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Abstract - The need for power on the battlefield ha s sparked a sizeable research effort on integration of
On-Board Vehicle Power (OBVP) systems for military vehicles. DRS-TEM’s OBVP system provides a
robust, innovative solution for incorporating relia ble on-board power in harsh military environments. The
system is currently being incorporated on an M1123 HMMWYV with future variants to support MRAP and
JLTV vehicle solutions.

The system utilizes an in-line generator mounted be tween the engine and bell housing of the
transmission to generate power in excess of 35kW. This innovative solution does not increase the leng th
of the drive-train and is a robust, reliable method for generating power. The in-line generator outpu  t can
be passively rectified or controlled using a pulse width modulated rectifier/controller. The Pulse Wi dth
Modulated (PWM) control uses power factor correctin g techniques and includes algorithms for boosting
voltage a low-engine speeds to meet required power requirements while the vehicle is moving or
stationary. The high-voltage bus created by the ge  nerator/controller is converted to usable power by
incorporating various combinations of DC and AC con version using parallelable line replaceable units.
The amount and type of power can be varied to suppo  rt various missions or vehicle types. The power is
distributed using an advanced power distribution un it that will perform load prioritization, load shed ding
as well as protection and monitoring.

This paper will describe a typical OBVP system and its application to provide power to the warfighter in
various tactical scenarios. The system has been th  oroughly tested on the DRS-TEM system integration
lab (SIL) and is currently being integrated on an M 1123 HMMWYV. A detailed description on the
applicability of each system will be described as w ell as performance data from SIL testing. The data  will
show the current state of OBVP and will pave a path forward to meet the warfighter’s future needs on
tomorrow’s battlefield.

1.0 Introduction

The overall objective of this program is to provide quality electric power to an M1123 HMMWYV operating on the
battlefield in the most efficient, reliable, practical, cost effective manner that is fully responsive to the military’'s
requirements for onboard power. The approach is scalable and applicable to companion vehicles in the fleet and
is adaptable to other tactical vehicles to reflect consideration of the smallest possible logistics footprint and use of
common components.

DRS TEM has long anticipated the need for quality On-Board Vehicle Power (OBVP) and has been actively
investigating and developing technical approaches to this problem. DRS has performed numerous tradeoff
analyses to evaluate candidate hardware and configurations which best satisfy OBVP objectives; minimize
intrusiveness into the vehicle (maximizing payload volume, ease of integration and repair, minimizing impact to
standard vehicle production lines), minimizing cost, and maximizing reliability, interoperability, scalability and
safety. The main objectives of this specific program are:

Design and integrate an onboard power generation and management system that will comply to the
varying needs of the warfighter on the battlefield.

Determine and execute the electrical, mechanical and system design for integration on the M1123
HMMWYV with future considerations for integrations to various vehicles that support the warfighter.

Ensure the design is tailored to the M1123 Vehicle with minimal impact to the basic functionality,
capability and mobility of the vehicle.

Provide no less than 20kW of electrical output (35kW desired) of 60Hz, 120Volts alternating current, true
sine wave at 0.8 power factor while either moving or stationary.

Allow paralleling of like systems (and vehicles) to achieve multiples of 15kW of electrical export power
(30kW, 45kW, etc.).

1.1 Advantages of an In-Line Generator approach

The in-line generator approach with integrated power electronics provides significant advantages over other
designs. Integrating the in-line generator solution within the existing space in the bell housing, directly between
the engine and transmission allows the generator to provide a 42kW plus (nominal 35kW electronic limited) of on-
board power (at the generator terminals), which is sufficient to meet military on-board power requirements. This
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be placed in jeopardy as it would Figure 1. OBVP system architecture.
with a belt driven solution, which

could lead to adjacent component failures. Even if the generator itself should fail, the vehicle would continue to
operate normally unless there is a catastrophic failure in the vehicle or power system. Installation of the “kit”
requires only that the adapted transmission (with the generator installed within the bell housing) be mounted in
the vehicle where the standard transmission now exists. All other elements of the system are located elsewhere
within the vehicle at the locations depicted in Figure 2. No other changes are required of stock power train
components. There is no direct impact on any other components performance and no maintenance or
adjustments are needed.
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2.0 OBVP System Architecture Overview

2.1 Electrical Overview

The DRS on-board vehicle power system provides a comprehensive power subsystem that provides generation,
power conditioning and power distribution (AC or optional DC). These elements thereby provide a fully integrated
equipment set that produces the level and quality of power needed in stationary or mobile operations that fully
meet the requirements of the warfighter on the battlefield.

Elements of the proposed add-on system for a typical OBVP application are shown in Tablel. In general, one of
each LRU is needed for a given system. For AC power, two APDS-AC units are needed to achieve 30 kW of
output power per vehicle. Multiple units (mounted on other vehicles) can be paralleled to achieve AC power in
excess of 60kW.

Table 1 Components of the Exportable Power System

Component Description
Permanent Magnet An Open Framed Permanent Magnet Generator which is designed to fit
Generator Unit within the bell housing of the vehicle’s transmission for low impact/high

density packaging of this major power system element. The generator is
supplied mounted within the transmission of choice for direct installation
within the vehicle.

Modified Transmission | The system would be supplied to the vehicle already mounted within the
transmission — assumed to be a HMMWYV transmission for the system
described in this paper. Modifications are made to the bell housing
components to allow the generator to fit within this region without further
changes to the power train design or components.

Generator Controller The generator control unit is a separate LRU responsible for rectification
of the generator output and rough regulation of the generator’s output
as necessary. This device also acts to boost low engine speed. This
can be done using either a passive rectification/boost system or a
motor/generator PWM controller.




Aucxiliary Power The 15 kW APDS-AC converts the 300Vdc output from the generator to
Distribution System for | 50/60Hz, 115/208VAC 3 phase power for use in powering Tactical
DC outputs (15 Operations Centers (TOCs) or other off-board systems. The 15kW unit
kWatts)(APDS-AC) is available for permanent or temporary installation within the vehicle
and is provided with forced air or liquid cooling. Each is highly capable
in paralleled operation. Use of individual units is in closer keeping to the
strategy of using segmented power for TOCs and other applications to
eliminate single points of failure.

Aucxiliary Power The 10kW parallelable APDS-DC converts the 300Vdc output from the

Distribution System for | Generator to 28 VDC. This device can be used if removal of the existing

DC outputs (10 kW) alternator is considered. The 10kW unit is available for permanent or

(APDS-DC) - Optional | temporary installation within the vehicle and is provided with liquid
cooling.

2.2 Mechanical Overview

The line replaceable units (LRUs) that comprise the OBVP system are incorporated in the M1123 HMMWYV as
shown in Figure 2. It is important to notice that all LRUs are placed in a location that was not readily occupied by
anything, thus fully utilizing the space available on the vehicle. The OBVP system has the potential of being
incorporated into different vehicle configurations with modifications to the LRU packaging.

Figure 2. DRS OBVP system integrated on an M1123 HMMWYV

2.3 Thermal Overview

The Generator Controller, APDS-AC and APDS-DC units utilize a separate closed loop, Ethylene Glycol Water
(EGW) liquid Electronics Cooling System (ECS). Air-cooled versions of these designs are used when necessary,
but will not fit the space claim identified for the M1123 HMMWYV. This cooling loop is separate from the vehicle
internal combustion engine (ICE) cooling system, due to lower inlet temperature requirements. DRS-TEM
designs, builds and installs the ECS into the vehicle, to include the heat exchanger, fan(s), pump(s), and cooling
lines up to the DRS units.

3.0 OBVP System Components

3.1 Power Generation

The “integrated starter generator” approach (shown in Figure 3) incorporates a custom generator into the
transmission bell housing between the engine and transmission. For the application described in this paper, it is
assumed the machine will be used only for power generation. For future improvements the generator could be
integrated with a DRS motor controller and on-board energy storage to operate as the starting motor and for
“hybrid-assist” capability. “Hybrid-assist” describes a mode where the machine can be run as a motor to augment
the power from the engine that is provided to the drive train. This would remove the starter weight and volume
and allow for increased interoperability in a future vehicle design evolution.

The in-line generator design has been thoroughly tested under varying conditions in the DRS-TEM Systems
Integration Lab (SIL). The existing generator is a permanent magnet, radial field machine rated for a nominal
35kW (electronics limited) of continuous power between an RPM range of 650 rpm to 3200 rpm. The clear
advantage of this configuration is space efficiency within the vehicle and flexibility of the design remaining
component. The architecture is scalable based on available space in the bell housing, mass and volume of the
vehicle and its transmission. DRS-TEM currently is in the late stages of design of a similar generator that can
accommodate a larger vehicle with higher output power demands. Figure 3 shows a diagram of the machine
assembly breakdown and how it is integrated into the overall system.



Figure 3. In-Line Generator Implementation

3.2 Power Conditioning

There are two methods that are currently being used to rectify the variable amplitude, variable frequency, high
voltage output of the generator. The simplest method is to use a passive rectifier with a hardware DC-DC
converter to boost the voltage at low engine speeds. If the potential for starting or future hybrid assist is
considered, an active, pulse-width modulated rectifier/controller can be used. The PWM generator controller is the
optimum solution to tightly regulate the high voltage bus at various engine speeds, with a disadvantage of adding
complexity to the overall system.

3.2.1 Passive Rectification

The passive generator power conditioning unit receives the raw three-phase AC output from the in-line generator
and produces a loosely regulated DC voltage. It utilizes a three-phase, full-wave bridge rectifier and filter
capacitor bank to provide gross regulation of the generator’s output suitable for use by the power conditioning
components. Included in this unit is the ability to reconfigure the generator windings for optimal performance over
the engines’ total operating range by selecting a delta or wye connection. The power system automatically sets
this configuration based on stationary or mobile power

operations.

Circular, military connectors provide the interface for power
and signal connections to the high voltage bus. Coolant inlet
fittings are provided for connection to the electronics’ cooling
system. The unit is currently packaged to integrate into the
rear portion of the M1123 HMMWYV as shown in Figure 2.
The unit is designed to meet the environmental requirements
of MIL-STD-810F.

3.2.2 Active Pulse Width Modulation

The OBVP design currently installed in the M1123 vehicle

uses passive rectification to perform the RAW high-voltage

AC conversion to the high-voltage DC bus with an integrated

boost converter to boost DC bus voltage at low speeds. This

method is fairly simple, but introduces a number of Figure 4. DRS-TEM motor controller.
disadvantages to the system such as power lost due to

power factor, decreased controllability, increased physical size, etc. To enhance the performance of the overall
system, this box can be replaced with the PWM rectifier/motor controller box and used as a PWM rectifier when
the motor is in generation mode.



The PWM rectifier controller is and existing DRS-TEM design that incorporates all switching elements, current
sensing, Digital Signal Processor (DSP) control and all auxiliary systems in a proven, rugged technology intended
for use in a military vehicle. A picture of this motor controller is shown in Figure 4. The PWM rectifier will use
advanced vector control algorithms (much like the algorithms used for motoring) and space vector modulation
schemes to regulate the high-voltage DC bus. This controller will have the ability to use the inductance of the
motor phase winding to boost the voltage of the generator at low speeds and buck the dc bus voltages (through
field weakening) at high speeds to prevent an over-voltage to the system. The system will also be able to power
factor correct the raw AC signal being generated by the in-line generator so that the maximum amount of useable
power is delivered to the high-voltage bus. This is a significant advantage over the passively rectified solution
that was incorporated in the original design. This control method is not currently installed in the existing M1123
OBVP design, but is a serious consideration for an upgrade to a future system.

Figure 5. Detailed Diagram of ISG Assembly

3.3 AC Power Distribution

The AC power conversion and distribution for the OBVP will be supplied by the DRS Parallelable Auxiliary Power
Distribution System (APDS-AC). This system, shown in Figure 6 converts the nominal 300VDC input from the
high-voltage bus and converts it to 115/208VAC, 3-Phase 4 wire at 15kW. The unit uses advanced “learning”
algorithms to ensure power quality when being operated stand-alone or paralleled with another unit. DRS has
designed and incorporated multiple variants of this design in a number of existing vehicles to include the XM1124
HE HMMWV.

The unit is mechanically packaged to be integrated into the foot wells of the existing HMMWYV (as shown in Figure
2). The unit has the ability to report critical values (voltage, current, etc.) to the vehicle processor via CAN J1939
and monitors and protects from over-current, under-voltage and short circuit. The unit is fully parallelable and will
provide a total of 30kW of AC power when two units are included in the OBVP system.

3.4 DC Power Distribution

The DRS-TEM APDS-DC is a DC-DC converter that converts the high-voltage (300VDC nominal) bus to 28VDC
at 10kW. It is fully parallelable (with similar 28VDC devices on other vehicles) and provides a MIL-STD-1275 and
MIL-STD-704 compliant output. If a particular OBVP solution desires to remove the belt driven alternator from
under the hood of the vehicle, one of the APDS-AC units could be removed and replaced with an APDS-DC. This
configuration will allow the warfighter to utilize 15kW of AC power and 10kW of DC power stationary or on the
move by merely swapping the LRU integrated into the OBVP system. This LRU is designed to fit in the same
space claim as the APDS-AC to maintain the maximum amount of flexibility in the amount and type of export
power. Figure 6 shows a picture of the 15kW APDS-AC and the 10kW APDS-DC.



Figure 6. DRS TEM APDS-AC (15kW) and APDS-DC (10kW)

4.0 SIL and Vehicle Testing

4.1 Electrical SIL Testing

Prior to integration in the vehicle, the OBVP system was thoroughly tested in the systems integration lab (SIL)
environment. The testing included the OBVP generator mounted to the target transmission. The 4-quadrant
dynamometer was used as the prime mover and allowed simulated engine conditions that simulate real
environments in which the generator will be operating. The high voltage output of the generator was conditioned
to maintain the 300VDC bus using the power distribution and control box. The 300VDC bus was then converted
to 3-Phase 208VAC and loaded with a three phase load bank. The testing loaded the parallelable auxiliary power
distribution system (PAPDS) at unity and 0.8 power factor. Figure 7 shows how the OBVP system was setup and
tested using the DRS-TEM test facility.

Figure 7. OBVP Systems Integration Lab (SIL) test setup

The testing included a number of scenarios to include various simulated engine speeds and actual output loads.
Also, the temperature of the coolant that is flowing through the generator and electronics was varied during
testing. Figure 8 shows two different tests that were performed on the system in the SIL environment. The left



graph in Figure 8 shows the internally measured temperature of the generator as 34kW is delivered to the
resistive load with 20C coolant flowing through the system. This test was run for 120 minutes and shows that the
peak generator temperature did not exceed 73 degrees C.
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Figure 8. Generator temperature response to varying coolant conditions.

Further testing shows the temperature response under the same conditions except that the system is cooled with
80C coolant instead of 20C. This is a very realistic environment and can simulate a secondary cooling loop that
will be used in the vehicle in harsh operating environments. In this test, the generator temperature rose above
115C after 25 minutes and the test was concluded. At the point at which the test stopped, the coolant was
approximately 117C with a projected path to reach between 125C and 130C. This value is well within the
operating range of the generator. It is also seen that when the test stopped, the generator reacted fairly quickly to
removing the excess heat as it approached the steady-state temperature of the coolant (80C).

4.2 Vehicle Integration

In October, 2008 the OBVP engine/generator/transmission was installed in an M1123 HMMWYV. Slight
transmission tunnel modifications were needed to ensure the generator would be able to be operated safely.
Upon integration, a simple road test was performed to ensure proper operation of the system and to ensure there
were no drivability differences known to the user. Because a bending and operating mechanical analysis was
performed early in the program, it was anticipated that there would be no drivability issues (cogging, rubbing, etc.)
when the generator was installed in the vehicle. The driver observed no drivability issues upon full integration of
the system. Figure 9 shows the generator prior to and after vehicle mounting.

Figure 9. OBVP generator prior to and after vehicle mounting.

At the point at which this paper was written, the Auxiliary Power Distribution systems were being mounted in the
vehicle as it prepares for detailed vehicle testing. The goal of this testing is to compare the output power
availability with the mathematically calculated, simulated and SIL tested values. The performance of the system
will be evaluated as it delivers the required power both stationary and in a mobile environment.



5.0 Conclusion and Future Upgrades

Requirements for both export and “on the move” power will continue to increase as more technologically
advanced equipment is installed in military vehicles to increase operability and survivability. The goal of this
program was to replace the unreliable, traditional, belt driven alternator with an in-line generation system. As
power demands increase, the traditional, belt driven alternator and associated equipment will not be able to
handle the torsional loads which will result in belt and bearing failures and a non-mission capable vehicle.

Future upgrades to this OBVP system include upgrades targeted at increased mobility and increased power
delivery. The current vehicle is equipped with a passive rectification system (with boosting capability). With the
addition of some energy storage and a PWM rectifier (active controller), the vehicle can rectify and deliver power
when in generator mode and perform starting and hybrid assist during mobility. Also, variants of the shown
generator are being developed to accommodate larger vehicles to support MRAP and JLTV applications. The
OBVP system is also being considered for larger tactical vehicles as power needs on these vehicles increase. By
looking forward to the projected energy needs on the battlefield, the modularity and scalability of the system is a
perfect fit for vehicles operating in the field today and vehicles being developed for tomorrow.

DRS-TEM would like to thank the Marine Corps ONR (Office of Naval Research) program for providing the
necessary funding and opportunity to develop such exciting technology that can be used to extend the capability
of the military and the warfighter in the field. In coming months, scheduled to take place at the beginning of FYQ9,
we are looking forward to correlating all the completed modeling to actual test data and demonstrating the full
capability of on board vehicle power.



