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Thesis Title The Influence of Heat Cycles on the Joint Properties of the Tool Steel

(SKD 11) MIG Welding

Name — Surname Mr. Damronkmitr Hiankhunthod
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Kittipong Kimapong, Ph.D.
Academic Year 2014
ABSTRACT

A welding process is an important method used for repairing a metal forming molds that
need to restore their working condition. An optimization of welding process parameters used for
repairing the defected molds are important and continuously developed. This research aims to study
an influence of the gas metal arc welding (MIG) parameters upon the jointed properties of the cold
work tool steel (SKD11).

The study was carried out by using MIG welding process on the SKD 11 material. A
rectangular shape material was grooved, 60° V-shape at the center line along the length. The groove
was welded by MIG welding process at various welding parameters. After that, the welded samples
were heat treated to obtain different conditions such as hardening, tempering, and annealing in order
to improve properties of the weldment. The properties of heat treated weldments were investigated
for their impact strength, hardness and microstructure. These properties were compared to identify
the relationship between a heat treatment process and MIG welding parameters related to the
weldment properties.

The experimental results showed that the welding current and speed affected to the
impact strength as the welding current and speed increased, the impact strength was decreased. The
maximum impact strength of 24J could be obtained by applying welding parameters at 175A of
welding current and 200 mm/min. of welding speed. The results of the EDX examination showed
that the treatment of the weldment dispersed the alloying elements such as chromium and

molybdenum into the weldment. These affected directly to increase the hardness of the weldment.

Keywords : gas metal arc welded, cold work tool steel
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W : Bead width

H : Bead height
P : Penetration
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Heat affected zone
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350
300
250
200

<20 -18 -16 -14 -12 -0 -8 6 ~4 2 0 2 4 6 8 10 12 14 16 18 20
Distance (mm)
'

= ' < A A A 3 a A .
gﬂﬂ U.3.4 AIANULUIVDITOYLBONNNTLLUTLYDY 220 A AN AUAUIYON 150 — 350 mm/min

=300 mm/min

—#=350 mm/min

g

800 -
| | —&— 150 mm/min
750
=200 mm/min
ToH | |
| =8 1250 mm/min
650 I
|

w
2z

Micro Hardness (HV)
4=
g g

'
E]

<20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 & 8B 10 12 14 16 18 20
Distance (mm)
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= ' < A A A 3 a A .
3’1J‘VI V4.1 AANULUIVDITOYLBONNNTSUFYDY 175 A AN AUAULON 150 — 350 mm/min

200
250 | | —&— 150 mm/min
- | | - 200 mm/min
750 -4~ 250 mm/min
700 I l - 300 mm/min
= 650 R | | —%— 350 mm/min
| &

o

|

| |

| I
50 La [ | Layert | Base Metal
200 | | |
. | | |

=20-19-18-17-16-15-14-13-12-11-10 % -8 T -6 -5 4 -3 2 -1 0 1 2 3 4 5 6 7 8 9 10
Distance (mm)

= ' < A A A 3 a A .
gﬂﬂ U.4.2 AIANUHUIVDITOYLFONNNTLUFLYDY 190 A AN AUAUBON 150 — 350 mm/min

o | [ | ——
850 150 mm/min
00 | | I @+ 200 mm/min
70 | | | =-f:= 250 mm/min
To0
850 | 4 .’: & e 300 mm/min
-E 00 & ) == 350 mm/min
=3 C Y
g {
E 500 i ]
Z 450 | | 3 1
&
£ am i | é |
350 a
o | ] | 3
280 I I [
200 Layer 3 | Layer 2 | Layerl | Buse Metal
150
100 | ! |

<20-19-18-17-16-15-14-13-12-11-10-9 -8 -T 6 5 4 -3 -2 <1 @ 0 2 3 4 5 6 7 & 9 10
Distance (mm)

= ' < A A A 3 a A .
gﬂﬂ U.4.3 AANULUIVDITOYLBONNNITLUFLYDY 205 A AN AUAUITON 150 — 350 mm/min

—&— 150 mm/min
=== 200 mm/min
= = 250 mm/min

I
|
I
| =5 300 mm/min
L

—— 350 mm/min

Micro Hardness  (HV)
n

&
Base Metal

“20-19-18-17-16-15-14-13-12-11-10-9 -§ T 6 -5 4 -3 2 -1 0 1 2 3 4 5 6 7 8 9 10
Distance {(mm)

= ' < A A A 3 a A .
3’1J‘1/I V.4.4 AANUHUIVDITOYLBONNNTLUFYDN 220 A AN AUAUITON 150 — 350 mm/min
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Micro Hardness  (HV)

I | | —&— 150 mm/min
| | | ===- 200 mm/min
=4 = 250 mm/min
i 300 mm/min
—%— 350 mm/min

'{:

i |

|

+ Layer 3 | Layer2 | | Base Metal
| | | |

~20-19-18-17-16-15-14-13-12-11-10-9 8 -7 -6 5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 & 9 10
Distance (mm)
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AvdwanszuaienarinlavzuisaguisAnuLiusInszuNNIENNAD JIS SKD 11
Effect of Gas Metal Arc Welding Current on JIS SKD 11 Steel Impact Strength

Ms9Ading Wnuguna' §381 Ussaunsd’ gdm g’ amg ufidddes | Anfnad Auzmad

Damronkmit Hiankhunthod ' Suriya Prasomthiong® Suwat Phoopao’ Jesada Kaewwichit' Kittipong Kimapong®
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denniinareanPreslansd@ien danlunmeaes Famdnndnsiesdiesnadu JIS-SKD11 fillging
al " e aataled : . X T .
Avduaiuiuasuniewinnanasrese  uiwm@moniufinmdnnin J1S-SKD11 gninmz
4 I " . 12 oy A A A4
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Abstract

A welding is an important method to repair a mold that was failed in service and could
applied effectively in industries. Therefore, an optimization of welding parameter process for repair
welding of the mold defect became an important work and also was developed continuously. This
article aims to present an application of metal arc welding for repair welding JIS-SKD11 cold work
tool steel and effect study of welding current that could affect the weld metal properties. A material
used in this study was JIS-SKD11 that was mechanically repaired (o be a rectangular shape and
prepared a V groove at a center line of a plate. The rectangular plate of JIS-SKD11 steel was 3 layers
gas metal arc welded at a given V groove by a variety of welding currents. The welded joints were
impact strength tested and metallographic investigated. The experiment results are as follows.
Increase of welding current affected to decrease of impact strength of joint and increase of welding
line geometries such as weld concave, weld bead and weld penefration. The optimized welding

current that indicated the impact strength of 8.2 was welding current of 205A.

Keywords: Metal inert gas welding, Cold work tool steel,
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f1lnsainazdtng
daanaaaslEiwdn SKD 11 2114 014 75 x 879 160 x ¥ 16 mm Agdil 1 uazangdiinng
il sed 1 Maamdeniin MIG R600 B ufiadnagy Ar 80% wanufia CO, 20% vnnsundad

Fri9niHIIN 60 B9AN AILIATRIANINAATINIATET AWS D1.1/D1.1 M:2600

-
-~
- Pl
e T B -
-~ ///'i/ L
- AL S"b; ral P
= L P et
R o -~ -
[N - -~
~ s A
e - e
N S
~o
\1\(

= g o4 .
31]1‘1 1 2urdunaanluniadan (#1498 - mm)

5197 1 WEAARTRVIGATTaswAN SKD 11 waz vassnadani lilunnmasad (%)

SMHAN  SKD 11 AaAidlex

%C 1.48 0.45
YeSi 0.3 3.0
%Mn 0.2 0.4
YelCr 11.0 9.2
%Mo 0.77

YV 0.68 2
%S - -
%N . 017

driuedlfiiniseuaeenaviis Soquugl sndiquuniiingd s 50 110
asrraidua 7 650 asAnsadug Tauldnanluntsau 3 falus ulidsenlhduialum annsiusin
ivumu‘lﬁﬁ'mﬁu Luﬁqﬁqmmﬁ 1050 asduraidug Taalnailumawaut 3 4ol whadnsquéion
vhtueitesitrnuninien e liEueniinamudd 50-55 HRC Lxéqﬁﬂﬁ"umuﬁmuﬂmu uhaldauiu
1 Bugoungd 500 asrradun Hiunan 3 4ot wilauFuTassainsdiinunsyuauni sguuissiaa s
ﬂq'-ﬁyu:-qm’iq@;rmzufmn’]?audau Lﬁia‘lﬁ‘iw:né’uqﬁﬂ sfngdndetlasiunisuanitavdseanmsden
Tanouiiguunil 1250 ssmuadoa duoa 5 49l ubatdsenliiduinluen fewimaedanliao
Saufuann (Pre-Heart) 'F:qmuqii 350 aerniraidua uiakanisdeniuilaudouulasdauls Ae
nezualumaidan 175 190 205 waz 220 A mMvuarwSrdudendt 300 mmmin usediilniia 27.5 v

kg 3 - H o _‘f 1
uarlinrrinalavinlavsuunailsd (Spray Transfer) deguil 2 uannisduiadusulunindon
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— 1

sU# 2 nsdudaduawlunsidey

2.1 NMARDULSINTZUNN

winaduumaseLAade At LR eiuLas i il adnI SATuR (CNC) a7

LmT§1U ASTM E23-00 LA TN ARSLARHL AN AGOLLSINTZUNN (Impact Testing Machine) Tnel%

parudlums e ui (Speed) 5.2 u.AWW wazinwinlunnss (Load Impact) 350 J wnnaieau

nyzaum s uam il A mumbh Suruafr e sieaniianansdesudainaafie

NI LUMAGoL WIANTZUNNATNNIAZFIU ASTM E23-00 Funusinmsusndeauuy U-notch (Type C}
Fagtlii 3

55 10
= 2] D c
}

U7 3 TunaaeuusanszINAwEN A3gIU ASTM E23-00 u1nFasu U-notch (Mg : mm)

22 psranaulasEiamnmMATasuL ey

ﬁlﬂmaﬂugnﬁ’m'luﬁﬁmaﬁaaﬁnﬂu dlauuaden Muteadauuuuanidu aniui-dunasey
LRANsEANENSIIUAEIINNSAANSA (Etching) Al0ans AZABENILAA (95%) 100 Ladans nealussn 1-
5 LaRAAT ANANIATTIU ASTM E407 uhammassuticandeqantsal (Optical Micro Scope) it
wenEAN 10 Wi wazdRATAMANG I AIRN FA N ANTEILLRITeN ua:ﬁﬂﬁmwuﬂﬂqgmﬁnlﬂuﬁq
aliia

el

W : Bead width

U7 4 dnsruznsdanunadinuuuatien (Yang et al.1993; Erdal et al.2007)
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2.3 AFIRFBUANNLTITBY |.|.m|.§1‘-m
nwi'ﬁﬂ'mlu."ﬁwaqu.mvﬁau%ﬁwmimﬁﬂumummﬂm ASTM E92 Theliiite madeuuuy
Tulasinine Fnaan nanuudunsanar s denat ndudinonrnied s i aftuiiuiings
nznuiew (Heat affected zone: HAZ) Vinosiuiiveadawn den {Weld Zone) waziitelavsden

pra— q , P . ) ;
(Base Metal) lutFnmsuwmdfuaaresreuuuadenduh 1 (Fusion Boundary First Layer) Hrzuzrina

= = P =
2erens 0.5 mm Tneliurana 10 kgf. wazlianluniameudssunn 10 Junii dagli 5

¥

- —.

. i Ol g T

LT .
U 6 Rawlinunaien fiesudaduuuaden 300 mm/min Hidensaenzua Fne

Uil 6 usmaBloudhuusdenfidensotnstua 175 190 205 uas 220 A inudaduuuniden
300 mvimin g (Henszuslumsdessinus denitinuoiaessetdeni e dlessesduil 3 uaziia
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