
In a study that concluded in 2001, USPS 
explored the possibility of using electric 
vehicle (EV) technology for postal carrier 
route vehicles. The study found that while 
electric vehicles generally had enough 
range to complete their appointed rounds, 
they sometimes exhausted their batteries 
and had to be towed back to the depot.

In these cases, the ability to recharge 
batteries on the go with an onboard gen-
erator could have made the difference be-
tween successful completion of the route 
and a call for a tow truck.  

To investigate this option, I began a re-
search project with John Longnecker and 
our advisor, Dr. Chris Mi, Assistant Pro-
fessor of Engineering at the University of 
Michigan – Dearborn. Our goal was to 
model a plug-in hybrid USPS delivery ve-
hicle, and through simulation, validate its 
performance by comparing it to earlier 
electric-only delivery vehicles and USPS 
specifications for range, acceleration, and 
gradeability (the vehicle’s ability to main-
tain speed while traveling uphill).

The Plug-in  
Hybrid Architecture
A plug-in hybrid (Figure 1) uses an off-board 
system to recharge batteries. It also includes a 
generator powered by a small ICE to extend 
the vehicle’s range. In a series hybrid, the in-
ternal combustion engine (ICE) is used solely 
to charge batteries. This arrangement differs 
from the parallel hybrid configuration used 
in most passenger hybrid vehicles today, in 
which the engine powers the vehicle with as-
sistance from the electric motor.
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The College of Engineering and Computer Science at the Univer-

sity of Michigan – Dearborn is helping to meet the growing need 

for more fuel-efficient vehicles with an interdisciplinary program lead-

ing to a master‘s degree in Automotive Systems Engineering. 

As part of this program, Robert Myers and John Longnecker, with 

faculty advisor Dr. Chris Mi, conducted a study to determine the fea-

sibility of using plug-in series hybrid technology to extend the range of 

electric vehicles used by the United States Postal Service (USPS). In this 

article, Myers describes how he and Longnecker modeled and simu-

lated the vehicle, its powertrain, and its control systems with physical 

modeling tools from The MathWorks—an approach that enabled them 

to focus on crucial design tradeoffs without becoming mired in low-level 

mathematical equations, and without building costly prototypes.
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Why Electric? 

Electric vehicle technology is especially 

well suited for delivery vehicles because 

postal vehicles use minimal energy when 

idle and can recapture kinetic energy 

from frequent braking. Unlike passenger 

vehicles, delivery vehicles do not need a 

publicly available charging infrastructure 

because they return to a central depot 

where they can be recharged overnight.  

And whereas passenger vehicles cover 

trips that may be beyond the range of an 

EV, postal vehicles have defined routes 

and travel a set distance each day.

Figure 1. Series 
hybrid vehicle 
schematic. 
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A principal goal of our research was to go 
beyond merely assessing the EPA mileage 
estimates for a plug-in hybrid.  Some simu-
lators can provide miles-per-gallon (mpg) 
estimates over a defined route, but we want-
ed to fully evaluate the dynamic perfor-
mance of the vehicle over specific carrier 
route drive cycles. As a result, we needed to 
build a comprehensive model of the vehicle 
and all its subsystems from the ground up.

We selected MathWorks tools for Model-
Based Design for the research because they 
enabled us to span all the engineering disci-
plines involved.  In addition, by using the 
predefined components within Simulink®, 
SimPowerSystems and SimDriveline, we 
would spend less time creating model com-
ponents and deriving mathematical equa-
tions. We were already familiar with  
MathWorks tools, having used them in our 
coursework to develop a Simulink model of 
a Hall effect sensor for a wiper motor.

Modeling the Vehicle
We began by building a physical model 
of the vehicle (Figure 2). We used the 
Longitudinal Vehicle Dynamics block 
in SimDriveline to evaluate the response 
of the vehicle to torque applied by the 
driveline. After setting up vehicle-specific 
parameters in that block and modeling 
the tire – road interaction, we could eas-
ily plot vehicle speed as a function of 
grade and torque.

With the physical model complete, we 
modeled the motor and motor controller 
(Figure 3). We added a brushless DC per-
manent magnet motor to the Simulink 
model together with a basic motor control-
ler based on the Four-Quadrant Chopper 
DC Drive block from SimPowerSystems.  

The four-quadrant chopper uses a 
proportional integral (PI) controller to 
regulate both forward and backward 
speeds (Figure 4). 

We based our carrier route model on 
the Utilimaster Flexible Fuel Vehicle 
(FFV), one of two vehicles that the USPS 
commonly uses for urban and suburban 
delivery routes. We replaced the FFV’s en-
gine with a DC motor powered by lithium 
ion batteries. A small displacement diesel 
engine powers an onboard generator to 
recharge the batteries en route.  

Selecting the Battery Pack
A successful design must carefully balance 
the performance of a battery pack against 
its weight and cost. While a larger battery 
pack extends the vehicle‘s range, the added 
weight affects gradeability and reduces the 
vehicle’s available payload. USPS specifica-
tions require the vehicle to carry a minimum 
payload of 454 kg.  Because one of our design 
goals was to maintain the same gross vehicle 
weight as the original FFV (2313 kg), we had 
to strictly limit the weight of all hybrid-spe-
cific subsystems, including the battery pack. 

Batteries have a much lower specific 
energy than gasoline or diesel fuel. One 
kilogram of gasoline can produce 12,000 
watt-hours, while a one-kg lead acid bat-
tery produces only 35 watt-hours. Nickel 
metal hydride and lithium ion batteries 
offer higher specific energy, but at in-
creased cost. Because the average life of 
the vehicle far exceeds that of the batter-
ies, the batteries will probably be replaced 
several times over the vehicle’s lifetime.  
As a result, operating costs are also an im-
portant design consideration.  

Spanning Engineering 
Domains
To meet the stringent and at times compet-
ing performance objectives for a USPS de-
livery vehicle, we needed to build and vali-
date a vehicle model that spanned control 
and electrical systems, powertrain, physical 
design, and other engineering domains.  
Further, we needed to conduct multiple 
design iterations and trade-off studies, op-
timizing the design until all specifications 
were met or exceeded. 

Figure 2. Simulink® 
vehicle model. 

Figure 3. Simulink DC motor model. 

Figure 4. Simulink PI controller model.
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components. Integrating our work was a 
straightforward matter of ensuring that 
we had properly developed the agreed-
upon interfaces.

Simulating Real-World  
Drive Schedules
Once we had a complete model of the plug-
in hybrid vehicle, we could evaluate vehicle 
performance across all three dimensions 

specified by the USPS: gradeability, accel-
eration, and range (Figure 6).  

We exercised the model using a range 
of drive cycles, including the EPA urban 
cycle, the EPA highway cycle, and drive 
cycles developed specifically for postal 
vehicles with frequent short hops and 
significant idle time (Figure 7).

Initial simulations revealed two design 
areas that needed improvement.  First, 
while the vehicle met range requirements 
and easily exceeded acceleration specifi-
cations, it struggled to maintain speed on 
some of the steeper grades (Figure 8). Re-
fining the transmission model using 
SimDriveline building blocks quickly ad-
dressed the problem.

Second, the drive schedules with steep 
grades tended to reduce battery charge 
to unacceptable levels. Some initial sim-
ulations showed the battery charge at 
just 1% when the vehicle returned to the 
depot. To keep a reasonable minimum 

Figure 5. 
Simulink 
generator 
model. 

Figure 6. Gradeability performance tests. 

Figure 8. Gradeability 
time to desired speed. 

Figure 7. Speed profile for federal urban dynamometer driving schedule.

Next, we modeled the battery, the gener-
ator, and the engine (Figure 5). Once again, 
we saved time by using predefined blocks 
from the SimDriveline vehicle components 
library. For example, to modeling the ICE 
we simply dropped the diesel engine block 
from the library into our model and speci-
fied the torque-speed curve for our Kubota 
D1403-E three-cylinder diesel engine.

The Simulink environment facilitated 
collaboration throughout the project.  
While John worked on the battery and 
generator models, I worked on other 
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the ICE vehicle on the urban drive sched-
ule, and 8% less on the highway schedule.

Looking Ahead
Clearly, there are many opportunities for 
further research in this area.  One possi-
bility to consider is a four-wheel-drive, 
parallel hybrid configuration with the 
electric motor driving the front wheels 
and an ICE driving the rear wheels.  This 
configuration would make it easier to 
take advantage of regenerative braking 
to recharge the battery, and would pro-
vide four-wheel-drive benefits under ad-
verse surface conditions. A benefit of us-
ing MathWorks tools for our research is 
the reusability of our models.  Should we 
pursue such enhancements in the future, 
we would leverage our current work and 
hit the ground running.  

We are presenting our findings at the 
SAE World Congress, where we hope to 
spur industry interest in the plug-in series 
hybrid for delivery vehicles. ■ 
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charge, we increased the size of the bat-
tery pack slightly until the charge re-
mained within acceptable tolerances 
throughout simulation. Having the com-
plete vehicle model in Simulink enabled 
us to quickly implement and test these 
types of improvements.

Reducing Emissions, 
Increasing Efficiency
Using Simulink, we simulated the plug-in 
electric hybrid and calculated fuel con-
sumption over two commonly measured 
cycles: the federal urban drive schedule 
and the federal highway drive schedule. 
For comparison, the EPA mileage estimates 
for a USPS FFV are 15 mpg in the city and 
19 mpg on the highway.  Even taking into 
account the fuel equivalent of the electric-
ity needed to charge our vehicle to full ca-
pacity, our design achieved higher fuel 
economy in simulations, with 24.9 mpg in 
the city and 28.5 mpg on the highway.

On identical drive schedules, the simu-
lated hybrid used less than half the fuel con-
sumed by its internal combustion engine 
counterpart, a saving that would greatly re-
duce exhaust emissions.

When the costs of charging the hybrid 
each night are included in the calcula-
tions, its fuel costs are still 25% less than 

A Faculty Advisor’s View

Assistant Professor Dr. Chris Mi teaches 
several courses in power electronics, indus-
trial controls, and electric and hybrid vehicle 
technology. Dr. Mi served as faculty advisor 
on the plug-in hybrid research project.

   At the University of Michigan – Dearborn, 
we strive to stay on the leading edge of vehicle 
technology. Robert and John’s research exempli-
fies that effort. 

We use MATLAB® and Simulink in the 
classroom because students take almost no 
time at all to learn them. They are among 
the best tools available for building models 

and exploring the underlying physics and 
differential equations. In my Hybrid Electri-
cal Vehicle class, we also use Advisor, a 
Simulink-based tool for vehicle simulation.

Of course, Robert and John needed more 
advanced functionality to build a complete 
system model with detailed component-evel 
models of the motor, power electronics, and 
more. When running acceleration tests and 
fuel economy tests, they needed a simula-
tion environment that could perform simu-
lations spanning minutes, not just low-level 
simulations of milliseconds.

In this very successful research effort  
Simulink, SimDriveline, and SimPowerSystems 
played a vital role. Robert and John learned a 
lot through doing this work. They gained ex-
perience in building models in Simulink, and 
the approach they used gave them an in-depth 
understanding of hybrid EV technology. At this 
point, we don’t know if the vehicle they de-
signed will be put into production, but the mod-
els that Robert and John built will be invaluable 
tools for other engineers, who can use them to 
find out how a production vehicle would per-
form before actually building one.


