
Mechanical Engineering  

for Society and Industry 
Vol. 3, No. 2 (2023) pp 78-85 

 https://doi.org/10.31603/mesi.9905 

    
 

Mechanical Engineering for Society and Industry, Vol.3 No.2 (2023) 78 

 

Verification of a new prototype design of bogie monorail 

frame with variation of static loading 

Budi Haryanto1 *, Makmuri Nuramin1, Djoko Wahyu Karmiadji1,2, Mustasyar Perkasa1,3, 

Anwar1, Budi Prasetiyo1, Yudi Irawadi1, Ogi Ivano1, Yana Heryana1, Indra Hardiman1, 

Saeful Andhi1, Wahyu Purnawirawan1 

1 PRTKS-OREM BRIN, Puspiptek Building 220 Area, South Tangerang, Banten, Indonesia  
2 Department of Mechanical Engineering, Pancasila University, Jakarta, Indonesia  
3 Department of Mechanical Engineering, Pamulang University, South Tangerang, Banten, Indonesia  

 budi.haryanto@brin.go.id  

 

This article 

contributes to: 

  

Highlights: 

• The strength of the newly designed monorail bogie 

frame has been analyzed and validated 

• The monorail structure bogie frame prototype made 

from JIS SS 400 steel material was tested with a 

static load of 16.5 tons 

• Static test results show a maximum strain value of 

479 microstrain or equivalent to a stress value of 

100.54 MPa 

 

Abstract 

The purpose of this study was to analyze and validate the strength of a new design monorail bogie 

frame. The 33 tons capacity of passenger train is supported by two bogie frames, in which each 

bogie frame structure should support 16.5 tons train load. A bogie frame prototype of monorail 

structure made of steel material JIS SS 400 was tested with 16.5 tons of static loading. Static test 

results showed the maximum strain value was 479 microstrain or equivalent to a stress value of 

100.54 MPa. The experimental stress value was still far below the yield stress value of the material 

of 245 MPa. Based on the results of static testing, the design of the monorail bogie frame structure 

meets strength criteria and safety requirements. 
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1. Introduction 

Monorail train is a single rail that runs on the rubber tires on a single rail beam track (straddle-

beam monorails) or hangs on the rail beam (suspended monorail) [1], [2]. Monorail is an urban 

transportation that operates in some countries like Germany, Japan, China, Malaysia, United 

States, and others. Monorail offers various advantages such as less land needed, able to adjust 

narrow curve relatively, uphill tracks, and no crossing tracks because the lines are above the land 

(elevated) [3]–[6]. Monorail train is one of mass transportation vehicles in urban areas that has not 

been developed in Indonesia until today. Monorail train divides into two main parts of structures, 

lower part structure that is bogie frame and upper part structure that is train body or usually called 

carbody [7]. Monorail bogie frame structure is made from iron plate that is joined by welding and 

must be able to hold static loads and fatigue during operation [8], [9]. Meanwhile, car body 

structure is designed using light and strong construction materials such as extraction aluminum 

and hybrid technology, the structures from steel concrete composite materials. In this research, 

monorail bogie structure materials use steel JIS SS 400 with plate property in Table 1 which is joined 

by welding process [10]–[12].  

Component structures in monorail bogie structure consist of frame, tire wheel, electric motor 

drive, and monorail beam as shown in Figure 1. The research stages are begun by making the model 

as it shown in Figure 2, optimizing the design result, prototyping, static testing and analyzing the 

Type of contribution: 

Editorial 

Research Paper 

Case Study 

Review Paper 

Scientific Data 

Report of Tech. Application 

Article info 

Submitted: 

2023-08-14 

Revised: 

2023-09-28 

Accepted: 

2023-10-05 

 

 

This work is licensed under 

a Creative Commons 

Attribution-NonCommercial 4.0 

International License 

Publisher 
Universitas Muhammadiyah 

Magelang 

https://doi.org/10.31603/mesi.9905
mailto:budi.haryanto@brin.go.id
https://sdgs.un.org/goals
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Budi Haryanto et al.  

 

Mechanical Engineering for Society and Industry, Vol.3 No.2 (2023) 79 

 

tests result. Monorail bogie design 

structure modelling uses CAD 

software that is built in solid form. 

Such structure is built from steel 

plate component in various 

thicknesses and joined with fixed 

connection using weld method. 

Bogie frame model is analyzed by 

finite element method through CAE 

software. If the simulation result of 

finite element shows that the result 

does not meet requirement in term 

of strength, the model will be 

optimized in several ways by 

evaluating the form, dimensions 

and plate thickness [13]–[15]. 

A new train with capacity of 33 

tons (323.62 kN) load is supported 

by two monorail bogie structure, in 

which the test load given to each 

bogie frame is 16.5 tons (161.81 kN), 

the same as defined by designer or 

manufacturer. This load magnitude 

is compiled from the loads 

representing carbody, accessories 

equipment, passengers, and 

overload factor. If the frame bogie 

design has passed the simulation 

test in which it meets the allowable 

stress design, then the prototype is 

manufactured based on the final 

design. Validation of the final design result was carried out by using the static test method on the 

prototype of the monorail bogie frame structure. The static loading method is a multiaxial load 

that is given through 6 hydraulic actuators that represent vertical, lateral, and longitudinal loads. 

Parameter measured during the test is strain with several loading cases [16]–[19]. 

Previous research included the design and finite element analysis of a straddle beam monorail 

bogie frame. Static load is a vertical, horizontal, and lateral load that includes carbody, passenger, 

air conditioning, seats, etc. The results of the finite element simulation show that stress values 

meet acceptance criteria. This research is to observe experimentally the influence of actual loading 

factors on the prototype bogie frame monorail made by the welding process. Shear values were 

obtained as measured parameters during static test loading of structure monorail bogie, then 

converted to be stress values. 

2. Methods 

Monorail bogie frame structure must be able to 

hold static and dynamic loads during operation. This 

structure is designed optimally in order that its strength 

meets the material acceptance criteria [20]–[22].  The 

monorail bogie frame structure modeling is made by 

using CAD software (i.e: Solidworks) in three-

dimensional solid form. Analysis of the strength of the 

structure is using the FEA (Finite Element Analysis) 

method with the help of Ansys CAE software and finite 

element method [23], [24].  

The load values that are input into the model 

(shown in Figure 3) are obtained from the results of an 

analytical calculation [25], [26]. The details of the 

formula are presented in Eq. (1) to (4). 

Table 1.  

Mechanical Properties 

material JIS SS400  

Material Properties Value 

Modulus of Elasticity 210 GPa 

Poisson’s Ratio 0.3 

Density 7.8 e-6 kg/mm3 

Yield Strength 245 MPa 

Ultimate Strength 400 MPa 

 

  

Figure 1. 

Component in 

Monorail Bogie 

Structures  
  

Figure 2. 

Monorail Bogie Frame 

Design and Prototype  

Figure 3.  
Free body diagram 

loading test  
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a. Static vertical load (Fz) 𝐹௭1.2 =  ( ௐܶ + 1.2 × ܲ − 2 × ஻ܹ)2   (1) 

b. Lateral load (Fy) 𝐹௬1.2 =  ݇( ௐܶ + 1.2 × ܲ + 2 × ஻ܹ)2   (2) 

Lateral force if failure occurs so the train position unbalanced   𝐹௬3 =  sin ߚ ( ௐܶ + 1.2 × ܲ + 2 × ஻ܹ)2   (3) 

c. Longitudinal load (Fx) 𝐹௫ =  (sin ߲ + )(௥௦ߤ ௐܶ + 1.2 × ܲ + 2 × ஻ܹ) (4) 

 

In which Tw = train weight without passengers (kN), P = total passenger weight (kN), Wb = 

bogie weight (kN), k = dynamic factor, ß = Slope angle, ∂ = incline angle, µrs = coefficient between 

wheel and track [27], [28].  

The results of analytical calculations using the Eq. (1) to (4) show the value of the vertical 

static load is 91.70 kN, the lateral load is 58.73 kN and the longitudinal load is 11.40 kN. These loads 

are applied as load-force on the model that has been made according to the location of the loading 

as shown in Figure 4. While the boundary conditions in the form of a pedestal that located in the 

air spring and stabilizer area. 

The design result is realized into monorail bogie frame prototype that is assembled from steel 

plate and joined by welding and then checked through several product quality procedures. Non-

destructive test (NDT) inspection should be carried out to confirm there is no defect due to the 

welding process. This structure is carefully inspected by visual methods and non-destructive testing 

to ensure the absence of cracks and porosity in the weld area and the base metal. The next process 

is experimentally to verify the strength of monorail bogie structure by static testing [18]. Static test 

loading applied in monorail bogie frame is illustrated in vertical, lateral, and longitudinal directions 

refer to UIC 615-4. Vertical load is a representation of carbody, utility, accessories, and passenger 

weight. Lateral load occurs when train runs on the curved track, and longitudinal load is caused by 

the changing of speed and dynamic load [29], [30]. 

This frame structure is mounted on a 

support structure which is a fixed support 

so that translation and rotation do not 

occur during static testing as shown in 

Figure 5. The loading is given through 

several hydraulic actuators and controlled 

by servo valve that is connected to servo 

controller. Vertical static loading uses 2 

actuator units with a capacity of 160 kN 

each to handle a load of 91.37 kN, while 

lateral loads use 2 actuator units with a 

capacity of 63 kN to handle a load of 58.73 

kN. For longitudinal loads only use a single 

actuator with a capacity of 63 kN to handle 

a load of 11.40 kN.  

 

Figure 4. 

3D picture of monorail 

frame bogie prototype 

static test setup  

Figure 5.  
Monorail frame bogie 

prototype static test 

setup  
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During the static testing, the loading is given through 5 hydraulic actuators and the actuator 

motion is controlled by using force control system (Figure 5). The bogie structure specimen is 

mounted on the rigid frame rig that is fastened on a strong floor. The measurement data consists 

of shear strain dan deflection values, in which shear strain values are obtained from 26 single type 

strain gauge sensors. The locations of strain gauge sensors are determined as results of FEM 

analysis that revealed the critical areas of monorail bogie frame [18], [19]. The test is carried out 

by increasing the loads gradually to reach the maximum loads and the measurement data was 

recorded following this process [31]. 

Experimental result data that can be measured in a static monorail bogie structure testing are 

the strain values using strain gauge sensors [19]. The sensors are connected to logger data 

instrument as data recording and processor. The results representing strain values will be 

compared to the finite element result analysis to determine the deviation values that indicate the 

differences between numeric simulation and experimental results. 

3. Results and Discussion  

Previous research was to observe the bogie frame structure with five-way static loads on four 

supports, while this research aims to analyze the strength of the monorail bogie frame structure 

with five load directions and eight support locations. The monorail bogie model analyzed using 

finite element analysis software Ansys is only partial or half because the model is symmetrical and 

has the same load on each side. The results of the computational simulation of the monorail bogie 

frame model using the static loading method produce stress distribution values as in Figure 6. For 

loading case 1 (vertical load), the maximum stress occurs in the radius area between the horizontal 

beam and the horizontal beam. vertical beam of 81.04 MPa. Meanwhile, for load case 2 (combined 

load) the maximum stress is 94.22 MPa at the same location. This stress value is still below the 

yield stress of the SS 400 material of 245 MPa so this model meets the acceptance criteria. Based 

on the results of computational simulations, this model is suitable for making a prototype and then 

verifying it with static testing. 

Two types of loading are given to the static test, namely a simulated load when the monorail 

runs on a straight track (loading case 1) and another load when the monorail turns at a certain 

radius (loading case 2). The load on the straight track is simulated when the monorail train receives 

a normal load consisting of the weight of the train and passengers which is simulated as a vertical 

load (Fz). Other loading cases are when the train makes a turn where the vertical (Fz), lateral (Fy) 

and longitudinal (Fx) forces work. The values of these forces were obtained through a load analysis 

with reference to formula 1 for vertical loads, formula 2 for lateral loads and formula 3 for 

longitudinal loads [7], [32]. From the results of the finite element analysis in Figure 6, it can be 

estimated the locations of 10 critical points to determine the stress values from the measurements 

using 26 strain gauges which are then compared to the results of the finite element analysis.  

Comparation of test 

analysis and finite element 

is shown in Table 2 and 

Table 3, where in the table 

column 3 is the strain 

values, column 4 is the test 

stress values, column 5 is 

the FEM stresses and 

column 6 is the deviations. 

Based on the data on the 

Table 2 and Table 3, The 

actual stress that occurs 

during the static test in 

case 1 ranges from 12.35 

MPa to 90.69 MPa, 

meanwhile in case 2, stress 

range that occurs is 17.53 

MPa to 100.54 MPa. 

Figure 6. 

Stress distribution in 

monorail frame bogie 

model for load case 2 

(combine load)  
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The data analysis of the test results, 

as presented in both Table 2 and Table 3, 

reveals crucial insights into the structural 

behavior under various conditions. It is 

evident that the area around the joint 

radius connecting the vertical and 

horizontal beams, specifically at the 

single strain gauge position number 6 (as 

illustrated in Figure 7), experiences the 

highest stress levels. This finding is of 

paramount significance as it directly 

impacts the structural integrity of the 

assembly. The maximum recorded strain 

value stands at 479 microstrain, 

equivalent to a substantial stress level of 

100.54 MPa, and this condition is 

observed when a combination of vertical, 

lateral, and horizontal forces is applied 

(as outlined in Table 3). Importantly, this 

stress level remains comfortably below 

the material's yield stress threshold of 

245 MPa, ensuring the safety and 

reliability of the structure. However, it's 

worth noting that there are notable 

discrepancies between the test results 

and the finite element simulations. These 

discrepancies can be attributed to a 

range of factors that manifest during the manufacturing process. Factors such as plate cutting, 

welding techniques, and the overall quality control procedures in production contribute to the 

observed deviations. As a result, a comprehensive assessment of these factors is imperative to 

minimize these deviations and enhance the accuracy of future structural analyses and designs. By 

addressing these manufacturing challenges, it is possible to create structures that not only meet 

the safety requirements but also provide a more precise alignment between the real-world test 

results and the finite element simulations. 

 

Table 2.  

Load Case 1 (Vertical 

Force)  

 

Nr. Nr. of SG 
Strain 

(microstrain) 

Stress Actual 

(MPa) 

Stress FEM 

(MPa) 

Deviation 

(%) 

1 1 121 25.41 23.24 9.34 

2 2 118 24.85 22.39 10.99 

3 5 160 33.59 29.93 12.23 

4 6 422 90.69 81.04 11.91 

5 10 61 12.84 11.79 8.91 

6 12 64 13.42 12.11 10.82 

7 19 59 12.35 11.07 11.56 

8 24 95 19.97 18.16 9.97 

9 25 358 75.15 70.51 6.58 

10 26 299 62.89 58.47 7.56 

 

Table 3.  

Load Case 2 (Vertical 

Force, Lateral Force 

and Horizontal Force)  

 

Nr. Nr. of SG 
Strain 

(microstrain) 

Stress Actual 

(MPa) 

Stress FEM 

(MPa) 

Deviation 

(%) 

1 1 169 35.47 32.74 8.34 

2 2 157 32.89 30.32 8.48 

3 5 273 57.42 53.41 7.51 

4 6 479 100.54 94.22 6.71 

5 10 84 17.63 15.19 16.06 

6 12 76 16.03 14.67 9.27 

7 19 83 17.53 13.24 32.40 

8 24 124 25.97 22.31 16.41 

9 25 377 79.18 74.45 6.35 

10 26 304 63.87 59.86 6.70 

Figure 7. 

The most critical point 

(strain gauge nr. 6)  
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4. Conclusion 

The new design of a monorail bogie frame made of SS400 material plates is analyzed using 

the finite element method and validated by static testing using the loading given by 5 hydraulic 

actuator units. The loading given to the static test consists of two conditions, namely the vertical 

load and a combination of vertical, lateral, and horizontal loading. From the results of the finite 

element analysis of the monorail bogie frame structure, it is possible to estimate the location of 

the strain sensor measuring point to obtain the stress value which will be compared with the von 

misses stress value resulting from the finite element method computational simulation. The 

maximum stress value of the measurement results is 100.54 MPa in the same critical area from the 

computational simulation results. The stress value from the test results gives an estimated static 

load safety value of 2.43. This value indicates that the prototype design of this monorail bogie 

frame can be produced, and it is recommended to use materials that are resistant to fatigue loads. 
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