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Butt Welding Process and Post Heat Measures to Relieve Residual Stress of Sleeves
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ABSTRACT: The work aims to explore the process parameters and post weld joint performance of batch welding with an
automatic circumferential welding robot under a single-sided V-shaped locking groove for 27SiMn sleeves and study the resid-
ual stress distribution of the joint and investigate the use of post heat measures suitable for mass production to eliminate residual
stress. A single-sided V-shaped locking groove was designed as the butt welding groove for 27SiMn sleeve welds. The 27SiMn

sleeve welding test was conducted on this type of groove through automatic circumferential welding equipment and CO, gas
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shielded welding, and the joint performance was tested under different process parameters. The residual stress distribution of the
joint was measured by pasting strain gauges, and the post heat treatment method of electromagnetic induction heating+rock
wool coating insulation and slow cooling was explored to eliminate residual stress. When the welding current was 240 A, the
joint had a tensile strength of 783.38 MPa and a yield strength ratio of 0.76. The microstructure consisted of ferrite and bainite
and as the welding current increased, martensite appeared in the microstructure and the surface hardness increased. The maxi-
mum residual stress in the welded state occurred at the center of the weld, with larger axial residual stress and smaller circum-
ferential residual stress. The maximum axial residual stress was 453.6 MPa compressive stress, and the residual stress dropped
to about 50 MPa at a distance of 60 mm from the weld. The circumferential stress was tensile stress at the center of the weld and
compressive stress in the heat affected zone. The post heat method of electromagnetic induction heating and rock wool insula-
tion for 2 h was used to eliminate residual stress in the joint, and the maximum axial residual stress in the joint decreased by
about 72.2%. The V-shaped locking groove designed can achieve automatic and efficient batch welding of 27SiMn sleeve welds,
and the most suitable welding current is 240 A. After welding, the residual stress of 27SiMn sleeve is relatively high and needs
further elimination treatment. The axial residual stress is mainly compressive stress, while the circumferential residual stress is
relatively small. The method of electromagnetic induction heating+rock wool coating insulation adopted can adapt to mass pro-
duction and has high economy.
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Fig.1 Single-sided V-shaped locking groove for butt joint of spring sleeve tube material
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Tab.1 Chemical composition and mechanical properties of 27SiMn

w(C)wt.%  w(Si)/wt.% wMn)/wt.% w(Cr)/wt.% Tensile strength/MPa  Yield strength/MPa  Surface hardness(HV)

0.26 1.2 1.2 <0.3 980 835 302
2 HEENRWNEENIZSH
Tab.2 Process parameters for butt welding of test tube materials
Welding Arc Dry extension Shield gas Welding Arc Dry extension Shield gas
of electrode/ flow rate/ of electrode/ flow rate/
current/A voltage/V . current/A voltage/V .

mm (L'min") mm (L'min")

240+10 26=+1 16 18-22 260+10 28+1 16 18-22

250+10 27+1 16 18-22 270+10 30«1 16 18-22
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Fig.5 Weld root appearance of butt joints under different welding current conditions
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Tab.3 Weld penetration depth of butt joints under different process parameter conditions

Welding . . Weld pene- Welding . . Weld penetra-
current/A Weld section diagram tration S"/mm || current/A Weld scction diagram tion S"/mm
240+5 2.5-3.5 260+5 ~4.0
AR ERE T
250+5 Stop I;n:: : =35 270+5 Arc burn Arc burn

a 240 A

b 250 A

c 260 A

e 6 SR RS L I e S T U i 4

Fig.6 Bending test results after processing of joints with different welding currents
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Fig.7 LX-A hardness tester
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Fig.8 Surface hardness test results of specimens
under different input currents
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Fig.9 Microstructure of the heat affected zone of the specimen under different input currents



F17H £5W

AR, 5. BRI TR BRI BR AR N TR 193

F4 PMIRELER
Tab.4 Tensile test results

Welding Number Tensile Mean tensile ~ Mean value of yield strength Fracture position Result
current/A strength/MPa  strength/MPa to tensile strength ratio P judgment
LS4-1 782.01 Weld seam center Qualified
240 783.38 0.76 )
LS4-2 784.74 Weld seam center Qualified
LS5-1 752.07 Weld seam center Qualified
250 752.65 0.81 )
LS5-2 753.23 Weld seam center Qualified
LS6-1 747.72 Weld seam center Qualified
260 742.29 0.83 }
LS6-2 736.86 Weld seam center Qualified

e 10 FroR e xR R P T R T AT, L4
SR RELY/INE & - ) I R R T G L P R 12
0 A7 AS5ORK I 6 R A A o AR I FE TI120-1.5-
¢1.5 WARAE, AERE Z AR DN B AR A RS I X
s, 502 JEACK W RS J5 IR 446 2% v BHL AR It
FERA PR RS 3 3 2 HA 2 LB R T 50 MQ.

RIRE RS NS FRaf ey, B, 5518
PR PRI T A B0 (58 RE A B2k B, ELTET 1] TR A
Feahd By 25 5 R L LR 25 5 A B AR TS 22 5
TR I 22 5%, DN AR SO 5B a0 Hr B0 1wl 1 Bl 4%
ERIRGENTER ] 1 73015 15 B0 o PR 1ia) 722 G0 A
K11 B o FERRSE R TR S TR I A BN L
45°ATE 1 AR F, R R R AT L B A N B
FAC Hy, R BET5 1 % 0 R NS A i, it 8
AL, 502N Hi~Hyo

K10 BRA i v £ S K]

Fig.10 Physical picture of residual stress test preparation
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Fig.11 Layout of circumferential strain gauges
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Tab.5 Results of residual stress test along the circumferential
direction in the welded state of the specimen

Strain gauge number Hoop stress/MPa  Axial stress/MPa

H, 161.2 ~413.8
H, 177.7 ~439.3
H, 181.5 ~456.1
H, 179.8 ~453.6
H; 173.1 ~458.8
Hq 177.3 ~462.2
H, 179.4 ~452.7
H 172.6 ~448.3

AR R T IR ), RSN, gt is
Ii] — & R B 2 7 g gl 1 1 0 AR HL 2 R 7, T AR
A L I ) 5 7 W) SR HONE BN o i — 25X
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HAR I 22 S8 /0N , Hed i i) 7 g S5 R AR AN e/ IMELZ
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/NI RE S F T [ 06 A A AR A ) AR 4 T R T kS U
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N 7 LB A IV 7 1 43 A A7 400 o Bl 1 17 A8 R A% 1 A
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A, EEREME 12 P, 200589558 Z~Zs,
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Fig.12 Layout of axial strain gauges
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Tab.6 Results of residual stress detection along the axial
direction in the welded state of the specimen
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Tab.7 Residual stress test results under post heat
treatment of specimens

Strain gauge number Hoop stress/MPa  Axial stress/MPa

Strain gauge number Hoop stress/MPa  Axial stress/MPa

Z -22.5 62.7 Z 0 0
Z, —-83.2 86.8 Z, 0 11.7
Z3 —144.6 —40.2 Z3 -39.2 -20.4
Zy —-122.7 —-267.5 Zy -30.6 —68.8
Zs 37.3 —383.3 Zs 0 -91.8
H, 179.8 —-453.6 H, 64.9 -126.3
Zs 33.4 -375.9 Zs 0 -97.4
Z; —143.6 —284.6 Z; -35.9 -74.2
Zg —-137.1 554 Z3 -35.3 -13.9
Zy -90.4 90.7 Zy 0 22.6
VAT 0 53.4 VAT 0 0
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