How to Measure a DC Motor for use asa DC Generator

MTM Scientific, Inc. PO Box 522, Clinton, MI 49236 USA

A common challenge for experimenters building admmil or water turbine is
finding an inexpensive DC power generator which higgh power output at low
RPM. One option is to use a regular permanent eta@ motor as a DC
generator. Most people know a DC motor can be dratethe shaft to become a
DC generator, but they don’t know how much poweexpect. Here we describe a
simple technique for measuring a DC motor for usa ®C generator.

Figure 1. DC Motor working as a generator, drivetha shaft by a drill press.

The best way to measure the performance of a nast@r generator is to create a
simple test setup on your workbench. Three piedesqaipment are needed to
perform the test: A digital multimeter capable otamsuring DC voltage, an
assortment of load resistors or shunt, and a saifrcenstant speed RPM such as a
drill press. Figure 1 shows a typical test setapoulir example we are measuring
the performance of a gear head motor. The gear ineeghses the motor RPM. In



our setup note that the drill chuck is directlypging the motor shaft, and that the
DC motor is securely held with clamps.is important to have a secure setup
because the motor will have a strong reaction torgue during parts of the test.

Figure 2. Nameplate information from DC Motor/Geaater used on this test.

In our example the drill press RPM is taken frontegend table printed on the
cover for the V-belt settings. We arranged thesbfelt the slowest speed available,
which is 220 RPM.

With the motor spinning at 220 RPM we can proceeddllect the data. The
measurement process involves connecting the oldgpds of the motor to various
load resistors and measuring the generated volt@ge.results are shown in Table
1. Note that we began by measuring the outputageltwith no load attached,
which gives the open circuit output voltage at Z®M. Also, we ended the test
by measuring the short circuit current through erent shunt. This is the short
circuit output current at 220 RPM.



LOAD OHMS WVOLTAGE CURRENT WATTS

OPEN 8.37 ] 0
200 8.2 0.041 0.34

100 8.08 0.081 0.65

50 7.93 0.159 1.26

25 1.72 0.31 2.38

10 7.23 0.72 5.23

3 6.61 1.32 8.72

5.16 2.58 13.3

1 3.67 3.67 13.5

0.5 24 4.8 11.5

SHUNT 0 6.5 0

Table 1. Output of the Motor/Generator

Table 1 also has an entry for the power developéds is calculated from the
equation: DC Power equals voltage multiplied byrenr (P=V x |) From the

results we see that the maximum power developedimti®e range of 13Watts at
an output voltage between 2 and 5 Volts.

The test results become more meaningful when wetipbon on a graph, as shown
in Figure 3.
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Figure 3. Output Voltage of Generator versus Load&ht



The relationship between the output voltage and marent is a straight line. The
graph can be used to predict the power output @tvaiftage. For example,

suppose we want to use this motor to provide 5 2@t power. Using the graph

we find the output current would be 2.5 Amps. Sitlte DC power output is

voltage multiplied by current (Power = Voltage xr€ant), we can expect a power
of 12.5 Watts at 5 volts with this motor spinnintg2a0 RPM.

It was not necessary to collect so many data ptontseate the graph. The straight
line graph could have been created from 2 simplason@ments at the end points:
The open circuit output voltage (Voc = 8.4V), ahd short circuit output current
(Isc = 6.5A). If those 2 measurements are madesctlyy we can plot them and
draw a straight line to predict generator perforogan

The open circuit output voltage is easily measwtl a digital multimeter, but
the short circuit output current has the poterttatause damage to your meter.
The safest approach is to measure the short coaignt with the use of a current
shunt. A typical current shunt is rated for 100 gsmof current and will provide a
voltage output of 50 millivolts at rated currenfThe main load current flows
through the shunt and a multimeter is simply usedhéasure the voltage signal
across the shunt. This is sometimes referred éodawire measurement.

What about other speeds?

It is possible to predict the generator outputqenbince at other speeds from these
same measurements. The straight line graph ofibugdtage versus current has a
slope determined by the effective resistance ohtbér. The equation for motor
resistance is Rm = Voc / Isc , where Rm is the ma@sistance in ohms, Voc is the
open circuit voltage, and Isc is the short circuitrent. In the example above we
calculate Rm = 8.4 Volts/ 6.5 Amps = 1.3 ohms

The open circuit output voltage from the motor useda generator is directly
proportional to the speed in RPM. For example,biiog the speed will double
the open circuit output voltage. Our original measient was made with the
motor turning at 220 RPM. We can predict the netpotvoltage (for example at
430 RPM) with the formula V = (430/220) x 8.4 =46&/olts.



Next, we can calculate the new short circuit curiey dividing the new open
circuit voltage by the effective resistance of thetor. In our case, | =16.4/1.3 =
12.6 Amps

We therefore have the two points we need to pletgiaph for 430 RPM: Voc =
16.4 V and Isc = 12.6 Amps. Figure 4 is a graphhaf predicted generator
performance plotted with some data points that wkrkeen of the actual
performance. The predicted and actual performaneén good agreement.

18.0

16.0 7

- DC Motor used as a Generator
14.0 Globe Gear Motor at 430 RPM
3 (Rated 24 VDC, Ratio 4.86:1)

-
(=
=

-
=
=]

*

Output Voltage (Volts)
o oo
(=] (=]
»

4.0

Solid Line is Predicted Performance

from data taken at 220 RPM

0.0 ! .
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

Load Current (Amps)

Figure 4. Predicted versus measured performarecdigher speed

Cookbook Method to do this M otor/Gener ator Test

Here is a cookbook method to apply this test tar yoator/generator:

Attach the motor/generator to a source of rotaiba known RPM.
Measure the DC Voltage output using a multimeféris is Voc.

Use a shunt to measure the short circuit curréhts is Isc.

Draw the load line on a sheet of graph paper ugogand Isc.

Use the load line to predict power at any voltageusrent at this RPM.

akrwnNpE

Here is the procedure to extend the results froovalto a New RPM.



6. Calculate the motor/generator resistance by Rme&/\sc (from above)
7. Calculate RPM Ratio = New RPM / Old RPM

8. Calculate New Voc (New Voc = RPM Ratio X Old Voc)

9. Calculate New Isc (New Isc = New Voc / Rm

10. Graph the New Isc and New Voc to obtain the loae &t the New RPM.

Calculating Peak Power

The output voltage versus current output of a D@egator, such as shown in
Figure 3 has an interesting feature that may nofrmeediately obvious. There is
a point on the performance line that will genema¢ak power. Since DC power
output is the product of voltage and current, vl fihat there is actually a point
where peak power is generated. This peak poweit porresponds to the largest
rectangle which can be drawn under the output &seshown in Figure 5.
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Figure 5. Every DC generator has a Peak Power ©Btpuat for any given RPM.

From a mathematical perspective, we see that tlad& Pewer Point is simply
given by the following equation:

Peak Power (Watts) = ¥4 x Voc x Isc



Where, Voc = Open Circuit Voltage and Isc= Shorc@it Current, as before. The
Peak Power Point is also a concept which appli@sgasuring the power output of
solar panels. These same concepts can also blepedenathematically.

What power output is practical?

Common sense tells us the power output from angrgéor must have a limit as
the RPM increases. What is the limit? The limitusually the DC motor’'s
temperature rise from self-heating. If the motocdrees too hot it will burn out.
This explains why larger DC motors are able to iomatusly generate more power.
Larger motors are able to dissipate more heatshaller motors. The temperature
of a DC motor used as a generator should be mexitduring operation to make
sure it does not become too hot. If the case ofribr becomes hot-to-the-touch
the power limit has been reached.

If your motor has a power rating stamped on thenéran Horsepower (HP) you
already have a good indication of the generatoac#p since 1 HP equal 746
Watts (0.75 KW). For example, a ¥ HP motor woultién about 186 Watts
capacity as a generator.

DC motors work best as generators when the powaicsds nearly constant in
speed. That's because the voltage output of a D€rgeor will change with RPM.
One great advantage of an alternator is the almitgontrol the voltage output
using a control current sent to the field windingsis is why, for example,
alternators are used in automobile power systems.

DC motors used as generators do have their adwestagwever. DC gearhead
motors are especially useful in low RPM applicatioas explained in our

Handcranked Generator Booklet. A significant adage of using a DC motor as
a generator is design simplicity. For example, esoiiing lawn mowers use a DC
motor for starting the engine, and the same madabkks as the DC generator for
charging the battery.



24 VDC Gearmotors _

" | :'
s
» New, TRW Globe compact inline gearmo-
tors. Spur gear reducer, permanent magnet
motor. :

NS« Mount three #4-40 tapped

»\oltuge 24 DC hole on face, 1.062" B.C.

* Amparage (.40 Amps o Shaft 3% dia. x Vs wiflat’
* Rotation reversible * Slze 178" dia X 214" -
* Duty continuous * Shpg. % b,

ITEM 5-1728 $13.95
SPE 9

+ Model 41546113 * Torque 30 oz.In,

* Speed 210 APM + Gigar ratio 24:1

ITEM 5-1729 $13.95
* Model 41546016 * Torgue 100 oz.in. In - Ibs.

* Speed 22 APM * Gear ratio 240:1

20 RPM, 12 VDC
Inline
Gearmotor

ITEM 5-1726

$49.95

= New, T & L INTERNATIONAL permanent
magnet inline gearmotor.
Cli

380 RPM,
12 DC

f‘%‘ EM 5-1430

. BUEHf._EH. Compact inline gearmotor.
i/ __+ Duty continuous

* RPN 380 no load * Shaft 5 mm x 54a” wiflat

*\oltage 12 * Mni. & tapped holes on face

= Amps 0.07 * Size 136" diam, x 216"

» Rotation reversible « Shpg. 1 Ib.

500 RPM, 12 VDC

Inline ;

Gearmotor

$13.95
* New, TRW GLOBE Model 317A1093, In-
line permanent magnet gearmotor. Heat

treated gears and ball bearing on motor
shaft. ;

SPECIFICATIONS  + Rotalion reversible
* Spaed 500 RPM * Duty continuoos
*Voltage 12 0C * Mount 4 hole face

* Amperage 1.2 Amps max. * Shaft 54a" dia, x %" smooth
= Torque 32 in. oz, *Size 14" w1167 1 3117
» Gaar ratio 30:1 *Shpg. 11b.

New Arrivals Daily
www.surpluscenter.com

% Lacge Selechon

DC Motor/Generator Sources

* Enclosure TENV

* Speed 20 APM * Maunt 4 bolt on

+Voltage 12 DG’ 234" ¥ 3% centers

* Amperage 13 Amps * Shaft %" diam. x 74"

* Torgue 16.75 in - widual flats

* Rotation reversibla * Size 75" x 3147 % 374"

+ Duty intermittent * Shpg. 8 Ibs.
‘www.allelectron
8.0..0"32.6;_'-543. 2 e e

70 RPM GEARHEAD MOTOR, USED

MNamiki #22CL-3501PGA0:1
Small, tairly powerful,
precision gearhead
matar. Operates
smoothly belwsean

ments: 70 RPM @ 6 Velc @ 50 mA.

22 mm diameter motor. Langth of metor an gearbox,
60mm. 4mm dia. x 20mm long shaft, Shait at rear of
motor extends 10mm and has fan blades. 3" lang wire

leads. Used, very good condition,
CAT# DCM-282 $12.00 each

% HP, 24 VDC _
Motor

ITEM 10-2518°

-$New, I;HOTECH continuous duty perma-
nent magnet motor. Rigid welded base. Ex-
ternally accessible brushes.

ATH
« Power Va HP + Enclosure TENV
* Voltage 24 DC sFameds
* Ampe 10 Amps * Mount 4”bodt a2
« Spaed 2040 « Shafl V%" dia, X 12" w/lat
* Rotation reversible * Size 747X 47X 4%
» Duty continuous * Shpg. 12 Ibs.
“B) www.surpluscenter.com
68 RPM,
24 VDC
ITEM 5-1447
18.99
* New BUEHLER.
P, * Rotation reversibie
« RPM 68 » Duly Intermittent
*+\ioltage 24 DC « Shaft 0.2" dia. x %" wiflal
* Amps 50 mA * Mount face
*Watls 1.2 + Size 19" diam, x 2%~
» Torgue 14 in. oz. +Shpg. % b,

Swaller Type Mé!d's

24V @ 360RPM MOTOR

MFG: BUEHLER

P/N: 1.61.046.526.03

COIL: 24VDC continuous

Giearhead DC motor rated:

IE0RPM @ 24V, .OTA NL1.24 Stall

170RPM @ 12V, 08A NL, .TA Stall

smm dia. X 16mm flatted steel shaft. 3 metric (M3)

threaded meunting holes. 10" leads.

L: 2-7/8"(Body) DIA; 1-3/8" W‘le .

[ STOCKs . DE =
17726-MD 360RPM/24V Gearhead Motor = 5

L2

12V @ 225RPM
GEARHEAD MOTOR B
MFG: BUEHLER L
P/N: 1.61.046,514.01
COIL: 12-24VDC
USED, Gearhead DC motor rated:

450RPM @ 24V, .0BA MNL,1.54 Stall

225RPM @ 12V, .08A NL, .BA Stall .

Smm dia. X 13mm flatted steel shaft. 3 metric (M3)
threaded mounting holes. 3" leads.

'17131-MD 225RPM/12V Motor

24VDC/400RPM
GEAR MOTOR

MFG: PITTMAN
P/N: GMB513E658 |
COIL: 24y ! g
USED, rmotor rated: 400 RPM @ 24VDG/163maA No
Load/2A Stall, 6mm dia. X 18mm, flatted steel shaft.
Thres 4-40 threaded mounting holes In front. Solder pin
terminals

L: 3-1/8° (Body)

. Dim 138" WT: 49 |

* 17047-MD 24V 400RPM Motor $16.95




Ideasfor Supplying Constant RPM

The testing example shown here used a drill pr@ssupplying the constant RPM
speed. Most drill presses will have a legend pdnbn them giving the RPM
speed versus arrangement of the drive belts. €&i§uhows a typical drill press
legend. Note that the slowest speed choice availabhs 220 RPM.

The drill press drive method works well for mot@grator testing, but there are
other options if a drill press is not available.neDoption is to turn the motor
manually using a handle. With care it is posstbl@pproximate constant RPM,
especially if the handle is large in diameter dmel $peed is slow. The RPM is
calculated by counting the number of rotations miaute.
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Figure 6. Spindle Speeds in RPM for different dipedt arrangements.

Another option is to use an AC induction type motath a mechanical drive
arrangement to reduce the RPM to something workahleery common speed for
AC induction motors is 1800 RPM. (Look at the natate for the speed rating.)
It is fairly easy to construct a speed reductiorB¥fto 6X using ordinary V-Belt
pulleys which is quite satisfactory.

You may encounter a situation where the driving RBMot known. A contact
type tachometer can be used to measure RPM if sagesThese devices measure
RPM directly, and are available for about $25 frimol supply stores like Harbor



Freight. With a tachometer it is possible to ud@Gmotor for the driving power
and simply vary the applied DC voltage to measurckaitain a target RPM.

How to Choose Power Resistors

Power resistors are used to provide a controlledistree load to the

motor/generator being tested. Although we havecrite=d a technique for
measuring motor performance using only 2 data poftpen Circuit Voltage,

Closed Circuit Current) you may have an interestgasuring additional power
points, such as were shown in Figure 3. Also,nigla few data points to verify
they are on the predicted performance line willeggou additional confidence the
measurements are correct.

One challenge you may have is finding power ressstd sufficent variety and

power handling capacity to make the measuremefse option to consider is

using a high power variable resistor known as asts, such as shown in Figure
7. The rheostat shown in Figure 7 is capable & W2atts power dissipation.

Rheostats are very convenient for testing, but teeg to be expensive, even in
used condition. A good source for rheostats istanmaadio swapfests.

Figure 7. View of an adjustable power resistomhaostat.

Another option for power resistors is to build atsiable load resistor bank. This
Is actually quite easy to do and creates a verfuugem for testing. The basic

idea is to use 9 power resistors of equal valuesarel and connect the resistors
into an array with 8 toggle switches as shown guFe 8. With this arrangement



you can create 3 different values of resistancagushe same resistors. For
example, by using 10 ohm resistors you can createray of 1.11 ohms, 10 ohms,
and 90 ohms. The real advantage comes with thepmting though. Since all

resistors are used at the same time your powergr&ti9 times greater. By using
10 watt resistors you can create an array with 8tisppower capacity!

Terminal 1 SW1 SW3 SWS SW?7
\o
R R R R R R R R R
o o
SW2 SW4 SW6 SW8 Terminal 2
SH1 SW2 SW3 SW4 SWUS SWe SW? SW8 Effective Resistance
Open Open Open Open Open Open Open Open Resistance = 9R
Clsd Clsd Clsd Clsd Clsd Clsd Clsd Clsd Resistance = R/9
Clsd Clsd Open Clsd Clsd Open Clsd Clsd Resistance = R

Figure 8. Method to build an adjustable load resiatray.

Basic Operation and Use of a Current Shunt

A current shunt is a device for measuring largedd@ents, which is especially
useful for measuring the short circuit current asadibed here. A current shunt is
useful because most multimeters have a current dihdbout 10 amps, and they
will blow a fuse (or be damaged) by higher currerfiggure 9 is a view of a typical
100 Amp/50 mV current shunt that is available fieifiM Scientific, Inc.

Figure 9. View of a typical 100 Amp Current Shunt



A current shunt is used to measure large DC ebattaurrents. A typical shunt
shunt can measure up to 100 amps of DC currerite current should flow

directly through the shunt using the bolted topnamtions. The shunt output is
measured using a multimeter set on the volts divaiiis setting connected to the
small side screws. The voltage reading on theimeter is directly proportional

to the current flow. For example, at 100 ampsanirthe meter indicates 50 mV
(0.050 Volts)

MOTOR
‘ 010 ]

@ MULTIMETER

ON®

H

SHUNT

Figure 10. Typical setup for measuring currenbgs shunt.
The shunt current flow is calculated using the falan
Current (in Amps) = 2.0 x Voltage Reading (in mV)

If your multimeter only reads in units of Volts, you can convert the
reading by moving the decimal point over 3 places. For example, 0.015
Volts equals 15 millivolts, which is 15 x 2 = 30 amps current flow.

All Rights Reserved by MTM Scientific, Inc 2010



