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Lampiran ukuran spesimen uji kekerasan brinnel
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BATAS MAXIMALI TEMPERATUR

1000* CELCIUS

1000° CELCIUS

(Seribu Derajat Celcius)

1000° CELCIUS (01010 )@ i @ LU L)

(Seribu Derajat Celcius) (Seribu Derajat Celcius)
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Lampiran SEM-EDX spesimen L1

w

Fakultas Teknik

Universitas Negeri Malang
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O_-'L’\““\ T L L B S B S L T T
1 2 3 4 5 6 7 8 9 10
Energy [keV]
Mass | Mass Norm | Atom abs. error Rel.
Elem | At No Netto [%] [%] [%] [%e] error [%]
ent (1 sigma) (1
sigma)
c 6| 2447 | 2045 2045 | 16.13 3.0 9.60
(o] 8| 30.39 9.71 1207 | 13.07 1.01 04.14
Mg 12 722 0.89 0.81 0.70 0.10 17.23
Al 13 | 87501 | 79.81 57.54 | 54.01 5.03 9.14
sl 14 | 3270 419 1.16 1.14 0.17 7.71
Fe 26 400 5.70 1.45 1.42 0.21 6.84
Yb 70| 99.41 | 18.91 13.07 | 1353 0.50 9.07
Sum | 139,66 100.00 | 100.00
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Lampiran SEM-EDX spesimen L2

>

Fakultas Teknik

Universitas Negeri Malang

TM4000 18k X500 BSE.

cps/eV

o

wn

IS

b Yb

31 Si

Yo

24

1]

o] :' “ — : T T T \" T

1 2 3 4 5 6 7 8 9 1
Energy [keV]
Mass Mass Atom abs. error Rel. error
Eleme At. Netto| | [%] Norm [%] (%]
nt No. [%a] (1 sigma) (1 sigma)
C 6| 2180 | 19.74 13.94 [ 2570 427 10.14
(8] 8| 27.61 8.89 11.85 5.07 117 06.11
Mg 12 597 0.33 0.39 0.35 0.09 11.70
Al 13 | 87604 | 80.00 58.29 | 5276 217 412
Sl 14 | 3400 6.01 10.71 QRrR7 0.11 6.71
Fe 26 189 3.7 3.73 1.26 0.20 8.21
¥b 7o 894 207 1.09 390 0.90 720
Sum | 120.7 100.00 | 100.0
5 0
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Lampiran SEM-EDX spesimen L3

Fakultas Teknik BROKER
Universitas Negeri Malang ==

cps/eV
b Yb
3 NED
vo
ol i ™ | | ! S ! |
1 2 3 4 5 6 7 8 9 10

Energy [keV]

Mass | Mass Norm | Atom | abs. error Rel. error
Element | At | Netto | [%)] [%] [%] [%] [%]
No. (1 sigma) | (1 sigma)
Cc 6] 2991 3040 16.03 | 17.08 3.07 1545
o] 8| 4713 2275 2368 | 2293 2.04 7.08
Mg 12 737 0.82 0.79 0.75 0.15 11.95
Al 13 | 80012 | 69.57 50.37 | 50.12 6.60 B53
Sl 14 | 3475 453 1.59 1.48 0.17 6.51
Fe 26 390 5.09 277 259 0.30 a.71
Yb 70| 9018 | 16.79 477 575 0.70 543
Sum | 139.95 100.00 | 100.00
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Lampiran SEM-EDX spesimen M1

Fakultas Teknik

Universitas Negeri Malang
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1 2 3 4 5 6 7 8 9 10
Energy [keV
Mass | Mass Norm | Atom abs. error Rel. error
Element | At Netto [%e] (%] [%] (%]
No. {1 sigma) (1 sigma)
c 6| 2150 17.11 1342 2720 4.30 10.12
o 8| 3581 9.83 9.10 5.01 1.69 06.49
Mg 12 602 0.48 0.41 0.38 0.12 12.11
Al 13| 90514 | 80.12 58.79 | 53.00 3.95 3.01
1| 14 | 3660 7.90 11.75 971 0.19 6.70
Fe 26 172 3.69 3.14 1.22 0.13 7.41
Yb 70 730 249 3.39 2.49 0.50 7.11
Sum | 121.62 100.00 | 100.00
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Lampiran SEM-EDX spesimen M2

Fakultas Teknik BROUKER
Universitas Negeri Malang
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Universitas Negeri Malang

TMA000 10KV X500 BSE M -

Mass Mass Atom | abs. error Rel. error
Element | At. | Netto [%6] Norm %] [%&]
Mo. [%e] (1 sigma) (1 sigma)
c 6| 2173 | 18.91 1358 | 2766 3.54 18.71
(5] 8| 3586 | 084 7.08 | 10.81 167 16.93
Mg 12| 622| 055 040 | (.40 0.07 12.03
Al 13| 91513 | B3.32 58.88 | 54.25 3.77 453
S 14| 3475 | 6.26 450 3.92 0.32 5.08
Fe 26| 222 | 427 307 | 134 0.42 0.93
Yb 70| 9662 | 15.99 1148 | 1.62 0.79 4.93
Sum | 139.15 100.00 | 100.00
Lampiran SEM-EDX spesimen M3
- R,
Fakultas Teknik B(Rggjﬂ
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7cps/eV
b Yb
O Mg Si
| Fe Yo
‘llw L L — T L L A A N T T ]
1 2 3 4 5 6 8 9 10
Energy [keV]
Mass Mass Atom | abs. error | Rel. error
Element | At Netto [%e] MNorm (%) [%e] [%]
No. [%e] (1sigma) | (1 sigma)
c 6| 2391 2040 14.23 | 15.98 2.95 7.23
0 8| 3951 | 13.09 15.07 | 14.70 1.07 16.00
Mg 12 893 0.93 0.94 0.91 017 10.58
Al 13| 80107 | 71.35 52.95| 5200 6.80 7.59
] 14] 3341 4.02 1.14 1.12 0.15 8.14
Fe 26 360 4.98 1.37 1.33 0.23 7.3
Yb 70| 9658 | 19.31 143] 1387 0.51 9.01
Sum | 134.08 100.00 | 100.00

Lampiran SEM-EDX spesimen N1
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Fakultas Teknik

Universitas Negeri Malang

TMA000 10KV X500 BSE
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0: | l ¥ T J‘ ‘ 4 J\ T J T T " s IJ J . T l JI ‘ J\ - l T
1 2 3 4 5 6 7 8 9 10
Energy [keV]
Mass Mass Atom | abs. error | Rel. gmor
Element | At | Nefto | [%] Norm [%] [%] [%]
No. [%] (1sigma) [ (1sigma)
c 6| 1933 | 14.11 1269 | 24.01 511 13.12
(o] 8| 2854 8.81 1.98 4.90 2.05 17.92
Mg 12 600 0.40 0.40 0.37 0.19 11.79
Al 13 | 90670 | 90.12 60.41 | 58.76 212 4.00
Sl 14| 3940 8.99 13.95 | 10.01 017 6.57
Ca 20 302 1.25 1.01 0.09 0.19 9.67
Fe 26 195 417 5.19 1.03 0.1 740
Yb. 70 910 2.50 5.07 0.83 0.58 842
Sum | 130.35 100.00 | 100.00

Lampiran SEM-EDX spesimen N2
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Fakultas Teknik BRUKER
Universitas Negeri Malang e
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1 2 3 a 5 6 7 8 9 10
Energy [keV]
Mass | Mass | Atom | abs. emor | Rel eror
Element | At | Netto | [%] Norm [%] [%] (%]
No. [%] (1sigma) | (1 sigma)
c 6| 2170 | 18.90 13.05 [ 26.21 3.30 17.94
o} 8| 3584 9.81 7.04 | 1117 1.69 12.93
Ma 12 622 0.55 0.40 0.40 0.07 11.04
Al 13| 91512 | 83.27 59.85 [ 54.20 4.51 5.01
Sl 14| 3467 6.16 4.44 3.81 0.31 5.63
Ca 20 292 1.09 0.45 1.07 0.27 7.55
Fe 26 21 4.27 3.27 1.27 0.42 9.93
Yb 70| 9659 | 14.80 11.50 1.87 0.70 7.19
Sum | 138,85 100.00 | 100.00

SEM-EDX spesimen N3
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Fakultas Teknik

Universitas Negeri Malang
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ca FE e
27
OHJ‘ | J | RS AT EEEEnMEm e
1 2 3 4 5 6 7 8 9 10
Energy [keV]
Mass | Mass | Atom | abs. emor | Rel emor
Element | At | Nefto | [%] | Nomm | [%)] %] (%]
No. [%] (1sigma) | (1 sigma)
C 6| 2170 | 18.90 13.50 | 26.89 3.30 16.11
0O 8| 3579 8.80 201 1201 1.68 07.90
Ma 12 619 0.51 0.38| 0.39 0.08 12.90
Al 13| 91481 | 81.23 59.80 | 54.11 3.90 3.07
Sl 14 [ 3459 6.07 440 3.76 0.32 5.90
Ca 20 289 1.06 070 0.39 0.12 8.92
Fe 26 200 2.93 319 125 0.67 9.80
Yh 70| 9650 | 15.80 11.02 1.20 0.40 3.50
Sum | 136,3 100.00 | 100.00
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Hasil uji kekerasan brinnel

,A) LABORATORIUM UJI BAHAN Mo. Cokumen :
" POLITEKNIK PERKAPALAN NEGERI SURABAYA T2nggel
. HARDNESS TEST - BRINELL mevis
SPK Mo o T1-W/PLIS/BIR/2026
Customer : 5dr. M. Lugmen Hakim
Project :
Specimen . Cast Weld. Process
Iaterial : Aluminium 6061 Pasition
Dimensian : a5 received Walder
Test Method  : ASTM E10 Reff. Code
Equipment
Hame . Digital Brinell Tester Manufacturer  © TIME - China
Brand/Type  © TIME /TBH-3000D Saris| Mumber : 1353HBW22406
Test Resuit:
Test Load : 125kgf Indentor Biall Z5mm Drwell time - 155
MNo. i:::::: Pasition Location Hard:;;;‘;‘ulu: AE:;T Remark
1 1 4E,00
2 Tanpa TS 2 53,53 042
3 3 4B.82
4 1 54,61
5 11 2 44,07 4322
& 3 48,57
7 1 57,28
B T6-165-13 L2 2 48,61 54,85
g 3 58,85
10 1 53,05
11 L3 2 48,75 50,21
12 3 4E,B2
13 1 47,03
14 11 2 55,28 52,85
15 3 56,23
16 1 56,06
17 TE-165-2.5 L2 2 53,80 54,01
1E 3 52,18
18 1 57,75
0 L3 2 5747 57,48
1 3 57,22
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,--'\.) LABORATORIUM UJI BAHAN Mo, Dakumen
'* POLITEKMNIK PERKAPALAN MEGERI SURABAYA Tanggal
. :" HARDMESS TEST - BRIMELL Revisi

Mo. 5;::::: Pasition Location H‘MF;;;?HI“ A;:I:IT Remark

12 1 55,ED

23 11 z 55,02 56,62

T 3 5,05

25 1 48,62

16 TE-165-3.5 Lz z 48,17 50,27

27 3 52,02

2B 1 4148

29 L3 z 43,04 38,87

30 3 32,10

31 1 66,73

32 L1 z 57.29 £2,30

33 3 62,E7

34 1 58,08

35 TE-185-1.5 L2 z 60,17 59,92

iE 3 50,60

37 1 61,16

38 L3 z 47.03 55,14

38 3 57,22

T 1 75.67

41 L1 z 74,25 75,61

42 3 76,52

43 1 67,73

44 T6-185-2.5 L2 z 65,82 63,89

45 3 5E,11

46 1 66,83

47 L3 z 71,86 64,25

48 3 53,55

45 1 G67.42

50 L1 2 71,06 70,73

51 3 72,B0

51 1 12,35

53 TE-185-3.5 L2 z 1E,08 16,75

54 3 18,81

55 1 66,26

56 L3 s 67,63 66,75

57 3 66,35
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,.il"}) LABORATORIUM UJI BAHAN Mo. Cokumen |:
"' POLITEKNIK PERKAPALAN NEGERI SURABAYA Tanggal
. HARDNESS TEST - BRINELL —
Mo S;t:r:::: Position Location Har\d:;::"';‘ulu: AE:;T Remark
5B 1 15,51
59 L1 z 25,83 21,63
&0 3 15,54
651 1 76.51
52 TE-205-1.5 L2 z 86.05 79,78
53 3 76,78
1] 1 61,74
&5 L3 z GE.AS 65,19
56 3 65,39
57 1 54,45
68 L1 z 65,13 62,67
65 3 64,42
70 1 56,39
71 TE-205-2.5 L2 z 67,07 64,61
72 3 60,37
73 1 6245
74 L3 I 54.20 61,83
75 3 58,03
76 1 50,27
7 L1 2 52,02 52,50
7B 3 56,40
79 1 60,00
20 TE-205-3.5 L2 2 62,534 60.28
g1 3 58,21
g2 1 73.21
23 L3 2 54,65 ]
24 3 65,03
Surabaya, May 2§, 2026
[omee o
Test Result:
Test Load : 125kgf Indentor : Ball @5mm Dwelltime : 15s
No. SaTp. Position ‘ Location Hardriess Valis || FAverage Remark
Stamp | (BHN) (BHN)
1 1 82,88
2 RAW ‘ - . 2 | 78,87 81,04
3 3 81,38

Surabaya, May

, 2026
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LABORATORIUM UJI BAHAN No. Dokumen |:
POLITEKNIK PERKAPALAN NEGERI SURABAYA  [femggel |

e HARDNESS TEST - BRINELL o
Tanpa T6 T6-165-1.5
T6-165-2.5 T6-165-3.5
T6-185-15 T6-185-25
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LABORATORIUM UJI BAHAN No. Dokumen |:
. POLITEKNIK PERKAPALAN NEGERI SURABAYA  |mnggal  |:

HARDNESS TEST - BRINELL Revii

PPNS

T6-185-3.5 T6-205-15

T6-205-2.5 T6-205-3.5
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