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Frequency
Selecticn

Accel /Decel
Range

ftime to go
from 1 Hz

61/
T

ll Input Speed
Refergn{;e
Seleclion
()
llll 4 - 20 mA

*

Stotus Reloy Mode, Qutput Frequency,

Accel /Decel Range, Speed Reference No. |
end Start Boost Ronge moy be re—selected
to suit your opplicalion. However, refer Lo
the VSC Applicotions Maonugol befere chenging .
the Volts/Hertz Rolic or the Breking Module
Option sealections.

The Stort Up procedure in this manugal will
Quide you through the Customer Adustments
ond finol Switch selections.

VSC Led Indicator Locations

Customer Adjustments |

= Module cess

Uox Accel Decel Stort flux Slip Current
need Time Time Beest Y/Hr Comp Comp

0% 100% 50% 50% 25% 70% 0% OX% 1004

FWD

REV

EN

ACCEL LIMIT
DECEL LIMIT
ZERO SPD

EF
UV
OV
0T
OC+
0C-

0%

Droer Module Lecs =mwndic le mad<ate agomol

operotion of the Dnoe Wadules
Ihey ore only on =mer ke “SC i3 Encoled e D=ecion
selecled omg In¢ Sceez Sefgrence 1 gregler [hoe Zevo

Initial Settings
= fully counter—clockwise
100% = lully clockwise

VSC Control Board

Forword Direction Selected

Reverse Direction Selectec

VSC Enabled |
Acceleration Limil Operaling

Deceleration Limit Operoling
vSC ol Zero Speed

Input Voltoge oOf DC Buss Yolloge excessive
n

- fure excessive
olsink Termpera o L 08
Rag Current haos extC geced mMAXIMUm QIlﬂHGHIE.

enl hos exceeded max. ollowoble

Eorth Foull
Under Volloge
QOver Voltoge

Qver Temperolure
Qver Currenl Plus
over Cu”en[ MINnuUS

Quipul .
Reqenerﬂtion curr

Remole Trip contocl 1S OQpe"

Remole Trip
Power On
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VSC Enclosure Mechanical Installation

and Physical Dimensions " Wiring Diagram

B ==
," VSC-G and Vsc-g
VSC—
0] Bl — 7+ PR EARTH S
.E:E;E tilationXRs L3 STUD M1 M2 M3 1 EARTH
/77 - N STUD M1 M2 M3
g IR [IR== e / |
Side i N e S S ] \
Front A Uia l [ it \( e N | /LJ
View i l =t ( J ST | [ L
] Vertical . _J \\d/ : ® : \ L._k )
il I--—-—_.l.__J \—1/
s Al OR |
_} S phase r‘\i"‘i*'—"] i =
{H_ e nduction Motor | 0 I | g T PUCCE
1 | nduction Motor
Q Q | with Microtherm | (."‘ | | :
) |V Sy ) e o or Thermistor : it ] | WMJJE rotherm
3 o == or |hermistor
Bierload Protection r— \ : Overload Protec [on
|
A 1. All dimensions are in mm. 3 phase _|_ e |
s 2. Mounting holes are 8mm diameter. Supply = ::jf"— —
e Sosssseies 3. Dimension tolerance: 1mm. SSREE
View 4. Do not allow swarf or any other . :
conductive material to enter the Recommended Fuse and i
enclosure or damage may result. . : . READ THIS FIRST
Circuit breaker Ratings |
|
| Model Input Current \ Fuse or \ 1. Power Input and Qutput terminals
W Nurnber Continuous |Intermittent| C/B Rating | are located in the bottom right
’-I Model A B |Weight \ - | hand corner of the controller.
Number mm | mm | mm kg gSC—S3 4.8 A A 10 A | .
‘ . . C-—S4 6.6 A 99 A | 10 A | | 2. EITHER Fuses OR a Circuit Breake:
VSC—S3 200(420(185| 8 SO 8.3 A 12.5 A 6 A || j irhiaead = e R R
VSC—S4 |445|280(200|420|185 11 ' | | QHOVE:
VSC—-S5 |445|280(200|420|185 12 BC—G13 14 3 A 15.7 A | 16 A | 3. Locate the VSC Name Plate and
: 19.3 A 21.2 A 32 A | heck the Input Voltage BEFORE
" in'a Vibration Free loeation o "% || [vsc-613 445280200 | 420|185 | 12 ¢ | 264a | 200A | 32A ||| conecting mains powe
| ' VSC—G17 | 520 | 400 | 200 | 495|230| 19 E—0G52 39.2 A 38:7 A, | 40A W S e
2. Protect the enclosure against dust VSC—G24 (520 (400 (200|495 |230| 19 =8 41.8 A 46.0 A | B3 i I_lfr 5 A I
build—up ond dripping or sprayed VSC—-G32|520| 400|200 |495|230| 19 —G44 48.4 A 53.3 A | B3 A g Yogmepiind v Dol sigi=ol plegicnpr 1 8
liquids. VSC-G38 (520 | 400|200 [ 495 | 230| 19 =G0 | 66.0 A 726 A | 80 B s arh e LRt o e e o
3- Opﬂrﬂting Tempe,reture. Olc to Sonc VSC_G44 920 400 265 890 230 35 I| | HI S L ey - :7*3'_” ;:.I u-|_, s
Beiid - - VSC—GB0| 920 | 400 | 265 (890 |230| 39 o R el S sl by
4. Mount the enclosure vertically oway 2.8 A 4.2 | 6 (RS Sut Volta L 159
from heat radiating sources, R e e L onn 200 | 155 . ;,; i Eazt; 1 | 1% ’. Rl +10% -mﬂ smeplate vo
<k A’Ilaw 100mm obove, below and gither VSC—H4 445|280 200|420|185 11 11:0 A 16-5 'n 20 n nnect C ontactc r re
side of the enclosure for ventilation. VSC-H5 |445(280|200|420]185 12 143 A 215 A | 32 A | s e VSC output terminals
6. Do not mount the enclosure in VSC—H10|445 | 280 | 200|420|185| 12 19.3 A 289 A | 32 A | 1 <
direct sunlight or on hot surfaces. Egg'mg ;;5 280 (20014201185 | 12 26.4 A 30 6 | 40 A Coble sizes s e selectec |
_ , I SC—=H17 | 520 | 400 | 20 19 57 8 A 83 A according to local COQeES Of |
A :ng:: enclnfure is mount:ed inside VSC—-H24(520 | 400 308 132 %gg 19 i?g i 6'.'3'? ‘:* \ A3 A te~dords. The Input Current table ||
di' 3.[ er enclosure, the totol heat VSC-H32|520 | 400|200 | 495 | 230 6 . ¢ 7:‘-6 S 2.4 | e A et |
cissipation must be allowed for, VSC~H38 265 35 48.4 R : )
Refer to the VSC Applications Manual.| VSC—H44|920 | 1390 %gg 35 - ,




VSC Control Wiring Diagram

[mportant!

Terminal 12 (common)
and terminal 13 (screen)

'

& =

VSC
CONTROL BOARD

are Intemally connected |_H-_-T“
to Earth (Ground) potential.
NSRS 1S 16 1]
1 2 3 - 9 6 7 8 9 10~ 1 17
5 mA 5 mA 112
Mox Max
I
—- P ey g A T | D :]E Status
a Relay
Reverse -« " Mode
—L e =
= ohm Sk ohm _Z
Forward Stop 1% tgantrd Sonm::;*
- Potentiometer (op
n, + (3 Standard —
O i Contact Rat g Motors in | : =
Forward /Reverse Ramote Spesd Meter: 0 to 10 Vdc = O to 100 Hz 2A at 240\ 4 O e | ‘ ‘ | | 15 — 150 | Accel /Decel
Pushbution Contro/ Trip Contoct je. 5 Vdc = S0 Hz Inductive g verdrive L1l 3 Secands .r-_; =Lk
(for 60Hz Input, O to 10 Vdc = 0 to 120 Hz) Lood Meter * - ISR = nge
(optional) Iy 4 Non ; rs
reedrileturs) | B 1067 Yo D REBR S [N - Standord | Volts/Hertz E ] (time to go
= Moftors Katio | ‘ | ' | ‘ "_.ﬂ:n:#- "a-’:_ HzZ
7 8 9 108 "1 12 {65 17 o
= —|r = . 313 S'Lc;r;dard
{223 No Input Closed OrS
i Power ‘
*'k-:-_- = Power On Open | INOt ’
' 5 Fitted r
No Fault Braking
A e 1l A Power On Closed l ¢ 5 Module
+ - + = Fault Detected I J Fitted Option
" l
Single Direction Remole Speed  Inpul Speed Input Speed
Fushbution Trip Refersnce  Reference Ralerence /& AULT M ODE ]
Contral Contoct  Selector No. 1 No. 2 e 6 E) Hiah
L 0 to 10 Vdc 0 to 10 Vdc : z
OR OR Bl |
r = : Status Relay Mode, OQutput Frequenc
- T S 4 to 20 mA o potentiometer I Mediurm tatus Relay Mode, Output Frequency
— or may be connected No Input Closed ol7 Start "--_-: Decel Ral e, speed Feference No
) 1 1 to S Vdc as shown cbove. Power Bl and Stort Boest Range may be re—selected
| 7 = to sul our application. However, refer tg
HKano =y — = -’ W
fan  Stoe T It only Speed Reference No. 1 ls required, Power On, Closed . El Normal MESISE the VSC Aoplications Monuol before ‘chenaing
d Ramote termingls S ond 6 should be bridged. If | Zero Speed | the Volts [Hects Rotio o the Brakinal Modiils
y Trip Contact only Speed Reference No. 2 ls to be used, Option selections Ll
—Q.G-— terminais 5 ond 6 should be left open. Spi::ﬂ;?'{n;ro Open GER| 4 N,
LOW - el
mmﬂ”S“‘ﬁ Comitral The type of input signol for Speed Reference 718 The Start Up procedure in this manual ¥
| * NOTE WARNING BELOW » No. 1 moy be selscted by setting Switch B on [ guide you through the Customer Adjustments
the Control Boord. Refer to page 8 for detolle ZERO SPEED MO and final Switeh selections
. 5 - on Speed Reference No. 1 Input selection, -
< S - Thess links should normally be installed. 4 ‘ licat] ,
i = If you require differenticl inputs, remove the o] 10 — ;
ey link betr;-ar(\ﬂmd 12 3“6 ref 1) and/or = *P ica n l“bw-l}-(:h | Customer *rj_ju_‘#:"t"'[' ST LS
Close 11 and 12 (speed ref 2). Refer 1o the VSC S 1 : — US c /3 SLINEIILS
toStot —T—] | Applications manudl for more detalls. i) put ol BI:E?,C’LIOD AETTH)
~ u = K l J WltChES \l 2] I-‘.T‘_':J-':d; li'Eq: Min --M:L,. Accel Dece F ort . Pl _ ri'.:-:q urren
. R '_G Poﬂﬂf D'n. Clﬂaﬂd l.'.r:'e"_j_!_l;'&ﬂ-______ ne :_._;:-r-‘_‘i_::i'_'- _i Y /NL Comp L .-""'..H Tl
> mmmmw Trbmc-‘unmc y _| Drive Stopped ___,_lpositiuns shown DO 1‘ :; | O | Q) ‘ 1‘ D\
L « NOTE WARNING BELOW ; Remote Trip Contact: Power On, JRiac stondord | - L1 __ ] ae] il Bl B
Normglly o motor overlocd device such as o Orive Enabled Open tion. l Switch BJ 07 100% S50% 50% 25% 70% 0% VT V7
Thermistor Reloy or o Microtherm would be ond Directlon | = T 05 Roe SiFen )
1 2 3 4 5 connected to termingls 4 ond 5 os d‘m- i l Selacted £ tﬂt‘fles GbDVe ‘ '[ i.i&"j }21 n O S€llings
this contact ls opened, the VSC will be disobled Brnative switch =111 ﬁ | 0%Z = fu unter—clockwise
. :vd the Remote Trip Led will fiuminate. If It o (213181 1 11 J| 0% = :
unused, termincls 4 ond 5 should be linked. Kt AR i SEMA T
Power to Stort . | | RUN MODE Sl
: ¥ Shielded Cable: T — 2
Shielded Cable must be used for oll wiring ' =gl I s
Start — G Remote to termiaals 1 through 15. (7 A (7 (e ) () () () (%) (%) 1%
L Y. 5 . _// __-"' | F 4 i | 4 J v, Ay IH:' ) J ,_" F \'_;_’/-' '-"_, |
o O 19 Gontact Control Circuit Contact Rating: "-l @ @ @ I DL Pl B ki
_'""Tﬁmﬂﬂjﬁ 24 Véc ot 1 A | —

———



speeds are the same.

SLIP COMPENSATION ADJUSTMENT

. . d holding for the i
ety _ rovides more accurate spee S nd
The Slip Co;;’ngzggﬁ;c;)% ﬁim ea-g and automatically varying the output frequency gf

VSC Start-up Trouble Shooting Guide

B <ate for the resulting change (n motor slip.

voltage to compen - i |
If accurate speed holding is of little importance in your application, there is no neg

. Symptom
"PWR Led does not

l Cause

Remedy

to adjust Slip Compensation. Leave it set fully counter-clockwise.

| djust Slip Compensation for optim
| ' ocedure describes how to a | |
gg:egﬂggg:gtig;. In order to complete the procedure, you will need to measure tf

Lilluminate.
r
|

Input Power Wiring not
connected properly.

specification.

Input Voltage not within

Check Input Power Wiring
Refer to the VSC Power Wiring diagram.

Measure Inﬁput Voltage ot Input Terminals
Check against Specification Label.

motor shaft speed, or the speed of a relevant part of the machine it is driving. This
usually done'with a Hand Tachometer.

' ication. If you are unsy
| rating speed for your appllcanon
AT I PV between terminals 14 and 12).

'EN and FWD or REV

.u'h' eds do not illuminate
Iwhen the start Circuit
Lis activated. No other

f'_Fcult Leds illuminate.
1

Run the motor at
run the motor at about 40 Hz (about 4 Vdc

Start with the motor unloaded (or the lowest likely load). Measure the motor speed

Control Wiring not
connected properly.
External fault in
control wiring.

Check all wiring to terminals 1,2.3 and 4.
Refer to the VSC Control Wiring Diagram.
Check operator control devices.

I,'Contrr.}ller will not
'start and the RT
Led illuminates.

the motor fully loaded (or the highe
machi eed) and record the result. ‘Then run tr
m(ae%? ;225pme-;sure the motor or machine speed, It shoulq be lower thdan thde Untoad
s-faeed. Inc,:rease the Slip Compensation adjustment until the loaded and unloadg

Remote Trip contact
s not closed.

Check the wiring to the Remote Trip
contact, it should be closed. If no RT
contact is used, bridge terminals 4 and 5.

I ZSP Led remains on
| when the speed

same as the heavily loadg reference is increased.

Repeat this process until the lightly loaded speed is the
speed.

FLUX COMPENSATION ADJUSTMENT

Speed Control signal
not properly connected.
Incorrect Speed Input
selected.

Check wiring on terminals 7,8,9,10,11 & 12,
Refer to the VSC Control Wiring Diagram.

If only Speed Reference No 1 is required,
terminals S and 6 should be bridged.

If only Speed Reference No 2 is to be used
terminals 5 and & should be open.

If a Speed Reference Selector Switch is
installed, be sure it is properly selected.

Motor does not rotate
when the VSC is
started and the speed
signal is increased.

Flux Compensation provides energy savings by automatically reducing the mof
“magnetization” or flux whenever the motor is not fully Iogded. It IS most effective wh
the motor has been “Over Sized" for the load it is required to drive. Motor heating
also reduced.

Maximum benefit can be obtained when the Low or Normal Start Boost ranges a
selected. Flux Compensation has little or no effect when the High Start Boost rang

is selected or if the motor is always required to deliver full load. |

Insufficient Start Boost.
Incorrect V/Hz Range
selection.

Incorrect output
frequency selection.
Incorrect Start Boost
Range selection.

Motor incorrectly wired.

Incorrect motor voltage.

Increase Start Boost Adjustment.

Check V/Hz Range against VSC Adjustment
diagram.

Check Output Frequency Range against
Adjustment Diagram.

Check Start Boost Range against VSC
Adjustment Diagram.

Check motor wiring.

Check motor voltage.

VSC

PThe Accel Limit Led
Mllluminates continuously
When the speed signal
& advanced. The motor
Will not accelerate.

Run the motor at the normal operating speed for your application. If you are unsu
run the motor at about 40 Hz (about 4 Vdc between terminals 14 and 12).

Use a clamp-on ammeter (tong tester) to measure the motor phase current.

Increase the Flux Compensation adjustment. This should reduce the motor current.
not, your motor is fully loaded and no benefit can be obtained. If the current dog

decrease, advance the Flux Compensation adjustment until the current is at
minimum. g

If the motar becomes unstable or the current begins to fluctuate, reduce the FI
Compensation adjustment until the motor operates normally.

This completes the start up and adjustment of your VSC.

Start Boost too high.
Current Limit set too
low.

Accel Time set too
short.

Incorrect V/Hz range.
Incorrect Start Boost
range.

Motor Rating is much

Motor shaft jommed.
Motor mechanically
overloaded.

higher than VSC rating.

Motor incorrectly wired.
Incorrect motor voltage.

Reduce Start Boost Adjustment.
Increase Current Limit adjustment.

\ncrease Accel Time adjustment.

Check V/Hz Range selection.

Check Start Boost Range selection.

VSC with a rating within 75% of th
rating.

Check mechanical drive system.

Check actucl mechanical load is within
the motor's capacity at the required speed.
Check motor wiring.
Check motor voltage.

c

Use a
motor

iuring deceleration.
motor will not
|.':'_L. qte_

'T' Limit Led remains

Motor is continuously
over—hauling.
Motor rating is much

higher than VSC rating.

Fit a Braking Module.

Use a VSC with o roting within 75% of the

motor rating.

idoes not run
¢ desired speed.

|
1

Incorrect Frequency
Range selection.

Max Speed adjustmen
Speed Reference.

Min Speed adjustment.

Check selection of Frequency Range

Check Min Speed odqutment,
Check Maox Speed adjustment.

t' 1 1 "\
Check Speed Reference IS correct.




VSC Start-up Trouble Shooting Guide _q,::, f:i_:;_ _ Sydneylnstitute of Technology

Symptom Cause Remedy

= ’ npul School of Electrotechnology

OV Led illuminates. Input Voltage is not Check Input Voltage at input terminals % _ | o
measure all phases.

within specification.

Decel Time too short. Increase the Decel time.

. S

Check Input Voltage at input terminals
Moke sure all phases are present

Learners Practical

Work Book
Viodule NE76

' A.C. Motor Control

UV Led illuminates. Input Voltage IS not
within specification.

—rReduce Start Boost Adjustment.

OC+ lLed illuminates. Start Boost too high. |
Check Start Boost Range selection.

incorrect Start Boost
Range selected.
\incorrect V/Hz Range

selected. .
Accel Time too short. Increase Accel time.

Short circuit in motor Check motor and motor wiring for fault

or motor wiring. T .
Open Circuit In Check motor wiring for faults.

motor wiring.

Check V/Hz range selection.

OC— Led illuminctes. Braking Moduie Check installation of Broking Module.

incorrectly fittea.
Short circuit in moltor Check motor and motor wiring for faults

or motor wiring.

Open circuit in Check motor wiring for foults.
motor wiring. jL
0T Led illuminates. Ventilagtion problem. Check ventilation.
Start Boost is high Consult the VSC Applications Manua
and motor is running tor detoils relating to high Stort Boost
at low speed for long settings. Incorrect use of Start Boost
periods. may result in motor overheating.
Incorrect V/Hz Range |Check V/Hz Range selection.
selection.
High Ambient Ambient temperature must be below 50°C
| Temperature. toriheVSColoperates 0 D0 e
o o R e
EF Led iliuminotes. Eorth Foult in motor Check motor and motor wiring for faullts. '
or motor wiring. -
Moter is unstoble. Incorrect V/Hz Check V/Hz ronge selection. "“q ¥ ic
ronge selection.
Fll:.'x Comp too high. Reduce Flux Como adjustment. |
Slip Comp too hign. Reduce Slip Comp adjustment.
Accel tfrne too short. Increose Accel time odjustment - e I e T L
Dece‘ tlme tGD Shf}rt tncreﬂse Decel time Odjustment ."- ,--._.__h___.“.-...._.__.....,_........... .................... e e S
Excessi IE A f
h:?:;s;e motor St::;rt Boost is hign Do Not run the motor ot low speeds for
: and motor is running long periods with high Start Boosts unless
at !0"" speed for long the motor has been suitobly deroted
periods. Refer to the Applications Manuol for details
Incorr_ect V/Hz Range Check the V/Hz Range selection.
selection.
Motor speed is Check the fre '
uen on
too high. q Cy range seleclion
B B bjec
y wired. eck motor wiring. : : ' 1S ec
Incorrect motor voltage, | Check mater w;lltf:)%e For further information On this module, or this subj
i | ' . e .
: ;i
contact Jim Hafford, (02) 217 3620, Bld K. Ultimo, S1-£.

| ! B
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Figure 21-513
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i‘,’gerlng pulses by an The 3-phase converter of Fig, 21-50 is con-
-’:I b) Currfant [, Instead nected 1o a 3-phase 480 V, 60 Hz source. The
}I ..':im 90,' will continue to !oad consists of a 500 V dc source having an
uls e gl trlggfzrs Q1. Qom- Internal resistance of 2 (1. Calculate the power
d the potential of point K supplied to the load for triggering delays of
line 1. A similar switching a. 1% b, 75°.

Y
[
& ¥

’;__.!:"'.}J. later t!mes) for the Solution:
Ihe resulting choppy

-

-.r:minals K and A is
. !
igaering delay does not
tion period; each thyristor
jl 120° and each voltage
lon of 60 degrees. Further-
mains constant and ripple-
ssence of the big inductor.
follows the tops of the inai-
wr he average voltage Eq,
is obviously smaller than
-‘ hat it is given by:
(21-17)

COS

je produced by the
"6-pulse converter [V
.. ’T of the ac line-to-line
' ;' L]'I‘ e l\/’ Iy,
gle [°)
B1-17, £ becomes sl
~f However.dlcuﬁ
r less than Eo, the loa

low. Ordinarily, the current

VE. is smaller than Eo HO;‘;

ible, because the SCRs ¢
forward direction.h e
- _£1d sho G
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jable-Voltage, Variable-Frequency Control

etion motor speed control uses 4 vive:: -
ol e S€S a circuit called an inverter, The
inver 1€ speed of the mot just;
ot o . otor by adjusting the
TS0 L Lorque tor the motor, the inverter drive must
| : At V/Ez ratio. The way in which the inverter adjusts th
Variable Itage 1s determined by th | e
S CC €d by the particular type of inverter used. The
ge, Ij;grlable-frequlency drive will be discussed first.
iab’ g;-volt.ag.e, variable-frequency inverter is also known as a
ferter or, simply, as a variable-voltage inverter (VVI). The VVI
.-fnken down 1nto two types: six-step (quasi-square wave in-
filse-width modulated inverters.

' '-.r :||‘I
‘I: I]!I I.—-'qlifi'h

_ -. frequency
B AC

Bfer Figure 11-7a shows the power circuit of a three-phase
BEBinhase bridge rectifier converts AC to DC. The output voltage
IEBetion is varied by a DC chopper. A thyristor chopper 1s prefer-

a chopper, which must use several transistors connected in
Fdless of the type of chopper used. the chopper varies the con-
_,% the rectifier, which is then applied to the inverter. This

I called voltage fed because a large filter capacitor provides 2
upply to the inverter.
fer output voltage wave lorms
ire 11— ows another way to V q.
-. . I:Jtl:ro'ﬁjez}:iiode rectifier and the chopper rt::lllf'-t“l 3"]‘3 replaufd
I e T e of e e s
--"1‘1:5;' speed control method 1s shol*-a'n In F};Eﬂlf%: 1 :“ ol &

T E ; ive has a low slip characteristic that 1mp! :

ke sed in this drive sed by simply varying ItS syn-

e speed of the motor can beﬁ {:haﬂgt_‘t‘ \} b lfa, the 'srnh::l'xr
Varying the inverter tmquenf}-, C :LT;;L M—Eavp e Bl

quency 1S increased, h{jw?fer' [ RTT:HL”-; can he maintained

B DC shunt motor, if the voltage 1S

‘i,'-_'_:a-ins constant.

M-8 shows the desired - flux 1s kept €O
TN he air gap CLLARRE S law frequency

the a% b tant. Atia yery oW ESHERCCHE

que constant To counter this

Lage inductance .
B 1B e  the input voltage

¥
B
*%v.;-w-ff_;g DC to adjust-
| ”‘l (VVI) takes input
i-;.'.i'ﬁfai"l}" the input DC
implitude from the inverter. In
ies the %th'coming AC voltage.
he amplitude of the rectified
‘fﬁ replaces the phase-
18 DC regulator or chopper.
ded into two parts: the diode
+L%11 DC, and the
JCWoltage to a variable DC
to apply regenerative brak-
e the simplest in con-
:jbﬁ:ﬁjﬁf{j
t power for an adjustable
555;-7;.-_:;{-5_ for the current
theV VI, The CSI drive,
S VO ].';tage from a fixed
he motor is, therefore,
=_ei:1_i{'fg' 18 controllgd by
Be output wave forr

are not affected by the nature ol
arv the input voltage. In this

Onous

chip of the
se-frequency zwe'lar_,u.jn:hgp of |
e U | _nstant by the

.'.-..' I | .
the base frequency,

Bratio which keeps the tor
efance is greater t‘,han ,th he base
nal voltage 1s apphed-.fuf }éf-;ﬁhnﬂ i (hic point on,
‘ﬁ“l full-motor voltage .']1"-5_11‘ gap fluX From this P\‘Flcrure

Be decreases because O! oy as SHOWT HEilhs

pperates 1n a

onstant horsepower M
 voltage and frequent

11 IS
1

-..-.-. M |‘\|q
frequent. nput V028"
\ this point, a3 frequency

5p0nd5

anstant
DdL‘.
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any time three SW1
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delays of 210°. As shown In Figures 1

2 shows that at
onducting in eac

*F theoretically cO

P to 15°) between the positly
mt. This time delay e
0 @5, etc.) to turn off
its cross-conduction 2
3 maximum coI

FIGURE 11-15 Typical collector current with
motor load

tches (transistors) are
and the successive legs
1—13 and 11-14, tran-
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fariable-current, variable-frequency motor drive

au
R
urrent Source Inverter (CS)

,_’e}g:iinverter (CSI), sometimes called the current-fed inverter, is

I A Lo | . sts nt,
he V VI circuit just discussed. Its name :ugge;ét:? ths{t Cu:;rt:ethe
L - L . ' S US ace

If r - Svaried in this inverter. A large inductor is used 1n p
ransistor on C e
| ._ or in the VVL -, s ol
f ﬂ a stiff DC current source as OppF)d:Ed Eo a v zh;i e
.."_.f".' = ] 1k c e a arge
Eeace sti to the capability to provi J
; "‘"'"‘"?.. stiff refers tot -thiEure 11—19 shows the power Cif-
out loading down the cireuit. £ 1570 ~ s as switches. A phase-

J’-‘fEd inverter using power Dal‘l“_nﬁ_['q[ :: ?na-;rted to a current

il | DC. which is converted t0 &1 ,

gtifier generates oS -ories. A diode rectifler, followed P} <
0 necting a large tnductor meC “;ﬁrce The mode of control of the

AR : SourIce. = : -
D I8n also make a variable i " imilar to that
Nl | N 1 S"’I-
IBe either six-stepped or PUst
d inverter.
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e that no SCRs appear a
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ne to line noise, hash, and spj}.

figure 11-16. This diagrap, . i

dge
’ ﬁ l te I [';1 d

Cross the

acitor C,. A fixed value

e DC section.

A

(D1—D6) carry the current

witched on and turned off for

| In

I, DECOINE Y Positive.

2 are ﬂ‘ée 1in phase A, SCR3
1 phase C. The energy for the

g8 In other words, the SCRs
d the ‘ff continually try Ing to

the fixed voltage bridge.
23S turned on and commutated
aase power to the motor by

implified diagram). The

ie higher the frequency.
Sl l—SCR16) operate in
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dle voltage bridge (SCRI—

1

arnish energy to C; as the

in t l;‘;r‘adjustable voltage

N
| i

dge, for example SCRI, is
BCHRT]) can be turned on
iime C; voltage is too low.
the DC lme (lines I and %)
I0tor; and the excess goes

e C,. I.LC3 voltage contin-

i ,--l
e

dfor and once again the

010000 pulses of energy
dwoltage bridge in this

age bridge, for example
oltage bridge (SCR1!)
geurrent flows to the
f shunts SCE/,
eSoff naturally after
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sram of a Model 1580
3 the CSI. The drive is
he power section. The
lonverts the incoming
applied to the current
Sating DC through a
for the load, which is
{3 f‘_'"ft'_—f_;n;] is the inverter
)per to the correct

€. The control sec-

d the SCR gating

| shown in more detai] ipn F;
'_ r'-;;-_;il I'ECtlﬁe-I'. It consist
is to change the Incoming t
pacitor C; represents an
fed to bus potential. Wit
iSection of the power circuit is the
hat alternatively connects angd disconnects the coils of a
geom the DC bus. A simplified diagram of the chopper is shown
g8ils are connected to the constant potential DC bus, the cur-
BEer This position of the electronic switch is called increase or
are 1n the open position, the inductors L18 and LI19
-' flow without help from the DC bus. This tak:as energy out
_i-.;;;auses the current to decrease. This position of the switch Is
or DEC.

_ is sensed by a Hall-effect device, which glves &

BBk to the regulator circuit whe
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s of diodes DI3—D18. The purpose
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electrolytic capacitor bank. This ca-
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e3 an output
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tator current phase current
gupon slip, which is based on
e of Tr in Equation (12). If
ted I'r 18 not matched to the
he two current components
- jogonal. Therefore, the pro-
o I e will be less than expected,
jssing steady-state and Ry 2 the in-
ssing steady roduce maximum torque. So,
stics of vector controlled janitrol, correct tuning of par-
B : 8 very important. With cor-
vith dc g@ ytors for variable 'ig,.:_produced torque is:

1ons. o

1
(3/2)P(Lm/Lr). Clearly, the
jation is analogous to the dc
2q f'f_'t.icn (equation (4)). Torque
5 curves are depicted in Fi-
jote that the stator current is
2duced as speed increases above
Bed. This is due to the vector
Mip in equation (11). The major
j¢ between an inverter-driven
nd a vector-controlled motor is
ctor control charactenistics are
ited to steady-state. but applica-
a dynamic situation like the dc

. i
SR |
| ] &

Sy

(15)

T = Kldlg sina

Here, an analogy to the ¢ mol
p_DSSi.bIE, where |d corresponds ty
current, and 1g corresponds to arms
current. Because the two current oo
nents are orthogonal to each gther

- lags Ig by 90°), stator current jg
wvector sum, 1e: '

= \/idz-l-lqg .:

These vector relationships are g

. in Figure 5. In the induction motg
and slip are mutually dependent qug
ties. Once lq is set by the torque reqy
ment, angular slip frequency w, o

vector control, you can obtain
c operating charactenstics com-
to a dc motor. The major advan-
the vector-driven induction mo-
frugged construction, reliability,
£ and simple construction for
. eed machines. In addition,
SO | o, = power operation is somewhat
128! = uy ol han a separately excited dc mo-

4 s BEease it is embedded in the vector
d g Where A

e ] Tr = Rotor time constant (L

% are  determined by the motor design. AS

Sities)  separately excited dc motor, the O
Sronous  nitude of magnetising current, ld, 51
Sy ta{oa constant value below I:?aszj speed;
. .‘ ol . dUced inversel ropﬂﬁlﬁn t{] Sp 2 j :
" ﬁovebase speec{. '?‘orque producing Lr nth Baldors ASBTS-20
rent lg is controlled to meet the tf le dnve. This system uses
requirement of the load.

B " :
- _;;--I_;_:_ | = = -
) 19 Y B - tl 5
' L
L]

ontrol system
ntation
g Fesent a practical vector con-

asolestad TI
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Figure 6. Vector controlled motor
characteristics

indirect vector comtrol to get very ac-
curate speed and positional controllabil-
ity throughout its wide speed range. Of-
ten, this is required in high-performance
machine tool spindle applications. Figure
7 shows a functional block diagram of
the vector control used in the drive.
Except the motor and mounted encoder,
all electronics are packaged inside the
drive. The drive includes many other
functions — handshake logic with NC
machine, protective functions and the
operator interface etc — but discussions
will be limited to vector control.

For vector control, which involves
many arithmetic calculations of ex-
tended resolution, at least a 16-bit
microprocessor, or signal processor 1s
required. The ASBTS-20 uses a NEC
78312 16-bit microcontroller wath many
functions handled by hardware, either
through built-in microcontroller logic or
on-board logic.

This effectively relieves software bur-
dens required with fast sampling time.

From the speed command Ve from a
host (either CNC or operator), velocity
profile, Vr. is generated for every cpntml
interrupt cycle. The rate of change in the
profile velocitv depends on acceleration

rate and speed. Vr is t »
the actual speed of il:ehe;oizrmp:nrzdﬁ
closed-loop compensator determines tor-
que command, Tc, based on the present
and past speed errors. Vector control
starts from this point. Fluz current com-
ponent Id is calculated from the flux
calculator process that simply modifies
command flux Idc inversely proportional
to the speed above base speed. Because
the Tc command is directly proportional
to lq (torque-producing current compo-
nent), we are ready for vector calculation.
From two variables Id and lg, magnitude
and phase of stator current vector can be
calculated from equations (11) and (14),
and produced slip from equation (12).
Rotor flux angle can be estimated by
equation (13), so the appropriate arith-
metic and digital integration process re-
sults in a rotor flux angle of the current
interrupt cycle. Based on the magnitude
and flux angie, the frame transformation
process can be done viz & combination of
hardware and software. The resulting
three phase stator current commands
are transformed to an analogue format,
filtered and amplified to feed motor cur-
rent. To eliminate current phase lag due
to inductance, a PWM amplifier with
high gain current feedback is used.

There are two open-loop parameters
that must be tuned properly. These are
Idec and Tr (rotor time constant). To
optimise performance, these must be
tuned correctly with a load test. Because
motor parameter Tr varies as motor
temperature changes, peak torque capa-
bility may be deteriorated as tempera-
ture varies. Fortunately, for sizes of most
spindle motors, its effect is not so critical
in performance as in much larger size

motors.
Dr Ohm is with the Baldor motion
products group

For further informatwn confact Au‘_;i—
ralion Baldor. 6 Stanton Rd, Seven Hills

NSW 2147
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