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Mechanical Properties of Welded Materials after Plasma Cutting
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ABSTRACT

The influence of surface preparation methods after plasma cutting on the quality of weld zone was
investigated. For comparison, three types of welded specimens were prepared by machining(WM), plasma cutting
with light regrinding(WPG) and without regrinding(WP), by using three kinds of materials, carbon steel(SM45C),
stainless steel (STS304) and aluminum alloy (A6061-T6). Nondestructive examination, hardness test, micro-
structure examination, and fracture toughness test were performed. The results showed that there was no
appreciable reduction in hardness or fracture toughness in WP specimens. But a little difference in heat affected

zone size was observed.
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Table 1 Chemical composition of the used materials (wt%)

Thickness
Materials C Si Mn P S Cr Ni Cu | Mg Zn Ti Fe
mm
SM4s5C 25 0.45)024) 0.72 1 0.18 ;0.04 | 0.01 - 0.03 - - -
STS304 25 0371053 1.07 1022]0.02]18.05]| 8.10 - - - - -
A6061-T6 25 - 1058 047 - - 0.23 10.003]0.24 | 1.00 {0.007 ] 0.017 | 0.50

Table 2 Welding conditions for each material

Thickness | Welding Filler Current Voltage Shield
Materials .
( mm ) Method Material (A) V) Gas
SM45C 25 MIG S50C 280 380 CO,
STS304 25 TIG 308 350 380 Ar
A6061-T6 | 25 MAG 5356 350 380 Ar
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Fig. 1 Schematic diagrams of welded specimens
(a) C(T) and (b) tensile specimens
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Table 3 Test results of ¥- ray NI)l

e

Specimen

Material Grade

Conditions
wM"
WPG”
WP
WM
WPG
WP
WM
WPG
WP

SM45C

STS 304

A6061-T6

= ——f— ===

WM" was welded specimen after machining cut,
WPG” and WP” were welded specimens after plasma
cutting with light regrinding and without regrinding

respectively.
324 54
A AezRE WM X3, WPG x71 281

WP 270 £H3 $of S5 dFy 1
o BAe st 1) A7 =7 (micro-Vicker's
hardness tester)®& ©| £3lo] Ang ZAH AAE
Fig. 2o WERUI AT

Fig. 2 (@ 84748 w4 231 25 €9
FIHAZY A% kol DXHLlr LdRr B x4
et AL 2 F otk WM 203 wp &9
AS R Ha Hgrol 2+Zk 2746 Hy,
273.2 HvolQ 4w WPG Z£719] 745- 248.7 Hv= oF
7F Y2 e A a, Ao R doggry
T BExs) oyttt ey wp 219 49 2
275t dodgiiyl v WA d4HUASE &
oloj\r;}

Fig. 2 (b)9) 2Eldexa7e] S &37% &
Ao Axgkol ©a7yE g A xol7t ‘Jr/‘]
WA, RHF] ALkgte] EAET ozt HA
Vel v wp 272 25 WM Z3, WPG
Z7 ®Brh Argre] ¥E7} v JehtE RS 9
T Uk

¥ i ox

Fig. 2 (O 220% §29) 4% PES e
Q Relth. Aoy gael ASE 2dQL LY
ook e g9 LA wY A dege
o & Qi) wek A 2] ARERE b A4
Zere gel 2 dolk A 2.
33 olE AE

T )
| ~#— SM45C - WM
| —-— WPG
[ we

260 Weld Iff\)\ HAZ
. N \ |
240 /,,4/ l [/
L g
220 I;IJ

280 l

Hardness Value, Hyv (Load 300gf)

200
180 - e e oy
Distance, mm
(a)
320
= —o— STS304 -
b - WPG
= I —a— - WP
F 280
- ,/‘ ~—.
2 oao{ TN
z
5 2o . / e I /‘,__‘/A
=
> Weld I Basc
.
a’_j 160
E
5
=
120
Distance, mm
80 — — - _
75 - —o— AB0B1-TE - WM
- - WP
—— - WP
70
Weld |
65 4 ‘
s0] A l
) Base

55 4

50 4 \M/\/M

|

Hardness Value, Hv (Load 500gf)

a0

Distance. mm

©
Fig. 2 Hardness distribution near weld zone in each
material (2) SM45C (b) STS304 (c) A6061-T6

n



dakel - A obagst - 2y dEdeES ) died W%

Fhad, sElelel g o v @ & 27 cre)an ol Gae] Al Aol i wMm
dn o Amel AFARE 91ate] Fig 1 (byellAlet A we o] RaRer 3R] 23 AR
gol AP AlHE Fujsisich 0 AldHelAl &3 R AL =
Frz Aol A el dmE sksinh A 4 Fig. 3 (a), (b)x= &7 A5 WM 2213 wp
WAy 7hrtel e die 1 AldAT Zio] Wajel g3 80 227 Aldolth. #©4a7o
Table 40 WFERUIRACE gha7be]l 249 B9 &% 752008 wlE R SR A TR o]ofA] 3t
FE7F 3611 MPax 7 wban, S A0 A3t AR A Ry Yol 48R QB
#Fes vwslEH WM 27, WPG =7 183 Zo] AR, 7hd A9 AHAY dgS
WP 7oA olA Aniy HA) zpolis =] 9k 7 Aok wp 249 B8 AR FIXME &
o WM E7le] Wp 7N x& AS U 43l T AAY nkey Zo] @Rt o HA ¥AH
Fch zEdE o] A9 Ao FE Fnvt A& #AQ) & F U} ol 129 Zepxnr A
236.8 MPaz 7F4 HbAInh, WM F7ie] v & F choll ofs AvtHe] P48 g@3tEo] §HA A
ZPRY B0 WPG A3 wp 27e dEe o} &5 AtolQl 4R =2 Fgo] JF¢e F
2147 MPaR #& dEZEE MR GF v T AR FEH
e 49% o2 T Ase Zo] BA9 Hkgk Fig. 4 (a), ()& 2HAde 2% A7 wMm 24
°] 1159 MPa 7} =krh 1y} ~d e ~7kv) 7 WP 2319 BEAje} &R £37] Apdelr). A}
= ge] WPG Z7lo] wp ZAHET) okt 2o R oAl By % 2P BF QAU E 7R Cr
AR - I < A= glgo] MEEe] 9o, @i g d9

o B E dFuadae] dsie & FHR= & Aol A e RS B F Ui
Zzu dd T 58 3 AU AR Has) we 2R AT 8 5458 UF £308
o &HE P Ao Ay or AL Hojx gte] T4 Aol 2AFHA gu, &3 W o
U 3EREd = & Afel7) gle AoE dRHM g RO FA ZF o] Wit AL I} T &
Aot A AT

Fig. 5 (a), ()= ¢Fvw &5 A5 WM =

Table 4 Tensile properties of the three materials

. Ultimate
Yield . Reduction
. Tensile |Elongation
Materials | Strength of Area
Strength (%)
( MPa ) (%)
.| ( MPa )
Base | 361.1 669.4 28.41 56.27
SM | WM | 304.6 715.0 14.25 27.88
45C |WPG{ 2953 705.6 14.7 23.77
WP | 289.1 662.1 2232 -
Base | 236.8 688.3 84.68 81.91
STS | WM | 221.0 5273 24.72 -
304 |WPG| 2147 618.9 31.70 -
WP | 2147 647.3 51.21 -
Base | 1159 195.4 - 44.95
A6061-| WM - - - -
T6 |WPG| 825 142.4 20.17 26.93
WP 79.5 135.8 14.17 26.36
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Fig. 3 Microstructure of the weld joints of
SM45C
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(a) WM (X 200) (b) WP (x 200)
Fig. 4 Microstructure of the weld joints of
STS304
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(b) WP (x 100)
Fig. 5 Microstructure of the weld joints of
A6061-T6
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Table 5 Results of the fracture toughness test

Minimum
Ko .
Materials / thickness for
MPay/ m
¢ ) Kic {mm)
Base 79.40 129.1
WM 97.05 267.8
SMAsC WPG 98.39 279.0
wp 98.30 307.6
Base 31.78 55.84
WM 53.19 82.72
STS304
WPG 39.65 96.04
WP 40.63 96.04
Base 18.37 66.20
AGO61-T6 wM 13.04 69.03
7| WPG 13.16 62.58
WP 12.28 61.41
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(a) WM3 (x 1000) (b) WP3 (x 1000)
Fig. 6 Fracture morphology in SM45C
carbon steel

(a) WM2 (x 1000) (b) WP2 (x 1000)
Fig. 7 Fracture morphology in STS304
stainless steel

(a) WMI1
Fig. 8 Fracture morphology in A6061-T6
aluminium alloy
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