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PREFACE 
 

 
Syukur Alhamdulillah, for mercy and guidance from Allah SWT, Mechanical Engineering 

Scientific Magazine Volume 16 Number 1, March 2017 has been issued. Editorial boards 

want to say many thanks to contributors and associate editor who have provided 

contributions on its quality. 
 

 

In this edition, journal displays 11 articles of University which represent 4 (four) of each 

discipline, Energy Conversion, Material/ Metallurgy and Manufacture, and Design. It begins 

by Fama Aqiftiar Falah et al with the title “The Manufacturing of Thermal Conductivity 

Testing Apparatus”, Widhaya Bastian Purnama et al with the title “The Utilizing Cutting 

Fluid And Feeding Rate Effect to The Surface Hardness And Precission of Aluminum 

Material Using CNC Milling Machine”, Achmad Gustiantono et al with the title “Wind 

Turbine Vertical Axis H Rotor Type with 1 Kw Capacity at Suwuk Beach, Kebumen”, 

Antonius Adi Hendra Saputra et al with the title “Bovine Bone Hidroksiapatite Materials 

Mechanics Properties at 900°C and 1200°C of Calcination Temperature”, Fajar Paundra 

et al with the title “Cu Addition Effect Analysis on Matrix of Remelting Piston 

Aluminium Composite with Silica Sand Reinsforcement to The Impact Strength and 

Micro Structure on Aluminuim Matrix Composite Using Stir-Casting Method”, Gilang 

Sigit Saputro et al with the title “Welding Current and Shielding Gas Flow Rate Effect to 

The Intermetalic Layer Formation of Tungsten Inert Gas (TIG) on Dissimilar Metals 

Weld Joints Between Galvanized Steel and Aluminium AA 5052 By Using Al-Si 4043 

Filler”. 
 

We invite academician, researcher, practitioner, and professional to contribute an article in 

mechanical engineering field at mechanical engineering scientific magazine, which issues in 

March and September. Finally, we wish that these articles can be beneficially for readers, be 

accessible information exchange media of research result, and allocate inspiration on 

technology development especially mechanical engineering. 
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Abstract 

This study presents the designing and constructing process of thermal 

conductivity apparatus using steady-state heat-transfer techniques with the 

capability to test the material at high temperatures. The design of apparatus 

is an improvement of ASTM D5470 standard where meter-bar with the 

equal cross-sectional area with used to extrapolate surface temperature and 

heat transfer across a sample under test. There were two meter-bars in 

apparatus testing, where every meter-bar were placed 3 thermocouples. The 

test apparatus used a heater with a power of 1.000 Watt, and a water cooler 

in order to keep the temperature stable. The pressure applied to specimens 

was 3.4 MPa at cross-sectional area 113,09 mm2 meter-bar and thermal 

grease minimized interfacial thermal resistance. To determine the 

performance of this apparatus, validating process was proceed by 

comparing the results with thermal conductivity apparatus obtained by THB 

500 made by LINSEIS. The tests showed the value of the thermal 

conductivity of the stainless steel and bronze is 15,28 Wm
-1

K
-1

 and 38,01 

Wm
-1

K
-1

 with a difference of test apparatus THB 500 were -2,55% and 

2,49%. For high temperature this apparatus is able to reach the testing 

temperature of 400°C for test results of stainless steel with 19,21 Wm
-1

K
-1

 

difference of 7,93% from the literature. 

 

 

PENDAHULUAN 

The thermal conductivity is one of the basic 

properties of the material, ie the rate of heat transfer 

through a unit thickness of material per unit area per 

a temperature gradient [1]. The thermal conductivity 

can also show how fast heat flows in specific 

materials [2]. High thermal conductivity value which 

indicates that the material is a conductor, while its 

low thermal conductivity of the material is an 

insulator [1]. 

Another thing, the thermal conductivity value of 

a particular material can vary depending on the 

content of the material. Other than that, 

environmental conditions also affect the value of the 

thermal conductivity of the material, one of which is 

the temperature of the environment [3]. Variations of 

thermal conductivity at a certain temperature range 

was ignored for some material, but significant for the 

particular material. The temperature effect on the 

thermal conductivity values cause analysis on heat 

transfer conduction becomes complicated. Therefore, 

the thermal conductivity calculation was assumed to 

have a constant value which was determined from 

the average temperature [1]. However, for 

thermoelectric materials which operate at high 

temperatures, for example in the thermoelectric 

(ZnO semiconductor doping Cu) that operates at a 

temperature of 450°C [4] needed an apparatus that is 

testing capability at the operating temperature to get 

more accurate results. 

Generally, the thermal conductivity testing can be 

classified into two main categories, namely: (1) 

steady state and (2) transient, some of which can be 

either absolute or comparative methods. As the name 

implies testing (1) depending on the steady state 

temperature gradient, (2) the dynamic temperature 

state. As the dynamic temperature field, transient 

testing method was also able to produce other than 

thermal conductivity properties, which were the 

specific heat and thermal diffusifity. Apart from 

these two main categories, there were also 3ω testing 

methods which employed to the thermal conductivity 

test of thin films [5, 6] 

For a relatively large sample may be used 

technique of steady-state and nanoequilibrium, 

however for a small sample will be difficult. 

Commercial methods most widely used to the 

thermoelectric material test was laser flash method 

diffusifity transient technique, but this method 

required some more testing device to determine the 

thermal conductivity. Besides from that, this method 

has its limitations for materials with high thermal 

conductivity and high temperature [7]. The thermal 

conductivity testing at high temperature axial heat 

flow method was used by the standard ASTM E 

1225 with the planting of a thermocouple on the 

specimen to determine the thermal conductivity of 

the testing material [6, 8]. However, it can not be 

done on thermo electrics material which is thin and 

mailto:fama.aqiftiar@gmail.com
mailto:suyitno@gmail.com
mailto:syamsulh_st@yahoo.com
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fragile material properties when machining process 

was executing. 

In this research will be designed and 

manufactured thermal conductivity test tool with 

axial heat flow method approach to heat flow in 

steady state with a thin material and without planting 

a thermocouple in the test sample. Furthermore, this 

test validated using stainless steel material and 

Bronze. The temperature data is monitored and 

processed using ADAM 4018 as a data acquisition 

tool. In addition, this test will be made to test the 

thermoelectric material with a testing temperature of 

400 ° C. 

RESEARCH METHODS 

This study was a research about design which 

was experimentally performed to obtain the best 

performance of testing equipment. It was made from 

ASTM D5470 standard reference which using the 

one-dimensional steady state conduction techniques. 

The explanation can be clearly seen in Figure 1 and 

Figure 2. 

Testing Equipment Design 

The testing equipment framework was consisted 

of top base plate (2), middle base plate (6), bottom 

base plate (14) which made of mildsteel with 

300×180×5mm of size, and vertical rod (3) which 

fabricated of stainless steel with 500 mm of height 

and 20 mm of diameter. At the top, there was a lever 

base plate (1) which applied pressure to the sample 

during the test. It pressed the load cell (4) was then 

passed to the middle base plate which can be moved 

up and down using a linear bearing (7) was sliding 

by a vertical rod. At the bottom, there was a middle 

base plate cooling unit (5) which cools the cold 

meter bar (8). Cooling water was circulated using a 

pump to maintain a flow and current of water at the 

system in steady state. At the botom of the base plate 

was placed set heater (12) and putted an insulator to 

separate them (13) which was aimed to keep the 

temperature at the botom base plate normally. The 

testing equipment was designed to have a high 

operating capability at 400°C of temperature, using 

1250 Watt of heater element to heat a hot meter bar 

(10) until it reached that temperature. The heater was 

located at bottom and controlled using a voltage 

regulator (20) with output current and voltage to 

provide power to the heater. The heater temperature 

was controlled using a thermo-reader (19) which was 

placed on the panel box. Between the cold meter bar 

and hot meter bar was placed specimens (9) with 13 

mm of diameter. At each meter bar there were 3 

thermocouple (11) which used to read the 

temperature gradients that occurred away from the 

hot meter bar to the cold meter bar. Meter bar and 

specimen were covered with an insulator (16) to 

keep the system in order to adiabatic. At the time of 

the test applied, 0.069 MPa and 3.4 MPa of pressure 

for soft materials to hard materials respectively, 

113.09 mm
2
 of meter bar cross-sectional area. 

Thermocouple that used was the K type due to its 

high temperatures resistant. Data from the 

thermocouple was read employing Analog to Digital 

Converter Advantech ADAM 4018 (17) and 

forwarded to a computer (18). 

 

Testing Specimen 

This test equipment was dedicated to measure the 

thermal conductivity of thin solid material with a 

thickness between 0.02 to 10 mm which did not 

Figure 1. Thermal conductivity testing scheme based on 

ASTM D5470 standard. (17) ADAM 4018 (18) CPU (19) 

Thermoreader (20)Voltage regulator 

Figure 2. Thermal conductivity testing apparatus design (1) 

pressing handle (2) top base plate (3) vertical rod (4) load 

cell (5) cooling unit (6) middle base plate (7) bearing linear 

(8) cold meter bar (9) specimen (10) hot meter bar (11) 

thermocouple (12) set heater (13) isolator (14) bottom base 

plate (15) pods 
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allow the thermocouple planting. Specimens which 

used as validation were a material with thermal 

conductivity of 15 Wm
-1

K
-1

-50 Wm
-1

K
-1

 of the 

medium range thermal conductivity and diameter 

was equal to 13mm of bar meter. 
 

Table 1 The applied material for validation 

Material 
k (Wm-1K-1) 

(50°C – 400°C) 

Stainless steel ~15 – 20 [9] 

Bronze ~50 – 59 [1, 10] 

 

RESULT AND DISCUSSION 

Thermal conductivity testing apparatus with the 

ability to evaluate the solid material at a high 

temperature to 400°C has been created. Its design 

was the novelty of standard ASTM D 5470-06 which 

using axial heat flow approach at steady state. It has 

been validated by tests were performed using several 

materials and the results compared with the results of 

the thermal conductivity test Transient Hot Bridge 

(THB 500) of LINSEIS, the results were as follows. 

Initial Validation 

Thermoelectric materials have a medium thermal 

conductivity or thermal conductivity value be 

minimized [5]. It was applied to evaluate 

thermoelectric material with medium ranged thermal 

conductivity, so it was necessary to be validated 

using reference material of medium thermal 

conductivity. The material to be used as a validation 

were stainless steel and bronze since it has 15 Wm
-

1
K

-1
 to 40 Wm

-1
K

-1
 of conductivity. 

This material was previously tested using a 

thermal conductivity test THB 500 LINSEIS at room 

temperature. While, the initial validation was carried 

out at 50°C of temperature was a minimum working 

temperature of testing equipment. The difference of a 

minimum working temperature and THB apparatus 

temperature will be compared with some 

assumptions. Table 2 portrays the testing results 

using THB 500 LINSEIS test equipment at room 

temperature.  

Table 2. Conductivity thermal test result using THB 500 LINSEIS 

testing apparatus 

Attempt 
Stainless steel Bronze 

k (Wm-1K-1) T (°C) k (Wm-1K-1) T (°C) 

1 14.9158 31.22 38.8946 29.50 

2 14.9237 31.16 38.1200 29.40 

3 14.9838 31.10 38.1503 29.30 

4 14.7789 31.07 36.4067 29.40 

5 14.8028 31.06 38.4993 29.50 

Mean 14.8810 31.12 38.0142 29.42 

 

 Stainless Steel Test 

The first material that used as a validation was 

stainless steel. The test results of THB 500 LINSEIS 

instrument, stainless steel thermal conductivity at 

31.12°C of temperature was 14.88 Wm
-1

K
-1

. The test 

results will be compared with the thermal 

conductivity reference from Bogaard [9] which was 

recommended by Jensen, et al. [6] and Sweet, et al. 

[8]. Thermal conductivity values which were most 

closely the test results using it was stainless steel 304 

(SS304) with 14.99 Wm
-1

K
-1

 at 31.12°C of 

temperature difference of 0.73%. It can only validate 

material at room temperature, then as a comparison 

at 50°C of temperature which can be used for 

Bogaard thermal conductivity of stainless steel 

material 304 ie 15.28 Wm
-1

K
-1

 @ 50°C. 

Table 3 Stainless steel conductivity test result at 50°C 

Attempt 
kuji 

(Wm-1K-1) 

kref 

(Wm-1K-1) 

Selisih 

(%) 

1 15,55 15.28 -1.73% 

2 15,64 15.28 -2.35% 

3 16,24 15.28 -6.25% 

4 15,55 15.28 -1.74% 

5 15,39 15.28 -0.69% 

Mean 15,67 15.28 -2.55% 

Deviation standard 0,33   

Table 3 displays test data SS304 thermal 

conductivity, the best data was obtained on 5
th

 

attempt with a margin of literature by -0.69%, and 

the biggest difference was -6.25% on the 3
rd

. It 

demonstrates a good test apparatus which has an 

ability to validate a stainless steel with an average 

literature difference only by -2.55% to a standard 

deviation of 5
th

 tests was 0.33 Wm
-1

K
-1

 or 2.09%. 

 Commercial Bronze Test 

Commercial bronze was only analyzed at a 

29.42°C of temperature with a thermal conductivity 

value of 38.01 Wm
-1

K
-1

, it was not found in the high 

temperature literature. The bronze thermal 

conductivity can be compared at room temperature 

only. While, bronze properties can observed on 

literature at 27°C to 127°C of temperature which was 

fixed value, and at a temperature of 127°C to 227°C 

it was growing [1, 10]. Thus, the testing results at 

50°C temperature was assumed to be validated with 

the testing results which using THB 500 LINSEIS 

test equipment at 29.42°C of temperature. From 

Table 4.3 shows the results of five times the thermal 

conductivity testing of commercial bronze at 50°C, 

with the best test results in 4
th

  attempt by a margin 

of 1.21% and the biggest difference in 1
st
 trial by a 

margin of 5.38%. standard deviation of 5
th
 

experiment was 1.20 Wm
-1

K
-1

 or 3.23%. 

Table 4 A bold commercial bronze conductivity test result at 

50°C 

Attempt 
kuji 

(Wm-1K-1) 
kref 

(Wm-1K-1) 
Selisih 

(%) 

1 35,97 38,01 5,38% 

2 38,94 38,01 -2,43% 

3 36,34 38,01 4,40% 

4 37,55 38,01 1,21% 

5 36,54 38,01 3,88% 

Mean 37,07 38,01 2,49% 

Deviation standard 1,20   

 Initial Validation Conclusion 

In the initial validation, good results was shown 

from testing for each test sample with material test 
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ability of medium thermal conductivity (15 Wm

-1
K

-1
 

to 40 Wm
-1

K
-1

) at 50°C. The test results was 

indicated from two materials testing with the 

difference of THB 500 LINSEIS test apparatus less 

than 3%, this suggests a fairly accurate test 

equipment. Other than that, of the five-time testing 

this tool also showed good repeatability with a 

standard deviation of less than 3.5%, this indicates 

that the test tool has made sufficient precision. 

Uncertainty Analysis 

Uncertainty analysis was performed to estimate 

how the uncertainty in any measurement of thermal 

conductivity test apparatus created. It was 

determined using the Kline and McClintock [11] 

method which was formulated as following equation: 

 
   [(

  

     
     )

 

 (
  

  
  )

 

 (
  

   
   )

 

 (
  

   
   )

 

]

    

 

The uncertainty calculation result for each 

specimen as follows: 

Table 5 Uncertainty thermal conductivity test 

Test materials Thermal conductivity (Wm-1K-1) 

Stainless steel 304 15,67 ± 1,61 

Commercial Bronze 37,07 ± 2,13 

High Temperature Validation 

The thermal conductivity high temperatures 

result were presented in Figure 3, where testing was 

done at 50°C to 400°C of temperature at rising 

intervals of 50°C and were included per cent 

uncertainty at each test with a value of ±9%. SS304 

reference for high temperature were also obtained 

from Bogaard, et al. [12], which demonstrating the 

thermal conductivityvalue of SS304 which rised with 

expanding temperatures. 

One thing that will greatly affect the resulting 

error of the comparative method was their thermal 

contact resistance [13]. Test equipment which 

created has a testing thin material specification, and 

did not allow the thermocouple planting on sample 

materials. Therefore, to determine the material 

surface temperature (TH and TC) can only be done 

by calculation. Therefore, thermal contact resistance 

will greatly affect the test results. Meanwhile, testing 

which conducted by Jensen, et al. [6] by the same 

method, allowing the thermocouple planting to the 

elongated material specimens. Thus, their thermal 

contact resistance did not significantly affect the 

thermal conductivity calculation for TH and TC were 

directly measured using a thermocouple (comparison 

testing scheme is shown in Figure 4. By these testing 

times, there were between the two meter bars 

materials were neglected, it needs various ways to 

minimizing the thermal contact resistance. Firstly, it 

will decrease if the connection between the pressure 

increased, however too much pressure can damage 

the specimen and cause deformation of the contact 

surfaces [14, 15]. According to ASTM D5470-06 

[14] the pressure testing can be classified to some 

hardness materials. For soft materials, it can be used 

0.069 MPa (10 psi) while the hard material of 3.4 

MPa (500 psi) of pressure. The material which was 

engaged as validation was metallic bronze and 

stainless steel that can be classified as a hard 

material, thus pressure on the test of 3.4 MPa or 46.0 

kg with the cross-sectional area of 1.33×10
-4

 m
2
. 

Secondly, thermal contact which can be minimized 

by applying a thermally conducting liquid or it-

called thermal grease such as silicone oil to its 

surface before pressed. When the surfaces which 

tangent was pressed, there will always be air cavities 

on its surface although with a very smooth surface. 

The cavities were filled with air, a very low thermal 

conductivity (0,024 Wm
-1

K
-1

) which resulting in a 

high resistance. The theory of thermal grease is to 

replace the low thermal conductivity of air using 

liquid material with higher thermal conductivity [1, 

15]. There were two materials that will be used as a 

thermal grease on testing this time, the HC-131 was 

used as the initial validation at 50°C which was 

produced by ShenZhen Bonyx Electronics Co., LTD 

and Huskey 2000 Lubricant paste and Anti-Seize for 

High Temperature was produced by Husk-ITT 

Corporation. 

In figure 3 are shown the testing results of both 

thermal grease at the same pressure. The test results 

show if using the thermal grease HC-131, at a 

temperature of 50°C to 200°C, the difference with 

Figure 4. An axial heat flow testing method scheme 

thermocouple planting variations on material; (a) 

material planting of created test apparatus, (b) 

material placement dan thermocouple planting on 

Jensen study. 
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literature was lower by -2.55%. But the difference 

was getting up when the temperature rosed from 

250°C to 375°C with a maximum difference of 

23.6%. Meanwhile, if using Huskey, 2000, at a low 

temperature difference from the literature of 5.27%, 

which higher than using HC-131. However, at high 

temperature difference was relatively constant 

temperature of 250°C to 400°C of 7.93%. The results 

were likely to go down at high temperatures when 

using HC-131 due to its thermal grease properties, 

that was only operating capability at a temperature of 

-30°C to 150°C. Therefore, at above 200°C of 

temperature the differences with literature were the 

greater because its thermal grease dried. After that, 

the dried thermal grease causes air to fill a contact 

pores between the sample to the meter bar. In 

addition to obstruct heat transfer due to its low 

thermal conductivity, the air also causes corrosion of 

the copper which used as meter bar material. 

Temperatures increased corrosion on copper rapidly, 

Therefore, the copper surface was formed of two 

layers covering the copper. The corrosion inner layer 

was Cu2O and the outer layer consists of CuO and 

Cu2O [16, 17]. This layer raised the contact 

resistance between the meter bar with a bigger 

sample, as a result the thermal conductivity test 

products utilizing HC-131 decreased when the 

temperature further rised. 

Different things demonstrated by a test  which 

employing Huskey 2000 as thermal grease. The test 

results were more stable when the testing at low or 

high temperatures, due to the ability of Huskey 2000 

was capable of operating up to a temperature of 

1093.33°C (2000 ° F). In addition, the maximum 

temperature that can be achieved was higher at 

400°C with the same heater power 858 Watt, which 

exhibiting better thermal conductivity at high 

temperatures. Therefore, the maximum temperature 

can be achieved was higher also. The testing results 

at 50°C to 200°C produces below the HC-131, due to 

the conductivity of the HC-131 termal 4 larger (0.62 

Wm
-1

K
-1

) compared to Huskey 2000 with its main 

function as a lubricating oil and anti-seize. However, 

the Huskey 2000 applications showed the better 

results compared with air or without using the 

thermal grease, this case is shown in Figure 5 the 

comparative testing product of the thermal grease 

utilization HC-131, Huskey 2000, and without the 

thermal grease. The test exhibits if no thermal grease 

was very much difference from the literature of 

37.72%. 

 

CONCLUSION 

From these results, it can be concluded that: 

1. Thermal conductivity test apparatus with axial 

heat flow method approach to heat flow in steady 

state was created by the standard ASTM D 5470-

06. Where this test allows testing of thin 

materials without planting a thermocouple in the 

test sample. Using two meter bars, above, and 

below material to determine heat transfer rate and 

surface temperature of the test sample. High 

temperature testing that can be achieved is 400°C 

2. The ability of thermal conductivity testing 

apparatus of the material at a temperature range 

of 50°C to 400°C was good enough. By the 

material initial validation which used stainless 

steel and bronze by a margin of literature by 

2.55% and 2.44% and the standard deviation of 

the five tests of 2.09% and 3.23% which 

demonstrated accuracy and precision tools were 

pretty good. For validation, at high temperatures 

was showed good results also by a margin of 

7.93% of the literature on the highest temperature 

of 400°C. 
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Abstract : 
 

There are many factor affecting the quality of product that are 

produced from milling machine process. The quality is mostly about surface 

roughness and precision. Those affecting factors are the selection of cutting 

parameter and use of cutting fluid. The research is done in order to know 

the effect of using cutting fluid and feed rate to aluminum on surface 

roughness and precision using Milling CNC machine. This research uses 

milling CNC Mitsubishi M70 machine. The free variables of feed rate are 

20, 32, 45, 69, 108 mm/min. Each feed rate variations are given cutting 

fluid and no- cutting fluid treatment. The cutting fluid used is bromus oil 

which is mixed with water. The tests performed were surface roughness test, 

precision test. The result of this study shows that feed rate is in line with 

surface roughness. The use of cutting fluid affects surface roughness. The 

surface roughness score at feed rate variation using coolant treatment are 

20, 32, 45, 69, 108 mm/min shows the surface roughness score of 0,442; 

0,484; 0,553; 0,643; 0,797 µm. surface roughness score without cutting 

fluid treatment reveals the score of 0,470; 0,517; 0,582; 0;662; 0,847 µm. 

According to statistical analysis result using two way ANOVA, it can be 

concluded that the use of cutting fluid and feed rate affect precision at 95% 

trust rate. The measurement of A dimension using cutting fluid in the 

variation of feed rate 20, 32, 45, 69, 108 mm/min shows the precision rate 

of 99,999348; 99,99929; 99,999304; 99,999261; 99,9992 %. While, the 

variation without cutting fluid treatment reveals the precision rate at 

99,999188 ; 99,999184; 99,999037; 99;998884; 99,998684 %.

 

 

PENDAHULUAN 

The development of science and technology 

nowadays, esspecially manufacturing industry is 

required to improve product quality, production 

speed, and production costs in order to compete with 

others. It requires a solution to solve the problem. 

One of them with a CNC machine. CNC machine is a 

machine which controlled by a computer using 

numerical language (command data with the code 

numbers, letters, and symbols) according to ISO 

standards. CNC technology working systems will be 

more syncronized between computers and mechanics. 

Therefore, when it compared with similar machine 

tools, CNC machine tools, more accurate, more 

precise, more flexible, and suitable for mass 

production. A designed CNC machine is to support 

the production of which requires a high level of 

complexity. 

The ideal geometry characteristics of a product or 

a component of which is precision and smooth 

surface. A surface smoothness and precision are an 

important role in component planning which related 

to the friction lubrication problems, worn-out, and 

fatigue resistance. In [1] study exhibited that the feed 

rate is the most influential parameter toward the end 

of the surface roughness on the aluminum samples. 

Besides the feed rate, cutting fluid applications also 

assessed affect the surface roughness. 

From the above background, it is necessary to 

expand research on the effects of cutting fluid 

application and feed rate selection to the surface 

roughness and the accuracy level. This study is 

expected to recognize the manufacturing process 

utilizations and election. 

 

LITERATURE REVIEW 

[2] conducted a study on the cutting fluid 

operation in machining process. Various methods 

have been used to protect the chisel from the heat 

which generated during the machining process. The 

coated cutting tool selection is an expensively 

alternative and generally suitable for some materials 

such as titanium alloys, heat-resistant alloys, etc. 

Another alternative is to implement the cutting fluid 

utilization in engine operation. Cutting fluid is used 

for lubricating and fluid cutting effect between 
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cutting tool and workpiece, chisel and chips during 

the engine is operated. Therefore, the heat generated 

effect on the cutting tool can be prevented. The 

research producesd the cutting fluid selection for the 

machining process which generally provides benefits 

such as extending its service life and chisel, improve 

the surface finishing quality and dimensional 

accuracy better. 

[3] performed a research on the spindle speed 

effect, feed rate, and the chisel slope using an end 

mill chisel to surface roughness. It was using a 

milling machine, the independent variable was 700, 

800, 900 rpm of spindle speed, 100, 200, 300 mm/ 

min of feed rate, and 10, 30, 50 of tilt angle. It was 

employing a ball nose end mill chisel of diameter 10 

mm. These studies were concluded that the larger 

feed rate, the greater surface roughness (propotional). 

While the greater spindle speed and slope, the smaller 

surface roughness was obtained (inversely). The 

lowest surface roughness parameters was obtained at 

9 rpm of spindle speed, 100 mm/ min of feed rate, 

and the slope of cutting tool was 50 with  0.58667 

harshest lm. 

Cutting Fluid 

Cutting fluid was exploited in metal cutting or 

machining process for several reasons, for instance, to 

extend tool life, reduce the workpiece deformation 

due to heat, improve the surface quality machining 

results, and clean growled from cut surfaces. It was 

utilized that can be categorized into four types:: 

a. Straight oils 

b. Soluble oils 

c. Synthetic fluids 

d. Semisynthetic fluids  

Surface Roughness Parameters 

To producing a surface profile, sensor/ feeler 

(stylus) measurement tool must be moved to follow 

the trajectory was a straight line with a predetermined 

distance in advance. The path length was referred to 

the transversing length. Shortly after needle was 

moving and it stopped shortly before the electronic 

measuring instruments perform calculations based on 

the data detected by needle probe. Length 

measurements section where the surface profile 

analysis referred to the sample length. Actual 

reproduction profile is as shown in Figure 1: 

  
Figure 1. A surface profile [4] 

Based on the profiles described above, it can be 

defined that several parameters of the surface, which 

are related to the dimensions in the direction vertical 

and horizontal direction. Vertical dimension is known 

for some parameters, namely: 

Total roughness, Rt (µm). 

Is the distance between the reference profile with a 

profile board. 

Arithmetic average roughness, Ra (µm). 

Is an arithmetic average value from absolute value of 

the distance between the profiles that measured by the 

middle profile. 

Ra =  √
 

 
∫    

 

 
    

Total roughness mean, Rz (µm). 

Is the pedestal profiles average distance to measured 

profiles on the five highest peaks, which reduced by 

pedestal profile average distance to measured profiles 

on five lowest valleys. 

Rz  =  
                      –    –         –     

 
 

 

Precision 

Precision shows value how close the difference 

at the time of measurement repeatability. Although, 

the measurement accuracy results indicates closeness 

to the true value. The definition can be described in 

the following illustration. 

 
Figure 2. Precision and Accuracy Ilustration 

In the field of science, industrial engineering, and 

statistics, the accuracy measurement system is a 

measurement of the closeness level to the true value. 

Precision measurement system, also called 

reproducibility or repeatability is the extent to which 

measurement repeated in an unchanging state get the 

same results. A measurement can be accurate and 

precise, or accurate but not precise or accurate but not 

precise, or the inaccurate and imprecise [5]. 

 

RESEARCH METHODOLOGY 

This research was conducted at Laboratory of 

National Electric Car, Mechanical Engineering, 

Universitas Sebelas Maret, Surakarta. 

The material which used in this study was 

Aluminium. Chisel was used with carbide cutting tool 

material with a chisel type and diameter as follows: 

1. Endmill carbide 20 mm (facing). 

2. Endmill carbide 10 mm (profil). 

3. Drill chisel diameter 5 mm. 

4. Chisel thread M06x1. 
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The material which employed in this study was 

Aluminium. Chisel material was carbide cutting tool 

with a chisel type and diameter as follows: 

5. Endmill carbide 20 mm (facing). 

6. Endmill carbide 10 mm (profil). 

7. Drill chisel diameter 5 mm. 

8. Chisel thread M06x1. 

 

Independent Variable 

The independent variable is a variable which 

determined by investigators and the value can be 

changed by a certain method to get the dependent 

variabel amount of the research object, to obtain 

correlation between them. In this research, there two 

independent variables were cutting fluid (with and 

without) and feed rate (20, 32, 45, 69, 108 mm/ min).  

 

Dependent Variable 

The dependent variable is a variable whose value 

depends on the independent variables and identified 

after an investigation. The corelation between 

independent and dependent variables will produce 

changes of dependent variable value. The dependent 

variable in this study was the result of surface 

roughness and precision machining processes 

 

Controlled Variable 

Controlled variable is a variable whose value is 

kept constant during the study. It were kept constant 

during this study include 800 rpm of spindle rotation 

(facing) and 1600 rpm (profile), and 1 mm of feeding 

depth. 

The initial stage of this study was began by 

creating 3D modeling using solidworks software. The 

design was made that the motor vehicle spare parts 

named Engine Kill Switch. Work piece design is 

shown in Figure 3. 

 

Figure 3. Work piece cross section design. 

Experiments simulation was using solidcam 

software, and from the simulation results will be 

obtained which employing the NC-Code with post 

processor that suitable with CNC machines was used, 

MITSUBISHI M-70. 

An initial machining process by employing a 

CNC milling machine which was facing process that 

using independent variables that have been 

determined. After it completed, followed by surface 

roughness measurements, using Surface Roughness 

Tester SJ-201 series. At the time of data capture, 

sensors position constantly moved which suitable 

with horizontal axis and parallel to the test object 

(that were in a straight line). 

The next machining process was profile 

manufacturing process with the same independent 

variables treatment. Afterthat, data collection was 

performed to determine the dimensions of precision. 

Each workpiece measurement was done in four 

different positions as shown in Figure 4. 

 
Figure 4. Workpiece measurement dimensions area 

 

RESULT AND DISCUSSION 

The surface roughness testing results of cutting 

fluids application and selection of feed rate can be 

seen in Figure 5. 

  

Figure 5. Diagram of feed rate variations with and 

without cutting fluid to surface roughness correlation 

Figure 5 portrays in feed rate variations with and 

without cutting fluid to the surface roughness 

correlation of the workpiece. The testing result which 

was using cooler showed graphs that the surface 

roughness of each variation of the feed rate was 

raised. Roughness values on variations of 20, 32, 45, 

69, 108 mm/ min of feeding rate which empolying a 

cutting fluid, it was demonstrating by 0.442; 0.484; 

0.553; 0.643; 0.797 lm respectively. On the other 

treatments, ie without a cutting fluid testing the 

surface roughness as shown in Figure 3. It displays an 

the surface roughness of each variation of the feed 

rate of the feed rate low to high feed rate was 
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increased. The surface roughness variations of 20, 32, 

45, 69, 108 mm/ min of feeding rate without using a 

cutting fluid exhibits 0,470; 0,517; 0.582; 0; 662; 

0.847 lm of roughness. From Figure 5 above 

demonstrates that feeding rate was directly 

proportional to the surface roughness. The greater 

feeding rate, the larger surface roughness was 

obtained which was practicing with or without it. This 

was convenient to [6] research which was stated that 

the higher feeding rate, the huge machining process 

surface roughness of CNC milling, as the same as low 

feed rate, the surface roughness will be smaller. 

The cutting fluid application on a CNC milling 

process was performed on the aluminum material 

which effected on the surface roughness. This is 

shown in the graph in which the roughness value 

variation of 20, 32, 45, 69, 108 mm/ min of feeding 

rate that using a cutting fluid, establishing the 

roughness value by 0.442; 0.484; 0.553; 0.643; 0.797 

lm respectively. The surface roughness values 

without using cutting fluid demonstrated 0,470; 

0,517; 0.582; 0; 662; 0.847 lm of roughness. 

Workpiece which was using cutting fluid treatment 

has a less roughness than without treatment. One of 

the cutting fluid functions was to reduce built-up 

edge. It is one of the major contributing factors in the 

natural surface roughness. It can be continuously 

formed and broken, the fault will be borne particles 

below the surface of the chip and the new workpiece 

surface. Therefore, chip that was formed will be 

larger, it will produce a rougher surface. By reducing 

built up edge, then the resulting surface will be finer 

[7]. The basis of the theory stated that the cutting 

fluid utilization have an effect on the workpiece. Ie, 

the workpiece surface was produced become finer 

[8]. This was suitable to research which conducted by 

[1] which tells that cutting fluid application will 

affect the final surface output. There was also a study 

of [3] which declares that the greater feeding rate, the 

greater surface roughness (proportional). 

Dimensional measurements was engaging calipers 

measuring devices with an accuracy of 0.01 mm. 

Dimensional measurements was carried out 30 times 

against 10 different workpieces, each workpiece 4 

times measurements at different positions. The data 

obtained in this test data was contained data 

dimensions of the measurement position A, B, C, D.  

The measurement results were then analyzed 

using Variance two-way (two way ANOVA) analysis 

to investigate whether there was any difference some 

treatments effects (the cutting fluid utilization and 

feeding rate) on the dependent variable (data 

precision) using SPSS (Statistical Product and 

Service Solution) version 22 , 

On entering the data in the table to be analyzed, 

the researchers exploited the distance between 

dimensions measured data with an overall average of 

each sample. The distance between the average 

measured dimensions can be defined as following 

formula: 

 

     (    ̅)  
 
Where: 

      : Input data (average measured dimensions) 

   : Spot sample each measurement 

 ̅ : Average measurement each sample 

Based on SPSS program calculations was 

obtained the following results : 

Table 1. Program SPSS Dimension A Results 

Analysis 

 
 

Table 2. Program SPSS Dimension B Results 

Analysis 

 
 

Table 3. Program SPSS Dimension C Results 

Analysis

 
 

Table 4. Program SPSS Dimension D Results 

Analysis 
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Based on SPSS analysis table result shows that 

the significance level of feeding rate correlation to 

accuracy was <0.05 (significance level has been 

determined) so H0A was rejected. Therefore, the H1A 

decision test, which means there was influence 

between feeding rate to precision. Significance value 

of the precision correlation to cutting fluid was <0,05 

so H0B was also rejected. It can be concluded that 

there was influence between the cutting fluid 

applications to precision. Similarly, the significance 

value level of feeding rate correlation and cutting 

fluid <0.05. Thus, H0AB was rejected and accepted 

H1AB which means there was an interaction between 

feed rate and cutting fluid toward precision. 

To find the deployment of data, researchers 

determined the standard deviation in each dimension 

in a variety of independent variables. The smaller 

standard deviation, the deployment of data was taken 

increasingly accumulate. Futhermore, standard 

deviation can be determined using the formula: 

S = 

 
2

1

1

2

1











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






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
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Once distributing data was known on each 

sample, and then look for accuracy value using the 

formula: 

 

Precision =  

 

 

The graph of feeding rate to cutting fluid 

application variations to the accuracy level of 

observation results are shown in the following 

figures: 

 

Figure 6. Feeding Rate to Precision Correlation 

Graph of a Half Circle Observation Results Data (A) 

 

Figure 7. Feeding Rate to Precision Correlation 

Graph of Width Dimensions Observation Results 

Data (B) 

 

Figure 8. Feeding Rate to Precision Correlation 

Graph of Height Dimensions Observation Results 

Data (C) 
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Figure 9. Feeding Rate to Precision Correlation 

Graph of Lenght Dimensions Observation Results 

Data (D) 

From the graphs above show the cutting fluid 

effect and feeding rate variations on precision. The 

higher feeding rate, the lower the precision level. It 

may be caused of the vibration which generated by 

the friction between cutting tool to the workpiece. 

The greater feeding rate, the huge vibration was 

obtained [6]. If the vibrations was produced high, the 

workpiece precision will be decreased. The cutting 

fluid applications variations, indicating that it showed 

a higher level of accuracy than without employing it. 

One of the cutting fluid utilization was to reduce 

built-up edge. Built up edge is one of the major 

contributing factors in the natural surface roughness 

and precision. Built up edge can be continuously 

formed and broken, the fault will be borne particles 

below the surface of the chip and the new workpiece 

surface. Therefore, chip that was formed will be 

larger, it will exhibit a rougher surface and precision. 

By reducing built up edge, then the resulting surface 

will be better [7]. These results were suitable with 

studies that conducted by [2] suggested that cutting 

fluid employment for the machining process 

generally provides benefits to improve the surface 

finish quality. It was also consistent with the theory 

that one of the cutting fluid operation benefits of 

which was the workpiece surface to be better [8]. 

CONCLUSION 

Based on data analysis and discussion could be 

taken several conclusions as follows: 

1. The higher feeding rate, the greater surface 

roughness. The cutting fluid application has a 

positive influence on the surface roughness was 

denoted by the roughness 20, 32, 45, 69, 108 mm/ 

min of feeding rate of it, demonstrating the 

roughness value by 0.442; 0.484; 0.553; 0.643; 

0.797 μm respectively compared with the same 

feeding rate without it displays 0,470; 0,517; 

0.582; 0; 662; 0.847 lm of surface roughness 

value. 

2. The cutting fluid and feeding rate variations was 

known to affect the precision of the test two way 

ANOVA hypothesis with 95% of satisfaction 

level. The higher feeding rate, the accuracy level 

was getting lower. The cutting fluid utilization 

caused a higher level of precision. 
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Abstrak : 

Tulisan ini membahas tentang analisa potensi energi angin di pantai 

Suwuk Kebumen dan perancangan turbin angin tipe H-Rotor yang sesuai 

dengan karakteristik angin di pantai tersebut. Analisa potensi energi angin 

menggunakan metode distribusi Weibull berdasarkan data kecepatan angin di 

lokasi pengukuran selama 2 tahun. Analisa distribusi Weibull menunjukkan 

karakteristik kecepatan angin di lokasi pengukuran yang akan dijadikan 

dasar dalam perancangan turbin angin H-Rotor. Perancangan turbin angin 

H-Rotor terdiri dari komponen-komponen seperti sudu, strut, dudukan strut, 

poros, tiang, dan generator. Diperoleh rancangan turbin angin H-Rotor 

dengan diameter x tinggi sebesar 2,7 x 2,7 meter menggunakan airfoil tipe 

NACA 0018 dengan kapasitas daya keluaran sebesar 1 kW..  

PENDAHULUAN  
In recent years, the energy crisis that hit the 

world and particularly in Indonesia became a 

problem which is quite crucial. The fuel needs of 

human life is increasing, while supplies of oil or gas 

is very limited and can not be renewed cause oil 

reserves from year to year decrease dramatically. 

It can be seen from the data above that oil 

production declining in Indonesia from year to year 

and 163.633 thousand barrel of crude oil production 

was down 50% from the previous year by 2012. In 

addition, due to the pollution, the global warming 

has been arising from the burning of fossil energy 

sources. It made us to enterprise for alternative 

energy sources that are clean and not limited to 

generating electricity. 

Indonesia is a country with energy resources are 

very abundant, one of them are water and wind 

energy sources. Indonesia is an archipelago and one 

of the countries which located at the equator to be 

one factor why Indonesia has an overflow wind 

energy feasible. Its potential is quite adequate, due to 

3.5 to 7 m/ s of the average wind speed ranges in 

Indonesia. The mapping of National Institute of 

Aeronautics and Space (LAPAN) at 120 locations 

shows some regions have wind speeds above 5 m/ 

sec, East Nusa Tenggara, West Nusa Tenggara, 

South Sulawesi, the southern coast of Java, 

respectively. The wind power applications as a 

source of renewable energy in Indonesia is very 

likely to be further developed [1]. 

The southern coast of Java has wind energy 

potential is tremendous with 3.5 to 7 m/ s of the 

average wind speed ranges. The suwuk beach 

become one of southern coast of Java is located in 

the southern city of Kebumen and used as tourist 

attractions. As a tourist attraction, the suwuk beach 

requires a supply of electrical energy among others 

for food stall lighting, drain the water, and the 

fulfillment of electricity at some recreation places. 

The electrical energy source on this coast is 

originate from PLN and only available on a small 

scale by this time. In addition, the power outages is 

frequently happen which caused electricity shortages 

at Suwuk beach. Therefore, we need another energy 

source to overcome an electricity. A large number of 

wind energy potentials on Suwuk beach made wind 

turbine is the right choice to tackle the problem. 

 

RESEARCH METHODOLOGY 
The H-rotor wind turbine design begins with 

wind speed data processing by using Weibull 

distribution method. The Pandansimo Bantul beach 

wind speed data was used due to its complete and 

located in the same geographic of suwuk beach 

which placed the south coast of Java island. Data has 

been obtained by measuring wind speeds at the 

beach Pandansimo for two years from June 2013 to 

2015. It was found that wind speed often arise (VF) 

4.37 m/ s of wind speed while carrying 7.99 m/ s of 

maximum energy (VE). Based on its characteristics, 

calculation and determination of each component H-

rotor wind turbine models can be done. 

 

RESULT AND DISCUSSION 

Wind Speed Data Processing 

 The wind speed data processing results was 

obtained during the two years from June 2013 to 

June 2015 by using the graphs and cumulative 

probability density of Weibull distribution [2], as 

shown in Figure 1 and Figure 2. 
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Figure 1. Density probability function 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Cumulative Distribution Function 

 It can be clearly seen on Figure 1 that often 

frequently appears 4.37 m/ s of wind speed with 

14%. Figure 2 shows the wind speed appearance 

chance at certain intervals. The cut-in wind speed is 

equal to or greater than 2 m/ s, 3 m/ s and 94.24%, 

84.8% respectively. 

The H-Rotor Wind Turbine Design 

Hybrid turbine construction is shown in Figure 

1. The components that will be constructed are blade, 

strut, strut mounting, shaft, mast, generator and 

transmission systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Vertically Axis Hybrid Wind Turbine 

Construction  

1. Turbine Blade 

Blade which was designed as a straight blade of 

NACA 0018 airfoil shape due to its strong and good 

aerodynamic construction characteristics [3]. The 

number of blades which used was 3 pieces that make 

loading variations spoon evenly by using carbon 

fiber material that performs corrosion resistant and 

strong. According to Oyedepo by 2012, wind speed 

design that was brought maximum energy (VE). The 

unknown 8 m/ s VE value, the H-rotor wind turbine 

size can be determined by reference [3] is  

Solidity    = 0.24 

Rotor diameter ( D ) = 2.7 m 

Blade lenght (b)  = 2.7 m  

Chord length ( c )  = 0.216 m 

Swept area ( A )  = 7.29 m
2 

2. Force Analysis on Blade 

The aerodynamics H-rotor analysis is quite 

complex though the rotor shape is relatively simple. 

As the wind strikes the blade, not only wind speed 

are affecting lift (L) and propulsive force (D) on the 

blade but also influence the relative wind speed [3]. 

Lift (L) is a force that perpendicular to the 

relative wind speed while the thrust (D) is a force 

that parallel to the relative wind speed. Normal force 

(N) is a force that is perpendicular to the chord of the 

blade while the axial force (A) is a force that is 

parallel to the chord of the blade as shown in Figure 

4. The forces are calculated using the equation, [4]. 

 

 

 

 

 

 

 

 

 

 

Figure 4. Turbine Blace Force Diagram 

 

  
 

 
           

  
 

 
           

              

              

The calculation results forces that occur on the 

blade indicated by Table 2. From the table it can be 

seen that the value of lift (L) and normal force (N) 

consecutive maximum of 610.36 N and 603.44 N at 

position angle of pitch 140
o.  

Table 2. Lift force, thrust, normal, and axial pitch 

angle variations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Shaft 

Material for the shaft was selected AISI 4130 

steel with 359 Mpa of material maximum tensile 
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stress. A safety factor value equal to 8 was used for 

steel materials [5]. 

Shaft diameter calculation of hybrid vertical axis 

wind turbine considers the style of the axis of the 

twisting moment (Te) and bending moment (Me), the 

shaft diameter (d) was obtained 90 mm. 

 

4. Cradle Strut and Strut 

a. Cradle Strut 

A holder AISI 6061 of aluminum strut material 

was practiced with 55.15 MPa of yield strength [5]. 

Diameter mounting strut (D) is set at 250 mm. Stand 

strut under pressure due to heavy pressure turbine 

blade bending and compressive stress due to 

centrifugal force [6]. 

Width (b) strut is 60 mm, since there will be 

screw mounted to a strut, then the size of the 

thickness (h) strut to: 

Bending compressive stress due to the weight of 

the turbine blade 

a.  =  √
      

    
   

    

= 54,55 mm 

b. Press tension due to sentrifugal force 

 

h    = 
       

   
 
 

 
 

 

= 39,05 mm 

then it was selected thick strut holder (h) of 39.05 

mm. 

b. Strut 

The strut material was the same as the material 

for the holder strut. Strut was tensioned a bending 

pressure due to turbine heavy blade and compressive 

stress due to centrifugal force [6]. Number strut for 

each blade was 2 [7]. 

 

 

 

 

 

 

 

 

 

 

Figure 5. Strut 

 

Width (b) strut 60 mm was taken, since there 

will be screw mounted to a strut, then the thickness 

size (h) strut against bending compressive stress due 

to the weight of the turbine blade 

h =  √
      

   
   

   = 12 mm 

 

Checking the strut dimensions has been secured 

against centrifugal loads then it can be calculated by 

the equation, 

  
  

 
 
       

     
 

           

 

From the calculations above, the resulting 

voltage was on below  of the maximum allowable 

stress design that was 27.57 MPa. It can be 

concluded that the size of the strut with a width x 

height of 60 x 12 mm it was safe to use. 

 

5.  Generator 

Generators were used in the wind turbine design 

was a permanent magnet generator which is capable 

of producing 1000 watts at 450 rpm of rotation. 

These generators were imported from Ginlong 

Manufacturer, an electric generator factory, PMG 

types.  

 

 

 

 

 

 

 

 

 

 

Figure 6. Generator GL-PMG-1000 

 

Table 3 shows the specifications of generator 

GL-PMG-1000. It can be seen that the rated rotation 

speed of 450 rpm to produce a power output of 1000 

watts. 

Tabel 3. Spesifikasi GL-PMG-1000 

 

 

 

 

 

 

 

 

 

 

 

6. Transmision 

From Table 3, the generator rated rotation in 

order to produce an output power of 1 kW is 450 

rpm while the axis wind turbines rotation only at 233 

rpm. Therefore, it is necessary to raise the 

transmission shaft rotation. Transmission used was a 

bevel gear as shown in Figure 4:20. 
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Figure 7. Bevel gear 

Determining the size of the diameter of the gear 

(DG) and the diameter of the pinion (DP) using the 

equation, [8], 

  

  
 
  

  
 

obtained DP = 100 mm dan DG = 200 mm. 

 

7. Shaft 

The main shaft will be reinforced using a 

hollow shaft which also will become a pillar of the 

wind turbine. In addition, this pillar also serves to 

put the taper bearing on the end of a pole. 

Calculation of shaft diameter of hybrid vertical axis 

wind turbine the axis type of the twisting moment 

(Te) and bending moment (Me). 

 

a. From twisting moment (Te) maka,  

   
 

  
  [

(  )  (  ) 

  
] 

b. From maximum normal tension (Me) so, 

   
 

  
  [

(  )  (  ) 

  
] 

Diameter was obtained in (on) and outer diameter 

(do) a maximum of hollow shafts are respectively 

110 mm and 220 mm. 

 

CONCLUSION 

Based on the analysis and discussion of the H-

rotor turbine 1kW design for coastal areas, Suwuk 

Kebumen, some conclusions can be drawn as 

follows: 

1. The data processing speed of the wind result on 

the suwuk beach using Weibull distribution 

shows that wind speeds are frequent or frequent 

(VF) 4.37 m/ s meanwhile the wind speed that 

can produce the maximum energy (VE) 

amounted to 7.99 m / s. 

2. The result design of H-rotor wind turbines for the 

coastal areas is as follows suwuk: 

H-Rotor 

Airfoil Setion NACA 0018 

Jumlah Sudu 3 

Solidity Ratio ( ) 0,24 

Diameter Rotor (Dd) 2,7 m 

Tinggi Rotor (Hd) 2,7 m 

Panjang Chord (c) 0,216 m 

Luas Sapuan (A) 7,29 m
2
 

Komponen Turbin 

Diameter poros 90 mm 

Panjang poros 9000 mm 

Lebar dan tebal pasak       mm 

Panjang pasak  15 mm 

Diameter dudukan strut 250 mm 

Tebal dudukan strut 55 mm 

Lebar strut 60 mm 

Tebal strut 12 mm 

Diameter luar bearing 140 mm 

Diameter dalam bearing 90 mm 

Tebal bantalan poros 21 mm 

Tinggi tiang 8000 mm 

Generator  
Ginlong GL 

PMG-1kW 

Transmisi Bevel gear 
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Abstract: 
The aims of this study is to determine the mechanical characteristics of 

the calcinated scaffold material bovine hydroxyapatite (BHA) for bone filler 

applications. Scaffold BHA was obtained from femur section of bovine bones 

which cut into 10x10x10 mm. Scaffold BHA was calcinated by temperature 

variations of 900ºC and 1200°C for 2 hours with 10ºC/min as the amount of 

the increasing level. The study result of each scaffold BHA which had been 

calcinated by 900°C and 1200°C has a hardness value of 8.48 ± 0.1118 VHN 

and 12.37 ± 0.5803, meanwhile the compressive strength value of each 

scaffold BHA samples is 3.03 ± 0.6764 MPa and 1.96 ± 0.3450 MPa. The 

porous on scaffold BHA samples calcinated by 900°C and 1200°C which had 

been observed by SEM had porous size that is not much different, it was ± 

200-400 μm, the difference can be seen from the smaller porous size of the 

scaffold BHA calcination 1200°C compared to the porous size of scaffold 

BHA calcination 900°C.   

INTRODUCTION 
Approximately 40% of body rigorous tissue 

damage due to brittle bones, bone cancer or 

accidents occurred in Indonesia, and the rest as 

congenital [1]. The bone filler needs for transplant 

and implantation were significantly increased on its 

restoration. An inexpensive bone filler material was 

necessary for Indonesian patients because there were 

fewer transplantation donors. Synthetic materials 

such as metal alloys or bioceramics were expensive 

because it is imported, whereas the cow bones waste 

as a bioceramics scaffolds raw material is abundant 

in Indonesia. Many studies were utilizing it to create 

hydroxyapatite material (HA) as one of the 

bioceramics products variants which used for the 

medical field that has economic value and 

environmental friendliness. 

Hydroxyapatite (HA) is an excellent biomaterial 

for substituting bone because it has excellent 

biocompatibility. Hydroxylapatite or hydroxyapatite 

(HA) with CA5(PO4)3(OH) of molecular formula 

however, people often write as CA10(PO4)6(OH)2 is a 

calcium bioceramics apatite which can be found in 

human teeth and bones. It derived from natural 

sources which can form a strong bond to the bone 

tissue. Cow bone composition is consisting of 93% 

hydroxyapatite (CA10(PO4)6(OH)2) and 7% β-

tricalcium phosphate (Ca3(PO4)2, β-TCP) [2]. A 

porous HA became a fundamental requirement for 

the bone fractures or cracks reconstructions. The 

forming bones were served as a bone cells tissue 

structuring mediator that grows, which can increase 

bone regeneration properly [3]. 

HA itself is divided into two types: natural and 

synthetic. Natural hydroxyapatite is hydroxyapatite 

which is produced by using natural ingredients that 

contain a rich of calcium of carbonate CaCO3. 

Calcium carbonate can be easily found in the 

environment around us, such as bones, shells, and 

malleable animal shields. Synthetic hydroxyapatite is 

hydroxyapatite which is made chemically. It is not 

only obtained by reacting synthetic compounds, but 

can also be achieved by reacting synthetic 

compounds with natural compounds. It is known as 

one of the important material because it has the 

bioactive, biocompatible, and osteoconductive 

properties which are similar to natural bone mineral, 

so it can be used as a human hard tissue substitution. 

Bone filler is made from hydroxyapatite, 

hydroxyapatite can be made from bones, shells, and 

malleable animal shields. In health area, its 

orthopedic surgeon needs is a direct scaffold which 

utilized to fill the bone damage. Therefore, HA 

powder has to be further processed into a scaffold. 

This process requires high temperatures of about 

1400ºC, so it is costly. The metal plate applications 

can not be done because it could not be used as a 

bone filler. Due to, it will be taken back if the bones 

has been constructed. 

Calcination on beef bones to turn it into 

hydroxyapatite is necessary. It was used to eliminate 

bacteria or agents which cause disease [4]. The 

higher calcination temperature was also very 

influential in cow bone hydroxyapatite crystallinity 

level [5]. Its intensity was increased significantly 

with the increasing of temperature and becomes 

more prominent as the temperature rises above 

600°C. Hydroxyapatite calcination temperature has 

an optimum temperature to produce the best 

hydroxyapatite from various temperature calcination 
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levels. Its variations affect the cow bones mechanical 

properties. Therefore, it needs a temperature that can 

produce hydroxyapatite which had the best results. 

On several studies suggest that temperatures of 900°-

1200°C had the best results. The best performance of 

the scaffold was 900ºC. Its treatment was important 

to create a resilient scaffold HA [6]. The optimum 

temperature was 900°C for having formed crystals 

with a high degree of crystallinity or a perfect crystal 

[7]. Sintering temperature of 1200 ° C and 1300 ° C 

had higher results containing HA crystals, which 

have a high density and good mechanical properties 

[8]. HA was sintered at 1000°C, 1200°C, and 

1300°C. Its hardness value increased as the sintering 

temperature, and maximum compressive strength 

values obtained on a sample of sintering temperature 

1200°C [9]. HA which was generated in this study 

will be calcined by varying the calcination 

temperature, ie 900ºC and 1200ºC. 

This study was conducted a preliminary study of 

scaffold bovine hydroxyapatite manufacture with 

cow bone waste raw material with calcination 

methods. Cow’s femur was then cut to obtain the 

size of 10x10x10 mm. Cow bone calcination process 

was performed by 900ºC and 1200ºC of variations in 

temperature. HA calcination process was using 10ºC 

of temperature rise every 1 minute until it reaches 

900ºC and 1200ºC of temperature respectively. It 

was accomplished to determine the value and 

material properties of HA from bovine bones. This 

study results were expected to be purposed as a new 

biomaterials and bone filler for fractured patients. 

 

RESEARCH METHODOLOGY 
Initial assembling 

The initial step in research was to set up the cow 

bone, thigh one (femur) was obtained from a 

slaughterhouse cattle/ slaughter house (RPH) in 

Jagalan street No. 26, Jagalan Village, District 

Jebres, Surakarta, Central Java Province with cow 

age range of 2-3 years. The bones were cleaned of 

meat and fat, then was boiling for 2 hours about 2-3 

times until the existing oil at bone and fishy smell 

disappeared. Afterthat, it was carried out the drying 

bones to get bone dry, and it was cut using a bone 

saw machine to get shape/ size of 10x10x10 mm/ 

pieces. The following process can clearly be seen on 

Figure 1. 

 
Figure 1. Execution Process 

 

Annotation: 

(A) Raw bones 

(B) Boiling process 

(C) Drying process  

(D) Cutting  process, 10x10x10 mm of size 

(E) Scaffold bovine 10x10x10 mm 

 

Calcination process  

The calcination process was performed to obtain 

a pure HA, calcination was executed by varying 

900ºC and 1200ºC of temperature. HA calcination 

process was using 10ºC of temperature rise every 1 

minute until the temperature reaches 900ºC then held 

for 2 hours and then cooled again to room 

temperature (27°C) and the same was operated at a 

temperature of 1200ºC. The following Figure 2 

shows a furnace. 
 

 
Figure 2. Furnace 

Testing 

This study was implemented three tests, namely 

hardness, compressive strength test, and HA material 

characteristics. Hardness testing was using a Vickers 

Hardness Number (HVN) testing machine with 100g 

of load and pushing the indenter 10 seconds. 

Compressive strength testing was operating by 

Universal Testing Machine (UTM) in accordance 

with ASTM standard F-451-95 using a Universal 

Testing Machine (JTM Technology Machine, 0.5T 

Capacity) with a load of 50 kg at a speed of 

suppression 5 mm / min. 

SEM (Scanning Electron Microschopy) 

observations was using SEM (VEGA3 TESCAN) 

with 20.0 kV HV SEM, Low Vac 17 Pa, 31 Pa, and 
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15 Pa. It was conducted to determine the bones 

porous wall surface detail. 

RESULT AND DISCUSSION  
Calcination Temperature Effect to Bovine Bone 

Powder 

Bovine bone was processed by 2 different 

calcination temperatures were 900°C and 1200°C. A 

calcined bovine bone from room temperature (27
o
C) 

up to temperatures of 900
o
C with an increase 10

o
C/ 

min and then hold for 2 hours and cooled again to 

room temperature (27
o
C), the same method was 

performed on samples of cow bones calcined at a 

temperature of 1200
o
C. During the calcination 

process, the bone color has been changed between 

before and after calcined. After calcination, it has a 

white color and been become bovine hydroxyapatite 

(BHA). Bovine bone scaffold color, before 

calcination process at room temperature was 

yellowish white. The following figures portray 

bovine bone before and after the calcination process 

is shown in Figure 3. 

 

 

 

 

  (a) (b)  (c) 

Figure 3. Bovine bone color: (a) Before calcined, (b) 

After calcined at 900°C, (c) After calcined at 

1200°C. 

Figure 3 displays the color change from white 

yellowish to white after calcination, it caused by the 

organic material decomposition. The white one was 

generated as a result of the organic material 

decomposition completely and obtained only the 

inorganic material. 

This was reinforced by studies which claim that 

the calcination results at 400°C, 500°C, and 600°C 

of temperature, the bone samples color were turn 

black, dark gray, and light gray respectively. The 

calcined bone at ≥700°C of temperature, it became 

white which was indicating the organic matter loss 

on the bone. This change was believed that linked to 

the organic matrix burning process (protein and 

collagen) in a bovine bone. The dark color of bovine 

bone samples under a temperature of 700 ° C were 

showed incomplete decomposition of organic 

material. The results were obtained from FTIR 

analysis showed that bovine bones gradually release 

OH- ions at a temperature above 1100°C (Ooi et al, 

2006). 

Same as Ooi et al, (2006), Herliansyah et al, 

(2009) stated that the bovine bone which was 

containing large pores and small pores but generally 

a raw bovine bone microstructure was very dense 

because of their organic substance impregnated with 

inorganic minerals associated with it. After it has 

been heated at 900°C for 2 hours, microstructure was 

changed due to the water content evaporated (about 9 

wt %) and organic substances such as collagen 

(approximately 20 wt.%), proteins, polysaccharides, 

and lipids which were also contained in a small 

number, and only a hard inorganic part with high 

porosity was remaining. The XRD results showed 

that BHA at a temperature above 1000°C which 

indicates its decomposition, it decomposed and 

turned into tri-calcium phosphate (TCP). 

[1] declared that the increasing of a bovine bone 

scaffold calcination temperature showed 

discoloration, and dark color indicates the 

incomplete decomposition of organic matter 

composition. At room temperature, a white bovine 

bone scaffold slightly yellowish, black at a 

temperature of 300ºC, gray at a temperature of 

600ºC, 900ºC, and white color temperature and 

1200°C. 

The same was done by [10] that the increasing 

temperature of bovine bones calcination showed the 

same color product, HA at room temperature (before 

calcined) was white yellowish color, at temperature 

of 700ºC, 900ºC, and 1200ºC were white. Dark gray 

color was occurred at 400°C of temperature and light 

gray color appeared at a temperature of 600 ° C, this 

happens due to the organic substances presence 

inside the bone. HA was decomposed to another 

calcium phosphates phase like tri-calcium phosphate 

(TCP) when calcined at temperatures over 1000°C, 

so that the calcination temperature played an 

important role in controlling the HA phase stability 

and mechanical properties. 

From [11], [12], [1], and [10] explanation, it can 

be concluded that the color change from yellowish 

white to white after calcination due to the organic 

substances decomposition ( protein and collagen). 

Vickers Hardness Testing Analysis 

From the data in Figure 4, hardness test results 

show that the hardness of scaffold BHA samples 

after calcination was increased. At calcination 

temperature of 1200°C was higher than 900°C of 

temperature. It portrays that the high temperature of 

calcination was affecting an increasing of bovine 

bone scaffold hardness. This could be happen due to 

the organic material disappearance on the bones 

surrounds, so bones became harder. Then, the 

highest hardness sample was chosen as the best 

sample which was BHA with calcination temperature 

of 1200°C with ± 0.5803 12:37 HVN. 
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Figure 4. Microvickers scaffold BHA hardness. 

It was stated by studies that claim that the HA 

hardness increases with the increasing of calcination 

temperature. HA hardness was increased from 152.2 

MPa (15:52 VHN) at a temperature of 600°C, 172 

MPa (17:54 VHN) at a temperature of 750°C, and 

then to 192 MPa (19:58 VHN) at 1000°C. [13]. From 

[13] explanation concluded that the effect of 

calcination temperature increasing generated the 

bovine bone material hardness. However, scaffold 

BHA hardness was exhibited still far from 25.57 ± 

1.0692 VHN of commercial HA hardness. 

Axial Compressive Strength Analysis 

From Figure 5 can be clearly seen that 

compressive strength of the scaffold BHA specimens 

is decreased. At 900°C of calcination temperature, it 

produced 3:03 ± 0.6764 MPa of a compressive 

strength. At a temperature of 1200°C the 

compressive strength was decreased, compared to 

scaffolds BHA calcination temperature of 900°C 

which was 1.96 ± 0.3450 MPa. Scaffold BHA 

compressive strength test results portrays that bovine 

bone before calcined was produced higher 

compressive strength compared to BHA after 

calcined. The decreasing of compressive strength 

was provoked of the calcined bovine bones organic 

material disappearance, only produced inorganic 

materials that make BHA calcination becomes more 

porous. Hardness was inversely proportional to the 

compressive strength due to the samples hardness. 

Then, it was also more brittle than calcined sample 

with a lower hardness [9].  

 
Figure 5. Axial Compressive Strength scaffold BHA 

testing result 

 

It was reinforced by researches which declare 

that bovine bone before calcined showed highest 

compression and higher it has been calcined. The 

higher the calcination temperature provides lower 

compressive strength. The declining of compress 

strength due to organic binder was reduced and 

porousnya bovine bone increased. The BHA strength 

with PVA coatings was higher than without coating. 

The PVA percentage expansion will enhance the 

BHA compressive strength [1]. From [1] explanation 

was achieved that its high temperature calcination 

can decrease the compress strength rather than it has 

not been calcined. The commercial HA has higher 

compress strength compared to the calcined BHA 

Scaffold at 900°C was 5.80 ± 0.9702 MPa, however 

the calcined BHA scaffold at 1200°C has a lower 

compress strength. 

Scanning Electron Microschopy (SEM) Scaffold 

Bovine Hydroxyapatite (BHA) Observation 

Table 1 at 900 ° C illustrates the BHA porous 

scaffold interconnection. It can be recognized the 

interconnected porous in ± 200-400 µm sized 

picture. This calcination process removed an organic 

material and the remaining inorganic material, it was 

hydroxyapatite. Table 1 at 1200°C of temperature 

demonstrated the BHA porous scaffold 

interconnection with porous size that was not much 

different from 900°C was ± 200-400. Its temperature 

of 1200°C has a size smaller its wall, which means 

the size of the porous getting bigger than its porous 

wall temperature of 900°C. Its growing porous size 

caused it became more brittle, thus decreasing the 

compress strength. 

Table 1. BHA scaffold micro structure after 

calcination of 900°C and 1200°C 

 

This was reinforced by studies which 

confirmed that the BHA scaffold calcination 

temperature of 900°C. It was demonstrated porous 

interconnections exhibit ± 200-300 µm of porous. 

Bovine bone material calcination can eliminate 

organic and inorganic residual materials were 
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hydroxyapatites. Calcination process also made it 

becomes more porous [1]. Similar to [1], [14] 

announced that 600°C of the calcination temperature, 

HA grain, and the tissue porous structure was not 

clearly visible, with the increasing calcination 

temperature of 750°C and 900°C, porous 

interconnected structure became quite noticeable. 

The constructed porous was very nice as bonding 

tissue when it purposed in ortopedi devices. [10] 

reported that it still looks collagen and proteins in 

bovine bone SEM results at 400-500°C of 

temperature. BHA SEM results at 600-1000°C of 

temperature to manufacture a special porous 

interconnection formations and the organic matter 

disappearance. From [1] and [14], [10] explanations 

can be concluded that the SEM result at 900°C and 

1200°C of calcination temperature were seen an 

interconnection and BHA walls diminution porous 

occurred since temperature calcination was climbed 

up. 

In scaffold bovine hydroxyapatite (BHA) 

research which has been given 900ºC and 1200°C of 

calcination treatment temperature for 2 hours with a 

10ºC/ min of rising temperature. It has 12:37 ± 

0.5803 HVN of hardness, 8:48 ± 0.1118 HVN of 

minimum requirement. The maximum compress 

strength was 3:03 ± 0.6764 MPa, minimum 

compressive strength was 1.96 ± 0.3450 MPa. SEM 

observations indicated that 200-400 lm of the porous 

interconnect size. Calcination temperature of 900°C 

was identified to be the best calcination temperature 

than the calcination temperature of 1200°C with8:48 

± 0.1118 HVN of hardness and has 3:03 ± 0.6764 

MPa of maximum compress strength. 

 

CONCLUSION 
In this study were obtained several conclusions 

as follows: 

1. BHA scaffold hardness was increasing due to 

the calcination temperature. It produced 12:37 

± 0.5803 HVN at 1200°C which was higher 

than 8:48 ± 0.1118 VHN at 900°C of 

temperature. 

2. Bovine bone before calcination had compress 

strength was higher than bovine bone that has 

been calcined ie 5419 ± 1.3758 MPa. The BHA 

scaffold compress strength at 900°C of a 

temperature 3.03 ± 0.6764 MPa which created 

higher than 1200°C BHA scaffold was 1.96 ± 

0.3450 MPa. 

3. SEM observations at 900°C and 1200°C of 

temperature presented an interconnection 

porous and produced ±200-400 μm of sized. 
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Abstract : 

AMC (Aluminium Matrix Composite) is material which has a great 

potential for being developed. This research was done to find effect added of 

Cu variation for impact strength and microstructure on Al-Si composite. Mass 

fractions of sand silika is 3% and Cu variation adding is 0, 1, 2, 3 & 4%. 

Composite manufacture is using stir casting method with stirring 600 rpm 

during of 5 minutes on semi solid temperature. Speciments were tested using 

optical microscope and impact charpy testing machine. The value impact of 

composite without adding Cu is 0,333 J/mm
2
 after added Cu value down. 

Until adding Cu 4% the value impact is 0,104 J/mm
2
. Micro photograph 

showed the result of porosity and SiO2 unform distribution with the adding of 

Cu to the composite. From the test results it is known that the strength of the 

impact decreases with mass fraction addition Cu. This is because the addition 

of Cu can increase the porosity and formed CuAl2 phase which are brittle. 

 

PENDAHULUAN 

In recent years, aluminium has been occupying 

an important role in the automotive, aircraft and 

construction industry. In the automotive field, the 

aluminum applications is in second place after steel. 

Due to its corrosion resistant properties, good 

thermal conductivity, and high trenght-to-weight 

ratio, several automotive components are made of 

aluminum alloy, for instance, pistons, engine blocks, 

cylinder heads, valves, and so on. However, pure 

aluminum is not applied yet because it still has a 

poor casting and mechanical properties. Therefore, it 

is necessary to add other alloy elements to improve 

the mechanical properties on casting process. Alloy 

elements are often assembled, such as, copper (Cu), 

silicon (Si), magnesium (Mg), manganese (Mn), 

nickel (Ni), etc. [8]. 

In material development, a numerous research 

has been done to obtain an exact characteristic. 

Metal matrix composites (MMCs) are generally 

made by combining two or more ingredients, first 

ingredient is a base material (matrix) of light metals 

such as aluminum, while other material is a 

reinforcing material in particles form. It properties 

depends on several factors that influences them, such 

as, composite material type, reinforcement volume 

fraction, dimension, shape, and some other process 

variables. 

Stir casting is a MMCs casting method in which 

materials are the combining of reinforcing material 

to a molten metal by stirring that makes the metal 

composites of uniform ceramic particles distribution 

and reduces bubbles which is trapped in the molten 

metal. 

An old piston is recycled into new pistons that 

have quality which equaly expected to an original 

piston. The addition of Cu element into it which 

silica sand reinforced that contains of SiO2 by stir 

casting methods is necessary to increase its strength. 

It is expected to have an equal strength than the new 

piston. 

From the description above, it is necessary to do 

research about additional Cu variations on aluminum 

matrix composite of a used piston remelting with 

silica sand casting by stir casting method to its 

impact strength and micro structure. The purpose of 

this study was to determine the variations effect in 

copper (Cu) addition on impact strength, porosity, 

photos macro, and microstructure of silica sand 

reinforced aluminum matrix composites by stir 

casting method. 

 

RESEARCH METHODOLOGY 

The stir casting was used in this process which 

metal alluminium heated to melt at 700 
o
C in the 

induction furnace.Then, it was added a copper 

powder and stir until blended, silica sand mixing 

temperature was lowered to 650 
o
C (semi-solid) and 

ran for 5 minutes at 600 rpm of speed swivel, after 

that the temperature was raised to the pouring 

temperature at 725 
o
C and poured on a mold which 

impact test specimens shaped. 

The impact, porosity, macro, and microstructure 

photograph test was done in this research. The 

impact test was intended to measure how much 
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energy that can be absorbed by a material until it 

fractures. This test used charpy impact test apparatus 

using the ASTM E23. The impact test specimen 

formula: 

E= W . R  (cos β-cos β’) 

From the formula above then obtained the 

formula to calculate the impact value: 

IS = HI = 
 

  
 

Where: 

Is =  Impact [J/mm
2
] 

E = Energy [Joule] 

W = Pendulum weight [9,5 Kg] 

R = Pendulum height [810 mm] 

α = Initial deviation angle 

β = Final deviation angle 

Ao = Area [mm
2
] 

(Standar ASTM E 23) 

After that, it was examined macro test to discover 

type of fault that occurred on the test specimen. 

Testing was conducted to determine the distribution 

of micro particles that occurred in the test specimen 

and the effect on impact strength. 

Porosity testing was done by using the equation 

             
  

   
           

with: 

P      = Porosity percentage (%) 

Ρs  =Density sample or actual density 

(gr/cm
3
) 

ρth   = Theoretical density(gr/cm
3
) 

The microstructure testing was conducted by 

optical microscope test equipment. This test was 

aimed to find the variation perngaruh addition of Cu 

in the aluminum metal matrix composite. 

 

RESULT AND DISCUSSION 

1. Impact Strength 

Figure 1 shows that the impact strength is 

decreased with the addition of Cu mass fraction. Al-

Si composite without the addition of Cu has the 

0.333 J/mm
2
 of impact strength, after the addition of 

Cu at 1% decline becomes 0.227 J/mm
2
, and 

continued to decreased until the addition of Cu at 4% 

it resulted 0.104 J/mm
2
 of impact. According to 

research [6] which more and more Cu density in the 

composite, it produced impact strength value 

declining due to the porosity increasing. 

 Figure 1 Impact testing result graph 

.  

2. Porosity Testing                                          `

 
Figure 2 Porosity testing result graph 

 

Figure 2 displays the porosity calculation results to 

0%, 1%, 2%, 3%, and 4% of addition, where the 

porosity value is increased to the Cu addition. Cu has 

a negative effect on the porosity which more and 

more Cu is added to the composite Al-Si the more 

the porosity occurred. Copper was significantly 

increased the pressure of hydrogen gas causes the 

gas dissolved. On the Al-Si composite with copper 

addition was resulted in porosity which caused by 

gas increased, it is in line with the nature declining 

of the molten metal with increasing the percentage of 

Cu as stated by [3] and [11]. 

 

3. Macroscopic Photograph 

The results on the cross-section of faulting macro 

image impact testing shows composite Al-Si mass 

fraction variation with the addition of copper has 

properties of ductile fracture, mix, and brittle. 
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Figure 3 Macroscopic testing result (a) 0%, (b) 1%, (c) 2%, (d) 3%, and (e) 4% of Cu

Figure 3a portrays a composite Al-Si without Cu 

addition. Fracture surface is showed some dimpels 

(the part that absorbs the light) that are large and 

slightly crystalline (the part that reflects light). It 

indicates the occurrence of plastic flow is large 

enough before fracture so it can be classified into 

ductile fracture. According to research which 

conducted by [7] of the fault analysis of impact on 

Al-Si composite which enforced by SiO2 limits the 

plastic deformation that is absorbed by the matrix. 

Figure 3b, 3c, 3d and 3e show a cross section of 

fracture composite with 1%, 2%, 3% and 4% of Cu 

mass fraction variations. Figure 3b, 3c and 3d 

display the mixed fracture (towards brittle), which is 

characterized by dimpel that began to decrease, 

crystals began to appear and growing. While Figure 

3e is a composite Al-Si with the addition 4% of Cu 

mass fraction showed very brittle fracture, where it 

characterized by  more flat fracture surface and more 

flat crystalline distributions. According to research 

conducted by [5] on the faults analysis on impact 

charpy testing, where the fracture of brittle is 

produced from the grains cleavage mechanism of 

brittle metal, so when it exposed to external forces 

(impact), it exhibit a fracturing brittle which 

characterized by a flat fracture surface. 

 

4. Micro Structure 

Figure 4 shows the phase that formed on the Al-

Si composites, such as aluminum (α) with the visible 

light colors, β form SiO2 particles are grayish or 

dark, AlSi on the edge of SiO2 and CuAl2 elongated 

yellowish. According to research [4] and [12] on the 

aluminum microstructure analysis with the Cu 

addition, Figure 4 portrays the Cu adding effect on 

the SiO2 distribution, where the composite without 

the Cu addition occurs the clumping of SiO2 and 

after the addition the SiO2 Cu is getting spread. It 

shows that the Cu addition on Al-Si composite 

serves as a wetting agent [9] where Cu can help the 

spread of particles reinforcement evenly. Copper 

aluminide (CuAl2) is a phase that aluminum and 
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copper are cooled slowly from a single phase solid 

solution at room temperature [1] and [2]. CuAl2 has 

very brittle properties and yellowish bright colored 

according to the study [13] on the analysis of micro 

structure AlSiCu with the Cu addition. CuAl2 phase 

in the composite AlSi was found on 2%-4% of Cu 

addition variation. Figure 4 also shows a porosity 

increasing where porosity is marked by the black 

dark and absorb light. 

 

 
Figure 4 Composite Micro Structure (a)0%, (b)1%, (c)2%, (d)3%, and (e)4% of Cu 

 

 

5. SEM Observation 

Figure 5 displays the Al-Si composite without Cu 

addition. It shows the SiO2 clots in certain areas, 

AlSi alloys found on the banks of SiO2. Figures 6 

and 7 show the composite Al-Si with 2% and 4% of 

Cu mass fraction addition variations. Figures 6 and 7 

show that SiO2 is spreading and elongated shape 

with the addition of a mass fraction of Cu, this form 

resulted in strength impaknya decreased, due to the 

form of SiO2 tapered and elongated when exposed to 

external forces (impact) force will be centered at the 

ends so will be susceptible to fracture. This is 

according to research conducted by [10] on the 

characteristics of aluminum AC8H/ SiC with stir 

casting process, in which the impact strength 

decreased due to the spread of the elongated SiO2. 
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Figure 5 SEM testing result of composite without Cu addition 

 
Figure 6 SEM testing result of composite with 2% of Cu  

 
Figure 7 SEM testing result of composite with 4% of Cu 

 

CONCLUSSION 

1. The composite impact strength was declined 

with Cu mass fraction. It can be seen from the 

porosity increasing calculation with Cu addition 

and macro image test results show a cross 

section fracture impact test results experienced 

ductile fracture, mixture, and brittle. 

2. The test results display that the microstructure 

and SEM SiO2 which lengthen increasingly, 

tapered, and spreads along with Cu addition, due 

to its the mechanical properties tend to be weak 
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because if the material has a force from the 

outside, it will be centered on the ends of 

silicon, in addition to it also formed CuAl2 

phase which is brittle. 
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 Tungsten Inert Gas welding of galvanized steel-aluminium useful for weight 

reduction, improve perform and reduce cost production. The effect of welding 

parameters, welding current and shielding gas flow rate on the intermetallic 

formation and hardness of dissimilar metals weld joint between galvanized steel 

and aluminium by using AA 5052 filler was determined. In this research, welding 

speed was consistent kept. The welding parameters were obtained by using 

welding currents of 70, 80 and 90 A, shielding gas flow rate of 10, 12 and 14 

litre/min. The intermetallic layer thickness increased by welding currents of 70 A 

to 80 A, but then it dropped on 90 A. The higher of a shielding gas flow rate, the 

lower the thickness of the intermetallic layer. The higher of a welding current, the 

lower the hardness of weld. The higher of a shielding gas flow rate, the greater 

the hardness of weld. As a result,the maximum hardness by current variation of 

70 A and a shielding gas flow rate of 14 Litre/min was 100.9 HVN. 

 

I. INTRODUCTION 

Industrial development is rapidly growth, 

especially in automotive industry. Welding is widely 

used for the metal joining process, because it has some 

advantages such as strong joining, provident, cheap, 

and easy to apply. Many methods are used in metal 

welding processes. Tungsten Inert Gas (TIG) welding 

was selected in this study. The direct aluminum and 

galvanized steel welding is difficult to operate. It can 

be caused by a melting point big difference, thermal 

conductivity, incompatibility, and compound brittle 

intermetallic during the welding process [1]. 

Many studies are conducted to address these 

issues, such as aluminum alloys to low carbon steel 

with a filler metal of GTAW welding [2]. Fe-rich layer 

is separated from the surface during welding. 

Intermetallic layer has 15 lm of thickness. The joining 

tensile strength was increased from 111 MPa to 150 

MPa after a heat treatment. The aluminum to other 

galvanized steel joining experiments were using laser 

welding and GTAW welding [3]. Intermetallic layers, 

Fe-Al which fragile were easily formed under arc thus 

worsening the joining mechanical properties. 

In this study was using TIG welding with 

protection argon gas and additional Al-Si 4043 as filler 

metal. It became necessary to find the most optimum 

variable in TIG welding process of galvanized steel to 

aluminum. Therefore, it could be reducing vehicle 

weight, improving engine performance, and decreasing 

cost production [4]. 

II. BASIC THEORY 

TIG welding is electric welding variety which are 

using tungsten materials as an unconsumed electrode. 

It serves only to conduct electricity from the power 

source to the essential metal. Therefore, it produces an 

electric arc flame which has a high thermal energy. 

Certain additives as filler rod was disbursed by the 

weld region filling arc flame. Noble gases such as 

argon, helium, and CO2 are used as a protective gas to 

prevent oxidation from outside air to the liquid metal 

which being welded. 

TIG welding is suitable for thin plate welding 

because it has a limited heat input. The filler metal 

feedding rate does not depend on the welding current. 

TIG welding process is very clean which can be used 

for the reactive metals such as titanium, zirconium, 

aluminum, and magnesium. Electrical currents which 

are too high can cause tungsten electrode melting and 

generate a welding brittle inclusions. The welding 

process uses a tungsten electrode which is not an added 

ingredient. Electric arc that occurs between the end of 

the tungsten electrode and the base material is a 

welding heat source. Figure 2.1 shows the TIG welding 

process when fusing and connecting the metal by 

heating it through an arc which formed from a tungsten 

electrode that is not consumed by the primary metal. 
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Its torch grip is connected to the protector gas tube as 

in Figure 2.1 (a). It is usually contacted to copper tube 

cooling water, called a contact tube as shown in Figure 

2.1 (b), which is attached to the terminal welding 

cable. The welding electric current is flowing from the 

power source to the electrode and it is cooled to 

prevent excessive heat. Workpiece is associated to the 

other terminal on the power source through a different 

cable 2. Shielding gas enters through the torch body. It 

is aimed by the nozzle toward the weld pool to protect 

the entry air from outside environment. The GTAW 

welding air protection is better than GMAW from its 

inert gas which directly targeted to the weld pool. For 

this reason, GTAW welding is also referred to TIG 

welding. 

  

 
Figure. 2.1 Tungsten Inert Gas Welding, (a) whole 

process; (b) welding area [5]. 

III. RESEARCH METHODOLOGY 

III.1  Equipment dan Materials 

TIG welding machine in Figure 3.1 (a) which was 

used, it has 5-200 A of output current and 85% of 

efficiency. JIG was practiced as in Figure 3.1 (b) with 

such designed which is able to clamp the workpiece 

perfectly. Therefore, the connection density can be 

maintained. 

  

 
 (a)      (b) 
Figure 3.1 (a) TIG Welding Machine dan (b) JIG Plate 

Clamp 

The materials which operated as the parent metal was  

200 x 80 x 3 mm of aluminum plate AA 5052 and 200 

x 80 x 1.2 mm of galvanized steel, while Al-Si 4043 

wire shaped of filler metal with 1.6 mm of diameter as 

shown in Figure 3.2 was also performed. Pure tungsten 

with 2.6 mm of diameter was employ which not 

consumed during the welding process. 

 

 
 (a)          (b) 

 
   (c) 

Figure 3.2 Alumunium AA 5052 as Main Metal (a), 

Galvanised Metal (b), dan (c) Al-Si 4043 filler. 

 

Chemistry composition for each material is shown 

on Table 3.1 and Table 3.2. 

 

Table 3.1 Chemistry composition base metal 

[1] 

 
 

Table 3.2 Chemistry composition filler metal Al-Si 

4043 [6] 

 
 

III.2  Research Methodology Scheme 

Figure 3.3 shows a research method flowchart. 

The independent variables that used in this study was 

70 A, 80 A, 90 A of electric current and 10 L/ min, 12 

L/ min, 14 L/ min of shielding gas flow rate. The 

dependent variable was the intermetallic layer 

formation and the hardness number from the TIG 

welding process on galvanized steel and AA 5052 of 

aluminum. Controlled variable was welding speed. 

Determining the research scope which is preferred 

therefore determined boundary problem as follows: 

1. A constant welding speed of 60 mm/ min. 

2. Cleaning the surface of the plate is uniformly 

performed using alcohol. 



MEKANIKA 

Volume 16 Number 1, March 2017 

32 

 
3. Cooling welds performed in air at room 

temperature. 

Welding process was performed by an experienced 

welder and has been certified by a recognized training 

weld institution that can ensure a uniform filet form on 

the outcome of the welds so it will not affect the test 

results in this study. 

 

 
Figure 3.3. Research method flowchart 

AWS D1.1 / D1.1M: 2006 was as a standard 

geometry for plate preparation as shown in Figure 3.4. 

A5052 aluminum alloy plate and galvanized steel 200 x 

80 x 1.2 mm of dimensions and 25 mm of length of 

overlap welding connection. 

   

 
Figure 3.4 Lap joint plate configuration based on AWS 

D1.1/D1.1M:2006 

III.3 Testing 

 Layer formation testing was using a scanning 

electron microscope (SEM) and energy dispersive 

spectrometry (EDS), while hardness was using Vikers 

testing machine. SEM and EDS preparation, a welding 

specimen which has been connected was cut in the 

middle and then filed until flat. Specimens that have 

been refined and then polished using autosol to remove 

residual sanding scratches. Then, the specimens were 

etched with modified reagent poulton in aluminum 

with 6 grams CrO3 of mixture composition, 15 ml of 

HCl, HNO3, and 1.25 ml of HF which mixture by 

21.25 ml of distilled water. Etsa fluid for low carbon 

steel galvanized using a composition mixture 1 ml of 

HNO3 which blended in 10 ml of distilled water. SEM 

and EDS testing areas scheme is shown in Figure 3.5. 

Vikcers testing was conducted to determine the 

hardnessdistribution in aluminum base metal, heat 

affected zone (HAZ), and the aluminum weld using 

200 gf for 10 s of loading. Vickers hardness test 

scheme is shown in Figure 3.6 : 

 
Figure 3.5. SEM dan EDS testing area 

[7] 

 

 
Figure 3.6. Vickers hardness testing scheme 

[8] 

 

IV. DATA ANALYSIS 

IV.1.1  Intermetallic layer on Head Zone 

There are 3 weld sections were tested by SEM 

such as, head zone, intermediate zone, and root zone. 

Head zone is free layer reaction part which was 

indicating the liquid weld on galvanized parts. At the 

galvanized coating head zone of steel has been 

destroyed and several dendrites begin to grow from the 

interface and there was a micro-pore shrinkage in the 

inter dendrites. At the intermetallic, there are 4 

important atomic constituents are Fe, Al, Si, and Zn. 

On EDS testing was taken from 7 spectrums vertically 

from the welds, intermetallic layer to galvanized. For 

all variations, the number of atomic Fe was increased 

while Al was declined, while the Si atoms and Zn 

values were uncertain. 

Figure 4.1 shows the test results on the SEM head 

zone for all variations. Intermetallic layer thickness 

will be increased from 70 A to 80 A of current and will 

decrease to 90 A. Si content was determining the 

thickness or thinness of intermetallic layer. The greater 

content of Si atoms will make the grain size becomes 

small and prevents diffusion of Fe atoms from the base 

metal galvanized steel, thereby reducing the thickness 

of the intermetallic layer and increase its tensile 

strength [9]. 

Figure 4.2 displays EDS testing result in all 

variations. At 70 A of current, 0.6% of Si, and then 

declined to 0.2%.of Si content was less cause 

intermetallic layer that forms were becoming 

increasingly bold. Intermetallic layer on 90 A of 

current becomes thinner. It could be caused by the 
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increasing 3.2% of Si content. On 12 liters/ minute of 

protected gas flow rate, 0.3, 0.1, and 3.5% of Si 

content and 14 liter/ min of gas flow hedge rate: 1.1, 

0.4 and 0.9%.  

 
Figure 4.1. Head zone testing result 

 
Figure 4.2. EDS testing result on head zone 

Intermediate zone is part of the reaction layer with a 

thickness of at most. Reaction layer was formed by 

columnar crystals variable composition of Al and Fe. 

Intermetallic compounds configuration was consisting 

of two phases, namely FeAl3 at the aluminum and 

galvanized Fe2Al5 in the nearby area [10]. Figure 4.3 

shows SEM testing result at the intermediate zone for 

all variations. At 80 A of current by an additional 

thickness of the intermetallic layer thickness then 

decreased in 90 A of current. In 80 A of current heat 

input becomes larger therefore the cooling rate 

widened more slowly, causing the formation of FeAl3 

be increased and the size becomes larger [10] .The 

increasing current will stimulate the thickness of the 

reaction layer in which the thickness of the layer 

decreases discontinuous reaction [11]. At 80 A of 

current was the peak of reaction layer. Therefore, 90 A 

of current reaction layer thickness will be decreased. 

Figure 4.4 portrays EDS testing result at the 

intermediate zone for all variations. The content of 70 

A of current at 1.0%, was down to 0.3% on 80 A of 

current and 90 A rise of current to 2.1% of the gas 

flow. The content 70 A of current: 0.3%, was down to 

0.2% on 80 A and 90 A of current with 3.4% of Si 

content. Si content which was decreased at 80 A of 

current and an increased in 90 A of current proves that 

the increasing thickness of the intermetallic layer on 80 

A of current and decreased thickness of the 

intermetallic layer on 90 A of current.  

 
       Figure 4.3 SEM testing results on Intermediate 

Zone 

 

 
       Figure 4.4 EDS testing result on Intermediate Zone 

 

Root zone is the most complex which located 

between the steel and light strip where most contain 

zinc. From Figure 4.5 comparison, it can be seen that 

the greater the gas flow rate hedge for the same 

current, the thickness of the intermetallic layer will 

also be dwindling. According to the hypothesis, this is 

due to the same current, the greater the gas hedge rate 

the more gas that protects the weld from that will 

improve cooling rate and refine the grain size so the 

intermetallic layer was formed to be thinner. A 

deviation was occurred from the thickness of the 

intermetallic layer on 10 liters/ min of gas flow rate 
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decreased in the 12 liters/ min of gas flow rate and 

increased thickness in 14 liters/ minute of gas flow 

rate. Figure 4.6 EDS testing result on 90 A of current 

shows aberration reasons that Si content in the 

intermetallic layer. Si content in 10 liter/ min of gas 

flow rate hedging at 0.2% increased to 1.4% in 12 liter/ 

minute of gas flow rate hedging. The increasing of Si 

content caused the intermetallic layer becomes thinner. 

Si content decreased to 0.5% for 14 liter/ minute of gas 

flow rate hedging, so the intermetallic layer the 

thickness increased.  

 

 
Figure 4.5 SEM testing result on root zone 

 

 
Figure 4.6. EDS testing result on root zone at 90 A of 

current 

4.2 Vickers Hardness Testing Results 
The electrical current addition is always directly 

proportional to the main voltage. This is in accordance 

with the laws of joules, increasing the electric current 

will also increase heat input and will cause the cooling 

rate (cooling rate) becomes slow. The greater the heat 

input will increase the size and spacing between the 

dendrite, which will lower the hardness [12]. It can be 

seen from the research results to increase the current 

with the same gas flow rate as shown in Figure 4.7., 

Figure 4.8., and Figure 4.9. For 10 liters/ minute of gas 

flow rate, the hardness average value at the weld 

decreased from 78.32 HV, 79.2 HV, and 72.58 HV. 

For 12 liters/ minute of gas flow rate, 92.02 HV, 

82.5HV, and 80.54 HV, for a gas flow rate of 14 liters/ 

min of gas flow rate, 94.6 HV, HV 87.32, 83.8 HV 

were obtained. Protected gas at 10 liters/ minute of 

irregularities flow rate which the average weld 

hardness increased from 78.32 HV to 79.2 HV, due to 

the its content the 10 liters/ min of gas flow rate at 80 

A of current was higher than 10 liters/ min of gas flow 

rate hedging at 70 A of current, the larger the content 

of Silicon, the grain size and the distance between the 

grains become smaller [9]. Therefore, the damage was 

also increased. The content of silicon in the weld test 

was known from EDS as shown in Figure 4.10 and 

Figure 4.11. 

 
Figure 4.7 Vickers testing graph on 10 L/min 

 

 
Figure 4.8 Vickers testing graph on 12 L/min 

 

 
Figure 4.9 Vickers testng graph on 14 L/min 
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  Figure 4.10 EDS testing result on 70 A,10 L/min 

 
Figure 4.11 EDS testing result on 80 A, 10 L/min 

 

Figure 4.7, Figure 4.8, and Figure 4.9 show an the 

increasing trend of ranging damage from aluminum 

base metal, aluminum heat affected zone, and welding. 

The highest hardness value was located in welding area 

due to hard of brittle intermetallic phase formation in 

the welding area [13]. Hard of brittle intermetallic 

phase as FeAl3 and Fe2Al5 will also increase hardness 

and lower tensile strength 

The shielding gas flow rate is a parameter that 

indicates the number of protected gas flowing in units 

of liters in one minute during the welding process. The 

greater the shielding gas, the greater the gas to protect 

the weld from adverse atmospheric air. From Figure 

4.12, Figure 4.13, and Figure 4.14, it can be seen that 

the shielding gas flow rate affect the hardness value of 

welding area. The greater the gas flow rate will 

increase hardness values as shown in Figure 4.12 

average hardness weld on 70 A of current: 78.32 HV, 

92.02 HV, and 94.6 HV. Figure 4.13 shows the 

welding average hardness on 80 A of current: 79.2 HV, 

82.5 HV, and 87.32 HV. Average weld damage at 90 A 

of current is shown by Figure 4.14: 72.58 HV, 80.54 

HV, and HV 83.8. 

 

 

 
Figure 4.12. Vickers hardness testing graph on 70 A 

 
Figure 4.13. Vickers hardness testing graph on 80 A 

 
Figure 4.14. Vickers hardness testing graph on 90 A 

V. CONCLUSSION 

1) The thickness of the intermetallic layer was 

increased from 70 A to 80 A of current 

variations, then fell on 90 A of current. The 

greater the shielding gas flow rate, the 

thickness of the intermetallic layer will fall. 

2) The increasing electric current, the hardness 

will be decreased. Increasingly the protective 

gas flow rate will increase damage. The 

highest hardness variations occured in 70 A of 

current and 14 L/ min of shielding gas flow 

rate with 100.9 HV of hardness. 

VI. SUGGESTION 

Authors recommend for the next researcher to 

conduct research on the analysis of the influence of the 

type of shielding gas and filler metal variations of the 

mechanical properties of TIG welded joints and steel 

alumunuium. 
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