
Motor Drive Design for a Battery Electric Vehicle (BEV) 

Kirk D. Kimery, Robert C. Murphree, Osman A. Martinez, and Kevin R. Lewelling 

University of Arkansas - Fort Smith 

 5210 Grand Avenue, Fort Smith, AR 72913-3649  
 

Abstract 

 

 This poster describes a novel BEV motor drive which accommodates fluctuations found 

in normal driving conditions.  A BEV is in testing phase at the University of Arkansas – Fort 

Smith (UAFS) using a Baldor H2
1
 drive and a 5-speed transmission.  This H2 drive is designed 

for conveyor belts and air handling applications.  The H2 drive disables when speed/torque 

demands abruptly change due to acceleration, hill climbing, and shifting gears.   These abrupt 

increases in load current and rapid decreases in speed disable the H2 drive for 90 s. 

 The process of designing/constructing a drive to replace the H2 started Fall 2012; this 

drive will operate with a 380 V bus voltage while supplying 160 A for 20 s and 220 A for 3 s.  

Currently, a 1
st
 generation BEV motor drive has been successfully tested with a 100 V bus.  

Tests conducted at a 380 V bus voltage have shown limited success; unexpected heating has 

occurred, leading to thermal runaway.  Plans have been made to address this issue with a new 

380 to 18 V DC/DC converter needed for IGBT drivers and adding liquid cooling. 

 This project built a bridge between local business and UAFS in motor development and 

specialized powertrain parts as ABB Baldor has donated an H2 drive and designed/built a 

customized BEV motor.  ADKO and REEM/RUUD have also contributed machine shop 

services.   It has connected students with practicing engineers to share knowledge/experience. 

 

Battery Electric Vehicle (BEV) Background Information 

 

 A 2008 Pontiac G5 has been converted to a BEV using an 8 Hp induction motor, 21 kW 

LI battery, and 5-speed transmission.  Figure 1 shows the BEV.  Figure 2 shows dynamometer 

testing of battery voltage for various loads; a 6.2% voltage sag occurs at 145 Nm; this sag is 

acceptable and will not disable the drive. 

 

BEV Drive Design and Construction 

 

 The H2  drive has been tested under dynamic driving conditions with limited success; as 

shown in Figure 3 below, the drive will disable when 117 A exceeds 3 s.  This limits the BEV’s 

acceleration to an unacceptable level.  A drive to replace the H2 is under development.  

Connecting an untested drive to a LI battery is unwise and necessitates the use of a plug-in unit 

that simulates a LI battery.  Figure 4 shows the schematic of the boost circuit used in the LI 

battery simulator.  The DC/DC boost circuit is based on a PWM feedback control and includes a 

12 Ω soft start resistor.  Figure 5 shows the output voltage of the boost circuit under differing 

loads.  Notice the output voltage is stable with loads greater than 2 kΩ.  Figure 6 shows the 

prototype drive board; the drive board’s microprocessor controls the IGBT switches producing 3-

phase current. 

 

   



2 

 

Proceedings of the 2013 Midwest Section Conference of the American Society for Engineering Education 

 
 

 
 

 
 
 

  
 

  

Conclusions 

 

 Testing indicated the H2 drive is inadequate for the dynamic loads experienced during 

driving.  To resolve this issue, a novel motor drive has been designed and tested.  Instead of 

using a LI battery for drive testing, a plug-in battery simulator has been designed/constructed.   

Figure 5 shows 120 Vrms boosted to a stable 380 V DC which powers the drive for testing.  At 

this point in drive testing, we have noted three needed changes/corrections.  These changes 

include redesigning the DC/DC converter used to regulate the 380 V bus to 18 V for IGBT 

switching, rerouting A/D traces, and including liquid cooling. 
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Figure 1: This photograph shows the 

2008 Pontiac G5 used in BEV conversion.  

The 5-speed transmission was left in the 

vehicle to better match driving demands. 

 

Figure 2: These curves show battery 

voltage sag at various loads.  The 

battery was tested using an ABB Baldor 

H2 drive and 8 Hp motor as mounted in 

the BEV using a 50 Hp dynamometer.  

Figure 3: The H2 drive will disable when 

the load current exceeds 117 A for more 

than 3 s.  

 

Figure 4: This figure shows the PWM 

feedback circuit used to boost 120 

Vrms to 380 V DC. 

Figure 5: This figure shows the rectified 

120 Vrms voltage and the boosted 380 V 

DC boosted voltage as a function of load 

resistance. 

Figure 6: This photograph shows the 

completed motor drive board designed/ 

constructed by former student 

Christopher C. Arnold. 
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