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Abstract 
A design and simulation study of a 3-Phase Electric Vehicle Powertrain. Simulation goal 

for this design is to compare the performance / range of the system with Single Gear and 
Two Gear Transmission system. 
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Introduction 
This document presents the details of the simulation of a single gear and a two-

gear transmission system for an Electric Vehicle (EV). It is quite common that the 

transmission system has a single-gear ratio between the drive train and the wheel 

axle in an EV. Recent studies say that the two-gear system can enhance the range 

by around 5%. The goal of simulation in this design example is to draw the 

advantages of two-gear transmission over the single-gear transmission.  

The powertrain circuit shown in Figure 1 is loosely modeled after a market available 

electric vehicle. Its components have been characterized based on either published 

or assumed data (summarized in Table 1). 

Table 1: EV Powertrain Specifications 

 

Central to this powertrain design, a high fidelity PMSM motor model produced with 

the JMAG FEA solver includes spatial harmonics, flux saturation, and frequency-

dependent iron losses. The motor is fed current by a 3-phase Voltage Source 

Inverter (VSI) controlled by a FOC algorithm implementing Maximum Torque per 

Amp (MTPA) and Flux Weakening strategies and using the interceptive sinusoidal 

PWM method. The dc link voltage (365V) is realized by a Li-ion battery 

characterized using the Battery tool in SaberRD. The motor shaft is connected to 

the drive shaft through a transmission block. The transmission block helps to 
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configure multiple gears. So, the model is used to evaluate the performance of the 

powertrain with a single gear and two gear transmission. The driveshaft is 

connected to a simplified car dynamics model accounting for the force of gravity 

on  sloped terrain, as well as for the rolling and aerodynamic forces (Figure 2). 

 

Figure 1:Electric vehicle powertrain schematic. 

 

 

Figure 2: Simplified vehicle dynamics model. 

Research on optimizing the range of the EV or the distance that can be traveled 

on a single charge reveals that choosing an appropriate gear ratio helps to 

maximize the range. Gear ratio is the ratio of the transmission system that couples 

the motor shaft and the drive shaft. Present EV’s are all run using a single gear 

ratio transmission. So, there is no gear changing phenomenon. Recent studies 

have shown that having two gears extends the range by about 5%.    

This example is first simulated with the single-gear transmission system. The 

analysis is extended to two-gear system where the ability to configure multiple 

gears in the transmission model (transmission_w) from the Generic library is 

utilized. Following sections explain the simulation model and the analysis done on 

the EV powertrain design. 



EV Powertrain Design 
As mentioned in the previous section, the specifications from Nissan leaf are the 

basis for this simulation model. The key subsystems in the design are 

1) Battery Pack – The accuracy of this model decides the accuracy with which the 

range can be estimated. The Battery Tool is used to characterize the battery pack. 

The tool helps to create a model intuitively from the curves in the datasheet. The 

in-built optimizer helps to align the model characteristics with the datasheet curves. 

2) Voltage Source Inverter (VSI) and Three Phase PMSM motor - The VSI and 

motor models used in this simulation are dq models. So, there is no switching 

involved which helps to achieve maximum simulation speed. In the simulation, the 

New European Driving Cycle (NEDC) is being repeated until the battery 

exhaustion. The equivalent of 7 hours of driving is simulated in about 25 seconds. 

This is the advantage of selecting an appropriate abstraction level of device 

models for appropriate analysis.  

3)  Transmission System – The motor shaft is coupled to the drive shaft through 

the transmission system. In Saber generic library, a transmission model is 

available (transmission_w). The model can be configured with multiple gear ratios. 

The gear ratio is controlled using an external state input. To mimic the automated 

manual transmission system, the shaft speed is sensed, and the gear is shifted 

after the set transition speed. Most present EV’s have one gear and there is no 

transition between gears over the entire speed range. Recent studies say that the 

range can be increased by having two gears. The simulation reveals that the range 

is increased by 4%.  

Simulation and Results 
The design is tested with a single gear ratio and the ratio is represented by ratio1 

= 3.0 as shown in Figure 3. The design is then extended to a two-gear transmission 

system by simply using the additional variables ratio2, to represent second gear 

ratio and transition_speed, to represent the vehicle speed at which the gear 

transition occurs. So, the initial point for ratio2 is 2.99 (~3), the same as gear ratio, 

ratio1. These three parameters are varied within the specified range, the range is 

maximized. This can be seen in the Objective section of Figure 3. Apart from 

maximizing the range, it is also required that the vehicle achieves the desired 

speed. So, an additional objective is added to minimize the difference between the 

reference / desired vehicle speed and the actual vehicle speed. With these two 

objectives, selected analyses and the parameters, the WCA tool searches the 

optimum solution using the numerical optimization algorithms. 
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Figure 3: Gear Ratios Optimization in Worst Case Analysis Tool. 

To check the advantage of a two-gear ratio transmission system, the transmission 

model is assigned with two values of gear ratios and speed is set for the transition 

of the gear ratio. The Worst-Case Analysis output after optimization is shown in 

Figure 4. 

 

Figure 4: Gear Ratio Optimization for Two Gear Transmission System. 



The optimized values are applied to the schematic and the simulation is run on the 

design using the experiment.  

To run the experiment:  

1. Open the design powertrain1.ai_dsn from the attached design files. 

2. On the Simulate tab, select Experiment from the Analysis drop-down box, and 

select optimization_tests from the experiments list.  

3. Click the GO button. 

4. Once the experiment progress is 100%, the results pane shows the graph and 

experiment report. 

5. Double click on Graphs (range and speeds) and Experiment report to check 

the results. 

6. To review the steps in the experiment, open the experiment from the 

Experiment Analyzer on the right side of the SaberRD window or by selecting 

File > Open > Open Experiment. The same is shown in Figure 5. 

 

Figure 5: Steps in the Experiment to test the Optimized Parameters. 

The result of the simulations in the experiment is shown in Figure 6 and Figure 7.  



 

Figure 6: Range and Battery Voltage for One and Two Gear Transmission. 

 

Figure 7: Vehicle Speed and Motor Speed Plots. 

From the plots in Figure 6, the following can be observed: 

1) Range of the optimized single gear transmission system = 268.87 Km  

2) Range of the optimized two gear transmission system = 279.48 Km 

Percentage increase in the range with a two-gear transmission system  



=
(279.48 − 268.87)

268.87
 × 100 = 3.94 % 

The result can be checked with the value calculated in the Experiment in the 

Experiment Report shown in Figure 8.  

 

Figure 8: Experiment Report that Confirms the Calculation of Extended Range. 

Conclusion 
The EV powertrain with two gear transmission system enhances the range of the 

vehicle by about 4%. SaberRD is used to run the simulation with optimized 

parameter values and the measurements verifies the claim about the increase in 

range. The dq models helped to perform faster simulations without loss in 

accuracy. Worst-Case Analysis tool helped to optimize the design parameters to 

maximize the range of the vehicle.  


