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A CIRCUIT DESIGN TO GENERATE
AND MAINTAIN A CONSTANT

MAGNETIC FLUX

I. INTRODUCTION

The purpose of this thesis is to report on the design of a simple

electronic circuit that will generate and maintain a constant magnetic

flux. A circuit has been designed based on the idea of the sampled-

data control system, because it can provide more sensitivity, and can

avoid drift in the d-c amplifier of the common continuous feedback

control system. Also, it can apply to the system where high current

is required, as well as the small system which has been done in this

thesis.

In a sampled-data control system the signal in one or more

sections of the system is in the form of a pulse train or pulse data. A

continuous input signal is sampled by a sampling device, and the out-

put of the sampler is a sequence of pulses.

In this system, the sampling devices are composed of a Hall

device and a voltage comparator circuit. The Hall generator senses

the magnetic flux that is to be kept constant, and biased by a pulse

signal, produces the output pulse. The output amplitude is in direct

proportion to the magnetic flux and the bias current. The output

pulse from the Hall generator is compared to the reference pulse

signal, and gives pulse output.
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In the last chapter of the paper, some characteristics of the

system are presented in order to show the stability of the system.
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II. SYSTEM ORGANIZATION

2. 1 Block Diagram of the System

The block diagram of the system is shown below:

Pulse
Generator

Reference
Signal (r)

of

Biasing Pulse
Generator

3
Strobe Pulse
Generator

Voltage
Comparator

Magnet and
Hall Device

A

Reference
(r)

Comparator

Figure 2. 1(a). The basic diagram of control
system.

0
Power
Amplifier

Pulse
Amplifier

Output

Pulse Detector
and Filter

Figure 2. 1(b). The diagram of the system to be designed.

The magnetic flux that is to be maintained constant (black #1)

is energized by the current from the power amplifier circuit (block

#6). Also, the Hall generator (block #1), which is sensing the mag-

netic flux, and biased by the external source (block #7) produces the

output-pulse, with its amplitude proportional to the magnetizing
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current and the bias current. The output from the Hall generator is

compared with the reference pulse. An output pulse signal is obtained,

using the strobe technique which is necessary to permit comparison

of pulses of different shape. The strobe method is applied to the

comparator circuit (see details in Chapter III) in order to obtain the

least distortion of the output pulse from the comparator when the sig-

nals to be compared are not symmetrical.

The signal of the comparator is amplified (block #4), detected

and filtered (block #5). Then dc from the detector circuit controls

the power amplifier output (block # 6) producing the emitter current,

and this in turn feeds into the magnetic coil. The result is the closed

loop sampling control system. By this method the magnetic flux will

tend to be maintained constant.

2.2 Important Requirements of the System

Some important requirements that must be considered in the

circuit design are:

1. The amount of the magnetizing current that must be control-

led, the capacity of the power amplifier circuit.

2. The stability of the system.

3. The Hall generator must not be operated in excess of the

average power dissipation rating.
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4. The pulse voltage amplifier gain should be suitable and

enough to provide the bias of the current amplifier circuit,

5. The voltage comparator should be operated in a linear

region.

For this system design, the magnetizing current of 300 mA was

chosen because of the series (power) transistor readily available. The

Hall device was selected to be biased by an external pulse of 8. 6 mA

(peak) a pulse repetition rate of 1000 Hz and pulse width of 10 p.s, The

reason for selecting these values is that, if a shorter pulse width

(e. g. 1 [Is) is selected, and shortened by strobing, the output pulse

will be so narrow that it will require a high frequency amplifier. If a

longer pulse width (e. g, 100 [Is) is selected, then the less output from

the Hall generator is obtained (explained in section 3. 1, 1). From the

characteristic curve of the Hall generator (explained in Chapter III),

when the magnetizing current is 300 mA with the pulse bias of 8, 6 mA

(peak), the Hall generator produced an output pulse of 15 mV (peak),

The power transistor is properly biased by a negative dc level of 6V.

If the reference signal is set at 17 mV (peak), a signal of 2 mV to the

input of the voltage comparator is obtained. The gain of the compara-

tor (Figure 3. 7) is approximately 350. And if the pulse amplifier gain

was designed at 10, this providing negative output pulse of approxi-

mately 7 V. After detection and filtering a dc level high enough to bias

the power amplifier circuit is provided.
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III. DESIGN OF THE SYSTEM

3. 1 Magnet and Hall Generator

The C- core magnet with an adjustable air gap was used for the

system design. As a primary experiment, the magnet was energized

by a dc current source as shown in Figure 3. 1 below. The Hall

generator was placed in the air gap in order to sense the magnetic

flux. The input of the Hall generator was biased by a pulse signal,

and the output was connected to the oscilloscope. The theory of the

dc current
source

Isolation
Transformer

Figure 3. 1. The circuit diagram shows the magnet and Hall generator as a sampling
device.

Hall device will not be discussed here, because it is beyond the scope

of the thesis. However, some specifications of the Hall device will

be examined.
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3.1.1 The Hall Generator Specification

The following Hall generator specifications were examined:

1. Hall generator, made by Beckman, Thin film, Model 350.

2. Input resistance (R.) 233 ohms.

3. Output resistance (R
0
) 116 ohms.

4. Output sensitivity, open circuit 5.0 Volts/amp kilo Gauss.

5. Input power, 25 C ambient, 125 mw nominal, 250 mw max.

in
out vout

Figure 3. 2. Shows B field passing through the Hall generator chip.

The power (P) is defined as the product of current
and voltage or V x I , which is equal to I

2R.
Therefore, I = (P/11)1/2

For nominal power dissipation 125 mw, input resistance 233 ohms.

Therefore

Input current (I. ) = (125/233)1/2
in

= 24x 103 Amp

Input voltage (Vin) = (Iin)(Rin)

= (24 x 10 3)(233)

= 5.6 V
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Assume that the Hall generator senses a magnetic flux of B = 1 kilo

Gauss and biased by the external current 24 mA, then the output

voltage is 5.0 x 24 x 10-3 = 120 mV.

Pulse
Generators

5, 6 V, 24m

= 1 kilo Gauss

V = 120 mV

Figure 3, 3, The Hall generator, when biased by the pulse of 24mA,
senses a flux of 1 kilo-Gauss, the output is 120 mV,

The data shows that the sensitivity is the ratio of output voltage

to input flux density with bias current as a parameter. The sensi-

tivity can be changed only by changing generator material or geometry.

Therefore, to obtain greater signal output for a given flux density

it is necessary to increase the bias current, but the calculation

shows that the nominal bias current is only 24 mA (produces average

power dissipation of 125 mw). Hence, the method to increase the

bias current, while the average power dissipation is still not

greater than the maximum rating, is to apply a pulse signal.

Now, refer to the Figure 3.4. The following calculation will

show the advantage of the Hall generator with pulsed operation.
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Tx 107..sec

T = 1000p.s

Figure 3. 4. Shows the waveform of pulse bias of the Hall
generator.

The average power is defined as

1

T
C

Tx
2i Rdt

where T is the pulse period (sec) and Tx is the pulse width (sec)

i is the instantaneous current
p

R is the resistive component

which can be rewritten as

1 ( x (i )
2Rdt = (i )2Rj p ave

0

where iave is the dc current,

(i )
2
RT

P x
(i )2RT ave

i T 1/2
p

= (T ) lave
x
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If T = 1000 !Ls, Tx = 10 p.s. Therefore = (100). Hence

i is 10 (l ).
p ave

If a pulse with a repetition rate of 1000 Hz and pulse width 10 is

is used, then the bias current can be increased about 10 times or

24 x 10-3 = 240 x 10-3 amperes, while the power dissipation in

the Hall generator is still the same (124 mw). This is the advantage

of the Hall generator with pulsed operation.

3.1.2 The Output Characteristic Curve of the Hall Generator

The specification of the Hall generator shows that its output

depends on the magnetic flux and also the magnitude of the pulse

signal bias. Therefore, it is very useful to plot a graph of the output

voltage of the Hall genrator as a function of magnetic flux (in terms

of magnetizing current in the magnet with its air gap) at various

values of bias current and also a graph of the output of the Hall gener-

ator as a function of bias current at the various values of magnetizing

current. The two characteristic curves are shown in Figure 3.5 and

Figure 3. 6 respectively,

Figure 3.5 and Figure 3, 6 show the characteristics of

the Hall genera to r actually used. It is seen that if the mag-

netizing current is kept constant at 300 mA and the Hall generator

is biased at a pulse of a current 8. 6 mA peak (2 Volts), a pulse
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0 5 10

8. 6mA
15 20 25 30 35

Pulse Bias Current mA peak

40 45

Figure 3. 5. The curves represent the combined effect of the Hall device and magnet (with
air gap) that is actually used for this design. The output of Hall device is
calibrated against the bias current at the various values of magnetizing current.
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80

60

40

0
I I I

200 300 400
1

600

Magnetizing Current (mA)

I

800

Figure 3.6. The output of the Hall device is calibrated against the magnetizing current,
as bias current is parameter.

12
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amplitude of 15 mV peak will be obtained from the output of the Hall

generator,

3,2 Comparator Circuit

The micro circuit µ A711, a dual differential voltage compara-

tor, was selected to be used. The characteristic curves of the input

and output voltage of the dual comparator that was used (both havles),

are shown in Figure 3,7, It is seen that the curves are not exactly

symmetrical, and slightly different, But from the first half, if the

positive pulse input signal of 2 mV peak is applied to the input of

the comparator, then the output obtained from the comparator is ap-

proximately 0,7 V peak.

The input signal to the comparator was set at 2 mV, where the

output from the Hall generator is 15 mV. The reference signal was

selected to be set at 17 mV in order to obtain a signal of 2 mV. The

reference source signal obtained is 2,3 V from the pulse generator.

Hence, a divider network must be used to control voltage from 2,3 V

to only 17 mV (see Appendix).

Figure 3.8 shows the connections and signal level used to test

the operation of the strobed comparator when driven by the Hall gen-

erator and reference signal.

In order to apply the strobe to the comparator, the pulse gener-

ator "B" was externally synchronized from pulse generator "A".
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(Strobe input pulse
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12V
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Figure 3, 7. Voltage transfer characteristic of micro-circuit pA711 dual comparator (both halves),
(These curves are for the comparator actually used, )'



Strobe Signal > 4Vogak

Pulse
Generator

Magnet and
Halt Device

2. 3V Divider
Network

17mV

15 m V

3
.J.A711

4

Figure 3. 8(a). Block diagram of (b).

Sync Signal

0. 7 V

---I Trigering Pulse to
Oscilloscope

20K c2

Turn Ratio2211.1 Pulse
1:1 Catfr Transformer

0NU 2V 0-200

1
Reference
Signal

15

Strobe
Pulse
Input to
Amplifier

Bias Signal o.
4

is Aviimit_

Figure 3. 8(b). Shown is the signal level and connections used to test the operation of the strobed
comparator when driven by a Hall generator and reference signal.
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Therefore pulse generator "B" is able to vary the pulse width as well

as the time delay, so that a narrow strobe pulse signal is obtained.

In this case the strobe pulse was set at 4 p. seconds pulse width, which

is narrow enough to produce the least distorted output pulse. A

narrow strobe pulse with delay is desired in order to sample the

comparator after the decay of the transient of the input pulses.

3. 3 Pulse Amplifier Circuit

According to the system organization described in Chapter II

this amplifier circuit must be designed to meet the following require-

ments:

1. The pulse signal input must be approximately 0. 7 V peak.

2. The pulse output must be approximately at 7-V peak, hence

the output gain is about 10.

3. The pulse repetition rate is about 1000 Hz. Pulse width is

4 micro second.

The micro circuit 1.1.A. 709A was selected to be used far this

purpose. The 1.1.A 709A is a high gain operational amplifier. It

features low offset, high input impedance, large input range, high

output swing under load and low power dissipation. To meet all of

the requirements listed above, the circuit diagram was connected

as shown in Figure 3. 9 below.
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10K n

-15V

Figure 3. 9. Circuit diagram of the pulse amplifier using micro-circuit
P.A709A.

Amplifier gain is determined by 10 K and a 1 K resistor,

where A =-. 10K/1K = 10. C1 and R1 are input frequency compen-

sating elements and C2 is the output frequency compensating

capacitor,

The frequency compensating elements are obtained from the

specification data as follows:

500 pf

15KO

20 pf

and also, at a voltage gain = 10 or 20 db, the upper frequency

cutoff is approximately 1 MHz.

C1 =

R1 =

C2 =
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3,4 Pulse Detector and Filter Circuit

A diode was used for the pulse detector circuit, and the filter

circuit was designed as a R-C filter as shown in Figure 3.10.

R= 15 Kcl

C = O. 5 C = 0. 5 pf

-10V Pulse
Negative
Input Signal

C-d 6V

Let R = 300K
L

Figure 3. 10. Circuit diagram of pulse detector and filter circuit.

The time constant of the R-C combination is chosen to be much

larger than the period of the carrier. As in this case the carrier

period is about 1 x 103 seconds. The time constant of R-C was

selected to be about7.5x10 63seconds. Let C = 0.5 x 10 Farad,

then R = 15 k ohms.

3,5 Power Amplifier Circuit

In this section the power amplifier circuit must be designed to

meet the following specifications:

I. Voltage input to the amplifier is a negative dc of approxi-

mately 6 V.
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2. The emitter current must be variable in the range of approx-

imately 300 mA.

The two stage Darlington emitter follower was used for this

purpose. It features very high input impedance, therefore the input

impedance of the power amplifier section will not load the output im-

pedance of the detector circuit. The circuit design is composed of

two high gain P N P power transistors. The load resistor of the last

stage was adjusted in order to make the current in the circuit approx-

imately 300 mA. Then R = 15 C2, and also Zin = 300 lat. The circuit

design is shown in Figure 3.11 below.

2NS142
PNP

f3=410

LE20
..-6VDC 13

Input

II 5mA

-=-

2N1536
PNP,

13;:,' 200

= 300mA

-15V

10.-20n

Figure 3. 11. Basic design of the power amplifier circuit.

3. 6 The Coupling Network

Refer to the characteristics of the comparator ii.A711 that is

actually used. It is seen that when a positive input pulse of 2 mV
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peak is applied to the input, the output pulse waveform will be com-

posed of the pulse of 0.7 V peak, and the dc level as shown in Figure 3,12.
J-41- --VP,-

_S.

2 rriV

T =1 x 10-3sec

411,s

0. V

DC= 2V

Figure 3, 12. The waveform of input and output of the comparator.

Input Pulse

Output Pulse

Therefore the R-C coupling network was used between the micro

circuit p.A711 and i_LA 709A, in order to block the dc level.

The R-C coupling network will act as a high pass filter. The

actual output waveform is shown in Figure 3. 13.

R (p,A709)
700K 0

R is > >R
in

Figure 3. 13. The equivalent circuit of coupling network.

R = 10K0
c
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Figure 3. 14. Pulse after transmit through the high pass R-C circuit.

For minimum distortion, the time constant must be selected

such that R C
c

>> t . In our case t is equal to 4µs.. Letc

R C = 401.1s, then choose R = 10k0, the C = O. 004 pf.c c c c
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IV. EXPERIMENTAL RESULTS OF
THE COMPLETE SYSTEM

4.1 Waveforms of the System

The circuit diagram of Figure 4.1 shows the complete details of

the system. The diagram of Figure 4.2 shows the complete closed

loop system.

Refer to the circuit diagram of Figure 4.2 the waveforms at

various points are shown in Figure 4.3 below such as the waveforms

of the input and output of the Hall generator comparator circuit and

also the voltage amplifier circuit. The purpose of the observation is

to show the advantage of the signal strobe technique, and the sampling

pulse of the system.

It is to be noted that Tektronix 551 oscilloscope with dual beam

and input X10 probe was used to display the waveforms.

4.2 Measuring Gain and Phase of the Open Loop

The purpose of the gain-phase plot is to determine the potential

stability of the system. The closed loop circuit diagram of Figure

4.2 was cut at the input of the power amplifier circuit to open the

loop. The point P is referred to as the input, and the point P as

the output of the open loop system (Figure 4. 4). The output of the

open loop system is terminated by a resistance of 300 K ohm, which
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Source
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Transformer Generator
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Figure 4.1. The complete detail of the system to be designed .
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Transformer
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.01
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Figure 4. 2. The detail of the circuit diagram show the closed loop system to be designed .

0 5µ,f



(a)

2. 3V

(b)

1'
20V

I

)

(a) Wave form of the primary winding of
the isolation transformer.

(b) Wave form of the pulse bias of the
Hall generator.

(c) Reference pulse wave form of the
comparator circuit,

(d) Wave form of the output pulse of the
Hall generator.

(e) The strobe output wave form of the
comparator.

(f ) The pulse waveform after the
compling network.

(g) The output wave form of the voltage
amplifier (11A709).

17tV

Cd)

15mV

(e)

0,7V

1

(f)

t

(g)

fi
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Figure 4.3. Wave forms of the system (refer to diagram of Figure 4. 2).
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P

20
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12V

1. 5mA 00
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input of dual beam oscillo-
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300K

Figure 4. 4. The circuit system of the system when the loop is cut to make an opn loop.
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is equal to the input impedance of the power amplifier circuit. The

input impedance is determined by the input applied voltage (6V) and

current of 20 p,A. Also a resistor R. (300 K) and a voltage source

12V are connected in series at the input of the power amplifier circuit.

In order to measure the gain and phase of the open loop a sine wave

voltage source was applied to the input of the system and the output

voltage was measured as well as the input. The input and output

waveforms are displayed simultaneously on the double beam oscillo-

scope. The waveforms were taken with a Polaroid camera at the

various values of the frequency response. Then the gain and phase-

shift are determined from the photograph. The characteristics of

the open loop gain and phase-shift are plotted in Figure 4. 5 and 4. 6

respectively.

4.3 The stability of the system

From Figure 4. 5 and 4, 6 we obtained:

1. An open loop gain at three Hz is 5 or 14 db.

2. The frequency at voltage gain of one is 60 Hz.

3. The frequency at zero phase shift is 250 Hz.

4. The voltage gain at frequency of 250 Hz is 0. 06.

5. Therefore the gain margin is 0.06 or 17.

6. The phase shift at frequency of 60 Hz is 940.

7. Phase margin is 940 .



14db

gain margin

= 1 17
0.06

10 13 20
Frequency -1. Hz

Figure 4. 5(a). Curve of the open loop voltage gain against frequency response of the system shown in Figure 4. 4.
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FrequencywHz
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I
50 100
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).
200 500

Figure 4. 5(b). Curve of open loop gain in decibel against frequency of the system shown in Figure 4. 4.
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Figure 4.6. Curve of phase shift against frequency of the open loop system shown in Figure 4.4.
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To graphically determine the stability of the system it is

necessary to show that the open loop gain is less than the unit, when

the overall open loop phase angle approaches zero.

In this system, the open loop gain is maximum at the frequency

of zero, at which the frequency is 180 degree out of phase. While

the frequency is increasing the open loop gain will be decreased, as

well as the phase angle. Until the frequency is 250 Hz, at which the

frequency is zero degree out of phase, and the open loop gain is 0.06.

Hence, it is seen that if the open loop gain is increased such as

by increasing the gain of the amplifier 17 times to make the open

loop gain equal to unity at a frequency 250 Hz then the closed loop

system will oscillate.

4.4 Approximate Open Loop Gain Calculation

The open loop gain can be obtained by approximate calculation

as follows:

1. The transfer ratio between the magnetizing current and

applied voltage is 300 mA/6000 mV.

2. The transfer ratio between the output voltage of the Hall

generator and magnetizing current (Figure 3. 6) is

15mV/300 mA,

3. Comparator gain (p.A711A) is 350 mV/1mV.

4. Amplifier gain (p.A709A) is 10.
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5. The detector and filter circuit gain is approximately 0.7.

Therefore the overall open loop gain is (1) x (2) x ( 3) x ( 4) x (5)

which is equal to 6.0 or 15.5 db at dc.

4.5 Anal sis of the Hi _h Frequenc Cut-off Based on the Detector
Circuit

Figure 4. 7(a). The detector circuit.

3001a2

Assume that diode has Rf = 1KSZ . The equivalent circuit of the

filter circuit may be drawn as shown in Figure 4. 7(b).

R1 = 11{0 1(R = 15S)
A 2eIV\oAAA/--

O. 5 pfliv

12

V2i
O.5p.f

R3

1501

Figure 4. 7(b). Shows the equivalent circuit of the
detector circuit.

Assume that output voltage (V
0 ) is one volt, then at node B,

12 = G3 + SC2. At node A,

V
1

= R212 + 1, 11 = 12 + SC
1

V
1

and

Vg V
1



R
1

(I + SC
1 V 1) + (R

212
+ 1)

= R212 + (SC1R1R2 + R2)1.2 + (SC1R1 +1)

(G3 SC2) (R1 + R2 +SC
1

R
1
R2) + (SR1C1 + 1)

S
2 (R

1
R

2
C

1
C2) + S[C (RI 1- R2) +R ICI +G 3

C
1

R
1
R2] +

G3(R1 + R2) + 1

T(S) = The ratio of output and input voltage

Hence T(S)

V
0

Vg

1

S2(R1R2C1C2) + S[ C2(R1 + R2) + R.1C1 +G3C112.1R2]

G
3
(R1 + R2) + 1

33

(1)

(2)

(3)

1

(4)
aS2 +bS + c

Where a = R1R C 1C

103 x 1 5 x 103 x (0.5 x 106)2 = 0.25 x 10 -5

b
2

(R
1

+ R2) + R1C1 + G3C1R1R2

= (0.5 x 106)(16 x 103) + (10 3 x0. 5x 10 6 )+

0. ix 10 6 x 15 x 106

150 x 103

9 x10-3 + 0.5 x10-3 + 0.05 x 10-3

9. 55 x 10-3

(5. 1)

(5. 2)



G
3

(R1 + R2) + 1

16x 103

150x103
+ 1 = lo 107

From Equation (4) T(jw)

Therefore

- 3db is 1

!T(jw)

1

(-aw2 + c) + (jwb)

1

-awl + c) 2
+ (wb) 2

34

(7)

T(jw ) at w 0 is 1

c , and IT(jw) I at wl is

x 1 It is possible to equate

1 1

c[2- -awl + c) 2 + (bw
1

)2
1

or 2c2 ( -awl + c)2 2+ (bw )
1 1

Let w2
= x, and solve for x

1

a
2

x2 + (b2 - 2ac) x c
2

= 0

Substitute the values of a, b and c from Equation (5) into

Equation (10), we obtain

(8)

(9)

(10)

6.25 x10-12x2 + 85.67 x10 -6x - 1.225 = 0 (11)

Let 106x = y,

into Equation (11)

or x 106y, and substitute the value of y

6.25y2 + 85. 67y - L285 = 0 (12)



Solve for y, we obtain y 0.0156.

Therefore, x = 0.0156 x 106, or 1.56 x 104

w1 = 11.56x 104

1.207 x 102

fl
1
20

ri-

7
19 Hz,
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(13)

It is shown that the upper frequency limit or the first break fre-

quency of the system obtained by calculation, based on the detector

circuit is 19 Hz.

4.6 Analysis of the High Frequency Cut-off Based on the Inductive
Load of the Power Amplifier Circuit

The inductive reactance of the C-core magnet is also limit the

high frequency current of the power amplifier circuit. Therefore the

frequency cut-off or the second break frequency based on the induc-

tive reactance can be obtained by the calculation shown below.

Figure 4. 8 (a). The power amplifier circuit

R '".=--1 16 0

mH

Figure 4. 8 (b). The equivalent circuit of
the second stage of the
power amplifier circuit
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The inductance of the C-core magnet was measured directly by

the impedance bridge. The value of the inductance obtained is about

23 mH. Referred to Figure 4. 8(b), ZL = RL + sL.
V

And I =
o ZL

I
o 1

Vo (RL + sL) (14)

Let T(s) is the ratio of the output current (I
0

) and input

voltage (V
0

), therefore,

T(s) 1

R (1 + Ls )RL

(1 5)

Substitute the values of

T(s)

T(s)

T(s)

RL and L, then

1

(16)

(17)

-
O. 02316(1 + s)

1 6

1

16(1+0.00143s)

(1 + T s)

Therefore the cut-off frequency based on the inductive reactance

of the C- core magnet is 1

T2

Figure 4. 5 shows the Bode plot of the frequency response by the

radian/sec which is equal to 110 Hz.

calculation.

4. 7 Investigation of the Limitation of the System Performance under
the State of "Maintain a Constant Flux"

In this section the purpose of the investigation is to obtain the
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limitation of the circuit configuration, while the system is actually

maintain a constant flux. Based on the circuit diagram of the closed

loop system shown in Figure 4.2. The magnetic flux that is to be

kept constant is proportional to the gain of the system. And for the

comon feedback loop, it can be written as:

AI
Elo A
Es 1-A(3 (18)

Where Al is the gain of the system with feedback and A is the

system without feedback, also 3 is the feedback factor.

dA' (1 - A(3) dA + Al3 dA

(1 A(3)2
A dA A

_ (1
- A13) A

+ (1
- AP)

(1 -PAp) dA

dA' 1 dA
A' (1 - Ap)

d
A

A and A' are proportion to the flux :0 and 41) '

respectively, (flux 4 is the flux without feedback, and flux

is the magnetic flux with closed loop feedback). And from Figure

4.5, Ali is 14db or 5 (open loop gain which is 180 degree

out of phase) then

1 d4
6 41

d(t)Thus the percentage change ' in the feedback closed loop

1system is
6

as large as the internal percentage change in the

of the open loop system.
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V. CONCLUSION

In this paper, a method of designing a circuit to generate and

maintain a constant flux is described. The results show that the

system is stable and that the system gain is low. It does show that

the strobe comparator reduces the effect of pulse differences, as

discussed in the transient waveform section.

The upper frequency limit of the system (f
1)

is approximately

13 Hz. This is obtained from the -3db point of the gain plot. The

main cause of the limitation comes from the detector circuit because

the diode, the capacitors and the resistors of the detector circuit act

as a low pass filter circuit. The value of R-C combination is designed

to be a compromise between the frequency of the sampling pulse train;

and the upper frequency limit of the system. If the value of the time

constant of the R- C is increased, the upper frequency limit of the

system is decreased. Or if the time constant of the R-C decreased

the ripple of the dc filtered will be increased. Therefore, the reason

to increase the upper frequency response is to increase the frequency

of the sampling pulse.

The other cause of the high frequency limit comes from the in-

ductance of the magnet itself. By calculation the second break fre-

quency is 110 Hz, which nearly corresponds to the value obtained by

the experiment. The break frequency (f 2) can be increased by
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decreasing the value of the load resistance of the power amplifier

circuit, or the other method by using a compensating network.
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APPENDIX A

Design of Divider Network for Reference Signal

2 3VPP

0
= 17 mV peak
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Figure A. 1. Divider network for reference signal.

The ratio of output and input voltage (Vo/Vi) = 17/2300

Therefore, the output voltage (V
o) = V

i
R

2
/(R

1
+ R2)

Choose R1 = 20 K ohm, then R2 may be computed as

= (R1 + R2)V0/Vi

= 17(20, 000 + R2)/2300

130 ohms

Therefore R2 is selected as a carbon resistor that can vary

from 0 to 200 ohms, where RI is 20 K ohms carbon fixed

resistor tolerance + 5%.


