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Chapter 21

Example of gating pulses on SCR condition
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Chapter 21

Circuit Operation
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Angle or time interval Explanation of circuit operation

zero to 0, Although the anode is positive, conduction is impossible because the gate voltage is zero. The
thyristor behaves like an open switch.
angle 0, Conduction starts because both the anode and gate are positive.
0, to 180° Conduction continues even though the gate voltage has fallen to zero. Gate pulses have no

further effect once the thyristor conducts. The anode to-cathode voltage drop i1s less than 1.5 V;
consequently, we can consider that the anode and cathode are shorted. The thyristor behaves like
a closed switch. ;o
angle 180° The thyristor current is zero, conduction ceases, and the gate regains control.

180° to 360° Conduction is impossible because the anode is negative. Although the gate is triggered at angle
85, it produces no effect. The thyristor experiences an inverse voltage during this half-cycle.

360° to 540° Conduction starts at 6, and ceases again as soon as the current is zero. The gate pulse is delayed
more than during the first positive half-cycle. Consequently, the anode current flows for a
shorter time.

720° to 900° Conduction starts at angle 85, but the resulting anode current is very small because of the long
delay in firing the gate.
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Chapter 21

Natural commutation vs forced commutation
Stop commutation by:

1. Reduce dc supply voltage to zero

2. Open load circuit via switch

3. Force anode current to zero
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Chapter 21

AnPower Convertero converts
to another frequency (including DC) and may be

rectifier, inverter, or rotating machine

Six most common circuit configurations

FABLE 21D SOME BASIC THYRISTOR POWER CIRCUITS

Circuit No. Thyristor circuit Typical applications

1 Controlled rectifier supplying a passive load Electroplating, dc arc welding, electrolysis

2 Controlled rectifier supplying an active load Battery charger, dc motor control, dc
transmission line

3 Line-commutated inverter supplying an active ac load  AC motor control, wound-rotor motor speed
control, dc transmission line

4 AC static switch Spot welding, lighting control, ac motor speed
control, ac starter

5 Cycloconverter Low-speed synchronous motor control,
electroslag refining of metals

6 Three-phase converter High-voltage dc transmission, synchronous mo-
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Reactive power due to
lagging current due to
lagging gate firing
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Rectifier i Passive load
(no source of energy in
load)
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Chapter 21

RMS Voltage not linear with conduction angle
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Chapter 21

Rectifier i active load (load has energy source)
Peak current = amp*seconds / inductance
Apparent and real power flow to load
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Chapter 21

Line commutated inverter i active load (load has
energy source, note polarity)

Peak current = amp*seconds / inductance
Apparent power to load, real power to source

DC to AC conversion
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Chapter 21

Line Commutated Inverter i

DC to AC real power conversion

Forced Commutated T commutation by current
reversal within power bridge

Line Commutated T Commutation current
provided by line.

Due to polarity of Ed, Power flows to source.
Source side voltage must be present to
provide needed VAR
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Chapter 21

AC static switch T back to back SCRs
Reactive power draw
%mse anale. zero fired. on/off
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Figure 21.33 f\
a. Electronic contactor. @ \@/
b. Waveforms with a resistive load.
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Chapter 21

3 phase, back to back
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Chapter 21
3 phase hybrid
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Chapter 21

Voltage Doubler
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Chapter 21

Inside Delta 1

Id = 58% | line

Ploss = 58% of in line device
PIV = 173% of in line device
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Chapter 21

Cycloconverter i Fsource > Fload
Each successive sinewave delay angle adjusted
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Chapter 21

3 phase, 6 pulse, converter 1
If Eka (+), rectifier, if Eka (-), inverter
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Chapter 21
Note Source / Load Voltage polarity
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Inverter mode (see Fig. 21.36)

Rectifier mode (see Fig. 21.36)
a. Q1 and Q5 conducting.
b. Q2 and Q4 conducting.
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Chapter 21

3 Phase, 6 pulse rectifier T to active load
Vd=1.35*V *cos a

Ed > Eo for current flow, Ed < Eo zero current flow
Id=(EdT EO)/R

3-phase 3-phase
—r———!  Trans-
former

line
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Chapter 21

Trigger point critical T
Trigger late, reduced output,
Trigger early, no conduction

(0]] Q2 Q3 Q4 Qb5 Qa6 0]
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Y \ y J Figure 21-40a
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Chapter 21

Delayed trigger 1 rectifier mode
Increased delay angle, reduced Ed
Conduction angle still 60°

Each thyristor still conducts for 120°

\ Qz Q3 Q4 Q5 Q6 Q1
, fu;es fires fires fires fires fires fires
a=15° Uo .
Figure 21-40b
as, a6 |36 Q1 =Q1, 02 =02, Q3>+-Q3, Q4-~+-04, Q505 Q6 Dglay angle: 15°.
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nae| K I | !
; \ [
£y
1304 E
0 A J

NN N 20\, 1/8\0J\ Sab A 3 420 48

UNIVERSITY OF : : .
-l SOUTH FLORIDA Electric Machines and _Drlves
POLYTECHNIC Thomas Blair, P.E.

(tom@thomasblairpe.com )




Ed=1.35E cos a

Chapter 21

Excel Spreadsheet showing calculation

Also available on web page
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Chapter 21
Ed=1.35E cos a

Ed = dc voltage produced by the 3 phase 6 pule
converter (V)

E = effective value of he ac line to line voltage (V)
a = firing angle (degree)

Note: if Ed < Eo, Id forced to O T Forced
commutation mode i Important mode to LCI drive.

UNIVERSITY OF : : .
-| SOUTH FLORIDA Electric Machines and _Drlves
POLYTECHNIC Thomas Blair, P.E.

(tom@thomasblairpe.com

)




Chapter 21

1 Qi Q2 03 Q4 Qs Q6 Q1
C O n d u Ctl O n 8y fires fires fires fires fires fires fires
| | Y Y \ / Figure 21-40d
O Q5, Q6 [«—a = 75°—={«Q6, Q1+{+Q1, Q2-=1+Q2, Q3-+{«03, Q4-==04, Q5—+{=05, Q6+~ Delay angle: 75°.
an g I eS Of 45 conducting conducting |conducting{conducting |conducting{conducting|conducting

and 75°

o f_(211 f02 Qs Q4 Qs Q6 Q1
o ires ires fires fires fires fires fires
Figure 21-40c
Q5. Q6 i oa,m—-—Lr_u,ez—-Lez Q3 Y. 03, 04-Yo04, 0505, 05 Dgfa‘y' angle: 45°
conducting conducting|conducting|conducting , : .
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Example 217

The 3 phase converter of Fig. 21.39 Is connected to
a 3 phase, 480V, 60 Hz source. The load consists
of a 500V dc source having an internal resistance
of 2W. Calculate the power supplied to the load for

trigggering delays of (a) 15° and (b) 75°.
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Chapter 21

Delayed Trigger T Inverter Mode
Note Polarity of Eo and Ed

|=(Eoi Ed)/R
, | ® @
<i‘ ., i[T a1 iJI h3 i51 k}s
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Chapter 21

Inverter mode, 90° <a < 180°

Eo > Ed current flow, Ed > Eo, zero current flow
Power flow to source

Q1 Q2 Q3 Q4 Q5 Q6 0} ]

to fires fires fires fires fires fires fires
y Y ¥ ¥ y Y Y
Q5, Q6 a = 106°—<—Q6, Q1—+=-Q1, Q2—+{=Q2, Q3—+~Q3, Q4—+1+0Q4, Q5—+{=Q5, Q6+
conducting conducting |conducting|conducting|conducting|conducting |conducting
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Chapter 21

Firing Angle - one cycle .
tvpicallv 15° to *forbidden firing firing zone forbidden firi
yp o y zone (for Q1) —?ﬂ_ for Q1 zone (fr;‘r (i)";r)lg
165° to ensure o= 15° a=go°'a= 165°
./ L/ L/
8o rectifier inverte[

controlled firing
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Chapter 21

MG set with Vdc out
Current unidirectional
Vdc magnitude /
polarity tied to phase

angle D
. . K
Ripple increases as ) P
Vdc decreases lcontrolj (¢
Vdc = Ed + ec(ripple +
( PP ) 3-phase © @ ________________ Eq
line 4
-0 A
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Chapter 21

3 phase converter in rectifier mode
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Chapter 21

3 phase converter in inverter mode
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Chapter 21

Real Power flow either direction 7 reactive power

always absorbed
No Electric isolation like MG set would provde (without

Isolation xfmr)
Qi Q2 Q3 Q4 Qs (0]3] Q1 Q2 Q3 Q4

By fires fires  fires fires  fires  fires  fires fires  fires  fires
o= L ,‘{ ,V. 1 _Y N ¥ Y —\r‘ j
Qs5, Q6| 45° (0B, Q1/Q1, Q2|Q2, 03|03, 04|04, as|os, asias, a1]a1, 02[Q2, a3

conducting
1414 E
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Chapter 21
Current flow: 1=S(2/3) Id =0.816 Id
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