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Abstract  

Nowadays, motorcycle is considered as one of the most practical transportation mode in Indonesia. It has become a 
common practice that a motorcycle rider often brings a small child using a child seat while riding. However, the used 
child seat is usually not safe and can easily fall off from the motorcycle due to the lack of safety consideration. 
Moreover, it is very risky to ride a motorcycle with a small child, knowing that motorcycles are the highest 
contributor to road traffic accidents. For this reason, this paper proposes a primary design idea of a foldable child 
safety-seat that can be placed on the front part of a scooter motorcycle. This design is also completed with strength 
analysis to evaluate the components’ safety for children under five years old with a weight of around 50 kg. The 
strength calculation of the frame is done by a theoretical approach under static and dynamic loading. According to 
the analysis, the proposed child seat design could provide a factor of safety of more than 3.6 for static loading and 
1.6 for dynamic loading. This study is expected to be used as a reference for developing a more reliable child safety-
seat for motorcycle rider in Indonesia. 
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1 Introduction 

In Indonesia, motorcycle is the most popular 
transportation mode because of its faster traveling time 
[1]. Many Indonesian people ride motorcycle together 
with their family. However, this condition is not safe, 
especially for the child pillion riders, as they usually do 
not use a proper child safety-seat. Based on the previous 
researches [2, 3], it is found that motorcycle is mostly 
involved in a road traffic accident which makes 
motorcycles become the cause of injury with the highest 
percentage. Moreover, it also can give trauma to the 
children and a high risk of fatality. According to macro 
data analysis of traffic accidents in Indonesia from 2004 
to 2014 [4], the average fatality rate per 10,000 
automobiles, excluding motorcycles, is 13. However, 
the average fatality rate per 10,000 automobiles drops 
to 2.5 with motorcycle included in the calculation. This 
data clearly shows that motorcycle contributes 
significantly to road traffic accidents. 

Therefore, a lot of innovation of child-seat products for 
a motorcycle is made to give extra space and a 
comfortable seat for the children. Besides, this can also 
help the rider to be more focus on the road [5]. One 

child-seat made from rattan or bamboo is made to fit in 
the front deck of a scooter or duck motorcycle. 
However, the safety of using a rattan or bamboo seat is 
low since it can disrupt the balance of the rider [6]. 
Other child seat products made by steel material can 
also be found easily in the market. The manufactures try 
to make it efficient to be brought and used. 

However, the safety level of those child-seats could not 
be further confirmed, especially for Indonesian people. 
The possibility of the child getting injured when an 
accident occurs is not much different when the child is 
standing on the front deck or sitting on the middle deck 
of the motorcycle. Because of that, the World Health 
Organization (WHO) recommends several ways to 
prevent fatal accidents for children while on the road. 
One of them is providing some protective equipment in 
the vehicle for children such as a strong and curb child-
seat system and is equipped with a seatbelt [7]. It is 
highly recommended to use appropriate safety 
equipment such as seat belt, although it is not a legal 
requirement to minimize an injury [2]. 

 



 38 Siti Zulaikah, et al. 

 

Referring to the typical condition of a motorcycle rider 
in Indonesia; the child-seat is usually located either in 
the front side or rear side of the motorcycle. These two 
locations can affect the condition of the rider and the 
children. Putting the child in the front side can help the 
rider to have more control in order to guard their child 
while riding the motorcycle compared to when the child 
is sat in the rear side. However, based on the policy, as 
stated in Undang-Undang No. 22 of 2009, the rider can 
only bring one passenger. Therefore, they cannot bring 
more than one passenger. Furthermore, based on the 
policy of Peraturan Pemerintah No. 74 of 2014, it is 
stated that the maximum load that can be held by a 
scooter motorcycle is around 120-125 kg. 

The main objective of this paper is to create a safety 
child-seat motorcycle for children in Indonesia. The 
seat is addressed for children under five years old with 
a maximum weight of 50 kg. This number is an 
approximation for the calculation and analysis purpose. 
The weight of 5-year-old child is usually around 25-35 
kg [8] and the weight of the chair is around 5 kg. 
Therefore, the assumed weight of 50 kg is considered 
big enough. The design is created by using qualitative 
data analysis from references, journals, and other 
sources on the internet. All components are analyzed 
theoretically under static and dynamic loading. 
Furthermore, life prediction to know whether the design 
has an infinite life or not under the dynamics loading is 
also provided by fatigue analysis. The child-seat is 
made to be foldable and adjustable to save space when 
it is not used. This design is expected to be marketable 
in Indonesian society to be used as the additional seat 
for their children when traveling by motorcycle. 

2 Methodology 

2.1 Design concept 
Firstly, the child-seat was designed to stand with one 
buffer to support the whole weight. However, this idea 
was realized not strong enough to hold the whole seat in 
a stable position, hence the child-seat with two buffers 
(supports) is decided to be the design specification. 
Although the two buffers can add more weight of the 
child seat, it was adopted because it can give stronger 
support for the whole chair and the child load. In other 
words, the design put the child safety as the top priority.  

The seat is also designed to have foldable feature. To 
obtain this function, the seat consists of a slider, hinge, 
and other components which make it easier to be 
adjusted and folded. Figure 1 shows the proposed 
foldable child-seat design in the installed and folded 
condition.  

The dimensions of the chair are determined by 
following the dimension of the motorcycle. The width 
has been ascertained to not exceed the width of the 
steering handlebar of the motorcycle following the 
driving rule in Indonesia [9]. Specifically, the data was 
taken from the dimension of Honda Vario motorcycle 
[10]. The type of the motorcycle is an automatic scooter 
motorcycle. Compared with other scooters, Honda 
Vario motorcycle is larger in size which causes the 
dimension and space of the child-seat to be bigger. The 
big size makes the child-seat to be heavier resulting in a 
more stable child-seat. 

2.2 Material selection 
The material for the child-seat frame should be strong 
but not heavy. The weight should be light enough 
therefore it can be moved easily and fulfill the 
maximum weight requirement of the driving rule in 
Indonesia [9]. Based on this condition, steel material is 
a suitable option. Steel material has many advantages 
which are: i) it has high strength-per-unit mass, ii) it can 
be easily fabricated and produced massively, iii) has a 
flexible structure, iv) cheap, v) durable, and vi) it can be 
reused and recycled resulting in a less environmental 
impact [11, 12]. Therefore, this proposed design used 
steel material for the frame. The dimension is optimized 
to be small enough to achieve a light weight. It is 
selected after some trials and errors until the design can 
get the desired safety factor. 

The material that is used for the frame of this child-seat 
is Cold-Drawn Steel AISI 1020 [13]. This material has 
some characteristics such as low hardenability 
properties, low tensile carbon steel with a Brinell 
hardness of 119-235, high machinability, high strength, 
high ductility, and good weldability. This high 
machinability and good weldability are obtained due to 
the cold drawn or turned polished condition. Therefore, 
it can make the process of making or manufacturing 
(drilling, turning, milling, tapping, and welding) of the 
child-seat easier as this process will be the most applied 
to this design. Then, referring to Shigley’s book [14], 
the yield and ultimate strength of the material are 390 
MPa and 470 MPa, respectively. The material also 
assumed to have 30°C of working temperature. This 
temperature is obtained from the approximation of the 
maximum temperature that occurred in Indonesia [15].  
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Figure 1 Isometric view of proposed foldable child-
seat design with (a) installed condition and (b) folded 
condition. The red circle shows part of the child-seat 
that will be attached to the front of the scooter 
motorcycle by a bolt.  

 

2.3 Seat’s components 
There are two types of shapes that are used to make the 
whole frame component of this design, which are 
rectangular and cylindrical (tube). Figure 2 shows two 
joined components (indicated by two different colors) 
that are used as the plate frame to sustain the seat’s 
cushion. These two components are joined by welding 
and hinge so that it can be folded.  Then, two sliders are 
attached to the tube to make the frame possible to slide 
(or adjustable). Furthermore, Figure 3 shows a tubes 
frame with six components. Here, the light green color 
indicates a rectangular tube as the support component 
which will be attached to the components 1 and 4 which 
are the buffer that supports the whole chair. Component 
5 and 6 are the support that keep the chair steady and 
fixed in the middle. Moreover, the numbered 
component is a hollow tube in which the diameter and 
its thickness is listed in Table 1. 

Table 1 The diameter of the hollow tube. 

No Outer Diameter (cm) Thickness (cm) 

1 1.5 0.5 

2 2.0 0.5 

3 1.5 0.5 

4 3.0 1.0 

5 1.5 0.5 

6 1.0 0.5 

 

 

Figure 2 Plate frame for the cushion base (all 
dimensions in cm). 
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Figure 3 Tube frame (all dimensions in cm). 

 

Figure 4 Handgrip for the seat (all dimensions in cm). 

The components shown in Figure 3 are joined by 
welding, hinge lock mechanism, and bolt joints with 
the diameter of 7.5 mm and 10 mm. The bolt with the 
diameter of 7.5 mm is used to assemble component 4 
and 5 while component 5 and 6 are welded. Meanwhile, 
the bolt with the diameter of 10 mm is used to fix 
component 2 into component 4 since they have two 
different diameters in one buffer support. These two 
different diameters are made to adjust the height of the 
child-seat by the user. The mechanism of this 
component is the same as the mechanism of a saddle of 
a bicycle. Component 1 is attached through component 
2 to make it easy to fold. Component 3 is welded with 
component 4 to prop the foot of the child.  

To provide a comfortable and safety feeling of the 
child, the seat is equipped with a handgrip (see Figure 
4) and a seat belt with a baby sling model. Both of this 
safety equipment are attached to the backrest of the 
seat. The handgrip is designed with a small solid 
cylindrical with a diameter of 0.5 mm and covered with 
cylindrical foam with a diameter of 4 cm around it. It 
is made as a handgrip for the child to hold. The sling 
baby model is chosen to be the seat belt design because 
it gives full protection to the child’s body. Moreover, 
the design is purposely made to be able to raise in 
parallel position as the backrest if it does not want to be 
used. 

2.4 Seat installation 
The proposed child-seat design is installed in the front 
deck of the motorcycle. Figure 5 illustrates the position. 
The red zoom mark in Figure 1 is attached to the hook 
which is placed in front of the motorcycle by bolts. It is 
made to store the seat when it is folded. At first, the user 
can adjust the height of the chair by modifying the two 
buffers’ position and then lock it with the bolt. After 
that, the user brings up the plate with the slider part to 
the saddle of the motorcycle. Figure 5 shows the 
condition of the child-seat when it is installed and 
folded in a scooter motorcycle. 

 

Figure 5  The child-seat position when it is installed 
and folded in Honda Vario scooter motorcycle. 
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2.5 Strength analysis procedure 

There are three analyses conducted to find the safety 
factor of each component. However, the detailed 
calculation in this paper is only focused on the tube 
component, which is component 1, 2, 4, and 5. Some 
equations that are used to conduct the theoretical 
analysis are in the following.  
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𝜋
64
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Where, 

𝐼 : second moment of area (m4) 

𝑑Y : outer diameter (m) 

𝑑Z : inner diameter (m) 

𝜎 : normal stress (Pa) 

𝑀 : bending moment (Nm) 

𝑐 : maximum distance from neutral axis (m) 

𝐹 : load (N) 

𝐴 : area (m2) 

𝜏 : shear stress (Pa) 

𝑉 : shear force (N) 

𝑄 : first moment of area (m3) 

𝑡 : width or thickness of the section (m) 

𝜎@,B : principal stress (Pa) 

𝑛 : factor of safety 

𝑆G : yield strength (Pa) 

𝜎KLM : completely reversed stress (Pa) 

𝜎[ : alternating stress (Pa) 

𝜎\ : midrange stress (Pa) 

𝑆]^ : ultimate tensile strength (Pa) 

By using Equation (1), Table 2 shows the area and 
moment inertia of the hollow tubes of component 1, 2, 
4, and 5. These are used to calculate the stress value. 

Table 2 Area and moment inertia values  

No Area, A 
(m2) 

Moment of Inertia 
(m4) 

1 9.80 x 10-5 1.99 x 10-9 

2 1.37 x 10-4 5.37 x 10-9 

4 3.93 x 10-4 3.19 x 10-8 

5 9.80 x 10-5 1.99 x 10-9 

3 Results and Discussion 

3.1 Static analysis 
Static analysis is carried out to evaluate the frame’s 
strength when the motorcycle stops. In this condition, 
the seat only receives the weight of the child which is 
490.5 N (assumption of 50 kg mass). Figure 6 shows the 
free body diagram of the whole frame of the child-seat. 
The reaction force for each component is calculated by 
an equilibrium equation, creating the total force or 
moment equal to zero. 

Based on the calculation result, it was found that 
component 1 (see Figure 3) was the most critical part 
indicated by the smallest safety factor among the two 
other components. This will be discussed in detail as 
follow.  

Figure 7 shows the free body diagram of component 1 
under the static condition. The distribution load was 
coming from the slider part on the plate component due 
to the child weight. From the calculation and analysis of 
the shear force and bending moment diagrams, the 
maximum shear force and bending moment for 
component 1 were obtained as described in the 
following. 

𝑉\[_ = 143.06	𝑁  

𝑀\[_ = 28.61𝑁𝑚  
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Figure 6 Free Body Diagram of the whole frame in 
static condition (two red arrows in the top are the 
applied force, and two red arrows in the bottom are the 
reaction force). 

 
Figure 7 Free Body Diagram of component 1 under 
static condition.  

Then, using Equations (2) and (3), the normal and shear 
stress are obtained as shown in the following. 
Furthermore, the principal stress is also calculated by 
the following Equation (4). 

𝜎 =
𝑀𝑐
𝐼
=

28.1625 0.0075
1.99×10Pj

= 106.14	𝑀𝑃𝑎  

𝜏 =
𝑉𝑄
𝐼𝑡

=
)
l
𝑉 𝑅Yl − 𝑅Zl

𝜋 𝑅Y) − 𝑅Z) 𝑅Y − 𝑅Z
 

𝜏 =
5.66×10Pn

1.994×10P@@
= 2.84	𝑀𝑃𝑎 

 

𝜎@ = 106.14	𝑀𝑃𝑎 

𝜎B = 0	𝑀𝑃𝑎 
 

In the end, the safety factor is calculated by applying 
Equation (5). Table 3 shows the factor of safety for 
components 1, 2, 4, and 5 under static loading. 
Component 1 was found to be the most critical 
components, although its safety factor is bigger than 1, 
which is 3.67. This means the seat design is in the safety 
zone.  

Table 3 Safety factor of components in static condition 

No Safety Factor, n 

1 3.67 

2 and 4 375.90 

5 6.29 

3.2 Dynamics analysis 

As the motorcycle is moving while the child is sitting, 
an additional moment due to acceleration or 
deceleration is thus considered. The moment is 
generated by the force acting on the backrest of the seat. 
The force was calculated by using Newton’s second 
law. The motorcycle’s speed was assumed varied from 
40 to 60 km per hour for 5 to 10 seconds. According to 
this condition, the acceleration of a motorcycle is 
generated. Then, the inertial force and the moment are 
obtained, which are 55.6 N and 5.56 Nm, respectively. 
The Free Body Diagram of this analysis can be seen in 
Figure 8. Compared with Figure 6, in Figure 8, there 
was an additional inertial force that acts on the backrest 
of the child-seat. 

Based on the calculation result, the critical part due to 
the dynamic loading was found to be component 5 (see 
Figure 3). The detailed explanation about this 
component is as follow. Figure 9 shows the Free Body 
Diagram of component 5 in a dynamic condition. Here, 
the objective of this analysis is the same as the static 
analysis, as well as the calculation and the equation that 
are used. Based on shear force and bending moment 
diagrams analyses, the maximum shear force and 
moment for component 5 under the dynamic loading are 
obtained, as shown below. 

𝑉\[_ = 163.50	𝑁  

𝑀\[_ = 64.83	𝑁𝑚  
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Figure 8 Free Body Diagram of the seat in dynamic 
condition (two red arrows in the top are the applied 
force, two red arrows in the bottom are the reaction 
force, and the dashed arrow is the inertial force). 

 
Figure 9  Free Body Diagram of component 5 in the 
dynamic condition 

Then, by using Equations (2), (3), and (4) the normal, 
shear, and principal stresses are also obtained as 
follows. 

𝜎 =
𝑀𝑐
𝐼
=

64.8285 0.0075
1.99×10Pj

= 244.33	𝑀𝑃𝑎  

𝜏 =
𝑉𝑄
𝐼𝑡

=
)
l
𝑉 𝑅Yl − 𝑅Zl

𝜋 𝑅Y) − 𝑅Z) 𝑅Y − 𝑅Z
 

𝜏 =
6.47×10Pn

1.994×10P@@
= 3.24	𝑀𝑃𝑎 

 

𝜎@ = 244.37	𝑀𝑃𝑎  

𝜎B = −0.04	𝑀𝑃𝑎  

By Equations (4) and (5), the factor of safety of 
component 5 is obtained as 1.6. Table 4 gives the factor 
of safety for components 1, 2, 4, and 5. 

Table 4 Safety factor of components in dynamic condition 

No Safety Factor, n 

1 2.13 

2 and 4 1.81 

5 1.60 

3.3 Life prediction analysis 

The life prediction calculation of each component is 
analyzed based on the maximum and minimum bending 
moment due to static and dynamic loading. It means the 
maximum bending moment is created when the inertial 
force on the backrest appears; meanwhile, the minimum 
bending moment is created when the inertial force on 
the backrest is not considered. However, because this 
condition is related to the dynamic condition with 
component 5 as the critical part, the detail calculation is 
explained in the following. To obtain the life prediction, 
the endurance strength needs to be determined with the 
Marin factors consideration. Then, the mid-range and 
alternating stresses are calculated based on the 
maximum and minimum stresses. 

𝜎\[_ =
𝑀𝑐
𝐼
=

64.8285 0.0075
1.99×10Pj

= 244.33	𝑀𝑃𝑎  

𝜎\Zo =
𝑀𝑐
𝐼
=

16.35 0.0075
1.99×10Pj

= 61.62	𝑀𝑃𝑎  

𝜎\ =
𝜎\[_ + 𝜎\Zo

2
 

𝜎\ =
244.33 + 61.62

2
= 152.98	𝑀𝑃𝑎 

 

𝜎[ =
𝜎\[_ − 𝜎\Zo

2
 

𝜎[ =
244.33 − 61.62

2
= 91.36	𝑀𝑃𝑎 

 

After obtaining the mid-range and alternating stress, the 
reversed stress is calculated based on the Modified 
Goodman fatigue criteria following Equation (6). 

𝜎KLM =
𝜎[

1 − NR
pTU

=
91.36
0.68

= 135.34	𝑀𝑃𝑎  

Based on the reversed stress value, it is confirmed that 
the value is less than the endurance strength. Therefore, 
an infinite life prediction for component 5 is expected. 
The life prediction result for components 1, 2, 4, and 5 
is shown in Table 5. 
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Table 5 Life prediction for component 1, 2, 4, and 5  

No 
Endurance 

Strength 
(MPa) 

Reversed 
Stress 
(MPa) 

Life Prediction 

1 215.01 55.27 Infinite life 

2 and 4 209.37 49.54 Infinite life 

5 215.01 135.34 Infinite life 

 
As the future works, the proposed child seat design 
needs to be further evaluated. Study and investigation 
about, e.g., its fabrication process [16], stress analysis 
using numerical simulation to predict its failure 
condition [17], as well as the vibration mode 
characteristics to make sure of its comfortableness [18], 
will be conducted. 

4 Conclusion 

A primary design and strength analysis of foldable child 
seat for scooter motorcycle under static and dynamic 
loading is reported in this paper. The proposed child 
seat design is equipped with a seat belt with a baby sling 
model, handgrip, and footrest. Moreover, the child seat 
can be folded and adjusted to fit the user condition, 
especially when the seat is not used. From the strength 
analyses, it is obtained that the critical part due to static 
loading is component 1 (hollow tube with attached 
slider); meanwhile, the critical part due to dynamic 
(fatigue) loading is in component 5 (hollow tube in the 
bottom part). It was indicated by the lowest factor of 
safety obtained by static and dynamic analysis which 
are 3.67 and 1.6, respectively. As the safety factor is still 
more than one, the component is considered strong 
enough to hold the whole weight (assumption of 50 kg 
of child weight). The proposed child-seat design is 
expected to become a reference for an innovative design 
product in transportation safety equipment. 
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