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APPENDIX &

EXPERIMENTAL MEASUREMENT OF MOTOR CONSTANTS

The moment of inertia and the friction o'fv a motor and geaf Lraloa

S 8
train system can be found by several exprimental meansé’ :

Consider figure Al,

" Where' L Ry

e

Kb

)

= K
8] Lade® + (Laf+Rad)stRat +KKb)

= Armature-winding resistance, Ohms

The transfer function can be derived .

(A1)

= Armature-winding inductance, Henrys

= Equivalent moment of inertia of the
motor and load rsferred to the motor

shaft, slug - ft

= Equivalent viscous-friction coefficient
of the motor and load refeered to the e

‘motor shaft, lb-ft/rad/sec.

1

= Motor-torque constant

= back emf constant

The inductance La is usually small and may be néglected,

i then transfer function reduces to

e (s)

Ea(s)

S

.s(sT:in +.1) 

)

pars



where

Km = K/(Ra.f + K.Kb) = motor gain constant

Tn = Ra,J/(Ra.f + K.Kb) = motor time constant

Applying a step input of magnitude Ei, then from equation

(A2), the resulting shaft velosity is
6(s) = k.1 | S (A3)
s (sTm+1) : : gy
- Solving equation (A3), we have

o(t) = KmEl(t.-'hn+Tmet/Tm)".. | (AL)

The angular velocity w(t) :

) = g (L (1. L ot/ Tl o ()
a(t) | e

——— g
——

At steady state, we have
w(00) = Km.Ei _ (A6)
Hence, Km can be found from eqpation (A6) by measuring:'the: apply

voltage and the motor speed. Tm can be found from equation (A5)

by observing the transient speed of the motor system.
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The expefiment,was carried out by connecting up the

equipments as shown in Figure A2, A magnetic heéd as used in a

tape recorder was placed very near to the motor with the cover of

" the motor removed.

As the motor rotates, a pulse train is

generated, with a duration varies inversely as the motor:speed.

‘The waveform is filtered via an active filter network and recorded -

by a storage oscilloscope.

{

44

The test was started by closing switch 8y The waveform was

. stored and taken by a Polaroid scope-camera as shown in Figure A3

; ﬁand AL, Figure A3 shows the transient waveform recorded where the

lower trace is the step input. Figure A4 shows the steady—state'~‘

- 'waveform

Since the motor used has five poles, therefore the motor will A

. generate five pulses each revolution, From Figure Ak:

Steady-state speed e

we have

- Using equation (46), we have

i

w(00)

"Km

-

3 4

average pluse duration

— PO
T et '
1.77x5x10

2 . ‘rad/sec

1.77x5x107
70 rad/sec

710

200

= 35,5 rad/sec/volt (A?)'h
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Figure A3. Upper trace: Response voltage from detecting coil

Lower trace' Step input voliage applied to the motor,.i

Time bace

when the motor is loaded, 1V/division.

20V/division,
5ms/division.

Figure AL. Steady-state voltage from detecting'EOil when the

motor is loaded.
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' From Figure A3, we select some definite intervals of the pulses and

take the average time as the spec:.f:.c time for the interval selected. e 1,
: Appling equa.tion &5) s We can ca.lculate for 'Qn as tabulated below. -
v time interval‘(ms)‘ 7 18.8-21.1 2505“2706,‘ 31.7-3347 '. , ‘
. ' average time (mé) L 19495 it 26455 : 32.7 p e
5 duration (ms) , 2e3 8L 241 L 20
motor speed (rad/sec) 546439 [ 598416 62832 i o
nn (se) ~ ' oJo2 TR e

‘Hence :\ o :' T (a_vera.ge‘)l = " 0.0142 ‘se,c}f e (A8)



APPENDIX B.

CONSTRUCTION

BeXl Generail

The controller built is to verify the design, therefore
it may look bulky and not practical for use. The -control
system is separately built into two parts, a control unit and a
remote unit, The dials of both units are used to indicate
their angular position, : : G

Be2 The Control Unit

" The control unit consists mainly of two.intergrated cir-
cuits, a potentiometer with dial and four dry-cell battery as
~ self-contained power supply as shown in Figure Bl on the left.
All are fixed on a plastic frame-worke. The integrat;d circuits
with their sockets and a few components are mounted on a small

piece of universal board as shown in Fugure B2.

Bs 3 The Remote Unit

'An aluminum frame is used to house all the remote
.components and it may be mounted on a standard 19" rack and

requires a 3-M space. as shown in Figure Bl.

-The frame accammodates two universal cardé, a motor and

gear~train unit, and a power supply unit. : _ F

LY



The two cards are shown in Figure B3, one is for

integrated circuits where the other is for amplifier section .

only., They are mounted in a plug-in manner, but they are
wired directly at present stage which may put plugs and
sockets on if required.

‘The motor and gear-train system shown in Figure Bi
is mounted next to the cards with the dial faced out, and

the feedback potentiometer is mounted at the rear and coupled

to the same shaft as the dial.

Be 4  The Power Supply Unit

The power supply unit is shown in Figure B5, the
circuit diagram is shown in Figure Bé, Three outputs are
provided, i.e, +’24V, = 24V and + 5V. Each output is
regulated by a simple circuit and able to supply a maximum
current of 500 mA. The + 24V and - 24V outputs enable us to
design the amplifier in two configurations, i.e. the half-
bridge which uses both +‘2hv and - 24V outputs, where the
'full-bridge circuit uses only the + 24V supplye

b 4
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