25 230 AR
2025 F5 3 4

ARy

Shanxi Metallurgy

Total 230
Na.3,2025

i ( 55 )3 B 52

DOI:10.16325/].cnkl.cnl4-1167/t£.2025,.03.002

TZSH3T 116 B SRR R MM B R

WAk, KXk, WMEE
G e I (GERD AR E], W #Hrg  453000)

W EMAARGREY ,TICc AR BERARB Z AT RB AR, KTk, 84 TIG A FHIFH, B 1dF

ITELRERATRRIFER R PR R Fiik F 2 2% F FINEH LT AHELE R 6%

FE RO AR E 5 A AR 4 b 3R AT A ST ILeg A iE

SR P, DA IR RE R 2 &

KEIA: TIG B FIFAIFAE 0 i IF 418 38 2230 IR 28 T

FESES:TG434.5

0 5§

ftiE B @RI S & g, 116 HalE LLE
g B R R RS TE AT A Rk A, TE
%%\%%‘M%ﬁﬂﬁ A% 8 A A0 V3 4 il 1k <5 i dak
22 7z M, SR RS PR R e, AR AR AL
B E R 2R R, H, T A28k
PO s, NI, TRAME Y T 22800 A 8l /5 5 4%
IR Bs2m , 5 T T2 e m iR e A A
R .
1 WRAE

TIG H ML E—Fl Tic BB YL E & &
Bl —Emym Tk s, N B SRR RE B, o S 1
LR %, EEA B GEE R ST |
(CEE T N5y o4 5\ WA 107 QL o B Y N F B
X R EE BT 52 M P A —FEE A5 3 08 1 55 1l

SRR PR BR AN TS8O0 R4 iUE )

Eé”ﬁﬂ@—
2 WRIERE
2.1 RAFAHE

RER A 1Cr18NioTi AR, BEAE A 200 mm x
50 mm x 2 mm, >k F XT 4% 09 4% 3k I 47 1 52 0 55
ST .
2.2 REE

TIG HaEHLI S LA A RO, R XU T A
i J5y , BT A AL 45 - /NI BE ML IR B2 38 e 5 45 4 TAE
&, Al R EE s I 5, i 1 s .

ARG FEH 1 BFE R KR16R1610 s A R A

B 1 T1ic BE3EHN
WFE HH:2024—12-27

N EFRIRAD : A

NEHS:1672-1152(2025)03-0004-04

(ELFEPLES ANASR FE 0 25 s 20 Ay 4G T3 )
1 £ DT #iill R (WFEBIERE RS K BB
R RS T E) 1 /DR EYR 1 P
MESBRETES 1 EEERS (45 1 & Dynasty
400 3 HI TIG WARKEREA I .1 48 wT-28 7J<{’\ TIE
HEM .1 B Coolmate 3 IEM B HI KA MEIE) .
1 B WEC KB IR Z A5 . WV-100 15 W & 4t )
scc Aol G
2.3 JRATHER

IR AR L Z 0T, NS B 22l 17 B I 0 f 4%
oA Bl R e e € /T Bt rif e BT
SEE 2 FrR o

B2 BEIR
24 TZZ2HRE
WHE AN T ZZ80 708, A
B IEESEROE B2, AR 1—3 6 s o

T ot AR Z

*x1 EERRAZWMEZFEPSEIZE
T [ TG | VA | OV | AL [ [ -
Gas | WA | WA | F/Hz | (mm/min) | (ram/min)
g 30 5 2.5 300 180 4.5
2 35 157 2.5 300 180 9.5
3 40 1.5 2.5 300 180 8.3
4 45 157 2 300 180 9.5
5 50 157 2.5 300 180 4.9

3 XWERSHM
3.1 EAEHBFNTEEEBUE

MG LN 157 A JKHAR A 2.5 Hz K22
FEA 300 mm/min., FF4EHEE A 180 mm/min FIFKE K
9.5 V I, 3 W B AR HL X KR AE U s 1] 3 g Ak

E—1EERN A AAR(1992—), B, TH R EA, R, L THRMNKRE, TRIF, AT QAREI LK,



2025 4E56 3 MARR, % TESET 116 A S IREE Y LT 5% - 5 -
*2 EEBRAZWEZFHNSEZE
R0 | JEEA | WA | B R | AR | (e
R oA | WA | R /Hz | (mm/min) | (mm/min) o
1 40 137 2.5 300 180 9.5
2 40 147 2.5 300 180 9.5
3 40 152 2.5 300 180 9.5
4 40 157 2.5 300 180 9.5
5 40 167 2.5 300 180 9.5
x®3 BRI MEZHNSEIEE 3-2 HH
R0 | FEE | W | BT (R | AR ) (e 3 EEdEESHTN
2&7’}' ?’Jﬁ [ ?ﬁ [A 3"1 /Hz | (mm/min) | (;m/min) o % . ;F‘ rE-JEfE EE.iﬁ—FEﬁRﬂ'
1 40 157 1.0 300 180 9.5 :
AIedhs | AYEHRR /A | B /mm A% /mm i /mm
2 40 157 1.5 300 180 9.5
1 30 6.27 0.44 1.89
3 40 157 2.0 300 180 9.5
2 35 6.45 0.42 2.91
4 40 157 2.5 300 180 9.5
3 40 6.92 0.4 4,28
5 40 157 3.0 300 180 9.5
4 45 7.08 0.34 4,49
R4 FXLEEAZWEZHNSEEE : = — r ™
iRae | SE( | (it | Dkoio |62 | [ ARBEIE | [ e ' ' '
i oA | WA | #/Hz | (mm/min) | (mm/min) e "
1 40 157 2.5 280 180 9.5 r—— —
2 40 157 2.5 290 180 9.5 g
K 4 il 7
3 40 157 2.5 300 180 9.5 ¥, e A
2 - e 1 17
4 40 157 2.5 350 180 9.5 1
I 2  » —ie ;
5 40 157 1.5 400 180 9.5 T 5 3 i i
6 40 157 2.5 500 180 9.5 HLAEA /A
7 40 157 2.5 600 180 9.5 - 4 Eijmu;;;:ﬁ;;ﬁm éjf;}ﬁ . )
T 137 ~167 A 4R o gL,
%5 CEERAPNEZHOSYEE g 3 ﬁﬂ FRAES PR o ZESE T, 05
UG | E(ErE | WEE | KIS KL || R | | e FER AT 8 Pos.
Y= /A WA | 2 /Hz | (mm/min) | (mm/min) R g i o
1 40 157 2.5 300 160 9.5
2 40 157 2.5 300 170 9.5
3 40 157 2.5 300 180 9.5
4 40 157 2.5 300 190 9.5
: 40 157 2.5 300 220 9.5
o MEAXWMEZHNSEHEE
R | FE(EH | VEEHL | BRopA | SRR ) | SRR .-
2 | WA | WA | b | (dmin) | (momn) | TRV 52 15T
40 157 2.5 300 180 9.0 B s EBERRSHKE
2 40 157 2.5 300 180 9.5 *xs ARIFEBRTEEZERST
3 40 157 2.5 300 180 10.0 KIS | WEERRE /A | B om | AR /mm | FE mm
4 40 157 2.5 300 180 10.5 1 137 6.09 0.51 0
3 40 157 2.9 300 180 11.0 2 147 6.56 0.47 1.20
{HHLAL N 30 ~ 50 A PYAEEESIIIE S . 258 1T & , 45 3 152 7.27 0.31 3.55
RSN 7 B 4 157 7.40 0.26 4.72
KL R RPRAE R T R S 4 5 : 167 75 | o1 | s
KRBT B, BRI A, 2y [t e
B A IE N SR AR vE VT E RGN WA AL FEL AL R K5 4 ROST i s s S an &l 6 Bl
3.2 UE{H X IREE BUE IR AR SIS e AT DAUR B, B S E H A S

MEEH TN 40 A KPR K 2.5 Hz GK 22
FER 300 mm/min AEEEHEE A 180 mm/min AR E A

9.5 V B, 73 B U (L L AL X AR 48 I ) 52 i (&

5 Mg

Py A B EHE N, JEaE s T T BN
3.3 ks RN R Y B
MEEHER N 40 A MEEEBR N 157 A R ZH



LI PH G &

- 6 - E-mail:sxyibib@126.com 948
e A 2.5 Hr SR4EHE DN 180 mm/min MREN 9.5 v
£ I I, 547 % 243X AR BE AT (O B o 11 10 Ay 2
 ; - e f“;%; 280 ~ 600 mm/min [ FREESP IS . L GE it
) z #.—.:'_ Jﬁ:éﬁﬁ—rﬂni‘% 10 ﬁﬁﬂ_{o
L3 1 n@{ﬂbé‘fﬁ . Ia /

B ¢ IEEBRXTIEER TR
FE 8 300 mm/min L A 180 mm/min FEKE A
9.5 V B, 43 Jok i e o KR A OB 2 . B 7 M Bk
MR 1.0 ~ 3.0 Hz AIREESNIESH . &4 11 &=,
PREERCT IR 9 FioR

7-1 1FTH -2 TSI
7 BKHIRSEKLE
R 9 ARRKHINETIRSER T

10-1 1EmMH 10-2 TMHE
10 E£EESEHIE
K10 AEEXZLEETRERST

RIS | FELHEE (mm/min) | BH mm | R om | 5% /om

f 280 T:25 0.20 4.54
7 290 T 22 0:22 4,38
3 300 145 0.26 4,23
! 350 T.13 0.40 ATl
5 400 7.01 0.63 2.96
6 500 6.94 0.73 2.87
7 600 5.91 0.9% 0

T 5T 7 RIS

iﬁﬂﬁﬁ£ﬁ§£%. ]ﬁkhqﬁﬁﬁf$£ffiz i%?)h mm /“;E% mm ﬁ%ﬁi&ffﬂﬂﬂ
1 1.0 7.45 0.20 0.28
2 1.5 7.46 0.33 0.32
3 2.0 7.59 0.34 0.36
4 2.5 7,66 0.36 0.42
5 3.0 7.79 0.38 0.47
Ik b R I 4% R ST 52 e aan & s B .
9
: —
£
v . —— i
™y b
[ e—e—a—»
1.0 1.5 2.0 25 3.0
e 52 (12

B 8 Rkim3nZEXTIE 48 R ~T RS20
H SEIGEE T UL & B, ik i 2850 K5 RSS2 M A
K, F G4 BaUP AR T LE =1 M =3 B Ry
9 F7N

BREOTAR kS HOR , SABREGECEEE , I

X .—#w‘ Leg= IX)A. $ 10H2 Vigr 00 Vyuiy

9 i%gﬁfﬁtt
3.4 FELZEE N IREE IR B
MILEE RN 40 A WEHE N 157 A K p i

Jﬁ’ﬁén_ﬁ“ﬁﬁ%ﬁ“ﬁﬂ’]ﬁf’ﬂﬂ%%ﬁn A 11 PR
7 —"——‘=0='——0-—o—o—
— 15

Hh&‘\. 4_\ -
AH—H’_.—At e

280 250 300 350 400 500 w00
%223 /( mm/min)

B 11 E2EREXNEERTH 0

FH S 06 %50 1T DL B, 36 22 3 B R, BN ) (]
ke, TEFRPERIREIR ARG T RaE R
[ AEIE Bvy L
3.5 JREEEEEENTIRAE UL B

ML R 40 A WE(EH A 157 Ak rpi
RR 2.5 He TELLHEFE N 300 mm/min FIIRER 9.5 v
I, 0B ke 3 S XN KR 4% U s, (&) 12 i
FE N 160 ~ 220 mm/min AYRREEINIIESR . £ 511
=, BERCST W 11 s,

R T X R 4% RO iy s2 i a3 an &l 13 Fhos o

FH S 6 B0 4 AT DA & B, N2 R K, B K
L NG A 3T G s iy oA NI S 1B )18
3.6 INEEXTIREERUIE BN

MIAEH RN 40 A WEEH T 157 A bk vpi
2N 2.5 Hz GE 22 R 300 mm/min FIAREEEEFE N
180 mm/min B}, 23 M1 ol X KR 4% i R s 18] 14 R

AL RS fmm
— — [ Lad P LN




2025 4E2f 3 ]

MARR, 55 TESE0 116 A S48 M s2 i LT 55 S

Lg~ein Lo M l-m sl Woofon
Ha T

12-1  1EH 12-2 &I|
12 BEERESEIRE
®1l AREEEETEERT

e . '-_‘.EE | - ' )
g | PR e o | 4 fmm | #93 o
1 160 7.89 0.24 6.18
2 170 7.80 0.29 5.60
3 180 7.79 0.36 4.23
4 190 7.74 0,40 3.95(CH&EAIZ])

5 220 6.98 0.64 0(LHEIE)

g
8 ﬂ

EE*K‘\

f . -

= \
2 \ iy T 1T

160 170 130 190 220

KB /(mm/min)

& 13 1EREEEEXIESE R TR0
SRR 9~ 11 v IIRAE/NIIES . 2511 & , 1§ 4%
RSPk 12 s

14-2 M
B 14 MESERE
* 12 ARMETEZERT

1 9.0 7.14 0.14 0.58
) 9.5 7.30 0.16 0.55
3 10.0 7.40 0.29 0.51
4 10.5 7.43 0.36 0.49
5 11.0 7.41 0.42 0.39

SR XS AR 48 R )2 i F an & 15 P

s
o

H4E R =F fmm

14

B4

Lk v
g 15 SMEXTIESER ~THI 20
l‘Jﬁ%’JLKEJ]ﬂ b G AU E AR A K. HIlK
i — VG , B NHGE 081, 5 ECRRRIG, 15

Do/ AR B AR R

4 ZEig
1) BitiE FEE H U L S HE Y g 1 o, PR AR
KA I Ta A B Y3 N

2)Hﬂ<ﬁ|1ﬂ?ﬁ$ XPAREE RSN R R AN K, B
UBRER e o S QUL E S i NI EER 33 R o S8
3 )3 22 JESOR , B I [A) IR 22 %2 o TE [

R IEANG O T, REE R mlls , Wi . ik
22 R PE VRN, AT RE G R KR 08 e 2 MAR S 111 S
L B

4 )RR R R, B BE P PR AR ZD 5 T
FREET 0N, R o MR ReE R R, ﬁ%ﬁjmm
B, AT RE 2 B B AL A it R ER AR S
(AR IR SRR, ﬁﬁﬁi@%ﬁﬁiﬂfﬂzﬁiﬁﬂf\ﬁ%
Ko AR E MR SLEFORPE . R K (i
P AL T, 25 Z 15 e 2 i B, 4 16 P

// /i \_\\\ -*r f|]|| //;

o (W | HHE I R R
B 16 BEREIELEL
5) Bt IR 38 AN, F 5E Fhn £ Tr FR IS A 3G K .
M o — e Ve [, R 43, 3 B
REEAT, HL I X s e A R sk /)N, 2 800 SE /S, R
T/, R N . S IR BN, &) 7 e AR AR g i
Be , T A PR AP IR AR 22 o DRI, Do A FEL SIS R 6 1)
(R PSS il L= K76 N o
S 2 3k
[11 &g A UG b A b [J] BHE R, 2016(25)
134-136.
[2] k2l A sh RSO0 R EE P RO 2 28052 e KA 92 [J] 4L
B 2 SO - AR T, 2020(2) 1 29-33,
[3] B R i S5 A M) b 5 AL Tl H it , 201 9.

(%H#:.5%F %) (T35 11 )

1'rr|'|

LIF




2025 4E55 3 44 XN AT RO 865 4 A ZH A B 12 YR RE RO 52 I iF 2% - 11 -

SR 92,7 wm FlT 49,5 wme Science and Engineering,2016,2016:1-11,
3) i Hﬂ‘ ;ﬂ{ﬂ Ll{ﬁiﬁ 18 *H Hg *ﬁ Hj ﬁ?ﬁﬁ$ H@ﬂ%% [6] PENG P,TANG A T,SHE J,et al. Significant improvement in yield
o Y e stress of Mg-Gd-Mn alloy by forming bimodal grain structure [J].
LPSO #H, Wiy Z4k Lrso #H,B #H, ML .4l Mo.(Gd,Y)

e

Materials Science and Engineering a—Structural Materials Properties

Yﬁﬁii%%:*ﬁ y @ﬂ PSN mﬁj%ﬂ,{]‘*l—‘iﬁﬁ ’ ﬁi‘]ﬁﬁi& Microstructure and Processing,2021,803:140569.
il A AR B S8, SR T RESIAHE (71 st 24% BT, % 5 84 4P 1pso MIRIFISE R
28 SR R, 4 R TR0 2 4 M RE R+ AHI.2024,42(2):204-215,

4) BH - B - BoH T 2 e ok 224 HEfE [8] ZHANG R Q,WANG J F,HUANG S,et al. Substitution of Ni for Zn
. L d \ ' tructure and mechanical properties of Mg—-Gd-Y-Zn—-Mn
U, RE] TR - SEPE AR R B A R JE .

s ‘ \ alloy[J]. Journal of Magnesium and Alloys,2017,5(3):355-361,
175 Mpaa*ﬁﬁﬁ*ﬂahﬁgﬁgﬁ 258 MPa*ﬁﬁaﬁﬁ 10.1%, [9] WANG Z T,JIANG J H,LIU X N,et al. Dynamics and Kinematics

SE Mk Models of Dynamic Recrystallization of AZ80 Magnesium Alloy During
[1]1 ZF3¢ AR Mo-2n-Gd-Er 5 & R4 1T o8 AL 2 52 [D]. Thermal Deformation [J]. Rare Metal Materials and Engineering,
T - IR R K2, 2022, 2019,48(7):2062-2067.
[21 55k, k% Mg-Gd-Y-2n-2r REEM LSBT [10] HAO Y,ZHOU L,CHEN Z,et al. The growth of/3 phase in
PR B & a9 [J] 425 & TR, 2024, 52(4) : 10- 16, Mg-Gd-Y-Ni alloy by experimental and first-principles study [J].
[3] TR, SR, K2, F W T X cu-cr-zr A4 F12E MRk Journal of Magnesium and Alloys, 2024,12(2):506-515.
IR “APERE A2 M [J] 4k T4, 2024(3) : 163-170. [11] CHAI F,MA Z Y,HAN X H,et al. Effect of strain rates on

[4] HUA L,YUAN P-G,ZHAO N,et al. Microstructure and mechanical mechanical behavior, microstructure evolution and failure mecha-

properties of 6082 aluminum alloy processed by preaging and hot nism of extruded-annealed AZ91 magnesium alloy under room-

forging [J]. Transactions of Nonferrous Metals Society of China, temperature tension [J]. Journal of Materials Research and Tech-

2022,32(3):790-800. nology—-Jmr&T,2023,27: 4644-4656.
[5] MUGA C O,ZHANG Z W. Strengthening Mechanisms of Magnes— (438 . KAEAE)

ium-Lithium Based Alloys and Composites[J]. Advances in Materials

Effect of Pre—aging on Microstructure and Mechanical Properties of Rare earth Magnesium
Alloys
Liu Bin'*
(1. Shanxi Polytechnic College, Talyuan Shanxi 030006, China; 2. School of Material Science and
Engineering, North University of China, Taiyuan Shanxi 030051, China)

Abstract: The microstructure evolution and mechanical properties of Mg-9Gd-4Y-27Zn-0.5%r rare earth magnesium alloy were studied by
adding pre—aging treatment in the upsetting—extrusion—-upsetiing passes. The parameters of pre—aging in the deformation process of the alloy
were revealed, which provided reliable reference data for the plastic processing technology. The results show that the pre—aging treatment
between passes can promote the precipitation of the second phase. With the increase of deformation passes, the precipitation behavior
becomes faster and the peak aging time becomes shorter. The peak hardness(HV) of PAU-1 sample is 130, and the peak aging time is 28 h.
The peak hardness(HV) of PAE-2 sample 1s 117, and the peak aging time is 18 h, During the deformation process, the lamellar LPSO phase
is twisted and fractured, and the block—-shaped LPSO phase is broken, and the second phase particles are formed, which makes the dynamic
recrystallization particles form a large number at the edge of the grain and inside the grain. The performance of the material is improved, and
the balance between strength and ductility can be achieved. Through the production process, the yield sirength, uliimate tensile sirength and
elongation of the sample are 175 MPa, 258 MPa, and 10.1%, respectively,

Key words: pre—aging treatment; rare earth magnesium alloy; thermal deformation; hardness; microstructure
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Research on the Influence of Process Parameters on TIG Automatic Welding Seam Formation
Yang Weiwei, Zhang Wenging, Yang Yujun
( Xinxiang Aviation Industry (Group) Co. Ltd, Xinxiang Henan 453000, China)
Abstract: With the continuous advancement of technology, TIG automatic welding technology has been widely applied in different fields.
Based on this, TIG automatic welding machine is selected to explore the influence of different welding currents, pulse frequenciles, welding
speeds, wire feeding speeds, and arc pressures on weld formation by adjusting process parameters, in order to improve production efficiency,
reduce production costs, and enable the enterprise to obtain more considerable profits.

Key words: TIG automatic welding machine; welding current; welding speed; wire feeding speed; welding seam formation



