APPENDIX G
Wear Resistance Test Results



Types of Test
Machine Model
Sliding Force (N)
Sliding Distance {m)
Sliding time (s)

Specimen’s material

Counter face material

: Sliding Wear Test

327

. 50265

: 600
. Bimme
. Y ster)
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No of Run | Combination First Replication Second Replication
Factor Welght Weight Weight Weight ] Weight Weight
before after test (g) loss (g) before after test(g) loss (g)
| test (g) test (2) )
1 ABCDs | 35 848 | N5 4493 0.055 | 25,585 [ 1¢.54% | 0.0377
2 ABCD: Dy 985 | DB G4 | 0.031 | o4-3F | a4y 6.047
3 ABCD: I8y g3a | 24678 | 0.0 | 24.486] d4.45% | 0.032
4 ABCD: Ny sqf | 24.535 | 0.056 | 5543 | 25,089 | 0.054
5 ABGDy |54 87 | 24184 | 0.033 | D5.ue5 |26 430 | 0-035
3 ABCDs a5 127 | 35,037 | 0-040 | 2896 | a4 502 | 0.03Y
7 ABC:Dr |5y 92 A4.T73) 0041 155,139 | as (1o 0.004
8 ABCDr | Ny 393 | a3 | 0-02% (24,329 ay.150 | 0-049
9 AB:CDy 135,366 | 25314 | 0.04) |25.27% | a5 266 | 5.002
N
3/a/061




APPENDIX H

Vickers Hardness Test Results



Types Of Testing : Vickers Hardness Test

"Types of Indenter

Load : 30 k9

Load Time : losec

Loading speed : 55 pm/sec

No | Combination First Replication (HV) Second Replication (HV)

of Factor 1 2 3 4 5 AVG |1 2 3 4 5 AVG
Run

1 ABGD, [ 6.5 |[13.2[77.1 1158 [75:6| 756 [ T4 (810 [717.0 76 .1 {T0.9] 763
2 ABCD: | 64T 1664 |45.2(63.6]62:S| 648|666 lo5,0 [64.5 |65-9(63-3] 65 -2
3 AB,GD; [87.2 (319 [15.0(g0.3 [17.6 | €04 |61.3|75.0[79.2[79.3|73.6] 13- 7
4 ABCD: 1950 134|762 (120742 [15.2 |13.4[T16 |69-6 (682 |13.0 | 11,2
S ABGDy 99,4 1194 [78.2(82.9 189 | 79.3 [51.8 | 19,5 |g0.2[17.5 Bo.5| 79.9
6 ABCDy 81,3 [79.1{51.3|79.9 |§1.3 | 80,6 |18.7 [94.0 391 |$7.4]32,6| 84 %
7 ABGD: .3 169,48 72007031 69,4L) T0 |20 | 95,2706 [ 92,0} 70.6| TiS
8 [ ABGD: (12,5 12,0724 (73376 12:5 LT TL§|09.2|6a.5 [Ty | ToT
o ABCDy [$2.0 | §40(83.5|54:5| 832|824 |11 7|70 2ly5 blgyit| 193|308
10 AFLM6 16511 |6%:2|61.7|68:3]68.6] 6614 |65:2 (673 |66.8 [69.0|64-3| 6 ¢-5
11| Ak Copper | 37.0 |42.3|39.8|39.4|38,y| 39:5 |31} |4o.4 B9.9 |39.6|35.) | 29.0
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APPENDIX 1
Density Test Results



Density Test

Equipment : Ultrapynometer 1000

Cell : Mddium
Replication 1 Replication 2
No | Combieation | Parameter Run Run Run Run Run Run
Factor No.1 |No2 |No3 |Nal |Ne2 |Na3
1 [ A,BoCof | Temp. CC) 1.7 {379 |27.7 |2%0 {28, |a®a

Vol (cm) §.1437 (4. 1497 |9.1578 |9 .5070{<.508F| 2.503
Density (glem)) 3. 68412 -6571{2.68% |2.¢778(2.6773] 2-679
MemVoh!me(cm’y G.1s0] ‘ 9.5 062
Mean Density
(g/em’) 3.6870 2.67T8
Std Deviation (%) ©.00672 6. 0024
Sample weight (g) 24.S806 25,458

2 |ABGD, | Tem- () 234 |3%.5 1386 |28.0 [289 |39.0
Vol (cm’) 9.2779| 92769 | 9.2685 (9. 1748 | 7-1844 | 9. 1604
Density (g/em’) 2.68422.6345] 2.6870) 2. 6328] 1630 | 2.6365
Mean Volume (cm’) 9. 2744 9Q.7732
Mean Density
(g/em®) 22,6852 3.63372
Std Deviation (%) O -00642 0.0099
Sample weight (g) 24,964 34.155

3 [AoB,GD,| Temp.(C) D4.a | 294 | 29.3 {agq,4 [29.5 | 29.5
Vol (em’) §-9914|9- 004 G.0084 | 9.053 |5 F467| 7. 893
Density (g/em)) AT60 |2 | 2128 2.1163] 2.575] 24937
Mean Volume (em’) 9.003¢ 9. 3037
Mean Density
(@em®) 2743 2.65006
Std Deviation (%) 0 .004s o-Y4Iris
Sample weight (2) ay, 433 24,6771

4 [AB.GD, | Temp-CC) 29,6 | 29.6 [29.6 [39.7 |24 |29%
Vol (em) 9.3063%| 9-%/5 |9.3251| 9 .1058| 4. 111 |9-Us7
Density (g/em’) 2.6959/2.690 5 |2.6885| 2. €935 D.6917 | 2.6906]
Mean Volume (cm) 9. 3i45 2.102
Mean Density
(g/cm’) 3_,69[? 3 .69lg9
Std Deviation (%) 0-0(04% o . 0040
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| Sampleweight @ | 55,073 | 24.50Yy
A BCaDo| Tomp- (O 29.9 |29.9 |29.9 |2q.9 [29.9 [29.9
Vol. (cm) 91184 19.1256|9.139% | 1-5430| 7-§351) 7.843%
Density (g/cm’) 2.7050| 2,7039 | 2.6986[27102 | 2.71132| 2. 702
Mean Volume (cm”) q9.1379 “7.840%
Mean Density
(@em®) >.703] 2.2
Std Deviation (%) 0.0089 0 .0040
Sample weight (g) 24.66% 21,2580
A,8,¢.D, | Temp.CO 30.0 | %0, |30() {30.2]| %0.2| 30.2
Vel (em’) 9.2974 9-3048]9.3147(9.1939| 9-2042( 9. 2425
Density (g/em”) 2,697 2, 6950{2.692 |2, 7024 2.6994 2 6969
Mean Volume (cm®) 9.3%05¢ 9.2037
Mean Density
Std Deviation (%) 0.007] 0 .00FF
Sample weight (g) 15076 24.34 60
A8y G | Temp. CO) 20.3 |30.4 | 304 [30.4 [30.5 [ 305
Vol. (cm’) §,2862 [9.297)|9.302¥ |9.1216 {9.)248|9.1356
Density (g/em’) 32,7023} 2.699) |2.69792.:7092]2 . 7985|2705 4
Mean Volume (cm’) 4.2952 9.123%
Mean Density
(g/em®) 2.6997 3.7077F
Std Deviation (%) 0.006§ 6.00577
Sample weight (g) 25 .094 24.715
A2B,CoD,| Temp. CC) 20.6 | 30.6 | 36.6 {30.2 | 36.2|30.3
Vol. (em’) 9.485219.1908 | 9.1955 | 9.046 | T.04H9| 9.0 36}
Density (g/em’) 26913126955 2. b4 | 2. 6927]2.6939) 2. 6954
Mean Volume (cm?) G.1906 9.0416
Mean Density
(em®) 2.6456 1. 6940
Std Deviation (%) 0.0043 0.0038
Sample weight (g) 2y.3%4 2¥.35§
26, D,| Temp- CC) 20.5 |20.5 | 306 |30.6 | 30.6{30.¢
Vol. (em’) 9.3%9%(9.321% 9. 311 |§.2370| §.2305 | §.2199
Density (g/cm’) 2.7037|2.109 | 2. 119 | 27113 | 277135 2.7149
Mean Volume (cm’) 9.322q 5. 2499
Mean Density
(glem®) 2. 7082 2.7139




Std Deviation (%)

0.0l o .0077/

Sample weight () 15 .25 223330

10 || MG Temp. (°C) 3.2 31,2 | 31,3 | 3.3 | 34 | 3,4
Vol. (em’) 4.27329.2667 9.2680( 9.248119.25/0 |9.253 0
Density (g/cm’) 270543 .7075]2,7069 | 2. T09% 2.7086]1,76F
Mean Volume (cm®) 9.2691 g .2567
Mean Density
(@em?) 2.7066 D .7057
Std Deviation (%) 0 .003 0.-0602
Sample weight (g) 25 ,08% 25 .05%

1 I AltCy | Temp.(O) 20.7|30.8 | 30,9|31.0 | 3,0 | >/.06
Vol. (cm’) 9.5236| 9.5/04 | 9,50%6[9.2351 | 9242 [ 9-2%6
Density (g/cm”) 245127183 1 NG9 | 2005 12,6997 2.6956
Mean Volume (cm’) q9.5129 q.IH
Mean Density
(g/em®) 2.7176 2.70
Std Deviation (%) 6.008 6. 004L¢
Sample weight (g) 2s.352 2495




APPENDIX J

Compression Test Results



Kolej Universiti Teknologi Tun Hussein Onn

Makmal Mekanik Pepejal

Compression Test Report

Project Name : A+-Cu Max. load :  85.24kN

Area: 314.16mm? Elongation at break : 13.99mm

Ultimate tensile strength :  0.27kN/mm?

Strain at break :  23.31%
Young's Modulus : 1915.29MPa
Yield Point :  0.14kN/mm?

Yield strength @0.2% :  0.20kN/mm?
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Cowression Test Report

Project Name : Al(LM6) Max. load : 85.58kN

Area: 314.16mm? Elongation at break : 4.10mm

Ultimate tensile strength :  0.27kN/mm?

Strain atbreak: 6.83%
Young's Modulus : 7876.90MPa
Yield Point:  0.00kN/mm?

Yield strength @0.2% :  0.21kN/mm?
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. __Makmal Mekanik Pepejal

Comgression Test Report

Project Name : A(LM6)B Max. load :  85.37kN

Area: 314.16mm? Elongation at break :  4.33mm

Ultimate tensile strength :  0.27kN/mm?

Strainatbreak: 7.21%
- Young's Modulus : 6824.27MPa
Yield Point: 0.00kN/mm?

Yield strength @0.2% :  0.21kN/mm?
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Kolej Universiti Teknologi Tun Hussein Onn
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Comgression Test Report

Project Name : AI-MMC1A Max. load :  85.53kN

Area: 314.16mm? Elongation at break :  4.28mm

Ultimate tensile strength :  0.27kN/mm?

Strainatbreak: 7.13%

Young's Modulus : 8712.03MPa

Yield Point:  0.21kN/mm?

Yield strength @0.2% :  0.21kN/mm?

90.0 Graph
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- Makmal Mekanik Pepejal

Comgression Test Report

Project Name : AI-MMCI1B

Max. load: 85.58kN

Area: 314.16mm?

Elongation at break :  5.65mm

Ultimate tensile strength :  0.27kN/mm?

Strainatbreak: 9.42%

Young's Modulus : 4161.86MPa

Yield Point :  0.22kN/mm?

Yield strength @0.2% :  0.21kN/mm?

90,00 Graph { y
e :
A b
I
72.0 yd
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Coin;pression Test Report

Project Name : AI-MMC2B Max. load ©  85.38kN

Area: 314.16mm? Elongation at break : 8.91mm

Ultimate tensile strength :  0.27kN/mm?

Strain at break : 14.85%
Young's Modulus : 5862.93MPa
Yield Point :  0.19kN/mm?

Yield strength @0.2% :  0.20kN/mm?
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Compression Test Report

Project Name : AI-MMC2A

Max. load;: 85.32kN

Area: 314.16mm?

Elongation at break :  7.65mm

Ultimate tensile strength :  0.27kN/mm?

Strain at break :  12.75%

Young's Modulus : 6134.20MPa

Yield Point: 0.18kN/mm?

Yield strength @0.2% :  0.20kN/mm?

90.00 Graph
81. ] 1
72,0 4 ////. — |
63.0 / ,% :
4
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Kolej Universiti Teknologi Tun Hussein Onn
Makmal Mekanik Pepejal

Corggression Test Report

Project Name : AI-MMC3B

Max. load: 85.52kN

Area: 314.16mm?

Elongation at break :  3.84mm

Ultimate tensile strength :  0.27kN/mm?

Strain at break :  6.40%

Young's Modulus : 5777.51MPa

Yield Point:  0.20kN/mm?

Yield strength @0.2% :  0.21kN/mm?

Graph
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Makmal Mekanik Pepejal

ComPression Test Report

Project Name : AI-MMC3A

Max. load : 86.19kN

Area: 314.16mm?

Elongation at break : 3.28mm

Ultimate tensile strength :  0.27kN/mm?

~ Strain at break : . 5.46%

'Young's‘ Modulus : 10695.37MPa

Yield Point :  0.23kN/mm?

Yield strength @0.2% :  0.22kN/mm?

90,00 Graph
X
81.00 |
"
72.0 A
63.0 “<3
54.0 //
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6 ) f
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Kolej Universiti Teknologi Tun Hussein Onn
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Compression Test Report

Project Name : AI-MMC4A Max. load: 85.39kN
Area: 314.16mm? Elongation at break :  5.55mm
Ultimate tensile strength :  0.27kN/mm?
Strain at break :  9.25%
Young's Modulus : 6768.55MPa
Yield Point:  0.19kN/mm?
Yield strength @0.2% :  0.20kN/mm?
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Kolej Universiti Teknologi Tun Hussein Onn

~Makmal Mekanik Pepejal B
Comgression Test Report

Project Name : AI-MMC4B Max. load :  85.37kN

Area: 314.16mm? Elongation atbreak :  6.75mm

Ultimate tensile strength :  0.27kN/mm?

Strain at break : 11.25%
Young's Modulus :  6746.33MPa
Yield Point :  0.20kN/mm?

Yield strength @0.2% :  0.20kN/mm?

90,00 - r Graph |,
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Compression Test Report

Project Name : AI-MMCS5A Max. load :  85.35kN

Area: 314.16mm? Elongation at break :  3.90mm

Ultimate tensile strength :  0.27kN/mm?

Strain at break :  6.50%

Young's Modulus : 8608.06MPa

Yield Point :  0.23kN/mm?

Yield strength @0.2% : 0.21kN/mm?

81.-0 [ | / / Y P aaa : }
n i P i
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Compression Test Report

Project Name : AI-MMC6A

Max. load: 85.38kN

Area: 314.16mm?* Elongation at break :  2.70mm
Ultimate tensile strength :  0.27kN/mm?
Strain atbreak : 4.50%

“Young's Modulus : 9410.06MPa

Yield Point :  0.00kN/mm?

Yield strength @0.2% : 0.22kN/mm?

90.0 KN
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Compression Test Report

Project Name : AI-MMCT7A Max. load: 85.32kN

Area: 314.16mm? Elongation atbreak :  5.21mm

Ultimate tensile strength :  0.27kN/mm?

Strain atbreak: 8.69%
Young's Modulus : 6156.43MPa
Yield Point:  0.19kN/mm?

Yield strength @0.2% :  0.20kN/mm?

0.00 1.10 220 ' 3.30 a0 550
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Com’gression Test Report

Project Name : AI-MMC7B Max. load: 85.36kN

Area: 314.16mm? Elongation at break :  4.31mm

Ultimate tensile strength :  0.27kN/mm?

Strain atbreak: 7.19%

Young's Modulus : 7431.14MPa

Yield Point:  0.19kN/mm?

Yield strength @0.2% :  0.21kN/min?
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Kolej Universiti Teknologi Tun Hussein Onn

Makmal Mekanik Pepejal
Compression Test Report

Project Name : AI-MMCS8A Max. load : 85.35kN

Area: 314.16mm? Elongation at break :  4.76mm

Ultimate tensile strength:  0.27kN/mm?

Strain atbreak ;. 7.94%

Young's Modulus : 6863.60MPa

Yield Point :  0.19kN/mm?

Yield strength @0.2% :  0.21kN/mm?

kN Graph
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Kolej Universiti Teknologi Tun Hussein Onn
Makmal Mekanik Pepejal

Com;:ression Test Regort

Project Name : AI-MMCS8B Max load - 85.27kN
Area: 314.16mm? Elongation at break :  4.79mm
Ultimate tensile strength :  0.27kN/mm?
Strain at break :  7.98%
Young's Modulus : 6948.66MPa
Yield Point:  0.18kN/mm?
Yield strength @0.2% :  0.21kN/mm?
90.00 Graph
N [/ l% ) e L
72.0 ’/ ‘-M/ |
s L
63.0 7
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Kolej Universiti Teknologi Tun Hussein Onn

~Makmal Mekanik Pepejal
Com;:ression Test Report

Project Name : AI-MMC9A ' Max load: 85.33kN

Area: 314.16mm? Elongation at break :  4.29mm

Ultimate tensile strength :  0.27kN/mm?

Strainatbreak: 7.15%
Young's Modulus : 4228 53MPa
Yield Point:  0.16kN/mm?

Yield strength @0.2% :  0.24kN/mm?
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Compression Test Report

Project Name : AI-MMC9B Max load: 85.44kN

Area: 314.16mm? Elongation at break :  1.93mm

Ultimate tensile strength :  0.27kN/mm?

Strain atbreak :  3.21%
Young's Modulus : 28073.09MPa
Yield Point :  0.00kN/mm?

Yield strength @0.2% :  0.22kN/mm?
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