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ABSTRACT

Currently, cold work tool steel-grade SKD 11 is widely used to be parts of the tools and
machinery, especially in tools and dies such as blanking, pressing, bending, and drawing etc.
Mold repair welding processes are affected in various elements of the welding properties. The
resulting material may be increased or decreased strength. And will feature a hard brittle materials
or weakened Which may cause the material after the break from the cold welding process may
lead to wear during the lifetime of the material. Therefore, this project aims to feature the ability
to connect power. Cold work tool materials, SKD 11 grades before and after quenching.

The operation consists of the basic variables of the appropriate welding before actual
connection. The variables include the link. Making processes of heat three conditions, including
parts of access without heat treatment, any (As welded), parts (Quenching), parts (Tempering)
welding used in the experiment, six types of welding types of hydrogen, low-E 6013, welding
type hydrogen low-E 7016, welding Stainless E308, welding stainless E316, welding hard facing
HF 240, welding hard facing HF 350 specimen size 76 mm x 44 mm x 6 mm, and then used to
test the Vickers hardness and check. microstructure and measure the size of the weld with a
microscope which takes results to be analyzed the relationship between variables welding
different with the shape and properties hardness after welding by means of design. experiments
(Factorial).

The results showed that factors affecting the hardness after welding cold work tool steel
SKD 11 is as follows.

1. The study and analysis by experimental design (Factorial) found that factors
influencing the Weld metal zone is welding the confidence level 95% of results showed. whether
welding stainless steel welding wire E 308 and E 316 stainless steel with heat treatment to make
the third condition is that the average hardness was 21 HRC hardness, which is lower Resulting in
the break area Weld metal zone high

2. The study and analysis by experimental design (Factorial) found that factors
influencing the Heat Affected Zone is a heat treatment, three state level of confidence in 99.5 %

The results showed that the wire and six types of conditions, parts connected not through heat



treatment, any (As welded) to the hardness average was 50 HRC condition parts Quenching is the
average hardness was 58 HRC and the condition parts
Tempering is the average hardness was 53 HRC

3. The study and analysis by experimental design (Factorial) found thatfactorsinfluencing
the hardness the Base metal is a heat treatment, three state level of 95%. The results showed that
the wire and six types of conditions, parts connected not through heat treatment, any (As welded)
to the hardness average was 20 HRC condition parts Quenching is the average hardness was 58
HRC and Tempering is average was 52 HRC

4. When the hardness of the Base Metal Zone, Weld Metal Zone and compared to the
HAZ hardness is found in the Weld. metal will affect the strength properties of cold work tool

steel SKD 11 showed most of the area. The mWeld metal to the of the hardness of the most.
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CCT-graph
Austenitizing temperature 1020°C (1870°F). Holding time 30 minutes
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TTT-graph
Austenitizing temperature 1020°C (1870°F). Holding time 30 minutes.
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a d v A [
4.4 wamydnszridodenamansznudemanuuisvesiaaaialisunsy MINITAB 13

N150BNULLNITNAADIUYS

(Response)

Factorial Iae14a1 A1uLde ( HRC)

I 1
Wumaeuaued

Ad' [ (%] d' 9 d' 1 a
M3199 4.7 Taden ¥ lumsneasanadawansznuusa laza11(Base metal)

General Linear Model

: Base metal versus Electrode Type, Condition

Factor Type Levels Values
E6013 E7016 E308 E316 HF240 HF350
Electrode Type | fixed 6
Aswelded Quenching Tempering
Condition fixed 3

M13197 4.8 Analysis of Variance for HRC, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Electrode Type 5 117.32 117.33 23.47 2.08 0.152
Condition 2 5003.17 5003.17 2501.58 | 221.44 | 0.000
Error 10 112.97 112.97 11.30

Total 17 5223.46

Unusual Observations for Base met

Obs Base metal Fit SE Fit Residaul St Resid
8 15.4000 20.6833 2.2407 -5.2833 -2.11R

R denotes an observation with a large standardized residual.
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~ value = 0.0001 %3 < o= 0.05 1ufA® Condition NANAU IWANTZNUABAIANNUYY (HRC)

a o < . <
YoIVTNU TaKza11(Base metal) YOI IAQHANATOMBNUIY SKD 11

Electrode Condition

52

44

36

Base metal

28

20

WA 4.30 MNLAAI Main Effects Plot for HRC ¥99n319@211U5 Electrode Type 1o

@1)5 Condition NAIWANTENVVSHIYU Tariz 911 (Base metal)

<3 1 @

1NNIN Main Effects Plot for HRC %zmu“ls?fm L%uﬂﬁﬂﬂl@ﬁ@nuﬂi Condition 91
anvazuouduatatuaiu ludluua Tduvuuiudud1eds  (Reference Line) 9agi 1891 éa

.. [ [ < a
111)5 Condition UNANTENVABAIANUANNLUUY (HRC) V0IUTNA Tanza11( Base metal) V04
Y] < A A < [V A v 9 o
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d‘ o o A FY A a 9
M13190 4.9 TJi]518‘1/]61,‘])'11!ﬂﬁ‘V]ﬂaﬁN‘VIﬁ\‘]Nﬁﬂi%ﬂﬂﬁilﬁ]mﬂiz‘Iﬂ‘]Ji’E]‘LJ(Heat Affected Zone)

General Linear Model: HAZ versus Electrode Type, Condition

Factor Type Levels Values
E6013 E701l6 E308 E316 HF240 HF350
Electrode Type | fixed 6
Aswelded Quenching Tempering
Condition fixed 3

M13197 4.10 Analysis of Variance for HRC, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Electrode Type 5 360.53 360.53 72.11 1.45 0.288
Condition 2 669.14 669.14 334.57 6.73 0.014
Error 10 496.93 496.93 49.69

Total 17 1526.60

Unusual Observations for HAZ

Obs Base metal Fit SE Fit Residaul St Resid

2 20.6000 35.02272; 4.6995 -15.3222 -2.92R

R denotes an observation with a large standardized residual.

= = S a s & a ¢
INATNN 4.9 uag MINN 4.10 3T UNaNIsAATIZHILTUNANTAATIZHHAA Y
a a 4 1w 1
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' I a @ < § <
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'
v o w = v

i1 ) v 1 k4
SKD 11 mevaimsienedeiiodify Nszaunnudoni 95 % 11109910 a = 0.05 Wy fia

'
o A

, 1 I o 1 ' <
WINNI P — value=0.014 "dﬁq < a=0.05 UUA® Condition ﬁmdﬂu ﬁwaﬂigﬂﬂﬁﬂﬂwﬂjwul!mq
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a o < 1
(HRC) ﬂl@ﬂﬂi!’)ﬂlﬂi%ﬂﬂ%@u(Heat Affected Zone) ﬂl@ﬂ?ﬁﬂlﬂﬁﬂlﬂ?ﬂﬂﬁﬂ!ﬂiﬂ SKD 11
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HAZ

MW 4.31 NINUEAAI Main Effects Plot for HRC ¥84n3191A111/5 Electrode Type 18

f111)5 Condition NEAINANTLNUUTNIUNTENUS0U(Heat Affected Zone)

X 3 F Y @ ..
1NN Main Effects Plot for HRC %mu"lﬂm iwunsilueanils Condition DERY
anvuzveuduantuaw lifuud Tuvuunudus 9o (Reference Line) 9a51 1471 d7
[ 1 I a
1115 Condition INANTENUADAIANUANUUAL (HRC) V8IUTNIUATENUTOU( Heat Affected
o < A =} < Y A v 9 ]
Zone) Y03 T@AMANIATOINOIMEBY  SKD 11 menasmatyon uadunsinvesduls
Electrode Type 9zianyaguud Idnvouduvinuniudud1eos (Reference Line) 39a31l 1A
o 1 [ 1 < a
#1115 Electrode Type lTnansznuasmInnunuide (HRC) Y04U50UNTENUS0U( Heat

@ < 4 < o 4
Affected Zone) YD IAYUANIATOINDIWBY SKD 11 MeHAINIIITOU

] v 1 Y ]
M3199 4.11 Tadenldlunsnaassndamansznuusnaioou(Weld metal)

General Linear Model: Weld metal versus Electrode Type, Condition

Factor Type Levels Values

E6013 E7016 E308 E316 HF240 HF350
Electrode Type | fixed 6

Aswelded Quenching Tempering

Condition fixed 3
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M319N 4.12 Analysis of Variance for HRC, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Electrode Type 5 3662.76 3662.76 732.55 25.09 | 0.000
Condition 2 157.65 157.65 78.82 2.70 0.115
Error 10 291.93 291.93 29.19

Total 17 4112.34

Unusual Observations for Weld metal

Obs Base metal Fit SE Fit Residaul St Resid

9 37.4000 46.6944 3.6020 -9.2944 -2.31R

R denotes an observation with a large standardized residual.
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