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Overview 

This design example provides the simulation study of a 3-Phase electric vehicle powertrain with its 

controller modeled in MATLAB Simulink. The example demonstrates the process of co-simulation 

between Saber and Simulink to interactively run the simulation in both the platforms, with Saber 

running in parent mode and Simulink in child mode. 

 

Figure 1: Electric vehicle powertrain schematic 

Introduction 

This document presents techniques to effectively simulate the powertrain of an electric car with the 

plant model simulated in Saber and the Field-Oriented Control (FOC) algorithm simulated in 

MATLAB Simulink. The feature of Saber – Simulink co-simulation is explained in detail. Through co-

simulation, the simulation models in both the tools simulate independently with the data exchanged 

between the two tools.  



Central to this powertrain design is a high fidelity PMSM model produced with the JMAG FEA solver 

that includes spatial harmonics, flux saturation, and frequency dependent iron losses. The motor is 

fed by a 3-phase Voltage Source Inverter (VSI) controlled by an FOC algorithm implemented with 

Maximum Torque per Ampere (MTPA) and Flux Weakening (FW) strategies and using the 

interceptive sinusoidal PWM method.  

The FOC algorithm is reimplemented in MATLAB Simulink using the schematic implemented in 

Saber for the FOC controller. This helps to benchmark the accuracy of co-simulation and 

establishes the validity of the method to use the models developed in Simulink in SaberRD 

simulation.  

The DC link voltage (365V) is realized by a Li-ion battery pack with 2 cells in parallel and 96 cells in 

series characterized from measurement data. The motor shaft is connected to a single ratio gearbox 

(7.94), which is then connected to a simplified car dynamics model accounting for the force of 

gravity on a sloped terrain, as well as for the rolling and aerodynamic forces.  

The following sections detail the methods used in implementing the FOC controller. The results 

under different operating conditions of the system are discussed using Saber-Simulink co-

simulation.  

Design 

The components of powertrain design are characterized based on either published or assumed data 
summarized in Table 1. 

Table 1: EV Powertrain Specifications 

Specification -Published Rating  

PMSM Electric Motor Max power / torque: 80 kW / 280 Nm 

Li-Ion Battery Total energy: 24 kWh 

Max power > 90 kW 

Number of cells: 192 (2 parallel, 96 series) 

Cell voltage: 3.8 V 

Nominal system voltage: 364.8 V 

Gear Ratio 1/7.94 

Curb Weight 1521 kg 

0 – 100 km/h ~ 10 sec 

Drag Coefficient 0.28 

Inverter Frequency 5 kHz 

 

Specification -Assumed Rating  

PMSM Electric Motor Max power / torque: 100 kW / 178 Nm, 8 poles 

Inverter Efficiency 90% 



Gear Efficiency 97% 

Wheel Radius 0.3 m 

The powertrain_simulink_cosim design uses a non-switching 3-phase inverter (vsi_abc), producing 

sinusoidal voltages at the synchronous frequency. This level of abstraction offers an appropriate 

compromise between speed and accuracy to study the electro-mechanical dynamics of the motor 

drive. It allows the observation of the torque ripples caused by the spatial harmonics of the motor. 

FOC Controller Implementations 

SaberRD is equipped with mathematical models and control blocks in the library to implement the 

FOC controller algorithm. The focus of this design is to demonstrate the accuracy of simulation, 

when you have the control scheme modeled in MATLAB Simulink. The Saber Simulink co-

simulation tool provides a method to integrate a Simulink model with SaberRD simulation. The 

snapshots of the FOC controller implemented in Saber and in Simulink are shown in Figure 2 and 

Figure 3 respectively.  

 

Figure 2: FOC algorithm implemented in SaberRD 

 



 

Figure 3: FOC algorithm implemented in Simulink 

You can observe the similarities between the two schematics. The MTPA and FW algorithms are 

implemented with MAST in Saber and MATLAB Function in Simulink. All other modules have 

equivalents in both the tools. In cases like this, it is highly recommended to create the schematic in 

Saber as it helps in overall simulation performance and enhances the system to include more 

complexity. If the functionality has algorithms that cannot be ported into Saber or the Simulink model 

is complex and time consuming to port it into Saber, the co-simulation option discussed in the next 

section is effective.  

Co-simulation Setup 

SaberRD provides access to numerous sources for the simulation models, apart from the thousands 

of models available in the libraries and the characterization tools available within the SaberRD 

package. One source of models from the simulation ecosystem is Simulink and this section 

describes using these models in SaberRD simulation.  

Steps to setup the Simulink Saber co-simulation in SaberRD: 

1. Invoke the Simulink Cosimulation Tool from the Model tab in SaberRD. 



 

Figure 4: Simulink Cosimulation Tool in SaberRD 

2. To setup a supported version of MATLAB/Simulink select Setup… under Edit menu MATLAB 

group.  

 

Figure 5: Simulink Cosimulation Setup 

3. In the Setup Matlab cosimulation window shown in Figure 5, perform the following steps. 

a. Select a version of MATLAB installed on the machine in the Versions area. The 

Simulink model will run in this version when the co-simulation is instantiated. Check if 

the Simulink model is working in the selected version before running the co-simulation. 



b. Navigate to the folder where MATLAB is installed for the MATLAB Install Root:  

c. Select the Matlab Work Directory: where the cosim files are saved. This folder must be 

available in the MATLAB Set Path settings. The MATLAB folder in the Documents 

folder should be selected here, unless you need a different folder as this folder is 

available in the MATLAB Set Path settings by default.  

d. Enable the “Set to Active Version” check box to make the selected version active and 

ready for running co-simulation.  

e. Clicking the “OK” button starts the Setup process. You can see that the MATLAB 

Command opens and closes automatically when the co-simulation setup is in progress.  

If you see any error after pressing the OK button, follow the steps below: 

i. Close SaberRD and reopen it with “Run as Administrator” option. Re-run the steps 

mentioned above. 

ii. Contact Saber support for help if problem persists.  

 

4. The Setup Matlab Cosimulation window closes automatically once the setup is successful. 

The co-simulation environment is now ready for running a simulation with SaberRD as parent 

simulator and MATLAB/Simulink as child simulator.  

 

Simulation 

The powertrain_simulink_cosim design uses a non-switching 3-phase inverter (vsi_abc), producing 

sinusoidal voltages at the synchronous frequency. The FOC algorithm in dq reference frame is 

implemented in Simulink and the conversion between dq and abc reference frames is done using 

the Park’s and Inverse Park’s transformation models available in Saber library.  

Note: To run this design you should have SaberRD 2022.03 or higher and MATLAB R2020a or 
higher versions installed on your machine. 

 

To analyze the vehicle acceleration on flat terrain:  

1. Run the experiment named Expt1: Acceleration flat terrain from Simulate tab. 

2. After simulation completes, you can see the graphs in the Results pane.  

3. Double-click on the graphs to view the signals with respect to time, as shown in Figure 6. 

Figure 6 shows the vehicle acceleration on a flat terrain.  



 

Figure 6: Acceleration on flat terrain 

As the simulation is run in co-simulation mode and the FOC algorithm in dq reference frame is open 
in Simulink, you can plot the signals in the controller using Simulink scopes. You can add scopes on 
the signals and open them to view the performance curves while the simulation runs in both 
SaberRD and Simulink. You can perform the analysis interactively as both the schematics are open 
during the simulation. Figure 7 shows the reference and actual plots of the q axis and q axis 
currents in Simulink.  

 

Figure 7: Reference and actual plots of the q axis and q axis currents on flat terrain in Simulink 



To analyze the torque waveform with different motor model variants:  

1. Run the experiment named Expt2: Torque study from Simulate tab. 

2. After simulation completes, you can see the graphs in the Results pane.  

3. Double-click on the graphs to view the signals with respect to time, as shown in Figure 8. 

Figure 8 shows the detail of the torque waveform obtained with different motor model variants.  

 

Figure 8: Detail of torque waveform 

The list below gives additional details. 

1. The JMAG model in LdLq accuracy mode 

• The Expt2 performs a transient analysis with the accuracy property of the jmag_pmsm 

motor set to ldlq 

• After the transient analysis is run with tend = 2 seconds the motor torque is plotted 

gear_box_w.gear_box_w1:trq_inp. 

2. The JMAG model in spatial harmonic accuracy mode 

• The Expt2 alters the accuracy property of the jmag_pmsm motor to sh and performs a 

transient analysis. 

• After the transient analysis is run with tend = 2 seconds the motor torque is plotted 

gear_box_w.gear_box_w1:trq_inp. 

• Observe the cogging torque by plotting the signal gear_box_w.gear_box_w1:trq_inp. 

3. The original Saber LdLq PMSM model (dq3pmsyn) 



• Replace the jmag_pmsm model with dq3pmsyn (from Saber library) and update the 

following properties: rs = 10m; phi_max = 92m; lq = 635u; ld = 271u, j = 2.27e-2; p = 8 

• Run a transient analysis for 2 seconds with the following settings: 

End time: 2; Time Step: 2u; Signal List: All Signals; Integration Method: Backward 

Euler; Target Iterations: 30; Maximum Time Step: 50u   

• Plot gear_box_w.gear_box_w1:trq_inp and move this curve into the region where the 

curves from Expt2 are plotted to display the three curves as shown in Figure 8. 

To verify the current clamping accomplished by MTPA block:  

1. Run the experiment named Expt3: Flux weakening from Simulate tab. 

2. After simulation completes, you can see the graph in the Results pane.  

3. Double-click on the graph to view the signals with respect to time, as shown in Figure 9. 

Figure 9 shows that the back-EMF developed by the motor gets clamped to the battery voltage 

around time = 5 sec. Beyond this point, the motor is operated in flux weakening mode, allowing the 

speed to be further increased, but with a growing mismatch between demanded and achieved 

speeds. The simulation also shows that the motor currents get properly clamped after reaching their 

maximum rating set to 300 A. The current clamping is accomplished by the MTPA block (imax 

parameter). This is a MATLAB function added in the Simulink model. The MTPA and FW functions 

are written as MATLAB functions and included in the Simulink model. This is analogous to the 

MAST functions included in the Saber hierarchical models.  

 

Figure 9: Flux weakening 

Like MAST coding in Saber, functions can be implemented as MATLAB functions and used in the 

Simulink model using the MATLAB Function block. Special functions such as interfacing C codes 

can also be done using the function blocks.  



To analyze the vehicle dynamics on sloped terrain:  

1. Run the experiment named Expt4: Sloped terrain study from the Simulate tab. 

2. After simulation completes, you can see the graphs in the Results pane.  

3. Double-click on the graphs to view the signals with respect to time, as shown in Figure 10 and 

Figure 11. 

On the downhill segment, the car velocity exceeds the demanded speed. The motor develops a 

negative torque, acting momentarily as a generator. At that point, energy flows back into the battery, 

following a transformation from potential to kinetic, magnetic, electrical, and finally chemical form. 

Inversion of the phase currents is observed when the torque crosses zero. 

It is worth pointing out that the initial position of the car (x=0) must present no slope (the y values of 

the first two points in the terrain property of the vehicle dynamics symbol are equal). This is 

necessary to obtain a dc operating point solution. Since the motor is started with no speed and 

therefore no torque demand, the balance of the forces acting upon the car at rest can only be 

realized in the absence of the force of gravity (slope = 0). If you modify the terrain, make sure that it 

is flat at x=0. 

 

Figure 10: Speed response on sloped terrain 



 

Figure 11: Torque and current responses on sloped terrain 

Conclusions 

This design example demonstrates the modeling of FOC controller in MATLAB Simulink and 

performing simulation to evaluate the response of the EV powertrain system under different vehicle 

running conditions. The simulation is performed in co-simulation mode so that the capabilities of 

both the tools are utilized and provide a detailed understanding of the system. In Saber Simulink co-

simulation, as both the schematics are opened and available for editing, the simulation is interactive 

and gives more scope of improving both the models. 
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