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A Study on the Position Control of DC Servo Motor by Microprocessor
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Abstract

The electric motor has been used for automation and precision control in the industrial
field. The speed and torque of a D C motor can be controlled easily, so it is widely used
as NC devices and robot actuator. Recently, there has been a transfer trend from analogue
control to digital control with microprocessor because of control quality.

In this paper, the armature voltage of a D C motor is controlled by PWM(Pulse Width
Modulation) method using a Z-80A microprocessor and CTC(Counter Timer Circuit) to

look for the given position. The motor driven method consists of a four quardrant
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chopper. The conventional potentiometer and tachogenerator which have been used for
the speed and position detection in a D C servo motor system have many defects in
accuracy, insulation and drift. Therefore, all control functions are implemented by digital
techniques on 8-bit microprocessor that requires only an incremental encoder for
detection of speed and position. In order to increase the position resolution, 1440 pulses per
revolution are generated by the encoder pulse coding circuit.

The digital simulation is carried out to get good experiment results through the good
parameter estimation of PID(Proportional Integral Derivative) control mode. With Z-80A
microprocessor, CTC and encoder of high resolution, the given position pursued by
selectively applying the acceleration mode, constant speed mode, deceleration mode and

PID control mode according to the position errors.

AgI1E
a : number of armature internal circuit
B : viscous friction coefficient
d : PWM pulse dead time(u sec)
E. : armature voltage(V)
E, : back emf(V)
Gn  : transfer function of motor
I, : armature winding current(A)
J : inertia moment of the motor
K, : back emf constant
Kn : motor gain
K, : pulse per revolution(PPR)
K. : torque constant
L. : armature winding inductance of motor(H)
No : the binary number representing the rotor position

No(k) : binary number representing of the speed for k the sampling period

p : number of pole

R, : armature resistance of motor(Q)
T : sampling time(sec)

T, : chopping time(rhsec)

T, : derivative time(sec)
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T : integral time (sec)

T, : load torque (kg + m)

Tw : motor torque(kg - m)

Vs : applied chopper voltage (V)

X(t) : controller output

z . total number of armature conductor
ANs : binary form of position error (pulse number)
ANa : binary form of speed error(pulse/sec)
AB(S) : position error(rad)

AQ(S) : speed error(rad/sec)

6(Z) : Z-transform of the rotor position(rad)

8.(Z) : reference position(rad)

d : magnetic flux per pole

Tq : electrical time constant of motor(sec)
7,  : mechanical time constant of motor (sec)
Tn : time constant of motor (sec)

@ : angular velocity of motor (rad/sec)

Q(Z) : Z-transform of motor angular velocity (rpm)

Q. : reference speed(rpm)
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2 A7) Alely] $2AEE TS 2 218 ek
X(S), Es(S), Q(S), O(S)t #4 v galolsl, &3, 457, Azcle) Folch

o8 (S)
8 r(S) +Qr(S) ]—h X(S) Ea(S) Qe (S) 8 (S)
—_ () —)—= 7Z-80A 4 Chopper P4 Motor = Encoder »
+ + AQ (S)

0 (s) I—S—]
L

Fig. 2.1 Block Diagram of DC Motor Control System
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Fig. 2.2 Circuit of D.C Motor
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Fig. 2.3 Block Diagram of DC Motor
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Fig. 2.4 Simplified Block Diagram of DC Motor
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3.1 CIX|& PID M| L12|&

o] A4# ¢l PIDA|o] <i2]Z (Ideal PID Control Algorithm)-2 A2 E& <l wa Ao &
2} (Proportional Control Action), # #4]o]% % (Integral Control Action), w=|ZA#o] &
2} (Derivative Control Action) &8 FA 5o 98-S AN, (t), #3S X(t)g 3 2 Al
oA 5A7) U2 BAE AG.DE vehd 4 Ueh

dANo (t)}

X (£) = K,{ANs (8) +—1~S AN (8) di+ T,2ANe (1) (3.1)

T;

Fele optza PID Aloj7le] A%+ AG. D& A 448 ++ ol Az, 37,
ot 5o wAlS ol &dte ohtEa walow Aoz AH3te PIDA s} °|—r-°1 2]
A 2§ 9ket,
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Uzl ofelzpr] AlojupAle] mlo]l a2 AFE e £z EYE Ad= gtk 4(3.1)E =
Febs w3sid

X (S)=K,ANs (S) 1+—===+T,S) (3.2)
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slo]22 Z2AAE MY BNl B ME HiEl 23 BHE—9

TaS
A A (S) X(S)
—p K L
1
TiS

Fig. 3.1 Block Diagram of PID Controller
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oX,

(Difference Equation)-& 4] (3. 3) 2} #to| & o},

ANs (k) -ANs (k-1)
T

X (k)= kAN (B) + 523 ANy (B) T + K, T (3.3)
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A(3.3)5 AEgkel o 9helz ¢f (Wind-up) d4L #A3 F+ £ =3 (Velocity
Form) e 2 wtetuivd 4] (3,4) 3} o] ®Hc},
AX (k) =X (k-1)-X (k-1)
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+ Ko{ANs (k)-2ANs (k-1) +ANs (k-2) } (3.4)
A 7] A
=Bl g Kl
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3.2 XM A S E8ME
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Fig. 3.2 Block Diagram of digital position Control System
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Fig. 4.1 Schematic of Total System
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Fig. 4.2 Basically Internal Structure of Z-80A

PWM (Pulse Width Modulation) A& w2l e =
Timer Circuit)e] £8& ALtz 2 F=
(Prescaler) 9} &3 4|7k (Chopping Time) S zAg o g HFAZ Aol& sl5s52 3
%ict, CTC Channel 0 Mode2 =z A#A|Ude{E 1/2562 AHPD A FASEE 7002 7
HitowA J K S8 =% (Flip Flop: 74LS73) CLK thxtol <7417 sl

olw! ZE (Timing Chart)¥: 28 4,43 o] YEMEE gov AA mi AAAo]:

8255 CZE (PORT) 24 Alo]st=% &tic},

ol
32

Q

4,2 PWM EZ7jo| 7532 9 ZZ3|2

(o8}

o] 5] 29 %*ﬂ‘—f’: CTColl 4] 7% PWMALZ 7} ohza dslollA] Wlsle ojahe] o

% WA %E% LE AEe (Photo Coupler) & A§ele] PWMAE waisol de52
g a4 _o.ua ool g sz 28 4,50 e ek,
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Fig. 43 PWM Signal Generating Part Circuit
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Fig. 4.4 Timing Chart of PWM Signal
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Fig. 4.5 Drive Circuit of PWM Amplifier
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Fig. 4.6 PWM Amplifier Circuit
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Fig. 47 PWM Pulse Dead Time

PWM A% 715 T, AQAZL d, AF AL4AGE Vsetz 3 2z AH

ZHAGE FAY A mHo A" £ v HHAGL 4 4,18 FojAch
—(q-24,
Eo | max=1-"F) Vs (4.1)
A 41004 & 4 dEo] d7t AAFE AUAGY o] &ge] Helxlnz sH5d & 4T
Fole o] s7d
4.3 A3 AS WHsZ
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Fig. 4.8 Pulse Coding Circuit of Encoder
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Fig. 4.9 (3) Part Timing Chart
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Fig. 4.12 Position Detector and Position Display Circuit
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5.1 FxAM  Algsold

Ago] B4 PID Aeirlel HAnEE 2371915k AFE AgdoldE Ao
o Zabd 2oold A@ststed FehdA A (Dynamic Equation) .2 veR® A4 (5. 1D)2
FA 5 A" AE7e sHeriee T 13 20
[X,} 0

+( |E.
X! Km/Tm J

~

6 N r
= 1
[le [1 1 [x% X)) (5.1)
s 3%, ARAZ 5&, 2$¥FET 3%l HEF PID Aloj7lel siefv]H
2 AAsy] gad A6, AI— I EEAT Runge-Kutta®lol 93l AFE A&
A

Table, 1 SE{ALS

= H A} F
Az 3 2ol SANYO, M0O033T
Z E 35W
4 A A ¢ 24V
4 A A F 2A
3 A F 3500 RPM
IR A 5.00Q
A 7| A H & A& 3.1mH
A A& 0. 147sec
E S 2AF 0, 4kg-cm/A
S ALASF 4,1V/K rpm

Al RCIALY

o 2 = A oF
A A, =4 KOYO, TRO-J-RZ
A QA A g D.C 4.75-30V
Az 8 A 2%, A4z 90+45
s AT 5,000 ROM
A& &FoT 18KHz
2 & F 360

2

2 oz ARsE A% Aojn Aagel ool ARAR AE, 234,

A w cEARsle A AERs Avle HEPE BEeE PIDACI vHdF, A
.2, 8.4, 0.88% AAI}I 7129 % ()€ 12510, 8750°, 420=
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Position
{DEG) : ;

12510¢°
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62540 ----onenen R NI proeeeeeeeaes ey s

31270 |-eereenens e e e e

Response Time (sec)

Fig. 5.2 Position Simulation Results (Kp: 1.2, Ki 8.4, Kd: 0.88)

Position
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125109 [oeconemn T et et aaaaad
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B2540 [~ r e i
3 1270 ; ---------------------------------------------------------------------

|
« i
1 2 3 4 5

Response Time (sec)
Fig. 5.3 Position Simulation Results (Kp: 1.5, Ki: 7.0, Kd: 0.9)
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£2(X2)

X2

~1/tax X2+ K/ twxl

I

@Kp, Tz, To, 8+«

X1 =0 ¥2=0 h=0.01
eold = 0 tw = 0.25 Ka = 1.4667
|
y = %1
|
ANV 1, 1000
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l
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|
t=1t+h
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Fig. 5.4 Simulation Flow Chart

— 112 —




stelaz ZzAME FAY BRI BEMS F Ml DY R — 23

& 4ol 247 et 1A dlojgte ofojaz Z2 A9 vzg S0
2 100msv}e} oo},

€ A9 FAojEE = (Main Flow Chart) = 2% 580, HAo]E = (Sub Flow
Chart)= 28 599 77 Jepigz 71299 F9x9 2= B A2 AArsk
AA A7} 5070} o £xweE BAsn AANZCabe FYEE stod PIDA| o
T Yook =@ avlouxY HasE s Axesst 1007 2o} zpowm 7

10000 25 ztowd 54, 10000/ 2o} owl A4S AEES sje] £xwcE Lua 5
AH2EE H}TE seleh,

Table 2 Position Measurement Data(8r=12510")

71 E 81 A FFA %23t BA A et
1 12510° 12510, 75° 0,75
2 12510 12510, 50° 0.5
3 12510° 12509, 25° -0.75°
4 12510° 12510, 50° 0.5
5 12510° 12510, 50° 0.5
6 12510° 12510, 75° 0,75
7 12510° 12511.0° 1.0 12510, 47 0.4
8 12510° 12510. 75° 0,75
9 12510° 12509, 75° -0.25°
10 12510° 12509, 75° -0,25°
11 12510° 12510, 25° 0.25°
12 12510° 12510. 5°0, 5°
13 12510° 12510, 75° 0,75
14 12510° 12510, 25° 0. 25°
15 12510° 12510, 75° 0, 75°
Position
(PEG)
A
12510° !
11120° g
8340° !l
i
:'
5560° g
2780° i
H

1 2 3 3.5

Response Time (sec)

Fig. 5.5 Position Transition Curve (Reference Position 12510°)
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Table 3 Position Measurement Data(8r=28750")

71EA A FZ9 A A A A BE Lz
1 8750 8750. 50° 0. 50°
2 8750 8749, 25° -0.75°
3 8750° 8750, 75° 0.75°
4 8750° 8760, 00 1. 00°
5 8750° 8750, 25° 0.25
6 8750° 8750, 50° 0.50°
7 8750° 8750, 25° 0.25 .
. . o . 24
8 8750° 8749, 75 -0, 25 8750.80 0
9 8750° 8749, 50° -0, 50°
10 8750° 8750, 25 0.50°
11 8750° 8750. 50° 0.50°
12 8750° 8750, 75° 0.75°
13 8750° 8749, 50° -0, 50°
14 8750° 8750, 25° 0.25°
15 8750° 8750, 50° 0.50°
Position
(PEG)
17111 R
5040°
3360°
1680°
—_—
1 2 2.6
Response Time (sec)
Fig. 5.6 Position Transition Curve (Reference Position 8750)
Table 4 Position Measurement Data(8r=4230")
71E A ZE94 222 2 A B LA
1 4230° 4230, 50° 0.50°
2 4230° 4230, 25 0.25°
3 4230° 4230, 25° 0.25
4 4230° 4229, 75° -0,25
5 4230° 4231, 00° 1.00°
6 4230° 4230, 75° 0.75
7 4230° 4229, 50° -0.50° , .
8 4230° 4230, 50 0.50° 4230.20 0.27
9 4230° 4230, 25° 0.25
10 4230° 4230, 75° 0.75°
1 4230° 4229, 75° -0, 25
12 4230° 4229.75° -0, 50°
13 4230° 4230, 50° 0, 50°
14 4230° 4230, 25 0.25°
15 4230° 4230, 50° 0.50°
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Fig. 5.7 Position Transition Curve (Reference position 4230°)
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Fig. 5.8 Main Flow Chart
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X=K(PEN(n)-PEN(N-1))

A
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C(n)=X+Y+C(n-1)

4
PWM Output

( RETURN )

Fig. 5.9 Sub-Flow Chart
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Fig. 5.10 Hold Torque Characteristic Curve
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