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NOTE 

In the text that follows, there will be a standard format for device descriptIOns. Thib format It> ~hown below 

xxxx 

XPL 

TBX(XX) 

SIgnifies adjustment potentIOmeter, i.e., MAXS = Maximum Speed 

Signifies Module Plugs, I.e., APL = Phase A Inverter Module 

Slgtllfles terminal board I'CHmections, I.e , TB2(31) = Terminal Board 2 (:onn('( t Oil .{ I 
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GENERAL 

INTRODUCTION 

TllI~ ll1SlrurtlOn manual IS structured around a basic core 
dflVP It i~ a gUIde for the IrIstallatIOn, checkout and 
(lllI'r,ltlOn of tht' equipment furnished with general 
troublp;,ilOo\lng proredurt's for the basic drlve_ 

I t I' dt'~lglll'd for I he lll;,tallatlOn or mamtenance electrical 
It'( !rill( Idll Of englll!'f'L In order to use the manual 
t'ffpdIVei}, t II(' individual must be famIliar with basic 
pJt'( tromt: It'rms and concepts and be able to use the 
rt'qulrt'fi tp"t equipment effectively. 

Any ~ppl'lal purpose equipment, as requested on the order, 
wtll normally be covered in the schematic drawings 
mriudt'd with thib package. These IrIstructions do not 
purport 10 ('over all details or variations m the eqUipment 
nnr to proVide for every pOSSible contingency to be met in 
cOlln!'('\ lOll with the tnstallatlOn, operatIOn or 
IIldlrItertd!lCf', Should further Information be desired or 
,lwuld partll'ular problems anse which are not covered 
"dh('IPfllly for tht" purchaser's purpose, the matter should 
lit' I eferrl j to General Electric Company. 

RECEIVING 

HlP {'qulprnent "hould be placed under adequate cover 
lrllrllNlJatt'ly upon receipt as packing is not SUItable for nut· 
of-door" or unprotected storage 

\ll eqUipment i;, factory Illspected before shipment and IS 
.,llll'pf'd In good conditIOn. Any damages or shortages 
n IdrTlt whl;'rI thl;' eqUIpment IS received must be 
IlTHlIf'dlalf'ly reported to the commercial carrier who 
Irall"ported thf' f'quipment. If reqUired, assistance may be 
ft'( !'Jvf'd frum General ElectrIC Company. Speed Variator 
PfIldul'h O(lf'ration, ErIe, PA. When seekmg aSSistance, 
I'lt'd~t> ll~f' the purr-hase order number. requisition number, 
and modpl number to help us m asslstmg you, Telephone 
HI,t-,tS i·:i219. 

HANDLING 

Power llllih call hI' transported by lIft trucks With thf' forks 
('llflplf'lt·lv lllldt'r tht, wooden shippmg base. Crane lifting 
1'1 ('IeI'. art' -'llpplipd on the top of thf' unit for handling by a 
, 1 Jill' \ ~I)J "dd"r har must be used whf'n hftmg from 
dhov,'. 

WARNING 

IMPROPER LIFTING PRACTICES CAN CAUSE 
SERIOUS OR FATAL INJURY. 

LIFT ONLY WITH ADEQUATE EQUIPMENT AND 
TR <\INED PERSONNEL. 

STORAGE 

ThiS equipment may be stored at an ambient temperature of 
-20°C to +40°C for a period of up to one year. Air must be 
free of chemical and electrically conductive 
contaminations, and other conditions must be such that no 
mOIsture condensation occurs in or on the equipment. 

In addition, when a control that has been in operatIOn is 
"hut down for either a short or extended penod of time, it is 
recommended the environmental conditions be mamtained 
the same as when in operatIOn. 

It IS recommended that space heaters or equivalent deVices 
be used to mamtam the equipment m it5 normal operating 
f'nVlronment (temperature), 

The electrolytic filter capaCItors require "forming" after a 
SIX month or longer storage period Without being energized. 
It IS necessary to form the capacitors to prevent excessive 
leakage which can result in capacilor failure_ The 
procedure for formmg the filter capacitor is given In step 13 
of the Start-up Instructions. 

SAFETY RECOMMENDATIONS 

QualIfied electrIcal and electronics personnel should install 
and maintain this eqUipment. They should read the 
complete mstructions prior to applying power or 
troubleshooting the eqUipment. They should heed all 
WARNING and CAUTION notes or labels listed In this 
Manual or posted on the equipment Defmitions of label 
terms and colors are as follow5: 

WARNING 

DENOTES OPERATING PROCEDURES AND 
PRACTICES THAT MAY RESULT IN PERSONAL 
INJURY OR LOSS OF LIFE IF NOT CORRECTLY 
FOLLOWED 

COLOR: BLACK OR WHITE LETTERI"lG ON RED 
FIELD, 



CAUTION 

DENOTES OPERATING PROCEDURES AND 
PRACTICES THAT, IF NOT STRICTLY OBSERVED, 
MAY RESULT IN DAMAGE TO, OR DESTRUCTION OF, 
THE EQUIPMENT. 

COLOR: BLACK LETTERING ON AMBER FIELD. 

INSTALLATION 

LOCATION 

AF-400* drive power units are suitable for most factory 
areas where other industrial equipment is installed. They 
should be installed in well-ventilated areas with ambient 
temperatures ranging from 10°C (50°F) to 40°C (104,oF) 
and relative humidities up to 90%. It should be recognized, 
however, that since the life expectancy of any electromc 
component decreases wIth mcreased ambient temperature, 
reduction of the ambient temperature WIll bring about 
extended component life. For example, longer component 
life should be expected if the ambient temperature is held 
between 20°C (68°F) and 30°C (87°F). 

Proper performance and normal operational !lfe can be 
expected by maintaimng a proper environment for the 
drive system. Environments which include exces~ive 

amounts of one or more of the following characteristics 
should be considered hostile to drive performance and life: 

1. DIrt, dust and foreign matter. 
2. Vibration and shock. 
3. MOIsture and vapors. 
4. Temperature excursions. 
5. Caustic fumes. 
6. Power line fluctuations. 
7. Electromagnetic interference (noise). 

WARNING 

EQUIPMENT SHOULD NEVER BE INSTALLED 
WHERE HAZARDOUS, INFLAMMABLE OR 
COMBUSTIBLE VAPORS OR DUSTS ARE PRESENT. 
SUFFICIENT CLEARANCE IN FRONT OF THE UNITS 
SHOULD BE ALLOWED FOR ACCESS FOR 
MAINTENANCE OR REPAIR. 

MOUNTING 

POWER UNIT 

The basic ('ore power umt Ib a 50" hIgh, 24" wide, ] 8" deep 
panel that may be mounted m a NEMA I enclosure 60",76" 
or 90" high, 20" deep along with optIOnal components and 
sub-assemblies as may be reqUired (See FIg. 1). 

"Trademark of General Electric Company, U.S.A. 
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Case~ may be bolted down lIS1I1g 3/8" dianlt'ter moulltillg 
bolt~ or studs. If studs are cast III f1o(lr, they shou}(l t,,,tend 
3 112" minimum above floor C()Udlllt t'lltry opt'lIlf1gs 
through the base are fitted with rt'muvable ~hef't ~tt'eI 
('overs. Other cundUlt (>ntl y art'd 1'0 avaIlable thruugh the 
top of the ('a~r. 

CAUTION 

IF CONDUIT ENTRY OPENINCS ARE TO HE CllT IN 
THE TOP OF THE CASE, ADEQUATE PRECHJTIONS 
SHOULD BETAKEN TO PREVENT METAL PARTICLES 
FROM ENTERING DEVICES AND COMPONENTS. 

OPERATOR'S STATION 

Tht' Operator's StatIOn must be disassembled for m()untmg 
and wiring. First, remove the screws ~ecuring the cover to 
th .. Operator's Station enclosure and then remov!' the 
cover (with ('ontrol devices mounted on the cover) from 
the enclosure. 

When using either rigid or thin wall conduits, it is generally 
eahler to attach the unit to the end of the conduit before 
locatmg and mstalling the mounting screws. 

Mount the Operator's Station on any firm, re lhonably flat, 
vl'rtical surface by means of mounting hole~ n both lOp, 
bal k and bottom back of enclo~ure. The Operaillr' s Stat Ion 
IS '-,lIitable for either wood screws or No. 10 machine bCf("W". 

AC MOTOR(S) 

A ~eparate ill'itruction book is prOVIded gIving InformatIOn 
on location and mounting of the motor(s}. Tht· rrwtor(s) 
"hould be mounted on the driven machInt' (or as 
appropriate for the installation) before proceeding with 
Wiring, set up and adjustment. 

ELECTRICAL WIRING & 
INTERCONNECTIONS 

All WIring shall be in accordance with the Nat IOnal 
Electrical Code and be consistent with all local codes. All 
internal electrical connectIOns between componen\!' in the 
power units are made at the factory. When mstallIng Ar-
400 drives, all connections should be chech,d for tIghtness. 
ConnectIOns may become loose in ~hippillg or storage. A 

diagram showing the connections between the power unit 
and the related components is furrushed with the 
equipment. All terminals to which the extrrnal 
connections are to be made are numbered 011 the diagram. 
The equipment should be WIred as per the elementary 
diagram and verIfied by continuity tests. It IS 
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It'l Ollllllf'lIdf'd thaI as t'arb connectlOll or Wlrl" IS ronnected 
II' ill" ('(juIfHJll"nt, It may bl" (hecked off 011 the elempntary 

Iklgrdlll 

WARNING 

ALL MOTOR BASES AND EQUIPMENT ENCLOSURES 
SHOULD BE CONNECTED TO THE FACTORY OR 
F<\UUTY EI\RTH GROlINDINC SYSTEM_ 

MOTOR(S) CONNECTIONS 

TIlt' lIIotor(~) I('ad~ should be connected for the drive 

1l,lmppiate voltage rating acrordIng to the connectIOn 
(hagram pIaI<' on thp motor (5). Connecting wire sizes and 

motor protection should be selected In accordance with 

~ EC Standards based on the motor (s) nameplate data Be 
~url" to connect motor thermal sWItch (if supphed) back 
11110 thp drivt' stop CIrcUIt. Tape all motor connections. 

POWER UNIT CONNECTIONS 

Elf,ctrical ('ode, genel aily reqUIre the use of a f u!>ed 

d"coflllt'ctmg sWItch or cIrcuit breaker in the AC power 
11111' dhe. d of Ihp power Ulllt and transforml"l' (If used) The 

,1"('ol\rH' 'tmg "wltch and fu!>e (or circuit breaker) should 
I", ~eleclcd ill arrordanct' WIth the National Electrical (:ode 

dllrl/or local code reqUIrements based on the power Illput 

d,lla on thp power umt nampplate If any addItional relays, 

"d(,tlold", brake,>, ptc., are added to the system, R.C. 

'lIflprt':-'SlOtl networh must be added a!'l'os~ the coils, (.SuL 
..!~() ohm~ at 115n:~OV), 

OPERATOR'S STATION CONNECTION 

I ,ing tht:' elt'ITlentary dIagram, make all the required wiring 
I (HllwL1lOn~ betwpen dev]('t:'s ITI the Operator's StatIOn and 

I Iii' COlllwctlOns to the power unit. Reassemble the 
0p('falor's Station. Car('fuily drl"ss the mterconnt'cling 
WI! (' mtn thl' back of the ~tatloll so that thp deVICe a5s(>rnbly 

rudV 1)(' Ifl~tallpd.. Kepp the wIres away from ~harp edgf'~ and 

do !lot force tht' deVIce a~~embly into placp. Replace the 
,tJllon , 'l\ 1'1' and secure WIth cover retammg "crew,>. 

DESCRIPTION 

The AF-400 drivp i~ an adjustable frequency AC motor 

dIIV(' deslglled for IlIdu~trial application~. EIther smgle 

1110101' 01 multi-motor operatIOn from a smgle power unit 
('all bl' a('('omplhhed <\djustment of motor speed IS 
,u hlt·\('d [)\ ('hanging both motor frequency and voltage. 

Tllh I' a,'('olllphsfu,d ITl qeparatp ~ection~ of the dnve, smce 

IIII' \F-,WO tIn\(' IIldudes a vanahlt' voltage DC link I, pe of 

1lI\'t'llt'r 

TllP varlOu~ module~ and ('omp"lIf'nh to be dl"scnbed arf' 

phY~lcalIy loeated in the AF-400 drive POWPf UnIt a~ ~llUwn 
in Figure 1. The~(' module~ and componenlb are also ~hown 
m the system block clIagram of Figure 2. FollowlTlg, IS a 

dpsrription and operatmg explanation of each system 
hind", ,tartlng wilh liIe power hlll('k~ and filli~hlllg With tilt' 

101111'01 bloch 

CONVERTER MODULE 

The converter module is a three-phase, full-wave controlled 

rprtlfler whIch converts thp mcommg three-phase AC 

I"lwer to variable voltage DC power. The six SCR convertf'r 

I' qhown III more detmlm the power cirCUIt of FIgure 3. The 

...,':R snubbf'r cirCUIts (not shown) act to protect the 
I IInverter SCR's against voltage transients, The converter 

Iliodule also contains the commutatmg power supply (card) 
dlld the commutating feedback circuitry deSCrIbed below, 

rhe converter DC output voltage can be adjusted from zero 
III maxImum output by adJustmg the fmng pomt of each 

"":R relative to its AC supply phase voltage. The resultant 
IlC output voltage, therefore, contams a "IX tImes AC 

-Ilpply frequency npple component of voltage, This ripple 
\ oltage must be fIltered to improve the wave-form beforl" 

Ilt'lIIg applIed to the ITlverter sectIOn. 

DC LINK FILTER 

I\n Iron core reaetor L1 and a bank of electrolytic caparitors 
(: 1 a('t a~ all l.e fIlter In the DC lInk, as shown In FIgure 3. 

III addItIOn tn filtenng the output of the COllverter, It also 

prt'vents IJ1verter eommutation tranqient5 [rom bt,ing 

.Ij 'I " II'd bac'k III tIlt' ('otlVNlt·r. TIlt' C I ( apaci lor also acts to 

-111'1'1\ t1lutor real'!l\t' \,OWt'r. 

INVERTER MODULES 

The three-pha~e invertel consIsts of three identical single­

phase inverter modules, as shown In FIgures 2 and 3, Each 
module consists of two inverter SCRs, two commutating 

SeRs, two bypass dIOdes and an LC commutatmg CI),CUlt. 
Output phase A (TI) of Figure 3 will be described, since all 

three phases operate m an Identical manner, except for 

belJ1g dIsplaced by 120 degrees m phase relationship, For 
simplicity, only phase A commutating cirCUIt IS shown. 

The AC moto)' lead T1 is alternately connected to the 
pO~ltlve P3 DC bus or the negatIve N2 DC bus, by mverter 

SCRs ISP or ISN respectively. The frequency at which 

terminal T1 IS alternately connected to the two DC 

potentIals IS the fundamental frequency applied to the AC 
motor, which determmes Its speed. 



Although an SCR can readily be turned on by applYIng a 
firing signal to its gate, it must be commutated off by 
supplying an alternate path for the current which was 
flowing through the SCR, and by applying a small reverse 
voltage to the SCR for a short period of time. This is 
accomplIshed by means of the commutating SCR's, CSP 
and CSN, and by the commutating reactor LC and 
commutating capacitor Cc. 

At the tIme when inverter SCR ISP is to be commutated off, 
capacitor CC is charged such that the T1 side is positive. 
When commutating SCR CSP is fired, the motor current 
flowing through ISP is diverted to the alternate path of 
CSP, CLP, LC, and CC due to the voltage charge on Cc. 
When the commutating current in this alternate path 
exceeds the motor current, no more current exists in ISP. 
As capacitor CC discharges further, the excess 
commutating current (above the motor current level) flows 
through the LP and diode DP back reverse voltage across 
ISP to cause it to return 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 the SCR. In order to minimize 
this time and the commutating energy required, special 
mverter grade SCR's are used which have a short turn-off 
time. 

The commutating current pulse takes the form of a half­
cycle sine wave because of the interaction of capacitor CC 
with reactor LC. After the commutating current peaks and 
starts diminishing, the charge on capacitor CC reverses, 
and the energy stored in reactor LC charges CC up in the 
opposite direction. At the point in time when the 
commutating current falls below the level of the motor 
current, the current in diode DP goes to zero and the 
potential of the T1 motor lead changes from the inverter 
posItIve bus P3 to the negatIve bus N2 so that diode DN can 
furnish the motor current. The above action occurs if the 
oncoming Inverter SCR ISN IS not fIred earlIer, the 
transition of T1 from positive to negative bus will occur 
earlier in the commuation interval. In any case, capacitor 
CC becomes charged up in the opposite direction (T1 side 
negative) at the end of the ISP commutation mterval. It IS 
now charged correctly to commutate off inverter SCR ISN 
when commutating SCR CSN is fired. This commutating 
action is the same as the one Just described. At the end of 
each com mutating interval, the commutating SCR is 
commutated off by the charge on capacitor CC producIng a 
reverse voltage to the commutatmg SCR which had just 
been conducting. 

The four-leg reactors, CLP, CLN, LP and LN act in 
conjunction with the SCR snubber circuits (not shown In 
Figure 3) to limit dv/dt and protect the SeRs against 
voltage transients. The leg reactors also serve to limit 
current if an inverter fault should occur. 
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The commutation lo~ses, although smallm relatIOn to the 
total commutation energy, must be replaced in order to 
keep the commutation capacitor charged up to the proper 
voltage. These losses are replaced from the variable voltage 
DC link (P2 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 III the commutatIOn 
Interval. As the DC link voltage is reduced down to zero 
voltage, however, the commutation losses are replaced 
from another source, the commutation power supply. 

COMMUTATION POWER SUPPLY 

ThI~ card contains three dIOdes and two resistors (R:1 and 
R4) It is located in the converter module (lower left hand 
rear). These deVIces are all relatively small ~inee the 
commutating losses this card furnishes are a very small 
percentage of the drIve rating. 

The dIOdes, In Figure 3, form a three-phase, half-wave 
bndge which operates in conjunction with the negative 
SCR portion of the converter (lSN, 2SN and 3SN) to 
provide a constant voltage bus relatIve to DC link bus. This 
D<: supply is filtered by resistor R3 and capacItor C2 and 
th,' amount of energy furmshed by the commutation power 
su pply to each mverter phase commutation circuit 
depends on the level of the DC link voltage and on the 
pomt in the commutation Interval when the 'lppropriate 
oncoming inverter SCR is fired. Since the energy loss per 
commutatIOn IS small, the losses are replaced only every 
other commutation in each phase. The driver regulates the 
cornmutating current and voltage over the whole DC link 
voltage operating range, irrespective of how much of the 
commutating losses are supplied from the commutating 
power supply or from the DC hnk. 

PROTECTION AND COOLING 

Drive short circuit protection IS provided by current 
lImiting fuses in the AC supply. An incoming CirCUit 
breaker can be supplied (if ordered) to providf' both AC 
disconnection and short cirCUIt protectIOn. 

Power unit coolmg is provided by a fan which i~ mounted at 
the bottom of the power unit case, as shown 111 Figure I. A 
thermoswitch, which opens on an overtemperature 
condition, is placed in the cooling air stream to deted fan 
faIlure. ThiS SWitch may be cO!lnectert eitlH'r to shut down 
the drive or sound an alarm. 

9 
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SYSTEM CONTROL 

Tht' .,)'~lt'm ('ontrol and a~sociated operator's devIces WIll 

vary consIderably depending on the apphcation of thl:' 

dnvl:'_ Rpfer to the ~ystem dl:'mentary diagram~ and 

IlhtruetlUll~ for de~crtptlOn of your partIcular dnve 
system. 

DRIVER MODULE 

TIlt' dnvt'r tahs the operator and system control 

commands and translates them into SCR firing sIgnals to 

the vanOUh power modult's to obtain the commanded drive 

operation. It makes u .. e of several voltage and current 
rt~!'dbacks to mOllltor the commanded operatIOn, and to 

prokct the drive from misoperation and fault condltons. It 
contains adjusting means to provide the desired operating 
Iwrformance. It also contains indicating lights to provIde 

vl,ualllldlealion of operating or fault conditions. Finally, 
II provIde:, a number of signal readouts to alert the system 

con Irol of vanous operating and fault conditions 

rht"' dnver rMk ,hown In Figure 1 contains five control 

("ard~ plus a power supply card. The control power 

I r,lllsfor ncr (1')" I) I~ located on the commutating capacitor 

panel dl' t'('tly bt"'low the ventilating fan. In additIOn, the 

"pllOnal I'leter lard can be provIded (If ordered) for dnve 

,t·t-up alld <.liagnostlcs. All cards are plug-in type for ease of 

rt'placemt'nt. Inter-connections between driver and all 

powt'r modulE'S IS by wire harnesses which plug into 

I f-('t'pta('lt's at hoth ends. Inputs and outputs are on 

It'rmlnal boards located on the bottom front of the 

cornmutatmg capacitor panel. See connectIOn dIagram for 
tht> mvt'rtt'r, 360870007 AA sheet 5 for Illputs and outputs, 

alid for card layout and interconnectIOns 

\ I UIlt'llllnal block dIagram of the driver is shown m Figure 

~, A more detailrd de"cription of the driver functIOns on 
('d! h card, plus oignal flow, IS gIven under the following 

card hl'adl!1g~, ,\Iso rcft'r to the "Driver Notes" on the 

drIver elementary dIagram for detaIled informatIOn on 

ltIputs, fet'rlback~, adjustments, read-outs, etc 

SYSTEM CARD 

('lip "y" 'Ill card consists mamly of logic elements, and acts 

:1' tfw I"gl<' IIlterface between the system control and the 
<Inver 

!'ht' Start-Stop logic insures that starting occurs at 

mllllmUIll frt'qut'ncy and voltage, and that acceleration to 
tht' rt'ft'ren('e input is through the tImed acceleratIOn 

('II'CUIt. Stopping IS accomphshed by fIr5t decelerating at 

thf' ~t't timed rate until a low voltagt' It'vE'1 l~ reached, at 
will! h tmH- tht' Iflvt'rter I'i ~topped. 
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-\ [) MF mput provldf'~ a 'ipt'i'lul dt'(,t'It'ralt' 10 mlHlmum 

frt'ljuf'n('y operatIOn, from the set rt'ft'ren!'f' It'vel, without 

stopplllg the Illverter, the deceleration occurnng at a faster 

than set timed rate. The AC motor can be connected to the 

Illvt'rtt'r at thIS mlnJmum frt'quency operatlllg level 

Without disturbance, and will then be acct'lerated to tht' 
rt'[t'rence level at the set timed rate when the DMF SIgnal is 

rt-rnoved. 

Tht' minimum voltage and frequency detection logIc 

! ontamed on thIS card prOVIdes an MVFR SIgnal readout to 
alert the systt'm control when thIS dnve condition i5 

rt'aehed An RR run readout provides a signal dependent 

on whether the inverter is operating or III a stopped 

conditIOn An IF indICating hght on this card gives a VIsual 

Idea of Illverter operating frequency by its blmking 
frequency. 

If a lault shutdown of t ht' dn\'!" occurs dut' to any cau"p. tht' 

fTR rt>adout provlde~ a SIgnal for the ~y<,tem control. Rt'set 

"f If](' fault logi(' and fault IlIdl!:atmg hght<. will normally 

(lI'cur If a normal ~top operatIOn IS accomplished, However, 

II a ~t'parate fault re'iet operatIOn IS desIred in additIOn to 

the STOP operatIOn, the XFR Il1put can be used for this 

I'llrl'()~t' , 

\11 Inverse time overcurrent tflP functIOn. plus trip 

Ifldl<'ating light ITOe, IS prOVIded to shut down the dnve. 

IhI' opt'rates Immediately for over currents above 175 to 
:;1 )()' ( of rated current For overcurrent~ wht'rt' the currt'nt 

1II1Iit tlll]('tlOll on Rpgulalor card i~ lmlltmg, tilt' shutdlmn 

",dl (1I','llr In 15 ~t'c(ln(b t() I llllrIutt' aftt'r current lilTlltltlg 

III gIL h, dt'pendmg Oll 11](' (IV~1 ('11 rrent It'vel 

I f ~) nchronizatlOn 01 the Ill\ el tel' trequency to another 

frequency IS desired, an SYNC slgnalll1put will cause the 

Invertt'r frequency to change from the reference level to 

tht, t'xternal frequency level, and to lock into that 

frt'qllt'ncy, A dIgital dlscnmmator compares the mVertt'r 

irt'ljuency WIth the external frequenry, and provldt's logl(' 

oIglldl~ to the Regulator card to cause the Il1verter 

frt>ljuency to be synchrolllzed to the external frequency III 

the I orrec! phase relationship When phase and frt'quency 
IO.,(vin IS achIeved, a SYNC Illdlcatll1g light on tht' lard 

IIghh and an SR inverter synchrolllzed readout SIgnal 10 

I'rovuled. 

REGULATOR CARD 

The regulator card contains mall1ly analog regulatIng 

cIrcUItry plus adjustment potenliometers in the driver A 

mldpomt control voltage level (+10 volts) IS generated on 

thiS card to prOVIde a midpomt around which the internal 

rt'gulating control can SWll1g hath positive and negatIve. 
Howevt'l', all mput and readout f'ontrol SIgnals are relative 

to tht' control POWI r common potential 



Thl~ card acecptb thp analog reference mput and except 
when thl~ signal IS clamped at zero or some other level by 
the start-stop or other logIC on the System card, applies it to 
the lmear tlmmg circuit. This functIOn provides separately 
adjustable timed acceleration and deceleration to or from 
thl' set reference change in either dlfection. A substantially 
fa~ter acceleration or deceleration time than the settIng can 
be Initiated by an FR l()g]( '.Jgnal from the Sy<;tl'm r,ard. 

An adjustable motor current limit function is provided to 
override the analog reference If motor current exceeds the 
current limit setting. This setting can be adjusted from 
60% to 150% of rated drive output current. A current limit 
stability potentiometer CLST is adjusted depending on the 
motor and load inertia to obtain stable current limit 
operation. 

The analog reference, linear tIming and current limit 
functions are all bypassed when the inverter frequency is 
synchronized to an external frequency by means oflogic on 
the System card. However, the output level of the linear 
timing circuit then is determined by the synchronized 
frequency, such that when synchronized operation is 
ended, the drive will return to the analog reference level at 
the set linear time rate. 

The resultant RFV output signal is fed to both the voltage 
regulator and the frequency generator in two separate 
paths. 

The reference to the voltage regulator is affected by the 
adjustment of three potentiometers. The V /Hz 
potentiometer provides a vernier adjustment of the volts 
per hertz of the inverter within + 15%, -5% of nominal. The 
voltage boost potentiometer VB adjusts the fixed amount of 
voltage which is added to the inverter, 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 
adjustment which prevents the converter from turning 
completely on and saturating. This adjustment hmits the 
maximum inverter AC output voltage to be slightly less 
than the AC supply voltage. This function keeps the 
stability-slowdown control (described later) in its 
regulating range, and is also important in limiting the 
Inverter voltage when motor transfer from Inverter to AC 
supply is done. 

The amount of IR compensatIOn required is dependent on 
the amount of motor torque required to start the driven 
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 
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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 
potentiometer adjusts the inverter mmimum frequency 
from 3% to 12% of set base frequency. For RFV reference 
levels below the set minimum frequency level, only 
mverter voltage is decreased. The BF potentiomder adju'its 
the inverter base frequency over a mimmum 2 to 1 range 
WIthin 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 babe frequency 
adjustment potentiometer may be connected to modify the 
card setting by as much as plus or minus 50%, within the 
300 Hz maximum frequency ratIng. 

The frequency generator takes the analog frequency 
voltage signal and converts it into a pulse train whose 
frequency is 6 times the desired fundamental motor 
frequency. This frequency signal is then fed to the Inverter 
card. The analog frequency voltage signal input to the 
frequency generator is also used to prOVide the FVR 
frequency voltage readout, which is a voltage signal 
proportional to actual inverter frequency. 

The stability-slowdown control prOVides th.· followlllg 
three functions: 

I. Provides stabilizing for motors at their underdamped 
operating pomts. 

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

3. Provides system stabilizing during slowdown and 
current limit operation. 

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 in the 
wire harness. The Converter card isolating CIrcuits 

II 



prodUI't> three voltage signals equivalent in phase 
I j'lallUn~fllp and magnItur!f· to the AC bupply phase control 
to dt'termlIw I ht' ('orrect firIng POInts of the six converter 
SCHs. TI1f'Y are also used to detect Incorrect phase 
"equence 01 loss of one or more phases, which produces a 
PS/LOP lIght indICatIOn and prevents drIve operatIOn 
uncleI the~e 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 
"lgnals. These six firing signals are modulated by the fmng 
obcllIator 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 
"upply from the Inverter card which delays fIring signal 
tran~mlsslon untIl the control has settled down after driver 
energJzation. 

Tht' cOllverter output voltage is fed back to thIS card 
tin ough high Impedance isolating resistors in the wire 
harnf's~ The l~olatIng Clr~Ult produces a converter voltage 
ie(,dba(·k SIgnal which is fed to the voltage regulator on the 
rt'gulato" ~ard. 

'I hI' DC link voltage applIed to the Inverter is also fed back 
through lugh impedance isolating resistors in the wire 
harness. Its IsolatIng ('IrcUlt produces a link voltage 
ft'pdback signal which is fed to the stability-slowdown 
('lr('\II1 on the Regulator card and to the mInImum voltage 
ddt'ctlUn logiC on the System card. It is also used to detect 
D(: Imk overvoltage, whICh produces a LOV light indicatIOn 
and an ImmedIate drIve shutdown. 

Con vprtf'r fmng shutdown, after a fault is detected, occurs 
HI two "tept:.. The first step is an immediate phase back of 
flllllg hlgnals to the maximum retard condition to quickly 
r(,duce convt'fter output current to zero. The second step 
O( t'UP; about 0.1 seconds later when all firing signals are 
I",,),,('d out to slop conVf'rter operatIon. 

INVERTER CARD 

'f h.· lnv(·rter card controls the Inverter commutatIOn 
process and provlde~ fault detection and inverter shutdown 
IUl':lc 

'I'll(' SIX tlmf'S fundamental frequency pulse train generated 
011 the Regulator card is used to initiate each commutation 
InIPrval, slllce there are six inverter commutation per 
,'ycle, Thf' commutatIOn control generates the logIC Signals 
whll'h are fed tu the Phase Logic card to accomplish the 
iollowlng Invprt,'r firing sequence durIng each 
,ollllllulalion inIPrval: 
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1. Stops fIrIng the Itlverler SCR to be commutated off. 

2. Fires the proper commutatIOn SCR to begin the 

commutation process. 

3 InItIates fIrIng of the proper oncomltlg Inverter seRB 
at a point sometime after the midpoint of the 
commutatIOn Interval, dependent on the 
commutation current regulator. 

A jumper on this card sets the correct commutation timIng. 
This Jumper must be placed on the 230V AC or 460V AC 
position depending on the equipment rating. The 
commutation current regulator affects the commutation 
Irlterval fmng in order to maintam the commutatIOn 
capacitor voltage withIn the desired limits over the whole 
I!lverter operating range for proper SCR commutation, 
This is accomplished by mOl1ltorIng the commutatIOn 
current feedback from the Current Feedback circuit in the 
converter module. The current peaks are compared to a 
df'slred level and the regulator then initiates earlier or later 
firing of the oncoming Inverter SCRs in the commutatIOn 
mterval 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 mlsoperatJon, a commutatIon 
ovt'fcurrent detection circuit produces a COC light 
mUICation and an immedIate drIve shutdown. 

Thf' pulse train oscillator on thIS card produces a pulse 
frequency which IS used to modulate the continuous fIring 
51gnals generated on the Converter and Phase Logic cards. 
ThIS supply IS not energIzed until approximately 1 second 
after driver control power is applied so that the control 
logll' can become operative before any SCR firIng IS 
pOSSible. If the delayed firing supply voltage goes below a 
~et If'vel, an immediate drive shutdown IS produced and the 
I onlrol undervoltage lIght CUV will light. If the mam +20 
volt control voltage goes below approxImately 18 volts, it 
al~o produces an ImmedIate drIve shutdown and CUV lIght 
lI1dication, In addition, the delayed fmng supply is locked 
out for control voltages under the shutdown level so that 
lI1advertent SCR firing cannot occur. 

A short CIrCUIt fault In any phase module of the Inverter 
will produce a large discharge current from the DC lInk 
fIlter capacItor. ThiS IS detected by current transformer 
CTC and fed back to the Inverter card, When this current 
exceeds a set level IndICatIng an inverter fault has occurred, 
an immediate drive shutdown is produced and the Inverter 
Fault LIght JOC wIll light. The Immediate drive shutdown 
produced by either an inverter fault, a control 
undervoltage, a commutatIOn overcurrent, or a DC lInk 
overvoltage causes all normal inverter firing to be locked 
(Jut and produces a firing of six inverter SCRs by means of 



sIgnals supplIed to the Phase Logic card. This action causes 
the inverter to be commutated off. This immediate 
shutdown action, however, always causes the inverter fault 
light JOC to light when any of the other three faults 
described above occur. 

The overfrequency trip functIon provIdes a drive shutdown 
and an IOF light indication if the inverter frequency 
exceeds a set limit due to any reason. This overfrequency 
limIt IS selectable by means of an inverter card Jumper to be 
either 75 Hz, 110 Hz, 165 Hz, 275 Hz or 400 Hz. 

PHASE LOGIC CARD 

The Phase Logic card translates the Inverter card logic 
signals into three-phase logic to control the firing of all 
commutatIOn and inverter SCRs. 

The six times fundamental frequency logic from the 
Inverter card is translated mto three-phase, full-wave logic 
in a positive ABC phase sequence by the Phase Logic card. 
This three-phase logIC is used to sequentially steer the SIX 
times per cycle commutation logic from the Inverter card to 
the proper phase SCR firing logic dependent on the three­
phase sequence. 

The SCR firing pulse generators take power from the 
delayed firing supply on the Inverter card to produce firing 
pulses for six Inverter SCRs and six commutation SCRs in 
the three inverter phase modules. The firing signals for the 
SIX mverter SCRs are half cycle long signals which are 
modulated by the finng oscillator pulse train from the 
Inverter card, whereas, the other nine firing signals are 
single short time pulses. 

The fault shutdown logic produces an immediate mverter 
shutdown in response to fault logic signals from the 
Inverter card. This logic locks out all normal inverter fmng 
signals and produces a firing of the six inverter SCR's to 
produce a shoot-through commutation of the whole 
mverter. 

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 circuit 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 

GEK-24995 

reference zener. This zener also provides the reference for 
the control undervoltage trIp functIOn on the Inverter card. 

This card has the proVIsion for DC Input supply power for 
AC power outage ride-through. 

METER CARD 

The optional Meter card fits mto 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 termmal 
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 reading 
inverter link currents, peak commutating current, and 
peak levels of short time logIC pulses, as well as the normal 
analog signals. 

POWER MODULE CONTROL CARDS 

The following two cards are mounted III the power modules 
and act as an interface between the dnver an,j the power 
module. 

CURRENT ISOLATOR CARD 

This card is located in back of the drIver module and 
connected with spade terminals to terminal board TB3. 
This card contains an oscillator for switching the mcoming 
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. 

PULSE TRANSFORMER CARDS 

These cards are mounted on the converter and inverter 
phase modules. Their major function IS to provide voltage 
isolation between the driver control and the SCR power 
circuit. 

Each card which conbists of identical pulse transformer 
circuits which amplifies the SCR firmg signals from the 
driver. They also contain input noise suppressIOn and self 
protection from abnormal loading. 

l:l 
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Pulse Transformer card with current feedback 
(l93X389AACOl). This card IS mounted on the front 
In<iUlation cover of the converter power module. 

The pulse transformer card has six channels for firmg SIX 
hllldtf'd SCRs 

The invertt'f commutatIOn current transformer IS 
cunnected to a re(~tlfler bndge and specIfIed loading resistor 
to provide a umdlrectlOnal voltage signal. This signal peak 
IS 12.5 voltb for the desired commutatIOn current level of 
eaeh Inverter rating. An additional negative commutation 
current loading resistor IS mcluded so that the 
commutatIOn current regulator will mainly regulate the 
pO~ltlve commutatIOn current in each phase. 

2. Pul~f' Tran~f()rmer Card (l93X390AAGOl). ThiS 
card IS mounted on the front msulation cover of each 
of the Illvf'rt(~r Phase modules (Qty. 3). This card has 
four ('hanrli'l~ for fmng four I~olatt'd SeRs, and i;. also 
11111·d WI I hill(' ( ommutatlOn I'urrf'nt feedback ('1 r(·ult. 

START-UP AND CHECK-OUT 

Every AF-400 Inverter drive has been factory tested alld is 
r.·ady to )perate, provided that the external powel and 
('ontrol I mnectiom have been properly made and no 
~llIppmg .lnd installation damage had been sustained. It is 
[('commended that the following step-by-step procedure be 
followed to ensure proper operatIOn of the equipment. 

WARNING 

IF DOOR INTERLOCKS (IF SUPPLIED) ARE 
DE:ACTIVATED OR BYPASSED, EXTREME CAUTION 
MUST BE USED. BE SURE TO REMEMBER TO 
RETURN INTERLOCKS TO OPERATING CONDITION 
"-FTER START-UP OR TROUBLESHOOTING. 

TEST EQUIPMENT REQUIRED 

The foll(,wlllg lIsted equipment should be available during 
~Iart-up lIld check-out. The first two Items lIsted are 
fI'commt·ttded for normal operatIOn and maintenance. 

Meter Card - 193X481AAGOI 
Volt-Ohmmeter - Digital preferred, 20K per volt min. 
input Impedance 
CiamlHln Ammeter - Adjustable range up to 300 amp. 

If the 'VIe-ter card I" not aVaIlable, an oscilloscope 
(IJrefprah!y dual trart') will be required. 

1·1. 

TESTING SAFETY PRECAUTIONS 

Certain precautions need to be observed in testing thiS 
eqUIpment. 

All of the control III the drIver, With the exceptIOn of the 
115 volt AC supply to the ophon card (when furnished), IS 
at a low voltage level with respect to ground. The control 
common IS connected to the drIver case whICh is connected 
to the power unit enclosure, which should be connected to 
an earth groundlllg system. Any control cirCUItry on the 
driver side of the pulse transformer cards, IS also at the low 
voltage level. 

All power modules, power components, power WIrIng, and 
control wiring and components connected to the power 
must be assumed to be at a high voltage to ground. The 
following safety precautIOns must be strictly observed 
when testing in the power area: 

WARNING 

ELECTRIC SHOCK CAN CAUSE PERSONAL INJURY 
OR LOSS OF LIFE. WHETHER THE AC SUPPLY IS 
GROUNDED 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, it IS recommended from a 
safety standpoint, that the eqUIpment be turned off, the test 
equipment connections be made, and the power applIed for 
the measurement, and the equipment then be turned off 
agam, prior to 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 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 
HA VING BOTH LEADS ISOLATED FROM THE CASE 
PERMITS GROUNDING OF THE INSTRUMENT CASE, 
EVEN WHEN MEASUREMENTS MUST BE MADE 
BETWEEN TWO LIVE POINTS IN THE CIRCUIT, 
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CAUTION 

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 
[SOLATION 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. 

POWER - OFF CONTINUITY TEST 

WARNING 

VERIFY THAT THE MAIN THREE-PHASEAC POWER 
INPUT TO THE SYSTEM EQUIPMENT IS 
DISCONNECTED OR SWITCHED OFF. 

Perform a pomt-to-pomt continUIty test for all newly 
installed wiring and interconnection. Continuity is defined 
as 1/2 ohm or less. 

DRIVER SELECTIONS 

There are two card selections and two driver terminal board 
selectIOns which should be checked before starting up the 
drive. 

NOTE 

IF EITHER THE INVERTER CARD (193X476AAGOl) OR 
THE CONVERTER CARD (l93X477 AAGOl) IS 
REPLACED, THE NEW CARD SHOULD HAVE THE 
SAME PRESENCE OR ABSENCE OF ITS JUMPER AS 
THE CARD BEING REPLACED. 

230/460V JUMPER ON INVERTER CARD 

193476AAGOI (or equivalent) 

This jumper should be positioned for 230V or 460V AC to 
agree WIth the drive ratmg. 

GEK-24995 

OVERFREQUENCY TRIP JUMPER - ON INVERTER 
CARD 

This jumper selects the upper inverter frequency at which 
the drive will trip and shut down to prevent motor 
overspeed. The frequency trip levels are selected by placing 
the Jumper in the appropriately marked socket position. 

75 Hz frequency trip - 75 Hz socket posItIOn. 
110 Hz frequency trip - 110 Hz socket position. 
165 Hz frequency trip - 165 Hz socket posItIOn. 
275 Hz frequency trip - 275 Hz socket positIOn. 
410 Hz frequency trip - 410 Hz socket position. 

Consult your specific drIve elementary diagram for proper 
Jumper placement. 

CAUTION 

INCORRECT JUMPER CONNECTION OR 
DISCONNECTION MAY RESULT IN MALFUNCTION 
AND POSSIBLE DAMAGE TO THE INVERTER. 

60 Hz JUMPER - ON CONVERTER CARD 

19:~X477 AAGOI (or equivalent) 

Thh JUmper should be present on all drives supplied frum 
60 Hz AC power, and should be removed on all drives 
supplied from 50 Hz AC power. 

REGULATOR BASE FREQUENCY RANGE JUMPER 

75, 150, and 300 Hz on Regulator card. 

It should be placed in the approprIately marked Jumper 
bucket position. 

Base Freq. Range of 37.5 to 75 Hz - 75 Hz sucket positIOn. 
Base Freq. Range of 75 to 150 Hz - 150 Hz socket positIOn. 
Base Freq. Range of 150 to 300 Hz - 300 Hz ~ucket 
position. 

Base Frequency is the frequency at which I he inverter 
reaches full voltage and is adjusted by the BF potentIOmeter 
(on the Regulator card) WIthin eIther of the above ranges. 
Consult your specific drive elementary diagram for proper 
jumper selection. 

CAUTION 

IMPROPER JUMPER CONNECTION OR DISCONNEC­
TION MAY RESULT IN DRIVE MALFUNCTION AND 
DAMAGE. 
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WARNING 

1\11'IWi'I',1{ I\IM!'EH !'LAG,MENT MA Y PHESENT AN 
EQUIPMENT OR PERSONNEL HAZARD DUE TO 
MOTOR OVERSPEED. 

INVERTER PHASE MODULE SELECTION 

A pott'lltlOlIlptpr adJu~tlllent (CFA) on the current isolator 
,ard pr(Jvid!~~ lht' llwan~ to (:alibrate the link-current 

fppdba('k ~lgnLd TIII~ card is located III back of the "pull 

out" dnver card rapk. The CFA potentiometer IS normally 

adju'ited, such that the LCS signal reads 1.0 volts RMS wIth 

rated load at ba~e frequency_ This would normally occur 
wIlh 100 millivolts across the shunt LSH. 

START~UP PROCEDURE 

Perform the folloWIng step-by-step procedure In the 
~pquencp givpo below. If dUrIng this procedure a problem IS 
pncountered, refer to the Troubleshooting Section of this 
manual. 

J. Bpi Irp apply Illg AC ",Ilpply power to the drive, verIfy 

I hd' It I~ the proper \ oltage , phase and frequency a~ 

defilJted on Ihe equIpment data nameplate. 

2. DIt'('OIlIl(:'('t the thrt't'-phase output cables from rhe 

drivp tprnIlll.:lls 1'1, 1'2 and 1'3, or inactivate tht' 

output contactor if one IS provided. 

3. Dib('oIHH'ct control wire harness APL, BPL, CPLllId 

DPt from tlwir plug receptades at the ponverter and 
pha'oe lTloduif's 

1. {'''Ing a volt-ohmmpter 'iplected to the Xl ohms 

~('alp, "heck that no bhort eXists between DC link 

bUBSt''i P2 and N2. Also check the three AC supply 
power fuses and all control power fUbes to confirm 

that they are not blown. 

.1 SUl'ply AC power to the drive. 

() (J\I·"k Iht, .In\('l ,·,lftlllldH'dtlllg IIghh Only Ihe IF 

111\1'1'11'1' fr<:>qut'I\('\ lIght should be IlIdl('ating anolt 

~I\l)lIl.I Ill' hllIlklllg at a low frt'qupIH·Y. If thp 

PS/I.OP plwie sequence/losb of I'hdS'· light I~ 

Ill(ll('almg. clwck that the correet voltage is present 

on all threp I\C <,upply power termInals Ll, L2 and 

1.:1. If t h(,~t' are correct, the phase sequence I~ 

wr'Jng ))I~c·(lnnl'(·t tht' AC power, Interchange an\ 

two ('able, dlld rt'lwat step" 5 and 6. 
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-: Check that Ihp fd.n IS op£'ratlng properly and 
prodUCIng .:Ill' tlow through tht· l'(Jwpr IllOdlll('~' 

Il<'f,'! 10 IIII' ~k"l<'h hc·low ,lIld to lab"I~ 1111 IIII' <III 

dl~tllhullOli dldlllbt'r lor ,'orre('t operdlllJll. 

...("r.. AIR 
I I FLOW 

o 
FAN 

If flO rotatIOn (j('c' II 1''' . ..!I<" k If liS\' At: IS preberlt 

between TBI (o\c,'3) and TBI (o\C2). 

B. ~et the drrver reference mput at zero. Check for zero 
reference voltage by belectmg Meter card SWItch 

pOSItIOn 2, or measure the voltage between drIVPf 
termillal board points TB2 (32) to TB2 (48). 

I) Interrupt AC power to the 'drive, connect the DPL 
wlrp harness plug to the converter module and 

reapply AC power 

I () Check the drIver lights agalIl. Only the IF lIght 

,hould be on, bllIlkmg at a low frequency. Run 

rhrough the Meter card beiector 'iwitch POSIt lOll" I 
through 17 and ('omp.lre these readllIgb with tht' 

readIng" shown on the driver label mounted on thp 
inSide of the power unit enriosure door. Thlb lahelll; 
also Illriudpd in thp Instruction Book. The rt~adIngs 

tak"11 ,h(luld ('ompart' WIth tho~p given for thp "Off 
, 1I)I'\ltll'I1' 

If a Metpr ('arrll~ not available, use a volt-ohmmeter 

to (.hE'ck REF to TB2 (32) to TB2 (48), FVR TB2 

(44) to TB2 (48). and thp converter output voltage 

between P2 and N2. The P2 to N2 voltage should 

not exceed 30 volts DC for 230 volt AC drives 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. 

1:2. Increase reference input to the drIver ~Iowly until 

the PI to N2 voltage reaches half of rated DC link 
voltage (150 volts DC for 230 volt AC drives and 300 

volts Dr: for /\.60 volt AC drIves). The Meter card 

pOSltlOIlb 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 
MONTHS OR MORE, THE ELECTROLYTIC 
CAPACITORS IN THE FILTER CAPACITOR ASSEMBL Y 
MUST BE REFORMED. FOLLOW THE PROCEDURE IN 
STEP 13 IF FORMING IS REQUIRED, OR SKIP STEP 13 
IF NOT REQUIRED. 

13. If capacitor forming is required, increase the PI to 
N2 DC link voltage in the following steps, paUSing 
for 5 minutes at each step in the forming process 

Operating Voltage Level 
Operating 

230VAC 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 referpnce) 

During each step of thG forming process, check the 
voltage at thp Q or midpoint of the senesed capacitor 
asm (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 
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 DPL on the 

, 
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converter pulse transformer card. The p' ak voltugP 
level of the higher commutation pulse III "arh pha~t' 
should agree With the values given on the dlnt'l 
label, and the waveshape" should appear a~ bhowlilTI 
Fig. 5. The posItive commutation currt'nt pul;,f' IS 
normally the higher since the negative pulse i~ 

attenuated. 

17. Slowly increase the driver reference input up to 
maximum while checking the Inverter commutatl<ln 
current peak level of each phase, by meam, of 
selector position 9 on the Meter card, or bv means of 
an oscIlloscope as descrIbed In step 16. The 
commutation current peaks should increase as 
shown on the driver label, but should remain III the 
ranges shown. 

Also check that the base frequency i~ correct for 
your motor drIve system and readjust if necessary. 
See Base Frequency in the Adju"tment;, section for 
checking and adjustment instructions. 

18. Press the drive "Stop" pushbutton and reduce the 
driver reference to zero. The inverter should 
decelerate down to about one·fourth of rated 
frequency and voltage, and then stop. 

19. Interrupt the AC power to the drive. Rei onnect the 
three.phase output cables to drive terml'lals Tl, f2 
and T3, or reactivate the output cOlltactor. to 
connect the motor(s) to the Inverter. 

:.lO. Reapply AC power to the drivp WIth rf'fprt,ll('p 
Input to the dnver at zero, press the dnvf) "Start" 
pushbutton and slowly hrmg thp rf)fprPTH'p up to half 
rated Hun through thp Met(~r rani !)/)bltlOn;, 2 
through 17 and compare the"e reading;, WIt h those 
given on the dnver label for "1/2 Ref., 1/2 Load." 
If the motor loading is different than one· half of 
rated, the positions 7 and 9 readIngs will he different 
from those given. 

If any Meter reading dIscrepancies exceeding 5% 
full scale (l.OV) from those values given In the dnve 
table are found, proceed to the Adjustments section. 

Use a clamp·on ammeter to read the Inverter AC 
output current in each phase to check that they are 
balanced. Also check the AC supply mput current» 
to the converter to check that they are halanced. 
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21. Slowly illcreal'>e the dnvt'r rpference up to the 
maximum of 15 volts Run through the Meter card 
po~itlOlh 2 through 17 and compare these readll1gs 
with tho~e given on the drIve label for "I Ref., I 
Load." Agall1, positions 7 and 9 readll1gs will depend 
on the artual motor load. 

ADJUSTMENTS 

·\It!zough t he dr/vI> ha .. Iw(>n ddJusted Jrl fartory test, It IS 

rt't omml>ndt,d that tht'st' adjustments be checked to 
dt>f/'rmirw if they are currect for your application and 
powt'r ~y~t/'m. nit' followll1g sequence should be followed 
If] I lWl'killg dnd modIfying the ten dnver adjustments, all of 
willch arl' lorated on the Regulator card. (The Voltage 
Lnnit VUM potentlOmeter is located at the card top edge 
rather than the front edge, and IS adjusted through the top 
opening in the dnver raf'k). Before starting, record the 
fat tory adju~tment positions of each potentiometer. The 
driver label may be used for this purpose, and for any 
('hallge~ Jrl adjustment that may be made. 

NOTE 

[t THE I'RIVER REGULATOR CARD IS REPLACED, 
SI TALL I'EN POTENTIOMETER ARROWS ON THE 
'i EW CA'm THE SAME AS ON THE CARD BEl \lG 
HEPLACI D. THE FOLLOWING ADJUSTMENT 

"'" PKOf.EDl'RE SHOULD THEN BE FOLLOWED TO 
CHECK THE ADJUSTMENT OF THE NEW CARD. 

VB - VOLTAGE BOOST 

TIllS adjustment IS dependent on the amount of motor 
torque reqUired at speeds below about one·fourth of rated, 
or tht' amount of breakaway torque reqUIred. If motor 
lorqut' requlrement~ below one-fourth rated speed are less 
I hdll 25Ulc of rated torque, no voltage boost IS required and 
VB ~hould be st'\ fully counter-clockwise. For higher motor 
[oari1l1g at low speed~, a certam amount of voltage booot is 
required tll prevent the motor from "pulling out"' and 
,tailIng. The amount of adjustment of the VB 
pult'ntiometer from the CCW end depends on the amount 
of motor load torque at low speeds and type of motor (larger 
Illotor~ require les~ voltage boost than smaller motors) 
'\.dJust VB only enough so that the motor(s) accelerates 
smoothly from reht. 

IRC - IR COMPENSATION 

Turnmg the IRe potentiometer clockWise will increase the 
lJutput voltage proporhonal to the lInk current feedback, 
U:S With the IRe pot fully clockWise the voltage 1I1crease 
wIll be 10'7, of rated for LCS = 1.0 volts corresponding to 
raft'd ('urrent 
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I H ('ompematlOn wIll normallv only hI' reqUired If thl:' 
,tartmg and low speed runnll1g torqup exceeds 100% of 
rated. Agall1, the amount of IRC sett1l1g depends on both thl' 
amount of torque required and the type of motor. 

Too much voltage boost or IR compensatIOn will produce 
excessive motor peak currentb which will cause torque 
pulsations or "cogging." If thiS occurs at low speeds the VB 
and/ or IRC setting should be reciuct'd. 

V 1HZ - VOL TS/HERTZ 

0pt'rate the dnve at a reference of 12 volts at driver TB2 
(32) to TB2 (48) (readmg of 12 volts on Meter card position 
2). Adjust the V /Hz potentlOmeter to obtalIl a DC lInk 
voltage between P2 and N2 of 250 volts DC for 230 volt AC 
drIves and 500 volts DC for 460 volt AC drives. This 
corresponds to 12.5 readmg on Meter card posItIon 4. 

The above volts/hertz setting should include the effects of 
the VB voltage boost settmg. If the VB setting is changed, 
the volts/hertz should be readjusted to maintain proper 
motor excitation. 

VLlM - VOLTAGE LIMIT (located at top edge card) 

nUb IS normally a factory adjustment and should not have 
to be readjusted. To check thiS adjustment, operate the 
drivt' at rated base speed (normally at a driver reference of 
IS volts). Using the volt-ohmmeter, or any relIable 
redifier type AC volt·ohmmett'r (but not an Iron vane 
type), read the inverter output voltage between termmals 
1'1 and T2 and compare it with the AC supply voltage for 
llortunal 230 volt AC drives and 20 volts less than the 
supply voltage for nomlIlal 460 volt AC drives. If the 
voltage difference is less, turn the VLlM potentiometer 
counter-clockwise until the 10 or 20 volt difference IS 
obtall1ed. 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 2 volt 
difference is obtained 

If tht' AC supply voltage IS above 240 or 480 volts AC the 
dnve will not be 111 voltage limit (With rated reference and 
proper volts/hertz adjustment) 50 the voltage difference 
between AC supply and ll1vt'rter 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 
refcrt'rlrP I, applIed to tht' driver. when tht' AC supply 
vultagf' f'x('eed~ 5(1) above tht' rated voltage 



BF - BASE FREQUENCY 

With the drIver reference at the rated 15 volts (TB2 (32) to 
TB2 (42) or Meter card position 2), adjust the BF 
potentIOmeter to obtain the desired motor base frequency_ 
Thi5 frequency can be read by means of a frequency 
counter connected between driver TB2 (52) (IPAD) and 
TB2 (48) (COM). It can also be read to within ±2% 
ar-('urar-y by connectmg a digital volt-ohmmeter between 
TB2 (1\,1) (FVI{O) and TB2 (18) (COM). The frequency i~ 
ubtamed by multiplying the voltage readIng by 5 for the 75 
Hz base frequency range; by 10 for the 150 Hz range and by 
20 for the 300 Hz range. 

A third method of reading frequency, to within ±5 
accuracy, is by taking the Meter card position 3 reading and 
applying the 5, 10 or 20 times multiplier Just described. 

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, 
tht' minimum frequency will have to be set higher to 
prevent transformer saturatIOn. A higher mmimum 
frt'quency can be obtained by turmng 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 readmg 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 availablt', I he 
motor current can be read WIth a clamp-on ammeter to 
measurt' thp accelerallOll load 

WIth the dnve operatIng at rated speed, quickly adjust the 
drIver reference to uro 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 to slowdown limit, and it is probably desirable to 
mcrease the deceleration tIme by adjusting the 011M 
potentiometer m the clockwise dIrectIOn. 

If shorter acceleration or deceleration times are desired, 
the ATIM or 071M potentiometers should be adjusted in the 
counter-clockwise directIOn, and the operation checked as 
described above. The mlllimum times obtamable, within 
the 5 to 50 seC'ond ad]llstrrJt'nt range are hmited by the 
current hmlt and slowdown hmIl control. 
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CLiM - CURRENT LIMIT 

The percentage of rated drive output current at which 
current limIl will occur can be approximated by the setting 
position of the ClIM potentiometer, per the following table: 

CLIM CCW l/4 from Mid- 1/4 frolll CW 
Spiting End CCW End pomt CW End End 

% Rated 50 to 75 to 105 to 130 to 155 to 
Current 60% 90% 120% 145% 175% 

CLST - CURRENT LIMIT STABILITY 

ThIS stability adjustment for current limit operatIOn I" 
dependent on the motor and load inertia, motor HP ratmg, 
and on the current lImit setting. The correct setting of the 
CLS1 potentIOmeter can be determined by using the 
following table: 

CLST SettIng for Molor HP 

I (lad Inertia 'I 10 to 100 HP 100 1(1 400 III' 

l\t'glIgible CW end to 1/;\ from 
IOJd inertia 1/3 from C\\' end 

CWend to mldpomt 

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

Load mertia 1/4 from CCW 1/6 from CCW 
equals 2 x end to 1/6 from end to 1/8 from 
motor inertia CCWend CCWend 

Load inertia 1/8 from CCW CCWend 
equals 5 x motor end to CCW end 
Inertia or 
gleater 

The seltJllg ranges given In Ihe table cover the current lirmt 
(CLlM) setting range, such that the ClST settmg varies 
toward the clockwise end of its settlllg range as the ClIM 
seltJllg is adjusted towards ilb clockWIse end, and VICt'­

versa. 

If H1stablhty occurs during current lImIt operation, the 
Clg1 potentiometer should be adjusted towal d its ('ounter­
clockwise end. 

23 



TROUBLESHOOTING 

-\ ~;stt'mdtJ(' approach to troubleshootIng will reduce the 
IllllP rp!juln'!! to hnd the problem This approach consists 
of tlVlng to locaiIzt' thf' problem or cause, In the following 
~t('fl·by.~tel' fa~hlOlI 

l~ till' problf'm 1Tl~ldp thf' AF-400 drive power umt or 
(all~t·d h, t'xt<·rnal (,onditions or equipment? 

:2 WIIII'II UlOdlllt· In the power unit ib causing the 
prohlt'lll " 

,{ "hI< h component within the module IS at fault or has 
fad f'rl '( 

TiI(' rrwaIl~ to act omphsh thl~ are the recommended test 
{·tjtll(llllellt tu u~P, and the troubleshooting procedures 
(lutllIlf'd III this ~et·tlOll. The efficiency with whICh they are 
U~t'd wdl bl' dependent on the shll and experience of the 
k~t f'{'r~l)lIl1el, and how wdl they understand the dnve 
operatIOn, <i' {·xplallit'd It1 the DeSCriptIOn section of this 
llIanllal 

TEST eOUIPMENT REQUIRED 

Tilt, followlllg it·~t t'qUlpment should be aVaIlablf' for 
t I "lIhle~lltJotlllg, and is listed In the order of recommended 
fll derellce, The first two Items are recommended for 
()ormdl operatIOn and maintenance. 

1\1t'tf'r Card 

\ (lIt Ohmmeter 

(.I,lInp,orl o\mmell'r 

193X481AAGOI 

Digital prf'ferred ~ 20K pPf 

volt mill. lllpUt Impedance. 

Dual trace preferred 

Adjustable range up to 300 amps 

TESTING SAFETY PRECAUTIONS 

(>rtalfl precautions need to be observed In testing this 
t'ljUlpment 

\11 "I IIii' '01111 "I III tilt· !lIIVt'l, Willi Ilw ''x •• I'tWII ,.( tlw 

II;) volt ,\1 ~upph to til/' optlO/J ('ard (when supplied) i~ at 
• 1 I,)w voltage lpve\ with respect to ground. The control 
,'OfllIllOlI I~ ('unnf'( tf'd to the dnver case which IS connected 
to tllf' power Ullit t'nclosurf', which should be connected to 
an earth groulldlrlg ~y~tf'llI Any control ('in'Ultry on the 
/}rJ\ pr slllt' of the pul~e t raI1sformer~ on Pulse Transformer 
"ard, I~ also at If!!' low voltage level. 

:.!1 

All powpr module~. power (ompollf'nh, powt'r Wiring and 
control wiring and component~ connected to the power 
must be assumed to be at a high voltage to ground. The 
following safety precautions must be strictly observed 

when testlllg in the power area: 

WARNING 

ELECTRIC SHOCK CAN CAUSE PERSONAL INJURY 
OK LOSS OF LIFE. WHETHER THE AC SlJPPL Y IS 
GROUNDED OR NOT, HIGH VOLTAGES TO GROtlND 
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 III the power area, It 15 recommended from a 
f,afety standpoint that the equipment be turned off, the test 
equipment connections be made, and the power applied for 
the measurement, and the equipment then be turned off 
agalll, pnor to disconnecting the test equrpment. 

WARNING 

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

CAUTION 

WHEN TESTING IN THE CONTROL AREA, 
REMEMBER THAT THESE ARE LOW VOLTAGE 
CIRCUITS (20 VOLTS) A~D CAN BE DAMAGED BY 
IMPROPER TEST PROCEDURES. 

CAUTION 

DO NOT CONNECT I'OWEH AN]) CON'l'HOL 
CIRCUITRY TOGETHER IN ANY TEST HOOKUP . 
THIS DEFEATS THE PURPOSE OF THE CONTROL 
ISOLATION fTNCTION AND CAN DAMAGE THE 
EQllJPMENT 



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 babic mdications of a drive problem are: 

A. Drive Operates Improperly 

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

2. System Control is at fault - refer to the system 
elementary diagrams for system logic and control 
circuits and operating notes. 

B. Drive Shuts Down, or Will Not Start 

1. Driver card fault lights are indicating - refer to 
Fault Indicatmg 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 pwoer fuses have blown -
Dibconnect AC power from drIve and check AC 
supply fuses. If fuses blown, or if 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 the AC supply, DC lmk 

and AC output. Also check for grounds in power 
cables and in motor windings. 

FAULT INDICATING LIGHTS (on driver carda) 

The IF mverter frequency light and the SYNC inverter 
synchronized light are not fault lights but indicate 
operatmg conditions. The IF lIght should be mdlcatmg at 
all tImes that the drivf'1' i~ f'nergized, even after a fault. It~ 

blinking frequf'ny Ind)('ate~ tht· dnv(>r operating fr(>!jlIt'IH'y, 
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IOC only - If thIS IS the only fault lIght that IS mdlcatIng, 
an Inverter fault has occurred. Reff'r to Inv(>rter ModulI' 
Troubleshooting in thIS section. 

IOF only - this indicates an inverter overfrequ(>ncy 
shutdown. Refer to Driver Troubleshootmg in thIS sectIOn. 

COC and IOC - 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 and 
Commutation Power Supply Troubleshooting in thIS 
sectIOn, 

COC, IOC and ITOC - This mdicates a combInation 
commutatIOn overcurrent, motor overcurrent shutdown. 
Check for drive overloading at or near full speed operatIOn. 
Also refer to Driver TroubleshootIng and CommutatIOn 
Power Supply Troubleshooting in this section. 

CUV only - This indicates a control undervoltage 
condItIon. Refer to DrIver Troubleshooting in this section. 

CUV and IOC - This indICates a control undervoltag(> trIp 
.... llIch produces an inverter fault shutdown. Check th(> AC 
supply for outage problems. 

LOV and IOC - This indicates a DC lInk ovet voltag(> trip 
whIch produces an inverter fault shutdown Re[pr to 

Driver Troubieshootlllg in thIS sectIOn. 

LOV, laC, COC and/or ITOC - Thl~ Illdlcatt'~ a 
comblllatlOn shutdown whIch would normally oC'cur duf' to 
the effects of the DC link overvoltage. R('fer to Drlvl:'r 
TroubleshootIng III thIS sectIOn. 

PS/LOP only - ThIS indicates the presence of, 01' a 
shutdown caused by, wrong AC supply phase sequence or a 
losb of one or more AC supply phases. DIsconnect the AC 
power and check the AC supply fuses or cif(~uit brpaker, 
especially if the driver is supplied from another power 
source. Check that the drive I~ connected to thp AC",upply 
III the correct phase sequenc(>. 

ITOC only - This indicates an inverter output 
overcurrent shutdown, either due to an instantaneous trIp 
for current levels over 175% of rated drive eurrent, or an 
Inverse time tflP of from 15 seconds to 1 minute for lowf'r 
overcurrent levels, depending on the current Innit ;,t>ttlllg. 

Check for motor overloading, excessive voltb/hz 
adjustment, locked rotor, or for motor smgle phahmg. 
('h(>ck that the CFA potentIOmeter is J.dJu~tf'd for U:S = 1.0 
volt at ral"d load. Also chet'k for motol h(,lIIg ~wil<'h(·d 011 

10 the Illverter at other than SYII('hIOlIlZt'd (J1H'ratloll or 
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mlllimulrl voltagp and frequency. Fmally ~hp('k for motor 
cable ~hort:-. or ground",. Ab,o rf'ff'r to Dflver 
Troubleshooting in this ~ectlOn 

IToe and IOC - This IIldlcates an inverter output 
oVt"frurft'rlt whICh I~ t"X('p~'iive I"llough to also cause an 
Illvprkr lault (:hp( k fOf lllotor Jam-ups, excessive volts/hz 
adjllhtlJlPllt, lorked fotor, Of for motor ~inglp phasing Also 
( fl<'rk lor 1II01<,r bt'ing <,wltdwd on to the mverter at other 
than <'YIl!'hlollized operatIOn or mllllmum voltage and 
In'quell( Y Filially, ehf'ck for 5horts or grounds III output 
('ablt' and motur wlIlulng" 

DRIVER TROUBLESHOOTING 

Th .. drivN t'OllSlqs of SIX or more cards, each of which 
r()lItallls qUite a few circuits. To help III understandil1g and 
tfOllblphllOotlng thf' driver, the functions contained on 
1'.ldl card arp ~hown in the FunctIOnal Block DIagram of 
FlguJ'(' A Thpsl' functions are described in the DescriptIOn 
~''''11011 of thi~ manual. 

'I'll<' opll!J:lal MptpI card 1'0 a great help III troubleshootmg 
If,,· dnwl If 11 1\1t'1er card IS available, an oscilloscopt' IS 
11<>1 It'qUI' ed except in oIlly the most difficult ca'i('~. 

:\<llmall) . II!' lI~e of the MI·ter card wtllallow pinpointillga 
~fl('<:lfJ(' ('<II <I, wllll'lI can tlwn be replaced, or to a cert,un 

('"wer modulI', 

'lit .. dflver lalH'l, mounted on the Illside of the enclosurp 
door, gIves the normal readmgs for the Metfe'r card selector 
~wlt('h pO~ltlOns for five opprating conditions. Thl5 label 
al.,o I~ III the Drive InstructIOn Book. These normal 
n'adlrlg~ arc glVfe'n for the 17 selected Signals, plus 'tlw 
Ilivertef and Gonverter flrlllg Signals selected by the 
!,o~ltl()n 19 back planp selpetor probe 

'I'll!' fVklt'r ('affl can lIP Ilspd in several waYb. It IS useful III 
dWf'l..lflg t hI ough till' 17 kpy driver Signals when operating 
..II tltt' ('ondltlOn, ~rlt'('lfled, to detnmine if any readmgs arp 
abnormal. Whpn positIOn 19 is selected, thfe' red Wire back 
1'1,1lW probl' can be uSI,d to chfe'ck card (receptacle) termlllal 
~lgi1aI5 The troublf'bhootlllg notes will speCify correct and 
11111)11'1'( I rt"l<!tng~ for ~pt'('lal It"t condition~ to dptermine If 
\alll)lh falllt.. eXI'! 

If a Meter card IS not avatlable, thesp same reddlllgs can be 
madp usmg a digital volt-ohmmett'r or an oscdloscope. 

Wlwn usmg the back plane selector probes, there are a few 
~I'Il<'ltivt' ear d termlllais whICh should be avoided when the 
dnve IS opt'ratmg with a motor, smce connection of an 
lr\,trUmpnt may ('au~e changes m the drive output These 
<'PllsltlVe tl·rmmals are: 

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

term. 16-LVP term. 7 -ssm term.2S-RFC 
term. 17-LVN term. ll-BFI term. 24-RI 
term. 19-CVN term. 12-BFD 
term. 20-CVP term. 23-SSDO Receptacle E 
term. 22-L2S term. 32-RFC Inverter Card 
term. 23-LlS term.4-FLL 
term. 24-L3S 

Care should also be used III connectmg an mstrument to the 
driver reference REF receptacle G, term 30, receptacle K, 
term. IS) since this may produce a small motor speed 
change. 

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

LPA - Meter Pos. A square wave logiC Signal which is 
17 m phase with the AC supply Ime 

phase A (or phase 1) to neutral 
voltage. 

lP>\D - TB2(52) A square wave logic signal whIch IS 
in phase with the mverter output 
phase A to neutral voltage. May be 
used for a frequency counter 
reference. 

These SIgnals are especially useful for OSCilloscope 
triggering when reading other Signals. 

CAUTION 

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

REGULATOR CARD - TEN POTENTIOMETERS 
(INCL VLIM AND BASE FREQUENCY JUMPER 75 HZ, 
150 HZ & 300 HZ) 

CONVERTER CARD - 60 HZ JUMPER 

INVERTER CARD 230/460V JUMPER AND 
OVERFREQllENCY JUMPER (75 HZ, 110 HZ, 165 HZ, 
275 HZ & 410 HZ) 



A. Drive Operates Improperly 

1. Cannot obtain maximum rated frequency and 
speed. 

a. Check the drIver reference REF volts (Meter 
card pas. 2 or driver receptacle K, terminal 18 
to terminal 2 (COM). If less than 15 volts 
check the reference potentiometer (should be 
5000 ohms) or check the system control (see 
system elementary diagrams). 

b. Check the converter voltage reference CVR 
(Meter card pos. 6 or driver receptacle K, 
term. 14 voltage to common). This voltage 
should decrease at an even rate to 
approximately 3.5 volts as the driver reference 
is increased to 15 volts. If this is the case, 
continue on to part (c). However, if the CVR 
voltage suddenly decreased to about 1.5 volts, 
it Indicates the converter is saturating. Check 
the DC link voltage. It should read 
approximately 15 at Meter card pos. 4 or 
should read either approximately 240 volts DC 
or 480 volts DC between power circuit 
terminals P2 and N2, for a 230 volt AC or 460 
volt AC dnve 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 VlIM 
potentiometer on the Regulator card IS not 
adjusted properly. Refer to Adjustments 
section_ 

c. Check the inverter frequency voltage FVR 
(Meter card pos. 3 or driver receptacle K, 
terminal 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 lO 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 BF 
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 BF adjustment appears 
faulty, replace the Regulator card and check 
the operation. 
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2. Motor will not accelerate from stall or low speed. 

a. Check the driver REF volts (Meter card pos. 2 
or driver receptacle, termInal 18 to terminal 
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 :.'0. If zero, 
refer to Drive Shuts Down, or Will Not Start. 

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

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, pas. 
10 (CL) , or driver receptacle K, term. 10 
voltage to common, should be near 20. If less 
than lO, check the settings of the current limit 
ellM 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 potentiometer 
adjustment. Excessive voltage boost at low 
speed and light load operation will cause motor 
"cogging" or a grinding nOIse. Refer to 
Adjustments sectIOn. 

b. Check IR compensation, IRe potentiometer 
adjustment. Too high a setting may result In 

rough or unstable operation. Refer to 
Adjustments sectIOn. 

c. If VIOlently unstable motor operation occurs 
below one-half rated speed, check that the 
stability-slowdown CIrcuit is eOllnected. On 
driver receptacle G, terminal 23 should be 
connected to termmal 7. 
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d. If unstable operatIOn occurs whl;'n in current 

IIlTH! stability ClST potentiOmeter IS 
not adjusted properly. Refer to Adjustments 
;,ectlOn. 

e. Check for low AC supply voltage to the drIver 
TB 1. termmals 3 and 4. This "hould not be less 
than 105 volts AC. 

f. Ch<,pk for uneven motor loading or motor 
~lI1g11;' phasing. 

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

4. Cannot control motor speed. 

a Check the dr,iver reference REF (Meter card 
pO!>. 2 or TB2 (32) voltage) to see if the 
proh'lem IS in the driver or in the system 
control. If the problem appears to be in the 
-,ystem control, refer to the system elementary 
dIagrams. 

Check the SYNC input at drIver TB2. It 
shouJd be high (near 20 volts t'o common) If It 
IS near zero volts to common, check the s: ~tem 
control connected to this input. 

c. Check the FU4, FU5 and control fuses. Refer 
to Commutation Power Supply 
Troubleshooting in thiS section. 

d. If the problem cannot be found, replace the 
Regulato'r card and check operation. 

5 Cannot stop motor. 

\JOTE: If motor cannot be stopped by the normal 
means. mterrupt AC power to the drive. 
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a. Check the STOP mput at driver Tfl2 (34). It 
.,hould be low (near zero volts to common) to 
stop thl;' drivl;'. If it is higher than 3 volts to 
common, check the system control connected 
to thIS input (see system elementary 
diagrams). 

b Check the FU4, FU5 and control fuses. Refer 
to Commutation Power Supply 
Trouhll;'~hootmg m this section. 

(:h('(·~ for low DC link voltage If the Meter 
('ard po~. 4 reads less than 3, or If the DC 
volta!,!" hetw('f'n power circuit terminals P3 

and N21S 11;'''5 than70volt'l (230 volt ACdnvl;') 
or 140 volt~ (460 volt AC dnve), and thl;' STOP 
drIver mput IS low, then the System card i~ 

probably defectIve and should be replaced. 

d. Check for hIgh DC Imk voltage. If the Meter 
card pos. 4 reads higher than 4, or if the DC 
voltage bf'tween power circUlt terminals P3 
and N2 is greater than 75 volts (230 volt drIve) 
Of 150 volts (460 volt AC drive), and the STOP 
dnver mput is low, the converter IS not 
turning off. Check the converter reference 
voltage CVR (Meter card pas. 6 or drIver 
receptacle K, term. 14). If this voltage to 
common is about 10 volts, the problem is 
either in the Converter card or in 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 in the Regulator card or the 
System card. Try replacing each card 
separately and checking the operatIOn. 

6. Cannot obtain rated motor horsepower. 

a. Check the motor nameplate for the rated 
voltage and frequency for rated horsepower. 
Check the mverter output voltage and 
frequency at rated reference. See the drIver 
label for Meter card pas. 2, 3,4, and 7 readings 
for the 1 REF, 1 LOAD condition. If these 
readings and/or the mverter output voltage is 
too low, refer to Adjustments section for 
proper base frequency, volts per Hz, and 
voltage hmIl settings. Rated power output 
cannot be obtamed at a driver reference 
voltage. that IS much less than 15 volts sinCf 
thIS voltage IS closely related to the DC hnk 
voltage and thus the inverter AC output 
voltage. 

b. Check the AC power supply voltage. It should 
not bl;' less than 5% below rated nameplate -\C 
mput voltage to the drIve. 

7 Cannot synchrolllze mverter with AC IInl;' or 
other external frequenpy. 

a. Check that SYNC mput at driver TB2 (42) IS 
low (near common). If it l~ not, check the 
sy'>tem ('ontrol (refl;'f to the sy&tl;'m elementary 
dIagram,,). 



b. If SYNC I~ low, check IS at Meter card, pos. 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 inverter frequency 
should be applied to termmal 9 and the AC 
line, or external frequency, should be applied 
to terminal 10. Also check that the RFC clamp 
is being applied to override the reference by 
checking that the driver reference will not 
affect 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 indIcate and SR remams high, 
try replacing the System card and the 
Regulator card separately and check operation 
after each replacement to determine if either 
card is defective. 

B. Drive Shuts Down, or Will Not Start 

1. IOF Fault light on. 

a. Check the frequency tflP selection on the 
mverter card. Refer to the drIver label, or 
Start-up and Check-out section of this manual, 
for proper Jumper placement. 

b. Check for an overhaulmg load pumpmg back 
into the inverter DC link to increase the 
voltage and frequency. 

c. If the problem keeps occurring, replace the 
lnvertf'r 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 9 or 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. 
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c. If all current feedback sIgnals are the same, but 
go too high near rated output, check for motor 
overloadmg 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 TB1 (1) and (2). It should be no 
lower than 105 volts AC. If the AC suppl y 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 driver wire harnesses at APL, BPL 
CPL and DPL. Check if DFS is being pullsed 
down by either the Converter card or the Phase 
LogIC card by energizing the dflver with either 
one of these cards pulled out. If either of these 
cards loads DFS down, it should be replaced 
and the test repeated. If DFS is pulled down 
with both cards pulled, the Inverter card 
should be replaced and the operation checked. 

c. If the DFS voltage is above 18 volts, but the 
CUV light stays on when the fault IS reset with 
the Stop pushbutton (or external fault reset), 
disconnect the DPL wire harness at the 
converter module. If the CUV light can then be 
reset, the problem IS in the Pulse Transformer 
card on the converter module. Refer to 
Converter Troubleshooting in this section. 

d. If the DFS voltage is above 18 volts, and the 
CUV light does not mdlcate until the inverter 
is started (to start the motor), disconnect wIre 
harness APL, BPL and CPL. If the GUV light 
does not come on, stop the drive and connect 
only one of the (APL, BPL or CPL) wire 
harnesses to the driver and check for the ell V 
light when a drive start is initiated, with the 
driver reference at zero. 

29 



GEK-24995 

CAUTION 

NEVER TRY TO START THE INVERTER WITH TWO 
OF THE THREE (APL, BPL OR CPL) WIRE HARNESSES 
CONNECTED, WHEN THE MOTOR IS CONNECTED TO 
THE DRIVE. ALSO, THE DRIVER REFERENCE 
SHOULD NEVER BE INCREASED FROM ZERO WITH 
ANY Of THE WIRE HARNESSES DISCONNECTED, 
t:NLESS THE DC LINK IS OPENED (SEE INVERTER 
MODULE TROUBLESHOOTING). 

:)() 

If fhe CUV light comes on when anyone wire 
harness 15 connected, the problem is in the 
Pulse Transformer card on the inverter 
module related to that wire harness. Refer to 
Inverter Module Troubleshooting in this 
section. 

4. LOV and IOC (and COC, lTOC) fault lights on. 

a. Check that the slowdown control is connected. 
On driver receptacle G, terminal 23 should be 
connected to terminal 7. 

b. Check for overhauling load or for excessive AC 
supply voltage. 

('. Check that the link voltage feedback and the 
converter voltage feedback at drIver receptacle 
F, terminals 15 & 21 are at the same voltage 
to common. If their voltage levels are 
different. either the Converter card is 
defective or the resistance isolated feedback 
5ignals through RF4-7 are incorrect. Check 
the FU4 and FU control fuses. Replace the 
Converter card and check the operation. 

5. ITOC (and IOC) fault lights are on. 

a. Check the converter DC link (LCS) feedback 
signals, over the whole operating range of the 
drive. This can be read on Meter card position 
7, or with an oscilloscope by probing 
TB3 (LSC). The normal feedback signal voltage 
should be adjusted for 1 volt rms with rated 
load. See Figure 6 for the wave shape of normal 
motor current. An instantaneous ITOC trip 
~hould not occur until the peak of the current 
feedback reaches about 5 volts as seen on the 
oscilloscope. 

b If ttIP (urrf'nt ff't'dback signal l~ ~lgnIflCcUltly 

mort' thall 1 0 volt, RMS, adJu~t tliP CFA 
potentlO!lwter on the Current I"olatrll rard 
untll tht' DI: lInk (LCS) output ( ,rrent 

fet'dback signal equdls 1.0 volt for 100% 
reference and 100% load. Replace thiS card if it 
appears to be deff'(·tlve and check drIve 
operation. 

c. Check the current lImit CLIM potentIOmeter 
setting on the Regulator card to see if it IS too 
low for the motor loadmg. If shutdown occurs 
because the motor cannot get started, check 
the voltage boost VB setting. Refer to 

Adjustments sectIOn. 

d. If a transformf'r I~ used between the power um! 
and the motor, ched the setting, of the MINF 
and VB potentiometers. Increase the minimum 
frequency by turning MINF clockwise and 
decrease the voltage boost by turnmg VB 
rounter-clorkwlse. until the drIve can be 
started and "topped 'latlsfartcml y. 

6. Cannot reset fault lights. 

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

h. Check that the STOP mput at dnver TB2 (33) 
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 readout at driver 
TB2 (38) is low. If they are not, check the DC 
link voltage. Meter card, pos. 4 should reaJ 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 drive Will 
not start (no fault lights on). 

a. Check that the STOP input at driver TB2 (34) 
IS 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 
(38) are both low. If they are not, check that 
the FTR fault readout at driver TB2 (37) is low. 
Also check the DC hnk voltage. Meter card 
pos. 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). 

c. If inconsistent or higher link voltages are 
present when the drive is a standby, check the 
converter reference voltage CVR (Meter card, 
pos. 6 or driver receptacle K, term. 14). If this 
voltage to common is about 10 volts, the 
problem is either in the Converter card or in 
the converter power module. Refer to 
Converter Troubleshooting in thiS section. If 
the CVR voltage to common is less than 8, then 
the problem is either III the Regulator card or in 
the System card. Try replacing each card 
separately and checkmg the operation. 

8. If light not indicating, or on continuously at 
standby. 

a. Check the + 10 volt (Meter card, pos. 1) and 
+20 volt TBI (3) to TBI (4) control voltage. If 
they are zero, but 115 volt AC appears between 
driver terminal 1 and terminal 2, check the 
fuse FU7 above TBI. If no voltage is present 
between terminal 1 and terminal 2, check the 
control power transformer and its fuse (see 
system elementary diagram). 

b. If +20 volt control power IS all right, check the 
IPAD signal at dnver TB2 (52) 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 OP 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 indicating 
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 firmg signals. 
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h. Converter firing signals ~hould be present at 
drive standby. Check for firing 'ilgnal~ ,It 
driver receptacle F, terminals 26 through :11. 
Use either the red wire back plant· bele{'tor 
probe with the Meter card, pOR. 19 and compare 
with readings on the driver label, and {'om pan· 
With the wave shapes of Figure 7. 

c. If any firing Signals are present at t IH' dn V('r 
but missing at the convt'rtt'r module~, che('k 
the plug connections at both end~ of wire 
harness DPL for loose pim or bad connertlOJH. 
and check the wire harness for broken wirt-'h" If 
any firing signals are mi~sing or faulty at tht' 
driver, replace the Converter rard and ('he."k 
the operatIOn. 

d. Inverter firing signals will not be generated 
until the drive is started. Check that Mt'ler 
card, pos. 11 reads high or that drIver TB2 (:~l) 
RUNR reads low. Check for firing signals at 
driver receptacle D terminals 5 through 19. 
U~e either the red wIre back plane selt'etor 
probe with the Meter card, pos. 19 and compare 
with the readmg~ on the drIver label, alld 
compare With th!' wavp ~hape8 of \"Igure 8. 

t'. II allY fmng ~Ignal~ an' pll'~t'1I1 al III<' <lIIV!'1 

but lllisslllg at tht' IIIVt'rtt'r rnodult'~, ('h('('k Ih,· 
plug eonnectJOn~ dt both ('Il(l~ of I ht· 
appropriate wire hamesb APt, BPL. or CPt 
(refer to driver elementary diagram) Clw('k 
the plugs for loose pins 01 bad C()lIrl(·ctl()II~. and 
check the wire harne~s for brokell Wlf(>~. I { all Y 
firing signals are missing or faulty <It I ht' dnver, 
replac(' the Pha~e Logl(, (,dl'd and <"Iwek I ht· 
orwral ion 

COMMUTATION POWER SUPPLY 
TROUBLESHOOTING 

The commutation power supply component~ are t'ontained 
in the converter module and consist of the Commutation 
Power Supply card, CPS, the filter caparltor, C2, the 
commutatlon leg reactors, CLP and CLN, the DC Link 
decouphng rectifier, DC, and the commutatIOn ('urrt'nt 
transformer eTc, 

To help in troubleshooting, refer to tht' elemt'ntary 
diagram. Wait 3 minutes after disconnectmg power dlld 
verify that capacItors are dIscharged by rhecklllg the 
voltage between terminal CP and N 1 before removmg the 
('onverter module from its rack. 
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HPfTlOVI' and ItlhPf'Ct thf' card for damaged 
romponpnts and etrhmg runs or loo~e connections. 
\'('rif" prop('r rt>~I~tor valu('s per t'lenH'lIlU1Y dIagram, 
Tabl!' I. Til!' pOW!'f suppl y (hodes may be cht'(:kt'd 
wIlh a YOM on thf' X IK resIstance scale. Good 
dIOdes wIll have a low forward resistanre and almobt 

infini!t' reverse resistance. If any components appear 
to he dt'fechve, replace the card. 

2 Flilpr Capacitor, C2 

TIlt' rapacitor may he checked with a YOM on the 
Ii Ighf'~t rf'SI<,Iance ~rale to determIne If It charges up. 
,\I~o, vf'rify that the discharge resistor, R2, mounted 
on thl' capacItor terminals IS undamaged and has the 
('ornwt valut'. 

:~ H('a( l(Jr~ CLP and CLN 

Tit!' n'lle!or, should indicate a very low resIstance 
WiWll ('heckf'd with a YOM. DUring operation, the 
I ('al't()r~ will run hot and will typically show s(}me 
dl~C()loratioll However, there should not be any 

dw rmg or cracking of the insulation tape wrapped 
llfOllIld the ('oils. 

t RectifIer, DC 

Thl~ rectIfIer is mounted on a heatsInk In back of the 
fTlodule. WIth a YOM on the X lK resistance scale, 
thf' rectlfif'f should have a low forward resIstance and 
psst'lltially infinite reverse resistance. 

,) Current Transformer - CTC 

DI ~rorInert t hp CT 1 or CT2 ronnection at the pul&e 
tl'dn ... formf'r card and WIth a YOM check that the 
\\lndII1g re~I'itanrt' measure5 bPlween 15 and 25 
()hm~ Check that arrow marked on the outside of the 

transformf'r pomts from the CLP reactor towards the 
CP tprmina!. 

1I1~pt'ct the transformer for any meehamcal damage 
and make sure It IS not In direct contact WIth the 
r('actors Of any termmals. 

INVERTER MODULE TROUBLESHOOTING 

Each of Ilw thrf'f' identIcal mverter modules contaInS the 
pOWI'r ( lfcllltry fm one-phasp of the three-phase mverter. 
'I'll IH'lp IT1 trouhlt-'shoollllg these modules, refer to the 
Ill\'prtl'r I'ha,qf' module f'lementary dIagram and to the 
"'Implifi"d overall power circuit of Figure 3. Since 

.l~ 

prd( tlcally all of the CIrCUItry on these modules IS at AC 
",upply potentIal, trouhleshootlllg ghould be done with thf' 
At: power off where pOSSIble. Wait 3 minutes after 
dlsc(mnectmg power before doing any eheckmg, to allow 

capacitors to thseharge. 

Checkmg SCRs, DIOdes and Snubbers 

The inverter phase module SCRs and dIOdes can be 
checked, WIth the power off, without dIsconnecting 
anything. The meaburement points for the phase 
modules are as follows: 

10 TO 60 KVA 

P30 o CP 

TI.2.3[QJ MI 0 (MODU LE) 

N2 b 0 eN 

P3 to Tl, 2, 3 - Checks positive Inverter SCR and diodes 
N2 to Tl, 2, 3 - Checks negatIve wvertpr SCH and dIOdes _ 
r:p to Ml - Checks posItIve commutatIOn S<:R _ 

eN to Ml - Checks negative commutatIOn SCR. 

Using a volt-ohmmeter selected to read ohms on thp 
Xl ohm or XIO ohm scale, the normal readIllgs 

indicating good deVICes are as follows, with the 
positive meter lead connected to the fIrst POIllI. 

P3 to T(l, 2, 3) - HIgh resistance 
T(l, 2, 3) to N2 - Low resistance 
CN to M 1 - Low resIstance 
eN to Ml - HIgh resistance 

If any of the above readmgs are zero, the pha!>e 
module should be dlscormected from the rest of the 
power CIrCUItry at terminal pomts P3, N2, Cp, T( 1.2. 
3) and Ml. (The phase module may have to be pulled 
partly out to accomplish this). Recheck the above 
readings at the disconnected phase module terminals 
If the readings still mdlcate a bad device, refer to thf' 
Maintenance and RepaIr sectIon for removal. 
disassembly and replacement information. Thp 
mdlVldual SCRs and dIOdes should be rechecked 
when they are disconnected from each other to 
ensure that a short in one deVIce does not produre a 
faulty readmg aClOS, another devlcf'. Sf'e the 
CheckIng SCR~ portion of thIS section. 



Whenever a phase module has been removed for 
replacement of SCRs or diodes, the RC snubber 
circuits around the SCRs, com mutatIng capacitor 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 "elected to the X lK scale, between 
Ml and MC for each phase module. A good capacitor 
will read above lOOK resistance (after a brief chargmg 
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 the Maintenance and 
RepaIr sectIOn. 

3. Inverter Phase Module OperatIOnal Test 

If checkmg 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 tht> Dl: 11Il\.. bdwt't'n N 1 and N2 to pfl'vt>nt 
power flow from tht' converter mto anYlllverter fault 
conditIOn. HilS IS eaSiest accomplished by 
dlbcollnedlllg tl,e power cable connected at P3, Ihp 
lower termmal of tht> ~hunt. 

With the DC link disconnected 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 
obtamed 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 
inverter 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 API" BPI, or 
CPL, Just one phasf module can be operated at a tIme 
to simplIfy checking and to help in pin-pointmg the 
problem 
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The mverter phase commutatIOns can be checked in 
the driver by checking the commutatIOn currt>nt 
feedback signal, CFA. The peak value of 
commutation current can be read 011 the Meter card 
(See the drIver label on the inside of the power urut 
door for normal readmgs). The commutatIOn current 
can also be read with an o~cillo"cope connected driver 
TB39 (SEll) and TB34 (COM), and usmg the blal·k 

wire, back plane selector probe to rel'eptadt, K 
termInals. See Figure 5 for normal commutatlOlI 
current wave shapes. 

4. Checking Pulse Transformer Cards 

The Pulse Transformer card on the front of the phase 
module may be checked with an oscill05cope to ~ee if 
SCR firing signals from the drIver are bemg 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 (cooling) tab 01 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 inveJ ter phase i" 
operating, the card IS probably good. If no pulses are 
observed, connect the oscilloscope proh, to tht' I P, 
2P, IN and 2N input termInals to check for dnver 

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 i~ probahly 
defective. Replace the card and check opl'ratJO!I If 
no Input power or firing pulses are pre~ent, ff,fer to 
part 9 of Drive Shuts Down, or Will Not Start III the 
Driver Troubleshooting portion of this sectIOn. 

CONVERTER MODULE TROUBLESHOOTING 

To help in troubleshooting this module, refer to the 
converter module elementary diagram and to the simplified 
overall power circuit of Figure 3. SInce practically all of the 
cIrcUItry on this module is at AC supply potential. 
troubleshootIng should be done WIth the AC power off 
where possible. Wait 1 minute after disconnectlllg power 
before doing any checkIng to allow capacItors to di!'>charge. 

1. Checking SeRs and Snubbers 

The converter SCRs can be cheeked with the power 
off, without disconnecting anvtlllllg. The 
measurement points for the modulr art' a., follow.,: 
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P3 0 (MODULE) o NZ 

N I 0 0 eN 
~~------------------~~ 

L! to PI - Check~ positive phase 1 SCR 
I.! to N I - Chech negative phase ] SCR 
[,2 10 PI - Check~ positive phase 2 SCR 
L2 to N 1 - Chech negative phase 2 SCR 
L3 tn PI - Checks positive phase 3 SCR 
L3 to N 1 - Checks negative phase 3 SCR {, 

l'~ing d volt·ohmmeter selected to read ohms on the 
X 11\ scale, check across all six SCRs in both 
rhn'ctlUl1S. Good SeRb should read over lOOK in both 
the furward and reverse directions, whIle failed SeRs 
will rpad zero ohms in one or both directions. 

If a IV SeRb dppear to be failed, the converter module 
~h(,·dd be dIsconnected from the rest of the power 
('If' ultry at terrmnal pOints 1,1, L2, L3, PI, P3, NI, 
N2, (:P dnd eN accomplish thIs). Recheck the above 
reaumgb at the disconnected converter module 
tprmlllals. If the readings still indicate a bad device, 
refer to the Mamtenance and Repair section for 
rt'rnoval, dIsassembly and replacement mformation. 
The lIldlvldual SCRs should be rechecked when they 
are diseonnected from the converter CirCUIt to ensure 
that a short in one deVIce does not produce a faulty 
reading across another device. See the Checking for 
damage:. 

.) (:"I1vt'l'ter ModulI' Operational Test 

If ('oTlvprltr ml~uperation is suspected, but all 
('Of! v{'rtt"r SCR~ appear to be good. the folloWIng 
pro( p<lure ~hould be used to perform an operatIOnal 
t('~, , 

lllkrrupt the DC lmk to prevent any power flow from 
lh,' (Ol1Vl'rter from rearhmg the filter capacitor or 
IrlH'1 tf'r. Thl!. IS eaSIest to accomplished by 
dl~('onnpct Illg the power cable connected at P3, the 
]ow/'r tf'rmlllal at the shunt. 

WJth Ihl' DC lillk dl~ronnl'cted. the drive ran be 
~tarlt'd and IIIP ,'on vprter operated up to full voltage. 
Tht' Illverter will operate also, but at a low voltage and 

reduced frequency. With Dr WIthout the motor 
('onnectE'd. 

The converter operation may be checked by means of 
the Driver Meter card ;,elpctcd to pOSitIOn 5. The 
reading should change from 10 at zero referenre to 
S.5 at full reference. The converter output voltage 
may also be checked by connecting a volt·ohmmeter 
across the PI to NI terminab. The DC output voltage 
bhould be controllable from near zero to 
approximately 300 volts DC (230 volts AC Input 
drives) or 600 volts DC (460 AC input drives). 

If full output voltage cannot be obtained, It IS possible 
that one or more converter SCRs are not fmng. 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 puttmg out 
the proper firing signals. check the converter Pulse 
Transformer cards. If these check out good, an open 
SCR should be suspected. Refer to Checkmg SCRs to 
test for this problem. 

3 Checkmg 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 apphed 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 tranSistor to check the other 
cirCUIts of thiS card If normal pulses are observed, 
connect the OSCilloscope probe to the IP, 2P, IN, 2N 
mput terminals to check for drIver firing SIgnals. See 
Fig. 7 for normal fmng signals. Also check for +20 
volt fmng power at the +20V to corn termmak If 
mput fmng power and fmng pulses are present, then 
the card is probably defective. Replace the card and 
check operatIOn. If no mput 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 

Dlbconnect the suspected SCR dS much as possible from the 
remainder of the powt'l' !'lrcUitry. Using a volt·ohmmeter 
~elected to read ohm" on the times lK s{'ale, check the 
forward and reverse reSistance of each indlVldual SCR cell 



(See the Module Elementary diagram) _ Good or faulty 
SCRs will give the followmg 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 InfInity 
,Open SCR 

), 
lOOK to Infinity lOOK to Infinity 

Slllce an open SCI{ wIll give about the same resistance 

readIng as a good scn. another method must be used to find 
thin type of fault. It :"hould be pOInted out, however, that 
practically all cells faIl by shorting and very few by opening. 
If an open SCR IS sUbpef'ted, or if it is desired to check the 
sWitching operatlOll of an SCR, the folloWIng CIrcuit should 
be used: 

The volt-ohmmeter is ;,elccted to read ohms on the lK 
scale, and ib f'onnected to read the forward resistance of the 
SCR. When sWitch SW I~ dosed, the forward resistance of 
a good SCR will change from a high value (lOOK to Infllllty) 
to a low value (l 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 SCRs are suspected of being faulty from the above 
resistance checks, the SCR conversion module should be 
removed from the case. After the SCR (cathode) and gate 
leads have been disconnected, recheck the forward and 
reverse resi~tance before replacing the SCR. 

Tlll~ ~hould bt' dOlIt' bt>fort, the SCI{ I~ dt.flllltciy cia;,;,illt'd 

as damaged or faully, ;,llIl'P a fault III another SCI{ or 
another part of the clrclutry can produce a faulty readlllg 
from a good SCR beforf' II IS disconnected fromlhe circUJt. 
After a Presb-Pak SCR 1& removed from the healsInk It may 
read open due to lack of pressure agalll;,t tht' mternal cell 
structure. Apply pressUl't' to obtalll a true readlllg. 

DC LINK FILTER TROUBLESHOOTING 

The DC link filter consists of the Ll filter choke and the C 1 
filter ('apacitor assembly. 
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1. Cl FIlter Capacitor Assembly (b) 

This consists of one a%embly of parallt'lt'd (230 volt 
AC drives) or senes-paralleled (460 vall At: dnws) 
electrolytic capacitors. When the drive has not been 
operated for 6 months or more, the;,e eapacitors start 
to degrade and their leakage current illcrea;,e~. A 
procedure called "forming" IS required to return tht' 
electrolytic capacItors to their rated operatlllg 
capability. Refer to step 13 of the Start-up Proeedurt' 
m the Start-up and Check-out sectIOn for the proper 
forming procedure. 

Electrolytic capacitors can faIl by shorting, can 
exhibit excessive leakage current, or can dry up aud 
lose their capacitance. The latter usually results from 
a ruptured vent plug due to "gassIng" from exce~slve 
current andlor temperature. 

The fIlter capacitor aosembly can be chf'cked for 
&horted capacitors USIng a volt-ohmmt'ter aftt'[ t ht' 

pOWt'f hab bt'en off for moft' t han I minutl' and the P2 
to N 1 voltage IS lebs than 10 volts. On 460 volt At: 
drives With seriesed capacItors, the asst'llIhly can be 
checked for excessive leakage capal'it()r~ by (·hecklllg 

the nJl(ipolllt. or Q pOInt. vollagt· wll!'l1 thl' .II lVI' h 

llperatlllg lI~lIIg a l'olt-ohlllllldt·l. 11('('1.. tilt, 

differellct' between the 1'2 to Q ,md t h. Q to N2 
voltage... at maximum DC I III I.. \ oitaf.-'· Tlll~ 

difference should not exceed 5',( of til!' 1'2 t () \2 
voltage. If the above tesb indICatt' either a :,hortt'd or 
leakIng capacitor, the fIlter absemLly ,.;hould be 
removed and disassembled to the point where the 
resistance of each capacItor can be indlviduall y 

checked. Refer to the Mamtenance and Repair 
sectIOn for instructions. Any shorted or leaky 
capacitors should be replaced. The rt'maming 
capacitors should be IlIspccted for rupturf'd Vl'llt 
plugs accordlllg to tht' followmg ll1~tructlOn~. 

The bebt way of evaluatlllg tht' (,lllldllllHI 01 lilt' 
t'1t't'lrolytlc capacitors I;, to vhually 1I1'IW('1 thl'll' V('lIt 

plugs. These art' 3/16" lliam!'tl'j rt'd plUgh 1111111' lop 
COVer of the capacitor I'a;,('. IlItl'l'Ilal ga~ pl'l';'~lIl (' ('all 

cause a bubble to form in thIS plug and the red ('ulor 
will hghten ulltii it is almost white. Eventually, the 
plug will rupture. However, this doch not ('au be an 
immediate capacitor faIlure, but will rCbult III a 

gradual loss of capacItance. Any elcetrolYllc 
capacitors which are found to have ruptured plUgb 
should be replaced as soon as convemently pO"~lbl(~. 
If any capacitor vent plug contmns a bubbl(· largl'r 
than 1/16" in diameter, the capacltOl ah~elllbly 

should be inspe('ted at the next scheduled shutdown 
planned mamtl'nance for ruptured vent plug .... 
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It ilion' than 2,5% of thl:' capaCitors have broken vent 
plllg~. and Ihl:' dnvt' has bel:'ll operated over 20,000 
h(lllr~, ('on~l(jt'1 atlOn should bl:' gIven to replacmg all 
of thr c'apaPltors III the fIlter assembly. Refer to the 
Maintenance and Repair section for IrJstructions. 

2. Ll FIlter Cboke 

Thib choke should be visually checked for signs of 
overheating, damaged m~ulat\On or loose 
connectIOns. 

MISCELLANEOUS TROUBLESHOOTING CHECKS 

Thr followHlg check list of miscellaneous Items is included 
lu provide addItIOnal dIrections of investigation in 
trouLlebhootHlg thIs dflve. 

.\ CooiJng and Temperature Problems 

I. Check for sufficient aIr flow through power unit. 
2. Chrck If fan rotation is correct. 
:t Check if air filter are clean (if provided). 
1. Check if intake air is below 40°C. 
5. Cheek for adjacent heat sources. 
b. UlPck for rerirculatlOn of dIscharge air. 
7 Ciwck If room ventilation IS apequate to relllove 

tht' heat bemg produced. 

B. Input Power 

1. Check for correct voltage (within +10%, -5% of 
nameplate rating) and frequency. 

2. Check for balanced phase voltages. 

;) Check for tran"lent over or under voltages. 

4. Ha\'e tranSIent voltages occurred due to lIghtning 
or ground faults? 

,5 Check for excessIve line regulation due to a high 
Impl:'dance (50ft) AC supply. 

6. I~ AC ~upply grounded or ungrounded? 

-; 1:-- I lit' a vaIiablr bhort CIrcuit current too hIgh? 

H \ rl' Ilwr!' power factor correctIOn capacitors 
('all~ing harmonJ(~~, or their SWItching causing 
"oItage I ran~lenb. 

(:. SYblf'm Grounds 

1. Check that the power Ulllt case IS properly 
groundl:'d 

2 Check for grounds in motor windmgs or in power 
cables to the motor. 

3. Cherk for grounds III control wIrIng, 

D Loose or Shorted Connet;:'tJons 

1. Check incoming pow~ fonnections. 

2. Check connection t9 power modules, filter 

capacitor and choke" ~l~HJit breaker or fuses, etc. 

3. Check outgolllg P<t~({~ ,CQJlnections to starters, 
motors, etc. 

4. Check Illcoming c011.,~r<~ ¥iring connections. 

5. Check connections to Pulse Transformer cards. 

6. Check for bent terminals shorting to one another 
on dnver back plapf'. 

7. Check that thl:' flat cable connectors are properly 

Ill'ierted on the driver pack plane. 

E. ElectrIcal NOIse 

1. Check that all power unit relays have RC 
suppression on their COIls. 

2. External relays, solenOids, brakes, etc., 
lllterfaclllg with the power Ulllt should also be 
suppressed. 

3. Check for other external sources of electncal 
nOIse. 

F. Output Load 

Check startlllg torque reqUIrements. 

2. Check for transformer saturation at lo~ 

frequencIes If output transformer IS used. 

:~. Check for motor overloads or Jam-ups. 

'k Check operation of motor transfer switching. 



II\YERTER COI\1l\IlITI\TJON CliRHENT WAVE SH!\PE 

At 1/2 rated voltage & frequency 

10 j.1sec Idlv, (230Y AC Drives) 

20 j.1sf'c,/dlV, (460Y AC Drives) 
FIGURE 5 

At rated voltagl' & f rt'ljUt'IlI'Y 

S Vulh DlVl'>I(H1 

MOTOR CURRENT WAVE SHAPb: 

At half speed and low load 

10 ll1S("C Idlv 
I \oit/(hv, 

FIGURE 6 

At full ~pf'ed and full load 

S ll1!:-t'C Idl\ 
I volt/tll\' 
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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 system 
is dIvIded mto two baSIC units; the power unit and motor. 
The power units only mechamcal maIntenance is checking 
that the unit IS free of dirt and dust. 

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 tightness. Look for signs of poor 
connechons or overheating (arcing or discoloratIOn). 
Manually check coolmg fan for easy rotation. 

POWER MODULE REPAIR 

The removal, repaIr and/or replacement instructions 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 applIes to your drive. 

If minimIzed down time is a critical factor, it is 
recommended that a complete converter module and a 
complete inverter phase module stocked as spares. 

CONVERTER MODULE REPLACEMENT 

The converter module IS best removed as follows: 

1. Tools required: 

Ratchet - 3/8" 
Socket - 7116" for 3/8" ratchet 
Nut DrIver - 7/16" with 6" shaft 

2 DIsconnect the three-phase AC mput power. 

40 

3 Check voltage a('fOS~ capacItor C 1 (P2 to N2) wIth a 
DC voltmeter. The capacItor discharge resIstor (Rl) 
~hould have reduced thIS voltage to 10 volts or below 
before work ~tarts on the case 

4. Disconnect the nbbon cable connector DPL. 

5. Remove the rIIne (9) nuts and washers from the 
power connector~: 

Ll, L2 and L3 across the top of the module 
PI, P3 and Nl to the left of the module. 
CPo N2 and CN to the fight of the module. 

6. Carefully pull module oUI of the rack using the red 
pla"tic in~ulatlOn cover III front of the module (See 
FIg. 10). 

7. See Pre~s-Pak SCR Replacement converter module 
or "tud mounted SCR Replacement Converter 
Module (See page 43 and page 47). 

8. To Install the repaIred or spare converter module, 
hft the module onto the top rack. SlIde the 
a~5embly into th? rack u~lllg the red plaSh!"' 
IllsulatJOn cover on front of the module. 

FIGURE 10 
AF-400' Converter Module being removed 

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

(Photo MG-5649-5) 



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

10. Check to see that all electric connectors are tIght 
before re-applymg 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 Cl (P2 to N2) WIth a 
DC voltmeter. The capacitor discharge resIstor (Rl) 
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 flve(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). 

7. 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 
48, 50 and 51, respectively). 

8. To install the repaired module or a spare module, 
lift the phase modules(s) onto the Inverter rack. 
Slide the assembly into the rack using the red 
insulation cover on the front of the module. 

9. Reconnect the power terminals P3, Ml, N2, CP and 
CN. Reconnect the flfing ribbon cable connector 
APL, BPL or CPL. 

10. Check to see that all electrical connections are tIght 
before re-app:ying power. 
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FIGURE 11 
AF-400 Drive Inverter Phase Module 

being removed 
Press-PAK* SCRs 

40 ·60 KVA, 230 or 460V AC 
(Photo MG-5649-6) 

PRESS-PAK SCR REPLACEMENT CONVERTER 
MODULE 40 TO 60 KVA, 230 VAC OR 460 VAC 

1. Tools required: 

Table - 30" hIgh 
Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 7/16" box 
Wrench - 3/8" box 
ScrewdrIver - 8" long with 5/16" tip 

2. Stand the Converter Module on its backside on a 30" 
high 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* Converter Module 

standing on a table 
Press PAK* SCRs 

40-60 KVA, 230 or 460V AC 
(Photo MG-5629-10) 

3. After locating thf' defectlvf' Pres~-Pak SCR cell 
(lSP, 2SP, 3SP, ISN, 2SN or 3SN), trace the 
appropnate red (cathodf') and whltf' (gate) fmng 
circuit loads to thf' pulse tramformer pnnted circuit 
card. Remove thf' plastic tie wraps from the 
appropriate firing circUIt. DJ~connect these CircUIts 
from the pulse Iransformf'f card, faston connf'ctors. 
Free the~e Wlrf'~ from thf' harnf'ssf'~ and ('hf'ck to see 
that they art'. Jll fad, ronnet'lf'd to thf' df'fectlve cell 

4. Remove 4 machine screw~ and nuts that secure the 
front red plastic insulatIOn cover to the converter 
module. Sef' Fig. 13. 
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FIGURE 13 
AF-400 Drive Converter Module 

showing removal of machine 
screws that secure the front cover 

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

(Photo MG-5629-6) 

5. Fold back the cover, thereby, exposing the Press 
Pak SCR heatslnk clamps. The remaining wire 
harnesses should support the front insulatIOn cover 
while removing and replacing the defective Press 
Pak SCR cell. See Fig. 14. 



FIGURE 14 
AF-400 Drive Converter Module 

with front insulation 
cover folded back 

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 nut and washers 
that secure the heatsink clamp. Press 
Pak SeRs, 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 heatsmk 
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 lSP, 2SP and 3SP SCRs are connected to 
the top heatsmks, whereas. lSN, 2SN and 3SN SCRs 
are connected (back to back) on the bottom heatsmk 
assembly 

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

10. Remove the clamp rods, thereby, separatmg the two 
heatsmks and permlttmg the defective SCR to be 
removed along with its red and white fmng CircUit 
leads which are prevIOusly removed from the pulse 
transformer printed circuit card. 

11. The gate and cathode leads of the replacement SCR 
should be connected to the pulse transformer card 
pf'r the converter module elementary diagram. See 
FIGURE 17. 

12. The other SCR associated With the clamp assembly 
should be carefully lifted from the heatsmk 
mountmg surfaces. 
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13. Inspect the surfaces that both SCR mount between. 
These surfaces should be wiped clean With a lint-free 
cloth. Inspect the surfaces and make sure they are 
smooth; if not smooth, replace the heatsmk 
assembly. 

14. Lubncate both mounting surfaces for each SCR 
using a thin coat of thermal grease, General Electnc, 
G322L, Versilube Plus (or eqUivalent). 

15. Place both SCRs in the same onentation, as in the 
origmal assembly and place the SCR center holes 
over the roll pin in the mountmg surface. 

16. The clamp parts and heatsmk 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 pms. 

18. With the nuts finger tight use a wrench to tighten 
each nut, alternately m 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 TH1 BOTTOM HEADS OF THE 
CLAMPS RODS WHEN COUNTING TURNS. 

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

20. Re-install the front insulation board whICh mcludes 
the pulse transformer card and bolt in place with the 
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 KV A, 230V AC or 460V AC 

1. Tools required: 
Table - 30" high 
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 30" 
high 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 (2-114/20 
machine screws) . 

6. Remove the stud mounted diode from its heatsink. 
It is secured with a nut and lock washer. See Fig. 17. 
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FIGURE 17 
AF-400 Drive Converter Module 

showing removal of the commutating 
diode (DC) heatsmk 

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

7. Before replacmg the commutatmg diode 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. 

8. Lubricate both mounting surfaces using a thin coat 
of thermal grease, General Electric G3222, 
Versilube Plus (or equivalent). 

9. Insert the diode into the heatsink and tIghten down 
the stud nut to a pressure eqUIvalent to 100 inch 
pounds using a torque wrench. 

10. Replace the two volts that secure the heatsink to the 
converter module. 

11. Replace the anode connection P3. 

12. Replace the top protectIve metal plate. 
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---------------_ ...... _ .... __ .. - -

COMMUTATION POWER SUPPLY REPLACEMENT 
CONVERTER MODULE 

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

Tools reqUIred: 
Table - 30" high 
ScrewdrIver - 8" long wIth 5/16" tip 
Nut Driver - 1/4" WIth 6" shaft 

2 Remove the top protectIv!" metal plate (2·1/4/20 
machIlle ~crew5). 

3. The rommutating power supply is cuntaIlled on a 
prInted CIrcuIt board located on the left ~ide of the 
converter module It IS connerted through fIve (5) 
glotted termIllals on terminal board TB 1 

4. Loosen the five (5) terminal board screws on 

termIllal boarrl TBI and slIp the card away from the 

terminal board 

5 To replace the card, reverse the above procedure. 

6 Make ~ure the fIve (5) termIllal board screws are 
tIght. The"!" ar!" !"If'rtriral ronnectiuns that abo 

~erve to ~upport th!" rard. 

STUD MOUNYED SeR REPLACEMENT - CONVERTER 
MODULE 

10 to 30 KV A, 230V AC or 460V AC 

1. Tools reqUIred: 
Table - 30" hIgh 

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

2. Stand the converter 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) 
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6. Remove the two (2) nuts that secure the defective 
SCR heatsInk to the DC bus (PI or NI). 

7. Disconnect the SCR power circUits. 

8. Remove the stud mounted SCR from Its heatsink. It 
is secured with a nut and lock washer. See Fig. 19. 

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 heatsinkas 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, 
Versllube 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. 

GEK-24995 

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

13. Reconnect all electrical connections to their 
respective buses 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. 

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

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

PRESS-PAK SCR REPLACEMENT - INVERTER 
PHASE MODULE 

40-60 KVA 230V AC 

1. Tools required: 
Table - 30" high 
Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 3/8" box 
Screwdriver - 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. 
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FIGURE 20 
AF-400 Drive Inverter Phase Module 
standing on a table Press Pak* SCAs 

40-60 KVA, 230V AC 
(Photo MG-5629-12) 

3. After locatIng the defective Press-Pak SCR cell 
(lSP and lSN - Main SCRs or CSP and CSN -
Commutatmg SCRs) 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. 
Dl!;connect these circuits from the pulse 
transformer card, faston connector,>. Free these 
wires from the harnesses and check to see that they 
are, m fact, connected to the defective cell. 

4 Remove four (4) machine screw~ and nuts that 
secure the front, red plastiC InsulatIOn cover to the 
Inverter pha~e module 

5. Fold back the cover, thereby, exposlflg the Press 
Pak" SCR heatsink clamps. The remainlflg wire 
harnesst's "hould support the front ltl;,ulatlOn cover 
whIle rt'mOVIng and replacmg the defectivt' Press 
Pak* SCI{ rell 

FIGURE 21 
AF-400 Drive Inverter Phase Module 

with the front cover folded back Press-Pak SCAs 
40-60 KVA, 230V AC 
(Photo MG-5629-5) 

6. Remove the two(2) clamp nuts that secure the 
defective SCR cell whIle supportmg the bottom 
heatslflk and clamp with one hand underneath the 
heatslflk assembly. 

7. Note that lSP and CSP SCR cells are connected to 
the top heat'>ltlks wherea,> lSN and CSN SCR cells 
are connected to the bottom heatsInk assembly, 

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

9 Remove the bottom heat~mk and SCR cell by 
dropping the assembly so the clamp rods are free. 
Carefully remove the deferllve ACR cell along with 
lIS red and whitt' fIrIng clfcuit leads which were 
prevIOusly removed from the pulse transformer 
prltlted clre'ult card. 



10. The gate and cathode leads of the replacment SCR 
should be connected to the pulse transformer card 
per the inverter phase module elementary diagram. 

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

12. Inspect the surfaces that both SCR cells mount 
between. These surfaces should be wiped clean with 
a lint-free cloth. Inspect the surface and make sure 
they are smooth; if not, replace the heatsink 
assembly. 

13. Lubricate both mounting surfaces for each SCR cell 
using a thin coat of thermal grease, General Electric, 
G322L, Versilube Plus (or equivalent). 

14. Place both cells in the same orientation as in the 
original assembly and place the cell center holes 
over the roll pin in the mounting surface. 

NOTE 

THE BOTTOM SCR CELL FITS OVER A ROLL PIN IN 
THE HEATSINK AND THE TOP SCR FITS OVER A 
ROLL PIN IN THE PLATE. 

15. The clamp parts and heatsink should be assembled 
m the orignal manner and the two nuts tightened 
finger tight so that the threads showing are the same 
on both clamp rods. 

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

17. With the nuts fmger tight use a wrench to tighten 
each alternately in 1/4 turn steps until the clamp 
tightens (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. 

18. Re-connect 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 
tncludes the pulse transformer card and bolt it in 
place wllh tht' four (4) mach me screws and nuts. 

GEK-24995 

20 Re-t1t' the ~CH I'll lll~ "m'ull It'ad~ With plastH' 

clamp" 

21 Check to see that all electrIcal connectIons are 
tight. 

BY PASS DIODE (DP AND ON) REPLACEMENT 
INVERTER PHASE MODULE 

40-60 KVA 230V AC 

1. Remove the anode connection to the by pass diode 
(DP or DN), 

2. After separating the two main Press Pak* heatsinb 
(See Press PAKIJC SCR Replacement I nverter Phase 
Module 40-60 KVA, 230V AC) remove the stud 
mounted by pass diode from the appropriate heatbink. 
It IS secured with a nut and lock washer. 

3. Before replacing the by pass diode(s), inspect the 
mountmg surface on the heatsink as well as the stud 
mounted diode mounting surface. These surfaces 
should be WIped clean with a lint-free doth. Inspect 
the surfaces and make sure they are smooth. 

,/. Lubricate both mounting surfaces usmg thin coat of 
thermal grease, General ElectriC G3221. VersIlube 
Plus (or equivalent). 

.s. Insert the dIOde into the heatsink and tighten down 
the stud nut to a pressure eqUIvalent to 30 inch 
pounds, UStng a torque wrench. 

6 Replace the heatsinks according to instructions under 
Press Pak lJC 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: 
Table - 30" high 
Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 3/8" box 

Screwdnver - 8" long with §/16" tip 

2. Stand the phase module on its back 5ide on a 30" 
hIgh table. The pulse transformer prmted cirCUIt 
card should be on top. (Normally on the front of the 
module). See FIg. 22. 
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FIGURE 22 
AF-400 Drive Inverter Phase Module 

standing on a table stud mounted SCR 
10-30 KVA 230 or 460V AC. 

(Photo MG-5629-i1) 

3. After locatmg the defectIve stud mounted SCR cell 
(lSP and lSN - Mam SCR~ or LCSP and CSN -
commutatmg SCRs) trace the appropnate red 
(cathode) and while (gate) firing circuit leads to the 
pube transformer printed Clfcuit card. Remove the 
plastIc tIe wraps from the appropnate firing circuits. 
DI.,connect these circuIts from the pulse 
transformer card, faston connectors. Free these 
wires from the harnesses and check to see that they 
are, 111 fact, connected to the defective SCR cell. 

4 Remove four (4) machine screws and nuts that 
secure the front red plastic II1sulation cover to the 
invertt'r phase module 

5. Fold back the cover. thereby, exposing the stud 
mounted ~CR heat~inks. The remall1l11g wire 
harnesse~ ,hould support the front lI1sulation cover 
while removll1g and replacll1g the defective stud 
mounted ~CR cpll. Set' Fig 23. 
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FIGURE 23 
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 loads from the approprIate 
reactors. Replacement stud mounted SCR cells are 
furnished by General ElectrIc Co. WIth the 
power leads ~nd fmng Circuit leads soldered to the 
stud mounted SCR cells. 

7. Remove the two (2) nut~ that st'cure the heatsll1k 
with the defective stud mounted SCR cell to the 
phast' module. 

8. Remon' tht' ~t ud mounted SCR cell from Its 
heat~ink. It" .,el'urt'd With a nut and lockwa.,her. 

9. Bt'fore rpplacl!Ig tilt' ~tud mounted SCR cell inspect 
the mountmg ~urfact'~ on both the hpahlnk as well 
as the stud mounted SCR ('pll. Thpst' "urface, 
should bt' Wiped f'it'an With a Imt-free cloth. Inspect 
thp ~urfa['t'~ and makt' .,urt' tht'y are ~mooth 



10. LubrIcate both mountmg surfaces using a thin coat 
of thermal grease, General Electric, G322L, 
VersIlube Plus (or equivalent). 

11. Insert the stud mounted SCR cell 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 phase module. 

13. Re-connect all electrical connections to their 
respective reactors and the SCR firing leads to the 
pulse transformer printed circuit card. 

14. Re-inst:::1l the insulation board which includes the 
pulse transformer card and bolt it in place with the 
four (4) machme screws and nuts. 

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

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

INVERTER PHASE MODULE 40-60 KVA, 460V AC 
PRESS-PAK SCR CELL REPLACEMENT MAIN SeR 

CELLS STUD MOUNTED SCR CELL REPLACEMENT 
COMMUTATING SCR CELLS 

1. Tools Required: 
Table - 30" high 
Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Deep Socket - 9/16" for 3/8" ratchet 
Wrench - 3/8" box 
Screwdriver - 8" long with 5/16" tip 

2. Stand the 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 
Inverter phase module). See Fig. 24. 
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FIGURE 24 
AF-400 Drive Inverter Phase Module 
40-60 KVA, 460V standing on a table 

Press-Pak main SeR cells stud 
mounted commutating SeR cells 

(Photo MG-5629-13) 

3. After locatIng the defective Press-Pak Main SCR cell 
(lSP and ISN) follow the instructIOns for Press-Pak 
MaIn SCR cells, 40-60 KVA; 230V AC units. See 
Fig. 25. 
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FIGURE 25 
AF-400 Drive Inverter Phase Module 

40-60 KVA, 460V with front 
cover folded back Press-Pak main 

SeA cells stud mounted com mutating cells 
(Photo MG-5629-3) 

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

5. Check to see that all electncal connectIOns are tight. 

FILTER CAPACITOR REPLACEMENT 

1. Tools Reqmred: 
Ratchet - 3/8" 
Deep Socket - 7/16" for 3/8" ratchet 
Wrench - 7/16" box 
Screwdnver - 5/16" shank. 8" long blade 

2 Open all eletncal circuits to the case in which the 
Filter Capacitors are located. 
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3. Check voltage across capacitors (N2 to P2) with 
DC voltmeter. The capacitor discharge resistor (R1) 
"hould have reduced thiS voltage to 10 volts or below 
before work starts in the case. 

4. Disconnect the power leads to the capacitor. 

5. Loosen the capalctor clamp and remove the 
capacitor. 

6. When the faulty capacitor is replaced, make certam 
that the new capacitor IS connected to the electrIcal 
circuit with the same polarity OrIentatIon as was the 
faulty capacitor. 

7. Re-connect all power leads. 

8. If the replacement electrolytic capacitors have been 
on the shelf (non-operating) for longer than 6 
months, they should be formed. Refer to step 13 of 
the Start-up Procedure in the Start-up and Check­
out section for the proper forming procedure. 

FAN REPLACE,.,ENT - 10 to 60 KVA 

1. Tools reqUIred: 
Ratchet - 3/8" 
Ratchet Extension - 3/8", 6" long 
Deep Socket - 1/2" for 3/8" ratchet 
Nut Driver - 5/16" With 6" blade 
Screwdriver - 5/16" shank, 8" long blade 

2. Open all electrical cirCUIts to the case m which the 
faulty fan assembly IS located. 

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

4. DIsconnect the fan motor leads from the termmal 
board. 

5. Remove the mounting screws from the fan housing 
that holds the fan motor to the module rack. 

6. Remove the fan assembly. 

7 The repaired or replacement motor and fan 
assembly should be bolted m place. 

8. Reconnect the motor leads to the terminai board. 

9. Check all electrical connectIOns for tightness. 



to. Apply power to tlIP fan motor. Looking into the 
motor from the fan side, the rotatIOn should be 

counter-clockwise, and the air flow will be toward 

the top of the case. 

II. Open the electrical cIrcuit to the fan motor. If the 
motor rotation was incorrect, any two motor It'ad~ 

m,IV he I 11 It-rdldogt·d <illhf'!l'llIlIllal board to cOITed 

IIII~. 
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SPARE AND RENEWAL PARTS (HP related) 

\F-l·()() Drlv(' - 10 to 00 HP, 230 or 460 V()It~, AC, Three-Phase, 50 or 60 Hz 

PRINTED CIRCUIT CARDS 

Catalog Number 

193X:185AACOI 
19:1X:m7AAGOI 
19:1\:189AAGOI 
19:1\:)90AACOI 
193X:NIAAGOI 
I 9:1\:N 1 AAC02 
1 (X) \·t 7 5A A CO! 
1 93\·1.76AACOI 
19:1X 1.77 AACOI 
19:r\478AACO! 
19:1X n9AACOI 
I(BX480AACOI 

19:1X·~81 A\COI 

Description 

CommutatIOn Power Supply Card 
Current Isolator Card 
Pulse Transformer w/C.F.B. 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 

104\ 156CA 10 

IO-+\215BA012 

:>1 

DescnptlOn 

Control transformer assembly 
Transformer with connected wire harness 
Control transformer only 

Ventilating Fan 



I:Jl 
I:Jl 

Part Name 

Catalog Number 

AC Power Fuses Qty 3 
104X109AA 50 Amp 

60 Amp 
100 Amp 
175 Amp 
300 Amp 

AC Control CIrCUIt Fuses Qty 3 
104XI09BC 3 Amp 

AC Control Power Fuse Qty I 
104X109AD I Amp 

Inverter MaIn SCR Qty 6 
942B279 Assembly 
104XI25DA VOlt 

Inverter Mam DiOde Qty 6 
9428279CD Assembly 
957AC14BA Assembly 

104X125AA VOlt 

Commutatmg SCR Qty 6 
942B279 Assembly 
104XI25DA VOlt 

Commutatmg DIOde Qty.6 
942B279CD Assembly 
957A614BA Assembly 
104XI25AA VOlt 

Con verter SCR Qty 6 
942B279 Assembly 
104XI25DA VOlt 

I Phase Module Qty 3 
I 331X415AA 
331X414AA 

Converter Module 
Qty I I ,33IX425AA 

I 331X424AA 

FIlter Reactor - Ll Qty I 
104X220AB 

FIlter CapacItor Assembly 
36D877209AF 
36D877209AE 

I 
10 15 

007 007 

018 018 

075 075 

CDG02 CDG02 
127 127 

G06 G06 

131 131 

CDG02 CDG02 
127 127 

G06 G06 

131 131 

CDG031 CDG03 
083 083 

G03 G03 

G03 G03 

014 014 

G3 G3 

SPARE AND RENEWAL PARTS (HP RELATED) 

<\F-400 DrIVe - 10-60 HP, 230 or 460 Volts <\C, Three-Phase, 50 or 60 Hz 

DrIve HP R.tmg 230 Volts AC I DrIve HP Ratmg 

20 25 I 30 I 40 50 60 10 15 20 I 25 

005 005 
007 007 

009 009 009 

021 021 021 I 

I 018 018 018 018 018 018 018 018 018 018 

075 075 075 075 075 075 075 075 075 075 

CDG02 CDG02 CDG02 CEG021 CEG02 CEG021 CDG05 CDG05 CDG05 CDC05 
127 127 127 081 081 081 131 131 131 131 

G07 G07 G07 G07 
G04 G04 G04 G04 G04 G04 

G02 G02 G02 
132 132 132 132 132 132 124 124 124 124 

134 134 134 

CDG02 CDG02 CDG02 CEG02 CEG02 CEG02 CDG051 CDG05 CDG05 CDG05 
127 127 127 081 081 081 131 131 131 131 

G07 G07 G07 G07 
G04 G04 G04 G04 G04 G04 
132 132 132 132 132 132 124 124 124 124 

CDG03 CDG03 CDG03 CEGOI I CEGOI CEGOI CDG04 CDG04 CDG04 CDG04 
083 083 083 058 058 056 090 090 090 090 

G02 G02 G02 G03 G03 G03 
G03 G03 G02 G02 

G02 G02 G02 G03 G03 G03 
G03 G03 G02 G02 

013 013 013 012 012 I 012 014 014 013 013 

G2 G2 G2 Gl GI GI 
G3 G3 G2 G2 

I 
30 40 

007 

015 

018 018 

075 075 

CDGU5 CEG03 
131 060 

G07 
G03 
COl 

124 133 
135 

CDG05 CDG05 
131 131 

G07 

I 
G03 

124 133 

CDG04 CEG04 
090 057 

G02 GOI 

G02 GOI I 
013 012 I 
G2 Gl 

--- -- -

460 Volts AC 

50 I 

015 

018 

075 

CEG03 
060 

G03 
GOI 
133 
135 

CDG05 
131 

G03 
133 

CEG04 
057 

GOI 

GOI 

012 I 
GI I 

60 

015 

018 

075 

CEG03 
060 

G03 
GOI 
133 
135 

CDG05 
131 

G03 
133 

CEG04 
057 

GOI 

GOI 

012 

GI 

I 
I 
I 

o 
~ 
:;0::: 
~ 

~ 



'n 
0-, 

Pdrt'laml-'- till ( dldlng \jumbt'l 

Filter Capacitor - (1 
104X 122A 145 Qty 2 G3 
104X 122A145 Qty 4 
104X122A145 Qty 8 

Power CIrcuIt Breaker KIt Qtv I 
104X202EA 30 .... mp 
104X202EA 50 Amp GOS 
104X202EA 100 Amp 
104X203EA 200 Amp 

SPARE AND RENEWAL PARTS (HP RELATED) 

>\F-+OO Dr,,-e - 10 lu 60 HP_ ~30 ur +60 \ uit, \C, Three-Pha,p. 50 or 00 HI 
(contmued) 

[Irl\I' liP H.ltuW: [ 2m \ oJ I'- \( [ Dr 1\ ~ HI' H IlltH! 

11 20 2) \II 1 III 1 111 I t)o III I, I 211 I 
G3 (;3 G3 

G2 G2 ~ (;2 
Gl GI Gl 

G04 G04 
G05 GOS 

G07 G07 G07 
G03 G03 G03 

---- ---

.611 \ "I" It 

2-) HI 111 ")0 bll 

G~ G2 
Gl Gl Gl 

GOS GOS 
G07 G07 G07 



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 

6VPFlOAl 
6VREVlOAl 

104X166AA059 
6VFLTlOAl 

104X166AA060 
6VRUNIOAl 

104X166AA061 

REMOTE OPERATORS STATIONS 

Catalog Number 

6VOC72 
6VOC82 
6VOC52 

104X169AA008 
104X152AC027 
104X152AC027 

36B605269AAG05 

SPEED AND LOAD INDICATORS 

Catalog Number 

6VSSIl2Al 
104X1l7CC003 

6VLI12Al 
l04X1l7CC005 

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 - Start Stop 
Start Pushbutton 
Forward/Reverse Selector Switch 
Manual! Auto Selector Switch 
Speed Adjust Pot Assembly 

Descriplion 

Speed Indicator Kit 
DO-91 X 0-100% Speed Meter 
Load Indicator Kit 
DO-91 0-150% Load Meter 

Enclosure for 1 Instrument 
Enclosure for 2 Instruments 
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HOT LINE TELEPHONE NUMBER 

Tlu- Conlra('t Warranty for AF-400 drives is stated in the General Electric Apparatus Handbook, Section 105, 
l~nlW 71. 

Thl' purpO/il' of the following is to provide spf"cific instructions to the AF-400· user regarding warranty and 
atlmini!'tration and how to obtain assistance on out-of-warranty failures. 

AF-400 DRIVE POWER UNITS (10 to 60 HP) 

Tht' warranty covers all major parts of the power unit, such as printed circuit boards, SCR modules, etc., but does 
nol provide for replacement of fuses or the complete power unit. 

I. In the event of failure or misapplication during "in warranty" refer to the instruction book to identify the 
defe('tive 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) 

Befnrl' culling, list Catalog numbers of the power unit, motor, operator's station or modification kits. 

AF-400 DRIVE MOTORS 

AL motor rt'pairs are generally handled by General Electric Apparatus Service Shops. For spedfic instructions 
on your motor, call tht' number listed above and furnish complete nameplate data. 
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GLOSSARY OF TERMS 

Page 

APL - Inverter Control Plug - Phase A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6, 18, 20, 29, 30, :32, 33, 42, 43 
ATIM - Acceleration TIme Adjust - Regulator Card ....•.........•..................................... 2:~ 

BPL - Inverter Control Plug - Phase B .................•.....•............ 16, 18, 20, 29, 30, 32, :33, 42, 4:1 
BF - Base Frequency Adjust - Regulator Card .............................................. II 20, 23, '27 

Cl - Converter Filter Capacitor ...................................................... 16, 17, 18 ~-\5, 41, 42 
CB - AC Power Circuit Breaker ...................................................................... 16 
eFA - Current Feedback Adjust - Current Isolator ......•.................•.............. 13. lH, 20, 30, :n 
CLIM - Current Limit Adjust - Regulator Card .................................. " .......... 2:" 2/1., 27, :m 
CLP - COlllmutating Reactor - Positive ..................................................... 0, 17, 18, :s2 
CLN - Commutating Reactor - NegatIve.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9, i 7, 18, :32 
CLST - Current Limit Stability Adjust - Regulator Card . . . . . . . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . .. II, 23, 2·~, 28 
CN - CommutatIOn Power Supply - Negative •........................................... 17,33,41,42, t3 
COC - Commutation Overcurrent Trip - Inverter ........................................... 12. 25, 26, 29 
COM - Common POInt - Control •..••..•..•.•...••....••.•..... " .. ... .••.••..... ••.. .•••.•.. 23,27, 33 
CP - Commutation Power Supply - NegatIve ...................•....•................. 16, 17, 32, 41, 42, 43 
CPL - Inverter Control Plug - Phase C .................................... 16, 18, 20, 29, 30, 32, 33, 42, 43 
CSN - Commutating SCR - Negative .................................•.................. 9, 17, 48, 49, 50 
CSP - Commutatlng SCR - Positive . • • • . . . . . . . . . . . . . • . . . . . . • . • • . . . . . . . • . • • . . . . . . • • • . . . . . . .. 9, 17, 48, 49 
eTC - Current Transformer - Commutating •............................................... 12, 17, 18, 32 
CUV - Control Undervoltage TrIp - Inverter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12, 25, 29, 30 
CYR - Converter Voltage Reference •.•..•........•.•.••.......•..••..•...••.......................... 27 

DFS - Delayed FirIng Signal .....................................•.................................. 10 
DPL - Converter Control Plug. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16, 18, 20, 21, 29 :30. :31. iJ 
DMF - Decrease to Minimum Frequency SIgnal ........••..............•.....•...................... 10, '27 
DTIM - Decel Time Adjust - Regulator Card ................•........................................ 2;{ 

FR - Fast Acceleration/DeceleratIOn Rate .... . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 
FTR - Fault TrIp - Readout Signal ..............•....•....................................... " .. 10,31 
FUI-3 - Main Power AC Line Fuses... .......... . . .......... ...•................ ........ ...... 16, 17, 18 
FU4-6 - Control CirCUIt Fuses .............•.•.....••••••..•..•..................•••••..•..••••.•• 28, 30 
FU7-115V AC Control Power Fuse •••......•.•..........•......••.•.••••.•.•••.........•••.•..••.•• 16, 31 
FYR - Frequency Voltage Readout Signal ...................................................... " .. 11,27 

IF - Inverter Frequency Light - System Card . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10, 20, 25 
JOC - Instantaneous Overcurrent Trip Light. . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . • • • • . . . . . . . . •. 13, 25, 26, 29. 30 
JOF - Inverter Overfrequency Trip Light. . . . . . . . . . . . . . . • • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 13, 25, 29 
IRC - IR Compensation Adjust - Regulator Card ..................•..•...•..................... 11, 22, 28 
IS - Inverter Start Relay - Option Card. • . . • . . • • • . • • • • • • • . • • • • • . . . . . • . . . . . . . . . . • . . . • . • . . • . . . . . • . • • • .. 29 
ISN - Inverter SCR - Negative ...•............. " ................•.•............•. 8,9, 17,48,49, 50, 52 
ISP - Inverter SCR - Positive .....................•..•.••...•..................... 8,9, 17,48,49,50,52 
ITOC - Inverter Time Overcurrent Trip - Inverter ...................••....•.......•.. 10, 25, 26, 27, 29, 30 

LCS - DC Link Current Signal. . . . . . . . • . . . . . . . . . • . • . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 13, 22, 30 
Ll - Converter Filter Reactor •.....•••..•.••....•....•................•................... 16, 1'7, 18, 36 
LSH - DC Link Shunt •••.•.•....................•.•••...•••••••••••••.•.•................ 16, 17, 18,20 
LOY - DC Link Overvoltage Trip.................. .. .•.... .... ....................•••.•••.•.. 12,26.30 
1 Ll - lL3 - Commutation Power Supply Input. . . . . . . . . . . . . . . . . . . • • . . . • • . • . • . . . . . . . . . . . . . . . . . . . . . . . . .. 17 
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MINF - Minimum Frequency Adjust - Regulator Card ............. , . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11, 23, 30 
MVFR - Minimum Voltage Frequency Readout .............. " .... , ..............................•... 10, 31 

Nl - Negative Converter Output ................................ "" .. ........ 15, 32, 33, 35, 36, 41, 47, 48 
N2 - Negative Inverter Input ................................... ,. 9, 15, 16, 20, 21, 28, 31, 33, 41, 42, 43, 53 

PI - Converter Output - Positive ................................................ 15, 16, 21,33, 41, 47, 48 
P2 - Converter Filtered Output - Positive. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9, 15, 16, 20, 21, 36, 42, 53 
PS/LOP - Phase Sequence/Loss of Phase TflP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12, 18, 20, 26 

Rl - CapaCItor Discharge Resistor. • • . • . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . • . .. 17 
REF - Reference Input Signal. . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . .. . . . . . . . . .. 18, 21, 27, 28 
RFV - Reference Frequence Voltage .................•................................................ 11 
RFl· 7 - Isolation Feedback Resistors ................................................................. 30 
RR - Run Readout ................................................................................ 10 

SR - Inverter Synchronized Readout Signal ......................................................... 10, 29 
SYNC - Invt'rtpr LInt" SynchrOnIzed Light .................. " ............................... 10,25,28,29 

'1'\ I - I ,()lltrol Tran~forll1Pr .•••••••...•••...•..••••..•••.....•.•••••..•••••..•••••.••••...•••••••••• 10 

VB - Voltage Boost Adjust - Regulator Card. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11, 22, 27, 30 
V 1Hz - Volts per Hertz Adjust - Regulator Card .................................................... 11, 22 
VLIM - Voltage LImit Adjust - Regulator Card. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. 11, 23, 27 

XFR - External Fault Reset - Input Signal ................................................ , .......... 10 
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