CHAPTER III

DESIGN OF REGULAT(R SYSTEM

The first step in designing the regulator system is to evaluate
types of regulator that meet all the requirements specified and then choose

the most economic one.

As stated in the preceding chapter that the SCR type voltage
regulator is the most economic type of selid state voltage regulatqr
when the regulator output rating is high, the SCR type voltage regulator
will be chosen for this work where it will be used in composite with

alternator that require a high rating regulator.

(3)

3.1 System Block Diagram

The basic principle of the SCR type voltage regulgtor for alter—
nator is similar to the DC power supplx voltage regulator. Thg function
of this system can be arranged into six basic circuits as illustrated in
the block diagram of Figure 3.1 . There are sensing circuit, comparison
or error detector, error amplifier, firing circuit, power controller and
stabilizing network. In many cases, a single transistcr_ur stage func—

tion as both the comparison element and error amplifier,
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Fioure 3,1 ¢ Veltage Regulater System Bleck Diagram

31,1 Sensing Gireult
< The sensing circuit senses .tha alternater Farminal
voltage. This veoltage is reduced to a proper value by means of a poten—
tial trensformer, The reduced voltage is rectified and filtered .and tha
resultant DC signal is fed to the comparison stags. The sensing cirouit
salectad for tl-zf.i design consists of a potential transformer T1. a mﬁ.-'
fier bridge which is composed of D1 to [)4 and a siqia L= section LC

filter circuit as shown in Figurs 3,2,

T
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Figure 3.2 3 Sensing Circuit

3.1.2 Comparison and Exror Amplifisc
A single transistor stage as shown in Figure 3.3 was chesen

for the comparison and error amplifier stages.
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Figurs 3.3 : Compariaecn and Error Amplifier Stage
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This stage takes a sample voltage from sensing circuit to
compars with the reference voltage and producks- a signal that is propor—
tional to the difference between the sampled voltage and the reference

voltage., This signal is amplified and fed to the firing circuit.

The variable resistor A, was provided for adjugting the
alternator voltage. When the resistor is adjusted for its maximum resis—
tance, the minimum alternator voltage will be obtained and on the contrary
the maximum altermator voltage is nhtained with the minimum resistanca,
Resistor Ra was provided to vary tha limit of Hg. Normally Ha is set to
provide ﬂ2 with an adjustment range of + 100 of nominal voltage of the

alternator.

3.1.3 Eiring. Circuit

The firing circuit interprets the signal from the error
amplifier and makes an adjustment in firing time necessary to fire the
SCR at a proper angle. A transistor-contrelled variable freguency uni=
Jjunction transistor relaxation oscillator as illustrated in Figure 3.4

was chosan for the firing circuit,

Transistor @, acts as a variable resistor which resistance
varies inversely with input signal to its base. The UJT oscillation
frequency is determined by the values of its emitter capacitor (CS) and
its emitter resistors (A,g, A,. and internal resistance from collectoer
to emitter of the transistor @,). This oscillation frequency or perind

can be determined diractly from equation 3.1 (4)



Figure 3.4 3§ Firing Circuit
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Where C_. ¢ emitter capacitance [See Fig. 3.,5) [farad)

t i peried of pulse = 1/frequency {sad.] _
emitter resistance of the UJT [sealFig. 3.5) [etm)
V__ 3 DC supply voltage (velt) '

V_ 3 initial chearge voltage (volt) = v,

v_ 3 final charge veltage (volt) = Vo

The escillation or output pulses period of the UJT is long when
the altermator is at no load condition and will become shorter when the
load on the altermator is increased,



It is most practical to start the design of UJT relaxation
oscillator circuit by selecting a trial value for emitter resistance

RE rather than for emitter capacitor CE. This is because qE must mest

certain conditions for the oscillator to opsrate properly. If HE is too

large, the UJT will never firs; if R_ is too small, the UJT will not turn

E
off. These conditions can be explained by means of the emitter charac—
teristic curve of Fig.3.5 ( This .cuwe is not drawn to scale in order to

have more detail)
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Figure 3,5 ; UJT Emitter Characteristic Load Lines
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Selecting Emitter Resistor (HE). The emitter capacitor Ce
will charge until the emitter voltage is equal to the peak=point voltage
Vp. ‘At this point the emitter current is peak=point current Ip, and in
order to fira the UJT, the value of Rg must be small enough to allow a
current somewhat larcer than Ip te flow, Thus RE nust be small enough

to keep the UJT in the negative resistance region, RE must, therefore,

meet the requireuont spocified in equation 3,2‘d]

Vee S5 r
s:‘E :S. ——I-—— =HE (m\(] LA N N R R ‘3'2)
P
Where I, : peak-point current (amp.)
R- : emitter resistance (ohm)
Vegt: DC supply voltage (volt)
Vp : peak—point voltage (volt)
v) I
vp = VD"' (VEE PP EResAERERNeNRNERREREETRRERRERO N ,.3 3]
Vp : emitter dicde forward voltage (volt) & 0.6

? t+ intrinsic stand=off ratio

By keeping Rg smaller than R_ (max), the UJT will turm ON, and
CE will discharge through the-zmdtter of UdT, However, if HE is too
small, and an emitter current larger than the valley current I, flows,
the UJT will not turn OFF. Under these conditions, the UJT will
attaining a stable operating in the saturation region. The minimum value
of HE that can be used in order to essure oscillation is set by the

condition given by equation 3.4 (SJ
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V_ = V
H-E' EE » =R (min) SesssescresNNERERERRRRUNE NS (Sia)
E T E
v
Where A_ : emitter resistance (ohm)
Vgz ¢ DC supply voltage (volt)
V, & valley voltage (volt)
I, : valley current (amp)

Selecting Base 1 Resistor (HBT)' The primary function of Rgy

for this application is to provide a path for the interbase current,
Such a path is necessary for the firing circuit to prevent current from
flowing through SCR's gate, which can cause an undesirable turn on of
the SCR. Generally, if the UJT oscillator is to trigger an SCR from an

r.--
output pulse across Ha1, the value of H81 can be datermined by equationB.S*a)

Agy # 0.2.x rBa{min] e N e [3.5)
VEE
Where R,, : base 1 resistance (ohm)
Pgg ¢ UJT's interbase resistance (ohm)
’UEE : DC supply voltage [volt)

Selecting Base 2 Resistor (HBZ)‘ The function of Ry, is to provide

temperature compensaticn, Practically all UJT characteristics are
temperature dependent, some more. than others. The interbase resistance
and emitter reverse current increase, whereas the pesak and valley voltages
(and currents), the intrinsic standoff ratio, and the junction diode drop

decrease with increasing temperature.
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If RBQ is properly selected, the peak=point voltage Vp can be
made to vary less than 1 parcent over a 50°C temperature variation.

Practically HBE is chosen from the equaticn 3.6 (s)

0.7 x rgg (1 -—17) Ry,

R é + TCes s sRERNERESsIRNRERERSE " ra.a)
B2 - . L
7 Ve 7

Where HBZ : base 2 resistance {chm)
rgg ¢ UJT's interbase resistance (ohm)
VEE ¢ DC supply voltage (volt)
T? : intrinsic standoff ratio
H81 : base 1 resistance (nhm)

3.1.4 Power Controller

The power controller stage interpret the signalling pulse
from the firing circuit and makes an adjustment in the alternator field
current to a proper value. A typical well=known singlephase half controlled

bridge with flywheel diode circuit shown in Figure 3.6 had been employed.

The flywheel diode D12 was added to allow current to flow after
the SCR had switched to a non—conducting state, thus preventing high
voltage transients from appearing across the main field winding, For this
design, an additional simple suppression circuit composed of capacitor
05 and resistor H11 had been combined into the bridge circuit in order

to reduce wavefrom distortion created by the operaticn of the SCRs.
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Figure 3,6 3 Pewer Centrellsr Stage

The diedes D,~ and D werse alsg presented in the circuit to

10 11
rectify tha rasidual vdltaga from altermator during the volta'ﬁa

A build=up period., This is because in this period of operation both SCARs
are in a non—conducting stats, After voltage has built up to approxd=
mately 75 percent of nominal rated voltage, the reday cuﬁbact K.l
opans to cut these diodes out of this functdon, putting the SCRs into

operation,

3.1.5 Stabilizing Network. ) The stabilizing cirouit provide
stdble operation of the regulator under all operating conditions, It
consists of RC stabilizing network as shown in Figure 3,7 which énjects
a stabilizing Qigml from the power stage to the error amplifisr to

prevent oscillations (hunting).
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During a change in load on alternator the feedback

voltage changes and thus causes a current to flow through capacitor 83

and resistor Rge This current serves as negative feedback to the system

to provide stable condition as quickly as possible during load changes,

' -.ml“ to error amp,

Figure 3,7 : Stabilizing Network

3.2 Initial antggg Build-uUp

The simplest way to provide an initial voltage build=up from
altarnatlor' ras:l‘dual flux is accomplished by using a normally closed
con'tact relay to pm_v:l.de a current path around the control rectifiers,
tc allow the altemator residual voltage to be cqnuartad to DG by ‘
conventional rectifier diodes and apply to the exciter or aiuma};o;-

field dirsctly., When thes alternator output voltage reachss approximatsly
75 9, of rated voltage, the relay pulls in, removing the conventional
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rectifiers, thus allowing the siliccon controlled rectifiers to reculate

the alternator output voltage,
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