LAMPIRAN
Lampiran proses peleburan

Memasukkan aluminium

ke dalam tungku krusibel Melapisi permukaan Memanaskan cetakan
dengan fluks

Sy

M . . Proses penuangan Membongkar hasil
engambil aluminium aluminium ke dalam aluminium cair yan
cair pada tungku krusibel uminiim catr yang

cetakan sudah membeku
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Lampiran proses pembuatan sampel

Menghaluskan Pemotongan avs{al Pemtong‘an kfe 2 dengan
. menggunakan gerinda frais milling
permukaan hasil coran duduk

Lampiran jumlah sampel
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Lampiran perlakuan panas T6

Heat treatmen 540°C Proses artifical
pelarutan selama 1 jam aging/penuaan buatan

Heat treatmen/proses

<)
. g

Perlakuan panas T6,
165°C selama 1,5 jam

Perlakuan panas T6,
165°C selama 2,5 jam

L TEMPERATUR

TUS

& S ; ?é‘;k"%
Perlakuan panas T6,
185°C selama 1,5 jam 185°C selama 2,5 jam selama 3,5 jam

65



Program Studi Teknik Mesin
Fakultas Teknik Universitas 17 Agustus 1945 Surabaya

AAXIMAL TEMPERATUR

el o8 »-. PITENEL 2 5 A *f
Perlakuan panas T6, Perlakuan panas T6, rlkua ans ;1“6 205°C
205°C selama 1,5 jam 205°C selama 2,5 jam ’

selama 3,5 jam

Proses Pengujian Brinell

S
Meletakkan sampel uji Proses penataan titik Proses penekanan bola
pada alas alat uji penekanan indentor
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Hasil uji kekerasan raw material

LABORATORIUM LJI BAHAN Mo Dokumen [:
POLITEKNIK PERKAPALAN NEGERI SURABAYA Tanggal :
PPNS HARDMESS TEST - BRINELL Ravisi
SPK Mo. » 10N/ PL1SSBIR 2026
Customer : Sdr A Yusuf Sya'ban
Project
Specimen : RAW Weld. Process
Material : Aluminium G061 Position
Dimension : as received Walder
Test Method @ ASTM E10 Reff. Code
Equipment
Mame : Digital Brinell Tester hanufacturer @ TIME - China
Brand_.'Type : TIME f TEH-3000D Serial Mumber 1 1555HBW2 24068
Test Result:
Test Load : 125kgf Indentor : Ball E5mm Dweell time @ 155
Sample Hardness Value | Average
: R k

No, Stamp Paosition Location (EHN) (BHN) ermar|

1 - 1 82188

2 RAA - 2 78,87 81,04

3 - 3 21,38

Surabaya, May 20, 2026
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LABORATORIUM UJI BAHAN

No. Dokumen |:

POLITEKNIK PERKAPALAN NEGERI SURABAYA

Tanggal

HARDNESS TEST - BRINELL

Revisi
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Hasil Uji kekerasan T6

2

LABORATORIUM UJI BAHAN

Mo. Dokumean

POLITEKNIK PERKAPALAN NEGERI SURABAYA Tanggal
.11..:?' HARDMESS TEST - BRINELL Revisl
SPE No. T T PLIS/BIR/ 2026
Customer : Sdr. Muizur Rizal Ubaidillah
Project -
Specimen : Cast Weld. Process
Material : Aluminium B061 Position
Dimension : as received Welder
Test Method  : ASTM EL10 Reff. Code
Equipment
Name : Digital Brinell Tester Manufacturer o TIME - China
Brand/Type : TIME llll TEBH-3000D Seral Number : 1555HBW2Z406
Test Result:
Test Load : 125kgf Indentor - Ball @smm Dwell time - 155
- Sample Position (et Hardness Value| Awverage e
Stamp (BHN) (BHN)
1 ! 58,58
2 Tanpa Té 2 45,90 51,34
3 3 48,55
4 1 58,40
5 11 2 59,41 58,95
6 3 58,03
7 1 54,11
8 T6-165-1.5 12 2 54,86 54,36
a9 3 54,11
10 1 22,88
11 13 2 2261 22,44
12 3 21,82
13 1 67,63
14 11 2 58,95 51,14
15 3 56,84
16 1 61,05
17 TE-165-2.5 12 2 56,13 58,13
18 3 57.22
19 1 60,85
20 13 2 67,98 54,78
21 3 55,52
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A) LABORATORIUM UJI BAHAN MNo. Dokumen
" POLITEKNIK PERKAPALAN NEGERI SURABAYA Tanggal
- ..\f HARDMESS TEST - BRINELL Revisi

No. s::::l: Pasition Location Ha[d?:::;alue T::I:IE]E Remark

22 1 56,57

23 11 2 58,76 57,63

24 3 57.57

25 1 59,14

26 T6-165-3.5 12 2 56,75 59,25

27 3 61,86

25 1 58,21

29 13 2 57,65 59,10

30 3 51,45

31 1 55,47

32 11 2 51,95 54,35

33 3 55,63

34 1 62,45

35 T6-185-1.5 12 2 75,41 71,09

£ 3 75,41

37 1 62,66

38 13 2 58,76 &0,99

39 3 61,54

40 1 63,08

41 11 2 75,98 67,41

42 3 63,18

43 1 71,44

44 TE-185-2.5 12 2 63,61 68,45

45 3 64,42

46 1 73,46

47 13 2 65,62 6857

48 3 66,63

49 1 38,95

50 11 2 54,11 58,25

51 3 71,68

52 1 59,14

53 TE-185-3.5 12 2 67,07 61,60

54 3 58,58

55 1 82,46

56 13 2 67,63 71,76

57 3 65,20
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LABORATORIUM UJI BAHAN Mo. Dokumen
POLITEKNIK PERKAPALAN NEGERI SURABAYA Tanggal
PPNS HARDMESS TEST - BRINELL Revisi

No. S:tr::l: Position Location Haldrﬂe::l\]f'alue T:;:f],e Remark
58 1 24,77

53 11 2 18,87 24,84

60 3 30,89

61 1 68,34

62 T6-205-1.5 12 2 68,73 71,22

63 3 75,58

64 1 72,96

65 13 2 79,89 75,91

66 3 74,89

67 1 31,45

68 11 2 31,30 31,22

69 3 30,27

70 1 61,54

71 T6-205-2.5 12 2 58,03 56,44

72 3 48,75

73 1 65,62

74 13 2 70,21 67,41

75 3 66,39

76 1 52,65

77 11 2 65,62 62,08

78 3 67,98

79 1 56,67

80 T6-205-3.5 12 2 58,03 56,99

Bl 3 55,28

B2 1 74,89

83 13 2 62,87 67,47

84 3 64,65

Surabaya, May 26, 2026

71



Program Studi Teknik Mesin
Fakultas Teknik Universitas 17 Agustus 1945 Surabaya

LABORATORIUM UJI BAHAN No. Dokumen |:
POLITEKNIK PERKAPALAN NEGERI SURABAYA Tanggal :

HARDNESS TEST - BRINELL Reisi

"PNS

TanpaT6 T6-165-1.5

T6-165-2.5 T6-165-3.5

T6-185-1.5 T6-185-2.5
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LABORATORIUM UJI BAHAN No. Dokumen |:
POLITEKNIK PERKAPALAN NEGERI SURABAYA Tanggal :

HARDNESS TEST - BRINELL Revisi

"PNS

T6-185-3.5

T6-205-1.5

T6-205-2.5 76-205-3.5

Lampiran Proses pengamatan SEM-EDX
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Sampel Al

Lampiran hasil SEM-EDX

cpsfev

2
'
OH\‘ ! | S I |.||‘ |
1 2 3 4 5 6 7 8 9 10
Energy [keV]
Fakultas Teknik B%ﬂ
Universitas Negeri Malang
Mass | Mass Norm | Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [%] [%] [%6] (1 sigma) (1 sigma)
c 6] 2535| 26.17 17.76 | 33.76 4.60 17.23
o] 8 4850 16.16 12.25 17.29 3.05 16.01
Mg 12 556 0.70 0.50 0.46 0.09 11.76
Al 13 | 48230 | 59.80 45.80 | 38.99 2.80 4.55
Sl 14 | 4350 9.88 7.40 5.80 0.50 4.84
Ca 20 326 1.13 0.88 0.49 0.10 9.73
Fe 26 310 6.68 4.97 2.01 0.54 8.98
Yb 70| 5535| 12.66 9.49 1.22 0.60 5.15
Sum | 133.18 100.00 | 100.00
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Sampel A2

cps/eV

b b

3

wia i "

2 [

. E

0 l i : : : : - - e ‘

1 2 3 4 5 & 7 8 9 10
Energy [keV]
Fakultas Teknik B}Eé:
Universitas Negeri Malang
Mass | Mass NMorm | Atom [ abs. error [%] | Rel. error [%]
Element | At. No. [ Netto [%] (%] [%] {1 sigma) (1 sigma)
c 6| 2180 | 17.81 1352 | 2B8.06 3.7 18.71
0] 8 3690 9.58 7.04 | 11.02 1.57 16.92
Mg 12 730 0.41 0.47 0.42 0.06 12.04
Al 13| 91610 | 79.40 59.55 | 53.48 3.24 4.59
Si 14 3254 6.26 4.45 3.97 0.32 5.07
Fe 26 320 4.30 3.17 242 0.45 9.52
Yb 7a 9771 16.01 12.058 1.758 0.70 4.63
Sum | 153.77 100.00 | 100.00

75



Program Studi Teknik Mesin

Fakultas Teknik Universitas 17 Agustus 1945 Surabaya

Sampel A3

Fakultas Teknik

Universitas Negeri Malang

Enerev [keVl

-m-
(PO

Mass | Mass Norm | Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [%] [%] [%&] (1 sigma) (1 sigma)
Cc 6 1421 21.54 156.81 28.45 4.40 16.70
@] 8] 4152 | 2140 16.76 | 20.21 3.64 16.30
Mg 12 340 0.65 0.42 0.46 0.10 12.84
Al 13 | 32565 | 59.30 44.80 | 38.36 2.62 4.60
Sl 14 | 4045| 1315 8.54 7.50 0.53 4.40
Ca 20 122 0.71 0.56 0.45 0.10 9.48
Fe 26 305 5.82 4.21 1.60 0.45 7.15
¥b 70| 4100| 1259 9.49 1.29 0.69 4.55

Sum | 132.16 100.00 | 100.00
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Sampel B1

cps/eV
61
3
al
) Yb
‘Win "W
Fe Yb
1 [ ]
2] [ ]
1l [ |
1 BN
1l [l
1 \
ol Ay Lt T T T T T T T T :
1 2 3 a 5 6 7 8 9 10
Energy [keV]
Fakultas Teknik B'Eg
Universitas Negeri Malang
Mass | Mass Norm | Atom | abs. error [%] | Rel. error [%)]
Element | At. No. | Netto [%] [%] [%] (1 sigma) (1 sigma)
c 6] 2180| 17.81 13.52 | 28.06 3.71 18.71
0 8 3690 9.58 T.04 | 11.02 1.57 16.92
Mg 12 730 0.41 0.47 0.42 0.06 12.04
Al 13 | 91610 | 79.40 59.55 | 53.48 3.24 4.59
Si 14 3254 6.26 4.45 3.97 0.32 5.07
Fe 26 320 4.30 317 242 0.45 9.52
¥b 0 9771 16.01 12.05 1.75 0.70 4.63
Sum | 153.77 100.00 | 100.00
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Sampel B2

4
b b
3
EI Fe b
2
1
0<>'t"||""""|' T '|'"'|""|""'|""'|"|"|"'|'
1 2 3 4 5 6 7 8 9 10
Energy [keV]
Fakultas Teknik Btgg:
Universitas Negeri Malang
Mass | Mass Norm | Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [%&] [%] [%] (1 sigma) (1 sigma)
c 6] 2180 | 17.81 1352 | 28.06 3.7 18.71
o] a 3690 9.58 7.04 [ 11.02 1.57 16.92
Mg 12 730 0.41 0.47 0.42 0.06 12.04
Al 13 | 91810 | 79.40 59.55 | 5348 3.24 4.59
Si 14 3254 6.26 4.45 3.97 0.32 5.07
Fe 26 320 4.30 317 242 0.45 9.52
Yb 70 a771 16.01 12.05 1.75 0.70 4.63
Sum | 153.77 100.00 | 100.00
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Sampel B3

_cps/eV

o

8-

74

6 |

B

4 ‘_“ - - -

3 i

2] i .

| ;‘ ;'
0:‘.||:.| . | . R DS o ey 1S

1 2 3 4 5 6 7 8 9 10
Energy [keV]
Fakultas Teknik Bh'
Universitas Negeri Malang
Mass | Mass Norm | Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Metto [%a] (%] [%&] {1 sigma) (1 sigma)
c 6 823 | 1457 11.20 | 28.99 3.60 19.82
o] 8| 4132| 2514 16.43 | 26.57 3.93 16.29
| Mg 12 ] 1133 2.55 1.81 1.81 0.12 7.41
Al 13| 29542 | 65.40 49.88 | 42.84 2.98 4.42
Sl 14 | 1020 4.15 3.15 3.05 0.37 6.30
Ca 20 260 1.60 1.42 0.81 0.14 9.25
Fe 26 123 4.20 3.1 1.31 047 10.50
Yb 70| 1245] 13.59 11.01 1.40 0.69 5.21
Sum | 137.2 100.00 | 100.00
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Sampel C1

cps/eV

C

Ca
. , H ca Fe
1
0 s | + T L 1 T T T T T ' II T T

1 2 3 4 5 3] 7 8 9 10
Energy [keV]
Fakultas Teknik Bh'

Universitas Negeri Malang

Mass | Mass Norm | Atom | abs. error [%)] | Rel. error [%]
Element | At. No. | Netto [%] (%] [%6] (1 sigma) {1 sigma)
c 5] 1321 11.91 10.63 | 18.78 2.60 20.98
9] 8| 10530 [ 23.20 2188 | 28.01 345 14.00
Mg 12 3402 2.70 2.39 2.10 0.12 6.62
Al 13| 83702 [ 67.30 59.90 | 47.30 3.05 4.50
Si 14 1541 2.22 2.02 1.52 0.14 6.42
Ca 20 636 1.60 1.50 0.73 0.12 6.42
Fe 26 144 1.88 1.68 0.53 0.28 12.30

Sum | 124.53 100.00 | 100.00
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Sampel C2

E b
Na |
3
|
2 |
1
0 l = T T T T ||I | T T
2 3 4 5 6 7 8 9 10
Energy [keV]
Fakultas Teknik !-'t"
Universitas Negeri Malang
Mass | Mass Norm | Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [%] [%] (%] {1 sigma) (1 sigma)
c 5] 1283 [ 14.59 1189 [ 2578 3.25 19.98
0] 3] 2973 [ 1095 935 ([ 14.10 1.90 17.58
Na 11 708 1.0 0.86 0.92 0.12 10.40
Mg 12 395 0.48 0.42 0.42 0.07 12.60
Al 13 | 53793 | 66.84 56.30 [ 50.37 3.1 4.50
Si 14 2727 6.70 5.62 4.90 0.36 5.60
Fe 26 110 247 1.90 0.90 0.34 13.15
¥b 70 5660 [ 13.20 11.08 1.48 0.69 5.15
Sum [ 116.23 100.00 | 100.00
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Sampel C3

9

8

7

6

5

3

2

AL

o ML ||.J. AL —— = 1o '||'|' |I — ,l.l.'l.l.'| | .l.‘l.'

1 2 3 4 5 6 7 8 9 10
Energy [keV]
Fakultas Teknik !%
Universitas Negeri Malang
Mass | Mass Norm | Atom | abs. error [%)] | Rel. error [%]
Element | At. No. | Netto [%] [%] [%] (1 sigma) (1 sigma)
c (5] 3160 | 14.81 12.30 | 2597 2.80 16.97
8] 8 5851 10.02 883 11.80 1.50 16.50
Mg 12 926 0.48 0.42 0.42 0.05 12.04
Al 13 | 13301 68.79 56.30 | 52.98 3.15 4.55
Si 14 5403 6.03 4.50 4.11 0.532 5.05
Fe 26 501 5.70 4.20 2.08 045 7.50
Yb 70 | 16370 | 16.50 12.74 1.77 0.70 4.30
Ta 73 1435 220 1.55 0.25 0.18 6.75
Sum | 124.53 100.00 | 100.00
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