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Abstract- As environmental and economic interests increase, 

the need for eco-friendly vehicle such as an electric vehicle 

(EV) has increased rapidly. Various research of enhancing EV 

powertrain efficiency and relibility have been studied. In this 

study, 2-speed shift gears mechanism is designed by using 

simpson type planetary gear train. This transmission has two 

planetary gear unit. Gear position is determinded by which 

ring gear is fixed. Internal components of the transmission are 

designed for satisfying the required specification of EV. We 

analyze gear strength, gear mesh efficiency, and transmission 

efficiency. By manufacturing the transmission prototype and 

performing some experiments, we verify the application 

suitability of this transmission. 
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I. INTRODUCTION 

 

 Due to automobile exhaust causing air pollution and 

global warming, the interest of an electric vehicle(EV) 

continues to increase. Improving the efficiency and the 

reliability of the vehicle is a key issue for developing the EV 

powertrain. Using the transmission on the EV has some 

advantages. For maximization of the powertrain efficiency, the 

output shaft needs high torque at the low vehicle speed. On the 

other hand, it needs high rotation speed at the high vehicle 

speed. Hence, it is important to control torque and speed by 

using the transmission. 

 

The purpose of this research is to design the 

transmission of the EV, especially commercial vehicle. In this 

study, the 2-speed transmission system is designed for 

optimizing electric commercial vehicle (ECV) powertrain. The 

suitability of the transmission is verified by using gear design 

program and testing the prototype. This prototype has two 

efficiency graphs, so this transmission has more wide 

efficiency area comparing to the single step gear box. 

 

II. DESIGN OF THE TRANSMISSION INTERNAL 

STRUCTURE 

 

2.1 Calculation of the Gear Specification 

 

As shown in Figure 1, 2-speed Simpson type 

planetary gear train is established. This kind of transmission 

has the interesting feature of changing gear ratios without 

having to engage or disengage individual gears. This allows 

for smooth gear changing even under load. This transmission 

has simple shift gears mechanism which is provided in chapter 

2.2. Thus, it is easy to change gear position among 1st gear, 

2nd gear, parking gear, reverse gear, and neutral. In 

comparison with conventional system, especially the hydraulic 

automatic transmission, has low efficiency. Because, it 

experiences viscous and pumping losses in the torque 

converter. The torque converter has an efficiency curve that 

resembles ∩ as shown in Figure 2. Zero efficiency at stall, 

generally increasing efficiency during the acceleration phase 

and low efficiency in the coupling phase. The torque converter 

maximum efficiency is rotate in the opposite direction. By 

rotating all component including sun gear, ring gear, and 

carrier at angular velocity- ωR, ring gear stops spinning, and, 

ωS (angular velocity of sun gear), ωC (angular velocity of 

carrier) is defined as 
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Figure 1. 1st and 2nd planetary gear unit. 

 

 
 

From the angular velocity in Table 1, reduction gear 

ratio is defined  as 

 

 
 

 
Figure 2. Torque converter efficiency. 

 

typically 95%, which means that the loss of energy is more 

than 5% (Strachan, 1992). 

 

The planetary gear train designed in this study consists 

of a sun gear, two ring gears, and three planet gears of each 

ring gear. Ring gears are selectively fixed by shifting gears. 

Every planet gears is mounted on a single carrier which itself 

rotates to the sun gear and acts as a transmission output 

shaft(June, 1995). Calculation process of reduction gear ratio 

is shown in Table 1. ZS is the number of sun gear teeth, ZP1 , 

ZP2 are the number of 1st planet gear and 2nd planet gear, 

ZR1 , ZR2 are the number of 1st ring gear and 2nd ring gear. 

Assume that carrier is fixed and sun gear rotates at angular 

velocity ω1, then angular velocity of ring gear ωR is defined 

as 

 

 
 

In this equation (4), gear teeth of all gears in this 

planetary gear train which satisfy required specification of 

electric commercial vehicle powertrain can be calculated, and 

its specification is shown in Table 2 (Dudley, 1984; Litvin, 

1994). 

 

2.2 Transmission Mechanism 

 

The transmission mechanism of 2-speed Simpson 

type planetary gear train is shown in Figure 3. 

 

For shifting gears on this transmission, each ring gear 

has clutch B1, B2 which is operated by hydraulic to stop each 

ring gear spinning. By shifting from neutral to 1st gear, 1st 

clutch B1 is operated, 1st ring gear R1 is fixed, input provided 

to the sun gear which rotates planet gears P1, and output 

rotation is produced from the carrier. There is no difference 

shifting mechanism between 1st gear and 2nd gear, except 

which clutch is operated. Operating condition of gears, carrier 

and clutches, which is controlled by shifting gears, is shown in 

Table 3. “0” means stop, “1” 

 

Table 2. Data of reduction gears. 

 
 

The negative sign indicates that the ring and sun gears 

 

Table 1. Calculation of reduction gear ratio. 

 

 
Figure 3. Shift gears mechanism. 

 

Table 3. Shift gears operating condition. 
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means rotating, and “-1” means idling condition (Yang et al., 

2009). 

 

2.3 Design of the Transmission Clutch 

 

Based on existing technologies and patent of clutch, 

multiple plate clutch system is selected as a suitable clutch for 

the transmission. This type of clutch has several driving 

members interleaved or stacked with several driven members. 

It is used in many different automobile transmissions, and also 

used in some electronically controlled all-wheel drive systems. 

The equation to calculate braking power of multiple plate 

clutch is defined as 

 
Figure 4. Hydraulic circuit diagram. 

 

than 270 mm. Number of friction plates, friction coefficient, 

and friction plate pressure are calculated and shown in Table 

4. 

 

For applying transmission clutch system, hydraulic 

circuit diagram is designed and it is shown in Figure 4. 

 

III. DESIGNING AND MANUFACTURING THE 

TRANSMISSION 

 

3.1. 3D Design of the Transmission 

 

 
 

where Dm is mean diameter of friction plate, µ is the 

friction coefficient of friction plate. Total torque capacity Q is 

increased by increasing number of friction plates Z. It means, 

multiple friction plates increase the torque capacity without 

the size of the unit. 

 

In consideration of the motor size, the size of the 

transmission is limited to less than 300 mm × 300 mm × 200 

mm, and diameter of friction plates is limited to less 

 

Table 4. Specification of components. 

 
 

By using design of the transmission internal structure 

and multiple clutch system, 2-Dimension diagram of the 

transmission is designed by using CAD program and is shown 

in Figure 5. based on 2-Dimension diagram, 3- Dimension 

model of the transmission is designed by using 3D CAD 

program (Pro-Engineer 4.0) and is shown in Figure 6. 

 

3.2 Analysis of Gear Strength and Gear Mesh Efficiency  

Suitability of gears we designed is verified by using gear 

design and analysis program, and the result of analysis 

including Root Safety Factor, Flank Safety Factor, Scuffing 

Table 5 (Kissling and Beerman, 2007). 

 

Gear mesh efficiency is calculated when rotation 

speed of motor is increased from 1,000 RPM to 10,000 RPM. 

Plate 
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Figure 5. 2-D diagram of the 2-speed transmission 

 

Table 5. Gear analysis result. 

 
 

 
Figure 6. 3-D structure of the 2-speed transmission. 

 

Table 6. Transmission efficiency analysis result. 

 
 

Maximum gear mesh efficiency is 98.8% which is 

occured in 1st gear when rotation speed of motor is 10,000 

RPM which is maximum rotation speed. And also, maximum 

gear mesh efficiency in 2nd gear is occured in maximum 

rotation speed (Parker et al., 2000; Del Castillo, 2002; Bajer 

and Demkowicz, 2002). 

 

Mean value of gear mesh efficiency is 98.51% in 1st 

gear and 97.53% in 2nd gear. and it come up to high standard. 

Gear mesh efficiency by sun gear angular velocity is shown in 

Table 6. 

 

3.3 Manufacturing the Transmission Prototype 

 

3D design of the transmission, verified by Analysis 

process and modified partially, is manufactured as shown in 

Figure 7. Compared with the first 3D design model, oil-cooled 

path flow and hydraulic power cylinder are added, and 

assembly convenience is improved. 

 

 
Figure 7. Prototype of the 2-speed transmission. 

 

IV. TESTING THE TRANSMISSION PROTOTYPE 

 

In order to verify suitability of the transmission 

prototype, measure of its vibration, noise, and power 

transmission efficiency is needed. The transmission test bed 

for these measurements is shown in Figure 8. The torque 

sensor in the nearby motor measures input shaft torque, and 

the other torque sensor measures output shaft torque. 

 

For precise measurements, high-precision torque sensor 

and speed sensor are used. All measured data, including 

transmission power, efficiency, temperature and noise, is 

shown and saved in real-time by using CAN (Controller Area 

Network). 

 

4.1 Noise Test 

 

Sound-level meter is located 1m off the transmission 

and measures its noise in minimizing ambient noise 

environment. In common with vibration test, maximum noise 

occurs in 9,000 RPM, and its value is 88.99 dB. Noise test 

result is shown in Table 7. 

 

4.2 Vibration Test 

 

A pair of acceleration sensors measure vertical 

vibrationTable 7. Transmission noise test result. 
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Table 8. Transmission vibration test result. 

 
 

 
Figure 9. Power Transmission efficiency. 

and horizontal vibration and each pair of sensors is mounted 

on input shaft housing and output shaft housing. The 

transmission vibration of each input shaft rotation speed is 

calculated by an integral of measured acceleration. The 

maximum vibration is 1.6369 mm/s, and it occurs in 9,000 

RPM which is maximum speed of loaded motor. Vibration test 

result is shown in Table 8. 

 

4.3. Power Transmission Efficiency Test 

In order to know the power transmission efficiency, input 

shaft speed, input torque, output shaft speed, and output torque 

are measured by two torque sensors and two RPM sensors as 

shown in Figure 8. By using these mesured values, the input 

shaft power and the output shaft power can be calculated. The 

power transmission efficiency can be evaluated by dividing 

the output shaft power by the input shaft power. The 

efficiency of power transmission is over 85% as shown in 

Figure 9 (Irimescu et al., 2011). 

 

Every experimental value of vibration test, noise test, 

and power transmission efficiency test meets the demand of 

required specification. 

 

V. CONCLUSION 

 

In this study, 2-speed shift gears mechanism is 

designed using simpson type planetary gear train for the 

electric commercial vehicle. 

 

The transmission internal structure is designed by 

calculation of gear specification which has reduction ratio 

7.5:1 and 4:1. And it is verified by analysis of gear strength 

and gear mesh efficiency. Mean value of gear mesh efficiency 

is above 97.53%. As a suitable clutch for the transmission, 

multiple plate clutch system is selected and its specification is 

calculated. Based on design of the transmission internal 

structure and multiple clutch system, 3D model of 

transmission is designed and its prototype is9,000 1.4456 

1.8424 1.6069 1.6329 manufactured with some correction 

including oil-cooled path   flow,    hydraulic    power   cylinder    

and  assembly 

convenience. 

 

 Through the vibration test, the noise test, and the 

power transmission efficiency test, the results as follow were 

obtained. The maximum vibration is 1.6369 mm/s and the 

maximum noise is 88.99 dB at 9,000 RPM which is maximum 

input shaft speed of loaded motor. Power transmission 

efficiency, calculated based on input shaft speed, input torque, 

output shaft speed, and output torque, is over 85%. Every 

experimental value meet the demand of required specification. 
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