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Abstract

This study addresses the issue of high gas consumption in flame cutting at Ma’anshan Iron and Steel
Co. Ltd.’s long-materials No. 2 Continuous Casting Machine by implementing equipment modifications
and process optimizations to achieve cost reduction and efficiency improvement. Through analysis of
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factors affecting gas consumption, an optimization plan based on a Laval nozzle was proposed. By
modifying the pilot flame gas supply system and adopting a converging-diverging Laval nozzle, gas com-
bustion efficiency and gas flow velocity (supersonic) were improved. Combined with cutting speed op-
timization experiments, gas consumption was reduced to 0.11 kg/t. Experimental results showed that
cutting time was shortened by 13~19 seconds, surface roughness (Ra) decreased from 46.5 um to 8.7
um, and slag adhesion was significantly improved. A t-test further validated the significance of the
improvements. This research provides theoretical and practical foundations for refined cost control
in continuous casting billet flame cutting and demonstrates industrial promotion value.
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1. 5|8

H o E N IESYD B R 2R M0 — Moy IatiE], ZHERRE. FREAVN T IRES
Wl —FONTRIEST, FEHT/NFERESIL]. D5 LA R A KA 26801485 58 D) 20 /0 W i oA 2 4,
577 165 mm*165 mm. FEFEER 165 mm*225 mm. AR 320 mm*220 mm*85 mm. A EE 430 mm*300
mm*90 mm PUFHWrn, R K IEIE .

Table 1. Flame cutting costs of continuous casting process for long materials at Ma’anshan Iron and Steel Co. Ltd. in 2024

F* 1. DRKMES LR 2024 FAIETIRIR AR

Ao 7 E () I FLFE T/ M L FE (kg /)
1H 39,515 2.35 0.16
2 H 52,387 2.18 0.15
3/ 54,288 2.38 0.16
4 F] 38,574 2.13 0.14
5H 42,441 2.30 0.16
6 H 49,027 2.16 0.15
7H 64,014 1.96 0.14
8 H 53,586 2.38 0.17
9H 89,850 2.35 0.17
10 H 77,987 2.32 0.17
11 A 98,598 2.32 0.17
12 H 100,942 2.44 0.17
F 63,434 2.27 0.16
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A MR F KA L 7 T 3 2 B KIE VI B BT SR IR, Hs KIEDIEE R —Fh#d)
B2, R faw BRCRE mmRr S (B SEhRA = i B2 A KOG VIR R A S 2 4 20, B T
WG GAR R T Y R B AL O S0 BORTE 7= M T 0 115 5 R [2], Rk Al 42 ) AR 2t A A5 41
TR B, T KU HRSRAR A BN [ A 22 SRk Al e 4 17 TR I L

AN KA IS T 280U 2024 - KU + RSB AR 1 FoR, H 2024 SRS SRR
0.16 kg/t, AKX AR PILIE S A [3]155F P e N FH - D) 185 8 (1) 3548 BFE 0.12~0.14 kg/W R8T 75 552 i

AR, i FLRE (Laval nozzle) R L AURE IR /0 2R v S A RHET, O BRARIR SORAR . 327111
J B R OB T ). B BL R B S - 4k S5 A SRR A, LR AR T AR S O
TR B B2 R THR S BN RE AL BB AR [4] [5]. Li S[BIMBUERINE, S5EGEEEIMEMLL, Hr
FLORAE AU FE T T 30% A b o Liu S [6]% St S, SR F iz BU /R 1M 1) 5 P 3R THHELRES 52 (Ra) AL
25.3 um B 12.7 um, H A [X 55 B 45 /)N 33% (1.2 mm—0.8 mm). Zhang Z5[710F R IBRALTER &2 &
PEELRE, RIS N R (RF S RsE M, KA A R SRR I B R R IR 23% (R i & R &I
+8%), LRI T ARSI AT S

ARG AERRAR H AT AN KA I T K DVSRA TR, EEXH 0 AR KA 4% T 5 280U KJE D)
ENE PR A S R AT 152087, I RGER T 4% B0 5 T 2R KO T8 A (1 BRI
R, WEXT I KGRI, AR S %

2. FME 244 KA B AL A 53 4

B O D) E T2 5 BB AR A O (RS AR R ) IR, A2 JR B iA 2
WAL, SRR S V)RR, AR R A P AR SN R TR, R IR R BRI, e D) HI AR
ALl BEKs 5 IR R 5 10 2 JR B AL T W B - T Bl 1 28] [9] -

2HEREHUE N HIRAT B AT 2 A B L —, AR TR bE(CaHe) + (O AT RN DI HY, 3
AT KA VIR T 2R X AN B

B BOWA B S5 SRR BE (BRI FEART BE) - R BA (K B K 0 2 R P e s A A 210328 FR A7 1
SR S R TRIR SR S R R B M a1 1R IR AR A A OB N 2 35U s
VR B A BEfF IR RL S S IR A AE, 7 A TR O AT 8 R R L VRO R, R R
T3k B A AR

Figure 1. Schematic of the lance and pilot flame in operation
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B BONER I AL S (RIDIEIY BY) . H = AR Ak 2 RS A Q) Fis, BB B S 4 @ g T &
Rt e, FRATAMUN RIS BRE, 5IRBRIBIZI A RN, RIS TR S EERCE), AR
EY.

B IaDIRIN AR RS, BB AR SR RE, BRI AR
SEUSIIREE, DGR U B AR R AT

m

CsHg + 50, — 3CO; + 4H,0 + #& (1)
3Fe + 20, — Fes04 + %%[3] 2

MR8 UL R BT 2200, B R EMREFTRKALKXG) .
Qpreheat =pX Cp xV x (Tlgnltlon - Tamblent) (3)

i, p=7850 kg/m?, Co WMHJLERE, V=Ax L ATIEIARR, A NUIBIER, LNVIEHREE, Tambient
jj%jiﬁﬁfmfg’ Tlgnmon ﬁﬂi%glﬁzﬁlﬂnﬁ{o
VI Bt 4E 4 A SN, B 5 A o an A (4) B

Qcut = M(O2) X AHoxidation + M(C3Hs) X AHcombustion (4)
', AHoxidation = 4.8 MI/kg (B FTEAEAR) s AHcombustion = 50.3 MI/kg (A KEHABERE), m(O2), m(CsHs) W<
5kt i .
KA D) B AR b R RSB A G,
Qtotal = Qpreneat T Qcut 5)

Z54 UL B AR E S T B K VIR AR A 72 [10], 1T LA H MR SVH A8 4 55 SR 5 R
RALE e, AT B ST A 2(6) s -
m(CsHs) = Qtotal + (AHcombustion*77) (6)
A, R, ZRIMERTH .
SOHYIEI A t = Liv, o LoADIEIRE S, v R DIEIE RS, LA #E T DU SRR 4 A =(7) P

7INo

m(CsHg) = m(CsHs) % t = (Qtotal X L) + (AHcombustion X 7 X V) @)
gra LA EAS, AT DU IR D) F I R B 2R A AL i A N (8) s
RS BFE = m(CsHs) + PP = Qotal + (AHcombustion X 7 X V X p X A) (8)

g e LA T 15 2 3K(9) -
A THAE o0 — ©9)

v

S LA 7 T B H A BRI, BN R T8 2 SR VRIS 5 A UG, 3L
o GBI ARG, IRSNCEHE, IR A RN, AU Sl B

3. BENESTZSHMK

AR A ST G TR K DD R SA IR, BEXT 2615 DL _E 23 W A DR I B 4% A0 L 2 S 40T Lo A
Pt

3.1 KERNRERIE
BRI KA TR, SRR 2 B, i 2 ATLUE H, ASIARE 140 mm, LR ES
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Figure 2. Schematic diagram of the original flame cutting machine and pilot flame distance

E 2. RAEXIINSKEAXESE

R B IIKAULE N SIAE AT, AR DRAEAE KR D15 8 R 0 I R b R FFIR AN RS K, WG A 3
R R4 2 VETE 5 K S, B U SRS A PR EE . SR
BT R R, i BT, BRI KA RE K DIBLIRIN AT AETT 3, BuE R & i 3 B

7o

Figure 3. Post-modification flame cutting machine equipment diagram
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Table 2. Original flame cutting parameter table for machine 2

= 2. R 2#WL NIETI BB Bk

W Tl (mm) 165*165 165*225 430%300%90 320*220*85
B EETS) 59 76 112 98
33 (mm/min) 210 210 160 200
5 FLAE (mm) 2.3 2.3 2.6 2.6
r20
95 r9
30 9.1

Figure 4. Schematic diagram of the flame cutting nozzle of machine 2
B 4. 264 KRS R B E

PRI S HI RS AN EOUEASG R R, TORSE A ™ Se B R B, HTEVE AT F W A 5
TEEFE N TIEVIW .t & 4 WTRIELEE A FLONARRL BLRE S50, BUATTRAR I B 2 S BUR ALY
FIRE IR AR AP AL R BE I A AL, BE LG BB, ™ H R JOE DI R DRI PERE[11]. 45
BRI T FIME R AT AR, R H s A BLRE AR, AR A s (M8 R AE BE A
W S K, R R R MR Ak RE 6 3t — 20 R ek T SR e R R, (R R ek
R FUE[12], SUE)ERFMERR W 5 B,

7,

Figure 5. Laval nozzle structure diagram
5. JR/RELEEE

HI i PR T AEAH [ 0T P B4 28 B EAT S0, i Ja B IS S 80k 3 o, KILB0E 5 /Y
H A& UIWrAR [ i K2 S MR RE 77, o e MBI fLIR 280Nk 3 For.

ks
fiE
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Table 3. Parameter table of flame cutting nozzle for machine 2 after modification

= 3. BUER 24 N IEYIRIRIE S Bk

Wr i (mm) 165*165 165*225 430*300*90 320*220*85

FIHEFLAT(mm) 1.9 1.9 2.3 2.3
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IBATHR 20 4% 3 MIRHIME S RO BEAT OE AT Ja BT DL, 8 TR RSOk TN A i e R R T
RIMHKEE (Ra), SR04 4 Pros, Bog e L 160 mm*160 mm Sy fixf b4l 6 .

Table 4. Table of comparison of cross-sectional surface roughness values of machine 2

3 4. 24 M T R EARAE B EXTEE SR

W7 T (mm) 165*165 165*225 430*300%90 320%220*85
JREHE Ra (um) 46.5 38.9 37.6 34.3
$i FL/R B EIME Ra (um) 8.7 9.9 10.5 9.2

Figure 6. Comparison of cast strand cross-section before and after modification
6. BUERIESEIEETE XL E

i 4L 1 6 TUBIEE H, FIMAd i S/RES0E R, TEANEIEA I RES (RIF DI, H Wi
BEA TR,

HIAT SO AT R, TR S DIRIE I IO R, DIEIESR AR RCRIR B, B8, E 20
KGR AT RIERE G R HER, ISR DIFIF0EE, ERRmEYRMYT, EAR, SRR, A
ERERAMIE, SR, TRREISEE, ™ E o AR Z R OB ELR[13]. ek T
KOVEGEIME S, JOBUIRIR RG] T RIREERIBETT,  FEAHRIMA U0 K 2 A i 4 D) e P A T
SRR RS, R T AR S R T R P (Ra) B/ E NI = 5 A I Kb, SRR SR 0K 6 s

Table 5. Flame cutting speed improvement experiment of machine 2
= 5. 2L X AR B IR R LI R

Wi mm 165*165 165*225 430*300*90 320*220*85
JE I (mm/min) 210 210 160 190
i 1 (mm/min) 220 220 170 200
LI 2 (mm/min) 230 230 180 210
& 3 (mm/min) 240 240 190 220
3 4 (mm/min) 250 250 200 230
3% 5 (mm/min) 260 260 210 240

X 4 ALAQ T A L DT T B R Y SR R DU AT S N 6 s, [RS8 LA T A N I T 4 A
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RIHREEHATINE, W3R 7 Pos.

Table 6. Dross adhesion inspection checklist

6. HERAKRER

W 1l (mm) 165*165 165*225 430*300*90 320*220*85
JRA I R S *x ¥ *x x
Mo 1 HE R *x ¥ *x x
Mo 2 HE R i ¥ *x LA
Mo 3 HE R LT Ll Ll LA
Hoik 4 HE R A Gk ] i ] i i 5

Table 7. Surface roughness results
F 7. REMBEEERE

W 7 (mim) 165*165 165*225 430*300*90 320%220*85
JFAEi#E Ra (um) 8.7 9.9 10.5 9.2
F2iK 1 Ra (um) 9.1 10.2 11 9.5
23K 2 Ra (um) 10.5 11 125 10.8
#i# 3 Ra (um) 12 125 14 12.3
#i# 4 Ra (um) 15.2 16 185 15.8
#3i# 5 Ra (um) 20.1 21.5 24 19.7

WL 6. £ 7 AT DUE YR 25 5 AR, BEMMIL T R EEE, BRI R oK R
mn, IXCZNE] TR . e 3 A I Ra {H(12.0~14.0 pm)fE R 2 G E N, HAEERE
FERMG A5G DAV R, Mok #5 3 AU N DAL DIHIZ 4, 6 &AW D) F i () 47 S v 5 5 )
HNIS R X L 8 Fom .

Table 8. Cutting time table before and after optimization
= 8. MALAIRYIRIR A&

Hr 1fi (mm) 165*165 165*225 430*300*90 320%220*85
JRDIEN [ (S) 59 76 112 98
LA EI [R](S) 46 57 96 84

/DI [ () 13 19 16 14

M ERFTUE Y, S aE A2 5 Jm 19 K DI TR AR O SR DD 0 (8] A 1 Kl BE 3R T, 6 R i
HORA R, PRI R RS AR B 1 — E R MSGE, Wik T ARSEAAZ AT

4. Tl SEREess SRUIE

Xt BA b B0 AT AT S i 7 A B I e RS AT IS, X 2# 0L A7 24 h A8 T B I BRSO — AT 1
AGeit, DIWE LRSCE R AR, WEBUERTE A 10 HE R R I 9. & 10 For.
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Table 9. Statistics of comprehensive gas cost before reconstruction

. BISRIMRSLEGEMARITR

fif [7] R (1) WA A (TTt) N EE B2 (kglt)
24 h 4125 2.3 0.16
24 h 4223 2.28 0.17
24 h 4334 2.23 0.16
24 h 4545 2.31 0.17
24 h 4205 2.36 0.17
24 h 4302 2.37 0.17
24 h 3998 2.35 0.17
24 h 4437 2.24 0.16
24 h 3982 2.26 0.16
24h 5302 2.12 0.15
3 4345 2.28 0.16

Table 10. Statistics of comprehensive gas cost after reconstruction

F 10, WERRSEERASITER

i [E] BRR () WK A (TT/) M4 HE 5 (kg/t)
24 h 4223 1.60 0.12
24 h 4198 1.54 0.11
24 h 4198 1.51 0.11
24 h 4956 1.52 0.11
24 h 4109 1.56 0.12
24 h 3685 1.61 0.12
24 h 5447 1.49 0.10
24 h 3705 1.58 0.11
24h 5372 1.49 0.10
24h 4634 1.51 0.11
3 4453 154 0.11

IBAT R IR T A M SO S A B T R AR R R AT o, BUR KT 0= 0,05, 1HEE
JiiEn A QA0 R, B B df R A X (1) PR

t:M (10)
sz sf
D1, V2
nl nZ

df=ni+n,—2 (11)

ReP X, X,: PiLLREAI
S?, SZ. WULREATT %,
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N, Np: FEAHS

W AR10). AXQL)MIFE T, KR 9y 10 R EEET MR, FTLFH t=1973, df=18.

WI7E df =18, WFEMIKF 0 =0.05 KITHOL T, XS p (H#EIET 0, RWIBGEFT G R RFeZER LT
ATTREHBENLIR 5, 456 tIEEER, UL B DU (B /R A8 6 i) AN T2 2 o Bons AR il
ROREZ, BA T E, R 280G AR TR E TR, MANFEENRER 0.16
kg/t Js/> FIBLAE Y 0.11 kglt, UEB] 1A ST S 0 — 28 91 S0t A R0k

5. &
1) ST A TTER S R R AT 2R BT, BT T R B RE AR, R R G ) B A
T BB IR,

2) JEE K ]k B AR S (B s R IR S HA AL, 1R T 28K B ORI FRTHR
BERCR, (RIS A 1 PRI 1 ) 2 1 o

3) B t KIRT TASEBAE RBEAT T I, R T B DA AN 2 B (s BL /R W ki) o
RAFEROR B3, W FAT B — e itk

SE WK

[1] =% ANFIREEGNIE 7 G A 9] 1L TEvE 45, 2021, 44(2): 166-167.

[21 B, ANk A RAS S i A7 R 1 R R 3 SRR FE[0]. Hh AR 22 35, 2025(1): 109-112.

[3] ARIUIE, FIBEER, MY, . AR BAEEFR IR A i R[], 24, 2024(1): 9-17.

[4] #oRUm, W, XRIESR, 5. JCablFIpLEImsh LR EE RS BB IR AL []. GRS HUR, 2016(6): 77-
82.

[5] Li, Z., Zhang, G., Li, Z., Zhang, Y. and Xu, W. (2008) Simulation of Gas Flow Field in Laval Nozzle and Straight Nozzle
for Powder Metallurgy and Spray Forming. Journal of Iron and Steel Research International, 15, 44-47.
https://doi.org/10.1016/s1006-706x(08)60264-2

[6] Liu, X, etal. (2023) Machine Learning-Based Parameter Optimization for Flame Cutting of Continuous Casting Billets.
Journal of Materials Processing Technology, 312, 118-130.

[7]1 Zhang, H., et al. (2024) High-Temperature Resistant SiC Composite Laval Nozzle for Efficient Flame Cutting. Ceramics
International, 50, 4567-4575.

[8] ZEWAT. YIEIBEAR LM bt b Tk H kR4, 2004.

[0] DR JRATESE AV EITE AN S ] B SRR A, 2014(9): 25-27.

[10] Ra%. BEJIGVIEFINURAE RS T Z A 7L [0]. BARHIE R 525 %, 2024, 60(4): 33-35.
[11] &R, EB, Z0hF, & RIPFEBOGK T DI AW R[], #8224k, 2013, 34(11): 57-60, 116.

[12] SR, R, FINIG. S PL/RWEE TR ) oot fe LML FORTIEQ]. a3l J1544k, 2009, 24(11): 2601-
2606.

[13] MRSrfgk, JARY, SRR JEMCIEYIE s m R R & T2 5[], AL, 2024, 54(5): 98-103.

DOI: 10.12677/meng.2025.122007 57 ek


https://doi.org/10.12677/meng.2025.122007
https://doi.org/10.1016/s1006-706x(08)60264-2

	关于影响连铸坯火焰切割成本的优化研究
	摘  要
	关键词
	Research on the Optimization of the Impact of Flame Cutting Costs of Continuous Casting Billets
	Abstract
	Keywords
	1. 引言
	2. 影响2#机火焰切割成本分析
	3. 设备改造与工艺参数优化
	3.1. 长明火设备改造
	3.2. 割嘴改造与相关参数优化

	4. 工业实践结果验证
	5. 结论
	参考文献

