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Abstract

Applying the closed-loop sinusoidal current ministep technique which is developed, the
revolution of the stepping motor is smooth and continuously with similar to general dc motor.
However, with load applied, the speed and torque of this motor could not be controlled as desired.
Th-is thesis presents a design and development technique of the driving system in order to control
the speed and torque of this motor separately. For the appropriate torque with corresponding to
the load applied to be controlled, the inner loop control of the exciting current is used to control
the amplitude of the sine and cosine signal in the driver system of the motor. The PI action
(proportional + integral) in the outer loop is used to control the speed of the motor to the desired
value. From the test results of this motor with several values of eddy current break loads, the
speed of this motor can be accurately controlled as desired. It also shown from the test results that
the control system with this driving system and it controller could also being used instead of the
general DC motor control system. Moreover, since this motor is brushless, so the maintenance
free and smaller size of the motor is realizable. The another advantage of this motor is that the

high continuous driving current could be applied with low noise.
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N = Kl . VS (2]
N - Rotor revolution (RPM)
Kl = Machine constant (DC)
VS = Supply voitage (DC)
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Abstract
Using the closed-loop siusoidal current ministep technique, the revolution of stepping motor 1s smooth and
continuously with similar to the separated-exciting de motor, while the torque response at initial state 15 good, and
constant speed is also obtained. However, with load applied, the speed of this motor is reduced like dc motor. This paper

presents a technique to control the speed of this motor to the desired value either no-load or with load operations. The dc

63

voltage, which is proportion to the measured speed of this motor, is fed back to compare with the reference dc voltage of

the speed control system. The different voltage is applied to the Proportional + Integral (P1) controller. The output of the
controller is sent to the full-bridge AC-DC converter in order to control the supply voltage of the driving unit. From the
test results of this motor with two difterent loadse the speed of this motor can be accurately controlled, while faster
response is also obtained when compare with the separated-exciting de motor under the same conditions. Furthermore, the

heat loss of this motor when reference with the general stepping motor 1s reduced erther running or sLop situations.
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MOTOROLA

1 SEMICONDUCTOR maaan s

TECHNICAL DATA

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL434 s a fixed frequency, pulse width modulation contro!
circuit designed pnmanly for Switchmode power supply control
This device features:

o Complete Puise Width Modulation Control Circuitry

¢ On-Chip Oscillator With Master Or Stave Operation

® On-Chip Error Amplifiers

® On-Chip 5 Volt Reference

s Adjustable Dead-Time Contro}

o Uncommitted Output Transistors Rated to 500 mA Source Or

Sink
s Qutput Centrol For Push-Pull Or Single-Ended Operation
* Undervoltage Lockout

Non.inv Non-Ine
t ‘5]
Inout Input
1ov l"“
2 15
Inpult cc 1NnDuLt
Comoen/
QAL B, D

trout AEF j
Desa =01 v
3
[Ouwul
Time | 4 -—4 13
Control C oo
<y | 5 '7]"cc

t
Oscitiator 1}

“r's

o2

Geouna | 7

ci| s

]
A o

110D view:

The TL494C is specified over the commercial operating range
ol 0°C to 70°C. The TL494! is speafied over the industrial range

- of - 25°C to 85°C. The TL494M s soecified over the full military

range of -55°C to 125°C.

72

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SHICON MONOLITHIC
INTEGRATED CIRCUITS

J SUFFIX
CERAMIC PACKAGE
CASE 620

N SUFFAX
PLASTIC PACKAGE
CASE 648

ORDERING INFORMATION

Temperature l

Device Rangs !  Package |

| ;
| TL49aCN e 70% i Ptasuc OIP

| TLas4Cy 010 -70°C | Ceramic 0P|

1

TL4SAIN . . | Plastic OIP |

TL4Z4LL 25710 -85°C 1 (oramic DIP

TL4S4M) -55°to - 125°C | Ceramic DIP |

MOTOROLA LINEARINTERFACE DEVICES
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FIGURE 1 — BLOCK DIAGRAM
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! TL494

Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. (See Figure 1.) Aninternal-tinear sawtooth oscil-
lator is frequaency-programmable by two external com-
ponents, Ry and Cy. The approximate oscillator fre-
quency is determined by:

p 1.1
osc " Rrecr

For more information refer to Figure 4.

Output pulse width modulation 1s accomplished by
comparison of the positive sawtooth waveform across
capacitor Ct to either of two control signals. The NOR
gates, which drive output transistors Q1 and Q2, are
enabled only when the flip-flop clock-input line s 1n its
low state. This happens only during that portion of ime
when the sawtooth voltage is greater than the control
signals. Therefore, an increase in control-signal amph-
tude causes a corresponding linear decrease of output
puise width. (Refer to the nming dragram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time contro!. the error amplifier nouts,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which hrits
the minimum output dead lime to approximately the
first 4% of the sawtooth-cycle time. This would iesuft
in 8@ maximum duty cycle on a given output of 36% with
the output control grounded, and 48%, with it connected
to the reference line. Additional dead ime may be im-
posed on the output by setting the dead time-control
input to a fixed voltage. ranging between 0 to 3.3 V.

The puise width modulator comparator provides a
means for the error amplifiers 1o adjust the output pulse
width from the maximum percent on-time, established
by the dead time control input, down to zero, as the
voltage at the feedback pin vanes from 0.5 10 3.5 V. Both
error amphfiers have a common-mode input range from
-0.3Vio (Ve ~2V) and may be used to sense power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With trus configuration, the amplifier that de-
mands minimum output on.time, dominates controt of
the loopo.

When capacitor Cy 1s discharged. a posiive pulse 1s
generated on the outpul of the dead-trme compatrator,
which clocks the pulse-steering flip-flop and inhibits the
outout transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering Hip-
flop directs the modulated pulses to each of ihe two
output transistors aiternately for push-pull operation,
The output frequency 1s equal to half that of the oscii-
1ator. Qutput drive can also be taken from Q1 or Q2,
when single-ended operation with 3 maximum on-time
of less than 50% 15 required. This is desirable when the
output transformer has a ringback winding with a catch
diode used {or snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 and
Q2 may be connected in paraliel. and the output-mode
pin must be bed 1o ground to disable the thp-Hlap. The
output frequency will now be equal (0 that ok-the
cosciilator.

The TL4S4 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
=5.0% with a typical thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

nput 1 fout =
Output ' Output Function E fosc
Controt :
Grounded Single-ended PW.M. a1 Qi and Q2 , 1
At Vol Push-pull ooeration i 0.5
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TL494

MAXIMUM RATINGS (Full operating ambient temperature range aoplies unless otherwise noted)

75

Rating Symbot TL494C TL494) TLAS4AM Unit
Power Supply Voltage vee 42 42 42 v
Collector Output Voltage Vet Ve 42 a2 42 v
Collector Output Current {each transistor) {1} 1. Ic2 500 500 500 mA
Amplifier Input Voltage Range VIR ~0.3¢t0 42 ~0.310 42 -0.3 10 42 v
Power Dissipation (u Tp s 45°C Pp 1000 1000 1000 mw
Operating Junction Temperature Ty
Plastuic Package 125 125 -_ °C
Ceramic Package . 150 150 150 *C-
Operating Ambient Temperature Range Ta 01070 -25t0 85 -5510 125 *C
Storage Temperature Range Ts,q °C
Plastic Package - 5510 125 - 5510 125 —_
Ceramic Package ~ 6510 150 - 6510 150 - 6510 150
NOTE 1: Mawimum thermal brnits must be observed
THERMAL CHARACTERISTICS
Chaeracteristics Symbol N Sutfix Ptastic Package ! J Sutfix Ceramic Package Unit
Therma! Resistance. Junction 1o Ambient R JA 80 100 Cw
Derating Ambient Temperature Ta 45 50 °’C
RECOMMENDED OPERATING CONDITIONS
Condition/Value « Symbol = L5 Unit
Min Typ Max
Power Supoly Voltage vee 70 15 40 \
Coltector Output Voltage Ver Ve2 - 30 40 v
Coltector Qutput Current leach transistor} ich. Ic2 - > 200 mA
Amolifier Input Voltage Vin - 0.3 — vVee - 2.0 Y
Current Into Feedback Termmnat U 3 - 0.3 mA
Reference Qutput Current lret = - 10 mA
Timing Resistor RT 1.8 30 $00 131
Tirming Capacitor Cr 0.0047 0.001 10 nf i
Oscittator Frequency fose 1.0 40 200 H: |

ELECTRICAL CHARACTERISTICS (Ve = 15 V. CT = 0.01 uF, RT = 12 kil untess otherwise noted.)

For typical values T4 = 25°C. for min.max vaiues T4 15 the operatng ambient temperature range that applies untess otherwise

noted. -
TL454C) TL494M
Characteristic Symbol Unit
Min 1 Typ l Max Min [ Typ I Max
REFERENCE SECTION
Reference Voitage ' Vreet 4.75 S0 8.25 4.7 5.0 5.25 v
o = 1.0 mA}
Line Regulation i i Regline - 2.0 25 - 2.0 25 mv
Voo = 7.0Vio 40 V)
Load Reguiation , Regioad -— 3.0 15 - 3.0 15 my
g = 10 mAto 10 mAl )
Short-Circurt Output Current Isc i5 35 | 75 15 35 75 ma !
i :

Vit = OV}

MOTOROLA LINEAR/INTERFACE DEVICES



TL4S4

ELECTRICAL CHARACTERISTICS (vge = 15V.Cr = 0.0t wF Ry

For typical values Ty = 25°C. for min.max values Ta 1$ the operating ambient temperature range that apphes uniess otherwise

= 12 xl ynless otherwise noled.)

noted.
o ; TL434C.I TLAIAM i
Characteristic i Symbol " T — Unit
i Min Typ Max Min Typ Max ]
OUTPUT SECTION
Collector OH-State Current ICloH) - 20 ' 00 - 20 00 | wA
Ve = 40 V. Ve = 40V . !

Emitter Off-State Cuerent IE (o) - — 100 - — 150 . A
Vge = 40V, V¢ = 40 V. Vg = 0 V) . ;

Cotlector-Emitter Saturation Voltage {2} ; VSATIC) —_ i | — 1 15 v
Common-Emutter ‘ ,

(Vg = 0 V.Ic = 200 mA) r
Eminer-Follower i VSATIE) - g ] - 15 28V
i Ve = 15V, 1g = - 200 mAY ' , i
! Output Controt Pin Current 10CL - 0 P - 0 - LA
Low State ; ;
ivoc = 0.4 Wt | :
High State + lOCH = 32 kR —_ 02 ' 3% . mA
VoG = Veet) :

Qutput Voltage Rise Time ¢ 1, — te 200 - o T 200 ns
Common-Emitter tSee Figure 13} : i !
Eminter-Follower 1See Figure 14} ' - 100 200 — 100 200 ns

Output Voltage Fatl Time . I — 25 100 - 25 100 ns
Common-Emutter iSee Figure 131 '

t  Eminter-Follower (See Figure 131 ! — 30 00 - © 40 100 ' s

i i TL4&34

i Characteristic { Symbol —— - Unit

: ¢ Min Typ Max

ERROR AMPLIFIER SECTIONS

i Input Otfset Voltage X vio v 20 10 mv

. Vo Pin 3) = 25V

1 Input Otfset Current le} - 50 250 nA

i IVowin = 25V

t tnput Bras Current g - 01 10 wA

i Vo tpin 3y = 25V

¢ Input Common-Mode Voltage Range ViCR 2310 = - v

v IVge = 40 V. Ty =2 25°C) voe 20

{ Qoen-Locp Voltage Gan AvOL 79 95 - a8
{3Vg = 30V.vg = 0510035V

! Ry = 2.0 %(h

i Unity-Gain Crossover Frequency g ‘c - 350 - e

i (Vg = 0510 35V. R = 2.0 xin

| Phase Margin at Unity-Gain am —_ 85 —_ deé

H Vg = 051035V Ry 20w

1 Common-Mode Rejection Aato . CMRR &5 90 o8

| tVee = 40 V)

i Power Supply Rejection Rano PSRA - 100 _ a8

. (AVee = 33V.Vg = 25V R 20Mn

t Output Sink Current ‘0 93 27 —_ mA

. Wopiny =07V ;

! Outout Source Current n- 20 10 _ A

Vo Pin3 = 35V

NOTE 2 Low Outy CyCle Duise TeChMiGues are used Junng test 1O MANTAIN UNCT.CN femperdture 33 CIOse L0 IMOIent lemoerdiures 33 POSHIDIe
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ELECTRICAL CHARACTERISTKCS (Vg = 15V, Ct = 0.0 uF. AT = 12 kN unless otherwise

TL4394

noted.)

For typical values Tp = 25'C, for mvmax values T4 is the operating ambient tamperature range that applies uniess otherwise

noted.

Charscteristic Symbol

TL4S4

Min

Typ 1

Max

Unit

PWM COMPARATOR SECTION (Test Circuit Figure 12}

Input Threshotd Voltage
(Zaro duty cycls)

VTH —_

35

4.5

Input Sink Current
Vipin 3} = 0.7 V)

h- 0.3

0.7

mA

DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)

Input Bias Current {Pin &)
(Vpin 4) = 010525 V)

he (oM -

-20

{Vpin 4 = 0V, CT = 0.001 uf, AT =

Maximum Outy Cycie, Each Output, Push-Pull Mode OCmax
{VPin4 = OV, CT = 0.01 uF, RT = 12k} 45

30 k) s

45

tnput Threshold Voltage {Pin 4)
{Zero Duty Cycle}
{Maximum Duty Cycle]

VTH

i-1

OSCILLATOR SECTION

Frequency
(CT = 0.00% wF, RY = 30 k(M)

'OSC

kHz

Standard Deviation of Frequency®
(CT = 0.00V pF, Ry = 30 ki)

alosc

3.0

Frequency Change with Voltage
(Veg = 7.0V 1040V, T = 25°C)

Mosc (avi i

0.1

Frequency Change with Temperature
{(ATA = Tigw t0 Thigh’
{CT = 0.0% wF, Ry = 12 k(1)

Mosc (AT) ~

UNDERVOLTAGE LOCXOUT SECTION

[ Tuen-On Thrashold (Vg Increasing, lref = 1.0 mA) Vin 1 5.5

643 |

7.0

TOTAL DEVICE

Standby Supply Current

Vee = 15V)
Vee = 40 V)

{Pin 6 at Vyef, All Other Inputs and Outputs Open)

5.5
7.0

10
15

mA

Average Supply Current
V(pin 4) = 2.0 V) ISee Figure 12}

(CT = 0.01 wF, Ry = 12 X1, Vg = 15 V)

7.0

mA

« Standard dewianon 1s 3 measure of the s1aUSHC Gistriounon 200ut the mean a3 denved trom the formula,

noe
N -

N
N oixy - X2

MOTOROLA LINEARINTERFACE DEVICES
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AGURE 4 — OSCILLATOR FREQUENCY

versus TIMING RESISTANCE

TL494

AGURE 5 .— OPEN-LOOP VOLTAGE GAIN AND PHASE

versus FREQUENCY

]
‘¢ EMITTER CURRENT imAy

‘¢ COLLECTOR CURRENT ima)

500K . , . [k ;
T T T . ? ; ) 'i. 11 - 1 = 10 1
_ ™ TE TN Tvee = ovicltt 3 () i Vee = 15V
£ 107 = 0008 wF 77 - T E- g — avg = 3oV
‘;"w‘ w0 ~ AL = 20ty —10
: z g o » 3
| 3 T :—3 1 K Avot b
g : g N 05
i s ] 8 & . < w2
= 1K =t % : 0 9
= ~ <
3 ; zZ y . AN \o 100 &
2 = P ’ < -
: S . N 2
°, | o < N 10
.g S » : < g s
< < N s
1.0 b} l \\ 160
%00 ) ]
1ok 208 SOK WK 2K SOk 100K 2006 500K 1OM 1% ) 100 10K 10K 100K 10M
Ry, TIMING RESISTANCE 1t 1 FREQUENCY IHe}
RGURE 6 — PERCENT DEAD-TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus
OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE
2 £
2 i !
o M R ]
= 1 ! ER A N S T
2 Cr = 0001 uf | 3 RN Voc = Veet
g TTI77T T * N Hey = 0.0V uF T
2 IR i 2y ) Ry = 16442
H conlp " : X ACx = 0001 uf
a0 AR 55> ST g : Ar = BM f—
2 50 T S \
o ) T o7 i gt = TN
Z 60 i S LS TR 8 -
g B : 00t i | = '
£ : ol e g : AR
Al e MR |
0 Py AV>S 3 ' [
500 10K 10K [ 30K 0 ) 20 35
1asC, OSCILLATOR FREQUENCY (Hzh V. DEAD- TiME CONTROL VOLTAGE i¥!
FIGURE 8 — EMITTER FOLLOWER CONFIGURATION FIGURE 9 — COMMON EMITTER CONFIGURATION
OUTPUT SATURATION VOLTAGE versus OUTPUT SATURATION VOLTAGE versus
EMITTER CURRENT COLLECTOR CURRENT
19 r . . } e T T r
P NYsa 1| . A" :
A NS i s 7 :
= ! ! i ! 1 =). .
s 1.7 7 ﬁi 2 1 > : :
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O [ e N R B z i }
S ! i ~ 2 b— —_—
2 M : : ' ; T
S d P 7 il
=13 - - 4 Se8p— z d : T
2 i ! : > H | ;
82 : - - > - 7 :
- i f ]
1 : : : 4 :
0 0 09 3 "% e 3% 00

MOTOROLA LINEAR INTERFACE DEVICES

78



TL494

FIGURE 15 — ERROR.AMPLIFIER SENSING TECHNIQUES

Vo
To Output
Voitage of
System

Vriet
POSITIVE OUTPUT VOLTAGE
R
= VO = Vret 1} 'F;"
FIGURE 16 — DEAD-TIME CONTROL CIRCUIT
Qutput
Conrtrol
Ry
Qutout Vyet 4
o-—a o1

A c
T T 2
6) s}
20 :E Iomx

B0
Max % on Time, Each Output = 45 - Rl\
1

" Ry/

Veet

NEGATIVE QUTPUT VOLTAGE Al
Ry
v Vel =—
© e R2 vo
To Outout
Voltage of
Svstem

FIGURE 17 — SOFT-START CIACUIT

- Cs
QOutput Vet a 1 j
o—1iQ 3¢
S

FIGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENOED AND
PUSH-PULL CONFIGURATIONS

Gy

Qc
Q
Qutout { &

ct
' =0
24V = Vo = VREF Q

—O——
Control

-

O % Voc €04V

o

Output

‘. Controt

I 10 500 mA
C2

Single Enced Configuration

|

gl I to 250 mA
—O

c2
——o0

€2 110 250 mA

—0

Push-Pull Conhguration
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mURE"—SLAV'NOTVVOORMORECONTROLCﬂCUWS

+Vin = 80t 20V

Vret

Master

Veet

Stave
{Additional
Ciecunts)

80

AGURE 20 — OPERATION WITH V)N > 40 V USING

EXTERNAL ZENER

Rsg vee
Ot o
Vi >4V 1
0 IN975A &7
vz =39V sv
¢ fet
>
9
j Gnd ]
r M

O
12 ? «Vo = 28V
n 1N4934 g =0.2A
. vee A T o~ B —ao
2 ¢ 8 TP 22
wi : }\32 L k
.{_?31‘ Mty TLa94 ) 2aae A %0
0.01 L 3 /v f
X .mT 15 c " TIP| S0 3
- f 32|25y 47%2 -1 50
16 T asv
—— - OC Vmer OT Cr Ry Gno E! €2 e ;;
13 uL 4 sJ- 6] 7] ol 10[ 1N4934 ’
e 1t 1 740
wi 0L % Sisk 1
47k 10%S 000!
o L 0
AN capacHors 0 uf
L1 —15mH@ 03 A
T1 — Primary’ 20T C.T. #28 AWG
Secondary: 1207 C.T. ¢#36 AWG
Core: Ferroxcube 1408P-100-3C8
{ TEST CONDITIONS I RESULTS

i Line Reguiation

Vin = 10Vi0 40V

14mvV  0.28%

Load Regulation Vin = 8V.1g = 1 mAto 1A

.0my 0.06%

65 mv P-P PARD.

Output Ripple Vin = 28V.1g = 1.0A 1
Shon Circuit Current Vin = 28V.R =010 i 1.6 amps
Efficiancy Vin = 28V.Ig = 1A i 71%
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AGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

81

“Vin = 1010 40 V P 124 10mH @ 24 “VQ = 50V
[og YV 0
Ll._[ 0 = 1.0A
9
47
150
a7 %
12 f a8l n o1 .
™
vee Ct C2 Comp 3
L2
0 1 s 51k 5.3k )
: . p—0 A
50 v TL434 v 14
REF
15 -
o A MR8SO 1gv
16 Sk
Cy Ry O.7T 0.C.GndE; E2
s [s |e[13]7]9]r0 L%
3 F\O v
& 150
4
0.001 ,[\ 47 %
n®
3 0.1
All capacitors 1n uf
TEST CONDITIONS ! RESULTS
Line Regulaton Vin = 8.010 40V ! 30mv  0.01%
Load Regutation Vin = 12.6 V,Ig = 0.2 10 200 mA ' 5.0 mvV 0.02%
Qutput Rippte Vin = 12.6:V.lp = 200 mA . 40 mV o-P P AR.D.
Short Circuit Current Vin = 126 VR = 0.102 i 250 mA
Eicrency Vip = 12.6 V. 1g = 200 mA ; 72%
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