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Effect of Ti Content on Microstructure and Properties of
460 MPa Grade Microalloyed Steel

Xu Haijian' ,Han Chufei'”’ , Wang Haidan',Che Xin® and Ma Zhengyang'
(1 Angang Steel Co. ,Ltd. ;2 State Key Laboratory of Metal Material for Marine Equipment
and Application;3 Shenyang University of Technology)

Abstract The microstructure and evolution of precipitated phase of 460 MPa grade microalloyed steel with differ-
ent Ti contents are observed by optical microscope,scanning electron microscope and transmission electron microscope.
Tensile properties at room temperature ,impact power at —20 “C and Drop — Weight Tear Test at — 10 °C are carried
out. The experimental results show that the microstructure and mechanical properties of 460 MPa grade microalloyed
steel strengthened by Ti microalloy meet the standards of the same grade building structure steel and pipeline steel , and
the performance indexes are excellent. With the increase of Ti contents,the number of high — density titanium - rich
nano — precipitates gradually increases, the size of polygonal ferrite decreases,the pearlite decreases,the proportion of
uniform fine acicular ferrite increases,the strength and toughness of the material are obviously improved. On the basis of
significant cost reduction, Angang has successfully developed Ti microalloyed 460 MPa grade microalloy steel plate with
excellent microstructure properties.

Keywords Microstructure , Microalloy steel, Ti microalloy strengthening, Strength and toughness

0wl

il

I B A A R B L, RT3
FEEL RS RIIE T , &4l DL & 42 5
AR RS, BIR RSAS A& o ix
THRR  RGUES ST 538 1. BT IHRER, 7
WAL 460 MPa {36 <& B P RE AR 2R i Ak
L B A MR BB ITR Mo Nb 58, L

ULAER , A5 M BE TR s i SUB sl 2
it F JRE AR N FH 4 58 BE R0 A 2 i B 1Rl i A
355 MPa 4% R | 460 MPa 1 550 MPa (i &= H
E T o I R A R O R R L S

LM AR E TR F,460 MPa %% J2 5% 338 R
BN #E 460 MPa S ifA&MIT £,
3 H SR JHEIN Mo Nb Fl V SR BHIE R 38 3 IR
1R B P I R B SR, T SO AR PR A K W

B AN (TMCP) T8, LLIE BT % 5 i
4 N 460 MPa B G S MITRKMEE )
w1, 5 Nb.V Mo 5 RBEEHNEGEMIL,
R ETEHH R R TR EE  AREE , LR



L2 AL

31 E

K Ti s & BA W BEARE . KB
k% Ti e SRS INE (0.01% ~0.03% ) #
YRS A o B Bh oo 3 A8, 1) R LAY TiN
A A B A SRR AL , PRAE AR SR BE , BD
TRERALAL T . EARSCHTSE B, b Ti G ik
B RREER, Ak TMCP 17, Bk AT
FE TR RS0 BB BRGA KA A, 32 1T 490 1
ML BB RBGRE . R, T Ti LR
MR C.0 A1 N SFonR 7 iR X &5 A T U
BORHIHT A, S M AR R B0 1 5 1esh, il 1
Vo A PR AR B X Ti A AR A, Ti A i
ARAMLZERAREN SEmERERE,
R T Ti A S B AREREIN GNP/
RIATT . BEE AR K TMCP BRI, &
Ti 807 5 K RS B o, R LA Ti o EE
kIR 460 MPa G &, (K Nb FIl V

®1 TiAEEML 460 MPa HREENHLERS (RESE)

SRES BB INE, X TRES AT SRS 0
AEEE L B, X T T MEalm g R
AR FE AL BR TR SN B e, Ti B& S i
71460 MPa Zi& & MII BT FEEA HiE o

AICR A Nb - Ti EE5WMA SRS B E
2,050 Ti SR (RS H0 X 460 MPa F & <
PROA RS2 AR R R M, DU 257 B T
ea e SEH B B 460 MPa i3 & 4
MY = PR AL EE R
1 XWHBEFRE

SEIATRER T ER A Ti & 42tk 460 MPa 2%
WA S MZE S EL G, FOR Bt R
& C R Mn, H P24 4200 P.S S8 &, [RIAT i
IR & B Ti K fg Nb BB B A SR R
LI HEHFIALE R IR 1 FR

%

AR S C Si Mn P S Al Ti Nb
1# 0. 063 0.22 1.67 0. 008 0.002 0.032 0.06 0.011
24 0. 065 0.21 1.65 0. 007 0.002 0.035 0.11 0.013

IBRA: = PR « K FAL BR—100 « Bl
H—LF KRR 8 36— LR — 2 W
Hlo APRIE Ti Nb 3G SALTTR T B#, [
B4 D B ER A SRR 4 , 250 mm B BESE 4
155 LB N BAGR B 1 220 °C, it E] 3.5 h S
KU I B BefL i, LAARAL AR . o AL By
B e PR G AR FR45 i L% IX 1], AR L P

AL A Sh S PR A B AL SRR L B R K
PRI P45 d IX Ji] , fo B8 ER AR deobr 5253 e P-4 , 38 3
ARTE BRI A BB , NN AL e AT,
T2 R s LS SR T IR = v 20 L 20, A L
EPRERIE SRR RN F IS
AN ARG, [7] B 38 22 GO K AT L A 7R A o
T . FEAFTZSHIEK 2,

F2 ZEHWEMRAFNRSHNIZSH

WREE/ BREmMH BREEW HILRBELE PREEE/ ERBEAL RHEE RaOBE/
mm ERE/C A [A]/h HEE/C mm TREE/C (C st C
17.5 1220 3.5 1030 51 835 25 520

XA Ti 75 & 460 MPa i & & W BEATHE
R TR | s P BB S 6, 7 R o S I 4 R
ASTM A370—2019 #R¥ERAT, shf IBJE - 20 C,
VEERSLE (DWTT) $¢ BB SY/T 6476—2013 $R7EH
7, BHESEIRIR R - 10 °C. R T M
(SEM) FI5t7 2 A B ( OM) T A AAE 1 4
g, HIH AL, 20T O , FIH 4% &

FERSEREAE AN AR Ti & & 460 MPa &
ST R, IO K BOMH HAE A, SR
RS BT 2R Ti & B8R 5 T AT Al
TR LS HL AR D YE S TS, R T B AR AR, AR5 AL
4% Y& P IS PR WIS TS WD AR, AT 0. 1 mm 4 ) 87
e, 4+ . R B 48 F JEOL - 2100F i
R 5TE ST BT AT A A RS54



%14

i, %5 Ti B 4T 460 MPa i & & WAHLMHERER 1 "3

2 IWERSHW
2.1 Ti{&EXf 460 MPa R filra & MM ALK

AL

T AH e (OM) A Hili e 52 (SEM) T A
I Ti & # 460 MPa i & &M HALRIEH
WE 1, mE 1 AR, AR T & 460 MPa 2
A S MR R h 20T R K PF A/
FORBRRIR AF RBOLIK P Al 1#FEE T P
REIA R, RO BER Ti S 838, 2485
P R, B P AHSUE S BLYIE,
AF HLIZEE N, P BRI 72 e ik
SUEZ IS RS B, BRI E e T B R b
B R, HRIGE B C ous Bl 5 A
BEREFYHESR, SBERRABMERE C &
Ffd, 76 5 S g v A1 i3 72 B B PLAF A1 PF,

T Ti TREN,Ti 5 C HIEAE R R,
R T MR AR IR AR E T, M8 5L C TEW
T8 TR AT 2 M AP A8 I 5 A RE A 7 137 5
SR BRBA AT A, , HE TR R AL B IR 2 4T, Rt
WA T4 REC R R AR . M SEM &
RTINS A I B B R R A R B AT
H A TRTEONT HH 355 6 R B A 40 K A HE AR 7 TR 4
T R RSB FREIETH IR, S8 240 5,
Y SR N B R A S R
RoFWIB A4, @i SEM WL H| 244E 5 iy AF
WATRFEE 0.8 pm Z24 LI 1(d) , iXFh /N
AF RSBk A B R B RE A 4L SURIE, B 7E
AR BN S N BRAT FLE SRn , RAY JRIB F
EREUR 2 > 15 EPIRE R IR St , U8 B2
)3 FUBELRS , 3 T 3 b R

10 pm

(2)0.069% Ti(OM) (h)0.11 % Ti(OM)

(€)0.06%Ti(SEM) (d)0.11%Ti(SEM)

K1 AR T &R 460 MPa 005 & MBOLHLIE R

2.2 Ti &8N} 460 MPa A4 & 4NAT A A 52
]

RIF) Ti & & H) 460 MPa 244 4 80 o i H
ARTES LA 2, PR 2 AT, 2 ZHRE S R A A
R EBSHAES ~80 nm Z[A], FEE Ti & &1
B, LRI 2888 ST AR BE A 500 1.1 x 10%/m’
3.7 x10%/m’  2#KE Fh T B AR B E B B &
T 1S AT AR B, R THEE Ti S B
n,Ti 5 C 454 MrEL M TiC A,

(a)o.ow%m (1)0.119%Ti
B2 ARF TiZEE 460 MPa Hif& 4N HHATESN

Xt 2 ZHAE dih B AT A RO o0 A BEAT BUE 4L
TG R AN 3 Fian. 2 4R B AT A

BA2M, —MITAES ~ 15 nm B/ AT
M, 55— F R 15 ~ 70 nm BORRAFAT A, 2k
15 ~70 nm FPEA AT HAH & Hoiad 50% o

35

30
25
20

L)%

05 10 15 20 2530 35 40 45 5 35 60 65 70
BT AR F/mm
B3 AE Ti fE 460 MPa A& BT AR~ 40 A

I P 4 s it v 8% HRTEM 3 a0Rf /R
5 ~ 15 nm FHEKJLF 15 ~ 70 nm H AR 5
RGBT, An e 2R o I AN el 4 I8 S B
/j—:\‘o



31 E

()FFTH3 I8 (4755 43 BER

B4 /NRST NBC AT HAHEY s Ss1 oA

B5 KRRSE TN §7 AR SR g5/ 2 0

Bl 4(a)>k 8 nm R BEIE /NS A i AHTE
o B 4(b) RHLIEEMTUE FFT ) HRTEM
JEF &R G5, % B4 JELF 1 18] BE 43514 0. 258 nm
F10.223 nm, S R SE R A5 R[01 —1]
F156° , 22358 & 1A 55 44y #7747 32K 2 /N RS 9 K A7
AR ST 45# NbC 4. B 5(a) 2 70 nm R~
IR ILARTES . B 5(b) HE L FFT 19
HRTEM JFF A48, % R i IR T (8] B4 0. 244
nm A1 0. 212 nm, [fi 3 £ 2 54°, B th AR (9 &R0
FL01 1], 2853 SRS H AR AT X 2R R BT
AHM L 5 &5 H1 TIN 45, M HRTEM R 45 R 8]
LI, TiC Bt i AE R RST B B K F NbC,

B 6 AR Ti % &1 460 MPa i & 4:

100

BB = o B %
3

10 MG, é{ug%%; B TGS,

300 500 700 900 1100
e

(2)0.06%Ti

(WFFTIL IR = 595

BT il AHER T 2 H P, BT 6 1 IMatPro AH I £
WAL IR AT LUE 1,2 AR5 TP B Ao B R
FE 680 “C /Ay, 1 TiC F0 NbC A H ¥ B2 I 75 860
CER, A, AEFLH BB HIEP CuRE %k
5 Ti #1 Nb £, JERE TiC F1 NbC, HFEE Ti 4
BN AT B TiC AR £, 1B R AR B A
o ML BEE BRI C & EBRAK, BOb
B RNE2BEREES, 3D T S iR T b
TR ETIE AR, B T IR EME, 5 &
1.8 2 MEELER—F", thF TiC 5 NbC Wi ff
AEBT IR B AR, (H 2 Ti fl C R F4568 TR,
TEEL ) KAt # rb, TiC B et IR R OK,
NbC #7 iR AR, REEL RN

HIGR
80 | AR

'S
[
i

]
30 =
i
104 Bk S TGS,
| MnS | i
400 600 800 1000 1200
HiYEs
(1)0.119% T

BB 50 %

6 AR Ti& 2K 460MPa a8

2.3 Ti&EXf 460 MPa R flea &80 HERER
AL

LHMPERESE RANGE 3 Frn. Bk 3 WA,

% Ti S RCRN, ORI A AR, 20 C
it ~ 10 °C iy DWTT 35 5 9 7 T B 7 4
HOT-HIE R HE A 2485 6L APL SL—2007 47



%14

iR, % . Ti 58X 460 MPa Sl & 4N H SRR 2T +5-

o T Ti A BB, L TiC X RaL
Prilic fiK s TiC 7E B BR 44 o [ 38 B2 R 5UR)
JEL VHN 248 BB TIC BOFFIAT IR S 5 K
1 085 CHI 1128 C, 4 Ti iy 460 MPa Rt &4
WIS EL KIS AR, R By TiC A s BT A

Hi B TiC AR BB A5 X 8L I A i 4 R 21 BEL A9 A
Mo BT 2#0H B TIC JT AR R BE R, LA
HEE S, PR AR AR RR ST 40/, 2R
Jelk P AR R, FDIRBRR K AF SRR,
XoF T AR R B A TR T

x3 AR Ti ZET 460 MPa &S NAFEREXTEL

S Ry ,/MPa R, /MPa  ppiiiRE/C  KV,/] -10 ‘CDWTT 81w g 4040/ %
1# 472 552 -20 165 73
24 521 573 -20 243 95

FARBMY 460 ~ 575 545 ~660 -20 =180 =85

3 Hig

(DTi &8 (RESB) 7 0.06% ~0.11%
i ,460 MPa 2 &4 NA L M H ZH R E &K
PF BRIEAK P FIEHIRER R (K AF 41U B AL,
BEE Ti & B0, SRR R ARG, OB S
Rk LLBIREA, 35950 40 /N AF B 386, 1
BEENARIRBIPE .

(2)2 HAES MM R FEAHTES ~
70 nm Z[8], FEZE Ti SR, 4R 2488 BT 1
AR REAM 310 1.1 x 102/m® f13.7 x 102/m®,
24E S HOHT A A R R B KT LR S R AT
MHEE. RT#E S5 ~ 15 nm [/ RF 7l #H 4
NbC, R~F 7 15 ~70 nm § 3 K R 1 HH A
TiN, i teigid 50% .

(3)Ti 487 0.06% ~0. 11% i, S5
PERAE Ti SRS, T 58k 0. 11% &,
B Bk BT B AR AR

(4) ML GE (W R Nb, Mo 43 1% it 1#) 460
MPa Zfd A48, R Ti il A &AL AR AEARIIE
SR ST, AR T i AR

B2 30k

1} & MRE BERELKWHERIVRIT]. WE,2006,41
(10) :1 -10.

2RI ENTE.E O, 460 MPa ST K iR 5 2R W
AEFPEREHIFEL)]. #nT T ¥;,2024,53(16) :129 - 133.

3 Kang M,Kim H,Lee S, et al. Effect of dynamic strain hardening
exponent on abnormal cleavage fracture occurring during drop
weight tear test of API X70 and X80 linepile steels[ J]. Metallurgi-
cal and Materials Transactions A,2013.

4 Kim Y M,Lee H,Kim N ]. Transformation behavior and micro-

structural characteristics of acicular ferrite in linepipe steels[ J].
Materials Science and Engineering A,2008,478 (1 -2) ;361 -
370.
5 Shanmugam S, Ramisetti N K, Misra R D K, et al. Microstructure
and high strength - toughness combination of a new 700 MPa Nb
microalloyed pipeline steel[ J]. Materials Science and Engineering
A,2008,478(1 -2) :26 -37.
6 Shanmugam S,Misra R D K, Hartmann J, et al. Microstructure of
high strength niobium — containing pipeline steel [ J]. Materials
Science and Engineering A ,2006.
7 QiuJ A,Wu K M,Li J H, et al. Effect of silicon on ultra — low
temperature toughness of Nb — Ti microalloyed cryogenic pressure
vessel steels [ J]. Materials Characterization, 2013, 83,123 —
128.
8 A LB M, H I AR Nb X70 BRI M A LB
[J]. 1845 ,2008,31(5) ;54 - 58,95.
9 Hu J,Du L X,Wang J J. Effect of cooling procedure on microstruc-
tures and mechanical properties of hot rolled Nb — Ti bainitic high
strength steel [ J ], Materials Science and Engineering A. 2012,
554.79 -85.
10 @ik, BB, ™ %, %5, 460 MPa 5 A7 A0 T 499 J2 48 5%
BOLARIE SRR T]. PR $,2024,34(7) : 58 -67.

11 2/ BRIR AT, 225000, 55 Nb — Ni R X70 FE LS 4L
Wzl J]. 5L49,2009,26(5) ;5 - 8.

12 EHH, T2 BF,E 258 X80 RNt &
[J]. ' E#%4,2016,26(11) :64 - 68.

13 EBIR,ZHE,FNE, 5 AMSELRENOTRS &
JELT]. B8k414k,2017,38(4) ; 105 - 112.

AR, 52017 SR B F AR ALK 4 B A s 3

b, i+, ERESLREN,
#23F &, WA, @ EE

Wooks H HA.2024 - 10 - 22



5 31 85 1 3]
-6+ 202542 H

EER
WIDE AND HEAVY PLATE

Vol. 31,No. 1
February 2025

N

Nb Xt 2 000 MPa 254 2 $0 £ T 4T 24 B 5
F A
(RS R A AT R )

 F X Nb AT Nb PO sobr R 7% 208 A AR 5 45 IR A AR I, (8 1 Dt 2E AT 13 i e
T BARBERR BE BT A5 F B A A AR IR . S0 AN AR I I 25 R R . BEE 2 2B R e, i R Y
AR BEI 1, [ 5 AR ZH 208 22, Nb STl i I HIBROT R 08 BT 4 4b dobl, SR AR 1 A2, &30 CCT fh&
A% A1, BT Nb JLER 5 A AR T3 AR L 09 AR 454, (R S80S IR AT AR R W o RN AR I
ZURRH BB LRI, SRA SR L, RERBEBLIE R, (AJE Nb S BE B KT Nb 95 [H
i, Nb BB REARBROGAAN AR &5, S 38 R R ey 2R B v BE , BRI B0 A 2 (W1 BE B/ o

XER FHRBRE EZRAMT REMT

Effects of Nb on Thermal Deformation Behavior of 2 000 MPa
Grade Bridge Cable Steel

Huang Shiwei
(Tong Yuan Design Group Co. ,Lid. )

Abstract The tests of continuous cooling transformation and isothermal transformation are carried out on the two
types of high carbon steel for bridge cable with and without Nb element, the transformation specimens are analyzed by
means of optical microscope ,scanning electron microscope and macrohardness tester. The results of the continuous cool-
ing transformation test show that with the increase of the cooling rate,the hardness and martensite of the high carbon
steel for bridge cable increase,Nb element delays the phase transformation process by inhibiting the diffusion of carbon
elements and refining grains, resulting in the right shift of CCT curve. In addition, due to the solid solution functioning
of Nb element,the lattice structure of the material is strengthened,so the martensitic phase transformation point is in-
creased. The results of the isothermal transformation test show that with the increase of final cooling temperature, the
hardness of the material increases due to the increase of martensite content,but the hardness of Nb — free steel is greater
than that of Nb steel. At the same time,the addition of Nb reduces the phase transformation point of pearlite , and de-

creases the lamellar spacing of pearlite by increasing the degree of supercooling of the high — carbon steel for bridge ca-

ble.

Keywords High — carbon steel for bridge cable, Continuous cooling transformation, Isothermal transformation
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Research and Development of Q355MD — Z35 Extra Heavy Steel
Plate with Lamellar Tearing Resistance Based on
Differential Temperature Rolling

Li Si,Meng Qingyong and Li Xiaodong
( Tangshan Tron and Steel Group Co. ,Lid. )

Abstract Exira heavy steel plate with lamellar tearing resistance generally requires Z — directional properties, but
due to the coupling effects of multiple factors including the severe strand solidification segregation and the poor penetra-
tion of rolling deformation into the center of extra heavy steel plate during rolling,the defects of coarse microstructure
and excessive banded structure at the center of extra heavy steel plate are easily caused,which severely affects the me-
chanical properties at the center,especially reduces the Z — directional properties. Microalloying elements of Nb and Ti
are added on the basis of C and Mn steel as the base material ,the slab cast by solidification end heavy reduction tech-
nique is selected as the raw material ,the temperature difference from 250 °C to 300 °C is achieved between the center
and the surface of the slab by instant cooling with high intensity at the instant cooling device during the first three roug-
hing passes,the mechanical properties and microstructure of the exira heavy steel plate are tested after rolling. The re-
sults show that the 100 mm thickness extra heavy steel plate is successfully developed under the condition of the lower
reduction ratio at 2. 5. Compared with those produced by the conventional process,the extra heavy steel plate produced
by continuous casting solidification end heavy reduction — differential temperature rolling technology possesses signifi-
cantly refined central microstructure and remarkably reduced center segregation level.

Keywords Extra heavy plate, Lamellar tearing resistance , Solidification end heavy reduction, Differential temper-

ature rolling
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Development and Discussion of Q500qE Bridge Steel Plate

Wu Junping
( Nanjing Iron and Steel Co. ,Ltd. )

Abstract As a new generation of high — performance structural steel with many properties, Q500gE bridge steel
plate is usually produced by TMCP + tempering. In order to meet the performance requirements of the steel plate,com-
bined with the rolling technology in the non - recrystallization zone,the microalloy carbonitrides are precipitated along
the austenite grain boundary to prevent the growth of ferrite and pearlite , thus refining the grain, improving the toughness

and plasticity, but it is not good for ensuring the low yield to tensile ratio. After tempering the steel plate, the dislocation

density decreases,carbide precipitates , tensile strength decreases,low temperature toughness further improves.

Keywords

0 &I

AR, R m kBT @R BT H 57, IE4E
MRE ER AKEE 2EETI RRkE. X2
PR R R &, U H B SRS SR RN A R
WHHEEE TR, BREMRRREE) 2N
FH TR B IA 350 km/h 4K, B R EUE IR 2
BB AL T R T , Hrp IR
TR ) R e (AR 24 B AR S R 48 4L
Pem BAMRTT BRI TR ETH) ARJE 58 LE R
LTk B — AR AT — AR B R s 5 AN
Q500qE, i) R, =500 MPa, - 40 CKV, =120 J .

il

Q500gE bridge plate, Yield to tensile ratio,Impact toughness

Pem<0.20% . JR 3 I <0. 86 <100 mm JEF
A, A B Lk Sk i T SBRAR I L U B Ak I
TR RN T VS S — AR ORI o AR BT R G
B B AT B, AR Q500qE B R AR 1Y
T 2R REIS, A& TR E
1 REFHE

QS00qE St AT T INER 1 frs. #kHm
PHE 10 ~ 12 min/cm, fRIR A E] 30 ~ 50 min, H
BIYEEE 1150 ~1 200 C,,

F1 QS00qE R it ( HESH) %
WA C Si Mn P S Ni.Mo.Nb,Cu  Pem
MRS 0.06~0.08  0.20~0.35  1.50 ~1.65 <0.010 <0.005 EHE <0.23
BARALY 0.07 0.30 1.65 <0.008 <0.003 R <0.21




513

B Q5004E HFRAR M T & SR 17 -

WHCRF TMCP T. 24 7=, i Gleeble $fK
PR, PR AL RIS B k. TMCP LA 5
AR RIS R R A SR LA 3
R Rh I A BE AR TE ) BE IR B T B RN 20
&, BN B RIS S 4/ N R R R DL A
RAHE, M MIREE S T2+ MR Tt .

A Bt B BEAIE A 4 on R T4 B X
BTG SRR AL, 2058 A R X IR A X
R T i BRI TE Fe 5088 , EIEL/G B3,
A PE T R R Al SR AL L . SR, At A 5R
AL Q500qE H9 4z B Ja 58 EL 3G K, R A F A A%
Jeti 58 LU B S

MMES A CCT Mgk, #iXAELL 10 C/s
i AAGE BE AR 1180 °C L, fRIR S min, B LA
10 C/s MR H R HF 1 080 C, #1774,
FETFHN30% A EHF R 3 s 5 RIFLL 10 C/s
M HI B 830 C, BRHEITAR, K TE R
30% AR NS s HLL2 C/s HIEFESH
3780 C, mAUASFWAHEEARHNBER,
HHHE B 43708 1.,2.,5.10,15,20.,25 30,40,
50 C/s, RIFE 1 H Q500qE ) CCT Hi LR, 55
AR RAAAE R As R 893 C AR 729 C,

M 1 iR EARsh A CCT W& v LIE S, Y
WHIBE <12.5 C/s B, FIEBR AT LAH; 4
BHIBRE >30 C/s i, BB D [RARAEE ; 4% |
REEN 12.5 ~50 C/s B, kA4 D ERAAAHAE , 1&A
RAEGREMA ., A THRABE KNI KA
YL RAEBELELES ~10 C/s,

900
800 kpom
700 Fp
o600k

1 500 "
B2 400 F < \ '/oj}\
300 5 A
200 b L0
™ HV10 2.7226;3622 33 26213 211 200
1 10 100 1000
B 18)/s

K1 Esshd CCT ik

R T SEBUE 9 H , TR B R A AR L
TEARFAA R, K480 P ST, 35 B 2m
588 Eb S ARG T ), T SR R SUAH 20 9 42 o) - fef
FRIAH 5 B & BB, BT LA #E £ QS00gE
WHUEE . <0. 86 BER, Rk, £LH A/ T
ZWENMR 2 BN

&2 Q500qE WIFEF AHTE

PR BB/ mm B B/ mm I Br BT ALIRRE/C ATKIRE/C HARE LI/ C
20 60 <880 680 ~720 500
40 100 <880 700 ~740 550
65 150 <880 680 ~720 500

2 HBERSSH
HIBCA FERAR XIS AR TMCP 25348, 78 52

3% o3 H HEAT 500 °C [k AR B, BT AR 3RE F1 A
BB 3 Fi7m,

3 Q500qE WA E NES F1IE4E

| R /MPa R, /MPa As/% R;/R, TR/ C KV,/]
FREEOR =500 =630 =18 <0.86 -40 =120

20 mm B RAR AL 531 668 22 0.79 -40 235,230,205

40 mm JEL R R SRAE 539 664 23 0.81 -40 240,292,246

65 mm JELEEARIRAE 522 649 21 0.80 -40 299,258 272

B kA LRMNE 2 fiR . 20 mm J2EEMHGE
RAHAR LRI R + D EBRREN L, 1B
174 172 kAR 2% W RART 2R , H L E B Rk I

Foffk + DR ER AR, 40 mm JEEHGT RN
DA AR I ERAA + D REBRR A £, 1R 174 (12
Kb LRDIR DT G + SRR + D RBOLAON £, K



<18 -

=

5

Btk F31 %

W 172 bR AR . 65 mm R MG K
HA VIR AR + DRERRAON £, 1E 174,

(b)

()40 mm [Z - AH T R 0

{2065 mm/5EFETNAR L 2 A
&2

HIAR LR P45 8 AL, B R BRI
AER TR SRS ML S AL TR
LR A I ST L R T T L LI B e
K B SR A T R X ] 38 AT 1
(RIS AR 0 RS B L4785, W e L T
B BB, W AT 2t ] K A R
BB ERE T W, AT il TR AEIF B KK, B
UL 3 G TR S A LR B )
B
3 &

(1) i 20 A R AL DL SR 4R 15 QS00gE AR
AR T B , Ko I8 e 55 L , AN T 5 L E)
B, O T SLBURE i b, T B R A LUE S
HHEH A

(2) B %L 3 U AR T B2 38 R, AR 0
AaR BE e, BIMEAS B, 0 [ kAR BLR A3

(e)40 mn /B PR 1 1 /440

(h)65 mmS AR S 4 1744k
AR LS Bk R A RS A B A SR

172 JELUREIR DL iR + gk AR + D BB
E,HA 172 77U B AR o

g

()20 mm/Z R HUR R 1724k

(D40 mm)F R JMZ R 17240 -

0 pm ¢

(1165 mm/Z AR IS 17240

TR T I BRALE AT R BT KR, B
50 JRE FEAER, S 58 EL BRI, (B R ARIR AR B4R
_‘I%J_.o
(3) FAFHA D AR EORIR DL G + ik
IR, AT LU R0 AR R 3 L o

B2k
1 FRE. LA TE SRR EFRWAL SR
ML J]. #n T T%,2016,45(23) ;162 - 165,
2 3B W REFERRERG RSN R REHLI]. h
EEN &R, 2013(12) .78,
38 4 KEY,RER, S B SRR L
[J]. R HFE. 2011 (2) ;18 - 21,

ZARF, B,2005 4L FRIRHE K ARAR L5 T
B, Bid, BT,

Wioks H A .2024 - 10 -27



3 ES 1L EER Vol.31,No. 1
2025 42 B WIDE AND HEAVY PLATE February 2025 -+ 19 -
« EE0EE -

LF fS PR SR AL S M A

ERM REF KFHE M wE ERL F K
(L ERARAFD)

B OE D120t SHLURMCER BTN &, Bt — A R GRS, S5 &S LR R
HEATR H o SRR AENE R AR T, 1A BRI A 5 2 (59 R 60 NL/min , WO [H] 10 s 5 58 W 3t £ 800
NL/min , REHT ] 20 s) JEALEIBERERE RALGEMR TR0 1. 84 45, 38 o 0 — W5 571w S RS T S5 1oz Wk ), ANMHEL
FEAFARAE S B O J5 BT R AF28UR , T BN R RO R S et B, ToJe ey s A5 b o A1 B
SRR T A, E—E R B SCBL T 19 B

XER CWREREFE  MBGIREA LEREES 89 - 5 S

Optimization and Application of Argon Bottom Blowing
Model in LF Refining Furnace

Wang Wuxian,Zhao Siyu,Zhang Xuefeng,Liu Yufeng,Bi Fengshan and Meng Bin
( Tangsteel Medium and Heavy Plate Co. ,Ltd. )

Abstract Taking 120 t double — hole argon bottom blowing ladle as the research object,an intermittent argon bot-
tom blowing model is designed and compared with the traditional double — hole argon bottom blowing model. The results
show that in the refining process,the intermittent argon blowing mode 2 ( weak blowing flow rate 60 NL/min,blowing
time 10 s;strong blowing flow rate 800 NL/min,blowing time 20 s) provides sufficient stirring energy during the refi-
ning process,and also provides reaction time for the steel — slag interface reaction ,which not only achieves good results
in the removal of S and O from the steel liquid,but also produces a dense alloy structure without defects such as inclu-
sions and voids. The intermittent argon blowing mode also reduces the consumption of argon gas,which realizes energy

conservation and consumption reduction to a certain extent.

Keywords Energy conservation and consumption reduction, Intermittent argon blowing mode, LF refining fur-

nace ,Steel — slag interface reaction
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Causes Analysis and Control of Buckling Defect

in Medium and Heavy Plate

Pang Kai,Huang Chunliu and Yuan Xiugiang
( Liuzhou Iron and Steel Co. ,Ltd. )

Abstract In view of the main causes of the buckling defect in medium and heavy plate, the processes of rolling

and leveling are analyzed,it is determined that all the types of buckling defect are caused by the improper finish rolling

temperature of finishing passes,excessively big reduction ratio at last pass of finishing passes and inappropriate settings

of leveling draft. For all the steel plate produced,not only the requirements of mechanical properties are satisfied with

reduced buckling rate and ensured surface quality,but also the production cost of the medium and heavy steel plate is

effectively controlled by adjusting the finish rolling temperature of finishing passes, optimizing the reduction ratio of the

last finishing pass and the leveling draft parameters and putting them into production application.

Keywords Medium and heavy plate,Buckling, Leveling draft parameter, Reduction ratio
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Research and Application of Low Iron Consumption and
High Efficiency Technology in Steelmaking

Yao Jingwen, Liu Zhiyuan, Wang Chongjun, Luan Wenlin, Liu Tao,Zhang Junhai and Zhu Haixu
( Tangshan Midium and Heavy Plate Co. ,Lid. )

Abstract Tangshan Midium and Heavy Plate Co. ,Ltd. is committed to improving production efficiency through
technological innovation and closely developing process technology around production operation control. In order to a-
chieve the core goal of improving product quality ,reducing production costs,and enhancing labor productivity. The com-
pany has successfully implemented the hot metal ladle cover technology , effectively reducing heat loss. The company has
achieved low - cost, high — quality, and high — efficiency production in the steelmaking process through the use of sec-
ondary combustion oxygen lance technology,the application of ultra — high power pure oxygen lance preheating system,
and the development of new heat replenishing agents, setting an example for the industry. These measures not only en-

hance the market competitiveness of enterprises,but also make positive contributions to the sustainable development of

steel industry.

Keywords Hot metal ladle cover, Secondary combustion oxygen lance, Preheating of scrap steel, Heat replenis-

hing agent
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Research on the Application of Silicon — Barium
Deoxidizer during LF Refining

Wang Chongjun, Liu Zhiyuan,Guo Wenbin, Yao Jingwen,Zhu Haixu,
Chen Mengwei and Song Wengiang
( Tangshan Medium and Heavy Plate Co. ,Ltd. )

Abstract Focused on the harm of inclusions on steel quality,the application of silicon — barium deoxidizer on the
inclusion control in LF refining is discussed. By means of tests and data analysis, it is found out that the content of in-
clusions in the steel is reduced owing to the application of the silicon — barium deoxidizer. The effects of the silicon —
barium deoxidizer and traditional deoxidizing methods on the inclusion control are compared,the process conditions are
optimized in order to improve the removal efficiency of inclusions, which provides practical methods and scientific basis
for the inclusion control.

Keywords Silicon — bariumdeoxidizer, LF refining, Inclusion
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Analysis on the Deterioration Process of the Slewing
Bearing for the Continuous Caster’ s Ladle
Turret at the End of Service

Fu Ting' ,Sheng Tao’, Yang Mingqing' ,Zhou Lisheng' and Yao Junyao'
(1 Ningbo Iron and Steel Co. ,Ltd. ;2 Anhui University of Technology)

Abstract By disassembling the slewing bearing of the ladle turret at the end of service for the 2# continuous
caster in a steel works,the causes of the damage and the failure for its components or parts are analyzed in depth, the
deterioration process of the slewing bearing at the end of the service is explored. The analysis results reveal the effects of
the fatigue wear on the performance deterioration,which provides guidance for the life cycle management,stable opera-
tion of the continuous casting equipment and the references for the selection ,improvement of the slewing bearing in the
ladle turret.

Keywords Continuous casting, Ladle turret, Slewing bearing , Fatigue wear
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Effects of Gas Port Inner Diameter during RH

Refining Process of Pipeline Steel

Chen Congjun

( Technology Research and Development Department , Nanjing Iron and Steel Co. ,Lid. )

Abstract The effect of gas port inner diameter on the RH refining process of pipeline steel is studied by industri-

al experiments. The results show that when gas port inner diameter increases from 3 mm to 5 mm,the vacuum time is

extended , the limit vacuum degree is decreased,and the spray in the vacuum chamber is obviously stronger than that in

the case of 3 mm. From the point of view of dehydrogenation effect, when 5 mm gas port inner diameter is used, it is

slightly worser when the lifting gas flow is large than that of 3 mm.

Keywords Pipeline steel, RH refining, Gas port inner diameter
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The Key Technology and Analysis of Rolling — cut
Type Slitting Shear

Sun Songnan' and Wang Yueting’
(1 Engineering Research Institute of Northern Heavy Industries Group Co. ,Ltd. ;2 Department of
Mechanical Engineering, Applied Technology College of Dalian Ocean University)

Abstract Based on the mechanical design structrue of rolling — cut type slitting shear, the equipment features , the
key applied technology and the influence and significance of the product specification diversification in medium and
heavy plate finishing line are revealed. In combination with the computor simulation analysis method,the motion rela-
tionship of the eccentric crankshaft, eccentric sleeve,tie rod , upper blade carriage assembly and blade assembly for roll-
ing — cut slitting shear are analyzed and studied ,the phase angle relationship between the eccentric crankshafts and the
overlap adjustment law of the blade in the process of slitting are mastered , which is used to guide the production scien-

tifically , increase the production efficiency ,further improve the slitting quality of the product and prolong the service life

of the equipment.

Keywords Rolling — cut type slitting shear, Eccentric crankshaft, Eccentric sleeve ,Phase angle

0wl

EOIE 2 39 AL Uy T A RA F 51 3
S P RSN AE P O BB DML P I E
B, METAGRIE 5y | 8 = 4y
57, RN E 7 BT RAT E 7 A AR T L 4y
PR B VI R 72 i RO R 22/ BT )
PR A PR R BEAR IR B B K PR AR
ZH . TEAT L L, BYINE 2 85 1E S A
BB, RXIR VI NGH BT B 52, AT ASE B4R
R B Wi R it B AR E 4 S T R By R 20 BT T, K
WEHR T A =2 i LM S e B AR PR, I i
XD 2 B SRR TE oA A A
e AR M E

il

1 RO S R R E S YIgEH

L1 HUBREES

£ 5 000 mm LA | 55 6 A R AR LA AR 2 4k 10
FERBTIIHLA IR I 40 BY A B TR Y10
BT, R 2 R ) N0GA 39 VT34 JE i B AR 2t
PO\ &5 301, K 1 HRER BT ) 23 B TE R AY
2 BTFRE T MBRT S = R SR I W
WY REATRY PIBRTN” BT, IR D= 2 B A
Fr— WY FEI 3901, TR 3 R TR Y],
HAZ U IR R OEAR , AR , 20 #)4)
BUUIJE B AR A, X 4 B9 BT 0 A i
STUI BRI R R B R, X UKL 2 AR i A AY
AL BT 3, LA AL AN [R) IR B2 AR il 2 BT VA I



. 46 - IEAR

31 E

TN ESRNATEE, SR I A, i
A K R EOR M B AR o

BN 80 h AL EHAE L LI
PEEC LA B AR | TR R RO |
BARCHE B IR TR B R S s R iR S
VUM . ER G SRV BEA BT, Sk
AR T SE R AR B, TR D)0 3 LR A

S W BY T R e 2 o FE i, TR B RS sl N BY 7] 57 S 3t
AR GABY DI, i 7 B 2 2 3943 LR )
1 B [V R 0 5 77 B v £k g B, DABLAR A
B AP ERAE R SR R R SR U)X 4 BT HEAT
G339 5000 mm H R ARFL AN A PR LA B BT )
HLAH T4 BY 55 RO e R AR AN R/ IME I B2 7 5%
LUIES I s

SRS B LRI 700 mm

. A o DL 73 B9 [ 7 U
ST (147 | RS R B DI R/ NI EI800 e ~ BT e
i&_?)ﬁ[ﬂﬂﬁ._[ﬁli i RUE) FLZ zj]mﬂ)’j:#)f']ﬂijlji:nm J;%‘ﬂ"!; e BUFRIRT ISR CULTLIPIE Siy
5380 * O~ 2 LA R F ) - 100 mm
TR R 100 mm i 4 RS2 500 mm
300 Fl 2R 242 500 L, A7 fier/NATH ST 3 400 mm 3031
A3 RF 492 500 mmlt, {50535 e KRR 9164 800 mm

() FRE SR 12 500 mmEl 4 SR

SRS AL G2 KB EI2 700 mm

““““ 82 8 B2 R MIEBES00 mim
W“ﬂ'@% BN, ;%'6};‘3391&
BIRHLATUTEAT M 1 S00 mmMsy /s o .
100 i8N ~+100 mm—— HLESEI00 I 519 000 s
A (o N T i AP 2N
e H 2RO 22900 mmi , HISMIT ROCH AR FEE3 500 mm...] ML TS 1 800 mm

(bW /INEI2F R5H900 m 193 T 5
B 5153 RT R e/ IME R 2 b = E

1.2 Fl5rBYYIRESs

M TN E 23 BYRT 5 B A0 B Rk R
B, 53 BY [E E M4 AR R A% S 3 1e) SR B3 BN
R, SRR B R EEM . Hrb, Bl e
) HETE HEAT 50 RE T B I, A 19 L R BEAT XA BT 1)
A5 000 mm B4R BRI A8 A ¥ U =X &) 23 BY A 22
R, BT a5 2 IR ALA PO R KRS SR
792700 mm, [/}, FEIE RS SO 15 RAEALAT {7
B, HZ N 0 3y UL B/ NI E R /N T 800
mm , DL AS S 16 4R -5 VR YD =k o3 B A AR
RAEREE . YISO BT A [R] B R REA TR
BRI EES R 1 PR,

x1 FEUXFSHESEEN
SYATE/mm R /mm HoRARRE/mm /MR mm

-100 2 500 4 800 3 400

0 2 400 4 800 3300
300 2100 4700 3 000
600 1 800 4 400 2 700
900 1 500 4100 2 400
1200 1200 3 800 2 100
1 500 900 3 500 1 800

2 RUXBSEEYIERNXRSTHR

2.1 AR E 55 5y U R B

W50 87 135 71 K242 25 000 mm F [5
BT ), F Y T1 K FE B 70, B UiE s TR K
59 2 BY B 2B R S BT 417, e T P, b
S TIRESCPE AR R, 55 )iz s F A By VI EE
AR/, VIO R SR, FAE, B L BT I1E
KRB, R T AR T BEABY , B UIf4H
XN, BY U 1 T R, BY VAR AT 1 L LT BY
TV B R OR g, R SORA BY A [ Y
TESEEMEARERER S IINFTRE., B
P14 85 SR U1 X G B YL AR T, R FEAK 5
2 AR AhIR 2h b AR L BY I 38 o ] 2 AR AR
HUAR LA P ER 3h SE IR SRR R (3] 3 BY Vs Bl o
2 R S A T R L LR T iR 2,
1 {0242 140 mm, phél 2 fR.0F42 55 mm, 2 R
it O 1500 mm [RR il 1L ifdE 2 £
WA N R R A 3 B, BB 1 AR 2 &
Bl #e IR 3l , B 2 > i ) R B AR
2.2 AN AR R KRBT T B R IR A
2.2.1  hibAERLFAER

L UIBR R 4 BY BY ) TE R B R ER 1 2
B RO GEFFBRIE 2T B HIFF R 3 F 2y 3R



5 31 85 1 3]
2025 42 A

EER
WIDE AND HEAVY PLATE

Vol. 31,No. 1
February 2025 <+ 47 -

THESh, WTSEBE | BY T0 B ) 4R 7 B U 4R R K
I R B 5 —aiR s B Ul . B 2 AR IR
#1453 55 ih ke 7 M X R B, Hoh, ZDKKD 4 55 7]
B R TIF 1 BEAH A A 07 B, JOKS — LL k4R Ak 1 43+
SEI AR EIS A A A B, JQIS — LL AR &1 43
BY U145 AR BIS AR F 07 B, JQKS IR 51 4 85 1
FEAARA A E, JQIS R 5 mm JB A4 E) 43 BY
VIS F AR f L B, JQIS A 50 mm JEFE AR &1 4
SIS HARN M AT E 2 A A A s — R, B
SERL 1 RS 53 85 Yl gh .

_"r,_,.._w,_“__“%m

-

UIE
A e e
DA, J":‘u;"’ﬂ'w“"“\-».\k 143\ 55 mm
;‘f ) k‘\: ™, \

5,
5,
5
A t
s

o,

SN

o 1430
Y ‘ .’ ,r' ‘ -,!7
y \N%th» In Qﬁ;f‘:}or
/ \@&}N nagﬁﬁy

il

.,
/ / g2

A2 i i B 2 A 6 R

i3 Solidworks 5 L4 K447, 40 2 AR
AR A A S 2 BT VT E B i B G &R ) o BY
ST e O B RIAR AL A BRI 3R 20 B2 BT
il 1 2 B PRI RE R AL 2R 259,
HELEBY VIR , 505U U A BB TT IR B BA 2504, il
Bl 1 AL 2 B f 2R sl 1207, R BTEI 2 3T 1)
afE (RS ERSIE) & BT DRt E B 173, HoRk
IR 1] FH T AP K BE 45 S B 2 BT D) 3 A

x2 FSHYLTEEO AL B

" it 1 ihh 2

AR A= S T,
WIBRRAOEMNE 240° 265°

il PIT E A A 8° 33°
FERE T AL (50 mm B HHR) 13° 38°
FEMUETALE (5 mm EEEHHR) 23° 48°
i ey IRP 1B DAY 23° 48°

AT B LIS RAL B (5 mm JEEHIR) 94° 119°
AT BYIGE AL B (50 mm JEEMMR)  105° 130°
LDV € B A g T VA= 108° 133°
FEARIGEALE (5 mm R HR) 110° 135°
EARIAEALE (50 mm B H4R) 120° 145°
B4 By IR PR B 128° 153°

= 2 NMUBEB RN B 43 ST AR rh &
DL FARR IR REEHE T3 40 BY I A6 P= R UL &5 4
PR TAE, WHI 5 874 F A TR H, AR 4R
AL FFE R K BT I 0T O B B Bl R B, T LA
R <50 mm FEARGFIE T W2, o HATE
i) 48y LT BY J) e, RTAREAR LA LBy )ik
BT KFENE, X LIEZ 2 ER B
WO FATEY T B

2.2.2 BJIEEBBHBRNA
2.2.2.1  jE#EE

TZL, iﬁwﬁﬁ%ﬁﬁﬁﬁéiﬁﬁﬂﬁﬁw}:
X)wJ%m)iﬁﬁﬁm YT H B, B U 2

B E R LG5 U] ) \,#)Jﬁ 59 71 6] B K
ﬁﬂi%ﬁm o YIS BB 1 R By
AR H 87 B R K& F, 55 77 B B
AR FEERI TN BB TT LA 2 30 28U UIRE R, Rk,

BN E X LT TR ESE T
MR BE T HERE,

REBEYIRF 48 E T T EEERA
B OESH B TRV A6 5 AR Y e R
BHEI T R0E SRS ST S . BRIRECh 2
MMROEFESY 10 mm #4FE 4 4 R 025 E R
THRUREE Z5 4 3 AR R 7E 2 AR O it AT 2
0] K5 2 U8R VLR SR AT sh im0 B, [ 25
BN A o, F TJBRAEIE S 5 1A BEAE 2
A H o R 2 P A PR VR AR TE L, DT 5K
BT EE R u W, REME 3 iR,

/__,-w’-— ITHEHIH % o E/

P AR [ S
/ ” . 10 mm JAa .
F7A N LA
PN NN N b al90 )
SR W A A U S N
\ N *, / 5 5 g
SN B ¥ N
]J_‘ R " _l_ ;0 /ﬂ#ﬁ'ﬁ L:'é N R réz)o
o N Dot e
i - 10 mm -
=0 P e}
| NI

B3 By IIE S A

2.2.2.2 WIIESE u W

WA 7 B 2 M DB 2142 e 32
10 mm, K 11 20 0w 035 £ o B 0° %) 180K,
b TIBRANE K b B T A TR 2 T R 20 mm, B BY
JNHEEE p B 20 mm, 5L REE, IR
K b BY TR MC R BY 70 07 1 R Bl , T X 530



48 - AL

31 E

OO RO R 10 mm , AHE T8 7K SR UL, X B
ISP AT Ny

HFROERMRHE, BT T EE R E 2R
LM ARG O, AR PR SRR R b A
VAR T E B R u, G HE RN EIS Y E RN
FIMHE o B Solidworks BEAT I LA EAK
PR OER A ST ESRIXR,IHEH
RUAFN 5 N EEETME, WE 4 Fir.
MITE AL E A IR LA 25 7T LUE H, )R
FHI5r 8985 T E ARG IHEATAE N 20 mm, H{HH
FI5r 8585 ) 50 mm JEEEMMN , BT EE R K
13 mm; 489Y) 5 mm BEHARE, BT EEE
B&/NHR -7 mm,

O i

30 -

60

1 h/mm

=
T

90

120

DB AR O

150 +

Yiso

By EEEu/m

B4 BY71HERMIRIHR
Bl 4 i 205 R AT (1) 6

p=3+cos(a) xe (1)
KA a—RDEROE A/ e—ROER L
244/ mm,,

cos( ) Xe BROELE 10 mm FE5 J) 5
BETFNBE X ESENEE, YR
OB LA o =90°8] DB RO & e FIRE
RO, B TR JIESE N 3 mm, F55RY)
459 0 gl Al L ROt 2 K2 MRLE
OGO DC 2R, AT LA ZR 8 S O -0 2 B i O B 1T LA
7 2 A5 e [ R O B O AR TE , BV Ot 1 Y
fir O R AL FE D 140 ~ 160 mm, fisC> i 4 2 1)
i A TT LA 55 ~ 75 mm, XHERISEH B IIE
T TIEIIEEASD, L T 89 71 R B B NR
JE AR PR TSR, AR 23 5 T D B
5 SRR BE /), A8 R ol AR 433l 72 BY 4
XA FBT UV NAR I o i, B R 7 B R R R
i F

TESCERAE =, T A P B A AT R U)X

B DR A RIS B WY 7 TE R, 51
IR R BRI VI DU B 0 4RA T, 220
ZEEXS 15 DY 04 70 T A A VA, SRR AR
[4930 7) T BB T, TR L4 50 B U AR o
L BRI AR LA ooty J10 PR, 26 EL MO AU AR
RS BTYIMELS T L2 REPE 4 48t 00 R L
HAR RS L1530 30 70 T R A (LA TR, X0
AP SRR A R I S

3 4iE

XY E 50 3 BT IR L D B AL
H B UIRE AT AT, A A TR P EARELE
A FEEAR R BT UL A 7 7 Bl AR, FF R R AR
FEFEREAR . BRI GRTR U0 20 B 7 gl T A ™ 56
SR, W Solidworks S B HLABY BT F B,
XHRYIF 589 39 Uiz s AT 05 B i, s T
W50 5T 2 AR O s AR 57 1 22 JB] G 2R S BY
TNEEE B, R IR Y 558 3% 53 59
VIR RIS X SRS H, XHETH )RR
KB BT YT 7> By UIBCR P KB R A B A
H BB A RO E

S 30k

1 ZRE.BURHSWEESEMAR[T]. hE1E4&,2018
(5) :20 =25 ,48.

2 & ZBREEPEREMENITESEERI]. REMR,2018,
24(2) ;31 -35.

3 FHAK.5 500 mm FJEMR AE PR IMA R [ J]. W
A ,2011(5) :55 - 59.

4 2ot E & O HoNESHER KA. R
JEAR ,2009,15(5) 45 —48.

5 EEK EHS m MR FI T EELI]. —EER,
2008(5) ;47 —48.

6 TR, AR, BB, S N4 200 mm FRER LN
R LsR [ T]. FFAR ,2021,27(3) 44 - 48.

7 f Ak, EEE RV SHUNARN ERELI]. BERE,
2012, (1) ;71 73 ,80.

8  EIH], TD . B IR A R R A (] R
JEAR 2018 ,24(3) 145 —48.

9 EEE AR M]. U R4 Tolk R4 ,2007.

10 ARFAE. SLAMLIRL M. JLE 16 4 Tl H iR ,2000.

11 JFER. LN M]. Jb 584 Tolk i sk, 2009.

FhE A, T ,2014 4R R TFOT T LA RS HU B B B
skl , T8+, TE,

ks B 1.2024 - 12 -27



=ll

— . ISSN 1009—7864 . o
IS &N 41—1242/TF EREH:10.005T




	封面
	2025年第1期-终版-小
	封底

