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e 21-60

nstantaneous commutation in a rectifier when a = 45°

-

see Fig. 21-58)

— 120° —=1 u

1

1

Q3
conducting

0° —=f+— 120° —

—T

e

conducting

Q5

e

commutation
overlap

Q3

~ conducting

— e

Q5
conducting

wmam conditions with commutation overlap of 30°,

Oiing Current.waveshapes in Q1, Q3, Q5.

21.34 Commutation overlap

We mentioned in Section 21-9,. that the cur-

,83 In a three-pulse rectifier cannot switch
iInstantaneously from one diode to the next.

ne commutation process takes time and this
IS also true for thyristors. Thus, in a six-pulse
converter, the commutation from Q1 to Q3 to
Q5 is not instantaneous ( as shown in Figure
21-58), but is more like that shown in Figure
21-60b. .

The transfer of /4 from-one thyristor to the
next I1s etfected during the so-called commu-

tation overlap period, defined by angle u. The
amount of overlap varies with the current /4. At
full load, u lies typically between 20° and 30°.
At light load it can be as small at 5°.

~ On account of commutation overlap, the
current in ‘each thyristor flows for a period of
120 + u degrees instead of 120°, as we have
assumed so far. The commutation overlap
modifies the waveshape of Ek, but we do not
have to examine this aspect of converter
behavior.

The commutation overlap delays the cur-
rent buildup by angle u. It also delays the
current cutoff by the same angle. Owing o
these delays, the effective firing angle 1Is
somewhat greater than . This reduces S,m
power factor of the converter in both the recti-
fier and inverter mode.” It also reduces the
average dc voltage £ge- .

c,;,
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Figure 21-61 o
Waveshape of i, in thyristor Q1 iotal .
Total reactiv
for 2 delzy mum_m a. The extinction
mnm,m ¥ permits Q1 to establish jts ) AE&Q | lio
olocking ability before the critical .,
angle of 300° is reached. At 300° ~ u_
the anode of Q1 becomes
positive with fespect to its —
no..mm_._aa_m.. The figure also shows | __
" relaionship between angles . g . , &
TP YanCu LHT | ,_nllllimonlllll
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21.35 Extinction angle
We have se
en that when z
.. : co
in the inverter mode it ic o el OPerates In the c3

. , LIS very i
Because the current i : = 180°

iN an . rathe

for 120°, the conducti aeal inverter llowsg sh "han by the angle of delay o It is ¢4
befo ion must also ces ow ~3m~ the f : y & ,
ﬁmmnwm hrm._.m:@_m of (180 + 129 awmmmm Detween the . Ollowing rejationships
ed. The interval b -~ U™ is OmMmutat; e &

.. Elween dangle 10N angle u, (ng

comm - the ¢ a, th ;
mab\m_“mh_q_m: mmm 300° is Called the mxmhm\.ﬁ €xtinction mzm_mmwm_m of advance B an

permits -:ﬁmwo_‘ %“ - The €xtinction an w: E

ability before | 10 recover its prmors. - B=180-4
. - Or€ s anode (1) 5. OCking B=, (214
POsSitive with respect gain Umooamm +Y 94-
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Waveshape of ¢, in thyrnistor Q1

for a delay angle a. The extinction

angle y permits Q1 to establish its
blocking ability before the critical
angle of 300° is reached. At 300°
the anode of Q1 becomes

positive with respect to its - a

cathode. The figure also shows 8
. : fe——— 180

the relationship between angles

o B, yand w

21.35 Extinction angle

We have seen that when 3 converter operateg
in the inverter mode. it is very important tha
conduction be initiated prior to a = 180°
Because the current in an ideal inverter flowg
for 120°, the conduction must also cease
before the angle of (180 + 120) = 300° ig

reached. The interval between the end of

commutation and 300° js called the extinction

angley (Fig. 21-61). Th NGt

permits thyristor O1)to reecoevx;rn;gogloangle
abylfty before its anode (1) again be
Positive with respect 1o the cathode ;omes
value of vy lies typically between 15¢ and éozhe

CKing

R 120° ———u

Q1
conducting

In the case of an inverter, we often
the firing instant by the angle of advan
rather than Dy the angle of delay o. It s ed
show that the following relationships
between the commutation angle u, the®

angle a, the angle of advance p a!
extinction angle vy :

B=180-q (21'.’?4;
[3 =l +Y (QFH

(RESISTIVE Loapy
Converter A Converter B - e
ITEMS 3ph, 6-pulse 3 ph, 6-pulse —
+ free-whee| diode half bridge
m angle (c) limits 0 to 90° 60° to 120 80 1 T
o output voltage (Eq) 135 Ecosa 135¢ (1 = cos(120 - a)) 0.675E (1 + cos A
gsplacement angle (¢q) . 30 + a/2 a/2
oF (displacement) = COS &g COS « Cos (30 + w/?2) 008 «/?
offective line current (/) 0.816 /, ls V(120 = )90 [, Y (180 - & /180
rolal apparent power (S) El V3 El V3 El V3
Tolal active power (P) Eglq Eqly Edl,
Total reactive power (Q) P lan g P tan ¢, Plan &,
PF (total) PIS P/S P/S
PF (distortion) PIS COS gy PIS Cos ¢y PIS COS dg
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Variable

Fixed frequency
frequency AC
AC

In the inverter section, three approaches are used to convert DC to adjust-
able-frequency AC. First, the variable-voltage inverter (VVI) takes input
power in the form of an adjustable DC source. This source presets the input DC
voltage to provide the required output voltage amplitude from the inverter, In
one type of VVI, a phase-controlled bridge rectifies the incoming AC voltage
The volts/Hz ratio is kept constant by changing the amplitude of the rectified
DC as the frequency is changed. A second type of VVI replaces the phase-
controlled rectifier bridge with 2 diode bridge and 2 DC regulator or chopper.
This system, therefore, has a rectifier that is divided into two parts: the diode
bridge, which converts fixed frequency AC to a constant voltage DC, and the
regulator or chopper, which changes the constant DC voltage to a var'ia ble DC
?oltage. Normally, the VVI drives lack the ability to apply re Ve .
ing. OF the ¢ _ _ | generative brak
ing. O ypes of inverter drives, the VV] drives are the o '
struction, used in industry for applicati g mpiest in con-
plications up to 400 HP.

cune:ixesoc::;;ené;ource tnverter (CS]) tgkes input power for an adjustable
, not a rce, as in the VVI Except for the current

in construction to th .
.,F?”_?_ _%Pply regenierative braking Lo a motor ; R & C81 drive,

lse-width modulated (p WM

11-2.3 Variable-Voltage, Variable-Frequency Control

This type of induction motor speed control uses z circuit called zn inverter. The
puUrpose of the inverter is to control the speed of the motor by adjusting the
frequency. To produce a constant torque for the motor, the inverter drive must
weep 2 constant V/Hz ratio. The way in which the inverter adjusts the fre-
guency and voltage is determined by the particular type of inverter used. The
yariable-voltage, variable-frequency drive will be discussed first.

The variable-voltage, variable-frequency inverter is zlso known as 2
voltage-fed inverter or, simply, as a variable-voltage inverter (VVI). The VVI
can be further broken down into two types: six-step (quasi-square wave in-
verter) and pulse-width modulated inverters.

Six-Step Inverter Figure 11-7a shows the power circuit of a three-phase
inverter. A three-phase bridge rectifier converts AC to DC. The output voltage
of the rectifier section is varied by a DC chopper. A thyristor chopper is prefer-

stant DC voltage from the rectifier, which is then applied to the inverter. This
type of inverter is called voltage fed because a large filter capacitor provides
stiff voltage supply to the inverter.

The inverter output voltage wave forms are not affected by the nature Qf
the load. Figure 11-7b shows another way to vary the input voltage. In this
method, the uncontrolled diode rectifier and the chopper regulator are replaced
by a phase-controlled bridge rectifier. The principle of the variable-voltage,
variable-frequency speed control method is shown in Figures 11-8 a‘nd 11-9.
* The motor used in this drive has a low slip characteristic that improves
efficiency. The speed of the motor can be changed by simply varying its syn-
chronous speed. Varying the inverter frequency changes the synchromuﬁs
speed. As the frequency is increased, however, Fhe machine air gap ﬂ_u.r lt'fe.ll.-::i
causing low developed torque capability. The air gap ﬂgx can be maintaine
constant, as in a DC shunt motor, if the voltage is varied with frequency so
t 1o remains constant. |

. ?iig:f;mll—-ﬁi shows the desired voltage-frequency I‘Elat‘r-OFjShILP ;’f ;;z
motor. Below the base frequency, the air gap flux 1s kept constant Dy
constant V/Hz ratio, which keeps the torque constant. Ata very low frequeng}_f,
the stator resistance is greater than the leakage inductance. Tq counterltt is
effect. additional voltage is applied. At the base frequency, the 1fnput VO ai?
regulator establishes full-motor voltage. Beyon_d this po%nt. as rﬁgqe;;); 5
Creases, the torque decreases because of loss of air gap flux. Frc;lrné 1515 Figuré
the machine operates in a constant horsepower mode, :a:js sho torresponds
11-9. In the constant horsepower mode, each tDF‘Que'SP‘;e Cu;;?ne oy
'0 @ particular voltage and frequency combination at the ma
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cectifier 1 inverter 3 ? _f'VEV'\ 23‘9 Pulse width modulation P
*’“ i’ii I i ; The frequency converters discussed so far cre- Th :
ate substantial harmonic voltages and cyr- _e”pulse_ widins and pulse Spacings are
; H J ol ents. When these harmonics flow in the ﬁzei;:ni des;tgned S0 as 10 eliminate the low- C
- ~ ' [ . Y vV = Tel= : n -
Iphase 2 ) o e windings, they produce lorque pulsations that E,thq and ;/Ihoh - hﬁirmonfca,lsucn Cnhiags o
line ;' are superimposed on the main driving torque. '“uc:h b 1&;;20?155;; The higher harrnomcs,
The pulsations are damped out at moderate ;pr'auﬂp ”;Ee o 9th, eg-_... drs unimportant
& : - -l , cCause e dam s .
and at high speeds Owing to mechanical inertia cally and ‘-‘*legtrir*an acffh ;JL:L; olt;mmecham
| | However, at low speeds, they may produce i << . SUCN pulse width modula {

Figure 23-19
Speed control by pulse width modulation.

12° = o

)
24 60 90 120 156180
T -

Figure 23-20a
Voltage waveform across one phase,

6% —f foe

control settings

limit settings

gate o

triggering
' processor _f—

E‘-"f'[‘:rﬂ:'st' NGuLe

considerable vibration. Such torque fluctua-
lions are unacceptable in some Industrial appli-
cations, where fine speed control down to zero
speed is required. Under these circumstances.

ihe motor can be driven by pulse width modulz-
fon techniques.,

To understand the technique, consider the
witage-fed frequency converter system shown
nFig. 23-19. A 3-phase bridge rectifier 1 pro-
juces a fixed voltage E, which appears essen-
lally undiminished as E, atthe input to the self-
commutated inverter 2. The Inverter s
liggered in a special way so that the output vol-
lage is composed of a series of short positive
pulses of constant amplitude, followed by an
equal number of short negative pulses
IFig. 23-20a). The pulse widths and pulse
*pacings are arranged so that their weighted
derage approaches a sine wave. The pulses
45 shown all have the same width, but in prac-
ice, the ones near the middle of the sine wave
'€ made broader than those near the edges.
% increasing the number of pulses per hall
“ycle, we can make the output frequency as low
% we please. Thus, to reduce the output fre-
quency of Fig. 23-20a by a factor of 10, we
Nerease the pulses per half-cycle from 5 to 50.

lion produces output currents naving very low
narmonic distorsion. Consequently, torque
vibrations at low Speeds are greatly reduced.

In some cases. the Output voltage has to be
reduced while maintaining the same output fre-
quency. This is done by reducing all the pulse
widths in proportion to the desired reduction in
output voltage. Thus. in Fig. 23-20b, the
pulses are half as wide as in Fig. 23-203,
yielding an output voltage half as great. but
having the same Irequency. We can therefore
vary both the output Irequency and output
voltage using a fixed dc Input voltage. As a
result, a simple diode bridge rectifier can be
used to supply the fixed dc link voltage. The
power factor of the 3-phase supply line is
tnerefore high.
- Regenerative braking can be achieved. but
during such power reversal, current [sreverses
while the polarity of £, remains the same. Con-
sequently, an extra inverter 3 has to be placed
in reverse parallel with rectifier 1 in order to feed
power back (o the line (Fig. 23-19). Reclifier 1
IS automatically blocked while inverter 3 is in
operation, and vice versa.

Pulse-width modulation is effected by

computer control of the gate triggerng.

I
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gss.o:mnm the Motor A block diagram of an AC motor speed controller is
”mé..ﬁ In Figure 11-10. The system receives a nominal AC input voltage that
““nverted to a variable DC output voltage. The output voltage is applied to a
”_.O_Smm-oo:?o:mm oscillator that, in turn, produces a frequency proportional to
_wwoo Power supply output voltage. The output of the ,_.o:mmm-oozqo:ma ﬂmo:-
‘15 then used to drive the six-phase logic that will provide properly-timed
lseq Outputs to the optical coupler, buffer drivers, and power inverters.
Figure 1117 shows a simplified six-step inverter diagram that will be
S o show the proper switching sequence. Each of the switches shown In

)
gws.m 11-11 is actually a transistor or thyristor. The output ,_d:mmﬁ and
it for a resistive load (connected 1n place of a motor) 1s shown i1n Figure

it Ww. The current wave forms consist of six distinct steps when the switches
Op

e

erly Sequenced—hence, the name six-step.

10

2L —




FIGURE 11-12 Switching sequence gynchrograrm
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FIGURE 11-14 Six-step inverter synchrogram

sure 11-12 shows that at any time three switches (transistors) are
one 1s conducting in each leg of the bridge, and the successive legs
d with delays of 210°. As shown in Figures 11-13 and 1114, tran-
through Q6 theoretically conduct for 180°.
VEr, In a practical situation, it is necessary to provide some time
cally 10° to 15°) between the positive-to-negative transition period:
rrent. This time delay enables the complementary transistor
ent to @,, ete.) to turn off before its opposite member turns on.
€vents cross-conduction and eventual destruction of the power
. , the maximum conduction time will be 165° out of a 360°
lodes connected in parallel with each transis

nSistor is turned off, represented by —Ic in Figure =18

FIGURE 11-15 Typical collector current with -
motor load

tor conduct nE..ﬂmsﬂ.,
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11—2.4 Current Source Inverter (CSI)

# n_ L‘h_ _ ._.__ _.‘ _ _.._ h _ - _h — | — — _ .“ —_‘

fy5e | T Ty wate that current,
very similar to the VVI circuit just digcussed. Its name sugpests that

ductor is used in place of the
aot voltage, is varied in this nverter. A large inductor 18 uged 1n place o
H h ____..._. J gu () ! f ] ¥ i

Pm_.m:w :_.,:_h:”;:a in the vVl
: __ | 'ff DC current source as
The CSI requires a stiff DL current SOUTE

opposed to o voltage-fed
1] s nrovide a large amount of

rter. In this case, stiff refers to the capability to provide a large amoul
R without load 19 shows the power cir

arrent without loading down the eircuit. ___::_s.: | tasapaLae
uging power Darlingtons as switches, phane

S:QCZE_ ?;.f:.:._. _:“:..:;:r:: C:Z:T_: __:: 4.{_.:_ | 18 COI] A- h _T - 4 —J\ .
| \ : | . PO or. lollowe .
wurce by connecting a large inductor in v .1___1:.;_. e q_“ ontrol of the
. can also make a variable DU source. ['he mode of control O
“h | 7 .__.._ ( » ‘ . . f y
width modulated, similar to that

7

#Heries.

UC chopper, |
nverter could be either gix-stepped or puls
of 2 voltage-fed 1nverter




| . mioure 11-16. This diagram is .
T ie illustrated in Figure 17 _ 1S a 1
Another type ofS ‘-‘ﬂ. lIefshllalsf e 990 VAC, is appllecrir 1:;0 Bhe bridge
simplified diagram. SINgIE-P F, and line reactor L;. The DC voltage

- and
rectifier (Dg—D;2) through fuses £ itor C.. A fixed value, filtergq

fi er capacl
r idoe 1S iltered by ﬁlt'r C e ﬁ
pmduifd;ac?i: l;he;; 1foguﬁlmd on lines I and 5. Note that no SCRs appear across the
DC voltage 1S

AC line. This design is, therefore, more immune TE)J line rzgise, hash, and spikeg
e i | C section.
: { .o of the SCRs in the
-1 glgg%ﬁegégiﬁgz‘%%) and six diodes (DI _——D6) carry the current ip
the adjljstable voltage bridge. A pair of SCRs is switched on and turned off for |

- : tely positive.- |
' ses each phase to become alt‘erna Y pC e
each phase. This action cau SOR] and SCR2 are use S Bhase A SCR3

negative-positive-negative, etc. e . &
and SCR4 in phase B, and SCR4 and SCR5 in phase C. The energy for the F2 0, scR,|D. [scR.|oe |scr E:

C o4
~djustable voltage bridge comes from capacitor C;. In other words, the SCRs A %@f %_01 _k? %&#

are drawing power from Cj; to run the moter, and they are continually trying to _ |
D -

discharge Cs. The capacitor C; is charged by the fixed voltage bridge. |
Each pair of SCRs controlling each phase 1s turned on and commutated z v = o b
off in the proper timing sequence to supply three-phase power to the motor by
the main control circuit board (not shown in the simplified diagram). The
faster the switching on and commutating off, the higher the frequency.
The six SCRs in the fixed voltage bridge (SCR11—SCR16) operate in
parallel with their equivalents in the adjustable voltage bridge (SCRI—
SCR6). The purpose of the fixed voltage bridge is to furnish energy to Cj; as the FIGURE 11-16 VVI AC motor drive using SCRs as switches
motor load uses it and to commute (turn off) the SCRs in the adjustable voltage
bridge.
When an SCR in the adjustable voltage bridge, for example SCRI, is
turned on, its equiv-alent In the fixed voltage bridge (SCR11) can be turned on
at 10 l;Hfz rate. It will be turned on for one pulse any time C; voltage is too low. ==
When it is turned on for a pulse, energy.comes from the DC line (lines I and 5)

through X; or X,. Some of this €nergy goes to the motor, and the excess goes

through the back diode (D1—D6) and hel o'l
ues to be too low, another pulse of ps recharge C;. If C 3 voltage contin

SCR in the fixed voltage bridge wil

per second can be obtaj :
I ined from each SCR in the fixed v

DII SCR Dg SCR3

rYfyx

/|

o — o + 4

3d
inaucuon
motor

SCR

Cq

\|
/|

ge bridge tur
Into a tuned n,themselves off naturally after




IGURE 11-16 VVI AC motor drive using SCRs

as switches
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FIGURE 11-20 Graham 1580 CSI AC motor speed control (courtesy of Graham Co.)

The diagram in Figure 11-20 shows a block di (
Graham adjustable frequency A | Bk aadodel 1950

C drive, This drive us O : , %
made up of two main sections: the contro es the CSI. The drive is

| Ons. U | section and the power section. The
?&ﬁmtﬁmff? :;hf’input bridge, which converts the incoming
source chopper. The cho ixed DC. The fixed DC is applied to the current

large inductor. The ind‘ffteor converts the fixed DC to 5 pulsating DC through 2
of current for the load, which is

usually an induction motor. The |. .
bridgej.’Thz i-nvert?r bri'd;é dir lasl tt:::ﬂ of the power section 18 the inverter
phase of the three-phase motor for ¢b. output of thE_Chop_pe:' to the correct

v

i has the regula ing ci | for ﬂu right amount of time. The control sec-

72274

cic1l-21 & 22

e input bridg ' 1 in B 91

| Tl’;l ,.. de . (; : éfzi shown‘m more detgll in Figure 11-21, is a convéntional
jhree-phase diode bridge rectifier. It consists of diodes D13—D18. The purpose
f the rectlﬁ.e;: 18 fo chan'ge the incoming three-phase power to 2 constant DC
woltage 'bus. Capacitor C,; represents an electrolytic capacitor bank. This ca-
pacitor 18 charged to bus potential. With a 460 VAC line voltage, C; will be
harged to about 620 V.

The second section of the power circuit is the chopper. The cho
Jectronic switch that alternatively connects and disconnects th

v

pper is an
ects the coils of 2
arge inductor from the DC bus. A simplified diagram of the chopper i
n Figure 11-22.

When the coils are connected to the constant potential DC bus, the cur-
ent will increase. This position of the electronic switch is called increase or
INC. When the switches are in the open position, the inductors L18 and L19
maintain the current flow without help from the DC bus. This takes energy out
fthe inductor and causes the current to decrease. This position of the switch is
lulled decrease or DEC.

The load current is sensed by a Hall-effect device, which gives an output
nltage proportional to the flux created by the load current. This proportional
ignal is then fed back to the regulator circuit whgre it is compared to : va_lge
that the system requires to make the load (motor) perform. The rgzgulawr cir-
wits then vary the time spent in the decrease state versus tihe tl.Te spenf in
the increase state. This action controls the load current at the dg.-:xred va ue;.f

The current-regulated section responds to changes in load 1mpelfiz?lciel:10t
the load changes its impedance or becomes a short mrcmtilthe cur;etr;’o o
sceed the value the system demands. Any tendency forlt etf;ur;"i{; e
high will be sent back to the comparator and will cause less Lim

he increase state. The physical presen

irevents the current from changing mor > showniin
‘4n cope with. Although mechanical switches ar

al switches are semiconductor devices.

snown

n

ce of the inductance of L18 and LI19

spidly than the rate the regulator
s Figure 1123, &c-
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FIGURE 11-21 Input bridge, Graham CSI control (courtesy of Graham Co.)
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The schematic in Figure 11-93 ; imoli

section. It 18.8 six-step ingverter w?ti lgél}:}lil_pélgi?t:ﬁ?g mf;iclof ;he i
the proper rate as determined by the control circuitry 'fghe :w?f h_Current p
the SCRs establishes the output frequency. Cornmﬁtation caC 1I'ﬁltg byt
throqgh C33 store energy necessary for turning off the SCRs by reiim ng }?2’8
terminal voltage. Series diodes DI through D6 isolate the capacitorrss}?gt tin
load. Only two SCRs are on at any one time, with each one conductin th?i%:
They are commutated when the adjacent SCRs in the next phase a%e fired ir

the order numbered.
The inductance of the motor is a significant factor in the commutating

cheme. The inductance stores energy necessary for commutation, and thi
energy charges the capacitors for the next cycle. There 1s also a precharg:
drcuit consisting of a diode and resistance in series with each capacitor. Thi
precharge circuit 1s present to insure that enough capacitor voltage 1s presen

to commutate the SCRs during starting and low frequency operation.
The chopper controls the current in the inverter coming from LI8. Eve

when there are two parallel paths for current, the sum of the two can never b
sreater than the output current from the chopper. The inverter controls onl

the time that the current flows through each motor phase. _
The DC voltage at the input terminals of the inverter will vary with th

demand of the load. At no load, the voltage will be near zero. At rated load,

will be maximum. | |
4 the load and the applied current and fr

EMF (CEMF) of the motor. [t 1s apprqximatel
g each time an SCR is commutated. Figure 11

24 shows a typical phase current and voltage in the_imert_er section. f
We can see that current flows for 120° in the positive direction, ceases I

| Ll v t for phase
6()° ‘ ative direction. The positive current for
aroats, oUt ey neg'ther SCR6 or SCR2. Negative current 1s draw

8 when SCR 1 conducts with €l R5. The sawteoth on top of th

When SCR4 conducts with eit 1 | i 3 g
Current coincides with the chopper changing hetween the increase afl

(reagse states.

quency determine the counter
sinusoidal with a spike occurrini
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FIGURE 11-22 Cheopper circuit, Graham CSI controller (courtesy of Graham Co.)
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" will be maximum.

The schematic in Figure 11-923 ; imoli | :
section. It 1s a six-step ingverter witi lgcaginipélgiifﬁ?: m:}flclof (l;he o
the proper rate as determined by the control circuitry. 'Ig‘he :W?ihicr? I-rt"{:’:.alit atf
the SCRs establishes the output frequency. Commutation capacitirs 683'58
throggh C33 store energy necessary for turning off the SCRs by reversing their
terminal voltage. Series diodes DI through D6 isolate the capacitors from the
load. Only two SCRs are on at any one time, with each one conducting the 120°.
They are commutated when the adjacent SCRs in the next phase are fired in

the order numbered.
The inductance of the motor is a significant factor in the commutating

<cheme. The inductance stores energy necessary for commutation, and this
energy charges the capacitors for the next cycle. There is also a precharge
ircuit consisting of a diode and resistance in series with each capacitor. The
precharge circuit 1s present to insure that enough capacitor voltage 1s present
to commutate the SCRs during starting and low frequency operation.

The chopper controls the current in the inverter coming from LIS. Even
when there are two parallel paths for current, the sum of the two can never be
reater than the output current from the chopper. The} inverter controls only
the time that the current flows through each motpr phase. e

The DC voltage at the input terminals of the inverter mll.vary with dt i
demand of the load. At no load, the voltage will be near zero. At rated load, 1

lied current and fre-

or the load and the app ‘ .
tor and approximately

The response of the mo L8 IOBTCA %
quency determine the counter EMF LLEMFl M"t}*l[: m?t-i;nf;z;ted Faipt I
sinusoidal with a spike occurring each time an ot t;:: k;*n*@liter s,

24 shows a typical phase curtent S90S, posiivediesion ceases o

We can see that current tlows 10% 2<% ™ eront fon phBsas
50° and repeats, but in the negative dl}:ectlonfﬂ?l;?e‘?pcl)\?;t;;iizzurrent iI; drawn
s when SCR1 conducts with SFLas SL’}E6 Or?CLR 5. ‘Th:sawteoth on top of the
when SCR4 conducts with either SCR3 or SCRo.

e increase and de-

INE veen the increase
Current coincides with the chopper changins bety
‘rease states.




