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Abstract

This research project aims to study a variable that affects the quality of welding by MAG
welding. The robot uses welding in steel S137. The trial set variables that affect of joint quality
including welding current, welding voltage, welding speed and flow rate of gas covered.
Education is a variable that affects the quality of welding by testing for hardness and tensile
strength of welding, Already have applications of experimental design (Design of Experiment)
using statistical analysis to filter factors affecting the quality of welding

Results of the study and statistical analysis at the significant level of 00 = 0.05 indicate
that the main factors include welding current , welding voltage, welding speed and flow rate of
gas covered not affect to hardness and tensile strength of joint welding, But the interaction
between welding current, welding voltage and welding speed, And interaction between welding
speed and flow rate of gas covered have affect to hardness and tensile strength of joint welding.

By 95 Amp welding current, 26 Volt welding voltage, 40 cm per minute welding speed
and 15 liters per minute flow rate of gas covered made to minimum hardness, And 115 Amp
welding current, 26 Volt welding voltage, 80 cm per minute welding speed and 15 liters per

minute flow rate of gas covered made to maximum tensile strength.,
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AT HR = E -e¢ (2.1)

Y9 HR= Rockwell hardness number
e = Premanent increase in depth of penetration due to major

load F1 measvred in unit of 0.002 mm

E = A constant depending on form of indenter : 100 unit for
diamond indenter, 130 unit for steel ball indenter

FO = Preliminary minor load in kgf

F1 = Additional major load in kgf

F = Total load in kgf

A B ¢
; ard 3 Minor load FO
Minor foad ¢0 plies Minor toad Fo

Major foad 1 = Total load F

L g

i o A ar
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8S; = SS;+SS. . (3.17)
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Taut Ss,, Aonaimdsaesifiniuiiasninnnuianainlavnse uas s, Ao

o_ W =, :I < 3 A
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i

Tasfi s, = z(y,.j+ ) (3.18)
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General Linear Model: Hardness versus Blocks, Welding Current ,Welding

Current, Welding Voltage, Gas Rate .

Factor Type Levels
Blocks fixed 2
Welding Current fixed 2
Welding Voltage fixed 2
Welding Speed fixed 2
Gas Rate fixed 2

Values

1, 2
95,

115

22, 26
40, 80
15, 20

Analysis of Variance for Hardness, using Adjusted S5S for Tests

Source

Blocks

Welding Current

Welding Voltage

Welding Speed

Gas Rate

Welding Current*Welding Voltage

Welding Current*Welding Speed

Welding Current*Gas Rate

Welding Voltage*Welding Speed

Welding Voltage*Gas Rate

Welding Speed*Gas Rate

Welding Current*Welding Voltage*
Welding Speed

Welding Current*Welding Voltage*
Gas Rate

Welding Current*Welding Speed*®
Gas Rate

Welding Voltage*Welding Speed*
Gas Rate

Welding Current*Welding Voltage*
Welding Speed*Gas Rate

Error

Total

g
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15
31

Seqg S5
29.36
7.50
229.78
POl S
55,20
34,80
21.76
98.46
156.16
244.59
6.53
106.84

286,14
26.34
100.43
8.81

1490.61
2983.02

Adj

29.
7.
229,
79.
55.
34.
21,
98.
156.
244.
6.
106.
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26.

100.

1490.

34

43

.81
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Adj

29,
7.
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55.
34,
21,
98.
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244.
6.
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26.
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.81

37

FONPOOOOQOCOMNMOO

27

.01

.09

SO0 QOO0 OO

<

' d e 7 &
517 4.5 waraam P-valve Aldlums@enileiviiinadonmndsveumaioy

55

P
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Main Effects Plot for Hardness (HRC)

Data Means
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Versus Order

(response is Tensile)
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Versus Fits
(response is Tensile)
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General Linear Model: Tensile versus Blocks, Welding Current ,Welding Current ,Welding

Voltage ,Gas Rate.

Factor Type Levels
Blocks fixed 2
Welding Current fixed 2
Welding Voltage fixed 2
Welding Speed fixed 2
Gas Rate fixed 2

Analysis of Variance for Tensile, using Adjusted 53 for Tests

Source

Blocks

Welding Current

Welding Voltage

Welding Speed

Gas Rate

Welding Current*Welding Voltage
Welding Current*Welding Speed
Welding Current*Gas Rate
Welding Voltage*Welding Speed

Welding Voltage*Gas Rate
Welding Speed*Gas Rate

Welding Current*Welding Voltage*
Welding Speed

Welding Current*Welding Voltage*
Gas Rate

Welding Current*Welding Speed¥
Gas Rate

Welding Voltage*Welding Speed*
Gas Rate

Welding Current*Welding Voltage™
Welding Speed*Gas Rate

Error

Total

Values
1, 2

95, 115
22, 26
40, B0
15, 20

D

el ol e N |

(A

15 1
318~ 2

Seq S3

650,
197.
392,
475,

7.

g62

0.
354.
539,
203,

3230
3418

600,

845,

9.

gd4.

0657.
3gal.

4
7
8
9
7
.9
2
6
8
3
s
.2

9

7
4

1

2
5

Ad] S5 Adj Ms

650.4
797.7
392.8
475.9

7.7
862.9

0.2
354.6
539.8

203.3
3230.7

3418.2
600.9
845.7

9.4
B44.1

10657.2

650.
797,
3%2.
475.

7.
862.

0.
354.
339,

203.
3230.

3418.

600.

845.

oF

844,

710.

B =180 G0 Oy N WO~ WO 0~
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1.
0.
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0.
1.
0.
0.
0.

0.
4.

4.

0.

F
92
12
55
67
01
21
00
50
76

29
55

81

.85

.19

01

.19

P
0.354
0.306
0.469
0.426
0.918
0.288
0.988
0.491
0.397

0.601
0.050

0.044

0.372

0.292

0.910

0.293
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Main Effects Plot for Tensilte (Psi.)
Data Means
Welding Current {Amp.) Welding Voltage (Volt)
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2o HANISNATOU
#4%, Welding Welding Welding Gas Rato qmmmmqumﬁau
Current Voltage Speed - -
17 v v (om3/U M) | Hardness | Tensile
, (1ou) (Than) (.. / W)
Aol (RCH) (Psi.)
1 95 22 80 20 64.83 455.79
2 115 26 80 20 60.67 475.15
3 115 22 80 15 70 461.54
4 115 22 40 20 62.33 462.38
5 115 26 40 15 65 452.83
6 115 26 80 15 67.17 421.21
7 115 22 80 20 79 489.02
8 95 26 40 15 46.67 487.73 -
9 95 22 40 15 60.67 511.47
10 95 26 80 20 68 451.25
11 95 22 80 15 78.83 390.62
12 115 22 40 15 64.8 429.98
13 95 26 40 20 67.42 426.62
14 95 22 40 20 51.42 437.65
15 i15 26 40 20 5792 457.88
16 95 26 80 15 61.42 500.27
17 115 26 40 15 57.92 491.3
18 115 26 40 20 59.17 466.85
19 95 26 40 15 67.5 446.25
20 95 26 80 15 25 469.14
21 95 26 80 20 68.33 513,51
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Fuau HAMINATDY
d Welding Welding Welding %
nidlu GasRate | faninvesuuuion
Current Voltage Speed - -
1§ v B - (6A3/U1M) | Hardness | Tensile
qLITY) (12an) CRUNATSL )

VGGG (RCH) (Psi.)
22 115 22 80 20 5333 | 469.99
23 95 22 80 20 7033 | 466.54
24 95 22 40 15 66.08 | 440.79
25 115 22 49 15 5725 | 484.87
26 95 26 40 20 6742 | 426.62
27 115 26 80 20 6761 | 477.82
28 115 22 80 15 70 492,12
29 115 22 40 20 65.67 | 45532

30 115 26 80 15 60.67 | 475.15
31 95 22 40 20 6833 | 443.28
32 95 22 80 15 70.83 | 436.11
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General Linear Model: Hardness versus Blocks, Welding Current, Welding Voltage,

Welding Speed and Gas Rate

Factor Type Levels Values
Blocks fixed 2 1, 2

Welding Current fixed 2 95, 115
Welding Voltage fixed 2 22, 26
Welding Speed fixed 2 40, 80
Gas Rate fixed 2 15, 20

Analysis of Variance for Hardness, using Adjusted SS for Tests

Source DFE Seq S5 Adj S5 Adj Ms
Blocks i 29.306 29.36 29.36
Welding Current 1 7.50 7.50 7.50
Welding Voltage 1 229,78 229.78 229.18
Welding Speed 1 79.73 79.73 79.73
Gas Rate 1 55.20 55.20 55.20
Welding Current*Welding Voltage 1 34.80 34.80 34.80
Welding Current*Welding Speed 1 21.76 21.76 21.76
Welding Current*Gas Rate 1 98.46 98.46 98,46
Welding Voltage*Welding Speed il; 156.16 156.16 156.16
Welding Voltage*Gas Rate 1 244,59 244,59 244.59
Welding Speed*Gas Rate 1 6.53 6.53 6.53
Welding Current*Welding Voltage* 1 106.84 106.84 106.84

Welding Speed

Welding Current*Welding Voltage* 1 286.14 286.14 286.14
Gas Rate

Welding Current*Welding Speed* 1 26.34 26.34 26.34
Gas Rate

Welding Voltage*Welding Speed* 1 100.43 100.43 100.43
Gas Rate

Welding Current*Welding Voltage¥ 1 8.81 8.81 8.81
Welding Speed*Gas Rate

Error 15 1490.61 1490,61 99,37

Total 31 2983.02

5 = 9,966864 R-8q = 50.03% R-Sg{adj) = 0.00%

Unusual Observations for Hardness

Obs Hardness Fit SE Fit Residual St Resid
16 61.4200 44,1678 7.2658 17.2522 2.53 R
20 25,0000 42,2522 7.2658 -17.2522 -2.53 R

R denotes an observation with a large standardized residual.
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F
0.30
0.08
2.31
0.80
0.56
0.35
0.22
0.99
1.57
2.46
0.07
1.08

2.88

0.27

1.01

0.09

P
0.595
0.787
0.14%
0.385
0.468
0.563
0.647
0.335
0.229
0.138
0.801
0.316

0.110

0.614

0.331

0.770
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General Linear Model: Tensile versus Blocks, Welding Current, Welding Voltage, Welding

Speed and Gas Rate

Factor Type Levels Values
Blocks fixed 2 1, 2
Welding Current fixed 2 85, 115
Welding Voltage fixed 2 22, 26
Welding Speed fixed 2 40, 80
Gas Rate fixed 2 15, 20

Analysis of Varlance for Tensile, using Adjusted S8S for Tests

Source DF Seq S5 Adj SS Adj MS F P
Blocks 1 650.4 650.4 650.4 0.92 0,354
Welding Current 1 797.7 797.1 797.7 1.12 0,306
Welding Voltage 1 392.8 392.8 3%2.8 0.53 0.469
Welding Speed 1 475.9 475.9 475.9 0.67 0.426
Gas Rate iy 7.7 7.7 7.7 0.01 0.918
Welding Current*Welding Voltage 1 862.9 862.9 862,9 1.21 0.288
Welding Current*Welding Speed 1 0.2 0.2 0.2 0.00 0.988
Welding Current*Gas Rate 1 354.6 354.6 354.6 0.50 0.491
Welding Voltage*Welding Speed 1 539.8 53%.8 539.8 0,76 0.397
Welding Voltage*Gas Rate 1 203.3 203.3 203.3 0.29 0.601
Welding Speed*Gas Rate i 3230.7 3230.7 3230.,7 4.55 0.050
Welding Current*Welding Voltage* 1 3418.2 3418.2 34318.2 4.81 0.044

Welding Speed
Welding Current*Welding Voltage* 1 600.9 600.9 600.9 0.85 0.372
Gas Rate

Welding Current*Welding Speed?® 1 845.7 845.7 845.7 1.19 0.292
Gas Rate

Welding Voltage*Welding Speed* 1 9.4 9.4 9.4 0.01 0.910
Gas Rate

Welding Current*Weiding Voltage* 1 g44.1 844.1 844.1 1.19 0,293
Welding Speed*Gas Rate

Error 15 10657.2 10657.2 710.5

Total 31 23881.5

S = 26.6549 R-Sg = 55.39%  R-Sq(adj) = 7.81%

Unusuval Observations for Tensile

Obs Tensile Fit SE Fit Residual St Resid
9 511.470 471.022 19.428 39.848 2,18 R
24 440.790 480.638 19.428 -39.,848 -2.18 R

R denotes an observation with a large standardized residual.
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