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Measurement of Solidified Shell of 240 mm x 240 mm Casting
Bloom by Nail-Shooting Technique and Process Optimization
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Abstract  Nail-shooting technique is applied to measure shell thickness of 240 mm x 240 mm bloom of steel
35CrMoA ,20CrMoA , GCrl5 and 60Si2MnA produced by the continuous caster. Length of the liquid core and solidification
coefficient are calculated by using the solidification law. The electromagnetic stirring position of F-EMS at different drawing
speeds is calculated by the solid phase ratio of 0. 70 and 0. 75 for the 240 mm X 240 mm bloom. The relationship between
solidification coefficient of continuous casting machine and each process parameter is analyzed. The process optimization
measures are: changing the electric stirring position, and modifing the F-EMS position to install according to high carbon
steel GCrl5 and 60Si2MnA, and adjusting the casting speed value of four steel of 35CrMoA, 20CrMoA, GCrl5 and
60Si2MnA to 0. 80, 0. 81, 0.78 and 0. 80 m/min. The quality of billet is improved greatly after the process improvement,
i.e. qualified ratio of center segregation rating <0. 5 increases from original <40% to 100% and that of center porosity
rating <1. 5 increases from original <50% to =90%.

Material Index Nail-Shooting Method, Continuous Casting of 240 mm x 240 mm Bloom, F-EMS, Solidification Co-
efficient
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Table 2 Main technical parameters of F-EMS

WH Eid
SMENZ/mm 430
SMNE 5142/ mm 822
SMERE /mm 600
THERFR(FAME)/A 550
THEFRE (B KIE)/Hz 12
THERE(RKAME)/V 500
POMEROESAEEZ)/mm 9 400
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Table 3 Chemical composition of the experimental steel /%

Eop C Si Mn P S Cr Ni Cu Al Mo
35CrtMoA  0.32~0.4 0.17~0.37 0.40~0.70 =<0.020 =<0.020 0.80~1.10 =<0.30 =0.20 - 0.15~0.25
20CrMoA 0.17 ~0.24 0.17~0.35 0.40~0.70 =<0.030 =<0.015 0.80-~1.10 =<0.30 =<0.20 - 0.15~0.25

GCrls 0.95~1.05 0.15~0.35 0.25~0.45 =<0.006 0.008 1.40 ~1.60 <0.10 <0.13 =0.03 =0.05
60Si2MnA 0.56 ~0.64 1.60~2.00 0.70-~0.90 =<0.025 =0.020 =0.35 =0.35 =0.25 -~ -
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Table 4 Process conditions of nail-shooting test

HE/ M ST DK

ﬁ% ﬁﬂ’ ‘bﬁ% (m'min_l) E/oc E/m (L‘kg_l)
1-1 35CtMoA 11505263 0.85 22 13.53 0.27
12 35CrMoA 11505264 0.85 27 13.53 0.27
13 35CrMoA 11505264 0.85 27 10.44 0.27
1-4 35CtMoA 11505264 0.85 27 10.44 0.27
1-5 35CtMoA 11505266 0.85 23 10.44 0.27
16 35CrMoA 11505266 0.85 23 10.44 0.27
2-1 20CtMoA 11505272 0.85 21 13.53 0.39
2-2 20CrMoA 11505272 0.85 21 10.44 0.39
24 20CrMoA 11505292 0.85 27 13.53 0.39
3-1  GCrl5 21505398 0.68 21 13.53 0.18
32 GCrl5 21505398 0.68 21 10.44 0.18
33  GCrlS 21505398 0.68 21 10.44 0.18
34 GCrl5 21505593 0.68 27 10.44 0.18
3-5 GCrl5 21505593 0.68 27 13.53 0.18
36 GCrl5 11505609 0.68 20 7.54 0.18
4-1 60Si2MnA 21505430 0.70 14 10.44 0.26
4-2 60Si2MnA 21505431 0.70 26 10.44 0.26
4-3 60Si2MnA 21505434 0.70 22 13.53 0.26
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Fig.1 Macrographic picture of typical pin-shooting sample for
35CrMoA steel

B2 35CrMoA StEIGHETIAEABRENE A
Fig.2 Sulphur printing picture of typical pin-shooting sample
for 35CrMoA steel
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#17.2 m, XF Q20CrMo-2 4Rk, LIEI MK f5 =
0.70 AHciEnt , Rimea RER pE3 B .04 81 A |
PER58.17 ~8.67 m; LABEIAHZE f5 =0. 75 RIKEET,
Ko UHHEEPLAB T A®EER 9.37 ~
9.95 m,

(3)GCrl5 A EZ A 10. 44 m F113.53 m
FLBRSETHRES R LB T, B
BB 3 NE10.4 m M BMEHTIABES R, B/R
AR5 E SRR A 101 mm, R4 BT AR
Z5 5 53F 4 K {2 26. 3 mm/min? AR KE
FH3%14.2 m, XFF GCrl5 49, LIEHZE fs =0. 70
AR, R ERE P OB T A mEE
6.30 ~7.38 m; LLEAHEK fs =0.75 KK $ERT, HE
B3H7.23 ~8.47 m,

(4)60Si2MnA HN7EFE R S A H 10.44 m
13.53 m i BHTETHRUES R, TER B TR 848,
BRENSCIGE BB NTE 10.44 m (LB W STETIAES
R, BRI FHEBEETEE 103 mm, 3 K H
26.7 mm/min"?, WAHX K FEEH 14.1 m, X F
60Si2MnA X, LAE #H & fs = 0. 70 JKHE 0T, Kime
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Table 5 Computed results of nail-shooting bloom shell thickness test

. EEE/ hr/ AR, BEEE/ K&/ WA B
@*ﬁ%@@fﬁﬂﬁﬁ: wE w mm (m-min~') (L-kg™') mm (mm » min~"2) m
1)35CrMoA 1-1 35CrMoA 111 0.85 0.27 18 27.8 15.8
(1)35CiMoA $N7EBE B 12 35CMoA 109 0.85 0.27 22 27.3 16.4
BZAMI0.4 m M ENFEE 13 35¢MA 93 0.85 0.27 54 26.5 ig{; 17.4 g{g
- 14  35CiMoA 92 0.85 0.27 56 26.3 ( ) 17.8 ( )
BEATEE 3.6 mm, & & oM o3 0.85 0.27 54 26.5 17.4
13.53 m B % 110 mm;F 16 35CMoA 9% 0.85 0.27 48 26.8 17.0
oA 2.1  20C:tMoA 108 0.85 0.39 24 27.1 16.7
BEERERBKER26.7 5, ocmos o4 0.85 0.39 52 26.8 (ig‘é) 17.0 (i;'é)
mm/min'? AR BEE) 24 20CiMoA 106 0.85 0.39 28 26.6 17.8
N 31 GCid5 - 0.68 0.17 - 25.8 2.2
#116.9 mo XitF 35CrMoA ¥ 32 GCris 101 0.68 0.17 38 26.3 24.6
i, LA EAE =SS =0. 70 3 33 GCils 103 0.68 0.17 34 25.5 26.3 24.5 21.1
’ #f ok 34 GCds 100 0.68 0.17 40 27.6 (H{8) 24.2 (H{H)
B, K IR PFEEEF L 35 codls 0.68 0.17 26.4 14,4
’ - T - . . - . .
< 36  GCrlS 92 0.68 0.17 36 26.4 14.4
RETAHEERE 7.76 ~
A 41 60Si2MnA 102 0.70 0.26 36 27.2 13.6
8.67 m; LIBIHMZE f6=0.75 42 osoMna - 0.70 0.26 30 - -
43  60S2MnA 105 0.70 0.26 30 - -
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Table 6 Solidification coefficient ( K value) of casting ma-

chine obtained by different superheat interval and different

position parameters

e ZELEHH <25 CXEFEH >25 CX[EELy
BE®/m  K{8/(mm - min~"?) K/ (mm - min~"?)
10,44 26.7 2.4
35CMoA 13753 27.8 27.3
10. 44 26.9 2.4
20CMoA 15 55 27.1 2.6
7.54 27.3 25.8
GCrS 10.44 26.0 25.5
60S2MnA  10.44 26.8 26.4
3 MRMEEE
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HERRTIRK F-EMS R8s 8IR K B RTE
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Table 7 Recommended casting speed of tach steel

M HEFERE/ (m - min ')
35CrtMoA 0.80
20CrMoA 0.81

GCrl5 0.78
60Si2MnA 0.80

RGO B BT LUR IR . SRR 7 iR,

EE R LR, TR A < 0.5
FEWEHFRAR 40% 25 F) 100% , F5HE oL
B <1.5 HZEHEBHERAZ 50% £ &2 90%
AL, &R R BARREENYE.
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