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Abstract. This study used the method of finite element for modeling and analyz-

ing the structure of the AC frame. Moreover, software was also applied to do a 

calculation and displayed an illustration of a prediction of the real phenomenon. 

The process of modeling the AC frame was carried out by utilizing software in-

ventor, and followed by a meshing process and a simulation by employing soft-

ware ansys. The simulation was done by giving four different load cases based 

on the standard of UIC 566 that regulates the calculation of load for each com-

ponent of the train car body. This study has three outputs comprised of von-

misses stress, maximum vertical deflection, and value of safety factor. Based on 

the simulation, the combined load potentially could cause a maximum stress at 

the stiffener frame AC namely 81,2, MPa, and maximum vertical deflection was 

1,015 mm at the carline due to longitudinal load. In addition, the value of the 

minimum safety factor occurred when the combined load reached 3.0176 during 

the simulation of the AC frame. The value is considered safe due to under the 

permitted voltage based on the regulation of the Ministry of Transportation Num-

ber 175 in the year of 2015 namely 75% of 245 MPa (allowed voltage for material 

SS400), namely 183,75 MPa. 
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1 Introduction 

To meet the needs and progress in the field of transportation, technological develop-

ments and innovation are n, needed, as well as in rail transportation. In line with existing 

developments, of course, production in the manufacture of railway facilities must also 

increase both in terms of quality and quantity. PT Industri Kereta Api (Perseror also 

known as PT A is a manufacturer of railway facilities that produces var of railroad 

products. One of PT INKA's products is the Shunting Locomotive. The Shunting Lo-

comotive is a self-propelled rail system and is used to tow and/or push trains, carriages, 

or special, equipment. 

The PPI Lo,comotive Shunting consists of the main construction in the form of a 

car body and a bogie. A body is used as a space used by passengers and goods and can 

protect what is inside from collisions, weather changes, or outside noise. The car body  
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from Shunting Locomotive PPI consists of a roof, side walls, and an underframe con-

sisting of a middle frame and bolsters. The roof of the train (train roof) is a welded steel 

construction with a longitudinal and horizontal arrangement. The train roof consists of 

transverse (carline) and longitudinal (purline) steel frames and roof panels. 

The AC frame on the roof frame needs to be analyzed separately to measure how 

strong the AC frame is in supporting the existing load without deformation and can 

withstand the exceptional load on the geometry and material used [1]. The AC frame 

acts as a foundation that will support the frame and parts of the AC components. There-

fore, the AC frame of the train is required to meet the specified standards so that it can 

support the loads and forces that occur on the frame. The test standard used for AC 

frames refers to the Union Internationale Des Chemins De Fer 566 (UIC 566) Standard 

for loading on Carbody components [2]. The main objective of this study was to deter-

mine the stress and amount of displacement by examining the Air Conditioning Frame 

strength under the required loading and operating conditions. The AC frame design was 

based on the Shunting Locomotive PPI reference that was produced by PT Industri 

Kereta Api (INKA). 

2 Research Method 

The research method used is quasi-experimental by conducting design simulations us-

ing FEM (finite element method) software. The output values generated from this sim-

ulation will be validated based on the UIC 566 standard and the Regulation of the Min-

ister of Transportation Number 175 in 2015 [3] as recommended by PT. Industri Kereta 

Api (INKA) [4].  

The loading conditions in the standard “UIC 566 1990-01-01 – Loadings of 

Coach Bodies and their Components” [2]. According to this standard, several forces 

occur on the train body components when running on the track, such as vertical, longi-

tudinal, and transverse forces. The vertical force occurs due to gravity or the weight of 

the components on the car body itself, the longitudinal force occurs when starting and 

braking, while the transverse force is caused by the turning motion of the train when 

passing through a curve. 

3 AC Frame Design and Modelling  

The engineering drawing of the AC frame was designed and modeled using Autodesk 

Inventor software. The modeling process involved drawing the components of the AC 

frame, and the assembly process was carried out using a 3D model.  

The AC frame has dimensions of 1900 mm length × 1100 mm width × 500 

mm height, designed with a passenger capacity of 2 people and an operating speed of 

40 km/h Fig. 1. 
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Fig.  1. (a) AC Frame Shunting Locomotive PPI (b) Meshing  

3.1 Material 

The required materials were based on the Regulation of the Minister of Transportation 

number 175 of 2015, where the base frame was designed with welded assembled steel 

construction made of carbon steel or other materials. That has high strength and stiff-

ness against loading without permanent deformation and is equipped with impact-re-

sistant construction. The material specified in the construction of this AC frame was 

Structural Steel SS400 (JIS G3101) for all main constructions in the form of plates and 

C profiles of the AC frame. 

 
Table 1. Mechanical Properties [5] 

Elastic 

Modulus 
Poisson Ratio Density Yield Strength 

Ultimate 

Strength 

2,1 x 105 (MPa) 0,3 7850 (Kg/m3) 245 (MPa) 400 (MPa) 

3.2 Meshing 

The mesh used in this simulation had a size of 20 mm, producing 83,610 nodes and 

28,288 elements. This site was considered comprehensive enough for modeling the AC 

frame. The mesh type used in this simulation was a hybrid mesh, consisting of quadri-

lateral and triangular shapes. The meshing used in the simulation was verified and val-

idated using meshing testing parameters to ensure that the values generated by the soft-

ware were close to the actual values. It provides accurate technical drawings and allows 

for visualization of objects in 3D Fig. 1b. 

 

3.3 Determining Boundary Conditions and Load 

The boundary condition will be determined by providing constraints. The constraint 

used in this simulation is a Fixed Support. This Fixed Support will be given a value of 

0 on the X (longitudinal), Y (lateral), and Z (vertical) axes as well as rotation on the X 

(longitudinal), Y (lateral), and Z (vertical) axes.  
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This boundary condition will be applied to the legs of the AC frame that will 

be welded to the roof of the train, to limit the movement of the object being simulated. 

Fig. 2. (e),  and table 5. explains the technical specifications AC frame. 

 

 

 

Fig.  2. (a) Vertical Load, (b) Vertical Transversal Load, (c) Vertical Longitudinal Load, (d) 

Combination Load, (e) Illustration of Boundary Condition. 

Table 2. Technical Specifications AC Frame [2][4]  

Type Specification Mass (kg) 

Material SS400  

Dimention 1900 x 1100 x 500 (mm) 175 kg 

The load used in this simulation refers to the UIC 566 standard [2]. The main load-

ing on the AC frame model was applied to the upper mounting frame of the AC as a 

vertical, lateral, and longitudinal load. The loads include: 

1. Vertical load = Fz = m.(g.az) = 175 kg x (9.8 m/s2 x 2 m/s2) = 3,430 N 

2. Longitudinal load = Fx = m.(g.ax) = 175 kg x (9.8 m/s2 x 1.6 m/s2) = 2,744 N 

3. Lateral load = Fy = m.(g.ay) = 175 kg x (9.8 m/s2 x 1.5 m/s2) = 2,572.5 N 

a b 

c d 

e 
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Each load is multiplied by the dynamic coefficient according to the UIC 566 stand-

ard. This ensures that the loads are applied during operational conditions.                In 

Table 6., information is given regarding the forces that occur by the UIC 566 standard. 

 
Table 3. Force on Bodies Component 

Force Formulas Calculation results 

Vertical az = 2 m/s2  

Transversally ay = 1,5 m/s2  

Longitudinal ax = 1,6 m/s2  

Vertical Load Fz = m.(g.az) 3.430 N 

Vertikal Transversal Load 
Fz = m.(g.az) 

Fy = m.(g.ay) 

3.430 N 

2.572,5 N 

Vertikal Longitudinal Load 
Fz = m.(g.az) 

Fx = m.(g.ax) 

3.430 N 

2.744 N 

Combination Load 

Fz = m.(g.az) 

Fy = m.(g.ay) 

Fx = m.(g.ax) 

3.430 N 

2.572,5 N 

2.744 N 

4 Research Results 

The structural simulation results obtained include the stress distribution, maximum ver-

tical deflection, and safety factor at each node. The von Mises stress was used to deter-

mine the stress distribution, as it is a failure theory that considers multiaxial stress.  

The output values from this simulation will be used as a reference for analyz-

ing the structural strength of the car body. According to the Minister of Transportation 

Number 175 of 2015, the maximum allowable stress is 75% of the Yield Strength Ma-

terial used. For the SS400 material (JIS G3101) with a yield strength of 245 MPa, the 

maximum allowable stress is 183.75 MPa Fig. 3. 

4.1 Von-Misses Stress 

The following are the results of the Von-Misses Stress in Fig. 3. 
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Fig.  3 Von Misses Stress  (a) Vertical Load (b) Vertical Transversal Load, (c) 

Vertical Longitudinal Load, (d) Combination Load 

From the simulation, it was found that the maximum stress that occurred due to the 

vertical load was 57.159 MPa on the sheeting bracket of the AC frame, due to the ver-

tical longitudinal load was 72,296 MPa on the sheeting bracket of the AC frame. due to 

the case of vertical longitudinal loading 76,614 MPa on the sheeting bracket AC frame, 

was 81,191 MPa on the sheesheeting bracketframe.  

4.2 Maximum Vertical Deflection 

The following are the results of Maximum Vertical Deflection in Fig. 4. 

 

Fig.  4 Maximum Vertical Deflection  (a) Vertical Load (b) Vertical 

Transversal Load, (c) Vertical Longitudinal Load, (d) Combination Load 

From the simulation, it was observed that the maximum vertical deflection due to the 

vertical load occurring on the Y axis was 0.87161 mm on the purline frame, due to the 

vertical transversal load wasoccurredY aatis was 0,86759 mm on the carline frame, due 

Prediction of Stress, Strain, and Deformation in AC Frame             277



to the vertical olonlongitudinal load occurreoccurredxis was 1,051 mm on the carline 

frame, due to the combination l d woccoccurredurococcur occurred on the carline 

frame.   

4.3 Safety Factor 

The following are the results of the vertical longitudinal loading simulation Fig. 5. 

 

Fig.  5 Safety Factor  (a) Vertical Load (b) Vertical Transversal Load, (c) 

Vertical Longitudinal Load, (d) Combination Load 

 

From the simulation, it was found that the smallest safety factor value was 4.286 in the 

vertical load case, the smallest safety factor value was 3,389 on the vertical transversal 

load case, the smallest safety factor value was 3,197 on the vertical longitudinal load 

case, and the smallest safety factor value was 3,07 on the combination loading load 

case. 

 

In Table 3, the difference in the error value between the two stress results that 

occur in each test can be seen. The largest error value occurred in the first loading var-

iation, namely compression loading, with an error value of 1.99%. The data obtained 

from the simulation results are valid because the deviation and error values are still 

below <10% [7]. 

 
Table 4. Stress and Deflection Simulation Results 

No Load Case 
Deflection 

(mm) 

Stress 

(MPa) 

Location of 

Maximum Stress 
Description 

1 
Vertical 

Load 
0,87161 57,159 

Sheeting Bracket 

Frame AC 

σ max < σ 

permission 
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No Load Case 
Deflection 

(mm) 

Stress 

(MPa) 

Location of 

Maximum Stress 
Description 

2 

Vertical 

Transversal 

Load 

0,86759 72,296 
Stiffener Frame 

Mounting AC 

σ max < σ 

permission 

3 

Vertical 

Longitudinal 

Load 

1,0151 76,614 
Sheeting Bracket 

Frame AC 

σ max < σ 

permission 

4 
Combination 

Load 
1,013 81,191 

Stiffener Frame 

Mounting AC 

σ max < σ 

permission 

 
Table 5. Safety Factor Simulation Results 

No. Load Case 
Safety 

Factor  

Location of 

Maximum Stress 
Description 

1 Vertical Load 4,286   
Sheeting Bracket 

Frame 

sf min > sf 

permission 

2 
Vertical Transversal 

Load 
3,389 Stiffener 

sf min > sf 

permission 

3 
Vertical Longitudinal 

Load 
3,197  Bracket Mounting 

sf min > sf 

permission 

4 Combination Load 3,017 Stiffener 
sf min > sf 

permission 

 

To validate the feasibility of meshing, this research uses a comparison between the 

results of manual/theoretical calculations which will later be compared with the results 

from the simulation. Apart from validation using a comparison of manual value results 

with simulated value results, a convergence test was also carried out to determine the 

best mesh size to use in testing. The convergence test is carried out by looking for a 

stable error value from the results of the first test to the results of the next test [6]. Then 

several parameters are also used in verifying whether the meshing used is suitable for 

use for simulation or not. The following is a table of validation and verification of 

meshing feasibility and also a comparison of theoretical calculation stress results with 

simulation results: 

Table 6. Verification of Ansys Meshing Simulation 

No. Parameter Results  Value Description  

1 Skewness 0,169 0 – 0,25 Excellent 

2 Jacobian Ratio 1,319 1 - 10 Excellent 
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Table 7 Validation of Ansys Meshing Simulation  

No Parameter 

Theoretical 

calculation 

results 

Ansys 

simulation 

results 

Difference 
Information 

Error 

1 
Numerical 

Calculations  
16,978 Mpa 17,324 Mpa 0,346 1,99 % 

 

Table 8 Mesh Convergence 

No. Parameter Mesh Stress (Mpa) Difference  
Informatio

n Error 

1 Convergent 
Between 20 

- 80 
56,3 – 57,3 1 0,73% 

 

5 Conclusions 

From the simulation, it was found that the maximum von Mises stress that occurred 

under the combined loading condition on the stiffener frame of the AC was 81.2 MPa. 

This stress value represents 33.14% of the yield strength of the SS400 material, which 

is 245 MPa. The results were considered safe as the percentage was below the 75% 

limit specified in the Minister of Transportation Regulation Number 175 of 2015.      

Additionally, the simulation revealed a maximum vertical deflection of 1.015 mm due 

to the resultant forces from the longitudinal vertical load of the air conditioning system. 

The minimum safety factor obtained from the simulation was 3.01, which is still cate-

gorized as safe according to the UIC 566 standard, which sets a minimum safety factor 

of 1.6 for welded frame structures. Overall, the simulation results indicate that under 

all loading conditions, the structure remains within safe limits according to the appli-

cable standard. 
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