












































































































































SOLAR 99
ÒGrowing the MarketÓ
June 12-16, 1999
Portland, Maine

Presented by the
American Solar Energy Society
and the
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Northeast Sustainable Energy Association

For more information contact:
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Phone: 303-443-3130
Fax: 303-443-3212
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StatpowerÕs
PROsine “ 2.5 KW
Inverter/Charger
Tested by Richard Perez, Joe Schwartz,
and Sam Coleman

'1999 Richard Perez, Joe Schwartz, and Sam Coleman

This small inverter/charger beats
the pants off other sine wave
inverters that cost hundreds of

dollars more and weigh three times as
much. The Statpower PROsine“ 2.5
KW Inverter/Charger makes cleaner
and more reliable power than any utility
or generator.
Shipping Container and Documentation
The PROsine 2.5 arrived at Home Power intact via
UPS, in a rugged shipping carton. The documentation
provided with this inverter/charger is outstanding. The
docs came in three partsÑa Quick Installation Guide
for impatient installers, an Installation Manual, and an
OwnerÕs Manual.

The Quick Installation Guide is profusely illustrated with
photos. It was all we needed to get the inverter installed
and working. The 22 page Installation Guide covers all
the material in the Quick Installation Guide. ItÕs more
thorough and contains many bits of line art to help the
novice installer get everything properly and safely wired
up. The OwnerÕs Manual is 27 pages long and covers
the actual operation of the inverter and charger.

We had no problems understanding the installation and
operation instructions. Too much information, poorly
presented, can be worse than not enough information.
Statpower has done a great job with their
documentationÑthe information supplied was
complete, well organized, and easy to understand.

PROsine 2.5 Inverter/Charger Data
This is a pure sine wave inverter. Its single sine wave
cycle has 667 stepsÑfar more steps than other ÒsineÓ
wave inverters employ. Many steps in the sine wave
synthesis coupled with analog filtration yields power of
higher purity.

The PROsine 2.5 is physically small for a high
performance inverter. The unit measures 20 inches high
by 15 inches wide by 5.5 inches deep (51 by 38 by 14
cm) and weighs 32 pounds (14.5 kg). This
inverter/charger is far smaller and lighter than 2.5 KW
sine wave models made by other manufacturers.
Inverter weight and size is largely a function of
transformer size. StatpowerÕs high frequency switching
power supply design requires a much smaller
transformer than traditional 60 Hz inverters. (See HP36,
page 36 for a detailed explanation and comparison of
inverter designs.)

The PROsine 2.5 comes with a remote control and
instrumentation panel and enough wire to mount it 50
feet (15.2 m) from the inverter. This distance can easily
be increased to 100 feet with a standard four-wire
telephone extension cord.

The PROsine 2.5 is rated at 2,500 watts output with a
surge rating of 4,000 watts. Input voltage range is
10—16 VDC. Statpower also makes 24 VDC models of
this inverter. The battery charger has a maximum rated
output current of 100 amps. This inverter consumes
less than 3 watts in search mode. Transfer time from
AC source to inverter operation is 20 milliseconds. The

Tested by Home Power

Above: The Statpower PROsine 2.5 inverter.
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unit has automatic overload protection,
short circuit protection, and reverse
polarity protection via an internal fuse.
This inverter is not designed for
synchronous operation, selling power
to an electric utility. It is designed as a
stand-alone unit in both on-grid or off-
grid applications.

Installation and Test System
Joe Schwartz did the actual installation
late in September of 1998. He
attached the inverter to the wall of our
battery room and connected it to DC
power at the main bus of our Ananda
Power Center with two 4/0 (107 mm2)
copper cables. The inverter is
protected on its DC input with an
Ananda 400 ampere Big Switch and a
400 ampere Class-T fuse. The entire
installation took less than two hours.

The PROsine 2.5 is fed by a 1,640 ampere-hour, 12
VDC Surrette lead-acid battery. This battery is charged
by about 1.8 KW of PVs and a 1 KW wind generator.
We also have two backup generators in the systemÑa
Honda ES6500 120/240 VAC generator and a 100
ampere, 12 VDC Genny DeeCee.

Joe found the installation easy and straightforward. He
commented that the unitÕs light weight made it much
easier to install than some other sine wave inverters.
The light weight and compact size of this inverter make
it a natural choice for RVs and boats, or anywhere
where space is tight.

Joe wired the 117 VAC input to the inverter using 8
gauge (8.4 mm2) SO cord and a heavy duty three-wire
plug. He connected the inverter output to a distribution
panel with 8 gauge wire. The control and instrument
panel simply plugged in with its RJ-11 phone jack.

We program the inverter by DIP switches on the
inverterÕs left side. It has settings for battery type,
battery capacity, battery temperature (with an optional
temperature probe), 117 VAC service rating, and load
sensing. We had no problems programming the
PROsine 2.5 to match our particular system.

Smooth Operation
Once the PROsine was properly installed, we put it into
our normal operating regime. We used the inverter to
power a variety of 117 VAC loads including computers,
a laser printer, various construction tools, deep well
pump, microwave oven, toaster, food processor, and
other common household appliances.

We noticed immediate performance increases in the
well pump and microwave oven. These inductive loads
operated better on the PROsine 2.5 than on the
previous sine wave inverter. The well pump delivered
more water using less power. The microwave oven took
less time to heat food. I attribute this to the PROsineÕs
high power quality and ability to maintain output
voltage. When powering inductive loads, a pure sine
wave means better performance and lower energy
consumption.

We found the control and instrumentation panel a joy to
deal with. ItÕs simple and clear. This panel has two bar
graph LED meters. One is for battery voltage and the
other is for both output current (when inverting) and
input current (when battery charging). We can control
the inverter/charger easily with a push of a button, and
the LEDs tell us just what the inverter/charger is doing.
The PROsine 2.5 has the most user friendly interface
IÕve ever seen on an inverter.

Statpower PROsine 2.5 KW
Input Data Output Data
on the 12 VDC side on the 120 VAC side
Battery Amps Watts Vp V RMS A RMS Watts EFF
Volts In In Out Out Out Out %
14.20 6.0 85 173.6 122.8 0.31 38 45%
13.93 11.0 153 172.8 122.8 0.77 95 62%
14.10 16.0 226 173.2 122.7 1.31 161 71%
13.80 36.0 497 172.4 122.3 3.35 410 82%
13.40 51.0 683 172.8 122.0 4.66 569 83%
13.21 60.0 793 172.8 121.8 5.62 685 86%
13.23 88.0 1164 171.6 121.1 8.22 995 86%
12.93 110.0 1422 171.6 120.7 10.32 1246 88%
12.64 133.0 1681 170.4 120.3 12.30 1480 88%
12.38 167.0 2067 170.4 120.0 14.94 1793 87%
12.14 222.0 2695 168.0 118.7 18.70 2220 82%
11.91 276.0 3287 166.0 117.8 22.30 2627 80%

Left: The
StatpowerÕs

remote
metering and

controls.
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The only operational wart weÕve encountered is the
inverterÕs response time coming out of sleep mode.
WeÕd like to see this three-second response time
reduced to one second. This really only bothered us
while operating power tools. We did not test the
optional Advanced Control System (ACS) panel, listed
at US$249. With this option, you can reduce the time
delay to two seconds and fine-tune other variables.

Test Data
After about three months of day-to-day operation, we
decided that it was time to test the PROsine 2.5 and
see if it met StatpowerÕs published specifications. The
table shows the data we took from the PROsine inverter
under actual operation. It met all of StatpowerÕs
specifications. The PROsine held its voltage well while
under loadÑit never dropped below 117 VAC even
when we overloaded the unit at 2627 watts. Peak
voltage of the AC output also remained highÑ166 Vp at
2627 watts output. This outstanding performance
insures that all loads run on this inverter will function
well.

During the entire time we were testing this inverter, we
kept its waveform up on the oscilloscope. It constantly
remained a pure, smooth sine wave, even when we
plugged in nasty inductive loads such as the well pump
and microwave oven. The Statpower PROsine 2.5 KW
Inverter/Charger makes cleaner and more reliable
power than any utility or generator. While Statpower
rates this inverter at less than 5 percent Total Harmonic
Distortion (THD), we never saw anything on our
oscilloscope to indicate that it went above 2 percent
THD. The scope picture was always smooth and
clearÑno switching transients or dancing glitches.

Testing the PROsine 2.5 Battery Charger
When powered by our Honda ES6500 generator (120.3
VAC RMS at 16.2 amps RMS input), the charger
delivered 117 amperes DC into our battery at 13.5
VDC. This is better than StatpowerÕs specs. We also
measured the power factor (PF) of the battery charger
using a Brand 20-1850 digital power meter. The meter
showed a 1.00 PF, confirming StatpowerÕs claim of near
unity power factor. This explains why we had been
noticing that the charger seemed to load our generator
less. A favorable power factor is another benefit of the
high frequency switching design of this inverter.

We also recorded more ampere-hours going into the
battery, with less fuel used in the big 6500 watt Honda
generator. The battery chargers on most inverters have
power factors of less than 0.75. This gives them
reduced battery charging output and higher generator
fuel consumption. The battery charger on the PROsine
2.5 is compatible with both sealed and vented lead-acid
cells. It contains an equalization mode which allows
equalization of cells up to voltages as high as 17.0
VDC.

Conclusions
The Statpower PROsine 2.5 Inverter/Charger is an
excellent choice for both on-grid and off-grid use. It
makes highly stable, pure sine wave power. ItÕs easy to
install and use. It makes no audio noise except for the
fan which only operates when the inverter is heavily
loaded. The battery charger in the unit is very
compatible with engine/generators. With a retail price of
US$2599.95, itÕs considerably less expensive than
other sine wave inverter/chargers with similar
capabilities. The PROsine 2.5 has earned itself a
permanent home in our power room.

Access
Authors and inverter testers: Richard Perez, Joe
Schwartz, and Sam Coleman, Home Power, PO Box
520, Ashland, OR 97520 ¥ 530-475-3179
Fax: 530-475-0836 ¥ richard.perez@homepower.com
joe.schwartz@homepower.com
sam.coleman@homepower.com
www.homepower.com

Manufacturer: Statpower Technologies Corporation,
Technical Support Department, 7725 Lougheed
Highway, Burnaby, British Columbia V5A 4V8, Canada
604-420-1585 ¥ Fax: 604-420-1591
support@statpower.com ¥ www.statpower.com

Above: A photo from our oscilloscope shows the
PROsine 2.5Õs waveform, loaded to 1470 watts output.

Note the smoothness and lack of switching glitches.



Power Measurement
For Home 
& Business
The Brand Digital Power Meters: Models 4-1850 and 20-1850 
Brand Digital Power Meters take all
the guesswork out of load analysis.
They measure the power and energy
consumption of any 117 vac appliance
under 1850 watts. They accurately
measure cyclical loads such as
refrigerators and freezers, displaying
average cost and total power usage on
an easy to read 16 character
alphanumeric display. 

The Brand Digital Power Meter
measures and displays: 1 to 1850 watts,
1 watt-hour to 9999 kilowatt-hours and
elapsed time in hours. After inputting
your energy cost in cents per kilowatt-
hour, it calculates the cost to run an
appliance in both elapsed time mode
and estimated monthly cost mode.

The 4-1850 and 20-1850 are easy to
operate. The meter has a heavy,
grounded cord and plug which you
insert into any 117 vac wall socket,
plug the appliance into the back of the
meter and analysis and display begins
automatically. Four pressure sensitive
switches on the front panel display
modes and allow the user to set the
cents per kilowatt-hr. A single chip
microprocessor accurately measures
voltage and current and automatically
recalibrates itself every time itÕs
plugged in or reset. The unit will retain
information during power interruptions.

¥ Measures overall power consumption
and cost of operation

¥ Use to measure circuit loads and
determine sizing requirements for
backup power supplies and circuit
protection

¥ Make informed decisions regarding
appliance replacement and use of
equipment in standby mode.

Only 2.5 inches high by 5 inches wide
by 5 inches deep 

4-1850 displays:
watts 0 to 1850
kWhr 0.001 to 9999
hours 0.1 to 6500
cost 0 to $650.00
cost/mo. 0 to $650.00

20-1850 displays 4-1850 information
plus:
peak watts 0 to 1850
amps 0 to 15.00
Volts 0 to 130.0
volt-amps 20 to 1850
VARs 20 to 1850
Pf 0 to 1.0 lead or lag.

Price: 4-1850: $149.95*
20-1850 $249.95*

*price includes shipping and handling
Maine residents add 5.5% sales tax

Inquiries regarding PC interfacing,
meters for DC and 240 VAC
applications, international variations
and customized instruments are
welcomed. Please call for pricing and
availability. 

You can spend four times the
purchase price of a Brand Digital
Power Meter and not get the quality
results you get with these meters.

Richard Perez, in his review of
the 4-1850 Brand Digital Power
Meter for Home Power,said,
ÒThis is the first time that I
have wished for more than two
thumbs, ÔBoth Thumbs Up!ÕÓ

Brand Electronics
421 Hilton Rd.
Whitefield, ME 04353
For information only, call 1-207-549-3401
email: ebrand@mint.net

Measuring 
the power 
and energy
consumption 
of 117 vac 
appliances 

has never been 
easier or 

less expensive.

Call today! To order, call toll free 24 hrs.

1-888-433-6600
http://www.mint.net/~ebrand/



Carbondale, CO Workshops
Solar Home Design May 10—14
Natural House Building May 17—21
PV Design & Installation Jun. 1—11
Advanced Photovoltaics Jun. 14—25
RE for the Developing World Jun. 28—Jul. 2
Micro-Hydro Power Jul. 5—9
Wind Power Jul. 12—23
PV Design & Installation Jul. 26—Aug. 6
Advanced Photovoltaics Aug. 9—20
Successful Solar Businesses Aug . 7—8

Workshops Outside Colorado
WomenÕs PV Design & Install, AZ Feb. 22—27
PV Design & Install, AZ Mar. 1—6
PV Design & Install, TX Apr. 12—17
Renewables for the Northwest, WA Oct. 3
PV Design & Install, WA Oct. 4—9
Micro Hydro Power, WA Oct. 11—15

PV Distance Course, Internet
February 15—March 26

April 19—May 28
August 30—October 8

November 1—December 10
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Solar Energy
I n t e r n a t i o n a l
Solar Energy
I n t e r n a t i o n a l

Hands-On Education ¥ Sustainable Development
Photovoltaics ¥ Wind ¥ Microhydro ¥ Solar Home Design

Natural House Building ¥ Straw-Bale Construction ¥ Solar Cooking
voice: (970) 963-8855 ¥ fax: (970) 963-8866

e-mail: sei@solarenergy.org  ¥  web: www.solarenergy.org

P.O. Box 715, Carbondale, Colorado, USA  81623
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POWER SYSTEMS

SOLAR FOR THE
NEXT CENTURY

www.offg
r id.com

UNBELIEVEABLE PRICE WITH UNBEATABLE SERVICE

ELECTRICITY
FOR THE

INDEPENDENT HOME OWNER

MILLENNIUM POWER SYSTEMS
TEL: 410-686-6658
FAX: 410-686-4271

E-MAIL: mail@offgrid.com
WEB-SITE: www.offgrid.com

Take Your First Step to Electrical
Independence with MillenniumÕs
Personal Power Systems

¥ Designed for use with or without
Utility Power

¥ Complete and easy to install

¥ Easily expandable as your needs grow

¥ Quality-certified components
offering the best value

¥ TomorrowÕs technology today

¥ Free Design Guide

¥Why pay more? Buy Direct



SOLAR UTILITY INC.
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Low Power

LED
Battery
Voltmeter
For 12 & 24 Volt Applications
G. Forrest Cook '1999 G. Forrest Cook

This article describes a low power
voltmeter circuit that can be used
with alternative energy systems that

run on 12 or 24 volt battery banks. The
voltmeter is an expanded scale type that
indicates small voltage steps over a 10
to 16 volt range for 12 V batteries and
over a 22 to 32 volt range for 24 volt
batteries. It is possible to set the meter
to read equal steps across a variety of
upper and lower voltages.
Power consumption can be as low as 14 mW when
operated at 12 V, or 160 mW when operated at 24 V.
The meter saves power by operating in a low duty cycle
blinking mode where the LED indicators are only on
and consuming power briefly during a repeating 2
second cycle. The circuit may be switched to a high
power mode so the active LED stays on at all times.

Light Emitting Diodes
Different colored LEDs may be used for the voltage
level indicators to allow users to read the meter in the
dark. With the new blue LEDs, it is possible to have a
nice looking rainbow of colors using two LEDs each of
red, amber, yellow, green, and blue. The circuit will also
work with inexpensive and common red LEDs. If the
circuit is to be used in sunlight, ultrabright LEDs should
be used, and even those may be hard to read without
some kind of sun shield.

The meters can be used to monitor portable battery
operated systems or can be mounted in a home or
shop to monitor a power system battery. The cost of the

parts for the circuit is around US$25. These parts are
commonly available, except for the optional blue LEDs.
If blue LEDs are used, expect to pay a premium for
them. They cost several dollars each, compared to
around 15 cents each for the other colors. But the blue
LEDs do look nice.

The circuit may be built with either the CMOS ICM7555
timer or the more common bipolar 555 timer. The 7555
timer will provide much more efficient operation and
should be used for systems with small batteries. The
voltmeter works nicely with the solar charge controller
and low voltage disconnect circuits described in the
homebrew sections of HP60 and HP63.

Theory for 12 Volt Operation
The heart of the circuit is the LM3914N dot-bar
voltmeter IC, U2. This chip is operated in the expanded-
scale mode so that the circuit responds in the 10 to 16
volt range. U2 outputs a steady voltage on pin 7 from
the internal voltage reference. This is fed via voltage
dividers VR2 and R5 to the internal reference input pins
to set the range that the meter is sensitive to. The
measured voltage is fed in on pin 5 via the voltage
divider consisting of R4 and VR1.

This divider scales the input voltage down to a range
that is useful to the IC. The basic expanded 12 V scale
LM3914 voltmeter circuit was published in Nuts & Volts
magazine (Electronic Q&A column, July 1997). A similar
circuit was shown in HP10, on page 27. The U2 positive
supply is connected to pin 3, which is nominally 12 V.
The U2 negative supply is switched on momentarily via
transistor Q1. This switching action is what makes the
circuit efficient since U1 (ICM7555) consumes a mere
0.34 mA while U2 consumes around 18 mA with one
LED on.
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Timer
The ICM7555 timer, U1, is wired to run in an astable
(free-running) mode with a narrow pulse width square-
wave output. The duty cycle of U1 is controlled by the
ratio of R1 and R2. R2 may be adjusted to a smaller
value if faster blinking is desired, and a potentiometer
may be substituted for R2 if a rate adjustment is
desired. R1 may be increased if a longer on-time is
desired. Changes in R1 and R2 will affect the average
current that the circuit consumes. The frequency of
oscillation is determined by C1, R1, and R2. C1 may be
either an electrolytic or poly capacitor. If an electrolytic
part is used, be sure to connect the positive terminal to
U1 pins 6 and 2, and the negative terminal to ground.

The output of the timer IC is fed through
current limiting resistor R3 to transistor
Q1, which controls power to U2. Capacitor
C2 filters the control voltage input to U1,
and capacitor C3 provides DC filtering for
the whole circuit. When the lock-on switch
across capacitor C1 is closed, the output
of the timer remains on. This enables the
U2 circuitry and increases the current
drain to 18 mA.

The reason the switch is not simply wired
across the transistor is to keep the

negative supply to U2 the same as when the circuit is
pulsed on. This maintains the same calibration on the
LEDs in both modes because the transistorÕs voltage
drop is always part of the circuit. Last but not least, fuse
F1 protects against a fire hazard should the circuit
become shorted out.

The average current is calculated by adding the
constant current required by U1 to the product of the
current from U2 times the duty cycle (see the
specifications for details). To operate the circuit in the
12 V mode, wire the circuit so that jumpers J2 and J5
are shorted. Parts U3, C4, R6, and R7 may be left out
in 12 V mode.

Specifications

7555 timer 555 timer 7555 timer 555 timer
Operating Voltage
Nominal Scale
Idle Current 0.34 mA 6.1 mA 6.3 mA 24 mA
LED ON Current 18 mA 22 mA 12 mA 28 mA
Average Current 1.2 mA 6.9 mA 6.6 mA 24 mA
Average Power 14 mW 83 mW 160 mW 580 mW
Duty Cycle
Blink Frequency

Approximately 5%
 Approximately 0.5 Hz

20—35 V (24 V)10—20 V (12 V)
10.5—15 V in 0.5 V steps 22—31 V in 1 V steps
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Theory for 24 Volt Operation
When wired for 24 volt operation, the meter responds in
the 20 to 32 V range. R6 is connected to the 24 V
supply instead of R4. The greater value of R6 scales
the higher input voltage to a range that is useful for U2.
Voltage regulator U3 with series resistor R7 scales the
24 V down to a regulated 12 V to provide the proper
operating voltage for the ICs. Resistor R7 assures that
the input voltage to the regulator stays well below the
35 V absolute maximum specification of the IC.

Operation in 24 V mode is less efficient than in 12 V
mode because of the extra power dissipated by the
voltage regulator and R7. For efficiency, only the 7555
timer should be used in the 24 V version of the circuit.
To operate the circuit in the 24 V mode, wire the circuit
so that jumpers J1, J3, and J4 are shorted. R4 may be
left out in the 24 V mode.

Construction
I built the prototype of the circuit on a two by three inch
(51 by 76 mm) copper plated PC board. I installed the
chips in wire-wrap sockets, glued to one side of the
circuit board. I soldered the parts to the back of the
wire-wrap socket pins. I used the copper as the ground
plane, and soldered all ground connections directly to
the board. I arranged the LEDs in an array on a
separate piece of perforated circuit board, and wired
them back to U2 using wire-wrap wire. I mounted the
perforated LED board to the main circuit board using
spacers and machine screws.

If you solder to the LEDs, be sure to connect a heat
sink clip to the LED pins before soldering, since LEDs
are easily destroyed by excess heat. The 7555 timer
and the blue LEDs are static sensitive. Avoid zapping
these or any of the other semiconductor parts with
static electricity. Beginners should probably use a larger
piece of circuit board to start withÑwiring mine was
very tight. Drill any mounting holes in the circuit boards
before connecting the parts. Use a thin gauge
electronics solder and a 30 watt electronics soldering
iron. Voltage readings may be printed or drawn on a
piece of paper and placed next to the LEDs.

Alignment
It will be necessary to have an adjustable regulated DC
power supply and an accurate voltmeter to perform the
alignment. Follow these instructions for the 12 V
version of the circuit. Close switch S1 so that the LEDs
stay on. The first step of alignment involves setting the
reference voltage for U2. Connect the external
voltmeter across U2 pins 6 and 4 and adjust VR2 for a
reading of 1.2 volts. Center the settings of VR1 and
VR3.

At this stage, you should decide what scale you want
the meter to read. I was able to adjust the circuit to read
0.5 V steps between 10.5 and 15 V, or 0.3 V steps
between 10.5 and 13.2 V. For this example, I will use
the 10.5 to 15 V scale. The span between the end
points is 4.5 V. Adjust the power supply from 9 V to 15
V and see what the meter reads. It may not read at all
until the potentiometers are near the right range. If this
is the case, set the power supply to 12 V and adjust
VR3 until one of the center LEDs light.

Adjust the power supply until the first LED just comes
on, and measure that voltage. Then adjust the supply
up until the last LED just comes on. Measure that
voltage and subtract the first voltage from itÑthis is the
span. Adjust VR1 and repeat the previous adjustment
until the span is 4.5 V. Now set the voltage to 10.5 V
and adjust VR3 until the lowest LED just turns on. VR1
and VR3 interact so it may be necessary to perform the
adjustments a few times to get it right.

To align the 24 volt version of the circuit, it will be
necessary to have a variable power supply that can be
adjusted up to around 30 V. A good method for
achieving a higher voltage adjustable supply is to put a
charged 12 V battery in series with a lower voltage
variable supply. As always, when dealing with high
current sources such as batteries, use fuses in the
wiring and insulate exposed connections.

Using the Meter
Connect the appropriate voltmeter circuit across a 12 or
24 volt battery and observe the blinking LED for a
battery voltage indication. Activate switch S1 for a
display that will remain on. If the voltage is higher than
the top step, the highest LED will remain on. If the
voltage is lower than the bottom step, all of the LEDs
will stay off.

Parts
U1 ICM7555 CMOS timer IC (Harris/Intersil)
U2 LM3914N LED voltmeter 

(National Semiconductor)
U3 7812 12 V regulator 

(National Semiconductor)
Q1 2N3904 NPN silicon transistor
D1 1N4148 silicon switching diode
LEDs Red, yellow, amber, green, and blue LEDs 

in any arrangement, see text.
C1 1.0 µF capacitor, electrolytic may be used. 
C2 0.00 1µF ceramic disk capacitor
C3 10 µF electrolytic capacitor
C4 0.1 µF ceramic disk capacitor
R1 47 K‰1/4 W resistor
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Go Power

Mike Brown '1999 Mike Brown

ÒI just acquired a surplus aircraft generator and IÕm
planning to build an EV with it. What can you tell me
about it? Is this a good place to start?Ó

As soon as I read the question, I knew what I had to do.
In preparation, I read some Bram Stoker, rented ÒBuffy
The Vampire SlayerÓ from the video store, and put
garlic pasta on the menu for dinner. Reinforced by
these actions, I am now going to attempt to put an end
to one of the undying myths of the EV world: Aircraft
Generators Make Great EV Motors.

First, let me say a few words in their defense. Aircraft
generators are fine, precision-made machines. They do
their very important job extremely well. They are
carefully engineered and built to aircraft or mil-spec
standards. They are great generators, but they are bad
EV motors. LetÕs see why.

Mechanical Problems
In an airplane, the generator is mounted on an engine
and driven by an accessory drive. Because the
accessory drive is supported by its own bearings, the
bearing on the drive end of the generator is lightweight.
It is only expected to partially support that end of the
armature.

This becomes a problem when the generator is used as
an EV motor. This lightweight drive end bearing will fail
quickly from the radial loads imposed by the weight of a
flywheel and clutch assembly, in addition to the axial
loads imposed when the clutch is disengaged. This
problem can be overcome by designing and building an
adaptor with a pair of heavy duty ball bearings to
handle the loads. But this solution brings with it
penalties of increased weight, cost, complexity, and a
physically longer motor/adaptor package.

Another mechanical problem is the drive end of the
armature itself. Because of the aircraftÕs demand for
reliability, the drive end of the shaft is a 7/8Ó (22 mm)
diameter 16 tooth male spline that fits into a matching
female socket on the accessory drive. The equivalent
female socket suitable for an adaptor hub is in very
short supply, and having one made in a machine shop
is an expensive proposition. These mechanical
problems alone should be enough to keep aircraft
generators out of EVs.

Electrical Problems
The second problem area is electrical. The majority of
the aircraft generators out there are shunt field or
separately excited field machines. Since their rated
output is 30 volts, the maximum field voltage should not
exceed 30 volts at 16 amps. This brings us to the heart
of the electrical problem: how do we control the voltage
to the motor, which controls the speed of the EV?

In the early days, the parallel/series control system was
the most widely used. This system had the battery pack
split into two separate packs of equal voltage. The
parallel mode provided a voltage output equal to the
voltage of each individual pack, with twice the
amperage capacityÑgood for take-off. The series mode
provided the sum of the voltages of the individual
packs, with the amperage capacity of a single string of
batteries.

This system gave two voltages to the armature, and
thus two motor speeds. The field volts and amps were
usually supplied by a 24 volt tap off one of the individual
battery packs. This led to an uneven discharge of those
batteries and a shorter life.

The Willey models 7, 8, and 9 transistorized speed
controllers were one of the first steps toward the
controllers we use today. They had a separate field
control option that eliminated taps, and a completely
variable voltage to the motor, but not without a price.
The armature windings of the generator do not provide
enough inductance for the controller to work, so a
heavy, expensive, and now practically non-existent
inductor had to be added in series between the
controller and the generator/motor.

This was also true of the PMC 21 and 25 controllers,
which did not have the field control option. The PMC
1209 and 1221 also require an inductor, which still
leaves the field control problem. Their incompatibility
with modern control systems is another reason aircraft
generators do not belong in EVs.

Poor Performance
The third problem area is performance. How well does
the EV drive and how reliable is it? The first EV I built
was a Fiberfab Aztec kit car body on a VW Bug
chassisÑa very light car. It was powered by an aircraft
generator from a 48 volt battery pack connected in two
24 volt packs for a parallel/series control system. The
best range under controlled conditions at an EV rally
was 42 miles (68 km). Range is a function of battery
capacity versus amp draw. With the ampsucking motor
drawing 800+ amps for normal acceleration and 250
amps for cruising, this range was the best that could be
expected.
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