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Abstract--Design on firefighter motorcycle by using an 

automatic scooter motorcycle is one of many efforts to 

reduce losses caused by fire disaster in a densely populated 

area, especially if the fire occurs in a narrow road that 

cannot be passed by firetruck. However, initial research for 

firefighter motorcycle requires some improvements so that 

the performance of firefighter in using this particular tool 

can be optimized. In this research, the improvement of 

firefighter motorcycle performance can be implemented by 

improving the engine of automatic scooter motorcycle, 

improving bracket as the holder of centrifugal pump, 

choosing centrifugal pump and choosing the way of 

installing centrifugal pump to automatic scooter engine. As 

a result of the improvement, the performance on water 

spray on firefighter motorcycle for extinguishing fire is 

increased, the way of maintenance of the utilized parts is 

easier and weight addition from the centrifugal pump does 

not affect the engine performance of the utilized automatic 

scooter.  

 

Index Terms—fire disaster, Firefighter motorcycle, Fire 

Safety 

 

I. INTRODUCTION 

Fire disaster is a scary thing especially for people who 

live in a densely populated city. It is related to each  

culture of the area[1-5], the metropolitan city of Jakarta is 

one of the examples. The average of fire occurrence in a 

densely populated settlement up to 2018 is relatively high 

compared to fire occurrence occurred in a warehouse, 

factory or other similar places[6]. Therefore, the 

countermeasure and effort for preventing fire in a 

settlement have to be prioritized. The characteristics of 

densely populated settlement in Jakarta can be seen in 

Fig. 1. 

From this picture, the width of road access in a densely 

populated settlement is very limited. It causes another 

problem when fire disaster occurs, in which firetruck 

cannot enter the exact location of fire occurrence. The 

current solution for this particular matter is that the 

firetruck manufacturer attempts to accommodate longer 
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hose so it can reach the desired location[7]. However, 

such solution cannot necessarily be implemented. 

Another solution for this matter is the production of 

firefighter motorcycle that can enter or pass narrow road 

and go to the exact location of fire occurrence.  

 

Figure 1. Densely populated settlement in Jakarta 

The design of firefighter motorcycle currently 

available in the market is like a miniature of firetruck and 

equipped with diesel engine, centrifugal pump, hose and 

so forth. It means that the equipment is placed separately 

from the motorcycle. This type of design gives a 

difficulty because of the space and weight of the 

equipment itself. From that explanation, the production 

of firefighter motorcycle by utilizing engine of automatic 

scooter will provide easiness as fast response of fire 

disaster[8]. In this research, the improvement of 

motorcycle performance as an effort to improve the 

effectiveness of firefighter motorcycle design will be 

described in the chapter below. 

II. FIREFIGHTER MOTORCYCLE DESIGN 

Automatic scooter is a motorcycle that uses automatic 

transmission in the form of Continuously Variable 

Transmission (CVT). This kind of transmission makes us 

feel comfortable when riding the motorcycle as the only 

thing to do is to pull the gas without having to switch the 
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transmission. In the design of firefighter motorcycle 

production, in order to obtain the optimum design for 

firefighter motorcycle, the engine performance and 

centrifugal pump can be implemented as described in the 

following flowchart (Fig. 2).  

 

         
 

Figure 2. Flow chart 

Automatic scooter becomes the first choice for this 

matter because besides providing easiness in the 

operational process, the engine rotation of this type of 

motorcycle can be utilized as power source of the 

centrifugal pump. 

III. PERFORMANCE IMPROVEMENT OF THE 

MOTORCYCLE ENGINE 

In order to adjust the motorcycle power to engine 

rotation in which the centrifugal pump will be installed, a 

research regarding the performance improvement by 

replacing flying roller in the CVT was conducted[9]. 

Flying roller is one of CVT components that utilizes 

centrifugal force to obtain clutch function in the CVT. 

This particular component serves as a ballast in the 

transfer of power generated from motorcycle engine. In a 

standard component installed in the CVT of automatic 

scooter, flying roller has a specific weight which 

technically can be replaced by some weight variations 

according to the availability in the market. Every 

difference of variation of the used flying roller weight 

provides implication towards the power or torque 

differences produced by the engine of automatic scooter. 

The power of motorcycle engine is useful when the 

motorcycle moves with certain speed to reach higher 

speed which correlates with time. Meanwhile, torque is 

the engine ability to move or switch a car or motorcycle 

from neutral to moving condition. To improve the 

performance of automatic scooter engine which is used as 

the power source of centrifugal pump, the choosing of 

flying roller is implemented by four variation, namely: 

flying roller weighing 10 gram, 11 gram, 12 gram, and 14 

gram. The standard flying roller of automatic scooter 

engine itself is 13mg. 

By using dynotest, the power generated from the 

change of flying roller used in the CVT can be seen in the 

Fig. 3 below. Meanwhile, the torque produced by 

changing the weight of flying roller can be seen in the 

Fig. 4. 

 

Figure 3. Difference of House Power (HP) from the variation of flying roller weight 
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Figure 4. Difference of Torque from scootermatic  engine towards the variation of flying roller weight 

For every change of flying roller, the highest power for 

low rotation on automatic scooter (700 RPM) is obtained 

from the change of flying roller weighing of 10 gram. 

while on high rotation, the highest power is produced by 

the flying roller weighing 14mg. In 750 RPM, the highest 

torque generated is recorded from the flying roller 

weighing 11 grams, while in 1,000 to 2,000 RPM, the 

highest torque is generated by the flying roller weighing 

10 grams. In the high rotation (5,000 RPM) to the 

maximum rotation (9,750 RPM), the generated torque 

decreases in accordance with the characteristic of the 

weight of flying roller. From the data above, the engine 

rotation in idle condition is around 750-1,500 RPM. This 

rotation becomes the basis in choosing the flying roller 

which has the highest torque, which is the flying roller 

weighing 10mg. In this rotation, the flying roller 

weighing 10mg can generate torque in the amount of 2.1 

N.M. 

IV. DETERMINING OF CENTRIFUGAL PUMP BRACKET 

Of the previous study, centrifugal pumps used have a 

capacity of 2.2KW. These pumps have an output of 12 

m/sec, with a total weight of pump is 5 kg. Thus, the 

weight of the engine will increase and so will the 

dimension. In addition, from the dimension of the 

centrifugal pump itself, the addition of dimension is also 

caused by the addition of coupling or connector between 

the centrifugal pump and the CVT of the engine. If this is 

done, it will cause the pump rotation  follow the engine 

speed. The reparation of pump connector to the engine of 

scootermatic is done to stabilize the pump rotation and 

simplify installation and maintenance. In the previous 

study, the pump bracket used is as shown in Fig. 5a, then 

the improvement of bracket design for firefighter 

motorcycle shown in Fig. b. 

 
(a) 

 
(b) 

Figure 5 . (a) The centrifugal pump bracket direct connected with 
scootermatic engine, (b) the improvement of bracket design for 

scootermatic engine 

By increasing the mechanism of belt and pulley, the 

centrifugal pump rotation can be adjusted to the pump 

specificity. The result of this mechanism is that the 

installation process of the centrifugal pump is more 

complicated than the direct installation of the scooter 

engine CVT. In order to connect the power generated by 

the engine to the motormatic, a magnetic type clutch is 

adopted in this study. This clutch can move power when 

given electricity in the magnet. However, this type of 

clutch cannot be connected directly to the centrifugal 

pump. Thus, it requires another mechanism, namely 

pulley and belt. With the addition of belt and pulley, the 

rotation can be easily controlled and adjusted to the 

rotation of the centrifugal pump. The direct connecting 

type bracket with centrifugal pump shown in Fig. 6, 

while the change in the centrifugal pump bracket is by 

adding a belt and pulley as shown in Fig. 7. 

 

 

Figure 6. Direct connecting bracket with centrifugal pump 
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Figure 7. The change in the centrifugal pump bracket by adding a belt 

and pulley. 

This mechanism can add the number of rotation in the 

centrifugal pump from the engine rotation when the 

rotation is low. With a pulley ratio of 1: 2, an engine 

rotation of 700 rpm can be increased to 1,500 rpm. In 

addition to providing convenience in determining an 

appropriate rotation, this mechanism facilitates emission 

when driven to a fire point. Magnetic coupling works 

when the fire engine is used for spraying and does not 

work when being driven. Thus, it does not affect the 

speed of the extinguisher motor. The implementation 

new bracket design for firefighter motorcycle shown in 

Fig. 8. 

 
(a) 

 
(b) 

Figure 8 (a) New bracket centrifugal pump, (b) The implementation 
new bracket design for firefighter motorcycle 

V. DISCUSSION AND RESULT 

In the explanation above, the improvement 

performance and design firefighter motorcycle can be 

explained in Table I below 

TABLE I. CHANGES IN THE DESIGN OF EXTINGUISHER MOTOR 

No Specification Old design New design 

1 Increasing engine 

performance by 
replacing flying roller 

13 gram 10 gram 

2 HP and Torque 

produced at low 

rotation 

1.8 HP, 19.01 

Nm 

2.8 HP,  

22.23Nm 

3 Engine rotation at the 

time the centrifugal 

pump works 

1,500 Rpm 700 Rpm 

4 Centrifugal pump 

rotation 

1,500 Rpm 1,500 Rpm 

5 Pump weight 5 kg 2,kg 

6 Mechanism  Directly to 
engine 

Pulley Belt 
complete with 

magnetic 

clutch 

 

as described in Table I above, the selected pump 

specifications did not change with the same rpm which is 

1500 rpm. while the weight of the centrifugal pump has 

decreased compared to the initial design of 2 kg. 

While, for the main component for firefighter 

motorcycle, there are additions as shown in Table II. 

where, the new design has been equipped with a 

magnetic clutch so that the engine rotation is not directly 

connected to the centrifugal pump. while the other 

components are adjusted to the old design 

TABLE II. FIREFIGHTER MOTOR CYCLE COMPONENT 

No Specification Old Design New Design 

1 Siren Lamp Yes Yes 

2 Suction hose Yes Yes 

3 Suction hose bracket Yes Yes 

4 Magnetic cuopling No Yes 

5 Pulley and belt No Yes 

6 Pump axis bearing Yes No 

7 Scooter matic 

motorcycle 

Yes Yes 

8 Centrifugal pump Yes Yes 

9 Pump axis Yes No 

10 Pump bracket Yes Yes 

11 Rubber hose (outlet) Yes Yes 

12 Rubber hose bracket Yes Yes 

13 Equipment Box Yes Yes 

14 Bracket Box Yes No 

From the result of the improvement firefighter 

motorcycle performance, the centrifugal pump 

performance test is done as shown below (Fig. 9).  

in this picture the source of water is obtained from the 

reservoir. this refers to our assumption that when a fire 

disaster occurs a water source can be obtained from a 

water reservoir at a resident's house around the location 

of the fire, or it can also be obtained from rivers or other 

water sources 
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Figure 9. Centrifugal pump performance test for firefighter motorcycle 

VI. CONCLUSION 

From the result of firefighter motorcycle performance 

above, implemented new bracket by adding pulley and 

belt mechanism, provide the advantages of the engine 

rotation for scootermatic motorcycle. By using this 

mechanism, the engine rotation from 700 rpm can be 

increased to 1500 rpm. whereas with replacement of the 

flying roller, it can increase horsepower and torque 

produced by the engine at low speed.  
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