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INTRODUCTION

Within the last few years transistor technology has evolved to
the point where a low cost, high performance electric vehicle
controller is now possible. The FMC-21 and PMC~-25 on-road
electric vehicle controllers combine the highest state—-of-the-art
transistor technology with PMC’'s time—-proven pulse-width control
circuitry. The result is a rugged, reliable, and cost—-effective

on-road EV controller.

The fMC transistorized controller is designed to replace
battery switching and SCR controllers in on~road electric
vehicles. It provides the user with many benefits, the most
important of which are smooth, accurate control of speed and
torque, and increased range per battery charge. The FMC breaks
new ground in EV control. Properly installed and used, it will
make your vehicle come alive with new capabilities and ease of

handling.

This installation manual has been written to assist in the
proper installation of the PMC controller into an on-road
vehicle. With these instructions, the controller installation
and vehicle testing should be a straightforward task. Every
attempt has been maﬁe to answer gquestions that may arise during
installétion. If problems arise that cannot be solved with the

help of this manual, do not hesitate to contact the factory.



Chapter 1

GENERAL DESCRIPTION OF THE PMC CONTROLLER

1.1 TERMINOLOGY

The PMC transistorized pulse-width—-modulated controllers are
designed specifically to control the speed and torque of direct
current motors in electric vehicle applications. The term
"transistorized"” is used to distinguish the controller from an
"SCR" (silicon controlled rectifier) controller, and refers to
the fact that the solid-state device used to modulate the power
te the motor is a transistor rather than an SCR. The term
"pul se-width-modul ated" refers to the technique of varying the
transistor "on time" (duty cycle) as a means of controlling the
average voltage to the motor.

1.2 TRANSISTOR VS. SCR CONTROLLERS

Transistors and SCRs both function in the same manner in a
controller, namely, by switching the battery voltage on and off¥f
in rapid succession. However, transistors offer some important
advantages over SCRs which make them attractive for use in motor
controllers. These advantages involve "turn-off" capabilities,
“full-on" capabilities, and "switching speed®.

1.2.1 TURN-OFF CAFARILITY

An SCR cannot be turned off simply by removing the gate

signal. As a result, SCR controllers must centain power
components which are present only to turn off the SCR at the end
of each pulse. A transistor, however, is turned off simply by

removing its base drive. As a result of this feature. Ffewer
power components are required in a transistorized controller.
Also, SCR controllers must be protected from a failure of the SCR
to turn off (a condition known as SCR "lock=-on"). Transistor
controllers do not require lock-on protection because the



transistor turns off immediately when its base drive is removed.

1.2.2 FULL-ON CAFABILITY

Many SCR controllers require a "bypass contactor"” to go from
0% to 100% duty cycle. The "full-on" capability of transistors,
however, allow transistorized controllers to go to 1004 duty
cycle without a bypass contactor. As a result, transistorized
controllers do not normally require a bypass contactor.

1.2.% SWITCHING SFEED

SCRs are typically slow to turn on and ofta This
characteristic causes heating during the switching transitions.
As a result, SCR controllers are typically operated at switching

frequencies below 400 Hz.. Low switching frequencies cause high
motar ripple current which results in motor heating and
inefficiency. Transistors, however, typically have very +fast
switching speeds and may be run at high switching #freguencies
(the FMC operates at 2000 Hz.) without excessive heating of the
transistors. This results in lower motor ripple current and

higher efficiency (see diagram on page 3).

1.7 TRANSISTOR VS. BATTERY SWITCHING CONTROLLERS

Battery-switching controls have been wused in the past 1in
on-road vehicles due to their low cost. However, battery-
switching controls have some strong disadvantages which are
overcome by the transistorized controller. The advantages of
transistorized controllers over battery-switching controls
involve simplicity of wiring, equal battery discharge, smooth
speed control, current limiting, and current multiplication.

1.2.1 SIMFLICITY OF WIRING

Usually, battery switching controllers consist of a series of
high—-current switches arranged so that various voltages may be
applied to the motor. There are many variations of battery
switching, ranging from battery tapping to diode sw:itching.
However, all battery switching controllers have one thing in
common, namely, complicated high current wiring and throttie
connections. A transistorized controller, on the other hand,
allows the batteries to be grouped into a single string and
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connected to the contreller with & single contactor. The
throttle connection is also simplified. The overall result is a
much simpler control system.

1.3.2 ERQUAL BATTERY DISCHARGE

Connecting the batteries into a single string has another
advantage, namely, equal battery discharge. Saome battery
switching technigques cause the batteries to become discharged
unequally. Complicated recharging procedures are required to
regain equal charge. With a tramsistorized controller egual
battery discharge is always assured.

1.5.3 SMOOTH SFEED CONTROL

Battery-switching controllers typically apply a series of
voltage 1levels +to the motor. This results in & succession of
discrete speeds at which the vehicle can travel. a
transistorized controller, however, varies the vehicle speed
smoothly from zero to full. The result is total and precise
control over the vehicle’s speed and torque. An example of the
usefulness of torque control can be seen in attempting to climb a
hill. With a battery-switching controller, one throttle position
may nat provide enough torque to climb the hill at a reasonable
speed, while the next position may attempt to accelerate the
vehicle and draw excessive current. With a transistorized
controller, however, the throttle may be "feathered" to a
position which allows the vehicle to climb the hill at any speed
that the driver desires.

1.3.4 CURRENT LIMITING

When the throttle is fully depressed in a vehicle using a
battery-switching controller, full battery wvoltage is applied to
the motor. The only thing then limiting the current <rom the
battery to the motor is the resistance of the motor and cables,
and the "back emf" of the motor. If the motor is stalled (unable
to turn), the back emf is =zero, and a dangerously high "stall
current” will flow. With a transistorized controller, however,
the maximum motor current is limited to a preset maximum value.
As a result, the danger of motor burnout due to full throttle
position in a stalled condition is greatly reduced. Excessive
battery currents can also cause battery terminal burnoff. Use of
a current limited controller helps eliminate this problem.



1.5.5 CURRENT MULTIFLICATION

One of the most intriguing aspects of the transistorized
controller is the fact that, during acceleration, it allows more
current to flow into the motor than flows out of the battery.
This is possible because the controller acts as a D.C.
transformer, i.e. it takes in high voltage (the full battery
voltage) and low current, and puts out low voltage (the motor
voltage can vary from zero to full) and high current. The result
of the controller’'s D.C. transformer action is that, unlike a
vehicle using a batterv-switching controller, during accelsration
when the motor draws high current, the battery is required to put
out only a fraction of that value. This Ffact accounts Ffor the
increased range per battery charge which is common to vehicles
using transistorized controllers.

1.4 UNIQUE FEATURES OF THE PMC CONTROLLERS

All transistor controllers are not alike. The FMC has some
unique features which give it important advantages over other

transistor controllers. These advantages involve electrical
considerations such as tapless design, high frequency operation,
thermal protection, high—-pedal protection, and slow-speed

controlability, and mechanical considerations such as thermal
management, weathertight packaging, simple installation, and
"in-field" servicability.

1.4.1 TAFLESS DESIGN

Most high voltage controllers take power from the 12 or 24
volt tap on the main battery pack in order to provide a source of
base drive current. Depending on the current required, this
battery tap can cause the tapped batteries to slowly become
discharged relative to the rest of the pack. The PMC, however,
contains a power supply which derives the base drive current from
the full input vpltage. This feature avoids discharged batteries
and also greatly simplifies controller imstallation.

1.4.2 HIGH FRERUENCY OFERATION

Many transistorized controllers operate at a low frequency
(400 Hz. or less). Low switching frequency causes high motor
ripple current which results in motor heating.



There are other important disadvantages to low frequency
operation. One important disadvantage is that stall current can
be substantially lower than the controller current limit. Miis
is a result of the fact that at partial duty cycle the effective
current limit is not equal to the peak controller current,
rather, it is equal +to the peak current minus one-hal+f the
ripple. The FMC oaoperates at 2,000 Hz.. At this high frequencw
the ripple is very small, and the motor stall current is very
close to the controller current limit.

The diagram below shows how operating frequency affects stall
current. The dashed 1line shows the actual motor current for a
400 Hz., controller. Note that the actual current comes very
close to zero during the cycle. At lower frequencies, there g
nothing to stop the actual current from actually going to zero
before the next cycle begins. Note in particular that the
average current is much lower than the controller current limit.

The dark line in the same diagram shows the actual current in
the PMLC controller operating at 2000 Hz.. Note that due to the
high frequency operation, the ripple value is very small and that
the average cuwrrent is very close to the controller current
limit.
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