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Cast iron material is a material that has brittle properties and is less able to 

withstand stress due to the welding cycle caused by flake graphite in cast iron. 
Because of these problems, in connecting cast iron materials using the SMAW 

welding method, it is necessary to have heat treatment (preheating) to avoid 

the welding problems on the properties of cast iron. The purpose of this study 

is to determine the effect of heating and non-heating on the cast iron before 
the welding process. Therefore, this research will play a crucial contribution 

as a reference for cast iron welding researchers and cast iron welding process. 

The method of the research was experimental research, where the 

measurement results were obtained directly from the specimens. The welding 
was using an open V seam. The specimen used was cast iron with a thickness 

of 8 mm. One cast iron was given heat treatment at a temperature of 260ºC 

and the others did not receive heat treatment before being welded. The welding 

process used SMAW with CIN - 2 electrodes with a diameter of 3 mm. The test 
used the bending test on the face specimens according to American Welding 

Society D1.1 standard. The results showed that there was an effect of the 

preheating treatment on cast iron, which that the non preheating specimens 

were easier to fracture than the preheating specimens. Thus, it can be 
concluded that welding with preheating is better than welding without 

preheating. 
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1. INTRODUCTION  

The role of welding in the production process is increasing every day, due to affordable price, relatively 

fast, lighter weight, and more varied forms of construction [1]. In addition, in the construction sector, welding 

is an integral part of the growth and improvement of industry, because it has very important properties in 

engineering and production improvement [2]. The use of metal in welding that is commonly used is cast iron. 

Welding method that is often used in the construction world is welding using a shielded metal arc welding 

method or commonly called SMAW [3]. SMAW welding is widely used to weld carbon steels, low and high 

alloy steels, stainless steels, ductile iron and cast iron [4]. Cast iron is an iron-carbon alloy with a C content of 

more than 2% and there are other additional elements such as Si, Mn, P, S depending on the microstructure 

formed during casting. [5]. Cast iron is widely used in various parts of the machinery industry and the 

automotive industry. For example pipe fittings, sprockets, pumps, car engines, and several other large size 

equipments. Cast iron is generally lower in strength compared to cast steel, but certain types of cast iron have 

a strength that can match the strength of cast steel. The low weldability of cast iron can cause various problems 

in welding process; especially weld cracks caused by residual stresses [6]. Cast iron is not ready to be welded 

because it can cause cracking, but this tendency can be reduced when cast iron receives heat treatment [7]. 

Before the welding process, cast iron must be preheated to prevent cracks and welding defects [8]. The process 

of welding cast iron mostly uses electric arc welding method with SMAW shielded electrodes, which is a 

process of joining metal by melting it through heating using an arc electrode [9]. Shielded metal arc welding 

(SMAW) is the oldest, fastest, most convenient, most commonly used, and produces good quality for the 

manufacture of various products such as tanks, gears, engines, hulls, mining equipment, boilers [10]. 

Welding is the process of joining two or more metals with or without the influence of pressure and with 

or without filler metal [11]. Welding is the joining of two or more metal parts using heat energy which causes 

the metal around the weld to undergo complicated metallurgical changes, deformations and thermal stresses 
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[12]. Welding has a very important role in engineering and repairment of existing metals used by humans. In 

fact, in today's construction, many welding elements are involved, especially in engineering [13]. Welding 

involves various variables such as time, temperature, electrode, power input and welding speed which influence 

the final properties of the weld metal [14]. If the welder is skilled and the welding is carried out according to 

the procedure, the quality of the welding will definitely be better [15]. In more detail, it is necessary to plan 

about the welding procedures, the welding examination, the welding material, and the welding type used, based 

on the function and the designed parts [16]. A quality welding can be obtained if the connection is able to 

withstand the load or working force. This load or force can be in the form of the bending load that is given to 

the cast iron being welded, so that the quality and strength of the weld can be seen from the size of the bending 

load given by using the bending test. The electrode used is a wire wrapped in a protective flux. During welding, 

this electrode will melt together with the base metal and freeze together to become part of the weld seam [17]. 

The process of removing metal electrodes occurs when the electrode tip melts and forms grains carried by the 

electric arc current. When a large electric current is used, the molten metal particles carried will become smooth 

and conversely when the current is small, the particles become large [18]. 

The strength of the welding can be affected by the arc voltage, the magnitude of the current, the welding 

speed, the amount of penetration, and the electric polarity [19]. Welding joints are very important because 

failure that occurs in welding can be fatal, so that in order to avoid possible failures, the standard of welding 

results must be increased [20]. To get a good and maximum welding result, a current adjustment is made 

according to the diameter of the electrode used [21]. This standard represents the minimum acceptance of 

welding quality based on the test specimen being welded containing more discontinuities [22]. In addition, the 

polarity factor is one of the parameters in welding, namely a clean surface produces a stronger welding joint. 

The surface of welding slag must be cleaned because it can affect the welding result [23]. So that it is possible 

for welding defects to occur. Therefore, it is necessary to do the examination so that the data result will be as 

expected [24]. The purpose of this study is to determine the effect of welding cast iron with preheating and 

without preheating using SMAW welding V seam using a current of 70-110 Ampere. The electrode used is 

CIN-2 with a diameter of 3 mm. This research process discusses how the effect of welding cast iron with 

preheating and without preheating using SMAW method on the mechanical properties of cast iron using the 

bending test. 

2. METHOD 

This research was using experimental method. In experimental research, there are dependent variables 

and independent variables [25]. The dependent variable of the research was cast iron with a thickness of 8 mm 

with SMAW welding treatment, the connection used was the V grove connection, and the current used for 

welding was 70-100 Ampere. The electrode for welding was CIN-2 according to its use for welding cast iron. 

The independent variable in this study was heat treatment and without heat treatment of four specimens to be 

welded. Heat treatment was carried out on two specimens with a temperature of 260ºC and two specimens 

without heat treatment. The specimen used was cast iron which was given welding treatment. The welding 

connection in this study was an open V-shaped joint.  

 

 

Figure 1 : V seam joint [26] 

 

Open V-shaped joint was used to join plates with a thickness of 6-15 mm with a seam angle between 60º 

-80º, root distance 2 mm, root height 1-2 mm. The seam V joint was used to weld metal or plates with a 

thickness of 6-20 mm with a seam angle of 50º, a root distance of 0-2 mm and a root height of 0-3 mm [27]. 
The single V groove was chosen because of the maximum UTS strength yield compared to other welded joint 

designs [28].  The following was the procedures in the process of carrying out this research: 
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Figure 2 : Research Procedure 

 

The procedure of this research started with the cast iron which was given heat treatment and without heat 

treatment on the specimens before welding using shielded arc welding. After welding, the cast iron was tested 

using the bending test and the data were analyzed in accordance with AWS D1.1 standard bending test 

acceptance. The conclusions and suggestions from the study can be concluded at the end of data analysis. The 

test specimen used was cast iron which was given heat treatment and not given heat treatment before being 

welded using the CIN-2 electrode. The following is a picture of cast iron after being welded and formed into a 

specimen. 

 

 

Figure 3 : Dimensions of bending test specimens after welding and shaping 

 

The specimen size is 150 mm x 40 mm x 8 mm. Specimens were made by grinding the surface and the 

root of the weld to get a flat surface as shown in Figure 3. The bending test data was collected by direct 

observation of the number of discontinuities or symptoms that occurred in the specimens. Then to find out the 

results of the bending test whether it is accepted or not was carried out based on the acceptance criteria of the 

standard AWS D1.1 bending test [29]. 

 

4. RESULTS AND DISCUSSION 

Based on the welding results, there were welding defects in the weld metal that was observed by visual 

examination of the specimens without preheating treatment and specimens with preheating treatment with face 

bending testing have cracks in the weld metal. Discussion of the results of the bending test on the specimens 

can be seen in the following figure: 

 
A 

 
B 

 

Figure 4 :  A All Specimens, B. Fracture of Welding Part 
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Figure A shows that all of the specimens were broken; this is due to the brittle properties of cast iron and 

is less able to withstand stress because of the welding process. Specimens without preheating and specimens 

with preheating were stated as not passed because they had fractures in the weld metal. Figure B is the fracture 

result of bending testing on cast iron without preheating in the weld metal section. 

 

Table 1 : Bending Test Results 

Heating 

Temperature 

Specimen 

Code 

Test 

Type 

Notes Results 

Type of 

Defects 

Fracture Area 

Non-Preheating A1 Face Broken Weld Metal Not Received 

A2 Face Broken Weld Metal Not Received 

Preheating B1 Face Broken Weld Metal Not Received 

B2 Face Broken Weld Metal Not Received 

 

The results table above is the bending test results of all specimens. the test shows that the bending test 

specimens without heat treatment (A1, A2) experienced fractures in the weld metal. While the bending test 

specimens with heat treatment (B1, B2) experienced fractures in the HAZ area. The acceptance criteria for the 

bending test based on the AWS D1.1 standard indicate that welding without preheating and welding with 

preheating is stated not passed, because it experiences fractures or discontinuities in the weld metal area. Thus, 

it can be concluded that the connection process for cast iron is not suitable for welding. 

After conducting the bending test, the researcher can explain that there are differences in welding without 

preheating and with preheating. Welding without heat treatment experienced fractures in the weld metal 

section, while welding with heat treatment experienced fractures in the weld metal section close to the HAZ 

area. There is an effect on both welding results, namely that the cast iron to be welded must be given preheating 

because this heat treatment will produce a better welding joint. 

 
5. CONCLUSION  

Based on the results of research that has been conducted, it shows that cast iron is very difficult to weld. 

This is because the heat generated by electric welding is too fast, causing cracks in the welding area. There is 

an effect of preheating and without preheating on the quality of the welding as follows: normal welding arc 

ignition, reducing residual stress, even welding arc width, and also there is an effect of weld toughness by using 

preheating treatment. The results showed that cast iron with heat treatment is better than cast iron without heat 

treatment. 
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