LAMPIRAN A

CONTOH PERHITUNGAN



Lampiran A. Contoh Perhitungan

B.1 Perhitungan kebutuhan sampel

Rumus persentase kebutuhan cor untuk 2 unsur paduan :

K;-K,

BU =
K;-K,

x 100%

BT =100% - BU

Keterangan:

BU = persentase bahan utama

BT = persentase bahan tambahan

K1 = kandungan unsur bahan utama

K> = kandungan unsur bahan tambahan
Kz = kandungan unsur yang ingin dicapai
Sampel 0,5% wt tembaga

3,15-0,5

20U . .
3,15-0,01 ><100A)> x 200 gram = 170 gram

Berat aluminium 5052 = (

Berat aluminium 2024 = 200 gram - 170 gram = 30 gram
Sampel 1% wt tembaga

3,15-1

BERCER EU )
3,15- 0,01 X“’M) x 200 gram = 135 gram

Berat aluminium 5052 = (

Berat aluminium 2024 = 200 gram - 135 gram = 65 gram

Sampel 2% wt tembaga

3,15-2

————————————— 0 =
3.15- 0,01 ><100A>)X200gram 75 gram

Berat aluminium 5052 = (

Berat aluminium 2024 = 200 gram - 75 gram = 125 gram
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B.2 Perhitungan elongasi uji tarik
Rumus persen elongasi

_p
E=2"70 5 100%
Py

Keterangan :
p = panjang akhir

Po = panjang awal

Data Sampel 0,5Cu 10% reduksi

28,24 -26
E -

% x 100% = 8,6%
Data Sampel 0,5Cu 20% reduksi

25,26 - 25
E = —_—

>3 x 100% = 1,04%
Data Sampel 0,5Cu 30% reduksi

24,097 - 25
E = —_

o x 100% = 0,4%
Data Sampel 1Cu 10% reduksi

29,108 - 25
FE=— M8

> x 100% = 16,44%
Data Sampel 1Cu 20% reduksi

25,17 -25
E=—2"_""

x 100% = 0,839
25 %=0.83%

Data Sampel 1Cu 30% reduksi
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25,26 - 25
p=22 7

>3 x 100% = 1,08 %
Data Sampel 2Cu 10% reduksi

28,79 - 25
EFE= ——M

> x100% = 15,2 %
Data Sampel 2Cu 20% reduksi

25,17 -25
E: [ —

55 x 100% = 0,68 %
Data Sampel 2Cu 30% reduksi

. 25,15 -25
a 25

x 100% = 0,6 %
B.3 Perhitungan rata-rata ukuran butir

Rumus rata-rata ukuran butir metode jeffries planimetric

d=(A)12
Keterangan:

f = jeffries faktor

M = Perbesaran Mikroskop

a= Luas area lingkaran pada 1x (mm?)

Na = Jumlah butir per luas area lingkaran (mm)

n; = rata-rata butir yang terhitung di dalam lingkaran
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n, = rata-rata butir terhitung yang bersinggungan dengan lingkaran
A = Rata-rata luas butir (um?)

d = Rata-rata ukuran butir (um)

Data Sampel 0,5Cu 0% reduksi

f= M S0 =12,5 mm™
a 1998 °>mm

Na=f [m+ (%)] ~12.5 [30,67+ (?)] = 496,31 mm™

6
A

= = 2
0631 2014:863

d=(2014,863)">=44,89 pym
Data Sampel 0,5Cu 10% reduksi

f= AL =12,5mm™
"2 1998 ~o0mm

19,33

n
Na=f [n+ (72)]=12,5 [102,33+< )]= 1401,351 mm™
1 6
= 713,6 um>

A= 201351
d=(713,6)">=26,71 um
Data Sampel 0,5Cu 20% reduksi

M 507

- - 2
a 1998

=12,5mm’

Ny =f [n1+ (%)] ~12,5 [1 13+ (27533)] — 1584,86 mm™

10°

= _— 2
A= 53556 630:97 um
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d=(630,97)>=25,12 um
Data Sampel 0,5Cu 30% reduksi

f= M S0 =12,5 mm™
"2 1998 oomm

Np=f [n+ (%)] ~12,5 [125,67+ (%)] = 1772,542 mm

6

A =564,16 pm?

T 1772542
d=(564,16)">=23,75 um
Data Sampel 1Cu 0% reduksi

f= M S0 =12,5 mm™
"2 1998 oomm

N, =f [n1+ (%)] =125 [52,67+ (22—0)] =784,9 mm™

A= 10° =1275,37 um?
T 7849 /) iHM

d=(1275,37)">=35,71 uym
Data Sampel 1Cu 10% reduksi

f= M S0 =12,5 mm™
T2 1998 o0mm

_ n, _ 30 _ 2
Ny=f [n1+ (?)] - 12,5 [188+ (7)] —2539,95 mm

6

= = 2
A= 55399539371 um

d=(393,71)"2= 19,84 um

Data Sampel 1Cu 20% reduksi
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M50 s
"2 1998 oomm

2

7,33
2

N, =f [n1+(%)]= 12,5 [15,67+< >]=241,9 mm?
6

A= 10 =4133,94 um?>
T 2419 OrUTHM

d=(4133,94)!?= 64,3 um
Data Sampel 1Cu 30% reduksi

f= M S0 =12,5 mm™

"2 1998 oomm
Na=f [n +(9)]=125 [210 33+ (2)]=2825 64 mm?
A 1 2 ) s 2 s

6

= = 2
A= Sasea 03O Hm

d=(353,9)"?=18,81 um

Data Sampel 2Cu 0% reduksi

f= M S0 =12,5 mm™
" a2 1998 oomm
- Ny 1433\ 5
NA—f[n1+(?)]—12,5 [45,33+( : )]—656,88mm
6
A= =1522.34 um?
65688 12234 km

d=(1522,34)"?=39,02 um
Data Sampel 2Cu 10% reduksi

M50 s
"2 1998 oomm

2
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9

2

Ny=f [n1+ (%)] - 12,5 [103,67+ (1 3)] — 1457,66 mm™
10°

A= 145766

= 686,03 pm?

d = (686,03)'>=26,19 um
Data Sampel 2Cu 20% reduksi

M 50° S
T2 1998 oomm

2

n, 31,33 ,
Na=f [m+ (7)] =12,5 [1 17,67+ ( : )] = 1668,274 mm
10°

A= 1668274

=599,42 pm?

d=(599,42)"2=24,48 um
Data Sampel 2Cu 30% reduksi

M50 s
"2 1998 oomm

2

34,67
2

Ny =f [n1+ (%)] ~ 12,5 [159,67+ ( )] =2214,63 mm™

6

= — 2
A= Sags 45154 um

d=(599,42)!2=21,25 um
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LAMPIRAN B

DATA HASIL PENELITIAN



Lampiran B. Data Hasil Penelitian

B.1 Data Hasil Pengujian SEM-EDS

Project 1 10/27/2022
. Map Sum Spectrum
Map Sum Spectrum
Element Line Type Weight % Weight % Sigma Atomic %
Al K series 7418 0.64 6155
Mg K series 219 0.08 201
Cu K series 315 013 111
0 K series 6.18 0.22 8.64
c K series 1431 0.70 2668
Total 100.00 100.00

Gambar B.1 Hasil uji komposisi EDS Masteralloy aluminium 2024

Project 1 (?} 10/4/2023
O )
W Map Sum Spectrum
C J
I's 3
Map Sum Spectrum -~ -~
Element Line Type Weight % Weight % Sigma Atomic %
Al K series 90.39 0.53 84.25
0 K series 212 0.16 3.34
C K series 480 051 10.05
Cu L series 0.66 0.14 0.26
Mg K series 203 0.08 210
Total 100.00 100.00

Gambar B.2 Hasil uji komposisi EDS penambahan Cu 0,5 %
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Project 1 10/4/2023
. Map Sum S|
Map Sum Spectrum
Element Line Type Weight % Weight % Sigma Atomic %
Al K series 9168 0.40 87.73
Mg ¥ series 198 00 210
0 K series 162 012 262
Cu L series 149 0.12 0.61
C K series 323 0.38 6.84
Total 100.00 100.00
Gambar B.3 Hasil uji komposisi EDS penambahan Cu 1 %
Project 1 10/4/2023
I Map Sum Spectrum
Map Sum Spectrum
Element Line Type Weight % Weight % Sigma Atomic %
Al K series 9246 047 0134
0 K series 110 015 183
C K series 154 043 364
Cu L series 3.07 0.17 129
Mg K series 172 0.09 189
Total 100.00 100.00

Gambar B.4 Hasil uji komposisi EDS penambahan Cu 2 %

92




Gambar B.5 Gambar SEM Sampel 0,5Cu 0% Reduksi

Gambar B.6 Gambar EDS Sampel 1Cu 0% Reduksi

Gambar B.7 Gambar EDS Sampel 2Cu 0% Reduksi

Gambar B.8 Gambar EDS Sampel 0,5Cu 10% Reduksi
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B.2 Data Hasil Pengujian Tarik

TEST RESULT
Report No
Material
Test Method
Test Machine
Extensometer
Operator Name
Room Temp.
%Humidity
Rate 1
Rate 2

Graph 1

Specimen 1to 3

INSTRON

061/EXT/UNT/09/23
Aluminium

ASTM E8

INSTRON 5982
Clip On GL 50 mm

AF
27
70

0.005 mm/mm/min
0.05 mm/mm/min

200

100

50

Tensile stress [MPa]

1507+ i

Width
(mm]

1 549
2 604
3 600

Thickness

[mm]

4.74
4.32
3.98

Tensile strain (Extension) [%]

Maximum
Load
[ki]

471
2,68
113

Tensile stress at
Maximum Load
[MPa]

181.32
102.64
4.1

Note: The result just for this test

Tensile stress at Yield
(Offset 0.2 %)
[MPa]

135.76
100.36
44.73

Specimen #

Tensile strain
(Extension) at
Maximum Load
[%]
3.324

Break Modulus-1
Location [ Gpa]
A (Inside GL) 5.454
A(lnside GL) = 12.416
A(Inside GL) | 15.539

Gambar B.9 Data pengujian tarik sampel 10% reduksi

04

Code

0.5Cu 10%
0.5 Cu 20%
0.5 Cu 20%



bvd

INSTRON
TEST RESULT
Report No 062/EXT/UNT/09/23
Material Aluminium
Test Method ASTM E8
Test Machine INSTRON 5982
Extensometer Clip On GL 50 mm
Operator Name AF
Room Temp. 27
%Humidity 70
Rate 1 0.005 mm/mm/min
Rate 2 0.05 mm/mm/min
Graph 1
Specimen 1to 3
140 :
F A : : :
Th N T R R S
o ; 4 : : : :
L /A A S
PSS B S S s I =TT
] 2 . : : : -
5 OO /{1 Sl Lo - S 1
P T || | 1 S S YN . — 2
: 40. K : : : ; — 3
7 SRR ; : : :
c
0
|_
0 1 2 3 4 5 6
Tensile strain (Extension) [%]
. Z - Tensile strain
Width  Thickness Maznogalm T:angl:msrt':els;azt Te'?é%i{?ﬁg'dd (Ex’fension)at Brea!k Modulus-1 Code
[mm] [mm] [kH] [MP] [MPa] Maxm{l:l/nnll Load Location [Gpa]
1 574 49 188 66.50 [ 66.24 | 0.591 A(InsideGl) 11250  1Cu10%
2 588 412 316 13036 118.71 1017  A(nsideGL) 12.813  1Cu10%
3 647 4.30 265 9.3 91.88 0.664 A(lnsideGl) 14374  1Cu10%

Note: The result just for this test

Gambar B.10 Data pengujian tarik sampel 20% reduksi
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INSTRON
TEST RESULT
Report No 063/EXT/UNT/09/23
Material Aluminium
Test Method ASTM E8
Test Machine INSTRON 5982
Extensometer Clip On GL 50 mm
Operator Name AF
Room Temp. 27
%Humidity 70
Rate 1 0.005 mm/mm/min
Rate 2 0.05 mm/mm/min
Graph 1
Specimen 1t0 3
120 - TS — e
Tl R R e B o e
o o= ¥ ¢ ¥ & : & 3
=0t S s e i
- Specimen #
p
Is] 1
a = 7
= — 3
0
=
o
I_
0 1 2 3 4 5 6 7 8
Tensile strain (Extension) [%]
; - - Tensile strain
- Maximum  Tensile stressat  Tensile stress at Yield 4
‘['fnd"?]‘ mmjss lod  Maimmlad  (Ofse02%)  (Consond o B ""[dg:;':']l Code
[kH] [MPa] [MPa] (%]
1 58 469 .07 3810 38.28 , 0403 A(insideGl)  9.604 2Cu10%
2 6 439 L7 104.54 98.12 0.679 A(InsideGL) 15398 2Cu20%
3 602 417 154 61.45 58.15 0.439 A(InsideGL)  13.995  2Cu30%

Note: The result just for this test

Gambar B.11 Data pengujian tarik sampel 30% reduksi
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B.3 Data Hasil Pengujian Metalografi & Kekerasan

Sample Name :0.5 Cu 10%

Free Text :

Calibration : 0.465909 pm/pixel
Magnification : 20x

Force : 100 gof

Dwell Time : 10 sec

Field HDiag. VDiag. Hard.
# pMm pm HVO0.1
40.7 414 110.10
44.2 40.2 104.15
43.2 40.2 106.47
43.2 41.2 104.15
5 41.8 421 105.30

50x, 200x, 500x

A oD

Gambar B.12 Data pengujian metalografi dan kekerasan 0,5Cu 10% reduksi
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Sample Name 0.5 Cu 20%

Free Text :

Calibration : 0.465909 pm/pixel
Magnification : 20X

Force : 100 gof

Dwell Time : 10 sec.

Field HDiag. V Diag. Hard.
# pMm ptm HVO0.1
47.2 46.7 84.18
442 46.0 91.22
46.5 46.9 85.01
48.1 47.2 81.74
455 46.0 88.48

g~ WwN

50x, 200x, 500x

Gambar B.13 Data pengujian metalografi dan kekerasan 0,5Cu 20% reduksi
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Sample Name 0.5 Cu 30%

Free Text ;

Calibration - 0.4659 pm/pixel
Magnification : 20x

Force : 100 gf

Dwell Time : 10 sec

Field H Diag. V Diag.  Hard.
# ptm pMm HVO0.1
1 46.7 47.2 84.2
2 48.3 49.9 76.8
3 474 46.2 84.6
4 56.4 58.3 56.4
5 46.9 46.0 85.9

50x, 200x, 500x

Gambar B.14 Data pengujian metalografi dan kekerasan 0,5Cu 30% reduksi
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Sample Name :1Cu10%

Free Text :

Calibration - 0.4659 pm/pixel
Magnification : 20x

Force : 100 gf

Dwell Time : 10 sec.

Field HDiag. V Diag. Hard.

# pMm ptm HVO0.1
50.4 47.9 76.82
48.8 48.6 78.28
49.5 50.6 74.00
49.7 49.5 75.39
5 47.9 48.1 80.56

50x, 200x, 500x

EE GO O R

Gambar B.15 Data pengujian metalografi dan kekerasan 1Cu 10% reduksi
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Sample Name :1Cu20%

Free Text :

Calibration : 0.465909 pum/pixel
Magnification : 20X

Force : 100 gof

Dwell Time : 10 sec

Field HDiag. V Diag. Hard.
# pMm ptm HVO0.1
43.9 414 101.90
45.3 42.8 95.58
43.2 44.2 97.11
43.7 425 99.73
5 43.7 42.8 99.20

50x, 200x, 500x

EE GO O R

Gambar B.16 Data pengujian metalografi dan kekerasan 1Cu 20% reduksi
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11 Cu 30%

Sample Name
Free Text
Calibration

:0.465909 pm/pixel

1 20x

Magnification

Force

: 100 gof
110 sec

Dwell Time

V Diag.  Hard
pMm ptm HVO0.1

H Diag.
43

Field
#

95.1

453
435

.0

90.8

46.9

89.4

444
4
4

46.7
4
4

87.6

N
2

6
4

3
1

5
3)

93.1

, 200X, 500x

50x

Gambar B.17 Data pengujian metalografi dan kekerasan 1Cu 30% reduksi
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Sample Name :2 Cu 10%

Free Text :

Calibration : 0.465909 pm/pixel
Magnification : 20X

Force : 100 gof

Dwell Time : 10 sec

Field HDiag. V Diag. Hard.
# pHm pm HVO0.1

1 50.2 48.6 76.10
2 52.7 48.6 72.32
3 49.9 48.6 76.46
4 46.7 47.6 83.35
5 51.6 48.3 74.35

Gambar B.18 Data pengujian metalografi dan kekerasan 2Cu 10% reduksi
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Sample Name :2 Cu 20%

Free Text :

Calibration : 0.465909 pm/pixel
Magnification : 20X

Force : 100 gof

Dwell Time : 10 sec

Field HDiag. V Diag. Hard.
# pMm ptm HVO0.1
45.30 44.60 91.69
45.30 45.50 89.84
45.50 45.10 90.29
48.30 43.50 88.03
5 41.40 42.50 105.30

50x, 200x, 500x

EE GO O R

Gambar B.19 Data pengujian metalografi dan kekerasan 2Cu 20% reduksi
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Sample Name :2 Cu 30%

Free Text :

Calibration : 0.465909 pm/pixel
Magnification : 20X

Force : 100 gof

Dwell Time : 10 sec

Field HDiag. V Diag. Hard.
# pMm ptm HVO0.1

1 474 45.3 86.29
2 451 48.3 85.01
3 455 46.5 87.59
4 455 455 89.38
5 47.9 46.7 82.94

50x, 200x, 500x

a » St

“

X .5‘3\"7

Gambar B.20 Data pengujian metalografi dan kekerasan 2Cu 30% reduksi
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Sample Name
Free Text
Calibration
Magnification
Force

Dwell Time
Field
#
1
2
3
4
5
500x

: base material

: 0.465909 pm/pixel
. 20x

: 100 gof

: 10 sec

HDiag. V Diag. Hard.
pMm pm HV0.1
50.90 55.30 65.86
50.90 54.10 67.32
51.80 53.40 67.02
52.00 536.00 66.44
5230 52.70 67.32

Gambar B.21 Data pengujian metalografi dan kekerasan base material
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Cu 0,5%

(50x%,200x,500x)

7

R ST
fed AL ;ﬂ-'p'\
& 4 , AR

Gambar B.22 Data pengujian metalografi sampel sebelum di rol

107



B.4 Data Sertifikat Material

THE GOODS ARE IN ACCORDANCE WITH EN STANDARDS - EN-AWASTM B209M
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Gambar B.23 Sertifikat Base Material

CONF
B ACTUAL MILL CHEMICAL UNIT %
Heat No SIZE(mm) Temper Fo | G |.M | M| o |a|m (‘L";.") ‘m" N
"~ STANDARD 04 | 04 | 01 |2228]0.18038 o1 | 005 | 045 |REMAIN
(031 | oooz | 0089 [ 2an | o7 |oour | oour | 0es | 015 [REWA
w.-uh .
i it ||
200 T )




LAMPIRAN C

GAMBAR ALAT DAN BAHAN



Lampiran C. Alat dan Bahan

Gambar C.1 Aluminium 5052 Gambar C.2 Aluminium 2024

Gambar C.3 Krusibel

Gambar C.5 Tabung Gas Gambar C.6 Tungku Peleburan
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Gambar C.7 Cetakan

Gambar C.9 Alat Safety

Gambar C.11 Alat Uji Tarik Gambar C.12 Mesin Mounting
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Gambar C.14 Muffle Furnace 1

Gambar C.16 Muffle Furnace 2

Gambar C.17 Mesin Roll
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