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GENERAL 

INTRODUCTION 

This instruction manual is structured around a general 
purpOHt' drive. It is a guide for the installation, checkout 
and operatIOn of the equIpment furnished with general 
troubleshooting procedures for the basic drive. It is 
desIgned for the installation or maintenance electrical 
technician or engineer. In order to use the manual 
t'!fectlvely, the indIvidual must be familiar with basIc 
electromc terms and concepts and be able to use the 
required test equIpment effectively. 

Any speCIal purpose equipment, as requested on the order, 
will normally be covered in the schematic drawings 
included with this package. These instructions do not 
purport to cover all details or variatIOns in the equipment 
nor to provide for every possible contingency to be met in 
connection with the installation, operation or 
maintenance. Should further information be desired or 
should particular problems arise which are not covered 
sufficiently for the purchaser's purpose, the matter should 
be referred to General Electric Company. 

RECEIVING 

The equipment should be placed under adequate cover 
immediately upon receipt as packing IS not SUItable for out
of-doors or unprotected storage. 

All equipment is factory inspected before shipment and is 
shipped III good condition. Any damages or shortages 
evident when the equipment is receIved must be 
immedIately reported to the commercial carrier who 
transported the equipment. If required, assIstance may be 
receIved from General Electric Company, Speed Variator 
Products Operation, Erie, P A. When seekmg assIstance, 
please use the purchase order number, requisition number, 
serial number, and model number to help us in asslstmg 
you. Telephone (814) 455-3219. 

HANDLING 

Power units can be transported by lift trucks with the forks 
completely under the wooden shIpping base. Crane lifting 
eyt'lt'ts are supplied on tht' top of the unit for handling by a 
('I IIIit' • A sprradt'f bar must ht' U!H'd wht'n lifting f rOl11 
ilIHIV('. 

WARNING 

IMPROPER LIFTING PRACTICES CAN CAUSE 
SEIUOUS OR FATAL INJURY. 

GEK-2499tl 

LIFT ONLY WITH ADEQUATE EQUIPMENT AND 
TRAINED PERSONNEL. 

STORAGE 

ThlH t'quipml'nl may ht' ..,Ion·d al arnhll'nl Il'mpt'fIll un'''' of 
-:woC to +40°<: for a peri()(l of 111'10 !IIII' yl'ur. All IIlUS! ht, 
free of chemIcal and electrically conductive <"Olltalllinanh, 
and other conditIOns must be such that no rnoisturl' 
condensatIOn occurs m or on th(' e!jUlpmrnt. 

In addltlOlI, whrn a (:ontrol that ha~ het'll 111 o(wratllJII I'" 
shut down for either a ..,hOl I Of t'xklldl,d PI'l'ltllj of IllIlt', II I' 
reCollltnt'lllit'd Ihl' l'nVlf0I111It'II!,d ('01111111011' lit' III ill 11 1.11 I It'd 
the sanw a~ wht'nIII opt'Iatl"II 

It is recommended that space heaters or equivalellt dl'Vll't'b 
be used to maintain the equipment HI it!> normal operatlllg 
envIronment (temperature), 

The electrolytic filter capacitors reqUIre "formlllg" aftN 11 

six month or longer storage perIod Without llt'llIg l'llt'rgiwd. 
It IS necessary to form th!' eapa('itor., to pn'vt!llt eX('t"bblVI' 
leakage whIch can result 111 capa('ltor farlun·. Thl' 
procedure for forming the filtt'r capacitor IS gIVt'I1111 ~tI,p I;{ 
of the Start-up InstructlOm, 

SAFETY RECOMMENDATIONS 

Only qualIfIed electrical and electrofl]cs per~onl1e1 H~lOuld 
install and maintain this equipment. They should read tht' 
complete instructions prIor to applymg powm' or 
troubleshooting the equipment. They should heed all 
WARNING and CAUTION notes or labels listed III thiS 
Manual or posted on the equipment. Definitions of label 
terms and colors are as follows: 

WARNING 

DENOTES OPERATING PROCEDURES AND 
PRACITICES THAT MAY RESlJLT IN PERSONAL 
INJURY OR LOSS OF LIFE IF NOT COHHECTLY 
FOLLOWED, 

COLOR: BLACK OR WHITE LETfERING ON HEn 
FIELD. 

CAUTION 

DENOTES OPERATING PHOCEIHIHES ANI> 
PRACTICES THAT, IF NOT STRICTLY OBSERVE», 
MA Y RESULTIN DAMAGE TO, OR DESTHliCTION OF 
THE EC)lIIPMENT. ' 

COLOR: BLACK LETTERINC ON AMBER FIELD. 
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CEK·24Q96 

INSTALLATION 
LOCATION 
AFA,OO" dnvt" pOWf'f Units are sUItable for most factory 
area" wherf' other industnal eqUipment is Installed. They 
should hf' In,,talled In well·ventllated areas with ambient 
tf'mppralUfes rangmg from 1O°C(50°F) to 40°C(104°F) 
nnd rplatlve humidities Up to qO%. It should be recogmzed, 
howpver. that "inre the hff' expectancy of any electronic 
('ompoIH'nt decreases with increased ambient temperature, 
I"pdu('tlOtl of the ambient temperature will bnng about 
t'xtpnded component life. For example, longer component 
lift' should he ~xpected If the ambient temperature is held 
ht~IWppn 20°C(oSOF) and 30o r:(8rF). 

Proppr performance and normal operatIOnal lIfe can be 
(·xpp!·tpd by maintaIrllllg a proper environment for the 
dnve sYfo>tem, Environmenlh which include excessive 
dmou nls of OTle or more of the following charactenstics 
should bt' eon~ldered hostile to drIve performance and life: 

I. Dirt, dusl and foreign matter. 
2 Vibration and shock. 
;~. MOist urI' and vapors. 
4. Temperature excursIOns. 
S. Cau "tl(' fumes. 
o. Powf'r iiiif' fluctuatIOns. 
-;. Elpctrornagnptic intp,rf~rrn('e (noise). 

WARNING 
f';(,)\ II PMENT SHOllLD NEVER BE INSTALLED 
WIIl-:HE lIAZAHDOllS, INFLAMMABLE OR 
U)MBLJSTIBLE VAPORS OR DUSTS AHE PHESENT. 
SliFFICIENT CLEAHANCE IN FHONT OF THE UNITS 
SHOllLD In: ALLOWED FOR ACCESS FOR 
MAINTENANCE Of{ HEPAIR 

CAUTION 
THIS EQlllPMENT IS DESH;NED TO OPERATE IN A 
"JORMAL INIlUSTRIAL ATMOSPHEHE. OPERATING 
HADIO TRANSMITTERS Nl<:ARBY MAY CAliSE THE 
(:ONTHOL EI)lIIPMENT TO MISOPERATE. IT IS 
fU:COMMENDf:I) THAT RADIO TRANSMITTERS NOT 
BE OPEHATED WITHIN THE VICINITY OF THE 
UlNTIWL E()lIIPMENT WflEN THE PANEL DOORS 
.<\HE OPEN, NOH AT ANY TIME WITHIN THE 
I:ONFINES OF THE POWER CONTROL ROOM. 

MOUNTING 
POWER UNIT 

Tilt· ..,t,\\\d,lId pOW!'1 111\11 i.., [)(I" Il\~h, 2[)" Will!" 20" dt'ep, 
NEI\\·\ I t'II<'1o,1ll't' 111011 11 tt·d 011 II" lugh h,i',!' Toldl hpight 
('tpHlI~ CJ I" (:a.,I'''' may bl' holted down U~lflP; :JI8" diametel 
mountlllg hoi" or "tud" thr(lugh holps provldf'd 1fI has!' 
fl'e!. Case~ may bp holled to a wall I hrough holf'b provided 
Itl thp top flange CondUIt entry opel1lngs with removable 
('ovprs are provided Ifl the top and hottom of the case. See 
Fig, I. If ~tud~ are cast in floor, tht'y "hould extend 3 1/2" 
II/ltlimulII abov!' floor. Conduit entry openltlg~ through the 
ha..,p an' fitted WIth removable sheet steel covers. Other 
f'OndUIl entry area IS avallahle through the top of the case. 

* Trademark of Ceneral ElectrIC Company, U.S.A 

CAUTION 

IF CONDUIT ENTRY OPENINGS ARE TO BE CUT IN 

THE TOP OF THE CASE, ADEQUATE PRECAUTIONS 
SHOULD BE TAKEN TO PREVENT METAL PARTICLES 

FROM ENTERING DEVICES AND COMPONENTS 

OPERATOR'S STATION 

The Operator's Station must be disassembled for mounting 
and wIrIng. First, remove the screws securing the cover to 

the Operator's Station enclosure and then remove the 
cover (with control devices mounted on the cover) from 

the f'nclosure. 

When using eIther rigid or thin wall condUits, It IS generally 
easier to attach the umt to the end of the conduit before 
locatlflg and installIng the mounting screws, 

Mount the Operator's StatIOn on any fIrm, reasonably flat, 
vertical surface hy means of mdunting holes in both top 
back and bottom back of enclosure, The Operator's Station 

1& suitable for either wood screws or No 10 machine screws. 

AC MOTOR{S) 

A separate instructIOn book IS provided giving informatIOn 
on location, conduit location and mountlllg of the 
motor(s). The motor(s) should be mounted on the drIven 

machllle (or as appropriate for the Installation) before 
proceeding with wiring, set up and adjustment. 

ELECTRICAL WIRING & 
iNTERCONNECTIONS 

All wmng shall be III accordance WIth the National 
Electrical Code and be conSIstent WIth all local codes. All 

mternal electrical connectlOn~ between components in the 
power um!, are made at the factory. When Iflstalhng AF· 
400 dnves, all connectIOns should be checked for tightness. 

Connections may become loose in shIppmg or storage. A 
dIagram shOWIng the connectIOns between the power unit 

and the related I'omponents IS furnished With the 
eqtllpm('nt. All t('rlllinal~ to willch tht· ('xl('r1lal 

connectIOns are to Ilt' made are numbered on the diagram. 
The eqUIpment should be WIred as per the elementary 

diagram and verIfied hy continUity tests It is 

recommended that as each connectIOn or wire is connel'ted 
to the eqUipment, it he checked off on the elementary 
diagram. 



WARNING 

ALL MOTOR BASES AND EQUIPMENT ENCLOSURES 
MUST BE CONNECTED TO THE FACTORY OR 
FACILITY GROUNDING SYSTEM. 

MOTOR(S) CONNECTIONS 

The motor leads should be connected for the drive 
nameplate voltage rating accordmg to the connection 
diagram plate on the motor (s). Connecting wire sizes and 
motor protection should be selected in accordance with 
NEC Standards based on the motor(s) nameplate data. Be 
sure to connect motor thermal switch (if supplied) back to 
the power unit. Tape all motor connections. 

POWER UNIT CONNECTIONS 

Electncal codes generally reqmre the use of a fused 
disconnecting switch or circuit breaker in the AC power 
line ahead of the power unit and transformer (if used). The 
disconnecting switch and fuse (or circuit breaker) should 
be selected in accordance with the National Electrical Code 
and/ or local code requirements based on the power input 
data on the power unit nameplate. If any additional relays, 
solenoids, brakes, etc., are added to the system, R.c. 
suppression networks must be added across the coils, (.Suf. 
220 ohms @ llS/230V). 

OPERATOR'S STATION CONNECTION 

Usmg the elementary diagram, make all the required wirmg 
connections between devices in the Operator's Station and 
the connections to the power unit. Reassemi!le the 
Operator's Station. Carefully dress the interconnectmg 
wIre into the back of the station so that the device assembly 
may be Installed. Keep the wires away from sharp edges and 
do not force the device assembly into place. Replace the 
station cover and secure with cover retaining screws. 

DESCRIPTION 

The AF-400 is an adjustable frequency AC motor drive 
designed for industrial applications. Either sIngle motor or 
multI-motor operation from a single power unit can be 
accomplished. Adjustment of motor speed IS achieved by 
changing both motor frequency and voltage. This is 
accomplished in separate sections of the drive, since the 
AF-400 is a variahle voltage DC link type of inverter. 

The various modules and components to be described are 
physically located In the AF-400 power unit as shown in 
FIgure 1. These modules and components are also shown in 
the system block diagram of Figure 2. Following, IS a 
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description and operating rxplanation of eaeh syslrrn 
block, starting with the power blocks and fini!Jhlllg with tilt' 
control blocks. 

CONVERTER MODULE 

The converter module is a three-phase, full-wave controlled 
rectIfier which converts the incoming three-phase AC 
power to variable voltage DCpower. The ~ix SeR converlN 
is shown in more detail in the power circuit of Figure 3. Thf' 
SCR snubber circuits (not shown) act to proteI" tht, 
converter SCR's against voltage transients. The converlt'r 
module also contaInS the com mutating pow!'r supply «('ard) 
and the commutating feedback cin'ultry dt!scribed below. 
The converter DC output by adJubting tht~ firing point of 
each SCR reiallve to its AC ~upply phase voltagt!. TIlt' 
resultant DC output voltage, therefore, eontalllH a six Ilrnt'H 

AC supply frequency ripple component of voltage TIllS 
ripple voltage must be filtered to Improve the wave-form 
before being applied to the inverter beC\lOn. 

DC LINK FILTER 

An iron core reactor L 1 and a bank of dt'd rolyt It' ('apaf'll ()r~ 
CI act as an LC filter In the DC lInk, ab "lwwll III FII-(t1[(·:t 

In addition to fIlterIng the output of Ihl' ('ollverll'l, II Hl~() 
prevents inverter commutalion trallblt'lI!b frolll bl'lIlg 
applied back to the convertt'f Tlw C I capa(,I!())' <il~() al'h!1l 
~\lpplv motor readive power. 

INVERTER MODULES 

The three-phase inverter consists of three Identical smgle
phase inverter modules, as shown in Figures 2 and 3. Ea('h 
module consists of two inverter SeRs, two comrnutating 
SeRs, two bypass diodes and an LC eommutating I:lf(:uit. 
Output phase A (Tl) of Figure 3 will be described, since all 
three phases operate in an identical manner, ex('epl for 
being displaced by 120 degrees in phase relationship. For 
bimpiIcity, only Phase A commutating circuit is shown. 

The AC motor lead Tl IS alternately l'O!1lleetmi to thl' 
positIve P3 DC bus or the negative N2 DC DUs, by invcrlt'r 
SCR's ISP or ISN, respectively. The frequency thai 
terminal 1'1 is alternately connel'ted 10 thl' Iwo DC 
potentials is the fundamental frt'tluelll'y applied to t he At 
motor, which determines Its speed. 

Although an SCR can readily be turned un by applying a 
firing signal to its gate, It must be commulated off by 
supplying an alternate path for the ('lIrren! which was 
flowing through the SCR, and by applYlIIg a small reverst' 

I) 
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vollagt' 10 thl' SCH for a short period of time. This is 
a, "olllph~ht'd by means of the com mutating SCR'e CSP and 
(:~N, and by Ihe commutating reactor LC and com mutating 
('apal'ltor cc. 

At tlw tllne when Inverter SCR ISP IS to be commutated off, 
('upuntor CC I~ charged such that the Tl side IS posItive. 
Wht'l! ('ommutaling SCR CSP is fired, the motor current 
flowillg through ISP IS diverted to the alternate path of 
esp, CLP, LC and CC due to the voltage charge on CC. 
Whpn the com mutating current In this alternate path 
t'x(:eeds tht' motor current, no more current exists In ISP. 
A'\ capaci tor CC diseharges further, the excess commuatIng 
('urrent (above the motor current level) flows through the 
LP and dIOde DP back to esp. The voltage drop across DP 
produces a Hmall reverse voltage across ISP to cause it to 
rf·turn to Its blocking or off state. Therefore, for successful 
commutatIOn, the commutatIOn current must exceed the 
motor current for the amount of turn·off time reqUired for 
tilt' SCH. In order to minimize this time and the 
(,()Hlllllltating pnergy required, special Inverter grade SCR's 
an' Ilh"d whl(:h have a short turn·off time. 

TIll' ,ollllllutatIrlg current pulse takes the form of a half
('y..!,. 'lllll' wav/' bpl'aul'!e of the interactIOn of capacitor CC 
wllh f(~aclor LC, After the commutating current peaks and 
,lartH dimllll~llIng, the charge on capacitor CC reverses, 
and tilt' ('nergy stored in reactor LC charges CC up in the 
OppO,\II/' dIn~ctlOn. At tht' pOint in time when the 
('()mmutating current falb below the level of the motor 
(urnmt, the current m (hode DP goes to zero and the 
pott'lltlal of tht' TI molor lead changt's from the inverter 
po~ilivt' b\l~ P:1 to ttw negative bus N2 so that dIOde DN can 
(urrllsh t he motor current. The above action occurs if the 
onCOITlIng Invertt'r SCR ISN is not fired before this pomt m 
tllll" If ISN IS [If(·d earlIt>r, the transition of Tl from 
pO'\IIIV(> to llt'gativ(' bu~ WIll occur earlier m the 
,ol!ltrllllatlOll IIltNval. In any case, capacitor CC becomes 
dlargf·d up III tilt' Oppo~lte dlrf~ctlon (1'1 SIde negative) at 
tlJ(' ('nd of th,~ I~P mmmutatlOll mterval. It IS now charged 
,·orrt·,·tly to ('omrnutak off inverter SCR ISN when 
"olllllllltatlllg SCR CSN IS fired. ThiS commutatmg action 
I", Ill(' ",un!' lh thl' one jU5t deSCrIbed. At the end of each 
(Ol!llllut,ltlllg lllt(>rval, the commlltatIng SCR IS 
"Olllllllltatl'd off by the !'hdfge Oll capacitor CC produclllg a 
f('v('r~e voitag(' to t hI' ('ornrnutatIng SCH which had just 
Iwt'n condu( ting. 

Th,' four lI'g rea!'lor~, CLP, CLN, LP and LN act m 
"OIlJUll,'tlOll wIth the SCI{ snubber CirCUits (not shown In 
Figure :3) to limit dv Idt and prott'ct the seR's against 
vollage trall"'It'llt~ Thf' It'g reactors also serve to limit 
,'lIrrl'lIt d' all IrIvertt'r fault should occur. 
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The ,~ommutatlOn losse~, although small In relatlOli to the 
total commutatIOn t'nergy, mu~t be replaced in order to 
keep I he t'Ommuation capa(~ltor charged up to the proper 
voltage These losses are replaced from the vanable voltage 
DC link (P12 to N2) when It IS near Its maximum value. 
The amount of energy replaced, and thus the level of the 
commutatIOn capacitor voltage, is determined by the firing 
POInt of the oncoming inverter SCR in the commutatIOn 
los~es are replaced from another source, the commutation 

power supply. 

COMMUTATION POWER SUPPLY 

ThiS card con tams three diodes and two resistors (R3 and 
R,t). It is located in the converter module (lower left hand 
rt'ar). These deVices are all relatively small SInce the 
commutating losses thiS card furnishes are a very small 
percentage of the drIve rating. 

Tht' dIOdes, In Figure 3, form a three-phase. half-wave 
bridge which operates in conjunction with the negative 
~CR portion of the converter (lSN, 2SN and 3SN) to 
provide a constant voltage hus relative to DC link bus. ThiS 
DC supply IS filtered by resistor R3 and capacitor C2. 

The amount of energy furnished by the commutation 
power supply to each lllverter phase commutation Clfcuit 
depends. on the level of the DC link voltage and on the 
pOIllt III the commutatIOn interval when the appropriate 
oncoming Inverter SCR is fired Sillce the energy loss per 
commutation IS small, the lo~st's are replaced only every 
other commutatIOn HI each phase; that is, only during each. 
positive inverter SCR commutatIOn HI each phase. The 
drIver regulates the commutatHig current and voltage ove.r 
tht' whole DC link voltage operatlllg range, IrrespectIve of 
how much of the commutatmg losses are supplied from the 
('ommutating power supply or from the DC link. 

PROTECTION AND COOLING 

Drive ~hort circuit prot~ction IS prOVided by current 
Ir mlling uses in the AC suppl y. An Hlcoming circuit breaker 
can be supplied (If ordered) to provide both AC 
dl~connection and short CirCUit protectIOn. 

Pow,'r UllIt cooling ib proVided by a fan which is mounted at 
tfw bottom of the power UllIt cast', as shown HI Fig. l. A 
t11f'rrno~wltch, which opens on an overtemperaturp 
('()ndltlOn, IS placed III tht> cooling air stream to detect fan 
faIiuft'. This ~witch may bt' connt'cted either to shut down 
tht> dl'lvt' or sOllnd an alarm. 



SYSTEM CONTROL 

The system control and associated operator's devices will 
vary considerably dependmg on the application of the 
drive. Refer to the system elementary diagrams and 
InstructIOns for description of the AF-400 general-purpose 
drive. See drawing 36B590264AA, sheets 1 through 7. 

DRIVER MODULE 

The driver takes the operator and system control 
commands and translates them into SCR firing signals to 
the various power modules to obtain the commanded drive 
operation. It makes use of several voltage and current 
feedbacks to monitor the commanded operation, and to 
protect the drive from misoperatlOn and fault conditions. 
It contains adjusting means to provide the desired 
operating performance. It also contains indicatmg lights to 
provide visual indication of operating or fault conditions. 
Finally, it provides a number of signal readouts to alert the 
system control of variOUS operating and fault conditions. 

The driver rack shown in Figure 1 contains five control 
cards plus a power supply card. The control power 
transformer (TXl) is located on the commutated capacitor 
panel directly below the ventilating fan. In addition, the 
optional meter card can be provided (if ordered) for drive 
set-up and diagnostics. All cards are plug-in type for ease of 
replacement. Interconnections between driver and all 
power modules is by wire harnesses which plug mto 
receptacles at both ends. Inputs and outputs are on 
terminal boards located on the bottom front of the 
commutating capacitor panel. See connectIOn diagram for 
the lllverter, 36D870007 AA, Sheet 5 for inputs, and 
outputs, and for card layout and interconnections. 

A functional block diagram of the driver is shown in Figure 
4. A more detailed description of the driver functions on 
each card, plus signal flow, is given under the following 
card headings. Also refer to the "Driver Notes" on the 
driver elemenatry diagram for detailed information on 
Inputs, feedbacks, adjustments, readouts, etc. 

SYSTEM CARD 

The system card consists mainly of logic elements, and acts 
as the logic interface between the system control and the 
driver. 

The Start-Stop logic insures that starting occurs at 
minimum frequency and voltage, and that acceleration to 
tilt' refcrenee input is through the timed acceleratIOn 
('In·uit. Stopping is accomplished by first deceleratlllg at 
the !>et tImed rate until a low voltage level IS reaehed, at 
which time the Inverter IS stopped. 
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A DMF input provides a special decelerate to minImum 
frequency operation, from the set reference level, without 
stopping the inverter, the deceleration can be connecter! to 
the inverter at this minimum frequency operating It'vel 
Without disturbance, and WIll then Ill' accderaled 10 Iht' 
reference level at the set timed rate wht'n lilt' DMF ~!Igllal iH 
removed. 

The mmlmum voltage and frequency detection logic 
contained on this card provides an MVFR signal readout to 
alert the system control when this drive eonditiofl IS 

reached. A Run R readout provides a signal dependent on 
whether the inverter is operating or in a stopped condition. 
An IF indicating light on this card gives a visual idea of 
mverter operating frequency by its blinking fr~quen('y. 

If a fault shutdown of the drIve occurs due to an y caUbe, til!> 
FTR readout provides a signal for the system control. Rt'st'l 
of the fault logiC and fault indicating lights Will normally 
occur if a normal stop operation is accomplished. Howevf'r, 
if a separate fault reset operatIOn is deSired III additlOlI 10 

the STOP operation, the XFR input can be used for tlllS 
purpose. 

An inverse time overcurrent trip functIOn, pili!> trip 
indicating light ITOC, is provided to shut down the dnvt' 
ThiS operates Immediately for overc:urrent~ above 175 to 
200% of rated current. For overeurrents where the currl'nt 
limit functIOn on the Hegulator card IS limiting, tfw 

shutdown Will oceur In 15 seconds to I mInute aftt'!, CUI n'lIt 
IImitmg begms, depending on tht' overcurrf'nt If'vel. 

If synchronization of the IlIvertt'r frequency to anot h('(' 
frequency IS deSired, a SYNC signal input Will t:ause th(~ 
inverter frequency to change from the n>ferenc(~ level to 
the external frequency level, and to lock into that 
frequency. A digital discriminator compares the illvt·rter 
frequency with the external frequency, and prOVides logic 
signals to the Hegulator card to cause the invt!rh'r 
frequency to be synchronized to the external frequency In 

the correct phase relationship. When phab(~ and frequt'n('Y 
lock-in is achieved, a SY Nt: indi(:allllg lIght on till' ('art! 
lights and an SR inverter ,ynehroni;wd n'udollt :'!Ignal I, 

prOVided. Note: ThiS feature Ib not requil'l:d lor CP, 
General Purpose drives. 

REGULATOR CARD 

The regulator ('ard contains mainly analog regulating 
cirCUitry plus adjustment potentiometers Itl the driver. 

II 



A midpoint control voltage level (+ 10 volts) is generated on 
thlH card to providf' a midpoint around which the Internal 
n·gulatm/i!: control can swmg both positive and negative. 
Howlwer. all input and readout control signals are relative 
to tilt' eontrol power common potential. 

Tlll~ card aceepts tht' analog reference input and, except 
whetl thl~ signal is clamped at zero or some other level by 
tht' ~tart-stop or other logic on the System card. applIes It to 
tlil' hlll'ar timin!!: ,·ircllit. ThiS functIOn prOVides separately 
,IIIJlIstablt' tllllt·d acceleration and deceleratIOn to or from 
till' ~d rt'ft'rt·!I,·t· level, or to a new reference level. The 
tlllllng IS adJuhtable from 5 to 50 seconds for a maximum 
rI·lef(·nl·e change In either direction. A substantially faster 
ac,(,pleratlOn or deceleration time than the settmg can be 
1Ililiated by an FR logic Signal from the System card. 

An adjustablf' motor current limit function is proVided to 
oVf'rndt' tIlt' analog reference if motor currt'nt exceeds the 
"urrt'nt limit St'ttlllg This settmg can be adjusted from 
60% to ISO% of rated dnve output current. A current limit 
"tabrlity pott'ntlOmder CLST is adjusted dependmg on the 
motor ,HId load inertia to obtam stable current limit 
olwration. The analog reference. linear timmgand current 
Illlllt futle/IIH1'i are all bypassed when the inverter 
fn'ljut'III'y 1" ~Ylll'hromzed to an external frequency by 
nll'all~ of logiC on the System card. However, the output 
I,·v!'] of tht' llIlt'ar timing elf(:Ult then is determmed by the 
~ylll'hro!llzt-d Irt~ljuency, such that when 'iynchrotllzed 

opt'rallOll IS I'nih-d, Ihe drivt' will n'turn to the analog 
n,ft·It'IlI·(' 1('v(,1 at tht' set linear time rate. 

NOTE 

THIS FEATURE IS NOT A REQUIREMENT FOR GP, 
CENERAL PURPOSE DRIVES 

Tilt· rt~~ultalll RFV output signal IS fed to both the voltage 
rt'gulator and the frequency generator in two separate 
path~. 

TIl(' 1"1,11'1"1'11"" 10 tlIP voltage regulator is affected by the 

adJlI~tlll('1I1 of thret' polt-ntlOmeters. The V /Hz 
POll'lltIOIllt'tt'1 provldl'~ a vernier adjustment of the volts 
pt-r Ilt'rt l of I Ill' III vt'flt'r WI t hll1 + 15%, -5% of normnal. The 
voltagt' hOOHt potentiometer VB adjusts the fIXed amount of 
~oltage which IS added to the ll1verter, irrespective of 
frequency. to overcome the motor IR drop. It IS adjustable 
from zero to 7% of rated voltage The third adjustment, the 
voltage limit potentiometer VLIM, IS an initial set-up 
adju~tment whwh prevents the converter from turning 
i'Ornpletely on and saturahng. ThiS adjustment limits the 
maxImum ll1verter AC output voltage to be slIghtly less 
than the AC ~upply voltage. ThiS function keeps the 
,tability-siowdown control (described later) in its 
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regulatIng range, and is also Important m IImltmg the 
llIverter voltage when motor transfer from inverter to AC 
supply IS done. (Not required on GP, General Purpose 
dnves). 

The amount of IR compensatIOn reqUIred is dependent on 
the amount of motor torque required to start the dnven 
machInery and to run at low speeds. 

The voltage regulator compares thiS modified reference 
with a feedback Signal proportional to converter DC output 
voltage which is obtaIned from the Converter card. The 
output of the voltage regulator IS then fed to the Converter 
card as the reference Signal to the phase control. 

The other path of the RFV reference SIgnal to the frequency 
generator IS affected by the adjustment of two 
potentiometers and a jumper selectIOn. The MINF meter 
adjusts the inverter mlrllmUm frequency from 3% to 12% 
of set base frequency. For RFV reference levels below the 
,,(Ot mInimum frequency level, only mverter voltage IS 
dt'creased. The BF potentiometer adjusts the mverter base 
frequency over a mlmmum 2 to 1 range withll1 either of the 
three base frequency ranges, 37.5 to 75 Hz, 75 to 150 Hz, or 
150 to 300 Hz, selected by the jumper on the regulator card. 
An external base frequency adjustment potentIOmeter may 
he connected to modify the card setting by as much as plus 
or mmus 50%, within the 300 Hz maxImum frequency 
rating. 

Tht' frequency generator takes the analog frequency 
voltage signal and converts It mto a pulse train whose 
frequency IS 6 limes the desired fundamental motor 
frequency. This frequency signal IS the fed to the Inverter 
card. The analog frequency voltage signal Input to the 
Ireljuency generator i'i al<;o used to provide the FVR 
frt'qut'n(:y voltage ft'adout, which iq a voltage Signal 
proportional to actual Inverter frequency. 

Thp stabIlity-slowdown control provides the followmg 
thrpp functIOns: 

I. PrOVides stabilizing for motors at their underdamped 
operatll1g points 

2. Overrides the frequency reference, when it cails for 
substantIally faster than motor coast slowdown. to 
keep the volts/Hz applied to the motor within normal 
limits. 

3. PrOVides system stabIllzmg dUring slowdown and 
current limit operatlOtJ 



The stability-slowdown control is only effective during 
analog reference operation, being locked out when the 
inverter frequency is synchronized to an external 
frequency. 

CONVERTER CARD 

The Converter Card controls the firing of the converter 
SCR's to obtain the correct DC link voltage to be applied to 
the inverter. 

The three AC supply phase voltages are fed to this card 
through high impedance isolating resistors contained III the 
wire harness. The Converter card isolating circUits 
produce three voltage signals equivalent in phase 
relationship and magnitude to the AC supply phase to 
neutral voltages. These signals are used in the phase 
control to determine the correct firing points of the six 
converter SCR's, They are also used to detect incorrect 
phase sequence or loss of one or more phases, which 
produces a PS/LOP light indication and prevents drive 
operation under these conditions. 

The phase control takes the Regulator card voltage 
regulator output and uses it in conjunction with the three 
AC line signals to generate the six converter SCR firing 
signals. These six firing signals are modulated by the firing 
oscillator signal from the Inverter card to produce pulse 
train signals, which are amplified and fed to the Pulse 
Transformer card in the converter power module. The 
actual amplified firing Signals are fed from a delayed firing 
supply from the Inverter card which delays firing signal 
transmission until the control has settled down after driver 
energlzation. 

The converter output voltage is fed back to this card 
through high impedance isolating resistors in the wire 
harness. The isolating circuit produces a converter voltage 
feedback signal which is fed to the voltage regulator, on the 
Regulator card. 

The DC link voltage applied to the inverter is fed back 
through high impedance isolating resistors in the wire 
harness. Its isolating circuit produces a link voltage 
feedback signal whICh is fed to the stability-slowdown 
circuit on the Regulator card and to the minimum voltage 
detection logic on the System card. It is also used to detect 
DC link overvoltage, which produces a LOV light indication 
and an immediate drive shutdown. 

Converter firing shutdown, after a fault is detected, occurs 
III two steps. The first step is an immediate phase back of 
firing signals to the maximum retard condition to qUickly 
reduce converter output current to zero. The second step 
occurs about 0.1 seconds later when all firing signals are 
locked out to stop converter operation. 
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INVERTER CARD 

The Inverter card controls the IllVt~rter commutatloll 
process and provides fault detection and Invt'rter shutdown 
logic. 

The six times fundamental frequency pulse train generated 
on the Regulator card is used to imtiate each commutatIOn 
interval, since there are six inverter commutatiorH, per 
cycle. The commutation control generates tlie logiC: Signals 
which are fed to the Phase LogiC card to aecomphsh tht· 
following inverter firing sequen(,e dUrIng each 
commutatIOn interval: 

1. Stops firing the inverter SCR to he commutated off. 

2. FIres the proper commutatIOn SCI{ to bt'!(1ll tht' 
commutatIOn process. 

3. Imtiates firing of the proper oncommg inverter S( :Hs 
at a point sometime after the midpoint of thl" 
commutation interval, dependent on the 
commutation current regulator. 

A jumper on this card sets the correct commutation timing. 
ThiS jumper placed on the 230V AC or 460V AC position 
depending on the eqUipment rating. 

The commutation current regulator affects the 
commutation interval firing in order to malIItalll thl" 
commutatIOn capacitor voltage within the de!.ired limJl;, 
over the whole inverter operating rangl" for proper SCH 
commutation. This is accomplished by monitoring the 
commutation current feedback from the Current Feedback 
circuit III the converter module. The current peah are 
compared to a desired level and the regulator then initiates 
earlier or later fIring of the oncoming inverter SeRs III the 
commutation interval to control the amount of energy 
added to the inverter commutation circuit. If the 
commutation current and voltage become too high because 
of excessive motor current or Circuit misoperatlOn, a 
commutation overcurrent detection CIrCUIt produces a 
COC light indication and an Immediate drive shutdown. 

Tht· pulse tralll o!lcillator OIl this ('ard prOdUI't'h a pulst' 
frequency which I~ uSl"d to modulate thl' ('OlltllluoUS fIring 
hignals generated on the COllverter and Phw'l~ Logi(' ('!m!s 

The resultant firmg signals are then lippiit'd to I'IIIHI' 

Irllll"lolllU'1 ~ III IIU' pow!'r "lutllllpH 10 oblni" IHolatlllll 01 
till' ('0111101 frolll Ihp pOW('r, 

The delayed fmng ~upply on this ('art! I~ 1I~f'd to pr(Jvld,' 
firIng Signal powt'r on the Converll'r and Pha~t· Logl<' ('ardh 
This supply IS not energized until approxllnately I "p('ond 
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,tll"1 dt'lvt'r ('ontrol IH1Wt'r I~ appht'd ~o that tht' (,(lntrot 

lo!,:" ('lIn IW(,Ofllt' operatl Vt' bt'fort' an y SCR fmng is 

IHI~~,blt' If I fl(' dt·laYNl firing ,upply voltage goes below a 

,!'I l"vl'l, an ImmedIate drive shutdowll IS produ('t'd and the 

('olllrolundl'rvoitaw' hght UIV willligh!. If the main +20 
volt ('otllrol voltagt· gOt'" below approxlmatt'ly 18 volts, it 

,i!"o produce,> all IlIllIledlalt· dnvt' ,>huldown and ClTV light 

II Hjll'lItlOll In addition tht· delayt'd fmug !'upply IS locked 

out for "olltrol voltdge;, IIndt'r tht' shutdown level so that 

lIIadvt'rlt'nl SCH frrlng cannot O( ('ur 

1\ ~h(Jrt !'Ircult fault in any phase module of the Inverter 

wdl product' a large dIscharge current from the DC link 

frllN l'apa('ltor This is detected by current transformer 

eTC and fed ba('k to the Inverter card. When thiS current 

('xct'eds a set level indicating an Inverter fault has occurred, 

an Immediatt' dnve shutdown is produced and the Inverter 

Faull LIght 10C will light. The Immediate drive shutdown 

produced by either an mverter fault, a control 

llndprvoltage, a commutation overcurrent, or a DC link 

ovt·rvoltage caw,es all normal Inverter firing to be locked 

oul and produ(,es a firmg of six inverter SCRs by means of 

'Igllah-, sUPI'III'd to tht' Phase LogIC card. This Immediate 

,II III dow II a 1'1 1011 , how!'v('r, al wa ys causes the III verter fault 

Itghl IOC 10 hghl when any of the other three faults 
d(·~('flbt·d abow o(·('ur. 

TIll' oVl'ffn'qUt'IH:y trrp function prOVIdes a drive shutdown 

alld IOF Iighl mdicatlOn If themverter frequenry exceeds a 

,d Irmil du(· 10 any rea"url. ThIS oVNfrequency limit is 

,plp('lable by nwall" of an mVt'rter card Jumper to the either 

7:'> liz. 110 Hr. 16;:) Hz, 27;:) Hz or 400 Hz, 

PHASE LOGIC CARD 

Tht' Phase Logl(, card translates the Inverter card logiC 

'iignals mto three-phase logic to control the fIrIng of all 

commutatlOll and inverter SeRs. 

Tht· SIX tllIle" fundamental frequency logic from the 

IlIv!'rter card i'i translated Into three-phase, full-wave lOgiC 

1tI It IH)hltIV(' ABC pha'ie ~t'qut'IJ('e by the Phas" LogiC rard. 

Till" I hi (·I·,pha.,(, logH' I" lI,>pd to ~t'qllt'lltialty slt'!'r the six 

lillII''' pl'l t'y!'i('('olIllllulallolllogie from the Inverter card to 

tht· propt'r pba~t' sen fmng logic dependent on the three

phai1e sequenct'. 

The SCR firing pulse gent'rators take power from the 

ddayed fmng supply on the Inverter card to produce firing 

pllisel-l for six inverter SeRs and SIX commutating SCRs III 

till' thrf'f' lIlverter phase modules, The finng Signals for the 

m inverter SeRf; are half-cycle long Signals which are 

lIIodlllated by the fmng OSCIllator pulse train from the 

IIlVl'rter eard, wht'reas, the other mne flTlng signals are 

'illlgie ~hort time pulses. 
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The fault shutdown logic produces an immt'diate Invt'rtt'f 

~hutdown in response to fault logiC Signals from the 

Inverter card, ThiS logiC locks out all normal inverter firing 

,ignals and produces a firing of the six inverter SCRs to 

produce a shoot-through commutatIOn of the whole 

Inverter. 

POWER SUPPLY CARD 

A 26 volt winding on the control power transformer 

provides single-phase AC power to the Power Supply card, 

A full-wave rectifier and filter capacitor on this card 

provides unregulated DC power to the series pass power 

transistors which produce the regulated +20 volt control 

power output. Short circlllt protectIOn is provided by a fuse 

while output overvoltage protection is prOVided by an 

overvoltage detection and crowbar circuit. 

The power transistors are controlled by a regulator circuit 

which provides accurate +20 volt regulation from a 

reference zener. This zener also provides the reference for 

the control undervoltage trip functIOn on the Inverter card. 

ThiS (:ard has the provision for DC Input supply power for 

AC power outage ride-through. 

METER CARD 

The optional Meter card fits into a prewlred driver 

receptacle and is a valuable tool for drive set-up and 

diagnostic checkout. 

ThiS card contains a 19 posItIon signal selector switch for 

connecting to the meter and test posts any preselected and 

prewlred Signals or a back plane probe and its associated 

buffer circuitry IS to enable reading almost all card terminal 

SIgnals without affectmg drIver operation, This card also 

contains a 3 position scale selector switch plus the 

necessary circuitry to enable the meter to read either AC 

rms, DC average, or the peak reading of any signal. These 

functIOns provide thiS card with the capability of readmg 

irlverter output link peak ~ommutatmg current, and peak 

It'vels of short time logiC' pulses, as well as the llormal 

analog Signals. 

POWER MODULE CONTROL CARDS 

The following two cards are mounted in the power modules 

and act as an mteface between the dnver and the power 

module. 

CURRENT ISOLATOR CARD 

This card is located in baek of the dnver module and 

l'Onnected With spade terminals to term mal board TB3. 



This card contains an oscillator for switching the incoming 
DC current signal to AC. It also contains a transformer 
which provides isolation between the line voltage side and 
the control side. The current feedback potentIOmeter, CFA 
on the isolator card is normally set to make the current 
output (LCS) equal to 1 volt RMS with rated output 
current. 

The inverter commutatIOn current transformer is 
connected to a rectifier bridge and specified loading resistor 
to provide a unidirectional voltage signal. This signal peak 
IS 12.5 volts for the desired commutation current level of 
each inverter rating. An additIOnal negative commutation 
current loading resistor is included so that the 
commutation current regulator will mainly regulate the 
positive commutation current III each phase. 

PULSE TRANSFORMER CARDS 

These cards are mounted on the converter and inverter 
phase modules and commutation power supply, one card 
being required for each pair of SeRs. Their major function 
is to provide voltage isolation between the driver control 
and the SCR power CircUit. 

Each card consists of two Identical pulse transformer 
circuits. These provide current amplification of the actual 
SCR firing signals over the signals received from the driver. 
They also con tam input nOise suppression and self
protection from abnormal loading. 

The following two cards are mounted on the power modules 
and act as interface between the driver and power modules: 

1. Pulse Transformer card with current feedback 
(193X389AAGOl). This card IS mounted on the front 
insulation cover of the converter power module. 

NOTE 

THE COMMUTATION POWER SUPPLY CARD IS 
LOCATED ON THE LOWER LEFT HAND SIDE OF THE 
CONVERTER POWER MODULE. THE PULSE 
TRANSFORMER CARD IS A SIX CHANNEL FOR 
FIRING SIX ISOLATED SCRS WITH EACH CHANNEL 
PROVIDING VOLTAGE ISOLATION BETWEEN THE 
DRIVER CONTROL AND THE SCR POWER CIRCUITS. 

2. Pulse Transformer card (193X390AAG01). This card 
is mounted on the front insulation cover of each of 
the Inverter Phase Modules (Qty. 3). This card is a 
four channel for firing four isolated SCRs With each 
channel providing voltage IsolatIOn between the 
driver control and SCR power circuits. 

GEK-249% 

Each card contains two identical pulse transform('r 
cirCUits. These provide (,UTTent amplification of the 
actual SCR firmg Signals received fronl tht' driver. 
They also contain input noise suppressIOn and "e1f
protection from abnormal loadll\g. 

The card on the converter module is also fittf'd with 
the commutation current feedhaf'k ('lfeUI!. 

IS 
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START-UP AND CHECK-OUT 

EV/ry AVAOO Inv/'rtt~r drtve has Iwen factory tested and IS 

r/'adv to np/'ralt', provided that the I"xtt'rnal powt'r and 

('orltro\ /'OIlrH'ctlOns have b(~en properly made and no 

~llIpplllg and lllHtallation damage has been sustained, It is 

rt'('Ofnmended that the foIlowmg step·by·step start·u p 

pr<H'I·dure he followed to ensure proper operatIOn of the 

('I) III flllll'nl. 

WARNING 

IF DOOR INTERLOCKS (IF SUPPLIED) ARE 
DEACTIVATED OR BYPASSED, EXTREME CAUTION 
MUST BE lISED, BE SURE TO RETURN INTERLOCKS 
TO OPERATING CONDITION AFTER START -UP OR 
THOI IRLESHOOTING 

TEST EQUIPMENT REQUIRED 

TIll' followlllg itsit'd equlpmpnt should he aVailable during 

,t<lrt-up and chp('k·oul. Tht' hrst two items listed are 

r/·,-olllm/·nd/·d for normal operatIOn and maintenance 

Meter Card - 193X48L .GOI 
Volt·Ohmmeter - Digital preferred, 20K per volt mm. 

input impedance. 

(:Iamp-orl Ammett'l ~ AdJustablp rangp up to 300 amp. 

I I t he Meter curd is not available. an oscilloscope 

(prt·fprahly dual trace) will be required. 

TESTING SAFETY PRECAUTIONS 

Cl'rtlllrl pn'('autlOrlS need to bp observed in testmg thiS 

I'ljulpmt'nt 

All of the control in tilt:' drIver. With the exception of the 

II S volt AC ~uppl y to the Option card (when furtll~hed), is 

at d low voltage levl'l With respect to ground The control 

('Oll1nHHI IS cOIHII'ctpd to the driver case which IS connected 

to an t'art h groundl rig .,ystem. An y control CirCUitry on the 
driver l->Ide of thp Pul~1' Transformer card~ is also at the low 
voltagl' Ipvpl. 

All powpr modulp,->. power components. power wIring. and 

, olltl 01 wIfing and components ('onnpcted to the power 

Illu'->t lIP as'->uTlll'd to be at a high voltage to ground. The 

follOWing safpty prpcautlOns must be stnctly observed 

wlll'fl IPstlllg Ifl tht' pOWf'r area: 
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WARNING 

ELECTRIC SHOCK CAN CAUSE PERSONAL IN./UHY 
OR LOSS OF LIFE WHETHER THE AC SUPPLY IS 
CROUNDED OR NOT. HIGH VOLTAGES TO GROUND 
WILL BE PRESENT AT MANY POINTS THROUGHOUT 
THE DRIVE. CHARGED CAPACITORS REQUIRE 
AT LEAST ONE MINUTE DISCHARGE TIME TO 
50 VOLTS OR LESS. 

WHEN TESTING IN THE POWER AREA, TURN THE 
EQUIPMENT OFF WHEN CONNECTING OR 
DISCONNECTING THE TEST EQUIPMENT. 

WARNING 

CREAT CAUTION SHOULD BE OBSERVED WHEN 
INSTRUMENTS SUCH AS OSCILLOSCOPES ARE USED 
TO TEST LIVE (ENERGIZED) POWER CIRCUITS. THE 
INSTRUMENT COMMON LEAD SHOULD NOT BE 
CONNECTED TO ANY UNGROUNDED POINT IN THE 
SYSTEM UNLESS THE INSTRUMENT IS ISOLATED 
FROM GROUND AND ITS METAL PARTS TREATED AS 
LIVE EQUIPMENT. USE OF AN INSTRUMENT 
HAVING BOTH LEADS ISOLATED FROM THE CASE 
PERMITS GROUNDING OF THE INSTRUMENT CASE. 
EVEN WHEN MEASliHEMENTS MUST BE MADE 
HETWEEN TWO LIVE POINTS IN THE CIRCUIT. 

When testing in the control area, remember that these are 

low voltage circuits (20 volts) and can be damaged by 

improper test procedures. 

CAUTION 

DO NOT CONNECT POWER AND CONTROL 
CIRCUITRY TOGETHER IN ANY TEST HOOKUP, 
THIS DEFEATS THE PURPOSE OF THE CONTROL 
ISOLATION FUNCTION AND CAN DAMAGE THE 
E(,llIIPMENT, 

CAUTION 

DO NOT REMOVE OR INSERT PRINTED CIRCUIT 
CARDS 11\ THE EQUIPMENT WHILE POWER IS 
APPLIED THIS CAN DAMACE THE EQUIPMENT. 



POWER-OFF CONTINUITY TEST 

WARNING 

VERIFY THAT THE MAl N THREE-PHASE AC PO WER 
INPUT TO THE SYSTEM EQUIPMENT IS 
DISCONNECTED OR SWITCHED OFF. 

Perform a point-to-point continuity test for all new I y 
l!Istalled wiring and interconnection. Continuity is defirwd 
as 1/2 ohm or less. 

DRIVER SELECTIONS 

These are two card selections and two driver terml!lal board 
selections which should be checked before starting up thf' 
dnve. 

NOTE 

IF EITHER THE INVERTER CARD (193X476AAGOl) OR 
THE CONVERTER CARD (193X477AAGOl) IS 
REPLACED, THE NEW CARD SHOULD HAVE THE 
~AME PRESENCE OR ABSENCE OF ITS JUMPER AS 
THE CARD BEING REPLACED. 

230/460V JUMPER ON INVERTER CARD 

19347(1. .GO_ (or equivalent) 

Tills Jumper should be positioned for 230V or 460V AC to 
agree wllh the drive ratmg. 

OVERFREQUENCY TRIP JUMPER -
ON INVERTER CARD 

The jumper selects the upper l!Iverter frequency at which 
the drrve will trip and shut down to prevent motor 
overspeed. The frequency tflP levels are selected by placing 
the Jumper m the appropnately marked socket positron. 

7S Hz frequency tnp - 75 Hz socket pOSitIOn. 
110 Hz frequency tnp - 110 Hz socket positron. 
165 Hz frequency tnp - 165 Hz bocket positIOn. 
275 Hz frequency trip - 275 Hz socket pOSition. 
410 Hz frequency trip - 410 hz socket position. 

Consult your specific dnvl:' ell:'mentary diagram for proper 
jumper placement. 
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CAUTION 

IN(,ORRECT .J[lMPEI{ CONNECTION Of{ 
DISCONNECTION WILL HESliLT IN MALFIINCTION 
<\ND POSSIBLE DAMACE TO THE INVEHTEH 

60 HZ JUMPER - ON CONVERTER CARD 

193X477 ...... GOI (or equivalent) 

ThiS Jumper should be present on all drrve~ ~uppllt·d from 
60 Hz AC power, and should be f('lIlov(·d on all drives 
supplied from 50 Hz At: power 

REGULATOR BASE FREQUENCY RANGE JUMPER -
75,150, AND 300 HZ ON REGULATOR CARD 

Thl" JUlllpt'r '>t'lpct~ tilt' 1IlVt~rlt-r ba·it' fn'qut'rH'Y rall~('. II 
~hould be placed HI th(> approprratf,ly mar k(,d jump('r "'ock(" 
pO~ltlOlI. 

Bast' Freq. Hangt' of :ns to 7S Ih - 75 lit '>(wkt,t 
positron. 
Ba..,e Freq. Hangt' of 75 to ISO 111. - 150 Hz h(wkt·t 
positron. 
Base Freq. Range of ISO to 300 Hz - :WO Hz ~o('kt·t 
positron. 

Base Frequency I~ tht' trt'ljut'llcy <if wlllch tIlt, I!lv('rtpr 
rea('hes full voltagt' and IhadJu..,ted hy th(' BFpott'ntlOult'ter 
(on thl:' Regulator card) wlthrn ('Itlll'r of th(, abovt' rang('''' 
Consult your ~peClflt: drrve eI(~IIlt'ntary diagram tor prop('r 
jumppr 'ielp('fion. 

CAUTION 

IMPROPER JUMPER CONNECTION OR DISCON
NECTION MAY RESULT IN DRIVE MALFUNCTION 
AND DAMAGE. 

WARNING 

IMPROPER JUMPER PLACEMENT MA Y PRESENT AN 
EQUIPMENT OR PERSONNEL HAZAHD DUE TO 
MOTOR OVERSPEED. 

INVERTER PHASE MODULE SELECTION 

A potentiometer adjustment (CFA) on tht' eurrent isolator 
card provides the means to calibrate the link-eurrt'nt 
feedback signal. This card IS localt'd in back of tht, "pull 
out" driver card rack. The CFA potentiomt'ter IS llormally 
adjusted, such that the LCS signal reads 1.0 volts RMS With 
rated load at base frequency. This would normally o('('ur 
with 100 milhvolts across the shunt LSH, 
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START -UP PROCEDURE 

Pt'riurm the following step·by·step procedure in the 
9Pljl1enCe below. If dunng this procedure a problem is 
(;,!1(·ountert'd. refer to the Troubleshooting Section of this 
manual. 

I. Ht·fort' applying AC supply power to the dnve, verify 
that It IS the proper voltage, phase and frequency as 
dmlOtpd on the equipment data nameplate. 

2. Dlscunnect the three-phase output cables from the 
drIve terminals TI, T2 and T3, or inactivate the 
output contactor If one is provided. 

3. Disconnect control wire harness APL, BPL, CPLand 
DPL from their plug receptacles at the converter and 
phase modules. 

4. Usmg a volt-ohmmeter selected to the Xl ohms 
~cale, check that no short exists between DC link 
bu'!"!',, P2 and N2. Also, check the three AC supply 
powp/, f ll;,e~ and all control power fuses to confirm 
that they are not blown. 

S. Apply AC power to the drive. 

6. Check the drIver card Indicating lights. Only the IF 
inverter frequency light should be indicatmg and it 
should be blInking at a low frequency. If the 
PL/LOP phase sequence/loss of phase lIght is 
ltldicating. Check that the correct voltage is present 
on all three AC supply power terminals Ll, L2 and 
L~. If thege are correct, the phase sequence IS 
wrong. Disconnect the AC power, interchange any 
two cables, and repeat steps 5 and 6. 

7. Che(~k that the fan is operatmg properly and 
prodUCing all' flow through the power modules, 
Rf'fer to the sketch below and to labels on the air 
distnhutlOn chamber for correct operatIOn. 

.,(').. AIR 
I I FLOW 

o 
FAN 

If no rotation oerurs, ('heck if 115V AC IS prf'sent 
between TBI (AC3) and TB 1 (AC2). 

8. Set the driver reference mput at zero. Check for zero 
reference voltage by selecting Meter card switch 
posItion 2, or measure the voltage between driver 
terminal board points TB2(32) to TB2(48) 

9 Interrupt AC power to the drive, connect the DPL 
wire harness plug to the converter module and 
reapply AC power. 

10. Check the dnver lights again. Only the IF light 
should be on, blinkmg at a low frequency. Run 
through the Meter card selector switch positions 1 
through 17 and compare these readings with the 
readings shown on the driver label mounted on the 
inside of the power umt enclosure door. This label IS 
also included In the mstruction book. The readmgs 
taken should compare WIth those given for the "Off 
Condition. " 

If a Meter card is not available, use a volt-ohmmeter 
to check REF TB2(32) to TB2(48) , FVR TB2(44) to 
TB2(48) , and the converter output voltage between 
P2 and N2. The P2 to N2 voltage should not exceed 
30 volts DC for 230 volt AC dnves or 60 volts DC for 
460 volt AC drIves. before the inverter is started 

11. Press the drive "Start" pushbutton. Check driver 
lights and Meter card positIOn 4, or P2 to N2 voltage. 
They should be the same as for step 10. 

12. Increase reference mput to the driver slowly until 
the PI to N2 voltage reaches half of rated DC link 
voltage (150 volts DC for 230 volt AC dnves and 300 
volts DC for 460 volt AC drives). The Meter card 
positions 2 and 4 should both read 7 5 (7.5 volts 
between TB2(32) and TB2(48). 

CAUTION 

WHEN THE DRIVE HAS NOT BEEN OPERATED FOR 6 
'v10NTHS OR MORE, THE ELECTROLYTIC 
CAPACITORS IN THE FILTER CAPACITOR ASSEMBLY 
\1UST BE RE-FORMED FOLLOW THE PROCEDURE 
IN STEP 13 IF FORMING IS REQUIRED. 

13. If capacitor formm/-,: i~ reqUired, increasf' the PI to 
N2 DC link voltage 111 the followmg step~, pausIng 
for 5 minutes at eaf'h "tep 111 the form1l1g proCf'SS 



Operating Voltage Level 
Operatmg 

230V AC Drive 460V AC Drive Time 

200 Volts DC 400 Volts DC 5 Min. 
250 Volts DC 500 Volts DC 5 Min. 
300 Volts DC 600 Volts DC 5 Min. 

(or at maximum reference) 

During each step of the forming process, check the 
voltage at the Q or midpomt of the seriesed capacitor 
asm. on (460 volt AC drives only). The difference 
between the PI to Q and Q to N2 voltage readings 
should not exceed 5% of the PI to N2 voltage. For 
example, at a PI to N2 voltage of 600 volts, the 

~l·-difference between the PI to Q and Q to N2 voltages 
,;. should not exceed 30 volts. If the Q midpoint varies 

~~ 
more than 5%, refer to the Troubleshooting Section 
of thIs manual. In no case should more than 400 
volts DC be applied across a single capacitor. 

14. Press the drive "Stop" pushbutton and decrease the 
driver reference to zero. The DC link voltage 
between P2 and N2 (Meter position 4) should 
discharge down to less than 10% of maximum in 
about 30 seconds. 

15. Interrupt AC supply power to the drive, connect the 
APL, BPL and CPL wire harness plugs to the phase 
modules and reapply AC power. 

16. With reference input to the driver at zero, press the 
driver "Start" pushbutton and check the driver card 
lights. Run through the Meter card positions 1 
through 17 and compare these readings with those 
given on the driver label for "0 Ref. 0 Load." 

If a Meter card is not available, use an oscilloscope to 
check the inverter commutation current feedback 
signals, at the CF connector point of OPL on the 
converter pulse transformer card. The peak voltage 
level of the higher commutation pulse in each phase 
should agree with the values given on the driver 
label, and the waveshapes should appear as shown m 
Fig. 5. The positive commutation current pulse is 
normally the higher since the negative pulse IS 

attenuated on the Current Feedback card. 

17. Slowly increase the drIver reference input up to 
maximum while checking the inverter commutatIOn 
current peak level of each phase. by means of 
selector position 9 on the Meter card, or by means of 
an oscilloscope as described in step 16. The 
commutation current peaks should increase as 
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shown on the driver label. but should remain in the 
ranges shown. 

Also, check that the base frequency IS correct for 
your motor drive system and readjust if necessary. 
See Base Frequency m the Adjustments section for 
checking and adjustment instructIOns. 

18. Press the drive "Stop" pushbutton and reduce the 
driver reference to zero. The mverter should 

'decelerate down to about one-fourth of rated 
frequency and voltage, and then stop. 

19. Interrupt the AC power to the drive. Reconnect the 
three-phase output cables to drive terminals Tl, 1'2 
and 1'3, or reactivate the output contaetor. to 
connect the motor(s) to the inverter. 

20. Reapply AC power to the drive. With reference 
input to the driver at zero. press the drive "Start" 
pushbutton and slowly bring the reference up to half 
rated. Run through the Meter card posltlOlIs 2 
through 17 and compare these readings with thosl' 
given on the driver label for" 1/2 Ref., 1/2 Load." 
If the motor loading is different than one-half of 
rated. the positions 7 and 9 readmgs will be different 
from those given. 

If any Meter reading discrepancies exceeding 5% 
full scale (1.0) from those values given in the drive 
table are found, proceed to the Adjustments Sl'ction. 
If a Meter card is not available, use a clamp-on 
ammeter to read the inverter AC output currenl in 
each phase to check that they are balanced. Also. 
check the AC supply input currents to the converter 
to check that they are balanced. 

21. Slowly increase the driver reference up to the 
maximum of 15 volts. Run through the Meter card 
positions 2 through 17 and compare these readings 
with those given on the driver label for" 1 Hef.. I 
Load." Again, positions 7 and 9 reudltlgs WIll depend 
on the actual motor load. 

ADJUSTMENTS 

Although the drive has been adjusted in factory test, II IS 
recommended that these adjustments be checked to 
determine if they are correct for your applicatlOlI and 
power system. The following sequence should he follow!·11 
in checking and modifylOg the ten driver adjustnwllts, all of 
which are located on the Regulator card. (The V 011 age 
Limit VLIM potentiometer is located at thl' eard lop I~dgt' 
rather than the front edge, and IS adjusted through lilt' top 
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Opl'lllllg III tht' driver rack). Before starting, record the 
fal'!ory adJu~tml'nt positIOns of each potentIOmeter. The 
drlvl'r labl'l may bl' used for thIs purpost', and for any 
('hallge~ III adJustmt'llt that may be made. 

NOTE 

IF TilE DHIVEH HE<;lILATOR f:ARD IS REPLACED, 
-;1<'(' ALL n.N POTENTIOMETER ARROWS ON THE 

NEW CAB!> TilE SAME AS ON THE CARD BEING 
REPLACED THE FOLLOWING ADJUSTMENT 
PROCEDURE SHOULD THEN BE FOLLOWED TO 
CHECK THE ADJl1S1'MENT OF THE NEW CARD. 

VB - VOLTAGE BOOST 

ThIS adJu~tmf'lIt IS df'pendent on the amount of motor 
torquf' rf'gUired at speeds below about one-fourth of rated 
or tht' amoulll of breakaway torque required. If moto: 
tor'lut· rt'!juirt'lOents below one-fourth rated speed are less 
than 2.')% of ratt'd torque, no voltage boost IS required and 
VB should be "el full y counter-clockwise. For higher motor 
loadlllg at low ,pt'eds, a certam amount of voltage boost IS 
rt·qlllft·d to pn'Yent the motor from "pullmg out" and 
:,talllng Thp amount of adjustment of the VB 
(lott'ntlOmt'lt'r from tht' CCW end depends on the amount 
of motor load torque at low speeds and type of motor (larger 
motors requlrt' less voltagf' hoost than smaller motors). 
Adjust VB only enough so that the motor (s) accelerates 
,moothly from rt':,1. 

IRC - IR COMPENSATION 

TUrTling tilt' IRe potentiometer clockWise wIlllllcrease the 
output voltagt' proportIOnal to the link current feedback, 
U :S. W IIh tht' me po! fully counter-clockwise the voltagt' 
III< f(·a~t· will be lO% of raled for LCS = 1.0 volh 
('orf('~p()lldlllg 10 ratt'd current. 

I H ('omfH'll:,atlOll wIll normally only he reqUired if the 
'1.!llllIg ,lIId low "pt'ed runnIng torque exceeds 100% of 
I ,(fIod I\gain, 11)(' amount of IRe setting depends on both the 
amounl of lorqu(· f('<juired and the type of motor. 

Too much vollag(· boo "I Of IR compensatIOn will produce 
,'X('('S'oIV(' Illotor pt·ak currl'nll'o which will cause torque 
I'UklllOlIH 01 "('oggllig" If thl~ occurs at low speed~ the VB 
,\tuUm IRe ~t'lllIlg :,hould lw rt'du('ed. 

V 1HZ - VOL TS/HERTZ 

(lpt·rall" the dflYt· al a r('ff'rl"nce of 12 volts at dnver 
rB2C~2) 10 TB2( tH) (rf'adlllg ()f 12 on Metl"r rard position 
2) AdJu:'1 Iht· VIIIZ (-lotf'ntJOmeter to obtain a DC link 
voltage lH'tW('PII P2 and N2 of 210 volts DC for 230 volt AC 
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drives and 480 volts DC for 460 volt AC dnvl"s. ThIS 

corresponds to 12.5 reading on Meter card pOSItIOn 4. 

The above yolts/hertz setting should lllclude the effects of 

the VB voltage boost ~etting. If the VB setting is changed, 
the volt~/hertz should be readjusted to mamtain proper 
motof t'XCltatlOn. 

VLlM - VOLTAGE LIMIT (located at lop edge card) 

This is normally a factory adjustment and should not have 
to be readjusted. To check this adjustment, operate the 
drive at rated base speed (normally at a dnver reference of 
15 volts). Usmg the voltohmmeter, or any reliable rectifier 
type AC voltmeter (but not an Iron vane type), read the 
mverter output voltage between terminals Tl and T2 and 
compare it with the AC supply voltage read WIth the same 
meter. The mverter output voltage should be 10 volts or 
less than the supply voltage for nominal 230 volt AC drives 
and 20 volts less than the supply voltage for nominal 460 
volt AC drives. If the voltage difference is less, turn the 
VlIM potentiometer counter-clockwise until the 10 or 20 
volt difference is obtamed. If the voltage difference is 
greater, and the AC supply voltage is less than 240 or 480 

volts AC turn the VlIM potentIOmeter clockWIse until the 10 
or 20 volt dIfference IS obtained 

If the AC supply voltage IS above 240 or 480 volts AC the 
drive Will not be in voltage limit (with rated reference and 
proper volts/hertz adjustment) so the voltage difference 
between AC supply and inverter output voltage will be 
greater than the 10 or 20 volts. The voltage limit functIOn, 
therefore, only can be checked if a higher than rated 
reference IS applied to the driver, when the AC supply 
voltage exceeds 5% above tht' rated voltage. 

BF - BASE FREQUENCY 

With the drIver reference at the rated 15 volts (1'B2(32) to 
TB2(42) or Meter card poslhon 2), adjust the BI 
potenhmeter to obtain the desired motor base frequency. 
ThiS frequency can be read by means of a frequency 
counter connected between dnver TB2(52) (IPAD) and 
TB2(48) (COM). It can also be read to Within ±2% 
accuracy by connecting a digital voltmeter between 
1'B2(44) (FVR) and TB2(48) (COM). The frequencv IS 
obtained by multiplYing the voltage reading by 5 for th~ 75 
Hz base frequency range, by 10 for the 150 Hz range and by 

~O for the 300 Hz range. A third method of reading 
frequency, to within ±5% acr,uracy, IS by taking the Meter 
card posltJon 3 reading and applYing the 5, 10 or 20 times 
multJplier just descnbed. 



MINF - MINIMUM FREQUENCY 

Normally the MINF potentiometer is set at or near the 
counter·clockwise end for best starting of motors, 
especially if any breakaway torque is required. If a 
transformer is used between the power unit and the motor, 
the minimum frequency will have to be set higher to 
prevent transformer saturation. A higher minimum 
frequency can be obtained by turning MINF in a clockwise 
direction. 

ATIM & DTIM - ACCELERATION AND 
DECELERATION TIME 

With the driver reference at the rated 15 volts, start the 
drive from rest and check the acceleration time and the 
Meter card position 10 reading. If the meter reading goes 
below 10 during acceleration, the drive is going into current 
limit, and it is probably desirable to increase the 
acceleration time by adjusting the ATIM potentiometer in 
the clockwise direction. If a Meter card is not available, the 
motor current can be read with a clamp-on ammeter to 
measure the acceleration load. 

With the drive operating at rated speed, quickly adjust the 
driver reference to zero and check the deceleration time 
and the Meter card position 6 reading. If the meter reading 
goes above 10 before deceleration is completed, the drive is 
going into slowdown limit, and it is probably desirable to 
increase the deceleration time by adjusting the OrlM 
potentiometer in the clockwise direction. 

If shorter acceleration or deceleratIOn tImes are designed, 
the ATI", or DTIM potentiometers should be adjusted in the 
counter-clockwIse direction, and the operation checked ab 
described above. The minImum tImes obtainable, with the 
5 to 50 second adjustment range, are limited by the current 
limit and slowdown hmit control. 

CLIM - CURRENT LIMIT 

The percentage of rated drive output current at whIch 
current limit will occur can be approximated by the setting 
position of the CUM potentiometer, per the following table: 

CLIM CCW 114 from Mid- 1/4 from CW 
Settmg End CCW End point CW End End 

% Rated 50 to 75 to 105 to 130 to 155 to 
Current 60% 90% 120% 145% 175% 
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CLST - CURRENT LIMIT STABILITY 

This stability adjustment for current limit operation 18 

dependent on the motor and load inertIa, motor HP rating, 
and on the current limit setting. The correct setting of the 
ClSr potentiometer can be determined by using the 
following table: 

CLST Setting for Motor HP 

Load Inertia 10 to 100 HP 100 to 400 HP 

Negligible CW end to 1/3 from 
load inertia 1/3 from CWend 

CWend to midpoint 

Load inertia Midpoint to 1/3 1/3 from CCW 
equals motor from CCW end end to 1/4 
inertia from CCW end 

Load inertia 1/4 from CCW 116 from CCW 
equals 2 x end to 116 from end to 118 from 
motor inertia CCWend CCWend 

Load inertia 118 from CCW CCWend 
equals 5 x motor end to CCW end 
Inertia or 
greater 

The setting ranges given m the table cover tht' current hmlt 
(ClIM) settmg range, such that the CLST setting varieb 
toward the clockwise end of its setting range as the ClIM 
betting i& adjusted towards its cloekwise ('nd, and vice
versa. 

If stability occurs during current limit operatIOn, the ClST 
potentiometer should be adjusted toward its cOllntc(
clockwise end. 

TROUBLESHOOTING 

A systematic approach to troubleshootIng will redu(~e tht' 
time required to find the problem. This approach (~OIHlIStH 
of trying to localize the problem or eause, III the following 
step-by-step fashion. 

1. Is the problem inSide the AF-400 Drive power unit or 
caused by external conditions or equipment'( 

2. Which module In the power unit I, caubing tilt· 
problem? 

3, Which component within the tht' rnodulr is at fault 
or has failed't 



n\f' means to an omplish these are through the use of the 

rt'commended test eqUipment and the troubleshooting 

I'[()('t'dun'~ outhned III t~m section. The dficiency with 
whwh t~wy Me ust'd wIll be dependent on the skIll and 

!'x!'t'llt'n('(' of tht' le"t per~onnel. and how well they 
lInd!'rstand thp drIve operalLon. as explamed III the 

()t'~<TiptlOll S!'I'tlOn of Ihls manual. 

TEST EQUIPMENT REQUIRED 

Till' follOWIng tt'~t !~!pl1p!l1ent should be avaIlable for 

t I oublt'Mhootlt1¥. and iA listed In the order of recommended 

fJrl'fl'[('Il(,t'. The fIrst two items are recommended for 

Ilormal operatu)/J and maintenance. 

Volt Ohmmeter 

(h('illoscopt' 

t :lamp-on Amnlt'ter 

193X481AAGOl 

Digital preferred - 20K per 

volt mill. input impedance. 

Dual trace preferred 

Adjustable range up to 

300 amps 

TESTING SAFETY PRECAUTIONS 

[,Prtalll prt'! dutlOns need to be observed in testing this 

('!IUlpml'nt. 

All of thl' ('(lntrol HI the Driver, with the exception of the 

II S volt AC ~upply to the optIon card (when supplied) IS at 

a low voltage level with respect to ground. The control 
I ummon IS !'urrnected to the dnver case which is connected 

to thl' power umt enclosure, which should be connected to 
an t'art h ~roul1ding .,ystem. Any control circuitry on the 

Drrvl'r .,Idl' of ttlt' pulse transformers on Pulse Transformer 

I'ard". I~ dl"o at tht' low voltage level. 

All ('OWN module!>, powt'r components, power wiring, and 

control ¥tIring and romponenb connected to the power 
[l\\I~t bt, aS~lImt'd to bt' at a hlf!;h voltage to ground. The 

tollowlllg ~af('tv precautIOns must be strIctly observed 

w\tt'(1 It'stltlp; III tht' power area: 

WARNING 

ELECTHIC SHOCK CAN CAUSE PERSONAL INJURY 
Of{ l.OSS OF LIFE WHETHER THE AC SUPPLY IS 
CHOliNDED OR NOT, H1CH VOLTAGES TO GROUND 
WILL BE PHESENT AT MANY POINTSTHROUGHOllT 
TilE DRIVE. CHARGED CAPACITORS REQUIRE 
AT LEAST ONE MINUTE DISCHARGE TIME TO 
50 VOLTS OR LESS. 

WHEN TESTING IN THE POWER AREA, TURN THE 
EQUIPMENT OFF WHEN CONNECTINC OR 
DISCONNECTING THE TEST EQUIPMENT. 

WARNING 

GREAT CAUTION SHOULD BE OBSERVED WHEN 
INSTRUMENTS SUCH AS OSCILLOSCOPES ARE USED 
TO TEST LIVE (ENERGIZED) POWER CIRCUITS. THE 
INSTRUMENT COMMON LEAD SHOULD NOT BE 
CONNECTED TO AN UNGROUNDED POINT IN THE 
SYSTEM UNLESS THE INSTRUMENT IS ISOLATED 
FROM GROUND AND ITS METAL PARTS TREATED AS 
LIVE EQUIPMENT. USE OF AN INSTRUMENT 
HA VING BOTH LEADS ISOLA TED FROM THE CASE 
PERMITS GROUNDING OF THE INSTRUMENT CASE, 
EVEN WHEN MEASUREMENTS MUST BE MADE 
BETWEEN TWO LIVE POINTS IN THE CIRCUIT. 

When testIng In the control area, remember that these are 

low voltage cirCUits (20 volts) and can be damaged by 

Improper test procedures. 

CAUTION 

DO NOT CONNECT POWER AND CONTROL 
CIRCUITRY TOGETHER IN ANY TEST HOOKUP. 
THIS DEFEATS THE PURPOSE OF THE CONTROL 
ISOLATION FUNCTION AND CAN DAMAGE THE 
EQUIPMENT. 

CAUTION 

DO NOT REMOVE OR INSERT PRINTED CIRCUIT 
CARDS IN THE EQUIPMENT WHILE POWER IS 
APPLIED. THIS CAN DAMAGE THE EQUIPMENT. 

FAULT INDICATION 

The two basic indicatIOns of a drive problem are: 

A. Drive Operates Improperly 

1 DrIver IS at fault - refer to Driver 
Troubieshootlllg In this sectIOn. 

2, System Control IS at fault - refer to the system 

elementary diagrams for system logiC and control 

rircUlts and operatltlg notes 



B. Drive Shuts Down, or Will Not Start 

1. Driver card fault lights are indicating - refer to 
Fault Indicating Lights in this section. 

2. Driver is at fault - refer to Driver 
Troubleshooting in this section. 

3. System control is at fault - refer to the system 
elementary diagram for system logic and control 
circuits and operating notes. 

4. AC supply fuses or circuit breakers have 
interrupted, or control power fuses have blown -
Disconnect AC power from drive and check AC 
supply fuses. If fuses blown, of ir AC breaker 
tripped, check the converter and inverter modules 
for faulty SCRs. Refer to Converter 
Troubleshooting and Inverter Module 
Troubleshooting in this section. Also, check 
control fuses. If these check out all right, check 
for defective filter capacitors (See DC Link Filter 
Troubleshooting in this Section) or for power 
cable or bus bar shorts in t-ha AC supply, DC link 
and AC output. Also, check for grounds in power 
cables and in motor windings. 

FAULT INDICATING LIGHTS (on driver cards) 

The IF inverter frequency light and the SYNC inverter 
synchronized light are not fault lights but indicate 
operating conditions. The IF light should be indicating at 
all times that the driver is energized, even after a fault. Its 
blinking frequency indicated the driver operating 
frequency. 

IOC only - If this is the only fault light that is indicating, 
an inverter fault has occurred. Refer to Inverter Module 
Troubleshooting in this section. 

IOF only - This indicates an inverter overfrequency 
shutdown. Refer to Driver Troubleshooting in this section. 

eoe and loe - This indicates a commutation 
over current trip which produces an inverter fault 
shutdown. Check for drive overloading at or near full speed 
operation. Also refer to Driver Troubleshooting in this 
section. 

eoe, loe and ITOe - This indicates a combination 
commutation overcurrent, motor overcurrent shutdown. 
Check for drive overloading at or near full speed operation. 
Also refer to Driver Trouhleshooting and Commutation 
Power Supply Troubleshooting in this section. 
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CUV only - This indicates a control undervoltage 
condition. Refer to Driver Troubleshooting in this section. 

euv and loe - This indicates a control undervoltage trip 
which produces an inverter fault shutdown. Refer to 
Driver Troubleshooting in this section. 

euv, loe and PS/LOP - This indicates a combination 
control and power under voltage shutdown. Check the AC 
supply for outage problems. 

LOV and loe - This indicates a DC link overvoltage trip 
which produces an inverter fault shutdown. Refer to 
Driver Troubleshooting in this section. 

LOV, IOe, eoe andlor ITOe - This indicates a 
combination shutdown which would normally occur due to 
the effects of the DC link overvoltage. Refer to Driver 
Troubleshooting in this section. 

PS/LOP only - This indicates the presence of, or a 
shutdown caused by wrong AC supply phase sequence or a 
loss of one or more AC supply phases. Disconnect the AC 
power and check the AC supply fuses or circuit breaker, 
especially if the driver is supplied from another power 
source. Check that the drive is connected to the AC supply 
in the correct phase seq\lence .. 

ITOC only :- This indicates an inverter output 
overcurrent shutdown, either due to an instantaneous trip 
for current levels over 175% of rated drive current, or an 
inverse time trip of from 15 seconds to 1 minute limit 
setting. Check for motor overloading, excessive volts/hz 
adjustment, locked rotor, or for motor single phasing. 
Check that the CFA potentiometer is adjusted for LCS = 1.0 
volt at rated load. Also, check for motor being switched on 
to the inverter at other than synchronized operation or 
minimum voltage and frequency. Finally, check for motor 
cable shorts or grounds. Also refer to Driver 
Troubleshooting in this section. 

IToe and loe - This indicates an inverter output 
overcurrent which is excessive enough to also cause an 
inverter fault. Check for motor jam-ups, excessive volts/hz 
adjustment, locked rotor, or for motor single phasing. Also, 
check for motor being switched on to the inverter at other 
than synchronized operation or minimum voltage and 
frequency. Finally, check for shorts or grounds in output 
cables and motor windings. 

DRIVER TROUBLESHOOTING 

The driver consists of six or more cards, each of whidl 
contains quite a few circuits. To help in understanding and 
troubleshooting the driver, the functions (~ontained on 
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('ach card are shown in the FunctIOnal Block Diagram of 
Figure 4. These functIons are described in the Description 
Sl'dion of this manual. 

The optIOnal Meter Card IS a great help in troubleshooting 
the driver. If a Meter card is available, an oscilloscope IS 
not reqUired except In only the most difficult cases. 
Normally, the use of the Meter card wdl allow pinpointing 
of tht' problem to a specific card. which can then be 
rt'plact'd. or to a ('t'rtam power module. 

TlIP drlvpr lahel. mounted on the inside of the enclosure 
door. glveH the normal readings for the Meter card selector 
~witch position~ for five operating conditions. This label 
also IS HI the dnve Hlstruction book. These normal readings 
are given for the 17 selected signals, plus the inverter and 
converter firing signals selected by the position 19 back 
plane selector probe. 

Tht' Meter card can be used in several ways. It is useful in 
(heckmg through the 17 key driver signals when operating 
at tht' conditIOns specified, to determine if any readings are 
abnormal. When position 19 is selected, the red Wlre back 
planp seleetor probe can be used to check card (receptacle) 
tertrllllal signab The troubleshooting notes wdl specify 
('()rrpct and IlIcorrt'ct readings for special test conditions to 
dt'termme If vanous faults exist. 

If a Meter card IS not available, these same readmgs can be 
made USing a digital volt-ohmmeter or an oscilloscope. 

When USing the back plane selector probes, there are a few 
~t'nqltlve card tt'rminals which should be aVOlded when the 
dnvt' I~ operating with a motor, since connection of an 
Illstrument may cause change~ III the drive output. These 
~ensltlve tt'rmlnals are: 

Receptacle F Receptacle G Receptacle H 
Converter Card Regulator Card System Card 

term. 16~LVP term 7-SSDI term. 28-RFC 
!t'rm. 17-LVN term. ll-BFI 
tt'rm. 19-CVN term 12-BFD 
t('rm. 20-CVP term. 23-SSDO 
tt'fm. 22-L2S term. 32-RFC 
tt'rm.23-L/S 
tprm. 24-L:3S 

(:art' should also be used in connecting an mstrument to the 
drtver reference REF re('eptacle G, term. 30, receptacle K, 
tprm 18 sinct' thiS may produce a small motor speed 
('hangt'. 

2H 

Other dlagnoshc pomts are provided for oscilloscope usage. 
These are: 

LPA - Meter 
Pos 17 

-A square wave logic signal which is In 

phase with the AC supply line phase 
A (or phase 1) to neutral voltage. 

IPAD -
TB2(52) 

-A square wave logic signal whICh IS I 

phase with the mverter output phase 
A to neutral voltage. May be used 
for a frequency counter reference. 

These signals are especlally useful for oscilloscope 
tnggenng when reading other signals. 

CAUTION 

IF DURING TROUBLESHOOTING, ONE OF THE 
FOLLOWING CARDS IS REPLACED, THE NEW CARD 
SHOULD HAVE THE SAME POTENTIOMETER 
SETTINGS AND JUMPER CONNECTIONS AS THE OLD 
CARD. 

REGULATOR CARD - TEN POTENTIOMETERS 
(INCL. VLIM AND BASE FREQUENCY JUMPER 75 HZ, 
150 HZ AND 300 HZ) 
CONVERTER CARD - 60 HZ JUMPER 
INVERTER CARD - 230/460V JUMPER AND 
OVERFREQUENCY 
JUMPER (75 Hz, 110 Hz, 165 Hz, 275 Hz & 410 Hz). 

A. Dnve Operates Improperly 

1. Cannot obtam maximum rated frequency and 
speed. 

a) Check the dnver reference REF volts 
(Meter card pos. 2 or driver receptacle K, 
termmal 18 to termmal 2 (COM). If less 
than 15 volts check the reference 
potentIOmeter (should be 5000 ohms) or 
check the systt'm control (see system 
elementary diagrams). 

b) Check the converter voltage reference CVR 
(Meter card pos. 6 or dnver receptacle K. 
14 voltage to common). ThiS voltage 
should df;'('ff;'ase at an even rate to 
approximately 3.5 volts as the driver reference 
is mcreased to 15 volts. If thiS lS the case, 
contmue on to part (c). However, if the CVR 
voltage suddenly decreased to about 1.5 volts, 
It mdlcates the converter IS saturating. Check 
the DC link voltage. It should read 
approximately 15 at Meter card pos. 4 or 



should read either approximately 310 volts DC 
or 620 volts DC between power circuit 
terminals P2 and N2, for 230 volt AC or 460 
volt AC drive respectively. If this voltage is 
significantly less, check the AC supply voltage 
level and check the converter. See Converter 
Troubleshooting in this section. If the DC link 
voltage is approximately 1.35 times the AC 
supply voltage, the voltage limit VUM 
potentiometer on the Regulator card is not 
adjusted properly. Refer to Adjustments 
section. 

c) Check the lllverter frequency voltage FVR 
(Meter card pos. 3 or driver receptacle K, 
termmal 17 to terminal 2 (COM). 
The drive output frequency should be 5 times 
this voltage reading when the 75 Hz base 
frequency jumper IS selected or 10 times when 
the 150 Hz base frequency jumper is used and 
20 times for the 300 Hz base frequency jumper. 
If the FVR reading agrees with the output 
frequency and all jumpers are correct, then the 
SF potentiometer on the Regulator card should 
be adjusted. (Refer to Adjustments section). 
If the output frequency does not agree with the 
FVR reading, or if the SF adjustment appears 
faulty, replace the Regulator card and check 
the operation. 

2. Motor will not accelerate from stall or low speed. 

a) Check the driver REF volts (Meter card pos. 2 
I 

or driver receptacles K, terminal 18 to 
termmal 2. If it is less than 2 volts, check the 
reference potentiometer or system control 
(see system elementary diagrams). 

b) Check if the inverter is operating. Meter card 
pos. 11 (RI), or driver receptacle K, term. 9 
voltage to common, should be near 20. If zero, 
refer to Dnve Shuts Down, or Will Not Start. 

c) Check the DMF input at driver TB2, terminal 
35. It should be high (near 20 volts to 
common). If it is near zero volts to common, 
check the system control connected to this 
input. 

d) Check if the drive is in current limit. (The 
drive should shut down with an ITOC fault 
light after about 45 seconds). Meter card, pos. 
10 (CL) , or driver receptacle K, term. 10 
voltage to Gommon, should be near 20. If less 
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than 10, check the settlllgs of the current limit 
CUM and voltage boost VB potentiometers on 
the Regulator card. Refer to Adjustments 
section. 

e) If the problem cannot be found, replace the 
Regulator card and check operation. 

3. Motor operation IS rough or unstable. 

a) Check voltage boost VB potentiomt'lt"r 
adjustment. Excessive voltage boost at low 
speed and hght load operation will cause motor 
"cogging" or a grillding nOise. Hcfer lu 

Adjustments section. 

b) Check IR compensation, IRe potentiometer 
adjustment. Too high a setting may result in 
rough or unstable operation. Hefer 10 

Adjustments section. 

c) If violently unstable motor operation occurs 
below one-half rated speed, check thai the 
stability-slowdown circuit is connected. On 
driver receptacle G, terminal 23 should be 
connected to terminal 7. 

d) If unstable operatIOn occurs when 10 current 
limit stability ClST potentiometer is not 
adjusted properly. Refer to Adjustments 
section. 

e) Check for low AC supply voltage to the driver 
TBI, terminal 3 and 4. This should not he less 
than 105 volts AC. 

f) Check for uneven motor loading or motor 
single phasing. 

g) If the problem cannot be found, replace the 
Regulator card and check operation. 

4. Cannot control motor speed. 

a) Check the driver reference REF (meter card 
pos. 2 or TB2(32) voltage) to see if the problem 
is III the driver or in the systrm control. If tlw 
problem appears to be in the system ('ontrol, 
refer to th!' system elementary diagfllms. 

b) Check the SYNC input at driver '1'132(42). It 
should be high (near 20 volts to Gommon). If it 
is near zero volts to common, check the system 
control Gonnected to this input. 
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(') Check the FU4, FU5 and control fuses Refer 
to (:ommutation Power Supply 
Troublt,~hootlng In thlb se('tion, 

d) If the problem cannot be found, replace the 
Regulator card and ('heck operatIOn. 

') Cannot ~top motor. 

NOTE: I f motor cannot be stopped by the normal 
means, interrupt AC power to the drive, 

a) Check the STOP input at dflver TB2(34). It 
should be low (near zero volts to common) to 
stop the drive, If it is higher than 3 volts to 
common, check the system control connected 
to this input (see system elementary 
diagrams). 

b) Chp('k thp FU4 anf FlIS and control fuses. 
/{pft:r tu Commutation Power Supply 
Troublt·shootlng In this section 

c) Ch(>('k for low DC lmk voltage. If the Meter 
(,<lrd po~. 4 reads less than 3, or If the DC 
voltage bptwepn power Circuit terminals P3 
and N2 if, le~s than 70 volts (230 volt AC dnve) 
or I ~o voltH (160 volt AC drive), and the STOP 
dflv('r input is low, then thp System card is 
prolmbly ,\piet'llvt' and shDuld bp replaced. 

d) Check for high DC hnk voltage If the Meter 
card pas 4 reads higher than 4, or If the DC 
voltage betweE'n power Circuit terminals P3 
and N2 18 greatm than 75 volts (230 volt AC 
dnve) Of 150 volts (460 volt AC drIve), and 
Iht:' STOP drIver mput is low, the converter is 
not turnIng off. Check the converter 
referpn('e voltage CVR (Meter card pas. 6 or 
dnver recE'ptacle K, te-rm. 14). If this voltage 
Itl ('omOlon IS about 10 volts, the problem is 
mlht'r ill Ihp Convprter card or In the 
('ollvt'rter p()w(~r module. Refer to Converter 

Troublt'~hootmg In this sectIOn. If the CVR 
voltage to common is less than 8, then the 
problem IS either m the Regulator card or the 
System card. Try replacing each card 
st'parately and eheckmg the operation. 

6. Cannot obtam rated motor horsepower. 

a) Chpck the motor nameplate fOf the rated 
voltage and frequency for rated horsepower. 
Check the mverter output voltage and 

frequency at rated reference, See the dnver 
label for Meter card pas, 2, 3, 4, 7, 8 and 9 
readings for the REF, 1 LOAD conditIOn, If 
these readings and/or the inverter output 
voltage IS too low, refer to Adjustments section 
for proper base frequency, volts per Hz, and 
voltage lImit settings, Rated power output 
cannot be obtained at a driver reference 
voltage, that IS much less than 15 volts since 
this voltage is closely related to the DC link 
voltage and thus the inverter AC output 
voltage. 

b) Check the AC power supply voltage. It should 
not be less than 5% below rated nameplate AC 
input voltage to the drive. 

7. Cannot synchronize Inverter With AC line or 
other external frequency. 

a) Check that SYNC mput at driver TB2(42) is 
low (near common). If It IS not, check the 
system control (refer to the system elementary 
diagrams). 

b) If SYNC is low, check IS at Meter card, pas, 12 
or receptacle K, term. 8. If IS is high (near +20 
volts), use an oscilloscope to determme If the 
proper frequency Signals appear at receptacle 
H terminals 9 and 10. The mverter frequency 
should be applIed to terminal 9 and the AC 
line, or external frequency, should be applied 
to term mal 10 Also, check that the RFC 
clamp 15 bemg applied to overnde the 
reference by checking that the driver 
reference will not effect motor speed. 

c) If the IS Signal IS low, check the SYNC light 
and the SR readout at drIver TB2(36). If the 
lIght does not mdlcate and SR remains high, 
try replacing the System card and the 
Regulator card separately and check operatIon 
after each replacement to determme If either 
card IS defectIve. 

B Dnve Shuts Down, or Will Not Start 

1. IOF fault light on. 

a) Check the frequency trIp selectIOn on the 
IDverter card. Refer to the dnver label, or 
Start-up and Check-out section of this manual, 
for proper jumper placement. 



b) Check for an overhauling load pumping back 
into the inverter DC link to increase the 
voltage and frequency. 

c) If the problem keeps occurring, replace the 
Inverter card and check operation. 

2. COC and IOC (and ITOC) fault lights on. 

a) Check the peak voltage of the three 
commutation current feedback signals over 
the whole operating range of the drive. This 
can be read on Meter card position 90r with an 
oscilloscope by probing receptacle K, terminal 
11. Refer to the driver label for the normal 
peak voltage reading. See Figure 5 for wave 
shape of a normal commutation current pulse. 
A COC trip should not occur until one of these 
peaks reaches about 18 volts. 

b) If one of the commutation current peaks is 
significantly higher than the others, the 
commutation reactor LC or Capacitor CC in 
one of the phase modules could be defective or 
have the wrong value. Replace the phase 
module if LC or CC appears to be defective and 
check drive operation. 

c) If all current feedback signals are the same, but 
go too high near rated output, check for motor 
overloading or for high AC supply voltage. 

d) If excessive commutation currents persist, 
replace the Inverter card and check operation. 

3. CUV (and IOC) fault lights on. 

a) Check the + 10 volt (Meter card, pos. 1) and +20 
volt TB2(40) control power. A CUV trip will 
occur at about 18 volts. If the +20 volt 
measures low, check the 115 volt AC supply to 
the driver TB 1 (1) and (2). It should be no 
lower than 105 volts AC. If the ACsupply is all 
right, check for excessive loading of the Power 
supply card, especially from external loads 
connected to driver TB2(40). If the low +20 
volt problem cannot be found, replace the 
Power Supply card and check operation. 

b) If the +20 volt is all right, check the DFS 
voltage (Meter card, pos. 13, or receptacle K, 
term. 7 voltage to common). If it IS below 16 
volts interrupt AC power to the drive and 
disconnect dnver wire harnesses APL, BPL, 
CPL and OPt. Check If DFS IS being pulled 
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down by either the Converter card or tht' 
Phase Logic card by energizing the dri ver Wit h 
either one of these cards puller! out. If t'itlwr 
of these card~ loads DFS down, It "hould l)(· 
replaced and the test repeated. If DFS is pullt'd 
down With both cards pulled, the Invertt'r (:ard 
should be replaced and the operation eh('ckt'd. 

c) If the DFS voltage is above 18 volt", bUI the 
CUV light stays on when the faull is resel with 
the Stop pushbutton (or external fault re"t't), 
disconnect the DPL wire harnesH at tht, 
Converter Module. If the CUV light can then 
be reset, the problem is III the Pulse 
Transformer card on the Converter Module. 
Refer to Converter Troubleshooting in this I' 
sectIOn. " 

d) If the DFS voltage is above 18 volts, and the 
CUV light does not indicate until the inverter 
is started (to start the motor), diseonnect wire 
harnesses APL, BPLand CPL. If the CUV light 
does not come on, stop the drive and eonneet 
only one of the (APL, BPL or CPt) wire 
harnesses to the driver and check for the ClJV 
light when a drive start is mitiated, With the 
driver reference set at zero. 

CAUTION 

NEVER TRY TO START THE INVERTER WITH TWO 
OF THE THREE (APL, BPL OR CPL) WIHI<.: HARNESSI<.:S 
CONNECTED, WHEN THE MOTOR IS CONNECTED TO 
THE DRIVE. ALSO, THE DRIVER REFI<.:RENCE 
SHOULD NEVER BE INCREASED FROM ZERO WITII 
ANY OF THE WIRE HARNESSES DISCONNECTED, 
UNLESS THE DC LINK IS OPENED. (SEE INVERTER 
MODULE TROUBLESHOOTING). 

If the CUV hght comes on when any ont' wirt' 
harness is conneeted, the problem IS III the 
Pulse Transformer ean! on th(' invl'rll'r 
module related to that wire ham(·sH. Hl'f(:I' to 
Inverter Moduh· Troubieshootlllg in tillS 
section. 

4. LOVand JOe (and eoe, ITOe) fault lights Oil. 

a) Check that the slowdown conll 01 ih ('olllH'(,It·d. 
On driver receptacle C, h:rmlllal 2:~ should h.~ 
connt'eted to term. 7. 

b) Check for overhauling load or for exces!>1 VI' A(: 

supply voltage. 
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c) Check that the hnk voltage feedback and the 
converter voltage feedback at driver receptacle 
F, termmals 15 and 21 are at the same voltage 
to common. If their voltage levels are 
different, either the Converter card is 
defectivp or the resistance Isolated feedback 
signals through RF4·7 are mcorrect. Check 

the FLJ4 and HIS voltage feedback fuses 
un the commutation power supply. Replace 
I hI' (:IlIlVl'fh'r ('ard and ('h~ek tht operation. 

5. lTOC (and lOe) fault lights are on. 

a) Check the Cunverter DC Link (LCS) feedback 
Hignals, over the whole operatIng range of the 
drive. This can be read on Meter card position 
7, or with an oscilloscope by problrlg 
T83(L<:5). The normal feedback signal 
voltagp should be adjusted for 1 volt rms with 
rated load. See Figure 6 for the wave shape of 
normal motor current. An instantaneous 
ITOe trip should not occur until the peak of 

th" current feedback reaches about 5 volts as 
~~I'n on th!' oscilloscope. 

b) If the current feedback signal IS slgmflcantly 

more than 1.0 volt, RMS, adjust the CFA 
potentiometer on the Current holator card 

until the DC Link (LCS) output current 
feedback signal equals 1.0 volt for 100% 
reference and 100% load. Replace the card If 
It appears to he defective and check dnve 
operation. 

c) Check the current lImit ClIM potentiometer 
~ettmg on the Regulator card to see If It IS too 
low for the motor loadmg. If shutdown occurs 

bt'cause the motor cannot get started, check 
t hp voltagE' boost VB setting. Refer to 

AdJ ust men ts s!:'ction. 

d) If a transformer IS used between the power 

Ulilt and the motor, check the settmgs of the 
MINF and VB potentiometers. Increase the 
mInllllUm frequency by tUrtllllg MINF 
clockWIse and decrease the voltage boost by 
turnmg VB counter-clockwise, until the drive 
can b!' ~tarted and stopped satisfactorily. 

6. Cannot reset fault lIght;,. 

a) Check that fault IS not a mamtained fault that 
has not been cleared. 

b) Check that the STOP input at dnver TB2(34) 
IS low (near common) and that XFR input at 
driver TB2(43) IS high (near +20 volt). If they 
are not, check the system control (refer to the 

system elementary diagrams). 

c) Check that the RUNR readout at driver 

TB2(31) IS high and the MVFR rE'adout at 
drivN TB2(38) is low. If they are not, check 

the DC lInk voltage. Meter card, position 4 

should read 1.5 or less, and the P3 to N2 
voltage should read no higher than 30 volts DC 
(230 volt AC drIVes) or 60 volts DC (460 volt 
AC drives). If inconsistent or higher voltages 
are read, refer to part 7c). 

d) If the above four logic signals are correct, try 
replacing the System card and checking 

operatIOn. 

7 Drive shuts down (no fault lights on), or dnve wdl 
not start (no fault lights on). 

a) Check that the STOP input at dnver TB2(34) 

i~ high (near +20 volt) and the START input at 
TB2(33) IS low (near common). If they are 

not, check the system control (refer to the 

system elementary diagrams) 

b) Check that the RUNR readout at driver 
TB2(31) and the MVFR readout at TB2(38) 
are both low. If they are not, check that the 
ITR fault readout at driver TB2(37) IS low. 
Also, check the DC Imk voltage. Meter card 
positIOn 4 should read 1.5 or less, and the P3 to 

N2 voltage should read no higher than 30 volts 
DC (230 volt AC drives) or 60 volts DC (460 

volt AC dnves). 

c) If inconsistent or higher AC lmk voltages are 
present when the drive is at standby, check the 
converter reference voltage CVR (Meter card, 
position 6 or driver receptacle K, term. 14). 

If thiS voltage to common IS about 10 volts, the 
problem is either m the Converter card or 111 

the Converter Power Module. Refer to 

Converter Troubleshootmg In thiS sectIOn. If 
the CVR voltage to COmmon is less than 8, then 
the problem IS either m the Regulator card or 

III the System card. Try replacing each card 
separat"ly and checkmg the operatIOn 

8. IF light not indicatmg or on continuously at 

standby. 



a) Check the + 10 volt (Meter card, position 1) and 
the 115 VAC between TBl(3) to TBl(4) con
trol voltages. If they are zero, but 115 volt AC 
appears between driver Terminal 1 and Ter
minal 2, check the fuse FU7 on the Power 
Supply card. If no voltage is present between 
Terminall and Terminal 2, check the control 
power transformer and its fuse (see system 
elementary diagram). 

b) If +20 volt control power is all nght, check the 
IPAD signal at driver TB2(5l) with an 
oscilloscope. If a square wave frequency is 
present, replace the System card and check the 
operation. If no frequency appears at IPAD, 
check the OP signal at driver connector K, 
terminal 19. If there is no pulse frequency 
signal at OP (consists of 10 to 35 usec, wide, 
low going pulses), replace the Regulator card 
and check operation. If frequency pulses 
appear at 0 P, replace the Phase Logic card and 
check operation. If no frequency pulses 
appear at IBL, replace the Inverter card and 
check operation. 

9. SCR firing signals not reaching power modules. 

a) Check that there are no fault lights mdicatmg 
and that the FTR fault readout at driver 
TB2(37) is low. If a fault has occurred, it will 
lock out all firing signals. Clear the fault and 
reset the fault circuits to enable the fmng 
signals. 

b) Converter' firing signals should be present at 
drive standby. Check for firing signals at 
driver receptacle F, terminals 26 through 31. 
Use either the red wire back plane selector 
probe with the Meter card, position 19 and 
compare with readings on the driver label, 
Figure 7. 

c) If any firing signals are present at the driver 
but missing at the converter modules, check 
the plug connections at both ends of wire 
harness DPL for loose pins or bad connections, 
and check the wire harness for broken wires. If 
any firing signals are missing or faulty at the 
driver, replace the Converter card and check 
the operation. 

d) Inverter firing signals will not be generated 
until the drive is started. Check that Meter 
card, position 11 reads high or that driver 
TB2(31) RlJNR reads low. Check for firing 
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signals at dnver re('eptad(' J) t(,flIllllals S 
through 19. Us!' either I he red wire back planl' 
selector probe with the Meter ('ard, pOSII lOll 19 
and compare with the reading" on tilt' dnvc'r 
label, and compare with the' wave ~hape~ of 
Figure 8. 

e) If any firing signals arc prescnt at the driver 
but missing at the Inverter modules, ('hc~c'k till' 
plug connections at both ends of Iht' 
appropriate wire harnetis APL, BPI, or CPL 
(refer to driver elementary diagram). Cllt'ck 
the plugs for loose pins or bad eonneetion~ and 
check the wire harness for broken wire~. I f an y 
firing signals are mibsing or faulty at Ihc' 
driver, replace the Phase LogiC card and dlt·(·k 
the operatIOn. 

COMMUTATION POWER SUPPLY 
TROUBLESHOOTING 

The commutatIOn power supply components arc eonlairH'd 
in the Converter Module and consist of the CommutatIOn 
Power Supply card, CPS, the filter capa<'itor, <:2. the 
commutation leg reactors, CLP and CLN, the DC lInk 
decouphng rectifier, DC, and the eomrnulatlOlI ('urre'lIl 
transformer, eTC. 

To help in troubleshootIng, refer to the elernl'ntary 
diagram. Wait 3 minutes after disconne(,ting power and 
verify that capacitors are discharged by (~hecklllg the 
voltage between terminal CP and N I befon' n'moving the 
Converter Module from its rack. 

I. CPS Card 

Remove and inspect the card for damap;ed 
components and etching runs or loose ronneetiollb. 
Venfy proper resistor values per elementary diagram. 
Table I. The power supply diodes may be rhecked 
with a VOM on the XIKresistanee seale. Good dIOdes 
will have a low forward resistance and almost infinite 
reverse resistance. If any eomponents appear to ht' 
defective, replace the ('ard. 

2. Filter Capacitor, C2 

The capaCItor may be checked with a VOM Oil til(' 
highest resistance scale to determlllc' If It ('hargc'!> up. 
Also, verify that the disrhargt' n'bi~tor, H2. lIIoulltc·d 
on the capacitor terminals IS undamagt'd and hUh thl' 
correct value. 



:~ Bt'al'lor~ <:LP and CLN 

The reactor" should indicate a very low resistance 
when checked with a YOM. During operation the 
reactors Will run hot and will typically show some 
discoloration. However, there should not be any 
charring or crackIng of the insulation tape wrapped 
around the coils. 

·1 .. Bt'ctlfwr, DC 

This reetlfiN j" mounted on a heatsink In back of the 
module. With a VOM on the XIK resistance scale the 
rectifier should have a low forward resistance and 
essentiali y infilllte reverse resistance. 

5. Current Transformer - CTC 

Dlbconnect the eTl or CT2 connection at the pulse 
transformer card and with a YOM check that the 
wlllding resistance measures between 15 and 25 
ohms. Check that arrow marked on the outSide of the 
transformer points from the CLP reactor towards the 
CP terminal. 

Inspect tllP transformer for any mechanical damage 
and make "ure it is not III direct contact with the 
reaetors or any terminals. 

INVERTER MODULE TROUBLESHOOTING 

Each of the thre!' idt'ntlcal lllverter modules contains the 
I'0wt'r Circuitry for one phase of the three-phase Inverter 
To Ilt'lp In troubleshootlllg these modules, refer to the 
Invt'fter Phase Module elementary diagram and to the 
~lnlpliflt'd overall power cirCUit of Figure 3. Since 
pral'lH'ally dll of the circuitry on these modules IS at AC 
supply potential. troubieshootlllg should be done With the 
At: pOWt'r off where pOSSible. Wait 3 minutes after 
dl~('()nlleding pOWf'r before dOing any checking, to allow 
('dpacitors to du.,chargt>. 

1. Checking SCRs, Diodes and Snubbers 

The inverter phase module SCRs and dIodes can be 
checked with the power off, and the module 
disconnected. The measurement points for the 
phase modules are as follows: 

P3 to n, 2, 3 

N2 to n, 2, 3 

CP to MI 

eN to MI 

10 TO 60 KVA 

(MODULE) 

Check pOSItive mverter SCR 
and dIOdes. 

Checks negative inverter 
SCR and dIOdes. 

Checks positive commutation 
SCR. 

Checks negative commuta
tIOn SCR. 

Usmg a volt-ohmmeter selected to read ohms on the 
Xl ohms or XlO ohms scale, the normal readings 
indicatlUg good devices are as follows, With the 
pOSitive meter lead connected to the first point. 

P3 to Tl, 2, 3 

n. 2. 3 to N2 

CN to Ml 

High resistance 

Low resistance 

Low resistance 
High resistance 

If any of the above readings are zero, refer to the 
Mamenance and Repair section for removal, 
disassembly and replacement informatIon. The 
mdlvidual SCRs and dIOdes should be rechecked 
when they are disconnected from each other to 
ensure that a short in one deVice does not product> a 
faulty reading across another device. See the 
Checklllg SCRs portion of thus section 



Whenever a phase module has been removed for 
replacement of SCRs or diodes, the RC snubber 
circuits around the SCRs, commutating capacitors 
and choke, leg chokes and wiring should be inspected 

and checked for damage. 

2. Checking Commutating Capacitors CCA, CCB, and 

CCc. 

These capacitors may be checked by connecting the 
volt-ohmmeter, selected to the X lK scale, between 

Ml and MC for each phase module. A good capacitor 
will read above lOOK resistance (after a brief charging 
period) whereas a bad capacitor will give a low or zero 
reading. The capacitors should be checked again after 
the phase module has been removed and the 
capacitors have been disconnected from the other 
power circuitry. Refer to Maintenance and Repair 

section. 

3. Inverter Phase Module Operational Test 

If checking all phase module SCRs, diodes and 
commutation capacitors according to the preceding 

instructions does not indicate any failed devices, but 
inverter fault shutdowns still occur, the following 
procedure should be used to locate the problem. 

Interrupt the DC link between Nl and N2 to prevent 
power flow from the converter into any inverter fault 

condition. Thi~ is easiest to accomplish on 10 
through 60 KVA drives by on one side of the LI, 

connecting the cable and wire together and taping the 
connection. 

With the DC link disconnected between Nl and N2, 
the drive can be started and the inverter operated up 
to full reference. With the motor disconnected from 
the inverter, the P3 to N2 DC link voltage will build 
up somewhat as the reference is increased. With the 

motor connected to the Inverter, the DC link will stay 
close to zero. The maximum inverter frequency that 

can be obtained at full reference will be limited to less 
than half of rated by the below normal DC link 

voltage. Except for these differences from normal, 
the mverter can be operated to check out the inverter 
SCR firing and commutation operation without 
danger of further damaging the equipment if a fault 
problem is present. In addition, by disconnecting the 
plugs of two of the three wire harnesses APL, BPL 

or CPL, just one phase module can be operated at a 
time to simplify checking and to help in pin-pointing 

the problem. 
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The inverter phase commutations can be checked III 

the driver by checking the commutation current 

feedback signal (CF). The peak valu€' of commutatIOn 
current can be read on the Meter card. (St·t~ tilt' dnv(', 

label on the inside of the power unit door for normal 
readings). The commutation eurrent can albo be read 

with an oscilloscope connected driver TB39 (SEI.l) 
and TB34 (COM), and using the hlac·k wirt·, har\... 
plane selector probe to receptacle K termlllaiH. See 

Figure 5 for normal commutation current wave 
shapes. 

4. Checking Pulse Transformer Cards 

The Pulse Transformer card on thl' front of the phase 
module may be checked with an OSCIlloscope to see if 
SCR firing signals from the driver are being appht'd to 
the pulse transformers. Connect the ground lead of 

the oscilloscope to the card COM terminal, and 
connect the probe lead to the top (r,ooling) tab of one 
of the red power transistors. A normal pulse wave 
shape is shown in Figure 9. Change the OSCilloscope 
probe lead to the top tab of the other red power 
transistors to check this four channel card. If normal 

pulses are observed when that inverter phase is 
operating, the card is probably good. If no pulses are 
observed, connect the OSCilloscope probe to the I P, 
2P, IN and 2N input terminals to check for driver 

firing signals. See Figure 8 for normal firing signals. 
Also, check for +20 volt firing power at +20A or +20B 

input terminals. If input firing power and firing 
pulses are present, then the card is probably 
defective. Replace the card and check operation. If 
no input power or firing pulses are present, refer to 

part 9 of Drive Shuts Down, or Will Not Start in the 
Driver Troubleshooting portion of this section. 

CONVERTER MODULE TROUBLESHOOTING 

To help III troubleshooting this module, refer to the 
Converter Module elementary diagram and to thl> 
SimplifIed overall power circuit 0/ F,gurt~ 3. Sirll'e 

practically all of the circuitry on this moduh~ IS at A(: 
supply potential, troubleshooting should he done wit h tht· 
AC power off where possible. Wait I rninu\(~ after 
disconnecting power before doing any I'heeklllg to allow 
capacitors to discharge. 

1. Checking SCRs and Snubbers 

The converter SCRs can be ('hecked With Iht' POWI')' 

off, without disconnecting anything Tht' 
measurement points for the modult' art' as follow~: 
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P30 (MODULE) o N2 

NI~O~ ______________ ~O~CN 

LI (0 PI 
LI 10 NI 
1,2 to PI 
1,2 to NI 

L3 10 PI 
1,3 to NI 

Checks positive phase 1 SCR 
Checks negative phase 1 SCR 
Checks positive phase 2 SCR 

Checb negative phase 2 SCR 
Checks positive phase 3 SCR 
Checkn negative phase 3 SCR 

Using a volt-ohmmeter selected to read ohms on the 
X I K scale, check across all SIX SeRs in both 
dm~ction~. Good seRs should read over lOOK In 

hoth the forward and reverse dirpC'tIOns, while failed 

SeRs will read zero ohms in one or both dIrectIOns. 

If any SeRs appear to be faded, the converter module 
should he disconnected from the rest of the power 
<'ir{'uitry at terminal pOInts U, L2, L3, PI and Nl. 

(The module may have to be pulled partly out to 
a(~compli~h thi~). Recheck the above readings at the 
dls(·onnc(·ted converter module termmals. If the 
readIng~ ~till indicate a bad deVIce, refer to the 
Maintenance and RepaIr section for removal, 
disassembly and replacement Information. The 
mdlvidual SCRs should be rechecked when they are 
disconnected from the converter Circuit to ensure 
that a "hort In one deVIce does not produce a faulty 
readIng across another deVIce. See the Checking 
SCRs portion of thiS sectIOn. 

WhellPvt'r tlIP ('onverter module has been removed 
for n'pIJ('t~mtmt of SeRs, the Re ~nubber circuit 

around lilt' SCHs AC lIne chokes and wifing should be 
m;,pt~('lml and (·ht'ck(,d for damage. 

2 COllV('rt~r Modult' OperatIOnal Test 

If converter ITIlSOperatlOn I~ suspected, but all 
converter SCRi'i appear to be good, the following 
procedure ;,hould be used to perform an operational 
test. 

Interrupt the DC Imk between Nl and N2 to prevent 
any power flow from the converter from reachmg the 
filter capacitor or mverter. This is easiest to 
a('complIsh by dIsconnecting both the cable and 
control wire from one SIde of the Ll real'tor, 
connectmg the cable and wire together, and tapmg 
the connectIOn. 

WIth the DC link disconnected between Nl and N2, 
the drive can be started and the converter operated up 

to full voltage. The inverter will operate also, but at a 
low voltage and reduced frequency, with or Without 
the motor connected. 

The converter operatIOn may be checked by means of 
the drIver Meter card selected to position 5. The 
reading should change from 10 at zero reference to 
5.5 at full reference. The converter output voltage 
may also be checked by connecting a volt-ohmmeter 
across the PI to N 1 terminals. The DC output voltage 
should be controllable from near zero to 
approximately 300 volts DC (230 volts AC mput 
drIves) or 600 volts DC (460 volt AC input drives). 

If full output voltagr cannot be obtamed, it is pOSSIble 
that one or more converter SCRs are not firing, or 
that the driver IS not puttmg out the proper Signals. 

Refer to part 1, of Drive Operates Improperly and 
Part 9 of Drive Shuts Down, or Will Not Start under 
Driver Troubleshooting. If the driver IS putting out 
the proper firing SIgnals, check the converter Pulse 
Transformer cards. If these check out good, an open 
SCR or open gate SCR should be suspected Refer to 
Checkmg SeRs to test for this problem. 

3. Checking Pulse Transformer Cards 

The Pulse Transformer card on the front of the 
converter module may be checked WIth an 

oscilloscope to see if SCR firing SIgnals from the 
drIver are being applIed to the pulse transformers. 
Connect the ground lead of the oscilloscope to the 
card COM terminal, and connect the probe lead to the 
top (coolmg) tab of one of the red power transistors. 

A normal pulse wave shape IS shown in FIgure 9. 
Change the OSCIlloscope probe lead to the top tab of 
the other red power tram,lstor to check the other 

CIrCUits of this card. If normal pulses are observed 
when the converter IS operating, the card IS probably 
good. If no pulses are observed, connect the 
OSCilloscope probe to the IP, 2P, IN, 2N mput 
terminals to check for dnver firing signals. See Fig. 
7 for normal firIng SIgnals. Also, check for +20 volt 

fmng power at +20 A or +20B input termmals. If 



input firing power and fmng pulses are present, then 
the card is probably defective. Replace the card and 
check operation. If no input power or firing pulses 
are present, refer to part 9 of Drive Shuts Down, or 
Will Not Start m the Driver Troubleshooting portion 
of this section. 

CHECKING SCRS 

Disconnect the suspected SCR as much as possible from the 
remainder of the power circuitry. Using a volt-ohmmeter 
selected to read ohms on the times lK scale, check the 
forward and reverse resistance of each individual SCR cell 
(See the Module Elementary dIagram). Good or faulty 
SCRs will give the following typical readings: 

SCR Description Forward Reading Reverse Reading 

Good SCR lOOK to Infinity lOOK to Infinity 
Shorted SCR Zero Zero 
Inoperative SCR 1 to 2K lOOK to Infmity 
Open SCR lOOK to Infinity lOOK to Infinity 

Since an open SCR will give about the same resistance 
reading as a good SCR, another method must be used 10 find 
this Iype of fault. It should be pointed out, however, that 
practically all cells fall by shorting and very few by openIng. 
If an open SCR is suspected, or If it is desired to check the 
sWitchIng operation of an SCR, the follOWIng circuit should 
be used. 

The volt-ohmmeter is selected to read ohms on the IK 
scale, and is connected to read the forward resistance of the 
SCR. When switch SW is closed, the forward resistance of 
a good SCR will change from a high value (lOOK to infinity) 
to a low value (I to 10K). When the switch is opened, a 
good SCR will revert to Its high forward resistance or 
blocking state if the holding current source (volt-ohmmeter 
battery) is momentarily removed. A faulty SCR will not 
switch, remaIning in either an open or a conducting state. 

If any SCR's are suspected of beIng faulty from the above 
resistan(~e checks, the SCR conversion module should be 
!"I' moved from the case. After the SCR (cathode) and gate 
leads have been disconnected, recheck the forward and 
reverse resistances before replacing the SCR. 
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This should be done before the SCR IS defulltely dasslfied 
as damaged or faulty, since a fault in another SCR or 
another part of the cirCUItry ('an product' a faulty readltlg 
from a good SCR before it is di~conn(·(·lt:rI from th£' ('Jf('ull 
After a Press-Pak SCR IS removed from the healsIrlk II llIay 
read open due to lack of pressure again~1 Ihl' intt·rnal ('(·11 
structure. Apply pressure to obtalll a II'uc! r!·tuhng 

DC LINK FILTER TROUBLESHOOTING 

The DC lInk filter consists of the Ll filter choke and I he· C I 
filter capacitor assembly. 

1. Cl Filter Capacitor Assembly(s) 

This consists of one assembly of paralleled (2:{O volt 
AC drives) or series-paralleled (460 volt AC driv('s) 
electrolytic capacitors. When the dnv(' has not I)('(~n 
operated for 6 months or morc·, thl'se ('apa('il()r~ ~Iarl 
to degrade and their leakage current inneast·s. A 
procedure called forming is required 10 rdul'll tlw 
electrolytic capacitors to their rah:d opt·rating 
capabilIty. Refer to step 13 of the Start.up Pro('ndure 
in the Start-up and Check-out ~ection for til(' prolwr 
forming procedure. 

Electrolytic capacitors can fail by hhorting, ('an 
exhibit excessive leakage current, or ean dry up and 
lose their capacitance. The latter usually results from 
a ruptured vent plug dur to "gassing" from exeesslve 
current and/or temperature. 

The filter capacitor assembly can be checked for 
shorted capacitors usmg a volt-ohmmeter after the 
power has been off for more than I minute and the N I 
to P2 voltage is less than 10 volts. On 460 volt AC 
drives with seriesed capaciton" the assembly can be 
checked for excessive leakage capacitors by checking 
the midpoint or Q point voltage when the drive Ih 
operating. Using a volt-ohmmeter, check the 
difference between the N1 to Q and the Q to N I 
voltages at maximum DC link voltage. This 
difference should not exceed 5% of the P II to 1'2 
voltage. If the above tests indicate either a shorled or 
leaklllg capacitor, the filter assernhly ~hollid lit' 
removed and disassembled to the !,OJllt wlwrt~ Ilw 
resistance of each capacitor can lit' individually 
checked. Refer to the Mamtenant'e and Hepalr 
section for instructions. Any shorted or It'aky 
capacitors should be replaced. IllI' ft'mainillg 
capacitors should be inspt't·ted for ruplurt'd Vt'1I1 
plugs accorrlmg to thl' followlllg IrIsI ru('\IOII~. 

The best way of evaluating tht' condition of Iht· 
electrolytic capacitors IS to Visually IlIHpet:1 tht'll' vtmt 
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plugs Tht's(' ar(' 3/16" dIameter red plugs In the top 
"over of th~ capacItor case J nlernal gas pressure can 
cause a bubbll:' to form in thIs plug and red color wIll 
lIghten until it IS almost whIte. Evt'nlually. the plug 
will rupture. However, thi9 does not eause an 

Iflllnt'lhatt' cupal'ltor fadurt" but will r('sult Itl a 
gradual I() .. ~ of capacltanc('. Any electrolytIc 

,~apa('itor~ whIch are found to have ruptured plugs 
'1hould be rt~placed a;, "001l as conveniently possible. 

If ally ('uP,l('ltor vent plug contain~ a bubble larger 

t hall 1/16" i n diameter, the capacitor assembly 
l'>hould lw 1ll9pected at the next scheduled shutdown 

planned mamtenanc(' for ruptured vent plugs. 

If more thall 25% of the capacItors have broken vent 
plug~. and the drive has been operated over 20.000 
hour!>, I'onsideratlon should be given to replacmg all 
of the ('apacitors m the filter assembly. Refer to the 
Maintenance and Repair sectIOn for mstructions. 

2. Ll Fi!t('r Choke 

Thi'l choke l'>hould be visually checked for signs of 
()verh('ating, damaged insulatIOn or loose 

con nect IOll~. 

MISCELLANEOUS TROUBLESHOOTING CHECKS 

Th,' /Ollowlllg cheek lIst of miscellaneous items is included 

to prOVIde additIOnal dIrections of IIIvestIgatlOn in 

troubieshootlllg this drive. 

A. Coolmg alld Temperature Problems 

I (JwI·k for "uffi('\ent air flow through power Ulllt. 

2. Ch(~ck If fan rotatIOn IS correet. 
;) Ow('k If air fIlters are dean (if prOVIded). 
it.. Ch('ck If IHtake aIr is below 40°<:. 
5. C1wI k for adja"ent heat ~OUr{'es. 
6. Check for rt~clr('ulatlOn of dIscharge air. 

7. Check if rllorn ventIlatIOn is adequate to remove 
the heat ht'lng produced 

H Input Power 

:m 

1. Check for (·orn,(·t voltage (wlthltl + 10%, -5% of 

nanlt'plate ratlllg) and frequen(,y. 
2 CfH,('k for halanced pha"e voltage~. 

:3. Check for trall"lient over or under voltages. 
1. Hav!' tranSIent voltagl's occurred due to lIghtning 

or ground faults? 
5. Check for exee"SIV!' lint' regulation due to a high 

Impedatl( I:' (soft) AC supply. 
6 [s AC ~upply grounded or ungrounded'! 
7 l~ th!> avaIlable short cirCUIt ('urrent too high? 

8 Are there power factor correctIon capanto)'1, 
causlIIg harmonic~, or their switching causllIg 
voltage transIents. 

C System Grounds 

1. Check that the power unit case IS properly 

grounded. 
2. Check for grounds in motor windings or III power 

cables to the motor. 

3. Check for grounds in control wifing. 

D Loose or Shorted Connections 

1. Check incoming power connections. 

2. Check connectIOns to power modules, filter 
capacItor and choke, CIrcuit breaker or fuses, etc. 

3. Check outgoing power connections to starters, 
motors, etc. 

4. Check mcommg control wmng connections. 

5 Check connectIOns to Pulse Transformer cards. 

6. Check for bent terminals shorting to one another 

on driver back plane. 

E. ElectrIcal NOIse 

1. Check that all power unit relays have HC 
suppression on theIr coils 

2. External relays, solenOIds, brakes, etc. mterfaemg 
with the power unit should also be suppressed. 

3. Check for other external sourees of electrIcal 

nOise 

F. Output Load 

1. Check startlllg torque requirements 

2. Check for transform('r saturatIOn at low 
fr('quencles If output transformer is used. 

3. Check for motor overloads or jam-ups. 

4. Check operatIOn of motor transfer sWltehing. 



INVERTER COMMUTATION CURRENT WAVE SHAPE 

At 1/2 rated voltage & frequency 

10 psec./dlv. (230V AC Drives) 
20 psec./div. (460V AC Drives) 

FIGURE 5 

At rated voltage & frequency 

5 Volts Division 

MOTOR CURRENT WAVE SHAPE 

At half speed and low load 

10 msec.!div. 
1 volt/div. 

FIGURE 6 

At full speed and full load 

5 msee.! dl v. 
1 volt/div. 
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Top trace -
Middle trare -
Bottom tracp -

40 

2 msec./ divIsIOn 
S volt~1 division 

CONVERTER FIRING SIGNALS 

fiGURE 7 

INVERTER FIRING SIGNALS 

5 jlsec.!dlVlslOn 
5 volts/division 

A, B, CCP - Positive commutatlOn SCR firing signal 

A, B, CA - CommutatIOn power supply SCR fmng signal 
A, B, eIN - Negative inverter SCR firing signal 

2 IIISpC.! diviSIOn 
20 volt~/dlVlslOn 

FIGURE 8 

20 jlsec /dlvision 
20 volts/ dlVlslOn 



PULSE TRANSFORMER CARD PULSE WAVE SHAPE 

At FSI or FS2 card input 

5 f.Jsec./ division 
10 volts/divIsion 

FIGURE 9 

At power transistor tab 

5 f.Jsec.!dlvision 
10 volts/ di visIOn 
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REMOVAL/REPAIR AND REPLACEMENT 

WARNING 

ELECTRIC SHOCK CAN CAUSE PERSONAL INJURY 
OR LOSS OF LIFE WHEN POWER OFF 
MAINTENANCE IS BEING PERFORMED, VERIFY ALL 
POWER TO THE DRIVE IS SWITCHED OFF OR 
DISCONNECTED. RECOMMEND POWER SWITCHES 
BE RED-TAGGED DURING POWER OFF 
MAINTENANCE. 

MECHANICAL INSPECTION 

The mechanIcal maintenance reqUIred for the drive sYbtem 
IS divided Into two baSIC units, the power UnIt and motor. 
The power units only mechanIcal maintenance is checking 
that the UnIt IS free of dirt and dllst. 

Motor maintenance is covered by the motor instruction 
book supplied with the motor and should be followed in all 
cases. 

ELECTRICAL INSPECTION 

Power off (every six months): Check all electrical 
connectIOns for lightness. Look for signs of poor 
connections or overheating (arcing or discoloratIOn). 
Manually check coolmg fan for eaby rotatIOn. 

POWER MODULE REPAIR 

The removal, repair and/or replacement Instruction" vary 
depending on the type of power module and Its KV A ratmg. 
Refer to the instructIOns which follow under the specific 
heading and rating which applieb to your dnve. 

If minImized down-time IS a critical factor, It is 
recommended that a complete converter module and a 
complete inverter phase module of your drive rating be 
stocked as spares. 

CONVERTER MODULE REPLACEMENT 

The converter module IS best removed as follow5: 

.t2 

1. Tools reqUired: 

Ratchet - 3/8" 
Socket - 7116" for 3/8" rat chet 
Nut Dnver - -:/16" With 6" shaft 

2 Disconnect the thrf'e-phasp AC input power . 

3 UH't'k volta~(' anos'i raparitor CI (P2 to N2) with a 
D(: voltmeter. The capacitor discharge resistor (RI) 
,huuld have reduced thi~ voltage to 10 volts or less 
lwlorf' work ,tarh on the case. 

4 Dis('onnf'ct finng ribbon cable connector DPL. 

5. }{t'rno\t' Ib,' ninf' (9) nuh and washers from the 
pOWf'f (onnC'cturb: 

Ll. L2 and 1.3 a('fO~;, the top of the module. 
P L P.) and NIta the left of the module 
CPo N2 and eN to the fight of the module. 

6. Carefully pull module out of the rack uSing the 
red plastic insulation cover in front of the 
module. (See Figure 10). 

FIGURE '10 
AF-400 Drive Converter Module 
being removed Press-Pak SCRs 

40-60 KVA, 230 or 460V AC 
(Photo MG-5649-5) 



7. The module can be repaired on the table. See Press .. 
Pak SCR replacement - converter module or stud 
mounted SCR replacement - converter module 
(See page 51 and page 60). 

8. To install the repaired or spare converter module, 
lift the converter module onto the top rack. Slide 
the assembly into the rack. Use the red plastic 
insulation cover in front of the module. 

9. Reconnect the power terminals Ll, L2, L3, PI, P3, 
N1, CP, N2 and CN. Reconnect the firing ribbon 
cable connector DPL. 

10. Check to see that all electrical connections are tight 
before re-applying power. 

INVERTER PHASE MODULE REPLACEMENT 

. The Inverter Phase Module is best removed as follows: 

1. Tools required: 

Ratchet - 3/8" 
Socket - 7/16" for 3/8" ratchet 
Nut Driver - 7/16" with 6" shaft 

2. Disconnect the three· phase input power. 

3. Check voltage across capacitor C1 (P2 to N2) with a 
DC voltmeter. The capacitor discharge resistor (R1) 
should have reduced this voltage to 10 volts or below 
before work starts on the case. 

4. Disconnect firing ribbon cable connector APL, BPL 
or CPL. 

5. Remove the five (5) nuts and washers from the 
power connectors: 

P3, Ml and N2 to the left of the module 
CP and CN to the right of the module 

6. Carefully pull the module(s) out of the rack 
using the red plastic insulation cover in front 
of the module (See Fig. 11). 
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FIGURE 11 
AF-400 Drive Inverter Phase Module 

being removed. Press-Pak seRS 
40-60 KVA, 230 or 460V AC 

(Photo MG-5649-6) 

7. The module can be repaired on a table. See (1) 

Press-Pak SCR replacement - phase module, or 
(2) stud mounted SCR replacement - Phase 
module or (3) Press·Pak SCR and stud mounted 
SCR replacement - Phase module (Pages 63, 68 
and 71 respectively). 

8. To Install the repaired module or a spare module, 
lift the Phase module(s) onto the Inverter rack. 

9. Slide the assembly mto the rack using the red 
insulation cover on the front of the module. 

10. Reconnect the power terminals P3, Ml, N2, CP and 
CN. Reconnect the firing ribbon cable connector 
APL, BPL or CPL. 
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11. Check to see that all electrical connectIOns are tight 
before reapplymg power_ 

PRESS-PAK CELL REPLACEMENT -
CONVERTER MODULE 

40 to 60 KVA, 230V AC or 460V AC 

1. Tools required: 

Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 7116" box 
Wrench - 3/8" box 
Screwdnver - 8" long with 5/16" tip 

2. Stand the converter module on its back side on a 
table. The pulse transformer, printed circuit 
card should be on top. (Normally on the front of the 
module). See Fig. 12. 
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FIGURE 12 
AF-400 Drive Converter Module 

standing on a table_ Press-Pak SCRs 
40-60 KVA, 230 or 460V AC 

(Photo MG-5629-10) 

3 After locatlllg the defective Pre~~·Pak SCR cell (lSP, 
2SP, 3SP, ISN, 2SN or 3SN), trace the appropnate 
red (cathode) and white (gate) finng elf CUlt leads to 
the pulse transformer pflnted circuit card. Remove 
the plastic tie wraps from the appropriate firing 
circuIt. Disconnect these CirCUits from the pulse 
transformer card, faston connectors. Free these 
wires from the harnesses and check to see that they 
are, III fact, connected to the defective cell. 

4. Remove 4 machme screws and nuts that secure the 
front red plastic IllsulatlOn cover to the converter 
module. See Fig. 13 

..-, 

FIGURE 13 
AF-400 Drive Converter Module 

showing removal of machine screws that 
secure the front cover. Press-Pak seRs 

40-60 KVA, 230 or 460V AC 
(Photo MG-5629-6) 

5. Fold back the cover, thereby, exposlllg the Press·Pak 
SCR heatsmk clamps The remammg wire harnesses 
should ~upport the front msulation cover while 
removmg and replaclTlg the defective Press ~Pak 
cell See Fig. 14. 



FIGURE 14 
AF-400 Drive Converter Module 

with front Insulation cover folded back 
Press-Pak SCRs 

40-60 KVA, 230 or 460V AC 
(Photo MG-5629-4) 

6. Remove the bolt, two flat washers and nut that hold 
the heatsink associated with the defective SCR cell 
to the DC bus (PI or Nl). See Fig. 15. 
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FIGURE 15 
AF-400 Drive Converter Module 

showing removal of the nuts and washers 
that secure the heatsink clamp. 

Press-Pak SCRs 
40-60 KVA, 230 or 460V AC 

(Photo MG-5629-7) 

7. Remove the two clamp nuts that secure the 
defective SCR, while supporting the bottom 
heatsink and clamp with one hand underneath the 
heatsink assembly. See Fig. 16. 
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FIGURE 16 
AF-400 Drive Converter Module showing 

removal of heatsink 
Press·Pak SCRs 

40-60 KVA, 230 or 460V AC 
(Photo MG-5629-8) 

8. Note that ISP, 2SP and 3SP SCRs are connected to 
the top heatsmks, whereas, ISN, 2SN and 3SN SCRs 
are connected (back to back) on the bottom heatsmk 
assemblv. 

9. NOTE CAREFULLY THE ARRANGEMENT OF 
THE CLAMP PARTS AND SCR ORIENTATION. 

10 Remove the clamp rods, thereby, separatIng the two 
heatsmks and permlttmg the defective SeR to be 
removed along with its red and whIte flflng CIrCUIt 
leads, whIch were preVIOusly removed from the 
pulse transformer printed circuit card. 

11. The gate and cathodE' IE'ads of the replacement SCR 
~hould be connected to the pul"e transformer card 
per thE' converter modulE' E'1E'mE'ntary diagram. See 
Fig. 17. 
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FIGURE 17 
AF-400 Dnve Converter Module 

showing removal of the commutating 
diode (DC) heatsink. 

40-60 KVA, 230 or 460V AC 
(Photo MG-5629-9) 

12. The other SCR assoCIated wIth the clamp assembly 
~hould be carefullv lifted from the heatsink 
mountIng surfal'e~. 

13. InspE'ct the surfaces that both SCRs mount between. 
The"e surfaces should be wiped clean with a lint free 
cloth. Inspect the surfaces and make sure they are 
smooth: If not smooth, replare the heatsmk 
assembly. 

14 Lubricate both mountIng surfaces for each SCR 
usmg a thm roat of thermal grea,e, General Electric, 
G322L, \ ersilube Plus (or eqUIvalent). 

15 Place both SCRs In the same OrIentatIOn, as 111 the 
ongmal assembly and place the SCR center holes 
over the roll pin in thl:' mountIng ~urface. 

NOTE 

THE BOTTOM SeR FITS OVER :\ ROLL PIN IN THE 
HEATSINK AND THETOP SeR FITS OVER A. ROLL PIN 
1"-.; THE PLATE 



16. The clamp parts and heatsink should be assembled In 
the original manner and the two nuts tightened 
finger tight so that the threads shoWIng are the same 
on both clamp rods. 

17. Check to see that the SCR center holes are still over 
the roll pins. 

18. With the nuts fInger tight, use a wrench to tighten 
each nut, alternately in one quarter (1/4) turn steps 
until the clamp tightness (over finger tightness) 
equals one and one quarter (1·1/4) turns. 

NOTE 

WHEN TIGHTENING THE CLAMP USE A SOCKET 
WRENCH TO HOLD THE BOTTOM HEADS OF THE 
CLAMP RODS WHEN COUNTING TURNS. 

19. Reconnect all electrical connections to both 
heatsInks and the SCR firing CircUIt leads to the 
pulse transformer card. 

20. Re-install the front insulation board which inrlude~ 
the pulse transformer card and bolt In place With tht' 
four (4) machine screws and nuts. 

21. Re-tie the SCR firing circuit leads with plastic 
clamps. 

22. Check to see that all electrIcal connectIOns are tight. 

COMMUTATING DIODE (DC) 
REPLACEMENT CONVERTER MODULE 

40 to 60 KVA, 230V AC or 460V AC 

1. Tools required: 

Ratchet - 3/8" 
Deep Socket - 9/16" for 3/8" ratchet 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 7/16" box 

2. Stand the converter module on its back side on a 
table. See Fig. 12. 

3. Remove the P3 connection (Anode) to the 
Commutating Diode (DC). 

4. Remove the two bolts that secure the (DC) diode 
heatsink to the converter module. 

5. Remove the top protective metal plate (2-1/4/20 
machine screws). 

GEK-24996 

6. Remove the stud mounted diode from Its heatbink. 
It is secured with a nut and lock wabher. Set' Fig. 17. 

7. Before replacing the commutatl!lg (hodt', ill~pt'ct the 
mountmg surface on the lH'at;,lIlk a~ wi'll ab tilt' 'it ud 
mounted diode mountmg bur/an'. Tilt·s(· bUr/dC!!b 
should be wiped clean With a lint fn~e cloth. illsJ.wct 
the surfaces and make sure tht'y an' smooth. 

8. Lubricate both mounting surfaces ubing a thill coat 
of thermal grease, General Elt·!·trlC' C:~221., 

Versilubt' Plus (or e(luivalt'nt). 

9. Insert the diode mto the heat<;ink and tight!·!} down 
the stud nut to a pressure equlvalt'nt to 100 inch 
pounds, using a torque wrench. 

10. Replace the two bolts that secure the heatsl!lk to til(' 
converter module. 

11. Replace the anode connectIOn P3 

12 Replare the top protective mrtal pIJt(· 

COMMUTATION POWER SUPPLY 
REPLACEMENT - CONVERTER MODULE 

40 to 60 KVA, 230V AC or 460V AC 

1. Tools required: 

Screw driver - 8" long With 5/16" tip 
Nut Driver - 1/4" with 6" shaft 

2. Remove the top protective metal plate {2-1/4/20 
machine screws}. 

3. The commutating power supply is contained on a 
printed circuit board located on the left side of the 
converter module. It is connected through five (5) 
slotted terminals on terminal board TBl. 

4. Loosen the five (5) terminal board screws on 
terminal board TBl and slip the card away from the 
terminal board. 

5. To replace the card, reverse the above procedure. 

6. Make sure the five (5) terminal board s(:rews are 
tight. These are electrical connectiom that also 
serve to support the card. 
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STUD MOUNTED CELL REPLACEMENT -
CONVERTER MODULE 

10 to 30 KVA, 230V AC or 460V AC 

L Tools reqlllred: 

Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 7/16" box 
Wrench - 3/8" box 
Screw Driver - 8" long with 5/16" tIp 

2. Stand the converter module on its back sIde on a 
table. The pulse transformer printed circlllt 
card should be on top. (Normally on the front of the 
module). 

3. After locatIng the defective stud mounted SCR cell 
ISP, 2SP, 3SP, ISN, 2SN or 3SN) trace the 
appropriate red (cathode) and white (gate) fIrIng 
circuit leads to the pulse transformer printed circuit 
card. Remove the plastic tie wraps from the 
appropriate firing circuits. DIsconnect these 
circlllts from the pulse transformer card, faston 
connectors. Free these wIres from the harnesses 
and check to see that they are, in fact. connected 
to the defective cell. 

4. Remove four (4) machIne screws and nuts that 
secure the front, red plastic insulation cover to the 
converter module. 

5. Fold back the cover, thereby, exposIng the stud 
mounted SCR heatsinks. The remainIng wIre 
harnesses should support the front insulation cover 
whIle removing and replacing the defectIve stud 
mounted SCR cell. 

6. Remove the two (2) nuts that secure the defective 
SCR heatsink to the DC bus (PI or Nl). 

7. DIsconnect the SCR power circuits. 

8. Remove the stud mounted SCR frm its heatsink. It 
is secured with a nut and lock washer. See FIg. 19 
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FIGURE 18 
AF-400 Drive Converter Module 

with stud mounted SCRs standing on a table 
10-30 KVA, 230 or 460V AC 

(Photo MG-5629-14) 



FIGURE 19 
AF-400 Drive Converter Module 

with stud mounted SCRs showing removal of 
stud mounted SCR cell. 

10-30 KVA, 230 or 460V AC 
(Photo MG-5629-2) 

9. Before replacing the stud mounted SCR, inspect the 
mounting surface on both the heatsink as well as the 
stud mounted SCR cell. These surfaces should be 
wiped clean with a lint-free cloth. Inspect the 
surfaces and make sure they are smooth. 

10. Lubricate both mounting surfaces using a thin coat 
of thermal grease, General Electric G322L, 
Versilube® Plus (or equivalent). 

11. Insert the stud mounted SCR into the heatsink and 
tighten down the stud nut to a pressure eqUivalent to 
30 inch pounds, using a torque wrench. 

12. Replace the heatsink and the two (2) nuts that 
secure It to the DC bus, (PI or Nl). 

13. Reconnect all electrical connections to their 
respective busses and the SCR firing leads to the 
pulse transformer card. 

14. Re-install the Insulation board which includes the 
pulse transformer card and bolt it in place with the 
four (4) machine screws and nuts. 

GEK-24996 

15. Carefully fold Into the harnesses the power WIrIng 
and SCR fmng circuit leads. Re-tie all leads with 
plastic clamps. 

16. Check to see that all electrIcal connectIOns are tight. 

PRESS·PAK CELL REPLACEMENT -
INVERTER PHASE MODULE 

40-60 KVA, 230V AC 

1. Tools required: 

Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 3/8" box 
Screw Driver - 8" long with 5/16" tip 

2. Stand the Inverter Phase Module on its back side on 
a 30" high table. The pulse transformer printed 
circuit card should be on top. (Normally on the 
front of the module). See Fig. 20. 

FIGURE 20 
AF-400 Drive Inverter Phase Module 
standing on a table. Press-Pak SCRs 

40-60 KVA, 230V AC 
(Photo MG-5629-12) 
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3. After locating the defecti ve Press Pak SCR cell (l SP 
and lSN - Main SCRE> or CSP and CSN -
Commutating SCRE» trace the approprIate red 
(cathode) and white (gate) finng circuit leads to the 
pulse transformer prInted cirCUIt card Remove the 
plastic tIe wraps from the appropriate fmng cIrcuits. 
DIsconnect these CIrcuits from the pulse 
transformer card, faston connectors. Fre~ the,e 
wires from the harnesses and check to see that they 
are, in fact, connected to the defective cell. 

4. Remove four (4) machine screws and nuts that 
secure the front, red plastIc insulatIOn cover to the 
Inverter Phase Module. 

5. Fold back the cover, thereby, exposing the Press Pak 
SCR heatslllk clamps. The remainlllg wire harnesses 
should support the front insulation cover while 
removlllg and replacing the defectIve Press Pak SCR 
cell. 

6. Remove the two (2) clamps nuts that secure the 
defective SCR cell whIle supporting the bottom 
heatslllk and clamp with one hand underneath the 
heatsink assembly. 

7. Note that lSP and CSP SCR cells are connected to 
the top heatslllks. whereas, lSN and CSN SCR cells 
are connected to the bottom heatsink assembly. 

8. NOTE CAREFULLY THE ARRANGEMENT OF 
THE CLAMP PARTS AND SCR ORIENTATION. 

9. Remove the bottom heatsink and SCR cell by 
dropping the assembly so the clamp rods are free 
Carefully remove the defective SCR cell along WIth 
its red and whIte firing CIrcuIt leads whIch were 
previously removed from the pulse transformer 
printed cirCUIt card. 

10. The gate and cathode leads of the replacement SCR 
should be connected to the pulse transformer card 
per the inverter phase module elementary dIagram. 
See FIg. 21. 

11. The other SCR cell associated WIth the clamp 
assembly should be carefully lifted from the 
heatsink mountmg surfaces. 

12. Inspect the surfaces that hath SCR cells mount 
between. These surfaces should be wiped clean with 
a lint-free cloth. Inspect the surfaces and make sure 
they are smooth; If not, replace the heatsink 
assembly. 
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FIGURE 21 
AF-400 Drive Inverter Phase Module 

with the front cover folded back Press-Pak SCRs 
40-60 KVA, 230V AC 
(Photo MG-S629-5) 

13. Lubncatf' both mountmg ~urfa('e" for ea('h SCR cell 
u~mg a thm ('oat of thermal grea~e, General ElectrIC 
G322L, Vf'r~Ilube® Plu~ (or f'quivalent) 

14. Place both (,f'll~ Il1 the ~amf' onentation as Il1 the 
original a~sembly and pla('f' thf' cell center holes 
over the roll pm If) the mounting ~urface. 

NOTE 

THE BOTTOM SCI{ CELL FITS DYEK. A ROLL PIN IN 
THE HEH~I'\JK ANn THE TOP ~CK. FIT~ 0\ ER A 
ROLL PIN IN TilE PIXrE. 

15. The clamp Pdrt~ and heahlnk should ht' as~ernhlt'd in 
the original mann!'l' and the tl'.O nul'. tlghtenf'd 
flllger tight ,u that t lit' thredd~ ,howllIg arf' the "amf' 
on both clamp rod~ 



16. Check to see that the SCR cell center holes are still 
over the roll pillS. 

17. With the nuts finger tight, use a wrench to tighten 
each alternately in 114 turn steps until the clamp 
tightness (over finger tightness) equals one and one 
quarter (1 114) turns. 

NOTE 

WHEN TIGHTENING THE CLAMP USE A SOCKET 
WRENCH TO HOLD THE BOTTOM HEADS OF THE 
CLAMP RODS WHEN COUNTING TURNS. 

18. Reconnect all electrical connections to both 
heatsinks and the SCR firing circuit leads to the 
pulse transformer card. 

19. Re-install the red plastic insulation board whICh 
includes the pulse transformer card and bolt it in 
place with the four (4) machine screws and nuts. 

20. Re-tie the SCR firing CirCUit leads With plastic 
clamps. 

21. Check to see that all electrical connections are tight. 

BYPASS DIODE (DP AND ON) REPLACE
MENT INVERTER PHASE MODULE 

40-60 KVA, 230V AC 

1. Remove the anode connection to the Bypass Diode 
(DP or DN). 

2. After separating the two main Press-Pak heatsinks 
(see Press-Pak SCR Replacement - Inverter Phase 
Module, 40-60 KV A, 230V AC) remove the stud 
mounted bypass diode from the appropriate 
heatsink. It is secured with a nut and lock washer. 

3. Before replacing the bypass diode(s), inspect the 
mounting surface on the heatsink as well as the stud 
mounted dIOde mounting surface. These surfaces 
should be wiped clean With a lint free cloth. Inspect 
the surfaces and make sure they are smooth. 

4. Lubricate both mounting surfaces using a thin coat 
of thermal grease, General Electric G322L, 
Versilube® Plus (or equivalent). 

5. Insert the diode into the heatsink and tighten down 
the stud nut to a pressure equivalent to 30 inch 
pounds, using a torque wrench. 
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6. Replace the heatsinks according to instructions 
under Press-Pak SCR Replacement - Inverter 
Phase Module, 40-60 KV A, 230V AC. 

7. Replace the anode connection (DP or DN). 

STUD MOUNTED SCR REPLACEMENT -
INVERTER PHASE MODULE 

10-30 KVA, 230V AC or 460V AC 

1. Tools Required: 

Ratchet - 3/8" 
Deep Socket - 7116" for 3/8" ratchet 
Wrench - 3/8" box 
Screw Driver - 8" long With 5/16" tip 

2. Stand the phase module on ItS back Side on a 
table. The pulse transformer printed cirCUit 
card should be on top. (Normally on the front of the 
module). See Fig. 22. 

FIGURE 22 
AF-400 Drive Inverter Phase Module 

standing on a table stud mounted SCRs 
10-30 KVA, 230 or 460V AC 

(Photo MG-5629-11) 
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3. ~fter iucating the defe( tnt' .,tud mounted SCR cell 
(lSP and l::;N - \Iain SCR~ or CSP and CSN -
commutatlflg ::;CR.,) trace the appropriate red 
(cathode) and white (gate) firing circuit lead" to the 
pul"e tran~former printed CHeult card. Remove the 
plastIC tie wraps from the approprIate firIng circuits. 
Disconnect these l'lrcUlls from the pulse 
transformer card, fa"toll (onnt'ctor., Free these 
wires from the harne-,se" and check to 5ee that they 
are, III fact, connected to the defective SCR cell. 

4. Remove four (4) machllle screws and nuts that 
secure the front red plastic insulation cover to the 
Illverter phase module. 

5. Fold back the cover, thereby, exposing the stud 
mounted SCR heatslllks. The remallllllg wire 
harnesses should support the front insulation cover 
while removlllg and replaclllg the defective stud 
mounted SCR cell See Fig 23 

FIGURE 23 
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AF-400 Drive Inverter Phase Module 
With front Insulation cover folded back 

stud mounted SCRs 
10-30 KVA, 230 or 460V AC 

(Photo MG-5629-1) 

---_._---------------
6. Disconnect the power leads from the appropriate 

reactors. Replacement stud mounted SCR cells are 
furmshed by General Electnc Company with the 
power leads and fmng circuit leads soldered to the 
stud mounted SCR cells. 

7. Remove the two (2) nuts that secure the heatslllk 
with the defective stud mounted SCR cell to the 
phase module. 

8. Remove the stud mounted SCR cell from Its 
heatsink. It is secured with a nut and lock washer. 

9. Before replaclllg the stud mounted SCR cell, inspect 
the mounting surface on both the heatslllk as well as 
the stud mounted SCR cell. These surfaces should 
be wiped clean with a lint free cloth. Inspect the 
surfaces and make sure they are smooth. 

10. Lubricate both mounting surfaces uSlllg a thlll coat 
of thermal grease, General Electric G322L, 
Versilube Plus (or eqUIvalent). 

11. Insert the stud mounted SCR cell into the heatsink 
and tlghten down the stud nut to a pressure 
eqUivalent to 30 Illch pounds, using a torque 
wrench. 

12. Replace the heatslllk and the two (2) nuts that 
secure it to the phase module. 

13. Reconnect all electrical connections to their 
respective reactors and the SCR fmng leads to the 
pulse transformer printed circuit card. 

14. Re'lllstali the insulation board which includes the 
pulse transformer card and bolt It III place with the 
four (4) machine screws and nuts. 

15. Carefully fold into the harnesses the power wmng 
and SCR fmng circuit leads. Re-tie all leads with 
plastic clamps. 

16 Check to see that all electncal connectIOns are tight. 



INVERTER PHASE MODULE 
40-60 KVA, 460V AC 

PRESS-PAK SCR CELL REPLACEMENT 
MAIN SCR CELLS 

STUD MOUNTED SCR CELL REPLACEMENT 
COMMUTATING SCR CELLS 

1. Tools Required: 

Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Deep Socket - 9/16" for 3/8" ratchet 
Wrench - 3/8" box 
Screw Dnver - 8" long with 5/16" tip 

2. Stand the phase module on Its back side on a 
table. The pulse transformer printed circuit 
card should be on top. (Normally on the front of the 
mverter phase module). See Fig. 24. 

FIGURE 24 
AF-400 Drive Inverter Phase Module 

40-60 KVA, 460V AC 
standing on a table 

Press-Pak Mam SCR cells stud mounted 
Com mutating SCR cells. 

(Photo MG-5629-13) 
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3. After locating the defective Press-Pak Main SCR 
cell (lSP and ISN) follow the instructions for Press
Pak Main SCR cells, 40-60 KV A, 230V AC units. 
See Fig. 25. 

FIGURE 25 
AF-400 Drive Inverter Phase Module 

40-60 KVA, 460V AC 
with front cover folded back. 

Press-Pak Main SCR cells stud 
mounted com mutating SCR cells. 

(Photo MG-5629-3) 

4. After locating the defective stud mounted 
commutating SCR cell (CSP and CSN) follow the 
instructIOns for stud mounted commutating SCR 
cells, 10-30 KV A, 230V AC or 460V AC units. See 
Fig. 25. 

5. Check to see that all electrical connectIOns are tight. 
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FILTER CAPACITOR REPLACEMENT 

I. T()()I~ rt'ljlllrt,d: 

Halr'ht't - :{/8" 
Deep Sod.el - 7/ 16" for 3/8" ratchet 

Wrell('h - 7/16" box 
Saew Driver - 5/16" shank, 8" long blade 

2. Open all e1t't·trieal CIrcuIts to the case in which the 

Flltt'r CapacitorI'. are located. 

3. Check voltage acrOb~ capacitors (N2 to P2) with 
DC voltmeter. The capacitor discharge resistor (Rl) 
should have reduced thIS voltage to 10 volts or below 

before work starts in the case. 

4. DUlconnect the power leads to the capacitor. 

5. Loosen the capacitor clamp and remove the 
(~apacitor. 

6. When t he faulty capacitor is replaced, make certain 
that the new capacitor is connected to the electrIcal 
cIrcuit wIth the same polanty onentation as was the 

faulty capacitor. 

7. Rp-('onnect all power leads. 

8 I f the replacement electrolytic capacitors have been 
on the shelf (non-operatIng) for longer than 6 
month~, they should be formed. Refer to step 13 of 
t he Start-up Procedu re In the Start-up and Check
(lut ~t'ctlon for the proper forming procedure. 

FAN REPLACEMENT - 10 to 60 KVA 

I. Tool!". rcquirpd: 

Kat dlf't - :i/8" 
Hdt( bpt Extt'lIslOn - 3/8", 6" long 

Dt,t,p Sorkt'l - 112" for 3/8" ratchet 
Nut /)fIV('f - 5/16" with 6" blade 

SCf('W Dnv('r - 5/16" shank, 8" long bladt' 

2 Opt'll all cle( trical clrcult~ to thp case In which th(' 
faulty !.iII a~"l'mbly IS locatpd. 

3 Check the voltage acrO~G the C'apantor a~scmbly (N2 
to P2) wIth a DC voltmpter. The capacItor discharge 
rp~19t()r (H I) should have reduced thi~ voltage to 10 
volts or hplow hefore work start~ in the casp. 

,to DbCOtmect the fan motor lead~ from tht' tt'rmlllal 

board 

5 Remove tht' mountmg screws from the fan housing 
that holds the fan to thp module rack. 

6. Remove the fan as'iemhly. 

7. The repaired or replacement motor and fan assembly 
should be halted III place. 

8. Reconnect the motor leads to the termmal board. 

9. Check all electriC'al connectIOns for tightness. 

10. Apply power to the fan motor. Looking mto the 
motor from the fan Side, the rotatIOn should be 

counter-clockWIse, and the air flow will be toward 
the top of the case. 

11. Open the electriC',,1 circuit to the fan motor. If the 
motor rotatIOn was mcorrect any two motor leads 
may be Interchanged at the termInal board to correct 
thIS 

STANDARD SPECIFICATIONS, OPTIONS, 
OPERATOR'S STATIONS AND AC MOTORS 

RATINGS 

Horsepower - 10 through 60 HP 

Power Supply 

Input Power 

HP 

10 
15 
20 

25 

30 
40 
50 
60 

Voltage - 3 phase, 230 or 460V At: 

(+10% - 5%) 
-Frequency - 60 or 50 Hz (±2%) 

(by jumper selection on 
con verter card) 

RMS Amperes 

230V AC 460V AC 

28 14 
42 21 
56 28 
70 35 

84 42 
112 56 
140 70 
168 84 



Overload Capability -Service Factor 1.0 

Speed Range 

Service Conditions 

Speed Regulation 

Function of Basic 
Power Unit 

Adjustments -

1 Min. Overload - 150% 
Motor Starting Torque 140% 

(1 Minute) 

-Variable Torque (pump load) 
= 8 to 1 

Minimum Frequency = 7.5 Hz 
(No derating of motor or power 
unit) 
Constant Torque 
3 to 1 Derate Power Unit 

RMS Amps - 10% 
8 to 1 Derate Power Unit 

RMS Amps - 25% 
10 to 1 Derate Power Unit 
RMS Amps - 25% 
Constant Horsepower = 1.25 to 1 

Refer to AF·400 Drive Application 
Manual, GET·6656 for details, 

-Ambient temperature 0 to 40° C 
Altitude - 0 - 1000 meters 

(0 - 3300 feet) 

-3% (approximately) with 
induction motor (Due to slip) 

0% with synchronous reluctance 
motor 
Service Deviation - 1 % 

-Drive Start and Stop 
Speed Control by Potentiometer 
Unidirectional operation 
Coast Stop 

Current feedback - 0 to 100% 
Current Limit - 50 to 150% 
Linear timed acceleration - 5 to 50 sec, 
Linear timed deceleration - 5 to 50 sec. 

(Independent adjustments) 
Voltage Boost 
IR Compensation 
Current Limit Stability 
Volts/Hertz 
Minimum Frequency - (Minimum Speed) 
Base Frequency - 2 to 1 
Frequency Ranges -37.5 to 75 Hz 

-75 to 150 Hz 
-150 to 300 Hz 

Trip Frequency· 75 Hz 
-llO Hz 
-165 Hz 
·275 Hz 
·410 Hz 

Protective Features -

AC line, current limitIng fu~e;, 
11SV AC Control Power Fuses 
Surge voltage protection 
Control undervoltage shutdown 
Commutation overcurrent shutdown 
Inverter overfrequency ~hutdown 
Inverter fault shutdown 
DC Link overvoltage fault-shutdown 
Phase sequence of loss of phase trip 
Inverse time overcurrent trip 

GEK-24996 

Isolation between power and control ('Ir<:lllt~ 

Indicatmg Lights -

ITOC - Inverse time overcurrent 
IF - Inverter Frequency 
SYNC - Synchronizing hght 

Inverter to AC line 
(Not used on GP DrIves) 

LOY - Link overvoltage trip 
PS/LOP - Incorrect phase sequerH~e 01' loss of pll/ls(' 
IOC - Instantaneous Overcurrent 

(W III also operate on DC Link (JV(~rvoltag(' 

trip; commutation overcurrl'llt or cOlltrol 
undervoltage shutdown). 

IOF - Inverter overfrequency tnp 
COC - Commutation overcurrent tTiP 
CUY - Control undervoltage tnp 

Operator's Station (Basic Standard) 
Speed Adjust Potentiometer 
Start-Stop Pushbuttons 
NEMA 1 Enclosure 

Options -
Incoming Line Circuit Breaker 

230 or 460V AC, 3 phase 
Relay Option Card 

Reversing Relay (Selective rotation) 
Fault Relay 
Run Relay (Pilot relay for AC motor contactors 
to and including NEMA size 2) 

Process Follower Card 
Meter Card (Diagnostic Test Card) 

Operator's StatIOns 

I. SI)(,l'd Adjllst Potl'ntiollH'tm' 
Start-Stop Pushbuttons 
Forward/Reverse Selector Swi)('h 
NEMA I Enclosure 



-------------------------------------------------------------
2. Speed Adjust Potentiometer 

Start-Stop Pushbutton!! 
Manual! Automatic Selector SWitch 
NEMA 1 Enclosure 

Speed Indicator - 0 - 100% Speed 
Load IndICator - 0 - 100% Load 
Enclosure for one instrument 
Enclosure for two instruments 

AC Motor -
Type: Squirrel cage induction or 

synchronous reluctance 
Synchronous speed at 60 HZ: 3600 RPM 

1800 RPM 
1200 RPM 
900 RPM 

Temperature Protection: Thermotector (if 
specified) 
Enclosure: DPFG (Dripproof, fully guarded) 

TEFC (Totally enclosed, fan cooled) 
TENV (Totally enclosed, non

ventilated) 

NOTE: SYNCHRONOUS SPEED AND 
FREQUENCY SELECTION SHOULD BE 
COMPATIBLE WITH MOTOR OVERSPEED 
DESIGN AND LOW SPEED THERMAL 
OPERATION. 
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AF-400 DRIVE GP CATALOG NUMBER ASSIGNMENT 

6V 

~ 
G 

General 
Purpose --"'" 

Drive Type 

B :: (AF-400 Inverter Drive) 

Enclosure 

W = Wall 
C = Chassis 
F = Floor 

B F 015 A 01 

Modifications 

A ;: No Circuit Breaker 
8 = With Circuit Break,· .. 

KVA 015;: 15 KVA 

060 = 60 KVA 

AC Voltage 2 = 23()V A(: 

BASIC (STANDARD) MODEL NUMBER BY HORSEPOWER 

KVA Model Number 230V Model Number 160V -
10 6VGBF201OA 6VGBF201OB 6VGBF40lOA 6VCBF4010B 
15 6VGBF2015A 6VGBF2015B 6VGBF4015A 6VGBF4015B 
20 6VGBF2020A 6VGVF2020B 6VGBF4020A 6VCBF4020B 
25 6VGBF2025A 6VGBF2025B 6VGBF4025A 6VCBF402SB 

30 6VGBF2030A 6VGBF2030B 6VGBF4030A 6VGBF4030B 
40 6VGBF2040A 6VGBF2040B 6VGBF4040A 6VGBF4040B 
50 6VGBF2050A 6VGBF2050B 6VGBF4050A 6VFBF4050B 
60 6VGBF2060A 6VGBF2060B 6VGBF4060A 6VGBF4060B 

CATALOG NUMBER ASSIGNMENT - OPERATOR'S STATIONS REMOTE 

Speed Adjust, Start-Stop 
Speed Adjust, For.-Rev., Start-Stop 
Speed Adjust, Man.-Auto., Start-Stop 
Speed Indicator 
Load Indicator 
Endo.,un· - 1 Instrumf'nt 

Enclosure - 2 Instruments 

6VOC76 
6VOC82 
6VOC52 
6VSII2 
6VUI2 
6VIEII 
hVIE21 

'~ 
I 
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1'1 (II ('~~ Voll()w('r (:anl 
( I q:~ X :~c) I A A (;0 I ) 

Bt'la y Opt /(Ill Card 
(19:~X:{CJ I AAC(2) 

*Ht'v('r~ing H"lay MoclIflcatlOll 
*Fault Ht·iay ModifIcation 
'"Hull Hday ModificatlOll 

AVAILABLE OPTIONS MODEL NUMBERS 

Kit Factory Mounted 

6VPFlOAl 6VPFlOFMAI 

(Included with standard GP General Purpose Drives I 

6VREVlOAl 
6VFLTlOAI 
6VRUNIOAl 

6VREVlOFMAl 
6VFLTlOFMAl 
6VRUNIOFMAI 

"Tht'~t' optlOm Illodlfy tht' Procesb Follower OptlOll Card III kit 6VPFlOAl or the Relay Option card furnished with all 
~talldard (;P ~ Ct'llerai PurPOSf' Dnves. 
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ADJUSTABLE 
FREQUENCY 

DRIVE 

GENERAL PURPOSE 

OPERATING NOTES 

WAR N IN G 
BEFORE REMOVING A PRINTED CIRCUIT CARD OR BEFORE MAKING ANY WIRING 
CHANGES OR CONNECTIONS, POWER SHOULD BE REMOVED FROM THE INVERTER. 

THIS IS AN ADJUSTABLE FREQUENCY AC MOTOR DRIVE BUILT IN A FLOOR MOUNTED 
ENCLOSURE. NOTE THAT THE CASE DOOR HANDLE IS KEY LOCKABLE. 

BEFORE APPLYING POWER TO THE DRIVE, READ INSTRUCTION BOOK GEK-24996 
AND FOLLOW ALL WARNINGS, CAUTIONS AND NOTES GIVEN IN THAT BOOK. THE 
PROPER SEQUENCE OF STEPS TO FOLLOW WHEN STARTING UP A DR!"E ARE ALSO 
DESCRIBED IN THE INSTRUCTION BOOK. 

THIS DRIVE REQUIRES AIR FLOW THROUGH THE ENCLOSURE. IT ENTERS AT THE 
BOTTOM AND EXITS AT THE TOP OF THE ENCLOSURE. THE REQUIRED AIR FLOW 
IS 275 CFM AND THE INLET AIR TEMPERATURE SHOULD NOT EXCEED 40·C. 
THE AC POWER WIRES ARE NORMALLY BROUGHT INTO THE TOP OF THE ENCLOSURE 
THROUGH THREE, FAST ACTING, THYRISTOR FUSES. A CIRCUIT BREAKER WITH 
MAGNETIC TRIP MAY BE SUPPLIED AHEAD OF THESE FUSES AS OPTIONAL EQUIP
MENT. WHEN THE CIRCUIT BREAKER IS SUPPLIED IT HAS AN OPERATING MECHA
NISM THAT EXTENDS THROUGH THE FRONT DOOR. 

THE INVERTER OUTPUT WIRES ARE NORMALLY TAKEN OUT OF THE TOP OF THE EN
CLOSURE, THROUGH A CHANNEL UNDERNEATH THE CIRCUIT BREAKER MOUNTING 
BRACKET. THE PURCHASER MAY CHOOSE TO HAVE THE OUTPUT WIRES CONNECTED 
TO AN AC CONTACTOR AS SHOWN ON ELEMENTARY DIAGRAM 36B590264AA SH4. 

A LIST OF FUSES USED IN THESE INVERTER DRIVES BY KVA RATING FOLLOWS: 

RATING FUSES FUSES FUSE FU7 
FUI-FU3 FU4-FU5 

VOL TAGE KVA AMPS VOLTS AMPS VOLTS AMPS VOLTS 
230 10 60 500 3 600 I 250 

15 60 
20 100 
25 100 

30 100 
40 300 
50 300 
60 300 , , It 

FIGURE 26 
GP Operating Notes & Drive Elementary Diagram, Sheet 1 

(continued on Sheet 1A) 
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RATING FUSES FUSES FUSE FU7 
FUI-FU3 FU4-FU5 

VOL TAGE KVA AMPS VOLTS AMPS VOLTS AMPS VOLTS 
460 10 35 500 3 600 1 250 

15 35 
20 60 
25 60 

30 60 
40 175 
50 175 
60 175 

NOTE 

FOR ALL RATINGS, THE DRIVER POWER SUPPLY CARD (193X480A .GO I) FUSE 
IS 5AMPS-250VOL TS. 

THE ADJUSTMENT OF MOTOR SPEED IS ACHIEVED BY CHANGING BOTH MOTOR 
FREQUENCY AND VOLTAGE. THIS IS A VARIABLE VOLTAGE DC LINK TYPE IN
VERTER. A DESCRIPTION OF THE BASIC INVERTER IS PROVIDED IN INSTRUC
TION BOOK, GEK-24996. 

THE GENERAL PURPOSE (GP) INVERTER IS PROVIDED WITH AN OPTION CARD 
(193X391A..G02) WHICH IS PLUGGED INTO A CARD HOLDER ATTACHED TO THE 
TOP OF THE DRIVER RACK. THIS OPTION CARD CAN BE USED IN CONJUNC
TION WITH OPERATOR'S STATION, MODEL 6VOCn TO START AND STOP THE 
INVERTED DRIVE AND TO CONTROL ITS SPEED. 

NOTE: I. RELAY'CONTACTS ON OPTiON CARDS 193X391A_GOI OR G02 ARE 
RATED IISVAC: HIGHER VOLTAGE SHOULD NOT BE USED. 

2. ALL EXTERNAL RELAYS AND AC CONTACTORS MUST HAVE THEIR COILS 
SUPPRESSED. (EX. A 1/2 MFD-220 OHM SUPPRESSOR MAY BE USED.) 

THE START/STOP PUSH BUTTONS CAN BE WIRED INTO THE CIRCUIT AS SHOWN ON 
ELEMENTARY DIAGRAM 36B590264AA SH5. IF WIRED AS SHOWN, THE THERMAL 
SWITCH <THSW) WILL CAUSE THE DRIVE TO STOP DUE TO HIGH AMBIENT TEMP
ERATURES OR LOSS OF COOliNG AIR. IF A MOTOR OVERLOAD RELAY IS USED, 
ITS INTERLOCKS (OU CAN BE CONNECTED INTO THIS CIRCUIT CAUSING THE DRIVE 
TO STOP WHEN THE OVERLOAD RELAY TRIPS. 

THE SPEED ADJUST POTENTIOMETER CAN BE CONNECTED INTO THE CIRCUIT AS 
SHOWN ON ELEMENTARY DIAGRAM 36B590264AA SH6. AS SHOWN, TWO POTEN
TiOMETERS ON THE OPTION CARD CONTROL MINIMUM AND MAXIMUM SPEEDS AT 
WHICH THE DRIVE WILL OPERATE. MAX MAN ADJUST THE MAXIMUM SPEED 
LIMIT AND MIN MAN ADJUSTS THE MINIMUM SPEED LIMIT. 

IF IT IS DESIRABLE TO HAVE AN EXTERNALLY. ADJUSTABLE MINIMUM AND 
MAXIMUM SPEED ADJUSTMENT, THE SPEED ADJUST POTENTIOMETER MAY BE 
CONNECTED BETWEEN TB2(40) AND T81(18l. 

BEFORE APPLYING POWER TO THE INVERTER. MAKE SURE THAT THE FOLLOWING 
CARD JUMPERS ARE PROPERLY LOCATED TO AGREE WITH THE INTENDED 
APPLICATION. 

I. BASE HZ JUMPER -REGULATOR CARD 
SET FOR THE DESIRED BASE HZ RANGE. 

2. HZ TRIP JUMPER-INVERTER CARD 
SET FOR FREQUENCY WHERE FAULT TRIP IS DESIRED. 

3. VOLTAGE JUMPER-INVERTER CARD 
SET FOR THE INVERTER INPUT VOLTAGE. 

4. 60 HZ JUMPER -CONVERTER CARD 
WHEN THE INVERTER IS TO OPERATE FROM A 50HZ SOURCE, 
THIS JUMPER MUST BE REMOVED. 

FOLLOW THE INSTRUCTIONS IN GEK-24996 INSTRUCTION BOOK FOR START-UP 
PROCEDURES, PROPER ADJUSTMENT OF THE DRIVER POTENTIOMETERS AND FOR 
TROUBLESHOOTI NG. 

FIGURE 26 (continued) 
GP Operating Notes & Drive Elementary Diagram, Sheet 1A 
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NOTE: CAPACITOR FORMING 

ELECTROLYTIC CAPACITORS HAVE A LIMITED SHELF LIFE WHEN NOT ENERGIZED. 
IT IS THEREFORE NECESSARY TO FORM THE CAPACITORS BEFORE NORMAL 
CHARGING CAN TAKE PLACE. FORM ALL "GP"DRIVES REGARDLESS OF SHIPMENT DATE. 

A. LESS THAN 6 MONTHS: NO FORMING REQUIRED. 

B. MORE THAN 6 MONTHS: SEE INSTRUCTION BOOK GEK-24996 
(START-UP AND CHECK OUT SECTiON) FOR DETAILS. 

TERMINAL BOARDS, (TBI AND TB2), LOCATED IN THE LOWER RIGHT CORNER 
OF THE POWER UNIT, PROVIDE CONNECTIONS FOR INCOMING COMMAND SIG
NALS, AS WELL AS OUTPUT SIGNALS. THE CONTROL WIRES ARE NORMALLY 
BROUGHT INTO THE ENCLOSURE THROUGH THE BOTTOM. 

FOR THIS GENERAL PURPOSE (GP) DRIVE THERE ARE KITS AVAILABLE WITH 
PUSHBUTTONS, SWITCHES, INSTRUMENTS AND PRINTED CIRCUIT CARDS WHICH 
CAN BE USED AS SHOWN IN THE ELEMENTARY DIAGRAM 36B590264AA SHEETS 
5 AND 6. THESE KITS ARE DESCRIBED BELOW: 

I. METER CARD -193X481A-GOI 
THE DRIVER IS PROVIDED WITH A RECEPTACLE WIRED TO PROVIDE SIGNALS 
TO THE METER CARD (WHEN USED). THE TROUBLESHOOTING SECTION OF 
GEK-24996 REFERS TO THIS CARD AND TO ASSISTANCE DURING SET-UP AND 
TROUBLESHOOTING. 

THE METER CARD CAN BE OBTAINED AND PLUGGED INTO THE EXTREME 
RIGHT DRIVER RECEPTACLE AS INDICATED ON THE LABEL UNDERNEATH 
THE PRINTED CIRCUIT CARDS. 

2. OPERATOR'S STATION 
SPEED ADJUST, START-STOP - MODEL 6vocn 
SPEED ADJUST, FWD, REV, START-STOP - MODEL 6V082 
SPEED ADJUST, MAN, AUTO, START-STOP - MODEL 6VOCS2 

THESE STATIONS (7.4 INCHES LONG X 3.5 INCHES WIDE X 3.06 INCHES DEEP) 
CONTAIN A SPEED ADJUST POTENTIOMETER, START-STOP PUSHBUTTONS, AND 
FWD-REV OR MAN-AUTO SELECTOR SWITCHES. THEY CAN BE WIRED INTO THE 
CIRCUITRY AS SHOWN ON 3665902641'11'1 SH5 AND SH6. 

WHEN POWER IS TURNED ON THE INVERTER FREQUENCY LIGHT (IF) ON THE 
SYSTEM CARD IN THE DRIVER RACK STARTS TO BLINK ON AND OFF AT A LOW 
FREQUENCY. ON THE OPTION CARD, THE MIN SPEED AND FAULT LIGHTS ALSO 
TURN ON. IF SELECTOR SWITCHES ARE POSITIONED TO (REV) AND (MAN) AS 
SHOWN ON 366S90264AA SHS, THE (REV) AND (MAN) INDICATING LIGHTS ON THE 
OPTION CARD WILL TURN ON IN THAT ORDER. 

WHEN THE (START) PUSHBUTTON IS DEPRESSED, THE INVERTER WILL BE STARTED 
6Y ENERGIZING THE INVERTER START (IS) RELAY, PROVIDED THE INVERTER IS 
AT NEARLY ZERO FREQUENCY IN ORDER TO PERMIT THE MINIMUM SPEED RELAY 
(MSR) TO BE ENERGIZED. WHEN THE INVERTER STARTS, THE IS RELAY SEALS 
IN AROUND THE (MSR) RELAY WHICH IS DE-ENERGIZED AS SOON AS THE INVERTER 
OUTPUT FREQUENCY INCREASES. THE (START> AND (RUN) LIGHT WILL ALSO TURN 
ON. NOTE THAT THE (FAUL n, (REV), (MAN) AND (RUN) INDICATING LIGHTS WILL 
TURN ON EVEN THOUGH THE RELAYS ARE NOT PLUGGED INTO THEIR RESPECTIVE 
SOCKETS. 

AFTER THE (START> PUSHBUTTON IS DEPRESSED, THE SPEED ADJUST POTENTIO
METER CAN BE TURNED CLOCKWISE IN ORDER TO INCREASE THE SPEED. 
THE DRIVE WILL ACCELERATE TO THE SET SPEED AT THE RATE SET BY THE 
(ATIM) POTENTIOMETER ON THE REGULATOR CARD. WHEN THE DRIVE REACHES 
APPROXIMATELY 4 PERCENT OF BASE SPEED, THE (MIN SPD) INDICATING 
LIGHT WILL TURN OFF. THE (MIN SPD) LIGHT INDICATES THAT (MSR) RELAY 
IS ENERGIZED. 

WHEN THE (STOP) PUSHBUTTON IS DEPRESSED, THE INVERTER OUTPUT VOLTAGE 
AND FREQUENCY DROP AT THE RATE SET 6Y THE <DTIM) POTENTIOMETER ON 
THE REGULATOR CARD. WHEN THE MOTOR IS KEPT CONNECTED TO THE CON
VERTER OUTPUT TERMINALS (SEE SHS, JUMPER FROM TB2 (31) TO TBI (21) ) 
THE CIRCUIT PROVIDES A CONTROLLED STOP AND THE MOTOR WILL COME 
TO A STOP ALONG WITH THE INVERTER OUTPUT FREQUENCY AND VOLTAGE. 

HIGH INERTIA LOADS MAY RESULT IN DECELERATION TIMES LONGER THAN THE 
<DTIM) SET VALUE DUE TO LINK VOLTAGE PUMP UP. 

FIGURE 26 (continued) 
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THE DRIVE CAN BE ARRANGED TO SWITCH FROM THE FORWARD TO THE REVERSE 
DIRECTION OF ROTATION, ELECTRONICALLY. TO ACCOMPLISH THIS A REVERSING 
MODIFICATION KIT (MODEL 6VREVIO) SHOULD BE ORDERED. THE OPTION CARD 
(CAT.193X391A....J302) SHOULD BE REMOVED FROM THE RECEPTACLE AND SUPPORTED 
SO THE RELAY FROM THE MODIFICATION KIT CAN BE PLUGGED INTO ITS DESIG~ 
NATED CARD SOCKET WITHOUT FLEXING THE PRINTED CIRCUIT CARD. IN ADDITION 
TO THE REVERSING MODIFICATION KIT, IT WILL BE NECESSARY TO PROVIDE AN 
OPERATORS STATION WITH A (FOR -REV) SELECTOR SWITCH SUCH AS MODEL 6VOC82. 
AFTER PLUGGING IN THE REVERSING RELAY, INSERT THE OPTION CARD BACK 
INTO ITS RECEPTACLE AND WIRE THE (FOR-REV) SELECTOR SWITCH INTO THE 
CIRCUIT BETWEEN TBI(4) AND TBI (34) AS SHOWN ON SHEET 5 OF 36B590264AA. 

WITH THE SWITCH IN THE FOR POSITION, THE DRIVE CAN BE STARTED AND THE 
MOTOR WILL TURN IN THE FORWARD DIRECTION. WHEN THE SELECTOR SWITCH IS 
TURNED TO THE REV POSITION, THE MOTOR WILL DECELERATE TO A CONTROLLED 
STOP; CHANGE DIRECTION OF ROTATION AND ACCELERt'.TE WITH PRESET RATE 
TO SET SPEED. 

SOME TIMES IT IS DESIRABLE TO CONNECT THE MOTOR <OR MOTORS) TO THE IN~ 
VERTER THROUGH AN AC CONTACTOR (S). A RUN RELAY MODIFICATION KIT 
(MODEL 6VRUNIO) CAN BE ORDERED fOR THIS PURPOSE. THE RELAY IN THIS KIT 
CAN BE PLUGGED IN THE SAME MANNER AS DESCRIBED fOR THE REV RELAY, 
ABOVE. THE AC CONTACTOR (OR ITS AUXILIARY RELAY) SHOULD BE 
CONNECTED AS SHOWN ON SHEET 5, BETWEEN TB1(15) AND TBI(3). 

NOTE: THE MAXIMUM SIZE AC CONTACTOR WHICH SHOULD BE CONNECTED BE-
TWEEN THESE TWO POINTS IS NEMA SIZE 2. 

NOW, WITH THE OPTION CARD PLUGGED INTO ITS RECEPTACLE, THE AC CONTACTOR 
(OR AUXILIARY RELAY) WILL BE ENERGIZED WHEN THE (START) PUSHBUTTON IS 
DEPRESSED. WITH A JUMPER FROM TBI(2I) TO TBI(3I), WHEN THE (STOP) PUSH
BUTTON IS DEPRESSED THE MOTOR STAYS CONNECTED TO THE INVERTER OUTPUT 
TERMINALS THROUGH THE AC CONTACTOR UNTIL THE INVERTER HAS DECELERATED 
TO A STOP. WHEN THE INVERTER STOPS THE AC CONTACTOR IS DE-ENERGIZED. 
IF THE ABOVE MENTIONED JUMPER IS NOT USED, THE AC CONTACTOR IS ENER~ 
GIZED WHEN THE INVERTER (STARn PUSHBUTTON IS DEPRESSED. NOW WHEN THE 
(STOP) PUSHBUTTO N IS DEPR ESSED THE AC CONT ACTOR (S) IS 1M M EDIATEL Y DE
ENERGIZED AND THE AC MOTOR DECELERATES TO AN UNCONTROLLED STOP (COAST) 
INDEPENDENT OF THE INVERTER. 

IT SHOULD ALSO BE NOTED THAT INTERLOCKS AVAILABLE ON THE RUN RELAY 
ARE FORM C- THE NORMALLY OPEN INTERLOCK AT TB1(16), THE NORMALLY 
CLOSED INTERLOCK AT TB1(17) AND THE COMMON POINT AT TBI(15). 

IF IT IS DESIRABLE TO HAVE A SIGNAL WHICH INDICATES WHEN A FAULT CON
DITION EXISTS IN THE INVERTER, A FAULT MODIFICATION KIT (MODEL 6VFL TIO) 
CAN BE OBTAINED. THE RELAY IN THIS KIT SHOULD BE PLUGGED INTO ITS 
DESIGNATED OPTION CARD SOCKET IN A MANNER DESCRIBED FOR THE REV RELAY 
(ABOVE>. WHEN THE OPTION CARD IS RE-INSERTED IN ITS RECEPTACLE AND 
THE DRIVE IS STARTED, THE FAULT (FL T) RELAY WILL BE ENERGIZED. SIGNALS 
INDICATING THE CONDITION OF THE RELAY ARE FROM TBI (13) TO TBI (12) A 
NORMALLY OPEN INTERLOCK; OR FROM TBI (14) TO TBI (12) A NORMALLY CLOSED 
INTERLOCK. WHEN A FAULT CONDITION OCCURS THE FAULT RELAY IS DE-ENER
G�zED. 

WHEN IT IS DESIRABLE TO HAVE THE INVERTER FOLLOW A PROCESS SIGNAL 0-10 
VOLTS, IO~50 MA, 4-20 MA, OR 0-5 MA, A PROCESS FOLLOWER OPTION CARD 
(l93X39IA_GOI) CAN BE OBTAINED. THE OPTION CARD (l93X391A....G02) IN THE 
STANDARD GENERAL PURPOSE (GP) INVERTER DRIVE SHOULD BE REMOVED. ALL 
RELAYS BEING USED ON THAT CARD (REV, RUN, AND FL T) CAN BE UNPLUGGED FROM 
THE 193X391A_G02 CARD AND PLUGGED INTO THEIR DESIGNATED SOCKETS ON THE 
193X391A....GOI CARD. CARE SHOULD BE TAKEN TO SUPPORT THE CARD WHEN UN
PLUGGING ANO PLUGGING IN THE RELAYS TO PREVENT CARD FLEXING. 

THE PROCESS fOLLOWER OPTION CARD (l93X39IA_GOI) SHOULD BE INSERTED INTO 
THE OPTION CARD RECEPTACLE ON TOP OF THE DRIVER RACK. THE PROCESS SIG
NAL SHOULD BE BROUGHT INTO TBI(8) (POSITIVE SIGNAU AND TBI(7) (NEGATIVE 
SIGNAL>. NOTE THE JUMPER ON THE OPTION CARD SHOULD BE PLUGGED INTO THE 
POST REPRESENTING THE FOLLOWER SIGNAL BEING USED. WHEN A MANUAL SIGNAL 
WILL ALSO BE USED THE POTENTIOMETER FOR THIS SIGNAL SHOULD COME FROM 
TBI(32) TO TBI (22) SEE SHEET 6. TO SELECT EITHER THE MANUAL SIGNAL OR THE 
PROCESS SIGNAL AN (AUTO-MAN) SELECTOR SWITCH MUST BE CONNECTED BETWEEN 
TBI(4) AND T61(26). 

FIGURE 26 (continued) 
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OPERATOR'S STATION (6VCS2) HAS AN (AUTO/MAN) SELECTOR SWITCH, 
(START-STOP) PUSHBUTTON AND A SPEED ADJUST POTENTIOMETER TO CONTROL 
MANUAL SPEED. WHEN THE SELECTOR SWITCH IS IN THE MANUAL (MAN) POSI
TION' THE PROCESS FOLLOWER OPTION CARD (MA) RELAY IS ENERGIZED AND THE DRIVE 
WILL FOLLOW THE MANUAL SPEED ADJUST POTENTIOMETER SIGNAL. IN THE 
AUTOMATIC (AUTO) POSITION THE (MA) RELAY IS DE-ENERGIZED AND THE 
PROCESS SIGNAL CONTROLS THE DRIVE. 

THE FOLLOWING PROCEDURE IS SUGGESTED TO SET-UP AND ADJUST THE PROCESS 
FOLLOWER FUNCTION. 

NORMAL ST,A.RT UP PROCEDURE AS DESCRIBED IN GEK-24996 SHOULD BE FOLLOWED. 

,A.FTER THE INVERTER IS OPERATING PROPERLY IN THE MANUAL MODE (MA REL,A.Y 
PICKED UP), THE PROCESS FOLLOWER FUNCTION C,A.N BE ADJUSTED. THE S,A.MPLE 
C,A.SE DESCRIBED BELOW ASSUMES ,A. M,A.NU,A.L SETUP ,A.T 100Y. FREQUENCY (SPEED) 
WITH A REFERENCE OF 15 VOLTS AT REF, TB2(32). IN THE ,A.UTO MODE A PRO-
CESS CONTROLLER SIGN,A.L OF 4 TO 20 MILLI,A.MPERES IS CHOSEN TO COVER FROM 
40Y. TO 90~ OF THE MANUAL FREQUENCY (SPEED) RANGE AS INDICATED IN FIG. 27. 

A) ,A.DJUST THE "0 FFSET" POT "0 M,A.KE THE (OPS) TEST POST VO L T AGE EQUAL 10 
VOLTS. <THIS PRELIMINARY ADJUSTMENT SETS THE OFFSET TO ZERO). 

B) .llMt::I: APPLY AN INPUT SIGNAL EQUAL TO THE MAXIMUM CHANGE IN PROCESS 
CONTROLLER SIGNAL, I.E.AI=20-4=16MA. <THIS CORRESPONDS TO A VOLTAGE 
OF 8 VOLTS BETWEEN CVRP AND CVRN.) ADJUST THE ~ POT SUCH THAT THE 
VOL T,A.GE AT REF, TB2(32) EQUALS THE VOLTAGE DIFFERENCE AT MAXIMUM (90Y.) 
AND MINIMUM (40:'0 FREQUENCY (SPEED): I.E.,AREF=13.S-6=7.S VOLTS. 
<THIS SETS THE DESIRED SLOPE OF THE OUTPUT VS. INPUT CURVE.) 

C) MIN AUTO: TURN THE OFFSET POTENTIOMETER CCW UNTIL THE REF VOL T,A.GE 
is-LESS THEN THE DESIRED MIN LEVEL. TURN THE MIN tJIT.Q POT CW UNTIL 
THE REF VOLTAGE EQUALS THE MIN DESIRED LEVEL<ALEVEL OF SV OR 33r. 
FREQ. IS INDICATED ON FIG. 27>. 

lL. 
U/ 
a: 
..: 
::> 
D.. 
I
::> 
o 
a: 
1LI 
~ 
o 
..J 
..J 
o 
lL. 

UI 
UI 
U/ 
U 
o 
a: 
D.. 

FIG.27 

" vSEfs (:pREEE~) 
15 100 
14 ~Q __________________________________________________ _ 

1:3 

12 80 

II 
70 

10 

9 60 

8 
50 

7 

III 
To 
". , 
o 
~ 
<I 

2 :3 4 5 S 7 8 9 10 VOLTS 

4 6 8 10 12 14 16 18 20 t.4A 

PROCESS FOLLOWER INPUT: CVRP-CVRN 

D) ~ 6UI..O: TURN THE gFFsET POT CW UNTIL THE REF VOLTAGE EXCEEDS THE 
MAX. DESIRED LEVEL. TURN THE MAX 6!ITQ POT CCW UNTIL THE REF VOL T,A.GE 
EQUALS THE MAX. DESIRED LEVEL. (A MAX. LEVEL OF ISV OF 100% FREQ. IS 
I NDI CATED I N FIG. 27>. 

E) OFFSET: INCREASE THE INPUT SIGNAL TO THE M,A.X. RATED LEVEL (20MA IN 
THIS CASE). ,A.DJUST THE OFFSET POT SUCH THAT THE REF VOLTAGE EQUALS 
THE MAX. OPERATING LEVEL. I.E. REF=13.5 VOLTS OR 90r. FREQUENCY (SPEED>. 

FIGURE 26 (continued) 
GP Operating Notes & Drive Elementary Diagram, Sheet 10 

(continued on Sheet 1 E) 

63 



GEK·24996 

64 

THE REF VOLTAGE SHOULD NOW FOLLOW THE HEAVY CURVE OF FIG. 27 AS THE. 
INPUT IS CHANGED FROM 4 THROUGH 20 MILLIAMPERES. 

IF FINE TUNING IS REQUIRED. ADJUST THE OFFSET AT MINIMUM LEVEL AND 
THE GAIN AT MAXIMUM LEVEL. 

NOTE: A CHANGE IN THE GAIN SETTING WILL ALSO AFFECT THE OFFSET. 

IN ORDER TO OBTAIN AN INDICATION OF THE INVERTER LOAD. LOAD INDICATOR 
KIT. (6VLlI2) MAY BE ORDERED. THE INSTRUMENT IN THE KIT IS CONNECTED TO 
THE CURRENT ISOLATOR TB3(LCS) AND TB3(COM). SEE 36B590Z64AA SH.4. AN 
ENCLOSURE (MODEL 6VIEID FOR THE LOAD INDICATOR MAY ALSO BE ORDERED. 

AN INDICATION OF MOTOR SPEED CAN BE OBTAINED BY ORDERING A SPEED INDICA
TOR KIT (6VSII2). THIS INSTRUMENT IN THE KIT 15 CONNECTED TO THE FRE
QUENCY VOLTAGE READ OUT SIGNAL (FVR). TB2(44) AND COM TB2(48). SEE 
36B590264AA SH6. AN ENCLOSURE (MODEL 6VIEID FOR THE SPEED INDICATOR 
MAY ALSO BE ORDERED. 

IN THE EVENT AN ENCLOSURE IS DESIRED FOR BOTH A LOAD INDICATOR AND A 
SPEED INDICATOR AN ENCLOSURE (MODEL 6VIEI2) FOR TWO INSTRUMENTS MAY 
ALSO BE ORDERED. 

FIGURE 26 (continued) 
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SYMBOLS 

@] SUPPLIED BY OTHERS.REMOTEL Y MOUNTED 

/::,. OPTIONAL FEATURE - SPECIAL PLUG IN RELAY 
FOR OPTION CARDS. (193X391AAGOI &G02) 

o 
:t 

SPECIAL OPTION CARD WITH ADDITION 
PROCESS FOLLOWER FEATURES (193X391AAGOI) 

TWISTED WIRE 

... SUPPRESSED COIL 

CARD 

COMPONENT NOMENCLATURE POTENTIOMETER NOMENCLATURE 

CI - CONVERTER FILTER C"P"C!TOR5 "UTO.M"X. - M"X. SPEED ,o.oJ.-PROCESS FOLLOWER 

ca - CIRCUIT BREAKER ~UTO.MIN. - MIN. SPEED ADJ.-PROCESS FOLLOWER 

CONV.MOD. - AC TO DC CONVERSION MODULE ATIM - "CCEL. TIME ADJ.-REGUL"TOR 

CURR.lSOL. - CURRENT ISOLATOR CIIRD 6F - a"5E FREQUENCY ADJ.-REGULATOR 

FU 1-3 - MAIN POWER AC FUSES CFA - CURRENT FEED6"CK AOJ.-CURR.ISOL. 

fUll - CONTROL CIRCUIT FUSES CLIM - CURRENT LIMIT "DJ.-REGULATOR 

fU Z - IISV "C CONTROL POWER FUSE CLST - CURRo LIM. STABILITY "DJ.-REGUL"TOR 

fLT - F AUL T RELAY -OPTION CIIRD DTIM - DECEL. TIME ,o.oJ. -REGUL"TOR 

IS - INVERTER ST"RT REL"Y-OPTION CIIRD GIIIN - GAIN ADJ.-PROCESS FOLLOWER 

LI - CONVERTER FILTER RE"CTOR IRe - IR COMPENSATION ,o.oJ.-REGUL"TOR 

LSH - D.C. LINK SHUNT MINF - MINIMUM fREQ. ADJ. -REGULATOR 

MA - AUTO.-MMUAL RELAY -OPTION CARD OFFSET - OFfSET ADJ.-PROCESS FOLLOWER 

MS - /I.C. MOTOR CONTR/ICTOR VB - VOLTAGE BOOSI' /lDJ.-REGUL/lTOR 

MSR - MINIMUM SPEED RELAY-OPTION C~RD VIHZ - VOLTS PER HERTZ ADJ. -REGULATOR 

OL - MOTOR STARTER OVERLO,o.o CONTIICT VUM - VOLTAGE LIMIT ,o.oJ.-REGULATOR 

PBH - PUSH BUTTONS 

PH.MOD. /I-C - INVERTER PH"SE MODULES 
CARD 

PLUG 

RI 

REV 

Rf !.:1. 
RUN 

SW l::.f 
T81:1 
THSW 

TXI 

- JI,J32.JXI,JXII.JX32 lIRE 

DRIVER BIICKPL/INE PLUGS. INDICATING LIGHTS 
A-O PL liRE fIRING HARNESS 

MODULE PLUGS. !TOC - INVERSE TIME OVERCURRENT TRIP- SYSTEM 

- CAPACITOR DISCHARGE RESISTOR IF - INVERTER FREQUENCY-SYSTEM 

- REVERSING RELAY -OPTION CIIRD SYNC - INVERTER UNE SYNCHRONIZED-SYSTEM 

- ISOL~TION FEEOa~CK RESISTORS LOV - LINK OVERVOLTAGE TRIP-CONVERTER 

- RUN RELAY -OPTION CIIRD PSILOP - PH. SEQ/LOSS Of PH/ISE TRIP-CONVERTER 

- SELECTOR SWITCH JOC - INSTANIANEOUS OVERCURRENT TRIP-INVERTER 

- TERMINAL BOARDS IOF - INVERTER OVERFREQUENCY TRIP-INVERTER 

- THERMAL SWITCH INVERTER AIR COC - COMMUTATION OVERCURRENT TRIP-INVERTER 

- CONTROL TRIINSfORMER CUV - CONTROL UNDERVOLTAGE TRIP-INVERTER 

FIGURE 21 (continued) 
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TERMINAL BOARD NOMENCLATURE 

ACI - CONTROL TRANSFORMER-115V FUSED LINE 

AC2 - CONTROL TRANSFORMER-GROUNDED LINE 

AC3 - CONTROL TRANSFORMER -115V UNFUSED LINE 

BFD - BASE FREQUENCY DECREASE-SIGNAL INPUT 

BFI - BASE FREQUENCY INCREASE-SIGNAL INPUT 

BFP - BASE FREQUENCY EXTERNAL POTENTIOMETER SUPPLY 

COM - COMMON POINT-CONTROL 

CVRN - CURRENT /vOL TAGE REFERENCE-NEGATIVE 

CVRP - CURRENT /vOL TAGE REFERENCE-POSITIVE 

DIG - DIGITAL REFERENCE-INPUT 

DMF - DECELERATE TO MINIMUM FREQUENCY SIGNAL 

DPF - DIGITAL PROCESS FOLLOWER 

FL TC - FAULT RELAY INTERLOCK-COMMON 

FLTNC - FAULT RELAY INTERLOCK-NORMALLY CLOSED 

FLTNO - FAULT RELAY INTERLOCK-NORMALLY OPEN 

FTR - FAULT TRIP READ OUT SIGNAL 

FVR - FREQUENCY VOLTAGE READOUT SIGNAL 

IPAD - INVERTER PHASE "A" LOGIC SIGNAL 

ISA - INVERTER START RELAY COIL 

ISS - INVERTER START-SEAL 

LCS - LINK CURRENT SIGNAL 

MAA - MANUAL AUTO RELAY COIL 

MSRC - MIN. SPEED RELAY-COMMON 

MSRNC - MIN. SPEED RELAY-NORMALLY CLOSED 

MSRNO - MIN. SPEED RELAY-NORMALLY OPEN 

MVFR - MIN. VOLTAGE AND FREQUENCY READOUT 

PPS - PRIMARY POWER SUPPLY INPUT (CURR. ISOL.) 

REF - REFERENCE INPUT SIGNAL 

REVA - REVERSING RELAY COIL 

RMA - REFERENCE MANUAL-AUTO 

RMAX - REFERENCE POTENTIOMETER-MAXIMUM CONNECTION 

RMIN - REFERENCE POTENTIOMETER-MINIMUM CONNECTION 

RnO - RECTIFIED 30V D.C. 

RUNA - RUN RELAY COIL 

RUNC - RUN INTERLOCK-COMMON 

RUNNC - RUN INTERLOCK-NORMALLY CLOSED 

RUNNO - RUN INTERLOCK-NORMALLY OPEN 

RUNR - RUN READ OUT 

SR - INVERTER SYNCHRONIZED READOUT SIGNAL 

START - DRIVE START INPUT SIGNAL 

STOP - DRIVE STOP INPUT SIGNAL 

SYNC - INVERTER SYNCHRONIZED COMMAND SIGNAL 

TH 1-2 - THERMAL SWITCH TERMINALS 

X 1-2 - CONTROL TRANSFORMER-26V A.C. TERMINALS 

XFR - EXTERNAL FAULT RESET INPUT SIGNAL 

+ 20V - + 20V D.C. REGULATED POWER SUPPLY 

BAR OVER LOGIC SYMBOL INDICATES lOW LOGIC STATE 

FIGURE 26 (continued) 
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TO DRIVER 
SH 5 
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INDICATOR 
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ELEMENTARY DIAGRAM - 360870007AA SH.I &SH.2 
(POWER CIR CU IT) 

CONNECTION DIAGRAM - 36D870007AA SH.S 
(INVERTER) 
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GP Operating Notes & Drive Elementary Diagram, Sheet 4 

(continued on Sheet 5) 
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TBI(4) 
IIel 

115VAC FOR USER , 
TBI(3) 

AC2 
TBI(20) 

IIe~ 

...J .. 
TB2(30) TBZ(29) <: 

X2 XI '" 

...J 
0-
o .. 

/T61(27)----T61(2s1 <> '" 
I THI THSW THZ I IS3X3SIMGOI &Ga2 _ ~ ~ 

SEE SH 4 11 i ~ 
-i--o----ortl r- -~P~~O-N------ - -, i ~L-- P~-~L- PL -j 
Ly::::.~=~::=:::::!~ PB2 ! C .... RD I:: rJXlI rJXlI 

J32j Jlj 1:1 
I ~ ~PBI ~STIIRT TBI(25) I PL 
I OL 2 STOP I I --'- 3 IS" I OCXII 
L.---;jt---Q..u;{'",",-O 0---, r--~{-------iH I ~ , 

I I I TeI(IS) I PL I FIRING I I " ISS I OCXII IS I ~ CIRCUIT I 

L------~---t--~ (------1 ,I 26VIIC " 
I I TBI(S) , PL 
I I MSRC loeX32 II DRIVER II 
I ---~E-------' 

'
I TBIOI) ,I PL I I 
I MSRNO OCX32 MSR I SYSTEM , 
L _____ ~ (------1, I CARD I 

~ - I' I ~ I I2.J TBI(IO) I PL I I I 
FWD SWI REV MSRNe I OCX32 I I LIGHTS I 

" ,," , ~ II U !TOC II 2 ....::L.... 3 I I 
----------0 0---)1(----1 T~~~2A4) I ob~1I ~R~~ I U IF I 

@] SW2 '------------~ (-----------{ ~- II U SYN e II 
MIIN " ... -""AUTO TBI(26) I PL 0 --,::,-, I I 
I: l 2 MM : OCXII : ~~ : I I 

------~-_o o---------------------o------t-< <---------t(~.,}t 1 1 1 
[Q] MS I 'PROCESS! I I CO "VERTER 60HZ I 

r _____ .(-'\. _______ + ____________ J~!:.l~!.E~L _~--- : CARD".--.... : 

I £. ',_j TBWS) I PL :!, I 10E"T. 0 0 I I RUNe I OCX32 L____ I I LIGHTS 50HZ I 

'------------~ I: U LOV REMOVE : 
TBI(16) I PL I 'r< 
RUNNO 'OCX32 RUN I I M PSIlOP JUW FR I 

-----------------------------------o--J--< ~, : I : 
rBI (17) I PL I I I 1 
RUNNC I OCX32 I I I I 

cF----+-< 'I I 
TB2(41) I I I PL I 

RT30 I I I JXI I 

o I I I <th I 
TBI(21) 'I PL ~ PL II I PL I 

... RUN" I OCXII R;'~ OC32 I I JX32 I 1------------O----f-<U'j--14---7 )r"-;I---:--: ~< RT30 : 

I I PL I I PL I 
I I IS OC) I I JX32 I 

I T~a~~I)! ~!! itrNR ! 
------{) II : I <~ I 

+20V PL I PL I 
I ~ FL T OC32 I I X32 I 

: ---{}-~): : <tJTA : 
TB2(37) I I I PL I 

FTR I I I JXII I 
0;------+1 I 

I PL I PL I 
I MSR OC32 I JX32 I 

I ) I <trVFR 

I I I I 
TB2(39) I I PL I 

M~-R ______ --~I------__ ----------~I----_+~JJII I 
I I <..' I 

NOTE T81(12) I PL I I 
FLTC I OCX32 I I ... JUMPER FROM TBI(21) TO TB2(31) 

~ I I 
TB1(13) I PL I I 
FLTNO I aCX32 FL T I I 

o-------t-<F-1, I I 
TBI(14) I PL I I I 
FL TNC I oex 2 I I I 

~ I I 

A USE JUMPER FOR CONTROLLED STOP 

B. R"MOVE JUMPER FOR COt.ST STOP 

I I I 
I I I 

OPTION CARD I I I 
I I I I 
I I I I 

ELEMENTARY DIM.- 36C764410M SHI &SH. 

-l------~----l\;_-----l- -l---~-'\r_--_J\r--_ri--l 

ELEMENTIIRY OIAG.- 360870007M SH3 &SH4 
CONNECTION DIAG.- 360870007M SH9 

OPTION CARD 
CONT ON SH .£. 

FIGURE 26 (contInued) 

DRIVER 
CONT ON SH .§... 

GP Operating Notes & Drive Elementary Diagram, Sheet 5 
(continued on Sheet 6) 



OPTION CARD DRIVER 
CONT FROM SH 5 CONT FROM SH 5 

-r------1\r---------:7\r------T- -T------~-----J\r----~~-------T-
T82(4O) 1 1 I PL 

+20V 1 1 I JXI 
O~----41----------------+I--~1 (~ 

T81(6) 1 PL PL 1 i PL 
RMAX I OCX32 OC32 I 1 JX32 +20V 

r-----o--+I -< )>-+\---;-1-« 
T82(32) I §K 1 I PL 

REF I I I JXI 

[Q] 3 ~ T81(22) i PL PL i i ~tk 
REF y:' 2 ~ RMA- I og~1I loll A OC3)2 i i J(X32 REF 
POT\~"" I 

~ SEE NOTE I I , I 
5K +1 i L____ I 
'I I i T81(5) I PL RMIN PL I PL 
I RMIN 1 OCX32 OC32 1 JX32 COM 
I-----------~ 6--'-..... -+-~)>---i---t-1 --« ~ 

T81(18) 1 PL 

C~~X-II--------~ 
: r--------- ----, 
1 I AREF I 
1 '0 PROCESS , 
1 i FOLLOWER' 
1 I OFFSET 

f:J\ 
H31 

~ 
'REGULATOR , 

CARD VLIM I 
./lL ! 

I 
IRC ' 

JUMPERS ./lL '1 
BA5E HZ I 

~ CLIM I 
o 0 ~', 75HZ JdL 

o~~b ATIM I 
150HZ ./lL 1 
o~~b ' 
300HZ DTIM I 
o 0 ./lL1 

I 
VB ' 

./lL1 
CLST I 
./lL I , 

V/HZ I 

./lL ! , TREF 

! 
1!e~~ > ! a 6X

L
32 I CVRP 

~~(-----r~O 
AUTO 
SP EED i 

MINF i 
./lL I , 

r<H~3 
L<~(------+-T.:..:.RX 

SIGNAL 1 

T81m 1 o6i32 CVRN 
CV~~(------+--<O 

, 

AUTO MIN 
/'f. 

-I Ii L 

AUTO MAX 

f:J\ 

T81(23) II PL PL 

LINEAR 
TIMING 
JUMPER 

PL 

«2 
D~F I OJXII lolA OC32 
~~<----~Irl ------~»r~--;~ 

PL «2 i +20V REV O~~>_2-+-__ t--< 
I COM o::..-j II-----~» 

PL 

DIG 

REV 

l' J ~ .. , PL 
JXII 

i IS D~~2 
, ..-------1III------~»>-+-----I--.( 

T82(33) I , 
START I I 

I 
1 PL 

T82(34) 
STOP 

1 
1 
1 PL 
I JXII 

, O~~2 
: )>-~:--t--< L _________________ J l' r ~" 

I ( 
1 

O----------------~~ 

I PL 
JXII 

I « i5i:rF 
I 
I PL 
I JXI SYNC 
1 « I PL 
I JXI 

COM , « 1 
I PL 

JXI 
I « FVR 
I 

[Q] TBD2~~5) 

r---1 ~---o~-------------------------+-< 
I IQl T82 (42) 
,~ SYNC +----1 ~---{)r--------------------------------;-( 
1 T8l~~9) 
.---------O>--------------------J.-< 
i TB2(44) 
I ,.. ..... + FVR 
L_-( )----oo-----------------_l__< 

BF I 
I ./lL I L _______________ J 

r---------------, 
II NVERTER CARD , 

JUMPER , 
I HZ TRIP , , , , 

00 , 75HZ , , , 
o~~b I 110HZ , , , 
O~~b , 165HZ , , 

I o~~b , 275HZ , , , 
o~~b I 410HZ , , , , , 
0 

, , 0 IDEHT. I I , 
n~~1 I 

0 0 , , , :0: IOF I , 
0 0 I I , :0: coc I , , 

:0: cuv 1 , , 
VOLTS , , , , , , 

I 
00 

I , 
460V 

, 
I , , , , 

o~~b 
, , 

230V 
, , , 

I I , , , 
0 0 

, , , , I 
I , , 0 0 

, 
I , , , , , L _______________ ~ 

I 
[Q] SPE'ED 

INDICATOR 
a-loa:'. 

NOTE I IF THE MA RELAY IS NOT 
USED THE REF POT CONNECTS 
TO TIl2 (32) INSTEAD OF T61(22). 

I I 

-L-------~-----J\r-----~------l 
DRIVER CONT ON SH 7 

FIGURE 26 (continued) 
GP Operating Notes & Drive Elementary Diagram. Sheet 6 

(continued on Sheet 7) 
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-------------------------------------

DRIVER 
CONT fROU SH 6 

-T------Pyr-----J\r----=-~-·-----T-, , , , , , 
TB2(38) 

, 
PL 

, 
UVfR I JXII UVfR 

, 
a « , , 

TB2(36) PL , 
SR JXII 
a « SR , , 

TB2(51) PL , 
IPAD TB2(50) TB2(39) JXI IPA I 

RS' ( I 
TB2(43) 15Kit PL 

, 
XFR JXI XFR 

, 
a « , , 

TB2(47) PL I 
BFP JXI 
a « BFP , , 

TB2(45) PL , 
BFI JXI BF! 

, 
0 « , 

TB2(46) PL 
, 

BfD JXI BFD 
, 

a « , , 
I , , 

L _____________________ ~ 

FIGURE 26 (continued) 
GP Operating Notes & Drive Elementary Diagram, Sheet 7 
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-l ...... 

.50 

L~ ,- -

(Z) REMOVABLE 
LIFTING PLATES 
(1.00 DIA HOLE) 

{t= 2S.00 =1J . 437 Dr A (Z) 
3.50 118.00 I ~ MTG HOLES 

/ (SEE NOTE(4) 
./ 

I -

NOTES: 
I. NO MECHANICAL CLEARANCE REQUIRED 

AT BACK • 
2. LlFT OFF DOOR OPENS 180·. 
3. CASE CAN BE BOLTED DOWN THRU 

HOLES PROVIDED IN BASE FEET. 
4. CASE CAN BOLTED TO A WALL THRU 

HOLES PROVIDED IN TOP FLANGE. 
5. CONDUIT ENTRY HOLES WJTH REMOVABLE 

COVERS ARE PROVIDED I N TOP =, , , ---. AIR AIR-- I. --AIR AND BOTTOM OF CASE. 
____ OUT OUT __ 

~ 

I 
49.42 I II 

11.62 
50~4ZI 

6 . 50 

1m -- AIR __ IN AIR--IN __ 

~ 
GROUND 
CONN 

J 
z.ZO......-l ~ 13.00 --i 2.44-

I 

~ 

III 
---- - --- --- -

J 
i--ZO.IZ ---i 

FRONT VIEW 

r 

__ OUT 

60 . 8 

-- AIR __ IN 

A (4) 
MTG HOLES 
(SEE NOTE(3) 

FIGURE 27 

4.00 X 8.00 
OPENING 

IN CASE TOP 
(SEE NOTE .. S) 

I. 24.Z2 -l 
t Ilr-- +--11 If 

10.00 

4.00 X 8.00 
OPENING 

IN BOTTOM 
(SEE NOTE-S) t FRONT -TIjl 

/;' ! ,I TOP VIEW ,,I 25.00 Ii / DOOR CLEARANCE II ' (SEE NOTE-Z) 

",IL _____ --=---///'~ 

AF-400 Drive GP Outline Diagram 
(36B605389AA) 

(,"') 

~ 

I 
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-l 
w 

NOTES 

1 FOR 460V UNITS IICTUIIL CAPIICITOR 
CONNECTIONS ME 

C~nR' C20R2 

C'UR' C2UR2 
N2 NI 

VOLTIIGE RIITING cOU~1f~lT FUI-3 

V --l- KV"+ AMP +I'IMP pH pC 

RCC 
'JVW 

480~ 10 lsoo/4 

1000/2 

270/2 

2400 " 560/2 

4 ELEMENTARY WIRING SYMElOL5 

LC LP,LN SHUNT 
CLP,CLN SELEC 

pH pH AMP 

2< . 
So 

24 
'" 
SO 

::!=t" -INDlC .... TES TWISTED WIRES, COLOR INOIC .... TED BY LETTER 

~ !-WDlCI\TES FLAT CMlLE WITH DISCONNECT PLUG 

~J 
-« -OUICK DISCONNECT "ST"B-ON" CONNECTION 

l 
LP~~ I 

f:~4--1 
~ , 
-r 1 

L _I 

LPfU 2 

LN2112' 

r-Ij 

QJ-J 
LN~I'll' 

c-" 
1 

pC JVW 

4000/200 

1000/200 

~ -DOT INOICATES POSIT!VE TERMINAL WHEN CURAENT FLOWS IN THE I_I DIRECTION OF THE ARROW 

5 REFER TO THE CONNECTION DI"GR"M FOR II PHYSICII\.. REPRESENT"TION 
Of' THIS "5SEMBL '( 

S CONTROL TRIINSfORMEA<TXU CONNECTIONS 

4S0V 
PRIM 

230V 
PRIM 

(XI) 

3 LEG RE .... CTORS ARE MOUIHED IN POSITION 2 2' FOR PHASE 
MODULES WITH STUD MOUNTED seR'S AND IN POSITION I I' 
FOR PHASE MODULES WITH PRESSPAK SCR "5 

C2 R" R4' ASI-3 CSI-'" 

pc JVW pc 

lono 

101'20 

,. MOUNTED ON CPS :BOMO 

NOMENCL .... TURE 

" C2 
CO 
CO 

gE~,ge~ 
CM 
CPS 
CSI-4 
CRP,CRN 
CSP,CSN CTC 
CURA lSOL
DC 
OP,ON 
FUI-3 
FU-4-6 
FU7 
ICP,ICN 
IAP,ERN 
ISP 151'1 
LI LC 
t~HLN 
PMA-B-C 
PT 
R3 A4 
~~f~~I,AZ 
RSI-4 
1-3SP 1-3SN 
no 

FIGURE 288 

.. ccp ceN 
lAP IRN AFI-7 lep ICN 

" OH pc , 
22 

'5 

CRP CRN RS< 
lVW 

40/20 

40/20 

20/20 40/20 

40/20 

40RO 

40/20 

AF-400 Drive GP I nverter Elementary Diagram 
(360870007 AA, Sheet 2) 

COINERTER PHASE 
"00 MOO 

331X 331X 

42""'MGOI 41-'1MGOI 

424MG02 41-4MGOZ 

424A .... 003 'I14M003 

42SMGOI 415MGOI 

425""1302 415AA002 

42SMG03 415MG03 

INVERTEA 
ASM 

404MGOI 

404MGOZ 

40-4MOO3 

405MGOI 

405AAG02 

405MG03 

PTCtARD IR .... TlNG 

JUMPER 

G1 
~ 
~ 

~ 
0\ 
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,----------------------------------------------

~ 
Cf~A)I~ml 

ICI!N2A) CI{Q) 

= = 
I~' 

CIPZAII~'" 

r="' 
CI(P2A) 

:CI(N~AI 

(fRONT VIEW) PANEL 

PLlJG LQC~TluN5 
(BACK vi Ell' A"LK UPE~l 

FIGURE 29 

WIRE 

"' 
fOR ALL 460V AND 2JIIV 

CRJVIOS 

m ~~~mT~~\~fn 
TBI!~~) TBI(AC21 TBI 'AC2) 

TIlZ«lR)TIlZICOU) 
TB2ICO .. ) 
TeZOS} TlIHSQ} 

.~OREDoI; _IIlTET_ISHD 

LS1H1I'1TIlJISHIl 
~~~~l)(SEETA!lLE II 

TABL~ I 
,~H'~>'I PT 10';111 

fIJHI) fU4111 

fl!~(2) TB3(~PSI 

~5H'~'" 
AUI' FolHT , .. 

" ,. 

J?pZ~>- g:~~~i'i'}/>8~,'g;c:";.}ti'c'~p\ 

~Ifh 8~f~~l~~lh T.piRl~ Wl 

NOH-
C,o,p,o,CITOf! L,o,SELS 
W!LI. v .... Fly WITH 
vOLT/lGEfI,o;TWG 

AF-400 Drive GP Connection Diagram 
(36D870007 AA, Sheet 5) 

" ISED 

" J5EO 

" 1$£0 

WIRE 

"' 
460. - ,~30 &. 60KVA 

" E~lk~l ~~~(II~ 

t~ ~~~~~\ ~~~t~> 
L.IIIPI,PTIIJ'PI) 

'" ~t~~:m ~\~)(!t.}~ 

~~~~~~) p~~ fr.}~)PIAA(P]) 
PTI)~'~Z' P"C"I~' P"~'"Z' 

H m!!H~J;!iffi'f) 

'"(~Pl fllniVl,Pw!l"f) 

~~ c~~~r""'(CN)J'lfI«;N) 

PTI!3[f'l) C"P~) 

"' 
.I~ IlL ... e~ 

IAII CO"N£CTJO~ 'O~IM 

C"+l =:~i\; g\:~~!1 
CIIOI AIM~I AIlHZ) CliO) 

,nil ~o~~~eno~ 150$ ~Q ""~ 

CII-' ~:m ~1t':~7Jl 
~IIQ) AH3),C"Q) 

T~A~S~O~lIf~ ITxt! 

~~ t~!~t~~~J~V~NII!I 
'" :::~:~gte;"~em&w) 
'" 

~1 nl:~~8>"11l~~~I&Z) 

LICH°.:tO~NHECTJONS 

" ~:~~rm~~~)Z) 

Lim, Lit)) 

:~ gg!~~l, ~B~m 

H ~~iat EtlU~ 

~j: ~fgi~fe~i~~})l 

H ~gBf§;I;~(~';1 

~Zi~~~:~~~t~~~l~) 

~!i~~1~~7ri~i~¥lP~~~~~~1. 
.~ I.'I~ACK ~I~!CON~ 

~~m~tIlMtP) PII8iCP). 

~~m~t .. A(t"1 P,d!(CNl. 

., 
~n~lm gi~~~l "' 

!RI! eONH~eTIOH;O ~VA 

W~l !i~n\/~\W{~I 

" ~g!~t)l ~~~{\~ 
" 
" ru~t~} tu,U) 

" FIJ:J(2)CII,LJl 

CllfP", PTB3<PIl 

'"' ~rg~i~f~~i\~~~) 

n H~ilmppll,llJrJh 

~zli~~ :~~f~I,II;:::~~} 

CI'<CPIPI'''<CPIPI'II'CP> 

tU<CH!.PUMCH\PllrHCHl 
Pile teO} 

., PTB3'P2) CI'P~1 

'RI)COHHECTlOH 

Clro) ~Imw!tt~~ CI(-l 

TRAHsrORj,jEII<nll 

" t~:lgt~~~,+~\-~~;.~ufWm ,. 
'" 

UI(I.'II.U'W' TII'(AC~) 
TXltIlLU)TIII!AC2) 

~~ t~:)~~glrlllm~m 

1.1 Cf<OX~ CONNECTION'.' 

H t:l~1 tim ~1~~%Y) 



SPARE AND RENEWAL PARTS (HP related) 

AF-400 DrIve - 10 to 60 HP, 230 or 460 Volts AC, Three-Phase, 50 or 60 Hz 

PRINTED CIRCUIT CARDS 

Catalog Number 

193X385AAGOl 
193X387 AAGOI 
193X389AAGOl 
193X390AAGOl 
193X391AAGOl 
193X391AAG02 
193X475AAGOl 
193X476AAGOl 
193X477AAGOl 
193X478AAGOl 
193X479AAGOl 
193X480AAGOl 
193X481AAGOl 

Description 

Commutation Power Supply Card 
Current Isolator Card 
Pulse Transformer w/C.F.B. CircUlt Card 
Pulse Transfomer Card 
Process Follower Card 
Auxiliary Relay Card 
Phase Logic Card 
Inverter Card 
Converter Card 
Regulator Card 
System Card 
Power Supply Card 
Meter Card 

SUB ASSEMBLIES AND COMPONENTS (NOT HP RELATED) 

Catalog Number 

36A353243BA 

104X156CAlO 

104X215BA012 

Description 

Control transformer assembly 
Transformer with connected wire harness 
Control transformer only 

Ventilating Fan 

GEK-24996 
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Part Name 

Catalog Number 

AC Power Fuses 
104X109AA 

AC Control CUCll!t Fuses 
104X109BC 

AC Control Power Fuse 
104XI09AD 

Inverter Mam SCR 
942B279 
104X125DA 

Inverter Mam DlOde 
942B279CD 
957A614BA 

I04X125AA 

Commutatmg SCR 
942B279 
104X12SDA 

Commulatmg DIOde 
942B279CD 
9S7A614BA 
104X125AA 

Converter SCR 
9428279 
I04XI25DA 

Phase Module 
331X415AA 
331X414AA 

Converter Module 
331X425AA 
331X424AA 

, Fdter Reactor - Ll 
I04X220AB 

10 

Qtr 3 
50 Amp 
60 Amp 007 

100 Amp 
175 Amp 
300 Amp 

Qtr 3 
3 Amp 018 

Qtr· 1 
I Amp 075 

Qty 6 
Assemhly CDG02 

UnIt 127 

Qty.6 
Assembly GM 
Assembly 

l1mt 131 

Qty.6 
Assembly CDC02 

Umt 127 

Qtr 6 
Assemhly C06 
Assembly 

Um! 131 

Q!y 6 
Assembly CDG03 

Unlt 083 

Qty 3 
C03 

Qtv 1 I 

C03 

Qty I 
014 

SPARE AND RENEWAL PARTS (HP RELATED) 

A~-400 Drive 10-60 HP, 230 or 460 Volts AC, Three-Phase. 50 or 60 Hz 

DrIve HP Ratmg 230 Volts AC Drive HP Ratmg 

15 20 25 30 40 SO 60 10 15 20 25 

005 005 
007 007 007 

009 009 009 

021 021 021 

018 018 018 018 018 018 018 018 018 018 018 

075 075 075 075 075 075 075 075 075 075 075 

I 

CDG02 CDG02 CDC02 CDC02 CEC02 CEG02 CEG02 CDCOS CDCOS CDG05 CDG05 
127 127 127 127 081 081 081 131 131 131 131 

GOO C07 C07 G07 C07 
G04 C04 G04 C04 G04 C04 

CO2 G02 CO2 
131 132 132 132 132 132 132 124 124 124 124 

134 134 134 

CDG02 ' CDC02 CDC02 CDG02 CEC02 CEC02 CEC02 CDC 05 CDGOS CDC05 COCOS 
127 127 127 127 081 081 081 ]31 13] 13] 131 

I 

GOO G07 C07 G07 G07 
G04 G04 C04 G04 G04 G04 , 

I 
131 132 132 132 132 132 132 124 124 124 

, 
124 

, 

CDG03 CDC03 CDG03 CDC03 CECOI CECOI. CEGOI CDG04 CDG04 CDC04 CDG04 
083 083 083 083 058 058 058 090 090 090 090 

G03 G02 G02 G02 C03 G03 G03 
C03 C03 CO2 G02 

G03 G02 CO2 CO2 G03 G03 C03 
C03 G03 G02 CO2 

014 013 013 013 012 012 012 014 014 013 013 
- L. -- ---- '--

30 40 

007 

015 

018 018 

075 075 

CDG05 CEG03 
131 060 

G07 
C03 
COl 

124 133 
135 

CDC05 CDC05 
13] 131 

C07 
C03 

124 133 

CDG04 CEG04 
090 057 

G02 Cal 

G02 COl 

013 012 

460 Volts AC 

SO 

015 

01B 

075 

CEC03 
060 

i 
G03 
COl 
133 
135 

CDC05 
]31 

G03 
133 

CEG04 
057 

Cal 

COl 

012 

60 

015 

018 

075 

CEC03 
060 

G03 
COl 
133 
135 

CDC 05 
131 

G03 
133 

CEG04 
057 

COl 

GOI 

012 

, 

! 

o 
tr:I 
~ 
~ 
i; 
.,0 
0\ 



Pall \.J.fIlP 

( .It._do~ \uflliwr Itl I:; 

FIlter CapaCItor Assembly 
36D877209AF G3 G3 
36D877209AE 

Filter CapaCltar - Cl 
104X122AA145 Qty.2 
104X122AA145 Qty.4 
104X122AA145 Qty.8 

Power C,rculi Breaker Kit Qty.1 
104X202EA 30 Amp 
104X202EA 50 Amp G05 G05 
104X202EA 100 Amp 
104X203EA 200 Amp 

-.J 
-.J 

SPARE AND RENEWAL PARTS (HP RELATED) 

AF-400 Dnve 10-60 HP, 230 or 460 Volts AC, Three-Phase, 50 or 60 Hz 
(cantmued) 

()II\!' III' Hdt"'~ 230 \ olh "'(' 

20 2') 1II 10 SO 60 HI I j 

G2 G2 G2 Gl Gl Gl 
G3 G3 

G04 G04 

G07 G07 G07 
G03 G03 G03 

- - - '-----

DJlvf' HP RatHlf!; 460 '<olh A( 

20 25 30 1-0 50 60 

G2 G2 G2 Gl Gl Gl 

G05 G05 GOS 
G07 G07 G07 

-- - -

Gl 

~ 

~ a-
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SPARE AND RENEWAL PARTS 

AF-400 Drive - 10 to 60 HP, 230 or 460 Volts AC, Three-Phase, 50 or 60 Hz 

MODIFICATION KITS 

Catalog Number 

6VPF1OAl 
6VREV1OAl 

104X166AA059 
6VFLTlOAl 

104X166AA060 
6VRllNlOAI 

104X166AA061 

REMOTE OPERATORS STATIONS 

Catalog Number 

6vocn 
6VOC82 
6VOC52 

104X169AA008 
I 01X lS2AC027 
I04X lS2AC027 

36B605269AAG05 

SPEED AND LOAD INDICATORS 

7H 

Catalog Number 

6VSSI 12A 1 
1 01X 117(C003 

6VLIl2Al 
101X 117r:COOS 

6VIEll 
6VIE21 

Process Follower KIt 
ReversIng Relay Kit 
Reversing Relay 
Fault Relay Kit 
Fault Relay 
Run Relay KIt 
Run Relay 

Description 

Description 

Speed Adjust - Start Stop 
Speed Adjust - Forward/Reverse Selector - Start Stop 
Speed Adjust - Manual! Auto Selector - St~rt Stop 
Start Pushbutton 
Forward/Reverse Selector Switch 
Manual! Auto Selector Switch 
Speed Adjust Pot Assembly 

DescriptIOn 

Speed Indicator Kit 
DO-91 X 0-100% Speed Meter 
Load Indicator Kit 
00-91 0-150% Load Meter 

Enclosure for 1 Instrument 
Enclosure for 2 Instruments 
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HOT LINE TELEPHONE NUMBER 

The Contract Warranty for AF-400 drives is stated in the General Electric Apparatus Handbook, Scction 105, 
Page 71. 

The purpose of the following is to provide spccific instructions to the AF-400 user regarding warranty and 
administration and how to obtain assistance on out-of-warranty failures. 

AF-400 DRIVE POWER UNITS (10 to 60 HP) 

The warranty covers all major parts ofthe power unit, such as printed circuit boards, SCR modules, eh~., hUI dOl'!; 

not provide for replacement of fuses or the complete power unit. 

1. In the event of failure or misapplication during "in warranty" refer to the instrU(~ti()n hook to idl'ntify tht" 
defective part or sub-assembly. 

2. When the defective part has been identified (or for assistance in identification) call: 

General Electric Company 
Erie, Pennsylvania 

(814) 455-3219 
(24-Hour Phone Service) 

Before calling, list Catalog numbers of the power unit, motor, operator's station or modification kits. 

AF-400 DRIVE MOTORS 

AC motor repairs are generally handled by General Electric Apparatus Service Shops. For spt"C'ifi(' instru('tions 
on your motor, call the number listed above and furnish complete nameplate data. 
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GLOSSARY OF TERMS 

Page 

APL - Inverter Control Plug - Phase A ........................•....•..•.•......... 17,19.19,22,23,31,33,35, 
ATIM - Acceleration Time Adjust - Regulator Card ...................................••.•...........•.. 25 
AUTO MAX - Maximum Speed Adjust - Process Follower .............••.•••..•.............•........... 63 
AUTO MIN - Minimum Speed Adjust - Process Follower .............................•...•.............. 63 

BFL - Inverter Control Plug - Phase B ••..•••.••••.•...•••.•........................• 17,19,22,23,31,33,35 
BF - Base Frequency Adjust - Regulator Card .........................•...•.••••...............• 12,24,29 

Cl - Converter Filter Capacitor ......... " ................................•.•.•.....•..... 9.17,18,19,36,37 
CB - AC Power Circuit Breaker ......•••...••••.•.••....•.••••..•••..•.•..............•••.•.•...... 16,17 
CFA - Current Feedback Adjust - Current Isolator .............................•••..••.... 15.17.19,21,27,32 
CLIM - Current Limit Adjust - Regulator Card ..•.••••..•..•....•......•..••..............••..•.. 25,29,32 
eLP - Commutating Reactor - Positive ..................................•...•.••.••......... 10,19,33,34 
CLN - Commutatmg Reactor - Negative ....•....•................•..•.••.••.••••...•••••••. 10,18,19,33,34 
CLST - Current Limit Stability Adjust - Regulator Card . . . • . . . . . • . • . • . • . . . • • • . . • • . . . . . . . . . . . • . . . •. 12,25,29 
CN - Commutation Power Supply - Negative ...................................••••.............•• 18,34 
COC - CommutatIOn Overcurrent Trip - Inverter .•.....•...•.•...•......•..............•.•• 13,19.27.31,55 
COM - Common Point - Control. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • • . . . . . . . . . . • .. 24,29 
CONY. MOD. - AC to DC Conversion Module .•..........••.....••.•.....•..............••••..........• 67 
CP - Commutation Power Supply - Negative ...............................•.•......•.•..... 17.18,33,34,42 
CPL - Inverter Control Plug - Phase C .•..•..•...........•.•.•...•.•..•.............. 17,19,22,23,31.33,35 
CSN - Commutating SCR - Negative ...•.......••..••.•..................•.•••.•.••.... 10,18,50,52,53,55 
CSP - Com mutating SCR - Positive ...........................•........................ 10,18,50,52.53,55 
CTC - Current Transformer - Commutating ..•.•.•••.......•.•..•.....•..•....•••............ 14,18,33,34 
CURRo ISOL - Current Isolator Card ..................................................••.............. 67 
CUV - Control Undervoltage Trip - Inverter ..•..•...•..•.••....•.......•..•.•.............. 14.19,27,31,55 

DIG - Digital Reference Input ....................................................•..•.................. 
DPL - Converter Control Plug •••.•..•.....•••.•...........•...........•..................• 17,19,22,23.31 
DMF - Decrease to Minimum Frequency Signal. .... .. ........ ............ .... .. . .. . ..•. .. •......... 11,29 
DTIM - Decel Time Adjust - Regulator Card •.•••••••..•••..•••..•......•••.•..............•.•....... 25 

FLT - Fault Relay - OptIOn Card •..............•........................................•........... 62 
FTR - Fault Trip - Readout Signal ..................•...•......................•.............•. 11,32,33 
FUl·3 - Main Power AC Line Fuses ..............................•.........................•...... 17.18 
FtJ4·6 - Control Circuit Fuses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . • . • . . . .. . . . .. 30,32 
FIJ7·115V AC Control Power Fuse .•.••.•.••.•....•••.•..•....•...•....•..........•..........•..... 17,33 
FVR - Frequency Voltage Readout Signal .........•...................•.......................... 12,22.29 

GAIN - Gain Adjust - Process Follower •.•••.••.•...•........•..••.....•........•..........•.......... 63 

IF - Inverter Frequency Light - System Card ......•..................••..•................. 11,19,22,27,55 
roc - Instantaneous Overcurrent Trip Light .............•................................... 14,19,27,31,55 
IOF - Inverter Overfrequency TrIp Light. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . • • . . . • . . . . . . . . . . . . . . .. 14,19,30,55 
IPA - Inverter Phase A Logic Signal ....................................................••...........•.•. 
IRC - IR Compensation Adjust - Regulator Card .•••..............•..........•.....•..•............ 24,29 
IS - Inverter Start Relay - Option Card. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 
ISN - Inverter SCR - Negative. . . . . . . . . . . . . . . • . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. 9,10 
ISP - Inverter SCR - Positive .................................................................... 9.10 
!TOe - Inverter Time Overcurrent TrIp - Inverter ...............................•.. 1l,19,27,29,31,32,55,65 

HO 
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Jl - Driver Backplane Plug ....................................................................... 67.68 
J32 - Driver Backplane Plug ........•............•.......................•........................ 67,68 
JXl - Driver Backplane Plug .................................•••.•..............................•.... 68 
JXll - Driver Backplane Plug ............•.....................................•..•.................. 68 
JX32 - Driver Backplane Plug ••••••.......................•.••••.•.•••••••••....................•.••. 68 

LCS - DC Link Current Signal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . . .. 27.32 
11 - Converter Filter Reactor ..........................••..........................•.... 9,17,18.35.37.67 
LSH - DC Link Shunt ............•......................................•........... , ......... 17,21,67 
LOV - DC Link Overvoltage Trip ............................................................ 13.19.24.55 
ILl - lL3 - Commutation Power Supply Input. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 

MA - Manual Auto Relay Card - Option Card ....................................................... 62,63 
MINF - Minimum Frequency Adjust - Regulator Card. . . . • • • • • • • . • . . • • . • • . . . . . . . . . . . . . . . . • • . . • • • .. 12,25,32 
MS - AC Motor Starter .........•••.................................................................• 67 
MSR - Minimum Speed Relay - Option Card ....•..•.................................................. 68 
MVFR - Minimum Voltage Frequency Readout.......... ........•....•.••............... .. .......... 11,32 

Nl - Negative Converter Output ......•...........•••••••••••.••..••...................••.• 18,33,35,36.37 
N2 - Negative Inverter Input. . . • . . • . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . • . . • .. 9.10,17,18,22,23.24,30,32,34,35 

OL - Motor Starter Overload ........••............................................................... 65 
OFFSET - Offset Adjust - Process Follower Card ....................................................... 63 

PI - Converter Output - Positive .......................................•................. 17,18,22,23,36 
P2 - Converter Filtered Output - Positive ...............•.•....•..•...••.............. 17,18,22,23,24.32.37 
P3 - Inverter Positive Input ............................................................. 9,10.18,30,32.34 
PBI - 2 Pushbuttons ...•.......................•.•..••..•.•••...•...........................••..... 68 
PH MOD - Inverter Phase Module ..•............................................................. , ... 67 
PS/LOP - Phase Sequence/Loss of Phase Trip ............................................... 13,19,22,27,55 

RI - Capacitor Discharge Resistor ... ;. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 
REF - Reference Input Signal ................. . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19 
REV - Reversing Relay - Option Card ................................................................ 62 
RFl·7 - Isolation Feedback Resistors ..............•.••••...••••...............................•....•.. 67 
RT30 - Rectified 30V DC ............................................................................ 68 
RUN - RUN Relay - Option Card ..•.•...•...•.•••.•••...................•...••.•....•.•.......... 60,62 

SR - Inverter Synchronized Readout Signal. . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 
,SWl·2 - Selector Switches .....•............................•........................................ 68 
SYNC - Inverter Line Synchronized Light. . . . . . . . . • . . • . . . • . • . . • . . . . . . . . . . . . . . . . . . . . . . . . .. 11,19,25,29,30,55 

TH1·2 - Thermal Switch Terminals .............•.•.••.....................................•....... 17,18 
THSW - Thermal Switch - Inverter Air ...............••...••.....••...•••..•........................ 17 
TXl - Control Transformer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11.17 

HI 
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VB - Voltage Boost Adjust - Regulator Card ...........••.•...............•................... 12,24,29,32 
V 1Hz - Volts per Hertz Adjust - Regulator Card .................•.................•..•.•.••..... ' 12,19,24 
VLIM - Voltage Limit Adjust - Regulator Card ...•••........ , ....•....•....................... 12,23,24,29 

XI-X2 - Control Transformer -26V AC Terminals ......•................•••..................... , ...... 22 
XFR - External Fault Reset - Input SIgnal. . • . . • . . . . .. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .• . .... 11 

B2 
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