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Exro Demonstration Humvee: 
Built on next-generation electric powertrain 

technology 
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The Problem 
Deliver superior performance without an environmental price tag

Exro Technologies Inc.
Exro is a clean technology company pioneering intelligent 
control solutions in power electronics to help solve the 
most challenging problems in electrification. As the 
transportation industry shifts towards electrification, 
many applications are facing obstacles in their transition 
due to performance demands, high costs, and/or lack of 
charging infrastructure.

Military vehicles are a prime example of an application 
where it is necessary to close the performance-cost gap 
and find a practical charging solution. This provided Exro 
with an optimal application to demonstrate its power 
electronics expertise. 

Military vehicles requires high-power output and 
versatility across various terrains, but often, this is 
achieved through large diesel engines that emit CO2, 
leading to air pollution and contributing to global 
warming. 

According to the EIA, diesel (distillate) fuel consumption 
by the US transportation sector in 2021 resulted 
in approximately 472 million metric tonnes of CO2 
being released, this is about 26% of the total US 
transportation sector emissions. 

The transition to electric mobility (e-mobility) offers 
a promising path towards zero emissions for many 
vehicles, but there are still fundamental challenges that 
are preventing a complete transition to electric vehicles 
for all types of transportation. 

Many applications require high starting torque for 
startability, acceleration, and gradeability, yet they 
require high power in speeds to operate efficiently. 
Mechanical gearboxes are often used to achieve the 
necessary initial torque, but this can increase the weight, 
reduce efficiency, and raise the cost of the system.

H I G H  D E M A N D  A P P L I C AT I O N S

D I E S E L  P O W E R T R A I N E L E C T R I C  P O W E R T R A I N
Negative environmental impact Cost-perfomance gap
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The Solution
Exro’s Coil Driver™

Exro has developed a new dynamic controller, the smart 
Coil Driver™, that replaces the standard controller of an 
electric motor. The Coil Driver™ electronically switches 
the motor coil configuration in real-time, seamlessly 
and under demand between two modes, one optimized 
for speed and one optimized for torque. This controller 
effectively creates an intelligent electronic gearbox 
inside the motor. This enables greater depth of control, 
efficient optimization, smarter energy consumption 
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 → Starting motor torque increase

 → Overall motor torque output improvement across the 
speed spectrum 

 → Enhanced power across the speed spectrum 

 → Reduced mechanical loss and total cost of ownership

and superior power in a single electric motor. Providing 
vehicle manufacturers with a cost effective solution 
for applications that require a wide range of efficient 
operation. 

Exro used its 800 Volt Coil Drive System to boost power 
at high speeds, improve torque at low speeds, and 
extend the motor’s high-efficient working range.

The Assignment
Retrofit a diesel Humvee with a powertrain that outperforms the original diesel 

The conversion of a diesel AM General Humvee M998 into an all-electric Humvee, which is quieter, more 
responsive, and has extraordinary high-power export potential was implemented by Exro Vehicle Systems, a 
wholly owned subsidiary of Exro. 
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Exro Vehicle Systems (EVS)
End-to-end vehicle electrification services 

Focusing on safety, systems, electrical, and controls 
engineering, EVS is a high-value product development 
partner for organizations pursuing mobility product 
electrification.

With access to Exro’s portfolio of intelligent control 
solutions, a wide network of external suppliers, and 
internal industry-leading expertise, EVS is well-positioned 
to guide partner organizations throughout the entire 
product development cycle, from design to integration.

EVS engineers employ a systems-thinking and 
multidisciplinary mentality to provide unique, high quality, 
project-specific electric power solutions.

The team has been delivering innovative electrified power 
solutions in the mobility and power electronics industry 
for over 20 years, accumulated at a variety of successful 
and respected companies.

Core technical competencies and abilities:

Controls 
Engineering

Concept 
Development

Simulation & 
Testing

Software 
Development

Hardware 
Development

Maintenance & 
Repair
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The Execution 
Complete hardware and software build, evaluation, and testing

Retrofitting a diesel vehicle with an all-electric drive poses unique challenges. EVS engineers not only integrated 
the powertrain and all the electric components, but they also developed the software to ensure that all of the 
components worked in concert.

 → Replacement of diesel engine with an all-electric 
drive; preservation of OEM driveline

 → Replacement of transmission with a single speed 
electric transmission 

 → Addition of a high voltage storage system; custom-
designed high-power distribution

 → Addition of a custom-designed vehicle control 
system, including an energy management strategy

 → Replacement of engine drive pump with high voltage 
electro-hydraulic power unit

 → Addition of electric fans and coolant pumps; custom 
fluid conveyance system

 → Preservation of hydraulic power steering and 
hydraulic power braking systems

Hardware upgrades
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Software features

Custom developed Vehicle Control Unit (VCU) packaged with electric vehicle control strategy. The EV supervisor 
is the primary control for the vehicle’s functionality and is often the most crucial and time-consuming part of the 
design process. EVS has fully validated the interface between the VCU and Coil Driver™. 

 → Charge Management – Controls charging for both 
On-Board and Off-Board Charging including CCS 
communication protocols, keeps battery charged 
within its limits 

 → Shift Management – Control shift states including 
park, forward, neutral, and reverse including safety 
interlocks and park pawl actuation

 → Torque Management – Determine torque command 
based on driver pedal requests but limited based 
on vehicle states and component limits 

 → HV System Management – Start up and shutdown 
sequences to manage the connection to the HV 
battery and keeping the system within the proper 
battery states  and limits

 → Thermal Management -monitoring component 
temperature, thermal control including pump/fan 
setpoints and additional component derating logic

 → Accessory Management – provides control of 
accessory components including HVAC, LV battery 
management with the DC/DC converter, body 
controller interfaces, LV power distribution based on 
system state
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The Results 
Simplified design, superior performance 

The Exro Demonstration Humvee uses a single motor 
without mechanical gear boxes to provide higher 
performance within a simplified powertrain architecture. 
This new design offers a higher starting torque, enhanced 
power across the speed spectrum, and reduced 
mechanical loss.

Peak power 900 kW

Continuous power 210 kW

Peak torque 4070 Nm

Continuous torque 1335 Nm

Exro Technologies

I M P R O V E D  T O R Q U E  B Y *

936%
from 393Nm to 4070Nm.

I M P R O V E D  T H E  P O W E R  O U T P U T  B Y *

650%
from 120kW to 900kW

Compared to a stock AM General Humvee M998

*Power and torque are based on output at the motor / engine shaft.
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Exro Difference 

Below we have benchmarked the Exro 800V powertrain 
against an industry standard powertrain and a F-750 
Super Duty 6.7L diesel engine. As you can see on the 
motor torque curve, the Coil Driver™ delivers much 
higher starting torque in its series mode and continues to 

The Exro Coil Driver™ essentially expands the capabilities 
of electric motors beyond what is currently available in the 
market and provides manufacturers with flexibility to design 
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The Environmental Impact  
Undoubtedly sustainable 

According to US Environmental Protection Agency 
(EPA), 10.18 kilograms of CO2 is emitted per gallon of 
diesel consumed. This means that the stock M998 
emits 254 kilograms of CO2 per tank of fuel.

deliver a more sustained torque as it switches to parallel 
mode. On the motor power curves, it is observed that 
Coil Driver™ delivers much higher power in high speeds 
in its parallel mode but still delivers superior power 
throughout the speed spectrum. 

The Exro modified fully electric Humvee removes 
this burden on the environment whilst improving the 
performance output of the vehicle.

*Performance curves are benchmarked against high performance diesel 
engine and industry standard electric drive system.

**Power and torque are based on output at the motor / engine shaft.

***Diesel motor specs based on PACCAR powertrains datasheet 2021.

vehicles that have less components, better performance, 
and higher efficiency. 
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[CTA: Clickable link to our 
CD page to learn more] 

[Secondary smaller CTA: 
contact sales QR code and 
email + email sign-up] 

Exro Technologies Inc. 
TSX: EXRO • OTCQB: EXROF 
+1-604-674-7746 
coildriver@exro.com  |  www.exro.com 
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The Future is Now
Intelligent electrification  

Exro’s innovative Coil Driver™ technology and EVS 
expertise unlock the under-utilized power within electric 
motors and enable smarter electrification of many 
applications that would otherwise not be feasible in a 
cost-effective way. 

Future developments that are currently under execution 
include integration of Coil Driver™ Charger which 
removes the onboard charger, removes the external 

rectifier, enables universal AC fast charging, and adds 
V2X capabilities. The charging feature has been tested, 
validated, and will soon be demonstrated in the Exro 
Humvee. 

Exro is creating the most innovative power controls 
company that leads the transition to a sustainable 
electrified world. Stay tuned for future communications 
regarding Coil Driver™ charging feature. 

L E A R N  M O R E  A B O U T  C O I L  D R I V E R ™ 

mailto:info%40exro.com?subject=
https://links.exro.com/3EgajtP
https://www.exro.com/technology/coil-driver
https://links.exro.com/40T6wwl

