LAMPIRAN

Proses remelting

Proses penuangan

Proses pembongkaran Proses

pendinginan




Program Studi Teknik Mesin
Fakultas Teknik Universitas 17 Agustus 1945 Surabaya

Proses pengukuran hasil coran

Lebar 245 mm Panjang 495 mm

Tebal 25 mm
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Proses Pemotongan Dan Finising Untuk Pembuatan Spesimen Uji

wi

Proses bubut facing untuk meratakan
permukaan

i

Proses pemotongan

Hasil pemotongan
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Proses Pengujian Kekerasan Brinell

Pengujian ) gt
Kekerasan Brinell

Spesimen uji kekerasan

Proses pengujian SEM-EDX

Proses Sterilisasi Spesimen Uji SEM-
EDX

, | :

Proses scanning
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Pengujian SEM-EDX

» Spesimen raw material

Fakultas Teknik
Universitas Negeri Malang
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sampal standan 635

Elamant AL No. SNetto

%]

C 6 001 6857
o 3 140 933
g 12 2149 126
al 13165763 8242
51 14 314 Das
e 20 a3 061
sum 161.23

Fakultas Teknik
Universitas Neger Malang

(%] %]
.30 B2
391 o4y
073 0356
22,3 3356
027 017
033 012

100,00 100.00

|1 sgma)
10.63
200
0.11
am
0.m
0.0%

Mg Mass Norm. Atom abs. Sevor %] 1ol emor [%]

(1 sigma)
1638
20953
£3%
L3
127
LR}
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» Spesimen tanpa T6

Fakultas Teknik %

Universitas Negeri Matang
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Fakultas Teknik l%ﬁ

Universitas Negari Malang

senpel tandart 458

Mass Mass Noem. Atom abs, edror [%) rel. error [%)
Uement ALNO.NETO 1) (%] 1% (3sigms)  (1sigme)
C 6 1478 3046 2245 37.23 624 20,50
0 £ 2529 1699 12,52 1559 307 18.10
Mg 12 &9 095 0.2 057 Q.10 10.72
Al 1) 35490 7587 8.1) 4292 )40 4.5
s 14 1822 5. 397 282 o 585
Ca 2 1% 080 0.59 0.29 0.10 12.15
fe % 132 222 164 058 023 12.40

Sum 135.68 100.00 100.00
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» Spesimen F1

Fakultas Teknik -ggn

Universitas Negeri Malang

Energy [keV]
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Fakultas Teknilk

Univarsitas Negeri Malang

<

Mass Mass Morm | Atom | abs. error [3] | Rel. error [%]
Element | At. No. | Netto [38] [3a] [38] (1 sigma) (1 sigma)
C B 1200 | 11.93 14.73 | 28.13 12.41 13.00
0 8 11313 | 22.13 26.01| 1%9.12 16.00 17.35
Mg 12 2917 2.47 1.30 1.19 0.07 0.63
Al 13 91633 61.23 53.79 ( 45.50 0.15 2.49
Si 14 1400 2.21 1.67 1.65 6.17 6.03
Ca 20 713 1.42 1.09 0.13 0.11 10.57
Fe 26 111 1.54 1.41 0.28 0.03 12.31

Sum | 102.93 100.00 | 100.00
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» Spesimen F2

Fakultas Teknik
Universitas Negeri Malang
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Fakultas Teknik

Univarsitas Megeri Malang

B

e

KER

Mass Mass Norm Atom | abs. error [%] | Rel. error [3]
Element | At. No. | MNetto [3a] [26] [%8] (1 sigma) (1 sigma)
C 1236 16.71 1771 23.11 17.55 13.27
O 10132 20.33 2280 | 21.81 9.31 15.26
Mg 12 2528 2.41 1.29 1.17 0.1% 6.20
Al 13 91639 61.27 34.31 | 52.03 6.16 2.37
Si 14 1397 2.19 1.55 1.57 1.31 53.99
Ca 20 722 1.45 1.15 0.10 0.8 9.11
Fe 26 107 1.50 1.19 0.21 0.7 11.33

Sum | 105.86 100.00 | 100.00
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» Spesimen F3

Fakultas Teknik
Universitas Negeri Malang

A IEOVO 10K, XAGE BSE M

Energy [keV]
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Fakultas Teknik

Univarsitas Megeri Malang

e

Mass | Mass Morm | Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [%a] %] (98] (1 sigma) (1 sigma)
C 6 1434 12.56 16.29 15.33 10.21 13.00
0] 8 12103 14.31 25.03 23.89 15.73 16.11
Mg 12 3214 2.50 1.35 1.21 0.01 6.52
Al 13 7aeld 61.19 53.60 51.30 0.23 2.53
Si 14 1423 2.07 1.61 1.63 .20 719
Ca 20 719 1.45 1.07 1.21 0.13 11.00
Fe 26 127 1.61 1.05 1.43 0.11 12.33

Sum | 95.69 100.00 | 100.00
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» Spesimen G1

Fakultas Teknik -88.

Universitas Negesi Matang
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Fakultas Teknik Universitas 17 Agustus 1945 Surabaya

Fakultas Teknik

Univarsitas Maegaen Malang

aGEen

Mass Mass Norm Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [32] [3a] [35] (1 sigma) (1 sigma)
C 1375 10.97 17.45 20.44 9.11 19.27
(0] 10410 23.90 26.62 30.23 2.09 10.35
Mg 12 3278 2.53 1.87 2.07 0.13 5.30
Al 13 81513 63.20 51.65 45.10 1.17 4,75
Si 14 1513 2.10 1.77 1.37 0.09 3.65
Ca 20 721 1.47 0.34 0.34 1.07 0.21
Fe 26 137 1.73 0.30 0.45 0.17 11.55

Sum | 105.90 100.00 | 100.00
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» Spesimen G2

Fakultas Teknik 588"
Universitas Negeri Malang
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Fakultas Teknik

Univarsitas Mageari Malang

crine

Mass | Mass Norm | Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [%] [%] [98] (1 sigma) (1 sigma)
C 1203 14.26 15.79 29.57 24.50 10.59
0] 14776 21.29 41.25 30.22 10.13 13.50
Mg 12 1331 2.07 9.70 8.35 0.10 5.00
Al 13 2016 40.68 30.19 29.33 5.09 215
Si 14 1034 1.07 1.21 1.08 1.33 3.59
Ca 20 735 1.31 1.27 1.10 0.03 8.89
Fe 260 101 1.20 0.39 0.35 0.01 9.33

Sum 81.88 100.00 | 100.00
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» Spesimen G3

Fakultas Teknik .88'
Universitas Negesi Matang
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Fakultas Teknik

Univarsitas Megeri Malang

crie

Iass Mass Norm Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [%4] [2&] [%] (1 sigma) (1 sigma)
C 1380 11.87 10.50 16.85 2.37 20.81
0 10520 24.35 235.70 30.25 3.13 13.31
Mg 12 3387 2.63 2.33 2.13 0.15 3.02
Al 13 83600 | 67.31 57.91 | 47.21 2.00 3.61
Si 14 1520 2.21 1.98 1.45 0.13 0.33
Ca 20 730 1.50 1.20 1.04 0.09 7.00
Fe 26 140 1.79 0.28 1.03 0.19 12.23

Sum | 111.66 100.00 | 100.00
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» Spesimen H1

Fakultas Teknik -88"
Universitas Negeri Malang
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Fakultas Teknik Universitas 17 Agustus 1945 Surabaya

Fakultas Teknik

Universitas MNegerl Malang

crn

Mass MWass Norm Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Netto [98] [2] [98] (1 sigma) (1 sigma)
C [ 1383 11.30 10.61 18.75 2.49 20.57
0] & | 10529 24.50 21.85 29.00 3.43 14.00
Mg 12 33590 2.68 2.39 2.09 0.12 6.62
Al 13 | 83604 67.35 60.07 47.27 3.06 4,54
Si 14 1524 2.25 2.01 1.52 0.14 0.42
Ca 20 736 1.57 1.40 0.74 0.11 7.09
Fe 26 142 1.82 1.67 0.63 0.23 12.28

Sum | 112.07 100.00 | 100.00

90



» Spesimen H2

Fakultas Teknik
Universitas Negeri Malang
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Fakultas Teknik Universitas 17 Agustus 1945 Surabaya

P

Fakultas Teknik -}: KER
Universitas MNageri Malang o '
Mass Mass Morm Atom | abs. error [%] | Rel. error [%]
Element | At. No. | Metto [24] [%] [98] (1 sigma) (1 sigma)
C 1371 30.37 18.39 23.11 7.22 17.35
0] 1035 20.55 19.30 13.19 2.07 9.10
Mg 12 3172 2.49 1.66 1.40 0.07 4.35
Al 13 81516 39.19 33.95 38.10 0.18 3.41
Si 14 1302 2.03 1.70 1.60 6.31 311
Ca 20 730 1.40 1.35 1.20 0.10 4,20
Fe 26 130 1.69 1.65 1.40 0.13 12.40
Sum | 117.72 100.00 | 100.00
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» Spesimen H3

Fakultas Teknik -88!
Universitas Negesri Matang
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Fakultas Teknik

Univarsitas Meger Malang

eric

Mass Mass Morm Atom | abs. error [38] | Rel. error [%]
Element | At. No. | Netto [3a] [28] [38] (1 sigma) (1 sigma)
C & 1332 15.35 16.50 18.41 17.41 12.01
O 8 153017 21.31 29.36 29.40 9.27 13.61
Mg 12 2357 2,15 10.13 9.80 0.16 5.40
Al 13 87314 56.70 40.20 38.71 6.10 2.30
Si 14 1165 2.00 1.41 1.30 1.27 4.47
Ca 20 727 1.46 1.25 1.21 0.07 2.01
Fe 26 105 1.30 1.15 1.17 0.08 10.27

Sum | 100.31 100.00 | 100.00
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» Hasil uji kekerasan

@)

LABORATORIUM UJI BAHAN

Mo, Dokumen

POLITEKNIK PERKAPALAN NEGERI SURABAYA Tanggal
B ,N‘b HARDNESS TEST - BRINELL Revisi
SPKE Mo. + 10-V/PL19/BIP/2026
Customer : Sdr Akmal Taufigulhakim
Project I
Specimen : R Material Weld. Process -
Material : Aluminium &061 Paosition -
Dimension : as received Welder -
Test Method  : ASTM E10 Reff. Code -
Equipment
Name : Digital Brinell Tester Manufacturer : TIME - China
Brand,Type : TIME / TBH-30000 Serial Mumber  : 1555HBW22406
Test Result:
Test Load = 125kgf Indentor . Ball @Smm Dwell time - 15s
Sample - . Hardness Value| Average
Mo. Stamp Position Location (BHN) (BHN) Remark
1 - 1 82,88
2 RAW - 2 78,87 B1,04
3 - 3 8138

Surabaya, May

, 2026
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2

PPNS

LABORATORIUM UJI BAHAN

No. Dokumen |:

POLITEKNIK PERKAPALAN NEGERI SURABAYA

Tanggal

HARDNESS TEST - BRINELL

Revisl
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m LABORATORIUM LI BAHAN Pz, Dukarrees
POLITEKMNIK PEREAPALAN NEGERI SURABAY A Targpal
e, HARDMESS TEST - BRINELL Mewii
SPE Ma TEAPLL 9 BRTRIEE
i DT Sdv. Akl Teasfgiil Hakim
Propact .
S T Cast ekl Process
batarial Byl i B0G1 PR
Darmsansacn a5 racessd el der
Tast Mathod AETH ERD R T Coowctix
Egquigvenzar
[ Cigical Brireall Tatar Al an ulachor e TIRE - China
B et o TIFAE f THH-20000 Seerial Puiimibesay 1555HBW 128060
Tade & 1
Task Liaed ¢ LEEkgl I it o : Ball &15mm vz ] Eirviax 154
LS T His el ik ‘o' i Awita
Hi Sl:if::n Poities Location |BHK] IBHHT Ramark
1 1 S804
I Tanpa Ta ] 5793 54,54
E] 3 3165
4 1 40,47
£ 1 3 31.95 v}
£ 3 35,39
¥ 1 3606
E T6-165-15 2 2 50,35 52,59 53,07
2 [zt FL| 3 32315
i1} 1 3165
11 3 2 32,18 E0,E3
11 3 4832
13 1 36,41
14 1 F] 3140 49,53
15 3 41,39
L& 1 41,55
17 TE-165-2 5 2 F 39,96 38,00 4347
LE ezt F2] 3 1250
13 1 30,79
roi] 3 3 5745
31 3
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ﬁ) LABORATORILUMA LI BAHAN Mo Cabuma:
ﬂ_ POLITEKNIK PEREAPALAN NEGERI SURABAYA fazpga
. HARDNESS TEST - BRINELL i
Sangl , Hardnass Valua]  Awarage
Mo - Pokitioa Lacation ah = Rusaarh
1 1 £
pE) 1 1 53, 50,87
i 3 IEF:
15 1 4,41
TS TE-165-3.5 ] 2 £4,52 56,78 34,81
| odiFy a A
T 1 2,71
0 3 1 o0 56,81
30 3 5371
31 1 52,15
1 1 1 47,10 53,34
) 3 2t
m 1 55,3
6 TE-1B5-15 ] 2 t3 02 55,33 316
T3 (kneka 1) ] 3
37 1 5,1
B 3 1 B, 63,58
3 3 ELE
a0 1 50,
4l 1 1 73,70 56,05
3 ] T35
IE 1 1.4
m TE-ABS-15 ] 1 1,8 2157
a5 (ko G7) ] FENE) 39,88
IS 1 14,80
47 3 1 30,5 10,01
3 ] ne
T 1 ELIE
5 1 1 51,1 54,17
3 ] 0,8
2 1 EL%
5 TE-AB5-35 ] 1 55, o 3.4
7 |kneka 53} ] G5
25 1 55,7
5 3 1 &3, B2,
3] ] B




LABORATORIUM LI BAHAN

Mo Cokumas

POLITEKNIK PERKAPALAN NEGERI SURABAYA Ta=ppal
,.,.f HARDMESS TEST - BRIMELL il
Sarsglic i Hardniid Walue|  Awerage

Mo — Positios Lt [EHN] (B4 Rirsaik
T3 ] £4,41

5 1 1 £5,61 3,53
Ell £145
£l i £2 0l
] TE-25-15 1 F B4, 50,37 &0, 11
[ |kineka H1) ] HE
4 i £1 67
£5 S 1 &1, £6,11
E6 1 £345
E7 3,
EE 1 1 455 32,51
£ 54,3

bl 1 5,2

1 TE-205-15 1 F £L15 4,51 5737
12 | bk HI] 1 £7.51

tE] i &0,

T4 S 1 I 34,59

75 45,03

Th i £4,13

17 1 1 a3 £4,13

i £3,06

] i 19,51
& TE-I5-35 1 1 10,69 15,54 4441
a1 | bk H3) ] 17,63

i | EE, 0
23 S 1 L& i) 33,10
a4 45,5
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POLITEKNIK PERKAPALAN NEGERI SURABAYA |l

@ LABORATORIUM UJI BAHAN N Dobumes

e HARDNESS TEST - BRINELL -

TanpaTé T6-16515

T6-165.25 TE-165-35

T6-185.15 76-185-25
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LABORATORIUM UJI BAHAN No Dubumes
- POLITEKNIK PERKAPALAN NEGERI SURABAYA  |'»md

P HARDNESS TEST - BRINELL e

1618535 T6.205-15

T6205-2.5 T6-205.35
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Proses perlakuan panas T6

AS MAXIMAL TEMPERATUR

Sk P

L e T
eratur solution heat treatment
540°C selama 1 jam

Proses quenching spesimen dengan media air
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=

Tiga spesimen untuk dilakukan artificial | Temperatur 165°C selama 1:30 jarﬁ
aging

1000° CELCIUS

Tiga spesimen untuk dilakukan artificial | Temperatur 165°C selama 2:30 jam
aging
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T6 165°C . 3130 Jom
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Tiga spesimen untuk dilakukan
artificial aging

—

{FiE : %
Temperatur 165°C selama 3:30 jam

T6 (85 2 {30 jom

|
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e

B

Tiga spesimen untuk dilakukan
artificial aging

BATAS MAXTMAL TEMPERATUR
1000° CELCIUS

(Seribu Derajat Celcius)

Temperatur 185°C selama 1:30 jam
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Tiga spesimen untuk dilakukan artificial
aging
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Temperatur 185°C selama 3:30 jam
Tiga spesimen untuk dilakukan artificial
aging
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T6 265°¢ Ljo Jom

Tiga spesimen untuk dilakukan
artificial aging

] TV ST

T6 205 2% Jom

Tiga spesimen untuk dilakukan
artificial aging

Temperatur 205°C selama 2:30 jam
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Tiga spesimen untuk dilakukan
artificial aging

Temperatur 205°C selama 3:30 jam




