant tube
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Table 2 Strength parameters of radiant tube materials

s R =i 900 C 1000 C 1100 C 1200 °C
. Pihr i/ MPa 440 196 142 78
Cr25-Ni35
Jitt A5 /M Pa 245 132 93 51
. BUPLEE /MPa 390 186 127 74 41
Cr28-Ni48
Jit 5 S5 /M Pa 295 103 74 45 25
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Fig. 3 Equivalent stress of radiant tube
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Fig. 4 Total deformation of radiant tube
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Fig. 5 Optimized installation structure of radiant tube



- 106 - Wk ¥ 53

A5 PR S i A5 RN ) = R ] 6 s o 3l cool —
S ) W N SR ) 249 104 MPa, W] ) %t 2 O %
WL, R SR SRR B R b S R RO g ;7
e 0 2 5 5 52 B ) 26040, 9 LI Sl
CRSNUEIZIL LU &
EH S1/Pa E 200
1.035 x 10° Max
9.207 x 107 1000
8.056 x 107 —‘ —‘ —‘ —‘ —‘ —‘ _‘
6.905 x 10 0
5.754 % 10 800 850 900 950 1000 1050 1100
4.603 x 107 BHERE/C
3.453 x 107
2302 107 0 Lo M7 RERE TE R MRS SR A SR
7 . m
}éi; 13,[1 o 0 Fig. 7 Maximum equivalent stress of radiant tube before
E6 MUMEHEESNNEE and after optimization at different temperature
Fig. 6 Equivalent stress of optimized radiant tube 4 fi 1\#‘— ,\i %
X
Ee R NEIE e o N = R X R Y e N H 2012 4F 52 2017 4F, v 50 3 SCH i 47

SR (R KA A Sy i 7 B . NIRRT, R, 2017 557 A 26 AT TARST R A, B H
Bt A e S UL O T AT S AR A RN BRI 6 MRS A R BG AR A, A 41 AR P AT TR
N ) TR I, LB Ak K, R TR, HO5 20124 10 A L2k, HEKEY
TR RS IR R, SR A S A S 4om, JB TRBOTR, IR E IR, K3,
FEPERAS AE TR T AR SEAT et (s B R, PEARHE SN AR I SRR A A i I T 2 4F

R3 FUMARNEHEERER

Table 3 Service condition of radiant tube after structure improvement

PS5 WSS AN AR RESR| P REERY N HNNAE RESR
1 06AX 2012/10/1 4.8 KIFH 25 04A] 2016/7/25 1.0 RITH
2 04AW 2012/10/1 4.8 KRITH 26 04AN 2016/7/25 1.0 EIE S
3 06BC 2012/10/1 4.8 BT 27 04AS 2016/7/25 1.0 RITH
4 04AY 2012/10/1 4.8 KITH 28 O5AN 2016/7/25 1.0 RITH
5 M6AX 2015/3/16 2.4 KPR 29 O5AH 2016/7/25 1.0 RIFH
6 M3AV 2015/3/16 2.4 KRIFH 30 05AG 2016/10/16 0.8 RITH
7 02AW 2015/8/31 1.9 RIFRE 31 05AV 2016/10/16 0.8 EIE S
8 M4AL 2015/8/31 1.9 KPR 32 MS5AI 2016/10/16 0.8 RITH
9 04AX 2015/8/31 1.9 KRITH 33 04AH 2016/10/16 0.8 AT
10 O1AW 2015/8/31 1.9 KIS 34 M4BD 2016/10/16 0.8 RITHL
11 04AG 2015/8/31 1.9 ESIES 35 MSAY 2016/10/16 0.8 RITH
12 M6AN 2015/8/31 1.9 RITH4 36 M4AK 2016/10/16 0.8 AIFHR
13 O4AP 2015/8/31 1.9 KIFH 37 02AP 2017/2/16 0.4 RITH
14 M4AQ 2015/8/31 1.9 KRITH 38 M4BE 2017/2/16 0.4 RITR
15 02BC 2015/8/31 1.9 KITFH 39 O1AY 2017/2/16 0.4 RITH
16 O3AP 2015/8/31 1.9 KITH 40 MSAQ 2017/2/16 0.4 RITH
17 03AL 2016/1/20 1.5 KIT54 41 05AY 2017/2/16 0.4 RITHL
18 04AD 2016/1/20 1.5 KIFH 42 M6AD 2017/7/26 0 RITH
19 O4AF 2016/1/20 1.5 RIFRE 43 O4AT 2017/7/26 0 EIE
20 03AW 2016/1/20 1.5 KPR 44 M2AG 2017/7/26 0 RITH
21 MA4AP 2016/1/20 1.5 KRITH 45 05AM 2017/7/26 0 ESIE S
22 M4AG 2016/1/20 15 KIS 46 05BD 2017/7/26 0 RITH
23 M5AJ 2016/7/25 1.0 KIFH 47 MA4AT 2017/7/26 0 RITH
24 03AJ 2016/7/25 1.0 RITH - — - — -
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