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GENERAL LIFT ONLY WITH Al)EQUATE EQUIPMENT AND
TRAINED PERSONNEL.

INTRODUCTION
STORAGE

This instruction manual is structured around a general
purpose drive. It is a guide for the installation, checkout Th,s equipment may he nlored at ambn'nt tcmperalures ot
and operation of the eqmpment furnished with general --20°Cto+40°Cforaperiodot ul, l. ,m(' year. Alt muslhe
troubleshooting procedures for the basic drive. It is free of chemlcaland electrically conductlw_contam,nanl,,,,
designed for the installation or maintenance electrical and other conditions must be such that no moisture
technician or engineer. In order to use the manual condensation occurs m or on the eqmpment.

elteet_vely, the individual must be familiar with basic
electromc terms and concepts and be able to use the In add,t_on, when a control thal has he,'n m operation _',
required test eqmpment effectively, shut down for either a ,,h._ t cr cxt_mded pcr,_d o[ tm,', _t_,,

reconlinellde(] the ellvIrOlllllCllldl ('()lidlllt)ll',, he IIHilllldlllCd

Any special purpose equipment, as requested on the order, the same a,_ wht'n ,] ot,e_at_,,a
will normally be covered in the schematic drawings

It is recommended that space heaters or equivalent dev,'e.,,included with this package. These instructions do not
purport to cover all details or variations in the equipment be used to maintain the equipment m its normal operating
nor to provide for every possible contingency to be met in enwronment (temperature).
connection with the installation, operation or
maintenance. Should further information be desired or The electrolytic filter capacitors reqmre "forming" after a

should particular problems arise which are not covered six month or longer storage period without bemgenergized.
sufficiently for the purchaser's purpose, the matter should It i$ necessary to form th,' capacitors to prevent exce,,,s,w'
be referred to General Electric Company. leakage which can result In capacitor failure. The

procedure for forming the filter capacitor ,s g_ven m step 13

RECEIVING of the Start-up Instructions.

SAFETY RECOMMENDATIONS
The equipment should be placed under adequate cover
immediately upon receipt as packing _s not statable for out-
of-doors or unprotected storage. Only quahfied electrical and electromcs personnel should

install and maintain this equipment. They should read thc

All equipment is factory inspected before shipment and is complete instructions prior to applying power or
shipped m good condition. Any damages or shortages troubleshooting the equipment. They should heed all
evident when the equipment is recewed must be WARNING and CAUTION notes or labels listed ,n this
imme&ately reported to the commercial carrier who Manual or posted on the equipment. Definitions of label
transported the equipment. If required, assistance may be terms and colors are as follows:
received from General Electric Company, Speed Variator
Products Operation, Erie, PA. When seeking assistance, WARNING
please use the purchase order number, requisition number,

DENOTES OPERAq'ING PROCEDURES AND
serial number, and model number to help us in assisting

you. Telephone (814)455-3219. PRACITICES THAT MAY RESUI.'F IN PERSONAl,
INJURY OR LOSS OF LIFE IF NOT COI1RF,CTI,Y

HANDLING FOLLOWED.

Power units can be transported by lift trucks with the forks COLOR: BLACK OR WHITE LETTERIN(3 ON RH)
completely under the wooden shipping base. Crane lifting FIELD.
eyelets are supplied on the top of the unit for handling by a
cram'. A spreader bar must he used when lifting tronl CAUTION
iihove.

I)ENOTES OPERATING PR()(_EDIIRES AN!)

WARNING PRACTICES THAT, IF NOT STRICTI,Y ()BSEI/VI,;I),
MAY RESULT IN DAMA(,E TO, OR DESTRIJ(YI'I()N ()F,

IMPROPER LIFTING PRACTICES CAN CAUSE THE EQIIlPMENT.

SERIOUS OR FATAL INJURY. __ COLOR: BLACK LETTERING ON AMBER I;IEI.!).
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INSTALLATION
LOCATION

AF-400* drive power units are suitable for most factory CAUTION
areas where other industrial equipment is installed. They
should be Installed In well-ventilated areas wnh ambient IF CONDUIT ENTRY OPENINGS ARE TO BE CUT IN
temperatures rangmg from IO°C(50°F) to 40°C(104°F) THE TOP OF THE CASE, ADEQUATE PRECAUTIONS
and relative humidities up to 00%. It should be recogmzed, SHOULD BETAKEN TO PREVENT METAL PARTICLES
h(iwever, that '6ncc the life expectancy of any electronic FROM ENTERING DEVICES AND COMPONENTS
component decreases with increased ambient temperature,
reduetl(m of the ambient temperature will bring about OPERATOR'S STATION
extended eoml_tnlent life. For example, longer component

hie slmuld be expected if the ambient temperature is held The Operator's Station must be &sassembled for mounting
between 20°C(68°F) and 30°(1(87°F). and wrong. First, remove the screws securing the cover to
Proper performance and normal operational life can be the Operator's Station enclosure and then remove theexpected by maintalmng a proper environment for the
drive system. Environments which include excessive cover (with control devices mounted on the cover) from
amounts of one or more of the following characteristics the enclosure.
should be considered hostfie to drive performance and life:

When using either rigid or thin wall conduits, it is generally1. Dirt, ttusl and foreign matter.
2 V_bration and shock, easier to attach the unit to the end of the conduit before

3. Moistureand vapors, locatingand installing the mounting screws.
4. Temperature excursions.
5. (]auqtlc fumes. Mount the Operator's Station on any firm, reasonably flat,
6. Power line fluctuations, vertical surface by means of mdunting holes in both top
7. Electromagnetic interference (noise). back and bottom back of enclosure. The Operator's Station

is suitable for either wood screws or No 10 machine screws.
WARNING

EQIIIt'MENT S!I()IJLD NEVER BE INSTALLED AC MOTOR(S)
WIIERE IIAZARDOIIS, INFI,AMMABLE OR

I_OMBIISTiltI,E VAPORS OR DUSTS ARE PRESENT. A separate instructmn book is provided giving informatmnSIJFFICIENT CI,EAfIANCE IN FRONT OF THE UNITS
on location, conduit location and mounting of theS}t()[JI, D lie ALLOWED FOR ACCESS FOR

MAINTENANCE f)R REPAIR motor(s). The motorts) should be mounted on the driven
machine (or as appropriate for the installation) before

CAUTION proceeding with wiring, set up and adjustment.

Tills EQIIIPMENT IS DESI(,NEI) TO OPERATE IN A
NORMAI_ INI)IJSTRIAI, ATMOSPHERE. OPERATING ELECTRICAL WIRING &
RADIO TRANSMITTERS NEARBY MAY (;AUSE THE iNTERCONNECTIONS
I;ONTROL iqQtlIPMENT TO MISOPERATE. IT IS

RE(X)MMENI)ED THAT RADIO TRANSMITTERSNOT All wiring shall be m accordance with the National
BE OIq_;RATED WITHIN THE VICINITY OF THE Electrical Code and be consistent with ail local codes. All

f:ONTR()i, EQIIIPMENT WHEN 'FILE PANEL DOORS internal electrical connections between components in the
ARE ()PEN, N()R AT ANY TIME WITHIN THE power units are made at the factory. When mstalhng AF-
I;(}NHNES ¢}F THE POWER CONTROL ROOM. 400 drives, all connections should bechecked for tightness.

MOUNTING Connections may become loose in shlppmg or storage. A
POWER UNIT diagram showing the connectmns between the power unit

arid the related components is furnished with the

/'hr ,t,lmlald pnwel unit is ,_(1"high, 2,5" wide, 20' deep, equqlntent. All terminals lo which the external
NLM ,\ I ciMO._llrCntOllllted on I 1" high [,,ts(, Total height connections are to be made are numbered on the diagram.
(.qual_ 61" (:aw_ inay be bolted down IlSmg 3/8" diametel The eqmpment should be wired as per the elementary

mounting bolt_ or stud,; through holes prowded In base diagram and verified by continuity tests It is
feet. Cases may be bolted to a wall throug}i holes provlde(l recommended that as each connection or wire is connected

ltl the top flange Conduit entry openings with removable to the equipment, it be checked off on the elementary
covers are provided in the top and bottom of the case. See
Fig. 1. If .',tudqare cast in floor, they should extend 3 1/2' diagram.
Inlninlum abow' floor. Corldult entry openings through the
ba,,e are fitted with removable sheet steel covers. Other

{'lindu,t entry area ISavafiable through the top of the case.

* Trademark of C;eneral Electric Company, U.S.A
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WARNING description and operating explanation of each system
block, starting with the power blocks and finishing with thc

ALL MOTOR BASES AND EQUIPMENT ENCLOSURES control blocks.
MUST BE CONNECTED TO THE FACTORY OR

FACILITY GROUNDING SYSTEM. CONVERTER MODULE

MOTOR(S) CONNECTIONS The converter module is a three-phase, full-wave controlled

rectifier which converts the incoming three-phase AC
The motor leads should be connected for the drive power to variable voltage DCpower. ThesixSCR converter
nameplate voltage rating according to the connection is shown in more detail in the power circuit of Figure 3. The

diagram plate on the motor(s). Connecting wire sizes and SCR snubber circuits (not shown) act to protetq the
motor protection should be selected in accordance with converter SCR's against voltage transients. The converter

NEC Standards based on the motor(s) nameplate data. Be module also contains the commutating power supply (card)
sure to connect motor thermal switch (if supplied) back to and the commutating feedback circmtry described below.
the power unit. Tape all motor connections. The converter DC output by adjusting the firing p(,int of

each SCR relative to its AC supply phase vohage. The
POWER UNIT CONNECTIONS resultant DC output voltage, therefore, contains a six tlnles

AC supply frequency ripple component of voltage Tins

Electrical codes generally reqmre the use of a fused ripple voltage must he filtered to improve the wave-form
&sconnecting switch or ctrcuit breaker in the AC power before being applied to the inverter sectton.
line ahead of the power unit and transformer (if used). The
disconnecting switch and fuse (or circuit breaker) should DC LINK FILTER
be selected in accordance with the National Electrical Code

and/or local code requirements based on the power input An iron core reactor L1 and a bank of electrolytu' ('apacm)r_
data on the power unit nameplate. If any additional relays, CI act as an LC filter in the DC hnk, aa .',hown m I"lgme 3.
solenoids, brakes, etc., are added to the system, R.C. In addttion to fihermg the output of the co,tvcrte,, H al,,()

suppression networksmustbeaddedacrossthecoils, (.5uf, prevents inverter commutation t,'anslents trom t)e,ng
220 ohms @ 115/230V). applied back to the converter The (]1 (:apaclhn',ll,,()a(q, t,,

,upi)IV motor reactive power.
OPERATOR'S STATION CONNECTION

Using the elementary diagram, make all the required wiring INVERTER MODULES
connections between devices in the Operator's Station and

the connections to the power unit. Reassemble the The three-phase inverter consists of three_dentical single-
Operator's Station. Carefully dress the interconnecting phase inverter modules, as shown in Figures 2 and 3. Each
wire into the back of the station so that the device assembly module consists of two inverter SCRs, two commutating
may be installed. Keep the wires away from sharp edges and SCRs, two bypass diodes and an LC eommutating ,'re:ult.
do not force the device assembly into place. Replace the Output phase A (TI) of Figure 3 will be described, since all
station cover and secure with cover retaining screws, three phases operate in an identical manner, except h_r

being displaced by 120 degrees in phase relationship. For
DESCRIPTION simphcity, only Phase A commutating circuit is shown.

The AF-400 is an adjustable frequency AC motor drive The AC motor lead TI is alternately connected to the
designed for industrial applications. Either single motor or positive P3 DC bus or the negative N2 DC bus, by inverter
multi-motor operation from a single power unit can be SCR's ISP or ISN, respectively. The frequency Hist
accomplished. Adjustment of motor speed ls achieved by terminal T1 is alternately connected to the two i)C

changing both motor frequency and voltage. This is potentials is the fundamental frequency applied to the AC
accomplished in separate sections of the drive, since the motor, which determines its speed.
AF-400 is a variable voltage I)C link type of inverter.

Although an SCR can readily be turned on by at)plying a
The various modules and components to be described are firing signal to its gate, it must be commutated off by
physically located m the AF-400 power unit as shown in supplying an alternate path for the current which was

Ftgure 1. These modules and components are also shown in flowing through the SCR, and by applying a small reverse
the system block diagram of Figure 2. Following, is a
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v.hage to the SCR for a short period of txme. This is The commutation losses, although small m relation to the
accomphshed bv means of thecommutatingSCR's CSPand total commutation energy, must tie replaced in order tc
I24N, arid by the commutating reactor LC and commutating keep the commuation capacitor charged up to the proper
capac,torCC. voltage Theselossesarereplacedfromthevariablevoltage

DC link (P12 to N2) when it is near its maximum value.

At the tlnle when inverter SCR ISP ts to be commutated off, The amount of energy replaced, and thus the level of the
,*apacltor CC ,,4charged such that the T1 side is posture, commutation capacitor voltage, is determined by the firing
When commutat,lg SCR (;SP is fired, the motor current point of the oncoming inverter SCR in the commutation
fi.wing through ISP is diverted to the alternate path of losses are replaced from another source, the commutation
(:SP, CLP, LC arid CC due to the voltage charge on CC. power supply.
When the commutating current In this alternate path
exceeds the motor current, no more current exists m ISP. COMMtJTATION POWl::lt SUPPLY

.a,scapacitor CC discharges further, the excess commuating
current (above the motor current level) flows through the This card contains three diodes and two resistors (R3 and
I_I>and diode DP back to CSP. The voltage drop across DP R4). It is located in the converter module (lower left hand
produces a small reverse voltage across ISP to cause it to rear). These devices are all relatively small since the
return to ItS blocking or off state. Therefore, for successful commutating losses this card furnishes are a very small
comnlutatmn, the commutatmn current must exceed the percentage of the drive rating.
nlot.r current for the amount of turn-off time required for
tin* SCR. In order to minimize this time and the The diodes, tn Figure 3, form a three-phase, half-wave
cmnmutating energy required, special inverter grade SCR's bridge which operates in conjunction with the negative
arc, used which have a short turn-off time. SCR portmn of the converter (1SN, 2SN and 3SN) to

provide a constant voltage bus relative to DClink bus. This
'l'hc con.nutatmg current pulse takes the form of a half- DC supply is filtered by resistor R3 and capacitor C2.
(.ych. s,m. waw, because Jif the lnteractmn of capacitor CC
w,th reactor I,C After the commutatingcurrent peaks and The amount of energy furnished by the commutation
qarts dimlrnshlng, the charge on capacitor CC reverses, power supply to each inverter phase commutation circuit
ami tbe energy stored in reactor LC charges CC up in the depends, on the level of the DC link voltage and on the
{q)posm. direction. At the point in time when the point xn the commutation interval when the appropriate
cmnmutating current falls below the level of the motor mlcommg reverter SCR is fired Since the energy loss per
current, the current in diode DP goes to zero and the c.mmutation is small, the losses are replaced only every
potential of ibp TI motor lead changes from the inverter other commutatmn m each phase; that is, only duringeach
positive bus P3 to t}le negative bus N2 so that diode DN can positive inverter SCR commutation ,n each phase. The
lurnlsb the motor current. The above action occurs if the drnver regulates the commutatxng current and voltage over
,incoming inverter SCR ISN is not fired before this point in the whole DC link voltage operating range, irrespective cf
tm,. If ISN _s fired earher, the transition of T1 from how much of the commutatlng losses are supplied from the
posllJw' to negatiw' bus wall occur earlier m the commutating power supply or from the DC hnk.
omlnulatmn ,nterval. In any case, capacitor CC becomes

('hargcd up m the opposite direction (TI side negative) at PROTECTION AND COOLING
ttxc end of the IbP commutation interval. It is now charged
corre,'tly to comnlutate off inverter SCR ISN when Drive short circuit protection is prowded by current
cmnmutatmg SCR (:SN is fired. This commutatmg action hnntmg uses in the AC supply. An incoming circuit breaker
I", lhe ,dine ti'.,the one just described. At the end of each eau be supphed (if ordered) to provide both AC
cornmul,tllng interval, the commutatIng SCR is (hsconnection and short clrcmt protection.
,*ommulatcd oft by the ('barge on capacitor CC producing a

re.verse voltage to (lie corrimutatmg SCR which had just I-'.wer unit cooling is prowded by a fan whlch is mounted at
|)eerl condu_ ling. the bottom of the power unit case, as shown m Fig. 1. A

thermoswxtch, which opens on an overtemperature
T}xe four leg reactors, CLP, CLN, LP and LN act m c.ndltmn, is placed xn the coohng air stream to detect fan
conjunctmn with the SCR snubber clrcmts (not shown m tadure. This switch may be connected either to shut down
Figure 3) to l,mlt dv/dt arid protect the SCR's against the d,uve or sound an alarm.
w)ltage trans,t'nts The leg reactors also serve to limit
current it' an inverter fault should occur.

10
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SYSTEM CONTROL A DMF input provides a special decelerate to minimum
frequency operation, from the set reference level, without

The system control and associated operator's devices will stopping the inverter, the deceleration can be connected to

vary considerably depending cn the application of the the inverter at this minimum frequency operating level
drive. Refer to the system elementary diagrams and w_thout disturbance, and will then be accelerated to the

instructions for description of the AF-400 general-purpose reference level at the set timed rate when the l)MFslgnal is
drive. See drawing 36B590264AA, sheets 1 through 7. removed.

DRIVER MODULE The minimum voltage and frequency detection logic
contained on this card provides an MVFR signal readout toThe driver takes the operator and system control
alert the system control when this drive condition IScommands and translates them into SCR firing signals to
reached. A Run R readout provides a signal dependent onthe various power modules to obtain the commanded drive
whether the inverter is operating or in a stopped condition.operation. It makes use of several voltage and current
An IF indicating light on this card gives a visual idea offeedbacks to monitor the commanded operation, and to
reverter operating frequency by its blinking frequency.protect the drive from misoperation and fault conditions.

It contains adjusting means to provide the desired
operating performance. It also contains indicating lights to
provide visual indication of operating or fault conditions. If a fault shutdown of the drive occurs due to any cause, the
Finally, it provides a number of signal readouts to alert the FTR readout provides a signal for the system con t roi. Reset
system control of various operating and fault conditions, of the fault logic and fault indicating lights will normally

occur if a normal stop operation is accomplished. However,

The driver rack shown in Figure 1 contains five control if a separate fault reset operatmn is desired m addimm to

cards plus a power supply card. The control power the STOP operation, the XFR input can be used for this
transformer (TX1) is located on the commutated capacitor purpose.
panel directly below the ventilating fan. In ad&tion, the
optional meter card can be pro,tided (if ordered) for drive An inverse time overcurrent trip function, phis trill

set-up and diagnostics. All cards are plug-in type for ease of indicating light ITOC, is provided to shut down the drive
replacement, lnterc0nnections between driver and all This operates immediately for overcurrents above 175 to
power modules is by wire harnesses which plug into 200% of rated current. For overcurrents where thecurrent
receptacles at both ends. Inputs and outputs are on limit function on the Regulator card Is hmiting, the
terminal boards located on the bottom front of the shutdown wdloceurm 15 seconds to 1mmute atler('u_r(.n_

commutating capacitor panel. See connection diagram for hmitmg begins, depending on the over('urrent level.
the reverter, 36D870007AA, Sheet 5 for inputs, and
outputs, and for card layout and interconnections. If synchronization of the reverter frequency to another

frequency is desired, a SYNC signal input will cause the

A functional block diagram of the driver is shown in Figure inverter frequency to change from the reference lew.q lo
4. A more detailed description ofthedriver functions on the external frequency level, and to h)ck into that
each card, plus signal flow, is given under the following frequency. A digital discriminator compares the inverter
card headings. Also refer to the "Driver Notes" on the frequency with the external frequency, and provides logic
driver elemenatry diagram for detailed information on signals to the Regulator card to cause the inw:rter
inputs, feedbacks, adjustments, readouts, etc. frequency to be synchronized to the external frequency m

the correct phase relationship. When phase and f,'c(luency
SYSTEM CARD lock-in is achieved, a SYN(: indicating hghl on the card

lights and an SR inverter synchronizcd read(m! signal I,_

The system card consists mainly of logic elements, andacts provided. Note: This feature is not required Ior (;P,
as the logic interface between the system control and the General Purpose drives.
driver.

The Start-Stop logic insures that starting occurs at REGULATOR CARD
minimum frequency and voltage, and that acceleration to
the reterence input is through the timed acceleratmn The regulator card contains mainly analog regulating
circuit. Stoppiag is accomplished by first decelerating at circuitry plus adjustment potentiometers Ill the driw:r.
the set timed rate until a low voltage level Is reached, at
whmh time the reverter Is stopped.
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A,lidpomt control voltage level (+10 volts) isgenerated on regulating range, and is also Important in limiting the
thru card to provide a midpoint around which the internal inverter voltage when motor transfer from inverter to AC
regulating control can swing both positive and negative, supply is done. (Not required on GP, General Purpose
}tnwe,ver, all input and readout control signals are relative droves).
to the control power common potential.

The amount of IR compensation reqmred is dependent on
q'}ns card accepts the analog reference input and, except the amount of motor torque required to start the driven
when th_s signal is clamped at zero or some other level by machinery and to run at low speeds.
the _tart-stop or other log,(: on the System card, applies it to
Ihe linear ti,ling circuit. This function prov.desseparately The voltage regulator compares this modified reference
adlusta}fie timed acceleration and deceleration to or from with a feedback signal proportional to converter DC output
fin, ,_et reference level, or to a new reference level. The voltage which is obtained from the Converter card. The
,nnng is adjuslaMe from 5 to 50 seconds for a maximum output of the voltage regulator is then fed to the Converter
reh'rence change ,1 either direction. A substantially faster card as the reference signal to the phase control.
acceleration or deceleration time than the setting can be

mttmted by an FR logic signal from the System card. The other path of the RFVreference signal to the frequency
generator is affected by the adjustment of two

An adjustabh' ,Iotor current hmlt function is prov,ded to potentiometers and a jumper selection. The/I/INF meter
,)vermdc the analog reference if motor current exceeds the adjusts the irrverter minimum frequency from 3% to 12%
current l,m,t setting This setting can be adjusted from of set base frequency. For RFV reference levels below the
60% to 150% of rated drive output current. Acurrent limit set minimum frequency level, only inverter voltage ts
qabllity potentmmeter CLST is adjusted depending on the decreased. The BFpotentiometer adjusts the inverter base
motor an,t h,ad inertia to obtain stable current limit frequencyoveraminlmum2tolrangewithlneltherofthe
operation. T}le analog reference, linear timing and current three base frequency ranges, 37.5 to 75 Hz, 75 to 150 Hz, or
lnmt functlona are all bypassed when the inverter 150 to 300 Hz, selectedbythejumperontheregulatorcard.
frequenl'y ,_ wnchronlzed to an external frequency by An external base frequency adjustment pctentrometer may
mearl,_of logic mi the System card. However, the output be connected to modify the card setting by as much as plus
h'w'l of the hnear timing c,rcult then is determined by the or minus 50%, within the 300 Hz maximum frequency
_ynchrmnzed tt'equelrcy, such that when synchronized rating.

operation ,s emhM, tire drive will return to the analog
refe. ence lev{4 al the set linear time rate. The frequency generator takes the analog frequency

voltage signal and converts rt Into a pulse train whose
NOTE frequency is 6 times the desired fundamental motor

frequency. This frequency signal rs the fed to the Inverter
T!tlS FEAT[IRE IS NOT A REQUIREMENT FOR GP, card. The analog frequency voltage signal Input to the
(;ENERAI, PI.IRI'OSE DRIVES frequency generator is also used to provide the FVR

frequency voltage readout, which is a voltage signal
The re,,ultant RFV output slgrlal is fed to both the voltage proportional to actual inverter frequency.
regulator and the frequency generator in two separate
paths. The stability-slowdown control provides the following

three funetmns:

Thc r('liq'Cl,('c [O the w_ltage regulator is affected by the
adju.,4me,t ot three potentmmeters. The V/Hz 1. Prov,des stabilizing for motors at their underdamped
p(_tentl{mletel prov.dcq a vernier adjustment of the volts operating points
per },'rtz M' thc mw, rter w.thm +15%,-5% of nominal. The

w}ltagc boost potentiometer VB adjusts the fixed amount of 2. Overrides the frequency reference, when it calls for
_oltage wh,ch _s added to the inverter, irrespective of substantially faster than motor coast slowdown, to

frequency, to overcome the motor IR drop. It is adjustable keep the volts/Hz apphed to the motor within normal
from zero to 7% of rated voltage The third adjustment, the limits.
vohage bruit potentiometer VLIM, is an initial set-up

adjustment which prevents the converter from turning 3. Provides system stabdlzlng during slowdown and
completely on and saturating. This adjustment limits the current hmlt operatmn
max,mum inverter AC output voltage to be slightly less
than the A(' supply voltage. Th.s function keeps the
qabihty-slowdown control (described later) in its

12
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The stabfilty-slowdown control is only effective during INVERTER CARD
analog reference operation, being locked out when the
inverter frequency is synchronized to an external The Inverter card controls the inverter commutat,,n

frequency, processandprovidesfaultdetectionandinvertershutdown
logic.

CONVERTER CARD

The six times fundamental frequency pulse train generated
The Converter Card controls the firing of the converter on the Regulator card is used to initiate each commutatmn

SCR's to obtain the correct DC link voltage to be applied to interval, since there are six inverter commutations per
the inverter, cycle. The commutation control generates tile logic signals

which are fed to the Phase Logic card to accomphsh the
The three AC supply phase voltages are fed to this card following inverter firing sequence during each
through high impedance isolating resistors contained m the commutation interval:
wire harness. The Converter card isolating circmts

produce three voltage signals equivalent in phase 1. Stops firing the inverter SCR to be commutated off.
relationship and magnitude to the AC supply phase to

neutral voltages. These signals are used in the phase 2. Fires the proper commuta,on S(:R to begin the

control to determine the correct firing points of the six commutation process.
converter SCR's, They are also used to detect incorrect

phase sequence or loss of one or more phases, which 3. Initiates firing of the proper oncoming inverter S(:Rs
produces a PS/LOP light indication and prevents drive at a point sometime after the midpoint of the
operation under these conditions, commutation interval, dependent on the

commutation current regulator.
The phase control takes the Regulator card voltage

regulator output and uses it in conjunction with the three A jumper on this card sets the correct commutation timing.

AC line signals to generate the six converter SCR firing This jumper placed on the 230V AC or 460V AC position
signals. These six firing signals are modulated bythe firing depending on the equipment rating.
oscillator signal from the Inverter card to produce pulse
train signals, which are amplified and fed to the Pulse

The commutation current regulator affects theTransformer card in the converter power module. The
commutation interval firing in order to maintain theactual amplified firing signals are fed from a delayed firing

supply from the Inverter card which delays firing signal commutation capacitor voltage within the desired limits
transmission until the control has settled down after driver over the whole inverter operating range for proper SCR

energtzation, commutation. This is accomplishedby monitoringthecommutation current feedback from the Current Feedback

circuit ]n the converter module. The current peaks areThe converter output voltage is fed back to this card

through high impedance isolating resistors in the wire compared to a desired level and the regulator then initiates
earlier or later firing of the oncoming inverter SCRs m the

harness. The isolating circuit produces a converter voltage commutation interval to control the amount of energy
feedback signal which is fed to the voltage regulator, on the added to the inverter commutation circuit. If the

Regulator card. commutation current and voltage become too high because
of excessive motor current or circuit misoperatlon, a

The DC link voltage applied to the inverter is fed back
commutation overcurrent detection (uremt produces a

through high impedance isolating resistors in the wire
CDC light indication and an immediate drive shutdown.

harness. Its isolating circuit produces a link voltage

feedback signal which is fed to the stability-slowdown The pulse train oscillator on this card produces a pulse
circuit on the Regulator card and to the minimum voltage frequency which is used to modulate the continuous bringdetection logic on the System card. It is also used to detect

signals generated on the Converter and I'hasc I,(,gic ('ards
DClink overvoltage, which produces a LOV light indication The resultant firing signals are then appln.(I ti) pulse
and an immediate drive shutdown, iran,d.lmel s iii Ill(' l)ow(,r moduh,s I(i .bhtin ISlllatlt)n (if

thc ('()nlfol Ji'.m thc power,
Converter firing shutdown, after a fault is detected, occurs

tn two steps. The first step is an immediate phase back of The delayed firing _upply on this ('ard is ,_f'd to pr,,vnh.
firing signals to the maximum retard condition to quickly firing signal power on the (]onverter and Pha,,e !,og,' cards
reduce converter output current to zero. The second step This supply IS [lot energized until approxnnately I second
occurs about 0.1 seconds later when all firing signals are
locked out to stop converter operation.

13
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,tt.q driver ,'mllr. I power 1,4apphed s,, that the control The fault shutdown hlgi,: produces an immediate reverter
h)gn can brcmm' operative before any SCR firing is shutdown in response to fault logm signals from the
p.,,sd)le Il' ti.' delayed firing supply voltage goes below a Inverter card. This logic locks out all normal inverter firing
_et I(wel, ar} immediate drive shutdown Is produced and the signals and produces a firing of the six inverter SCRs to
cmBtr.l underw)hage hght (;I!V will light. If the main +20 produce a shoot-through commutatmn of the whole
v. II ,'nnlro] vt,Ih,go goes beh)w approxmmtely 18 volts, it inverter.
,ll,,o produces an lmmedmte drBve,,hutdown and CUV light
mth,'atmn In a,hhtimi the ,Mayed firing supply is locked POWER SUPPLY CARD
mi! h)r control voltages under the shutdown level so that

madvert¢.n! SI:It tlrlrlg cannot m cur A 26 volt winding on the control power transformer
provides single-phase AC power to the Power Supply card.

A short cJrctm fault in any phase module of the inverter A full-wave rectifier and filter capamtor on this card
w,ll produce a large discharge current from the DC link provides unregulated DC power to the series pass power
filter capacitor This is detected by current transformer transistors which produce the regulated +20 volt control
(;TC and fed back to the Inverter card. When thru current power output. Short circmt protection is provided byafuse

while output overvoltage protection is provided by an
cxceeds a set level indicating an inverter fault has occurred,
an mlmediate drive shutdown is produced and the Inverter overvoltage detection and crowbar circuit.
Fauh Light lOC will light. The _mmediate drive shutdown

The power transistors are controlled by a regulator circuitproduced by either an inverter fault, a control
which provides accurate +20 volt regulation from aundervoltagc, a commutation overcurrent, or a DC link
reference zener. This zener also provides the reference for

ow,rwAtage cau,_es all normal inverter firing to be locked
the control undervoltage trip function on the Inverter card.

_,t_tarid produces a firing of six inverter SCRs by means of
,ig.als supphed to the Phase Logm card. This immediate

This card has the provision for DC input supply power for
.huhh)wn aclmn, however, always causes the reverter fault

AC power outage ride-thr0ugh,
hghl l()t'. In hght when any of the other three faults

described abow' occur. METER CARD

Thc ow'rfrequency tr U)function provldesadriveshutdown The optional Meter card fits into a prewired driverand l()F hghl mdicat.m if themverter frequency exceeds a
receptacle and is a valuable tool for drive set-up and

_ct hmil due Io any reason. Thru overfrequency limit is
_clcctabJe by mean,_of an mve,'ter card jumper to the either &agnostic checkout,
75 Itz. 110 tiz. 165 ttz, 275 Hz or 400 Hz.

This card contains a 19 posmon signal selector switch for

PHASE LOGIC CARD connecting to the meter and test posts any preselected and
prewired signals or a back plane probe and its associated
buffer circuitry xs to enable reading almost ail card terminalThe Phase l,og.' card translates the Inverter card logic

qignals into three-phase logic to control the firing of all s_gnals without affecting driver operation. This card also
commutatmn and inverter SCRs. contains a 3 position scale selector switch plus the

necessary circuitry to enable the meter to read either AC

The slx t,mes fundamental frequency logic from the rms, DC average, or the peak reading of any signal. These
functmns provide this card with the capability of readingInw'rter card is translated rote three-phase, fall-wave logic
myer(er output link peak commutatmg current, and peakIn a f,os, lve AB(_phase sequence by the Phase Logic card.
levels of short ,me logic pulses, as well as the normal'J'Jn', IJurcq,Jla,,c h)glc l_ u',ed to sequentially steer the six

h mc. pc! ('}'('It'conmlutahon logic from the Inverter card to analog signals.
Ihe proper phase SCR fmng logic dependent on the three- POWER MODULE CONTROL CARDS
phase sequem'e.

The following two cards are mounted in the power modules
The SCR firing pulse generators take power from the

and act as an lnteface between the driver and the power
delayed firing supply on the Inverter card to produce firing module.
pulses for six inverter SCRs and six commutating SCRs in

the three myer(er phase modules. Thefirmgslgnals for the CURRENT ISOLATOR CARD
_lx .nverter SCRs are half-cycle long signals which are
m.dulated by the fmng oscdlator pulse train from the This card is located in back of the driver module and
Inverter card, whereas, the other nine firing signals are
amgle short time pulses, connected with spade terminals to terminal board TB3.

14
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This card contains an oscfilator for switching the incoming Each card contains two identical pulse transformer
DC current signal to AC. It also contains a transformer circmts. These provide current amplification of the
which provides isolation between the line voltage side and actual SCR firing signals received from the driver.
the control side. The current feedback potentlometer, CF/I They also contain input noise suppression and self-
on the isolator card is normally set to make the current protection from abnormal loading.
output (LCS) equal to 1 volt RMS with rated output
current. The card on the converter module is also fitted with

the commutation current feedback c_rcmt.
The inverter eommutauon current transformer is

connected to a rectifier bridge and specified loading resistor
to provide a unidirectional voltage signal. This signal peak
_s 12.5 volts for the desired commutation current level of

each inverter rating. An additional negative commutation
current loading resistor is included so that the
commutation current regulator will mainly regulate the
positive commutation current m each phase.

PULSE TRANSFORMER CARDS

These cards are mounted on the converter and inverter

phase modules and commutation power supply, one card
being required for each pair of SCRs. Their major function
is to provide voltage isolation between the driver control
and the SCR power clrcmt.

Each card consists of two identical pulse transformer
circuits. These provide current amplification of the actual
SCR firing signals over the signals received from the driver.
They also contain input no_se suppression and self-
protection from abnormal loading.

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

1. Pulse Transformer card with current feedback

(193X389AAG01). This card Is mounted on the front
insulation cover of the converter power module.

NOTE

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

2. Pulse Transformer card (193X390AAG01). This card
is mounted on the front insulation cover of each of

the Inverter Phase Modules (Qty. 3). This card is a
four channel for firing four isolated SCRs with each
channel providing voltage isolation between the
driver control and SCR power circuits.

15
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START--UP AND CHECK--OUT WARNING

Ew'ry AF-400 Inverter drlw-_]las been factory tested and is EI_ECTRIC SHOCK CAN CAUSE PERSONAL INJURY
ready to operate, provided that the external power and ()R I.OSS OF I.IFE WHETHER THE AC SUPPLY IS

conlrol connections have been properly made and no (;ROUNDED OR NOT, HIGIt VOLTAGES TO GROUND
4upt,mg and installation damage has been sustained, h is WILL BE PRESENT AT MANY POINTS THROUGItOUT

recommended that the following step-by-step start-up THE DRIVE. CHARGED CAPACITORS REQUIRE
prm'edure be followed to ensure proper operatmn of the AT LEAST ONE MINUTE DISCHARGE TIME TO
c't;'qm_ent' 50 VOLTS OR LESS.

WARNING WHEN TESTING IN THE POWER AREA, TURN THE

EQUIPMENT OFF WHEN CONNECTING OR
IF DOOR INTERI,OCKS (IF SUPPLIED) ARE DISCONNECTING THE TEST EQUIPMENT.
I)EACFIVATEI) OR BYPASSED, EXTREME CAUTION
MUST lie !ISED. BE SURE TO RETURN INTERLOCKS
T() OPERATING CONDITION AFTER START_UP OR

TROI IBIJ;_SttOOTING WARNING

TEST EQUIPMENTREQUIRED GREAT CAUTION SHOULD BE OBSERVED WHEN
INSTRUMENTS SUCH AS OSCILLOSCOPES ARE USED

'l'he iollowmg hsted eqmpment should be avafiable during TO TEST LIVE (ENERGIZED) POWER CIRCUITS. THE
_tar/-up and cheek-out. The first two items hsted are INSTRUMENT COMMON LEAD SHOULD NOT BE
rc,',,mment{ed for normal operatton and maintenance CONNECTED TO ANY UNGROUNDED POINT IN THE

SYSTEM UNLESS THE INSTRUMENT IS ISOLATED

Meter Card -- 193X48[,..,G01 FROM GROUND AND ITS METALPARTS TREATED AS

Voh-Ohmmeter -- Digual preferred, 20K per volt mm. IJVE EQUIPMENT. USE OF AN INSTRUMENT
input impedance. HAVING BOTH LEADS ISOLATED FROM THE CASE

(:lamp-on Ammetm _ Adjustable range up to 300 amp. PERMITS GROUNDING OF THE INSTRUMENT CASE,
EVEN WHEN MEASUREMENTS MUST BE MAI)E

If Ibc Meter card is not available, an oseilloscope BETWEEN TWO LIVE POINTS IN THE CIRCUIT.
(preterably dual trace) wfil be required.

When testing in the control area, remember that these are
TESTING SAFETY PRECAUTIONS low voltage clrcmts (20 volts) and can be damaged by

improper test procedures.
l:ertam preeauhons need to be observed in testing th_s
cqtnpment CAUTION

All of the control in the driver, with the exception of the DO NOT CONNECF POWER AND CONTROi_
115 w>h AC supply to the Option card (when furmshed),is CIRCUITRY TOGETHER IN ANY TEST HOOKUP.
al a Iow vohage level with respect to ground The control THIS DEFEATS THE PURPOSE OF THE CONTROl,
cmnmon ls connected to the driver case whmh _sconnected ISOLATION FUNCTION AND CAN DAMAGE THE

to an earth grounding system. Any control clrcmtry on the EQIIIPMENT.
driver side of the Pulse Transformer cards is also at the low

wdtage level. CAUTION

All power modules, power components, power wlrlng, and DO NOT REMOVE OR INSERT PRINTED CIRCIIIT

,mil,el wlrmgantt components connected to the power (:ARDS IN THE EQIIIPMENT WHII,E POWER IS

musl be as,,umed to be at a bigh voltage to ground. The APPIJF. I) THIS (]AN DAMA(;E THE EQUIPMENT.
hfilowmg safely precautmns must be strictly observed
when testing m the power area:
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POWER--OFF CONTINUITY TEST CAUTION

WARNING IN('()RRECT .IliMI'ER ¢:()NNI.:(',TI()N (}1t
I)IS(;()NNECTI()N WII,!, RES!II;I' IN MAI,FIIN(:I'I()N

VERIFYTHATTHEMAINTHREE--PHASEACPOWER _N!) !'()SSIBI,E DAMAGE T()TIlE INVF,IITIqR

INPUT TO THE SYSTEM EQUIPMENT IS
DISCONNECTED OR SWITCHED OFF. 60 HZ JUMPER -- ON CONVERTER CARD

Perform a point-to-point continuity test for all newly 193X477 .G01 (or equlvalenl)
installed wiring and intereonnection. Continuity is defined
as 1/2 ohm or less. This jumper should be present on all dr.yes ,mpphed from

60 Hz AC power, and should be remow4 on all drives
DRIVER SELECTIONS supplied from 50 Hz AC power

These are two card selections and two driver terminal board REGULATOR BASE FREQUENCY RANGE JUMPER --

selections which should be checked before starting up the 75, 150, AND 300 HZ ON REGULATOR CARD
drive.

'Fhl_ Jumper ,,el(,('ls tin' IIIverler })a's4, [l'e(lut, n('y rarlg4'. 11

NOTE should be placed m the appropriately mai kedjump4'r ,()ckcl
posItlorl.

IF EITHER THE INVERTER CARD (193X476AAG01) OR

THE CONVERTER CARD (193X477AAG01) IS Base Freq. Range of 37.5 to 75 Ilz -- 75 Ilz s,)ckel
REPLACED, THE NEW CARD SHOULD HAVE THE posmon.
SAME PRESENCE OR ABSENCE OF ITS JUMPER AS Base Freq. Range ot 75 to 151)tlz -- 150 Itz so,'k4,t
THECARDBEINGREPLACED. posmon.

Base Freq. Range of 150 to 3(J0 Itz -- 300 Hz ,4ocket
230/460V JUMPER ON INVERTER CARD

posmon.

19347(l,,,(,0,,, (er equivalent) Base Frequency lb the trequency at whwh the ,,w'rt4,r

reaches full voltage and is adjusted 14¥th4' BFpolentlonleter
T}us jumper should be posdioned for 230V or 460V AC to (on the Regulator card) wit}un eltht,r 4)1the ab(}ve i'arlg,l'%

agree with the drive rating. Consult your spe(qfic drive elementary thaglam h)r pr4)per
jumper qelection.

OVERFREQUENCYTRIP JUMPER --
ONINVERTERCARD CAUTION

The jumper selects the upper inverter frequency at which IMPROPER JUMPER CONNECTION OR DISCON--
the drive will trip and shut down to prevent motor NECTION MAY RESULT IN DRIVE MALFUNCTION
overspeed. The frequency trip levels are selected by placing AND DAMAGE.
the jumper tn the appropriately marked socket posmon.

WARNING

75 Hz frequency trxp -- 75 Hz so4'ket posmon. IMPROPER JUMPER PLACFMENT MAY PRESENT AN
110 Hz frequency trip -- Il0 Hz socket positron.

EQUIPMENT OR PERSONNEL ttAZARD DUE TO
165 Hz frequency trip -- 165 Hz socket position. MOTOR OVERSPEED.
275 Hz frequency trip -- 275 Hz socket pomion.
410 Hz frequency trip -- 410 hz socket position.

INVERTER PHASE MODULE SELECTION

Consuh your specific drive elementary diagram for proper A potentiometer adjustment (CFA)on the current isolator
jumper placement, card provides the means to calibrate the link-current

feedback signal. This card ts located in back of the "pull

out" driver card rack. The CFApotentiometer rs normally
adjusted, such that the LCS signal reads l.Ovohs RMS with
rated load at base frequency. This would normally occur
with 100 milhvolts across the shunt LSIt.
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START--UP PROCEDURE If no rotation occurs, check if I I5V AC ts present
between TB1 (AC3) and TB1 (AC2).

Pertorm the following step-by-step procedure in the
se,tuenee below. If during this procedure a problem is 8. Set the driver reference mput at zero. Check for zero
encountered, refer to the Troubleshooting Section of th_s reference voltage by selecting Meter card switch
manual, posmon2, or measurethe voltagebetweendriver

terminal board points TB2(32) to TB2(48)
I. Before applying AC supply power to the drive, verify

that tt ts the proper voltage, phase and frequency as 9 Interrupt AC power to the drive, connect the DPL
denoted on the equipment data nameplate, wire harness plug to the converter module and

reapply AC power.
2. Disconnect the three-phase output cables from the

drive terminals TI, T2 and T3, or inactivate the 10. Check the driver 1,ghts again. Only the IF light
output contactor _fone is provided, should be on, blinking at a low frequency. Run

through the Meter card selector switch positions 1
3. Disconnect control wlreharness APL, BPL, CPLand through 17 and compare these readings with the

DPL from their plug receptacles at the converter and readings shown on the driver label mounted on the

phase modules, inside of the power unlt enclosure door. This label is
also included m the instruction book. The readings

4. Using a volt-ohmmeter selected to the X1 ohms taken should compare with those given for the "Off
scale, check that no short exists between DC link Condition."

bus_e_ P2 and N2. Also, check the three AC supply

power fases and all control power fuses to confirm If a Meter card is not avadable, use a volt-ohmmeter
that they are riot blown, to check REF TB2(32) to TB2(48), FVR TB2(44) to

TB2(48), and the converter output voltage between
5. Apply ^C power to the drive. P2 and N2. The P2 to N2 voltage should not exceed

30 volts DC for 230 volt AC drives or 60 volts DC for

6. Check the driver card indicating lights. Only the IF 460 volt AC drives, before the inverter is started
inverter frequency light should be indicating and it
should be bhnking at a low frequency. If the 11. Press the drive "Start" pushbutton. Check driver
PL/LOP phase sequence/loss of phase light is lights and Meter card position 4, or P2 to N2 voltage.
indicating. Check that the correct voltage is present They should be the same as for step 10.
on all three AC supply power terminals L1, L2 and

i_3. If these are correct, the phase sequence is 12. Increase reference input to the driver slowly until
wrong. Disconnect the AC power, interchange any the Pl to N2 voltage reaches half of rated DC link
two cables, arid repeat steps 5 and 6. voltage (150 volts DC for 230volt ACdrives and 300

volts DC for 460 volt AC drives). The Meter card

7. Check that the fan is operating properly and positions 2 and 4 should both read 7 5 (7.5 volts
produ(ung a,r flow through the power modules, between TB2(32) and TB2(48).
Refer to the sketch below and to labels on the air

distribution chamber for correct operahon. CAUTION

WHEN THE DRIVE HAS NOT BEEN OPERATED FOR 6

AIR MONTHS OR MORE, THE ELECTROLYTICFLOW CAPACITORS IN THE FILTER CAPACITOR ASSEMBLY

[_ MUSTBERE--FORMED FOLLOWTHEPROCEDURE

[N STEP 13 IF FORMING IS REQUIRED.

FAbi 13. If capacitor forming is reqmred, increase the Pl to
N2 DC hnk voltage m the following steps, pausing
for 5 minutes at each step _n the forming process
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...... shown on the driver label, but should remain in the
Operating Voltage Level

Operating rangesshown.
230VAC Drive 460VAC Drive Time

' Also, check that the base frequency _scorre¢.t for
200 Volts DC 400 Volts DC 5 Min.

your motor drive system and readjust if necessary.
250 Volts DC 500 Volts DC 5 Min. See Base Frequency m the Adjustments section for
300 Volts DC 600 Volts DC 5 Min. checking and adjustment instructions.

](orat maximumreference) I
18. Press the drive "Stop" pushbutton and reduce the

driver reference to zero. The reverter should

During each step of the forming process, check the 'decelerate down to about one-fourth of rated
voltage at the Q or m_dpomt of the seriesed capacitor frequency and voltage, and then stop.

asm. on (460 volt AC drives only). The difference
between the P1 to Q and Q to N2 voltage readings 19. Interrupt the AC power to the drive. Reconnect the
should not exceed 5% of the Pl to N2 voltage, For three-phase output cables to drive terminals TI, T2
example, at a P1 to N2 voltage of 600 volts, the and T3, or reactivate the output contactor, to

_'difference between the P1 to Q and Q to N2 voltages connect the motor(s) to the inverter.
_. should not exceed 30 volts. If the Q midpoint varies

'_ more than 5%, refer to the Troubleshooting Section 20. Reapply AC power to the drive. With reference
of th_s manual. In no case should more than 400 input to the driver at zero, press the drive "Start"

volts DC be applied across a single capacitor, pushbutton and slowly bringthe reference up to half
rated. Run through the Meter card posmons 2

14. Press the drive "Stop" pushbutton and decrease the through 17 and compare these readings with those
driver reference to zero. The DC link voltage given on the driver label for '1/2 Ref., 1/2 Load."

between P2 and N2 (Meter position 4) should If the motor loading is different than one-half of
discharge down to less than 10% of maximum in rated, the positions 7 and 9 readings willbe different
about30seconds, fromthosegiven.

15. Interrupt AC supply power to the drive, connect the If any Meter reading discrepancies exceeding 5%

APL, BPL and CPL wire harness plugs to the phase full scale (1.0) from those values given in the drive
modules and reapply AC power, table are found, proceed to the Adjustments Section.

If a Meter card is not available, use a clamp-on
16. With reference input to the driver at zero, press the ammeter to read the inverter AC output current in

driver "Start" pushbutton and check the driver card each phase to check that they are balanced. Also,
lights. Run through the Meter card positions 1 check the ACsupply input currents to the converter
through 17 and compare these readings with those to check that they are balanced.
given on the driver label for "0 Ref. 0 Load."

21. Slowly increase the driver reference up to the
If a Meter card is not available, use an oscilloscope to maximum of 15 volts. Run through the Meter card
check the inverter commutation current feedback posmons 2 through 17 and compare these readings
signals, at the CF connector point of DPL on the with those given on the driver label for "1 lief., 1

converter pulse transformer card. The peak voltage Load." Again, positions 7 and 9 readings will depend
level of the higher commutation pulse in each phase on the actual motor load.
should agree with the values given on the driver
label, and the waveshapes should appear as shown m ADd USTMENTS
Fig. 5. The positive commutation current pulse is

normally the higher since the negative pulse is Although the drive has been adjusted ill factory test, it is
attenuated on the Current Feedback card. recommended that these adjustments be checked to

determine if they are correct for your application and
17. Slowly increase the driver reference input up to power system. The following sequence should be folhnved

maximum while checking the inverter commutation in checking and modifying the ten driver adjuslmt:ms, all ,f

current peak level of each phase, by means of which are located on the Regulator card. (The Voltage
selector position 9 on the Meter card, or by means of Limit VLIM potentiometer is located at the card top edge
an oscilloscope as described in step 16. The rather than the front edge, and Is adjusted through the top
commutation current peaks should increase as
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open,ng m the driver rack). Before starting, record the drives and 480 volts DC for 460 volt AC drives. This
factory adjustment posmons of each potentlometer. The corresponds to 12.5 reading on Meter card posmon 4.
driver label may be used for this purpose, and for any
changes in adjustment that may be made. The above volts/hertz sett,ng should include the effects of

the VB voltage boost setting. If the VJ_setting is changed,
NOTE the volts/hertz should be readjusted to maintain proper

motor excitation,

IF TIlE I)RIVER REGULATOR CARD IS REPLACED,
ql",T Al.l, TEN I'()TENTIOMETER ARROWS ON THE

VLIM -- VOLTAGE LIMIT (located at top edge card)NEW (;ARI) Tile SAME AS ON THE CARD BEING

REI'I.A(;EI) TIlE FOLLOWING ADJUSTMENT
This is normally a factory adjustment and should not havePROCEDURE SHOULD THEN BE FOLLOWED TO
to be readjusted. To check this adjustment, operate the(;HECK THE ADJUSTMENT OF THE NEW CARD.
drive at rated base speed (normally at a driver reference of
15 volts). Using the voltohmmeter, or any reliable rectifier

VB -- VOLTAGE BOOST type AC voltmeter (but not an iron vane type), read the

Th_s adjustme,t is dependent on the amount of motor inverter output voltage between terminals T1 and T2 and
torque required at speeds below about one-fourth of rated, compare it with the AC supply voltage read with the same
or the amount of breakaway torque required. If motor meter. The inverter output voltage should be 10 volts or
torque requirelnents below one-fourth rated speed are less less than the supply voltage for nominal 230 volt AC drives
than 25% of rated torque, no voltage boost ts required and and 20 volts less than the supply voltage for nominal 460

volt AC drives. If the voltage difference is less, turn the
lIBsh(mld be ',et fully counter-clockwise. For higher motor Jt/I/_ potentiometer counter-clockwise until the 10 or 20
Ioad,ng at low _peeds, a certain amount of voltage boost is
reqmred to prevent the motor from "pulling out" and volt difference is obtained. If the voltage difference is
,qalllng The amount of adjustment of the VB greater, and the AC supply voltage is less than 240 or 480

volts AC turn the VLIMpotentlometer clockwise until the 10potentlometer from the CCW end depends on the amount

of motor load torque at low speeds arid type of motor (larger or 20 volt difference is obtained
motors require less voltage boost than smaller motors),

If the AC supply voltage is above 240 or 480 volts AC the
AdJust VBonly enough so that the motor(s) accelerates

drive will not be in voltage limit (with rated reference and
snmothly from rest.

proper volts/hertz adjustment) so the voltage difference

IRC _ IR COMPENSATION between AC supply and inverter output voltage will be
greater than the l0 or 20 volts. The voltage hm_t function,

Turning the IRCpotentiometer clockwise will increase the therefore, only can be checked if a higher than rated
reference is applied to the driver, when the AC supply

output w)hage proportional to the llnk current feedback, voltage exceeds 5% above the rated voltage.
l,(]S. With the IRC pot fully counter-clockwise the voltage
,m rea.,,e will lie 10% of rated for LCS = 1.0 volts

BF -- BASE FREQUENCY
corresponding hi rated current.

With the driver reference at the rated 15 volts (TB2(32) to

IR e.mpen_atmi_ wdl normally only be required if the TB2(42) or Meter card positron 2) adJuSt the BF,qaltmg am] h)w ,,peed running torque exceeds 100% of
i,tted /_gain, the amount of/Resetting depends on both the potentlmeter to obtain the desired motor base frequency.

This frequency can be read by means of a frequency
amount of torque required and the type of motor.

counter connected between driver TB2(52) (IPAD) and

'1'.. Inuch vohage boo,,t or IR compensation will produce TB2(48) (COM). It can also be read to within +2%
cxcesstw' motor peak currents which will cause torque accuracy by connecting a digital voltmeter between
I,ul',ahonsm %.gglng" If thls occurs at low speeds the YB TB2(44) (FVR) and TB2(48) (COM). The frequency is
,m(t/.r IRC ,4citing shouht be reduced, obtained 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
V/HZ -- VOLTS/HERTZ frequency, to within -4-5%accuracy, is by taking the Meter

card position 3 reading and applying the 5, 10 or 20 times(Iperate the (trlve at a reference of 12 volts at driver

1'1t2(:/2) to TB2([8) (reading .f 12 on Meter card position multiplier just described.
2) AdJust thc V/_IZpotentlometer to obtain a DC link
v,,hage between P2 and N2 of 240 volts DC for 230 volt AC
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MINF-- MINIMUM FREQUENCY CLST -- CURRENTLIMIT STABILITY

Normally the 141#Fpotentiometer is set at or near the This stability adjustment for current limit operation is
counter-clockwise end for best starting of motors, dependent on the motor andload inema, motor HP rating,

especially if any breakaway torque is required. If a and on the current limit setting. The correct setting of the
transformer is used between the power unit andthe motor, ¢[$T potentiometer can be determined by using the
the minimum frequency will have to be set higher to following table:
prevent transformer saturation. A higher minimum
frequency can be obtained by turning RINFin a clockwise
direction.

CLST Setting for Motor HP

ATIM & DTIM -- ACCELERATION AND Load Inertia 10 to 100 HP 100 to 400 HP
DECELERATION TIME

Negligible CW end to 1/3 from
With the driver reference at the rated 15 volts, start the :load inertia 1/3 from CW end

drive from rest and check the acceleration time and the CW end to midpoint
Meter card position 10 reading. If the meter readinggoes

below 10during acceleration, the drive is goinginto current Load inertia Midpoint to 1/3 1/3 from CCW

limit, and it is probably desirable to increase the equals motor from CCW end end to 1/4
acceleration time by adjusting the ATllf potentiometer in inertia from CCW end
the clockwise direction. If a Meter card is not available, the

motor current can be read with a clamp-on ammeter to Load inertia 1/4 from CCW 1/6 from CCW
measure the acceleration load. equals 2 x end to 1/6 from end to 1/8 from

motor inertia CCW end CCW end

With the drive operating at rated speed, quickly adjust the ....
driver reference to zero and check the deceleration time Load inertia 1/8 from CCW CCW end

and the Meter card position 6 reading. If the meter reading equals 5 x motor end to CCW end
goes above 10 before deceleration is completed, the drive is inertia or

going into slowdown limit, and it is probably desirable to greater
increase the deceleration time by adjusting the I)TIM
potentiometer in the clockwise direction.

The setting ranges given m the table cover the current hmu

If shorter acceleration or deceleration times are designed, (CLIM) setting range, such that the ¢[ST setting varies
the ATIMor OHMpotentiometers should be adjusted in the toward the clockwise end of its setting range as the ¢!IR
c,unter-clockwlse direction, and the operation checked as setting is adjusted towards its clockwise end, and vice-
described above. The minimum rimes obtainable, with the versa.

5 to 50 second adjustment range, are limited by the current
limit and slowdown limit control. If stability occurs during current limit operahon, the CLOT

potentiometer should be adjusted toward its counte_-

CLIM -- CURRENT LIMIT clockwise end.

TROUBLESHOOTING
The percentage of rated drive output current at winch

current limit will occur can be approximated by the setting A systematic approach to troubleshooting will reduce the
position of the CLIMpotentiometer, per the following table: time required to fred the problem. This approach eons,sts

of trying to localize the problem or cause, m the following
step-by-step fashion.

- 1/4 from iCLIM CCW Mid- 1/4 from CW

Setting End CCW End point CW End End , 1. Is the problem inside the AF-4OODrive power milt or
caused by external conditions or equ,pment?

%Rated i50to 75 to 105 to 130to 155 to
Current 60% 90% 120% 145% 175% 2. Which module m the power unit ,s causing the

I problem?

3. Which component within the the module is at fauh
or has failed?
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'['he means to accomplish these are through the use of the
recommended test equipment and the troubleshooting WHEN TESTING IN THE POWER AREA, TURN THE

procedures outhned m this section. The efficiency with EQUIPMENT OFF WHEN CONNECTING OR
w}m'h they ,Ire used will be dependent on the skill and DISCONNECTING THE TEST EQUIPMENT.
cxpmmnce of the test personnel, and how well they
understand Ihe drive operatton, as explained m the
l)e,,criptmn Se.'lmn of this manual. WARNING

TEST EQUIPMENT REQUIRED GREAT CAUTION SHOULD BE OBSERVED WHEN
INSTRUMENTS SUCH AS OSCILLOSCOPES ARE USED

Thc hfil,,wmg test e,quipment should be available for TO TEST LIVE (ENERGIZED)POWERCIRCUITS. THE
t_mibleshoot,n_, and is hsted ,n the order of recommended INSTRUMENT COMMON LEAD SHOULD NOT BE

lJreterenee. The first two items are recommended for CONNECTED TO AN UNGROUNDED POINT IN THE
m}rmal operam, n and maintenance. SYSTEM UNLESS THE INSTRUMENT IS ISOLATED

FROM GROUND AND ITS METAL PARTS TREATED AS

Meter Card 193X481AAGO1 LIVE EQUIPMENT. USE OF AN INSTRUMENT
HAVING BOTH LEADS ISOLATED FROM THE CASE

Volt Ohmmeter Digital preferred -- 20K per PERMITS GROUNDING OF THE INSTRUMENT CASE,
volt mm. input impedance. EVEN WHEN MEASUREMENTS MUST BE MADE

BETWEEN TWO LIVE POINTS IN THE CIRCUIT.

Oscilloscope Dual trace preferred
When testing m the control area, remember that these are

t_lamp-on Ammeter Adjustable range up to low voltage circmts (20 volts) and can be damaged by

300amps Impropertest procedures.

TESTING SAFETY PRECAUTIONS CAUTION

{,ertam pre_autlons need to be observed in testing this DO NOT CONNECT POWER AND CONTROL

c_qmpment. CIRCUITRYTOGETHERIN ANY TEST HOOKUP.
THIS DEFEATS THE PURPOSE OF THE CONTROL

All of the control m the Drlver, with the exception of the ISOLATION FUNCTION AND CAN DAMAGE THE

115 volt AC supply to the option card (when supplied) ss at EQUIPMENT.
a low w_hage level with respect to ground. The control
_ommon Is connected to the driver case which is connected CAUTION

to the power un,t enclosure, which should be connected to
an earth grounding system. Any control circuitry on the DO NOT REMOVE OR INSERT PRINTED CIRCUIT
l)rlw.r slde of the pulse transformers on Pulse Transformer CARDS IN THE EQUIPMENT WHILE POWER IS
c'ard,_,is al,,, a_ the low voltage level. APPLIED. THIS CAN DAMAGE THE EQUIPMENT.

All Power modales, power components, power wiring, and FAULT INDICATION
control _lring and components connected to the power
mu,t be assumed to be at a high voltage to ground, The The two basic indtcatmns of a drive problem are:

hdlowmg safety precautions must be strictly observed
when testing ._ the power area: A. Drive Operates improperly

WARNING 1 Driver is at fault -- refer to Driver

Troubleshooting m this sectmn.
EI,E{_TtlIC S}t()(:K (;AN CAUSE PERSONAL INJURY

()R I,()SS ()F IJFE WHETHER THE AC SUPPLY IS 2. System Control Is at fault -- refer to the system
(;ROIrNI)EI) OR Nf)T, ttlGH VOLTAGES TO GROUND elementary diagrams for system logic and control

WII,I. BE PRESENT AT MANY POINTS THROUGHOUT circuits and operating notes
THE DRIVE. CHARGED CAPACITORS REQUIRE
AT LEAST ONE MINUTE DISCHARGE TIME TO
50 VOI,TS OR LESS.
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B. Drive Shuts Down, or Will Not Start CUV only -- This indicates a control undervohage
condition. Refer to Driver Troubleshooting in this section.

1. Driver card fault lights are indicating -- refer to
Fault Indicating Lights in this section. CUV and lOC -- This indicates a control undervoltage trip

which produces an inverter fault shutdown. Refer to
2. Driver is at fault -- refer to Driver Driver Troubleshooting in this section.

Troubleshooting in this section.
CUV, lOC .nd PS/LOP -- This indicates a combination

3. System control is at fault -- refer to the system control and power undervoltage shutdown. Check the AC
elementary diagram for system logic and control supply for outage problems.

circuits and operating notes.
LOV and lOC -- This indicates a DC link overvoltage trip

4. AC supply fuses or circuit breakers have which produces an inverter fault shutdown. Refer to

interrupted, or control power fuses have blown -- Driver Troubleshooting in this section.
Disconnect AC power from drive and check AC
supply fuses. If fuses blown, of ir AC breaker LOV, lOC, COC and/or ITOC -- This indicates a
tripped, check the converter and inverter modules combination shutdown which would normally occur due to

for faulty SCRs. Refer to Converter the effects of the DC link overvoltage. Refer to Driver
Troubleshooting and Inverter Module Troubleshooting in this section.

Troubleshooting in this section. Also, check
control fuses. If these check out all right, check PS/LOP only -- This indicates the presence of, or a
for defective filter capacitors (See DC Link Filter shutdown caused by wrong AC supply phase sequence or a
Troubleshooting in this Section) or for power loss of one or more AC supply phases. Disconnect the AC

cable or bus bar shorts in t-haAC supply, DC link power and check the AC supply fuses or circuit breaker,
and AC output. Also, check for grounds in power especially if the driver is supplied from another power
cables and in motor windings, source. Check that the drive is connected to the ACsupply

in the correct phase sequence..
FAULT INDICATING LIGHTS (on driver cards)

ITOC only -- This indicates an inverter output
The IF inverter frequency light and the SYNC inverter overcurrent shutdown, either due to an instantaneous trip
synchronized light are not fault lights but indicate for current levels over 1.75%of rated drive current, or an

operating conditions. The IF light should be indicating at inverse time trip of from 15 seconds to ! minute limit
all times that the driver is energized, oven after a fault. Its setting. Check for motor overloading, excessive volts/hz
blinking frequency indicated the driver operating adjustment, locked rotor, or for motor single phasing.

frequency. Check that the CFApotentiometer is adjusted for LCS = 1.0
volt at rated load. Also, check for motor being switched on

lOC only -- If this is the only fault light that is indicating, to the inverter at other than synchronized operation or

an inverter fault has occurred. Refer to Inverter Module minimum voltage and frequency. Finally, check for motor
Troubleshooting in this section, cable shorts or grounds. Also refer to Driver.

Troubleshooting in this section.
IOF only -- This indicates an inverter overfrequency

shutdown. RefertoDriverTroubleshootinginthissection. ITOC and lOC -- This indicates an inverter output
overcurrent which is excessive enough to also cause an

COC snd lOC -- This indicates a commutation inverterfauh. Checkformotorjam.ups, excessivevohs/hz

overcurrent trip which produces an inverter fault adjustment, locked rotor, orformotorsinglcphasing. Also,
shutdown. Check for drive overloading at or near full speed check for motor being switched on to the inverter at other

operation. Also refer to Driver Troubleshooting in this than synchronized operation or minimum voltage and
section, frequency. Finally, check for shorts or grounds in output

cables and motor windings.
COC, lOC znd ITOC -- This indicates a combination
commutation overcurrent, motor overcurrent shutdown. DRIVER TROUBLESHOOTING

Check for drive overloading at or near full speed operation.
Also refer to Driver Troubleshooting and Commutation The driver consists of six or more cards, each of which

Power Supply Troubleshooting in this section, contains quite a few circuits. To help in understanding and
troubleshooting the driver, the functions contained on
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each card are shown in the Functional Block Diagram of Other diagnostic points are provided for oscilloscope usage.
lqgure 4. These functions are described in the Description These are:
Section of this manual.

LPA -- Meter --A square wave logic signal which is tn
The op.onal Meter Card ISa great help in troubleshooting Pos 17 phase with the AC supply line phase
the driver. If a Meter card is available, an oscilloscope is A (or phase 1) to neutral voltage.
not reqmred except In only the most difficult cases.
Normally, the use of the Meter card will allow pinpointing IPAD -- --A square wave logic signal whmh is l:
of the problem to a specific card, which can then be TB2(52) phase with the reverter output phase
replaced,or to a certain powermodule. A to neutral voltage. Maybe used

for a frequency counter reference.
The driver label, mounted on the inside of the enclosure

do(Jr, gives the normal readings for the Meter card selector These signals are especially useful for oscilloscope
_witch positiona for five operating conditions. This label mggermg when reading other signals.
also is m the drive instruction book. These normal readings
are given for the 17 selected signals, plus the inverter and CAUTION
converter firing signals selected by the position 19 back
plane selector probe. IF DURING TROUBLESHOOTING,ONE OF THE

FOLLOWING CARDS IS REPLACED, THE NEW CARD

The Meter card can be used in several ways. it is useful in SHOULD HAVE THE SAME POTENTIOMETER
heck,lg through the 17 key driver signals when operating SETTINGS AND JUMPER CONNECTIONS AS THE OLD

at the condmons specified, to determine if any readings are CARD.
abnormal. Whe,n position 19 is selected, the red wire back
plane selector probe can be used to check card (receptacle) REGULATOR CARD -- TEN POTENTIOMETERS
terminal signals The troubleshooting notes will specify (INCL. VLIM AND BASE FREQUENCY JUMPER 75 HZ,
correct arid incorrect readings for special test conditions to 150 HZ AND 300 HZ)
determine ff various faults exist. CONVERTERCARD-- 60 HZ JUMPER

INVERTER CARD _ 230/460V JUMPER AND

If a Meter card is not available, these same readings can be OVERFREQUENCY
made using a dlg, tal volt-ohmmeter or an oscilloscope. JUMPER (75 Hz, 110 Hz, 165 Hz, 275 Hz & 410 Hz).

When using the back plane selector probes, there are a few A. Drive Operates Improperly
sensitive card terminals which should be avoided when the

dr;ve _s operating with a motor, since connection of an 1. Cannot obtain maximum rated frequency and
instrument may cause changes in the drive output. These speed.
..,enSltlVeterminals are:

a) Check the driver reference REF volts

: : (Metercardpos.2 or driverreceptacleK,

Receptacle F ReceptacleG Receptacle H terminal 18 to terminal 2 (COM). If less
Converter Card Regulator Card System Card than 15 volts check the reference

.... potentmmeter (should be 5000 ohms) or
term. 16_I,VP term 7--SSDI term. 28_RFC check the system control (see system

term. 17--I,VN term. ll--BFI m elementary diagrams).
term. 19--CVN term 12--BFD I

term. 20--CVP term. 23_SSDO b) Check the converter voltage reference CVR
I

term. 22--I.2S term. 32--RFC (Metercard pos. 6 or driver receptacleK,
lerm.23--1_1S 14 voltageto common). This voltage
Jerm. 24--1d_S should decrease at an even rate to

!, approximately3.5voltsasthedriverreference
is increased to 15 volts. If this is the case,

continue on to part (c). However, if the CVR
I_are should also be used in connecting an instrument to the
driver reference REF receptacle G, term. 30, receptacle K, voltage suddenly decreased to about 1.5 volts,
term 18 since this may produce a small motor speed it indicates the converter issaturating. Check

the DC link voltage. It should read
,'hange. approximately15at Metercardpos.4 or
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should read either approximately 310 volts DC than 10, check the settings of the current limit
or 620 volts DC between power circuit ¢L/M and voltage boost VSpotentiometers or,

terminals P2 and N2, for 230 volt AC or 460 the Regulator card. Refer to Adjustments
volt AC drive respectively. If this voltage is section.
significantly less, check the AC supply voltage
level and check the converter. See Converter e) If the problem cannot be found, replace the
Troubleshooting in this section. If the DC link Regulator card and check operation.
voltage is approximately 1.35 times the AC

supply voltage, the voltage limit Vlllif 3. Motor operation is rough or unstable.
potentiometer on the Regulator card is not
adjusted properly. Refer to Adjustments a) Check voltage boost VB potentiometer

section, adjustment. Excessive voltage boost at Iow
speed and hght load operation will cause motor

c) Check the inverter frequency voltage FVR "cogging" or a grinding noise. Refer tt_
(Meter card pos. 3 or driver receptacle K, Adjustments section.
terminal 17 to terminal 2 (COM).

The drive output frequency should be 5 times b) Check IR compensation, IRCpotentiometer
this voltage reading when the 75 Hz base adjustment. Too high a setting may result in
frequency jumper,s selected or 10times when rough or unstable operation. Refer to
the 150 Hz base frequency jumper is used and Adjustments section.
20 times for the 300 Hz base frequency jumper.

If the FVR reading agrees with the output c) If violently unstable motor operation occurs
frequency and all jumpers are correct, then the below one-half rated speed, check that the

BFpotentiometer on the Regulator card should stability-slowdown circuit is connected. On
be adjusted. (Refer to Adjustments section), driver receptacle G, terminal 23 should be
If the output frequency does not agree with the connected to terminal 7.
FYR reading, or if the BFadjustment appears
faulty, replace the Regulator card and check d) If unstable operation occurs when m current
the operation, limit stability C/ST potentiometer is not

adjusted properly. Refer to Adjustments
2. Motor will not accelerate from stall or low speed, section.

a) Check the driver REF volts (Meter card pos. 2 e) Check for low ACsupply voltage to the driver
or driver receptacles K, terminal 18 to TBl, terminal 3and 4. This should not be less
terminal 2. If it is less than 2 volts, check the than 105 volts AC.

reference potentiometer or system control
(see system elementary diagrams), f) Check for uneven motor loading or motor

single phasing.

b) Check if the inverter is operating. Meter card g) If the problem cannot be found, replace the

pos. 11 (RI), or driver receptacle K, term. 9 Regulator card and check operation.
voltage to common, should be near 20. If zero,

refer to Drtve Shuts Down, or Will Not Start, 4. Cannot control motor speed.

c) Check the DMF input at driver TB2, terminal a) Check the driver reference REF (meter card
35. It should be high (near 20 volts to pos. 2 orTB2(32) voltage)tosee if the problem
common). If it is near zero volts to common, is in the driver or in the system control, lfthe
check the system control connected to this problem appears to be in the system control,
input, refer to the system elementary diagrams.

d) Check if the drive is in current limit. (The b) Check the SYNC input at driver TB2(42). !t
drive should shut down with an ITOC fault should be high (near 20 volts to common). Ifit
light after about 45 seconds). Meter card, pos. is near zero volts to common, check the system
10 (CL), or driver receptacle K, term. 10 control connected to this input.
voltage to common, should be near 20. If less
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c) Check the FU4, FU5 and control fuses Refer frequency at rated reference. See the driver
to Commutation Power Supply label for Meter card pos. 2, 3, 4, 7, 8 and 9
Troubleshooting m this section, readings for the REF, I LOAD condition. If

these readings and/or the inverter output
d) If the problem cannot be found, replace the voltage astoo low, refer to Adjustments section

Regulator card and check operation, for proper base frequency, volts per Hz, and
voltage hmlt settings. Rated power output

'5 (_annot ,,top motor, cannot be obtained at a driver reference
voltage, that ,s much less than 15 volts since

NOTE: If motor cannot be stopped bythenormal this voltage is closely related to the DC link
means, interrupt AC power to the drive, voltage and thus the inverter AC output

voltage.
a) Check the STOP input at driver TB2(34). It

should be low (near zero volts to common) to b) Check the AC power supply voltage. It should
stop the drive. If it is higher than 3 volts to not be less than 5% below rated nameplate AC
common, check the system control connected input voltage to the drive.
to this input (see system elementary
diagrams). 7. Cannot synchronize reverter with AC line or

other external frequency.
b) (]heck the FU4 anf FU5 and control fuses.

Refer to Commutation Power Supply a) Check that SYNC input at driver TB2(42) is
Troubleshooting in this section low (near common). If it is not, check tile

system control (refer to the system elementary
c) (]heck for low DC hnk voltage. If the Meter diagrams).

c,,rd po,,. 4 reads less than 3, or if the DC

vohage between power circuit terminals P3 b) If SYNCis low, check lsat Meter car&pos, 12
and N2 is le,,sthan 70 volts (230 volt AC drive) or receptacle K,term. 8. If IS is high (near +20
or I b0writs (460 volt AC drive), and the STOP volts), use an oscilloscope to determine if the
drlw'r i,pu! is low, then the System card is proper frequency signals appear at receptacle
probably deiectlw- and should be replaced. H terminals 9 and 10. The inverter frequency

should be applied to terminal 9 and the AC
line, or external frequency, should be applied

d) Check for high DC link voltage If the Meter to terminal 10 Also, check that the RFC

card pos 4 reads higher than 4, or if the DC clamp is being applied to override the
voltage between power circuit terminals P3 reference by checking that the driver
and N2 is greater than 75 volts (230 volt AC reference will not effect motor speed.
drive) or 150 volts (460 volt AC drive), and

the STOP driver Input is low, the converter is c) If the IS signal is low, check the SYNC light
not turmng off. Check the converter and the SR readout at driver TB2(36). If the
reference voltage CVR (Meter card pos. 6 or light does not indicate and SR remains high,

driver receptacle K, term. 14). If this voltage try replacing the System card and the
to commorl is about 10 volts, the problem is Regulator card separately and check operation
either in the Converter card or in the after each replacement to determine if either
converter power module. Refer to Converter card is defective.
Trouble,_hootlng in this section. If the CVR

vohage to common is less than 8, then the [3 Drive Shuts Down, or Will Not Start
problem IS either in the Regulator card or the

System card. Try replacing each card 1. IOFfanlt light on.
separately and checking the operation.

a) Check the frequency trip selection on the
6. Cannot obtain rated motor horsepower, inverter card. Refer to the driver label, or

Start-up and Check_out section of this manual,

a) Check the motor nameplate for the rated for proper jumper placement.
voltage and frequency for rated horsepower.
Check the inverter output voltage and
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b) Check for an overhauling load pumping back down by either the Converter card or the
into the inverter DC link to increase the Phase Logic cardbyenergizingthedriver with

voltage and frequency, either one of these cards pulled out. I{either
of these cards loads DFS dow,,, ,t ,,,houht be

c) If the problem keeps occurring, replace the replaced and the test repeated. IfD!_'Sispulled
Inverter card and check operation, down with both cards pulled, the Inverter card

should be replaced and the operation checked.
2. COC and lOC (and ITOC) fault lights on.

c) If the DFS voltage is above 18 volts, but the

a) Check the peak voltage of the three CUVlight stays on when the fault is reset with
commutation current feedback signals over the Stop pushbutton (or external fault reset),
the whole operating range of the drive. This disconnect the DPL wire harness at the
can be read on Meter card position 9or with an Converter Module. If the CUV hightcan then
oscilloscope byprobingreceptacleK, terminal be reset, the problem is m the Pulse
11. Refer to the driver label for the normal Transformer card on the Converter Module.

peak voltage reading. See Figure 5 for wave Refer to Converter Troubleshooting in this
shape of a normal commutation current pulse, section. Ii
A COC trip should not occur until one of these
peaks reaches about 18 volts, d) If the DFS voltage is above 18 volts, and the

CUV hght does not in&cate until the inverter
b) If one of the commutation current peaks is is started (to start the motor), disconnect wire

significantly higher than the others, the harnesses APL, BPLandCPL. IftheCUVlight

commutation reactor LC or Capacitor CC in does not come on, stop the drive and connect
one of the phase modules could be defective or only one of the (APL, BPL or CPI,) wire
have the wrong value. Replace the phase harnesses to the driver and check for the CUV
module if LCor CC appears to be defective and light when a drive start is initiated, with the
check drive operation, driver reference set at zero.

c) If all current feedback signals are the same, but CAUTION
go too high near rated output, check for motor
overloading or for high AC supply voltage. NEVER TRY TO START THE INVERTER WITtt TWO

OF THE THREE (APL, BPL OR CPL) WIRE HARNESSES
d) If excessive commutation currents persist, CONNECTED, WHEN THE MOTOR IS CONNECTEI) TO

replace the Inverter card and check operation. THE DRIVE. ALSO, THE DRIVER REFERENCE
SHOULD NEVER BE INCREASED FROM ZERO WITH

3. CUV (and lOC) fault lights on. ANY OF THE WIRE HARNESSES DISCONNECTEI),
UNLESS THE DC LINK IS OPENED. (SEE INVERTER

a) Check the +10 voh (Meter card, pos. 1) and+20 MODULE TROUBLESHOOTING).
volt TB2(40) control power. A CUV trip will
occur at about 18 volts. If the +20 volt If the CUV light comes on when any one wire
measures low, check the 115 volt AC supply to harness is connected, the problem is m the
the driver TBI(1) and (2). It should be no Pulse Transformer card on the inverter

lower than 105 volts AC. If the ACsupply is all module related to that wire harness. Ih'lc.' to
right, check for excessiveloading ofthePower Inverter Module Troubleshooting in tlns
supply card, especially from external loads section.
connected to driver TB2(40). If the low +20

volt problem cannot be found, replace the 4. LOV and IOC (and COC, IT(lC) fault lights on.

Power Supply card and check operation.
a) Check that the slowdown ('ontz ol is connected.

b) If the +20 volt is all right, check the DFS On driver receptacle (;, tcrnunal 23 should be
voltage (Meter card, pos. 13, or receptacle K, connected to term. 7.
term. 7 voltage to common). If it is below 16
volts interrupt AC power to the drive and b) Check for overhauling h)ad or lor excess!ye A(;
disconnect driver wire harnesses APL, BPL, supply voltage.
CPL and DPI,. Cheek ff DFS Is being pulled
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c) Check that the hnk voltage feedback and the b) Check that the STOP input at driver TB2(34)
converter voltage feedback at driver receptacle ]s low (near common) and that XFR input at

F, terminals 15 and 21 are at the same voltage driver TB2(43) is high (near +20volt). If they
to common. If their voltage levels are are not, check the system control (refer to the

different, either the Converter card is system elementary diagrams).
defective or the resistance ,solated feedback

signals through RF4-7 are incorrect. Check c) Check that the RUNR readout at driver
the FU4 and FU5 voltage feedback fuses TB2(31) is high and the MVFR readout at

on the commutation power supply. Replace driver TB2(38) is low. If they are riot, check
Ibc (:,mw'rter card and check the operation, the DC hnk voltage. Meter card, position 4

should read 1.5 or less, and the P3 to N2

voltage should read no higher than 30 volts DC
5. IT()C (and lO(;) fault l,ghts are on. (230 volt AC drives) or 60 volts DC (460 volt

AC drives). If mconastent or higher voltages
a) Check the Converter DC Link (LCS) feedback are read, refer to part 7c).

s,gnals, over the whole operating range of the
drive. This can be read on Meter card position d) If the above four logic signals are correct, try

7, or w,th an oscilloscope by probing replacing the System card and checking
TB3(I,CS). The normal feedback signal operation.
voltage should be adjusted for 1 volt rms with

rated load. See Figure 6 for the wave shape of 7 Drive shuts down (no fault hghts on), or drive will
normal motor current. An instantaneous not start (no fault lights on).
I'FOC trip should not occur until the peak of
the current feedback reaches about 5 volts as a) Check that the STOP input at driver TB2(34)

seen on the oscilloscope, is high (near +20 volt) and the START input at
TB2(33) is low (near common). If they are

b) If the current feedback signal ]s s]gmficantly not, check the system control (refer to the
more than 1.0 volt, RMS, adjust the C/fA system elementary diagrams)
potentlometer on the Current Isolator card

untfi the DC Link (LCS) output current b) Check that the RUNR readout at driver
feedback signal equals 1.0 volt for 100% TB2(31) and the MVFR readout at TB2(38)
reference and 100% load. Replace the card if are both low. If they are not, check that the
It appears to be defective and check drive FFR fault readout at driver TB2(37) is low.
operatmn. Also,checkthe DChnk voltage.Metercard

position 4 should read 1.5 or less, and the P3 to
c) Check the current hm]t ¢LIM potentiometer N2 voltage should read no higher than 30volts

setting on the Regulator card to see if ]t ts too DC (230 volt AC drives) or 60 volts DC (460

lowfor the motor loadmg. If shutdown occurs volt AC drives).
because the motor cannot get started, check

the voltage boost _t_ setting. Refer to c) If inconsistent or higher AC link voltages are
AdJustments sec,tion. present when the drive is at standby, check the

converter reference voltage CVR (Meter card,

d) If a transformer is used between the power position 6 or driver receptacle K, term. 14).
unit arid the motor, check the settings of the If this voltage to common is about 10 volts, the
/If/NJr arid lib potentiometers. Increase the problem is either in the Converter card or m

nunmmm frequency by turmng MI/q/t the Converter Power Module. Refer to
clockwise a[td decrease the voltage boost by Converter Troubleshooting in this sectmn. If
turning lib counter-clockwise, until the drive the CVR voltage to common is less than 8, then
can be started and stopped satisfactorily, the problem is either in the Regulator card or

in the System card. Try replacing each card
6. Cannot reset fault lights, separately and checking the operation

a) Check that fault ISnot a maintained fault that 8. IF light not indicating or on continuously at
hasnotbeencleared, standby.
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a) Check the +lO volt (Meter card, position 1) and signals at driver reeepta('le !) terminals 5
the 115 VAC between TBi(3) to TBI(4) con- through 19. Use either the red wire hack plane
trol voltages. If they are zero, but 115 volt AC selector probe with the Meter card, posit mn 19

appears between driver Terminal 1 and Ter- and compare with the reading, on the (trtw_r
minal 2, check the fuse FU7 on the Power label, and compare with the wave shape.,, of

Supply card. If no voltage is present between Figure 8.
Terminal 1 and Terminal 2, check the control

power transformer and its fuse (see system e) If any firing signals are present at the driver
elementarydiagram), butmissingat the reverter modules,checklilt'

plug connections at both ends ot the
b) If +20 volt control power is all right, check the appropriate wire harness APl,, BP!, or CPI,

IPAD signal at driver TB2(51) with an (refer to driver elementary diagram). Cheek
oscilloscope. If a square wave frequency is thc plugs for loose pins or bad connectionsand
present, replace the System card and check the check the wire harness for broken wires. If any
operation. If no frequency appears at IPAD, firing signals are missing or faulty at the

check the OP signal at driver connector K, driver, replace the Phase Logw card and ('he('k
terminal 19. If there is no pulse frequency the operation.
signal at OP (consists of 10 to 35 usec, wide,
low going pulses), replace the Regulator card COMMUTATION POWER SUPPLY
and check operation. If frequency pulses TROUBLESHOOTING
appear at OP, replace the Phase Logic card and

check operatmn. If no frequency pulses The commutahon power supply components are contained
appear at IBL, replace thc Inverter card and in the Converter Module and consmt of the Commutatmn

check operation. Power Supply card, CPS, the filter capacitor, (_2, the
commutation leg reactors, CLP and CI,N, the I)C hnk

9. SCR firing signals not reaching power modules, decouphng rectifier, DC, and the eommutatmn current
transformer, CTC.

a) Check that there are no fault lights indicating

and that the FTR fault readout at driver To help in troubleshooting, refer to the elememary
TB2(37) is low. If a fault has occurred, it will diagram. Wait 3 minutes after disconnecting power and
lock out all firing signals. Clear the fault and verify that capacitors are &scharged by checking the
reset the fault circuits to enable the firing voltage between terminal CP and N1 behlre removing the
signals. ConverterModulefromits rack.

b) Converter firing signals should be present at 1. CPS Card
drive standby. Check for firing signals at

driver receptaeleF, terminals 26 through 31. Remove and inspect the card for damaged

Use either the red wire back plane selector components and etching runs or loose connections.
probe with the Meter card, position 19 and Verify proper resistor values per elementary diagram,
compare with readings on the driver label, Table I. The power supply diodes may be che('ked
Figure 7. with a VOMon the X l K resistance scale. Good &odes

will have a low forward resistance and almost infinite

c) If any firing signals are present at the driver reverse resistance, If any components apl)ear to he
but missing at the converter modules, check defective, replace the card.
the plug connections at both ends of wire

harness DPL for loose pins or bad connections, 2. Filter Capacitor, C2
and check the w_re harness for broken wires. If

any firing signals are missing or faulty at the The capacitor may be checked with a VOM on Ifc
driver, replace the Converter card and check highest resistance scale to determine ff It ,'barges ul,,
the operation. Also, verify that the discharge resistor, 1t2, nmumed

on the capacitor terminals is undamaged and ha,',thc
d) Inverter firing signals will not be generated correct value.

until the drive is started. Check that Meter

card, positron 11 reads high or that driver
TB2(31) RUNR reads low. Check for firing
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3 Reach)rs (:I,P and (;LN I0 TO 60 KVA

The reactors should indicate a very low resistance FO_ FoI lo-]

when checkedw,th a VOM. Duringoperationthe [:)3L_ O_QJCl;:)
reactors wall run hot and will typically show some

discoloration. However, there should not be any 'r [ ,2,3 FO--]M I [._ (M ODU k _')charring or cracking of the insulation tape wrapped

around the ('oils. N2

4. Rectlfmr, !)C [0] CN

This rectifier is mounted on a heatsink m back of the
P3 to Ti, 2, 3 Check positive inverter SCR

module. With a VOM on the X1K resistance scale the and diodes.
rectifier should have a low forward resistance and

essentially infimte reverse resistance.
N2 to TI, 2, 3 Checks negative inverter

5. CurrentTransformer-- CTC SCRand diodes.

CP to M1 Checks positive commutation
lh,sconnectthe CT1or CT2connection at the pulse SCR.
transformer card and with a VOM check that the

winding resistance measures between 15 and 25
CN to M1 Checks negative commuta-ohms. Check that arrow marked on the outside of the

transformer points from the CLP reactor towards the hon SCR.
(]P terminal.

Using a voh-ohmmeter selected to read ohms on the

Inspect tile transformer for any mechanical damage X1 ohms or XIO ohms scale, the normal readings
and make sure it is not in direct contact with the indicating good devices are as follows, with the

reactors or any terminals, posture meter lead connected to the first point.

INVERTER MODULE TROUBLESHOOTING
P3 to TI, 2, 3 High resistance

Each of the three identical inverter modules contains the

l,ower circuitry for one phase of the three-phase inverter Ti, 2, 3 to N2 Low res)stance
To help In troubleshooting these modules, refer to the
Inverter Phase Module elementary diagram and to the CN to M1 Low resistance
s,mplifwd overall power circuit of Figure 3. Since High resistance
practwally all of the clrcmtry on these modules is at AC
supply potentml, troubleshooting should be done with the
AC power off where possible. Wait 3 minutes after If any of the above readings are zero, refer to the
dJqconnecting power before doing any checking, to allow Mamenance and Repair section for removal,
capacitors to discharge, disassembly and replacement information. The

individual SCRs and diodes should be rechecked

1. Checking SCRs, Diodes and Snubbers when they are disconnected from each other to
ensure that a short in one device does not produce a

The inverter phase module SCRs and &odes can be faulty reading across another device. See the
checked with the power off, and the module Checking SCRs portion of this section
disconnected. The measurement points for the
phase modules are as follows:
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Whenever a phase module has been removed for The inverter phase commutations can be checked m
replacement of SCRs or diodes, the RC snubber the driver by checking the commutation current
circuits around the SCRs, commutating capacitors feedback signal (CF). The peak value ofcommutanon

and choke, legchokes and wiring should be inspected current can be read on the Meter card. (Sec.thc drlve_
and checked for damage, label on the inside of the power unit door for normal

readings). The commutation current can al,o bt' read
2. Checking Commutating Capacitors CCA, CCB, and with an oscilloscope connected driver TB39 (SEI,I)

CCC. and TB34(COM),and usingthe blackwire,hack
plane selector probe to receptacle K terminals. See

These capacitors may be checked by connecting the Figure 5 for normal commutation current wave

volt-ohmmeter, selected to the X 1K scale, between shapes.
M1 and MCfor each phase module. A good capacitor
will read above 100K resistance (after a brief charging 4. Checking Pulse Transformer Cards

period) whereas a bad capacitor will give a Iow or zero
reading. The capacitors should be checked again after The Pulse Transformer card on the front of the phase
the phase module has been removed and the module may be checked with an oscilloscope to see if
capacitors have been disconnected from the other SCR firing signals from the driver are beingapphed to
power circuitry. Refer to Maintenance and Repair the pulse transformers. Connect the ground lead of
section, the oscilloscopeto the card COMterminal,and

connect the probe lead to the top (cooling) tab of one
3. Inverter Phase Module Operational Test of the red power transistors. A normal pulse wave

shape is shown in Figure 9. Change the oscilloscope
If checking all phase module SCRs, diodes and probe lead to the top tab of the other red power
commutation capacitors according to the preceding transistors to check this four channel card. If normal

instructions does not indicate any failed devices, but pulses are observed when that inverter phase is
inverter fault shutdowns still occur, the following operating, the card is probably good. If no pulses are
procedure should be used to locate the problem, observed, connect the oscilloscope probe to the 1P,

2P, 1N and 2N input terminals to check for driver
Interrupt the DC link between N1 and N2 to prevent firing signals. See Figure 8 for normal firing signals.

power flow from the converter into any inverter fault Also, check for +20 volt firing power at +20A or +20B
condition. Thi¢ is easiest to accomplish on 10 input terminals. If input firing power and firing
through 60 KVA drives by on one side of the L1, pulses are present, then the card is probably
connecting the cable and wire together and taping the defective. Replace the card and check operation. If

connection, no input power or firing pulses are present, refer to
part 9 of Drive Shuts Down, or Will Not Start in the

With the DC link disconnected between N1 and N2, Driver Troubleshooting portion of this section.
the drive can be started and the inverter operated up
to full reference. With the motor disconnected from COIqVi=ItTI:It MODIJLI: TItOOBI. I:SHOOTING

the inverter, the P3 to N2 DC link voltage will build

up somewhat as the reference is increased. With the To help m troubleshooting this module, refer to the
motor connected to the mverter, the DC link will stay Converter Module elementary diagram and to the

close to zero. The maximum inverter frequency that simplified overall power circuit ot Fzgure 3. Since
can be obtained at full reference will be limited to less practically all of the circuitry on this module _s at A(:

than half of rated by the below normal DC link supply potential, troubleshooting should be done with the
voltage. Except for these differences from normal, AC power off where possible. Wait I minute t,tte,-
the reverter can be operated to check out the inverter disconnecting power before doing any checking to atlow
SCR firing and commutation operation without capacitors to discharge.
danger of further damaging the equipment if a fault

problem is present. In addition, by disconnecting the 1. Checking SCRs and Snubbers
plugs of two of the three wire harnesses APL, BPL
or CPL, just one phase module can be operated at a The converter SCRs can be checked w,th the power

time to simplify checking and to help in pin-pointing off, without disconnecting anything The
the problem, measurementpointsforthe moduleareas follow,,:
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10 TO 60 KVA Interrupt the DC hnk between N1 and N2 to prevent
any power flow from the converter from reaching the

[..1 [..2 [.3 filter capacitor or inverter. This is easiest to
[-61 ['6'] accomphshby dmconnectingboth the cable and

PI LO_ O[ cP control wire from one side of the El reactor,
connecting the cable and wire together, and taping

P:3_ (MODULE) O_ N2 the connection.

With the DC link disconnected between N1 and N2,

N ] ['0 ..... _'O-qC N the drive can be started and the converter operated up
to full voltage. The inverter will operate also, but at a

low voltage and reduced frequency, with or without
the motor connected.

I,l to Pl Checks positive phase 1 SCR

LI to NI Checks negative phase 1 SCR The converter operation may bechecked bymeansof
1,2to Pl Checks positive phase 2 SCR the driver Meter card selected to position 5. The
1,2 to N I Checks negative phase 2 SCR reading should change from 10 at zero reference to

1,3 Io Pl Checks positive phase 3 SCR 5.5 at full reference. The converter output voltage
!,3 to N1 Checks negative phase 3 SCR may also be checked by connecting a volt-ohmmeter

across the P1 to N1 terminals. The DC output voltage
Uslngavolt-ohmmeter selected to read ohms on the should be controllable from near zero to
X IK scale, check across all slx SCRs in both approximately 300 volts DC (230 volts AC input
directions. Good SCRs should read over t00K in drives) or 600 volts DC (460 volt AC input drives).
both the torward and reverse directions, while failed

SCRs will read zero ohms in one or both directions. If full output voltage cannot be obtained, it is possible
that one or more converter SCRs are not firing, or

that the driver is not putting out the proper signals.
If any SCRs appear to be failed, the converter module Refer to part 1, of Drive Operates Improperly and
should be disconnected from the rest of the power Part 9 of Drive Shuts Down, or Will Not Start under

circuitry at terminal points IA, L2, L3, PI and N1. Driver Troubleshooting. If the driver is putting out
(The module may have to be pulled partly out to the proper firing signals, check the converter Pulse
accmnplish this). Recheck the above readings at the Transformer cards. If these check out good, an open

disconnected converter module terminals. If the SCR or open gate SCR should be suspected Refer to
readings still indicate a bad device, refer to the Checking SCRs to test for this problem.
Maintenance arid Repair section for removal,

disassembly and replacement information. The
individual SCRs should be rechecked when they are 3. Checking Pulse Transformer Cards
disconnected from the converter circuit to ensure

that a short in one device does not produce a faulty The Pulse Transformer card on the front of the
reading across another device. See the Checking converter module may be checked with an
SCRsportion of this section, oscilloscopeto see if SCR firing signals from the

driver are being applied to the pulse transformers.

Whenever the corlverter module has been removed Connect the ground lead of the oscilloscope to the
card COM terminal, and connect the probe lead to thetor replaccmc.t of SCRs, the RC snubber circuit

arou mt the S(;l/s A(; line chokes and wiring should be top (cooling) tab of one of the red power transistors.

m,speclcdand checked for damage. A normal pulse wave shape is shown in Figure 9.
Change the oscilloscope probe lead to the top tab of

2 Converter Module Operational Test the other red power transistor to check the other
circuits of this card. If normal pulses are observed

if converter nnsoperatlon is suspected, but all when the converter ISoperating, the card is probably
converter SCRs appear to be good, the following good. If no pulses are observed, connect the
proc,edure should be used to perform an operational oscdloscope probe to the 1P, 2P, IN, 2N input
test. terminalsto checkfordriverfiringsignals.SeeFig.

7 for normal firing signals. Also, check for +20 volt

firing power at +20 A or +20B input terminals. If
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input firing power and fmng pulses are present, then This should be done before the SCR is deflmtely classified
the card is probably defective. Replace the card and as damaged or faulty, since a fauh in another SCR or
check operation. If no input power or bring pulses another part of the circmtry can produce a faulty reading
are present, refer to part 9 of Drive Shuts Down, or from a good SCR before it is disconnected from the c,rcmf
Will Not Start m the Driver Troubleshooting portion After a Press-Pak SCR ]s removed from the heatsmk ,t may
of this section, read open due to lack of pressure agalns! Ibc internal cell

structure. Apply pressure to obtain a true readingCHECKING SCRS

DC LINK FILTER TROUBLESHOOTING
Disconnect the suspected SCR as much as possible from the

remainder of the power mrcuitry. Using a volt-ohmmeter The DC hnk filter consists of the L1 filter choke and the C 1

selected to read ohms on the times 1K scale, check the filter capacitor assembly.forward and reverse resistance of each indiwdual SCR cell

(See the Module Elementary d,agram). Good or faulty 1. C1 Falter Capacitor Assembly(s)
SCRs will give the following typical readings:

This consists of one assembly of paralleled (230 volt

SCR Description Forward Reading Reverse Reading AC drives) or series--paralleled (460 volt AC drives)
electrolytic capacitors. When the dnvc has not been

Good SCR 100K to Infinity 100K to Infinity operated for 6 months or more, these capacitor._ start
Shorted SCR Zero Zero to degrade and their leakage current increases. A
Inoperative SCR 1 to 2K look to Infinity procedure called forming is reqmred to return the
Open SCR 100K to Infinity 100K to Infinity electrolytic capacitors to their rated operating

capabdlty. Refer to step 13 of the Start-up Procedure
in the Start-up and Check-out section for the proper

Since an open SCR will give about the same resistance forming procedure.
reading as a good SCR, another method must be used to find

this type of fault. It should be pointed out, however, that Electrolytm capacitors can fail by ._horting, can
practically all cells fall by shorting and very few by openmg, exhibit excessive leakage current, or can dry up and
If an open SCR is suspected, or if it is desired to cheek the lose their capacitance. The latter usually results from
switching operation of an SCR, the following circuit should
be used. a ruptured vent plug dur to "gassing" from excessive

current and/or temperature.

4 _ The filter capacitor assembly can be checked for
$C VOLT- shorted capacitors using a volt-ohmmeter after the

+ 5_.O.2.._o__ 0 RkO,J power has been off for more than I minute and the N 1
6 VOLT .J- _ HUUETE to P2 voltage is less than 10 volts. On 460 volt AC

BATTERY_' tort ZW - _ / drives with seriesed capacitors, the assembly can be
checked for excessive leakage capacitors by checking
the midpoint or Q point voltage when the drive is

The volt-ohmmeter is selected to read ohms on the 1K operating. Using a volt-ohmmeter, cheek the

scale, and is connected to read the forward resistance of the difference between the N1 to Q and the Q to N 1
SCR. When switch SWis closed, the forward reslstanceof voltages at maximum DC link voltage. This

a good SCR will change from a high value (100Kto infinity) difference should not exceed 5% of the P I 1 to 1)2
to a low value (1 to 10K). When the switch is opened, a voltage. If the above tests indicate either a shorted or
good SCR will revert to its high forward resistance or leaking capacitor, the filter assembly should be
blocking stateiflheholdingcurrentsource (voh-ohmmeter removed and disassembled to the point where the

resistance of each capacitor can be individuallybattery) is momentarily removed. A faulty SCR will not
switch, remaining in either an open or a conducting state, checked. Refer to the Maintenance and Repair

section for instructions. Any shorted or leaky

If any SCR's are suspected of being faulty from the above capamtors should be replaced, ttw remaining
resistance checks, the SCR conversion module should be capacitors should be inspected for ruptured veto

ri'moved from the case. After the SCR (cathode) and gate plugs according to th(' following mslru(.tmns.
leads have been disconnected, recheck the forward and

reverse resistances before replacing the SCR. The best way of evaluating tile condition of tin,
electrolytm capacitors is to visually respect their w, ut
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plugs These are 3/16" diameter red plugs In the top 8 Are there power factor correction capacitors
,'over of the capacitor case Internal gas pressure can causing harmonics, or their switching causing
cause a bubble to form in this plug and red color wfil voltage transients.
hghten until it is almost white. Eventually, the plug

will rupture, ttowever, this does not cause an C System Grounds
lmn,'d,ih' capa,qtor fadurc, but will resuh m a

gradual hJss of capacitance. Any electrolytm 1. Check that the power unit case is properly
capacitors winch are found to have ruptured plugs grounded.
should be replaced ab ',oon as convemently possible. 2. Check for grounds in motor windings or m power
1t'any capacitor vent plug contains a bubble larger cables to the motor.
than 1/16" in diameter, the capacitor assembly

should be respected at the next scheduled shutdown 3. Check for grounds in control wrong.
planned maintenance for ruptured vent plugs.

D Loose or Shorted Connections

if more than 25% of the capacitors have broken vent
plugs, and the drive has been operated over 20,000 1. Check incoming power connections.
hours, eonsideratmn should be given to replacing all

of the capacitors in the filter assembly. Refer to the 2. Check connectmns to power modules, filter
Maintenance and Repair sectmn for instructions, capacitor and choke, circuit breaker or fuses, etc.

2. 1,1 Fiher Choke 3. Check outgoing power connections to starters,
motors, etc.

Thi,_ choke should be visually checked for signs of

overheatir_g, damaged insulatmn or loose 4. Check incoming control wrong connections.
('{)ri neet Ions.

5 Check connectmns to Pulse Transformer cards.
MISCELLANEOUS TROUBLESHOOTING CHECKS

6. Check for bent terminals shorting to one another
The {ollowmg check l,st of miscellaneous items is included on driver back plane,
to provide additmnal directions of mvesngatmn in
troubleshooting this drive. E. Electrical Noise

A. Coohng and Temperature Problems 1. Cheek that all power unit relays have RC
suppression on their coils

I (]heck tor sufficient air flow through power umt.

2. Check tf fan rotatmn IS correct. 2. External relays, solenoids, brakes, etc. interfacing
3 (]heck if air fihers are clean (it prowded), with the power unit should also be suppressed.
4. Check if retake mr is below 40°C.

5. Che_k tor adjacent heat ,_ources. 3. Check for other external sources of electrmal
6. (]heck f'or re(qrculatmn of d_scharge air. noise

7. (]heck it r.orn ventdatlon is adequate to remove

the heatbtqngproduced F. OutputLoad

B Input Power 1. Check starting torque requirements

1. (]heck for correct vohage (within +10%,--5% of 2. Check for transformer saturatmn at low

,mmeplate rating) and frequency, frequencies ,f output transformer is used.
2 Check tor balanced phase voltage',.

3. (;beck for transient over or under voltages. 3. Check for motor overloads or jam-ups.
4. Haw· transient voltages occurred due to hghtning

or groundfaults? 4. Checkoperationcf motor transfer sw,tching.
5. (;heck tot excessive line regulatmn due to a high

tmpedan(e (snft) AC supply.
6 Is A(; supply grounded or ungrounded?
7 Is the avafiable short circuit current too high?
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INVERTER COMMUTATION CURRENT WAVE SHAPE

At 1/2 rated voltage & frequency At rated voltage & frequency

-O --0

10 #sec./&v. (230V AC Drives) 5 Volts Division
20 _sec./div. (460V AC Drives)

FIGURE 5

MOTOR CURRENT WAVE SHAPE

At half speedandlow load At full speedandfull load

10 msec./div. 5 msec./&v.
1 volt/div. 1 volt/div.

FIGURE 6
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CONVERTER FIRING SIGNALS

l/Blglllmml Blmmlmmmml
mBmmlmll/ll /mgm/Im//
E__/mIRl/ _lammmmJ--m
/lllmBmml illmMmmmBmml

ffiffiffimffiiffi_lffiffilffiffi/
,,,___mmmmm.mmNm2o.mmlmmmmm,,_o

2 msec./ dlv,sion 5/.tsec./&WSlOn
5 volts/division 5 volts/division

FIGURE 7

INVERTER FIRING SIGNALS

Top trace -- A, B, CCP -- Positive commutatmn SCR firing signal
Middle trace -- A, B, CA -- Commutation power supply SCR firing signal
Bottom trace -- A, B, CIN -- Negative inverter SCR firing signal

_//m'Wl/_/ mm/mimmmm,
glim/mmltmllmmammm

2 msec./divismn 20 Wsec/&vision

20 volts/&vlsmn 20 vohs/&ws,on

FIGURE 8
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PULSE TRANSFORMER CARD PULSE WAVE SHAPE

At FSI or FS2 card input At power transistor tab

llnl l
llllllllllll
illlffi!lllllllll

llilpnlk_illl
I!illl/ilffim_l

o !i_o
5/lsec./division 5 #sec./&vision
10 volts/division 10 volts/division

FIGURE 9
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REMOVAL/REPAiR AND REPLACEMENT 3 (:heck vohageacross capacitor C1 (P2to N2) with a
J)(J voltmeter. The capacitor dlscharee resistor (RI)

WARNING _hmlht }lave reduced this voltage to 10 volts or less
before work ,tart', on the ca.,e.

ELECTRIC SHOCK CAN CAUSE PERSONAL INJURY
OR LOSS OF LIFE WHEN POWER OFF 4 Disconnect firmgribbon cable connector DPL.
MAINTENANCE IS BEING PERFORMED, VERIFY ALI,
POWER TO THE DRIVE IS SWITCHED OFF OR 5. Rcrno_c thc nine (9) nt]t_ and washers from the
DISCONNECTED. RECOMMEND POWER SWITCHES power connectors:
BE RED--TAGGED DURING POWER OFF

MAINTENANCE. L1, L2 and 1,3 aero,,, the top of the module.
PI, P3 and N1 to the left of the module

MECHANICAL INSPECTION CP, N2 and CN to the r,ght of the module.

The mechamcal maintenance required for the drive system 6. Carefully pull module out of the rack using the
is divided into two baac units, the power unit and motor, red plastic insulation cover in front of the
The power units only mechanical maintenance is checking module. (See Figure 10).
that the umt zs free of dirt and dust.

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

ELECTRICAL INSPECTION

Power off (every six months): Check all electrical
connectmns for tightness. Look for signs of poor
connections or overheating (arcing or discoloration).

Manually check coohng fan for easy rotation.

POWER MODULE REPAIR

The removal, repair and/or replacement instructions vary [
depending on the type of power module and its KVA rating.
Refer to the instructmns which follow under the specific
heading and rating which applies to your drive.

If mmxmized down-time IS a critical factor, it is
recommended that a complete converter module and a

complete inverter phase module of your drive rating be
stocked as spares.

CONVERTER MODULE REPLACEMENT

The converter module is best removed as follows:

1. Tools reqmred:
FIGURE '10

Ratchet -- 3/8" AF-400 Drive Converter Module
Socket -- 7/16" for 3/8' ratchet being removed Press-Pak SCRs
Nut Driver -- 7/16" wah 6" shaft 40-60 KVA, 230 or 460V AC

(Photo MG-5649-5)

'2 Disconnect the three-phase AC input power.
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7. The module can be repaired on the table. See Press.,
Pak SCR replacement -- converter module or stud
mounted SCR replacement -- converter module
(See page 51 and page 60).

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

9. Reconnect the power terminals L1, L2, L3, P1, P3,
N1, CP, N2 and CN. Reconnect the firing ribbon
cable connector DPL.

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

INVERTER PHASE MODULE REPLACEMENT

. ;Fhe Inverter Phase Module is best removed as follows:

1. Tools required: i

Ratchet -- 3/8"
Socket -- 7/16" for 3/8" ratchet

FIGURE 11
Nut Driver -- 7/16" with 6' shaft AF-400 Drive Inverter Phase Module

being removed. Press-Pak SCRS
2. Disconnect the three-phase input power. 40-60 KVA,230 or 460V AC

(Photo MG-5649-6)
3. Check voltage across capacitor C1 (P2 to N2) with a

DC voltmeter. The capacitor discharge resistor (RI) 7. The module can be repaired on a table. See (1)
should have reduced this voltage to 10 volts or below Press-Pak SCR replacement -- phase module, or
before work starts on the case. (2) stud mounted SCR replacement -- Phase

module or (3) Press-Pak SCR and stud mounted

4. Disconnect firing ribbon cable connector APL, BPL SCR replacement -- Phase module (Pages 63, 68
orCPL. and71respectively).

5. Remove the five (5) nuts and washers from the 8. To install the repaired module or a spare module,
powerconnectors: lift the Phase module(s)onto the Inverter rack.

P3, M1 and N2 to the left of the module 9. Slide the assembly into the rack using the red
CP and CN to the right of the module insulation cover on the front of the module.

6. Carefully pull the module(s) out of the rack 10. Reconnect the power terminals P3, M1, N2, CP and
using the red plastic insulation cover in front CN. Reconnect the firing ribbon cable connector
of the module(SeeFig.11). APL,BPLor CPL.
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11. Check to see that all electrical connections are tight 3 After iocatmg the defective Pre_s.Pak SCR cell (1SP,
before reapplymg power. 2SP, 3SP, 1SN, 2SN or 3SN), trace the appropriate

red (cathode) and white (gate) firing circuit leads to
the pulse transformer printed circuit card. Remove
the plastic tie wraps from the appropriate firing

PRESS-PAK CELL REPLACEMENT -- c,rcult. Disconnect these circuits from the pulse
CONVERTER MODULE transformer card, faston connectors. Free these

40 to 60 KVA, 230V AC or 460V AC wires from the harnesses and check to see that they
are, In fact, connected to the defective cell.

1. Tools required:

4. Remove 4 machine screws and nuts that secure the

Ratchet -- 3/8' front red plastic insulation cover to the converter
Deep Socket -- 7/16" for 3/8' ratchet module. See Fig. 13
Wrench -- 7/16" box
Wrench -- 3/8" box

Screwdriver -- 8" long with 5/16" tip

2. Stand the converter module on its back side on a

table. The pulse transformer, printed mrcuit
cardshouldbeontop. (Normallyonthefrontofthe ._
module).SeeFig.12. Z

",__ _,_,

I'

_/ , ,]

:i .... ;z .........

Y' 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)

FIGURE 12 5. Fold back the cover, thereby, exposing the Press-Pak
AF-400 Drive Converter Module SCR heatsmk clamps The remaining w_reharnesses

standing on a table. Press-Pak SCRs should support the front insulation cover while
40-60 KVA, 230 or 460V AC removing and replacing the defecnve Press_Pak

(Photo MG-5629-10) cell See Fig. 14.
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FIGURE 14

AF-400 Drive Converter Module FIGURE 15
with front insulation cover folded back AF-400 Drive Converter Module

Press-Pak SCRs
40-60 KVA, 230 or 460V AC showing removal of the nuts and washers

(Photo MG-5629-4) that secure the heatsink clamp,Press-Pak SCRs
40-60 KVA, 230 or 460V AC

(Photo MG-5629-7)
6. Remove the bolt, two flat washers and nut that hold

the heatsink assoc,ated with the defective SCR cell

to the DC bus (P1 or N1). See Fig. 15.
7. Remove the two clamp nuts that secure the

defective SCR, while supporting the bottom
heatsink and clamp with one hand underneath the
heatsink assembly. See Fig. 16.
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FIGURE 16 FIGURE 17
AF-400 Drive Converter Module showing AF-400 Drive Converter Module

removal of heatsink showing removal of the commutating
Press-PakSCIqs diode(DC)heatsink.

40-60KVA,230or460VAC 40-60KVA,230or 460VAC
(PhotoMG-5629-8) (PhotoMG-5629-9)

8. Note that 1SP, 2SP and 3SP SCRs are connected to 12. The other SCR associated with the clamp assembly
the top heatslnks, whereas, 1SN,2SNand3SN SCRs should be carefully hfted from the heatsink
are connected (back to back) on the bottom heatslnk mounting surfaces.
assemblv.

13. Inspect the surfaces that both SCRs mount between.
9. NOTE CAREFULLY THE ARRANGEMENT OF These surfaces should he wiped clean with a lint free

THE CLAMP PARTS AND SCR ORIENTATION. cloth. Inspect the surfaces and make sure they are
smooth: _f not smooth, replace the heatsmk

lO Remove the clamp rods, thereby, separating the two assembly.
heatsmks and permitting the defecnve SCR to be

removed along with its red and white firing circuit 14 Lubricate both mounting surfaces for each SCR
leads, which were previously removed from the using a thru coat ofthermalgrease, General Electric,
pulse transformer printed circuit card. G322L, _,ersilube Plus (or equivalent).

il. The gate and cathode leads of the replacement SCR 15 Place both SCRs m the same orientation, as m the

should be connected to the pulse transformer card original assembly and place the SCR center holes
per the converter module elementary diagram. See over the roll pin in the mounting surface.
Fig. 17.

NOTE

THE BOTTOM SCR FITS OVER A ROLL PIN IN THE
HEATSINK AND THE TOP SCR FITS OVER a, ROLL PIN
IN THE PLATE
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16. The clamp parts and heatsink should be assembled m 6. Remove the stud mounted diode from Its heatsink.

the original manner and the two nuts tightened It is secured with a nut and lock washer. See Fig. 17.
finger tight so that the threads sbowmgare the same

on both clamp rods. 7. Before replacing the commutatmg (In)dc,in',pcct the
mountmg surface on the heat.,,mk a.,,well a.',lhe '_tud

17. Check to see that the SCR center holes are still over mounted diode mounting sm'lace. These surtaces

the rollpins. shouldbewipedcleanwitha lint freech)th. Inspect
the surfaces and make sure they art. smooth.

18. W_th the nuts finger t_ght, use a wrench to tighten

each nut, alternately in one quarter (1/4) turn steps 8. Lubricate both mounting surfaces using a thin coat
uritil the clamp hghtness (over finger tightness) of thermal grease, General Eh'ctr,' (;3221,,

equals one and one quarter (1-1/4) turns. Versilube Plus (or equivah, nt).

NOTF 9. Insert the diode into the heat,rink and tighten down
the stud nut to a pressure eqmvah'nt h_ 100 inch

WHEN TIGHTENING THE CLAMP USE A SOCKET pounds, using a torque wrench.
WRENCH TO HOLD THE BOTTOM HEADS OF THE

CLAMP RODS WHEN COUNTING TURNS. 10. Replace the two bolts that secure the heatsmk It, Hn'
converter module.

19. Reconnect all electrical connections to both

heatsmks and the SCR firing mrcmt leads to the 11. Replace the anode connection P3
pulse transformer card.

12 Replace the top protective metal plah.
20. Re-install the front insulation board which include_

the pulse transformer card and bolt m place with the

four (4) machine screws and nuts. COMMUTATION POWER SUPPLY
REPLACEMENT -- CONVERTER MODULE

21. Re-tie the SCR firing circuit leads with plastic 40 to 60 KVA, 230V AC or 460V AC
clamps.

1. Tools required:
22. Check to see that all electrical connections are tight.

Screw driver -- 8" long with 5/16" tip

COMMUTATING DIODE (DC) Nut Driver -- 1/4" with 6" shaft
REPLACEMENT CONVERTER MODULE

40 to 60 KVA, 230V AC or 460V AC 2. Remove the top protective metal plate (2--1/4/20
machine screws).

1. Tools required:
3. The commutating power supply is contained on a

Ratchet -- 3/8" printed circuit board located on the left side of the

Deep Socket -- 9/16" for 3/8" ratchet converter module. It is connected through five (5)
Deep Socket -- 7/16" for 3/8' ratchet slotted terminals on terminal board TB1.
Wrench -- 7/16" box

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

2. Stand the converter module on its back side on a terminal board TB1 and slip the card away from the

table. SeeFig.12. terminalboard.

3. Remove the P3 connection (Anode) to the 5. To replace the card, reverse the above procedure.

Commutating Diode (DC).
6. Make sure the five (5) terminal board screws are

4. Remove the two bolts that secure the (DC) diode tight. These are electrical connections that also
heatsink to the converter module, serve to support the card.

5. Remove the top protective metal plate (2-1/4/20
machine screws).
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STUD MOUNTED CELL REPLACEMENT --
CONVERTER MODULE

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

1. Tools required:

Ratchet -- 3/8'

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

Screw Driver -- 8" long with 5/16" tip

2. Stand the converter module on its back side on a

table. The pulse transformer printed circmt _,_3
card should be on top. (Normally on the front of the

module) _' "l

3. After locatmg the defective stud mounted SCR cell
1SP, 2SP, 3SP, 1SN, 2SN or 3SN) trace the

appropriatered (cathode)and white(gate)fmng *h_
circuit leads to the pulse transformer printed circuit .. _, _
card. Remove the plastic tie wraps from the
appropriate firing circuits. D_sconnect these
circmts from the pulse transformer card, faston
connectors. Free these w_res from the harnesses

and check to see that they are, in fact, connected
to the defective cell.

4. Remove four (4) machine screws and nuts that FIGURE18
secure the front, red plastic insulation cover to the AF-400 Drwe Converter Module
converter module, with stud mounted SCas standing on a table

10-30 KVA, 230 or 460V AC
(Photo MG-5629-14)

5. Fold back the cover, thereby, exposing the stud
mounted SCR heatsinks. The remaining wire
harnesses should support the front insulation cover
whale removing and replacing thc defecnve stud
mounted SCR cell.

6. Remove the two (2) nuts that secure the defective
SCR heatsink to the DC bus (Pi or N1).

7. D_sconnect the SCR power circuits.

8. Remove the stud mounted SCR frm its heatsink. It

is secured with a nut and lock washer. See Fig. 19
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i

15. Carefully fold tutu the harnesses the power wrong
and SCR fmng circuit leads. Re-tie all leads with

_kk plasticclamps.

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

PRESS-PAK CELL REPLACEMENT
INVERTER PHASE MODULE

40-60 KVA, 230V AC

_ 1.Toolsrequired:

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

Screw Driver - 8" long with 5716" 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.
_3 _ _.,. _,_

FIGURE 19
AF-400 Drive Converter Module

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

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

9. Before replacing the stud mounted SCR, inspect the
mounting surface on both the heatsink as well as the
studmountedSCRcell. Thesesurfacesshouldbe _q

wiped clean with a lint-free cloth. Inspect the _'_
surfaces and make sure they are smooth. _ f!

10. Lubricatebothmountingsurfacesusingathin coat _;

of thermal grease, General Electric G322L,
Versilube® Plus (or equivalent).

11. Insert the stud mounted SCR into the heatsink and

tighten down the stud nut to a pressure eqmvalent to
30 inch pounds, using a torque wrench.

12. Replace the heatsink and the two (2) nuts that

secure it to the DC bus, (Pl or N1). _:_4 _]' _ )I_'_:l13. Reconnect all electrical connections to their _'_'_ '_' :' ::

respective busses and the SCR firing leads to the

pulse transformer card. FIGURE 20
AF-400 Drive Inverter Phase Module

14. Re-install the insulation board which includes the standing on a table. Press-Pak SCRs
pulse transformer card and bolt it in place with the 40-60 KVA, 230V AC
four (4) machine screws and nuts. (Photo MG-5629-12)
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3. After locating the defective Press Pak SCIqcell (1SP
and 1SN Main SCRs or CSP and CSN -- _ _- _ ,_,,

Commutating SCRs) trace the appropriate red
(cathode) and white (gate) firing circuit leads to thc _*
pulse transformer printed circmt card Remove the
plastic ne wraps from the appropriate firing circuits.

Disconnect these cxrcuits from the pulse [
transformer card, faston connectors. Free these

wires from the harnesses and check to see that they
are, in fact, connected to the defective cell.

,,q

4. Remove four (4) machine screws and nuts that

secure the front, red plastic insulation cover to the ,,_:"Inverter Phase Module. _-, ':,_,

5. Fold back the cover, thereby, exposing the Press Pak
SCR heatslnk clamps. The remaining wire harnesses _;i,,
should support the front insulation cover while
removing and replacing the defective Press Pak SCR
cell.

6. Remove the two (2) clamps nuts that secure the _,,:,_,, f,,_;/
defective SCR cell while supporting the bottom
heatslnkandclampwith onehand underneaththe
heatsink assembly.

'Sf

7. Note that 1SP and CSP SCR cells are connected to -" _

the top heatsmks, whereas, 1SN and CSN SCR ceils

are connected to the bottom heatsink assembly. FIGUaE 21
AP-400 Orwe Inverter Phase Module

8. NOTE CAREFULLY THE ARRANGEMENT OF with the front cover folded back Press-Pak SCRs
THE CLAMPPARTS AND SCR ORIENTATION. 40-60 KVA, 230VAC

(Photo MG-5629-5)

9. Remove the bottom heatsink and SCR cell by
dropping the assembly so the clamp rods are free

Carefully remove the defective SCR cell along with 13. Lubricate both mounting surface_ for each SCR cell
its red and white firing clrcmt leads whtch were u_lng a thru coat ot thermal grea_e, General Electric
previously removed from the pulse transformer G322L, Ver_llube® Plus (or equivalent)

printed circuit card.
14. Place both cella In the same orientation as in the

10. The gate and cathode leads of the replacement SCR original a_senlblv arid place the cell center holes
should be connected to the pulse transformer card over the roll pin in the mounting surface.
per the inverter phase module elementary diagram.
SeeFig.21. NOTE

11. The other SCR cell associated with the clamp FHE BOTTOM SCR (;ELL HTS OVER A ROiJ_ PIN IN
assembly should be carefully lifted from the THE HE&TSINK AND THE TOP SCR FITS O_,ER A
heatsink mounting surfaces. ROLL PIN IN 'DIE PI,¥1'E.

12. Inspect the surfaces that both SCR cells mount 15. ']'heclamp part, and }leat_ulkshouht be as,elnbledin
between. These surfaces should be wiped clean with thc original manner and the two nuts tlg}ltened

a lint-free cloth. Inspect the surfaces and make sure finger tight _o that the thre,td_ ,howmgare tile aame
they are smooth; if not, replace the heatsink on both clamp rod,
assembly.
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1.6. Check to see that the SCR cell center holes are still 6. Replace the heatsinks according to instructions
over the roll pros. under Press-Pak SCR Replacement-- Inverter

Phase Module, 40-60 KVA, 230V AC.

1.7. With the nuts finger tight, use a wrench to tighten
each alternately in 1/4 turn steps until the clamp 7. Replace the anode connection (DP or DN).
tightness (over finger tightness) equals one and one
quarter (1 1/4) turns. STUD MOUNTED SCR REPLACEMENT --

INVERTER PHASE MODULE
NOTE 10-30 KVA, 230V AC or 460V AC

WHEN TIGHTENING THE CLAMP USE A SOCKET 1. Tools Required:
WRENCH TO HOLD THE BOTTOM HEADS OF THE
CLAMP RODS WHEN COUNTING TURNS. Ratchet -- 3/8"

Deep Socket -- 7/16" for 3/8" ratchet
18. Reconnect all electrical connections to both Wrench- 3/8' box

heatsinks and the SCR firing circuit leads to the Screw Driver -- 8" long with 5/16" tip
pulse transformer card.

2. Stand the phase module on its back side on a

1.9. Re-install the red plastic insulation board which table. The pulse transformer printed circmt
includes the pulse transformer card and bolt it in card should be on top. (Normally on the front of the
place with the four (4) machine screws and nuts. module). See Fig, 22.

20. Re-tie the SCR firing c_rcmt leads with plasuc
clamps.

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

BYPASS DIODE (DP AND DN) REPLACE--
MENT INVERTER PHASE MODULE

40-60 KVA, 230V AC

1. Removethe anodeconnectionto theBypassDiode _;,_

(DP or DN). _

2. After separating the two main Press-Pak heatsinks

(seePress-PakSCRReplacement-- InverterPhase
Module, 40-60 KVA, 230V AC) remove the stud '_

mounted bypass diode from the appropriate
heatsink. It is secured with a nut and lock washer.

3. Before replacing the bypass diode(s), inspect the
mounting surface on the heatsink as well as the stud
mounted &ode mounting surface. These surfaces

should be wiped clean with a lint free cloth. Inspect _;_ , _.:_.<"'__? _ _i,'._
the surfaces and make

suretheyaresmooth. _ ?_i_ []

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

FIGURE 22

5. Insert the diode into the heatsink and tighten down AF-400 Drive Inverter Phase Module

the stud nut to a pressure equivalent to 30 inch standing on a table stud mounted SCRs10-30 KVA, 230 or 460V AC
pounds, using a torque wrench. (Photo MG-5629-11)
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3. _fter locating the defe¢me stud mounted SCR cell 6. Disconnect the power leads from the appropriate
(1SP and 1SN -- \lam S(_R_ or CSP and CSN -- reactors. Replacement stud mounted SCR cells are
commutat,lg SCR,) trace the appropriate red furnished by General Electric Company with the
(cathode) and white (gate) firing circuit leads to the power leads and firing circuit leads soldered to the
pulse transfornier printed c_rcult card. Remove the stud mounted SCR cells.
plastic tic wraps from the appropriate flr,ng c]rcmts.
Disconnect these c_rcults from the pulse 7. Remove the two (2) nuts that secure the heatsink
transformer card, faston connector_ Free these with the defective stud mounted SCR cell to the

wires from the harne',se', and check to see that they phase module.
are, ,n fact, connected to the defective SCR cell.

8. Remove the stud mounted SCR cell from its

4. Remove four (4) machine screws and nuts that heatsink. It is secured with a nut and lock washer·

secure the front red plastic insulation cover to the
inverter phase inodule. 9. Beforereplacingthe stud mounted SCRcell,inspect

the mounting surface on both the heatsink as well as

5. Fold back the cover, thereby, exposing the stud the stud mounted SCR cell. These surfaces should
mounted SCR heatsmks. The remaining wire be wiped clean with a lint free cloth. Inspect the
harnesses should support the front insulation cover surfaces and make sure they are smooth.
while removing and replacmg the defective stud
mounted SCR cell See Fig 23 10. Lubricate both mounting surfaces using a thin coat

of thermal grease, General Electric G322L,
Versilube Plus (or equivalent).

;"_ 11. Insert the stud mounted SCR cell into the heatsink

and nghten down the stud nut to a pressure
equivalent to 30 inch pounds, using a torque
wrench.

ii> '' 12. Replacethe heatsinkand the two (2) nuts that
secure it to the phase module.

13. Reconnect all electrical connections to their

[;,: , respective reactors and the SCR fmng leads to the
:",_ pulse transformer printed circuit card.

_' _:',:: 14. Re-install the insulation board which includes the

: _ pulse transformer card and bolt it m place with the

?,,_ four (4) machine screws and nuts.
I

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

_,..,,'_..-_ --";_;_'_ .%// 16 Check to see that all electrical connections are nght.,4'

FIGURE 23
AF-400 Drive Inverter Phase Module

wath front insulation cover folded back
stud mounted SCRs

10-30 KVA, 230 or 460V AC
(Photo MG-5629-1)
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INVERTER PHASE MODULE 3. After locating the defective Press-Pak Main SCR

40-60 KVA, 460V AC cell (1SP and 1SN) follow the instructions for Press-
PRESS-PAK SCR CELL REPLACEMENT Pak Main SCR cells, 40-60 KVA, 230V AC units.

MAIN SCR CELLS See Fig. 25.
STUD MOUNTED SCR CELL REPLACEMENT

COMMUTATING SCR CELLS

1. Tools Required:

k
Ratchet -- 3/8" _;
Deep Socket -- 7/16" for 3/8' ratchet !_
Deep Socket -- 9/16" for 3/8" ratchet
Wrench -- 3/8" box

Screw Driver -- 8' long with 5/16" tip
/

i?
r

2. Stand the phase module on ]ts back side on a ' _:,_,'_;
table. The pulse transformer printed circuit _2_._ _:, ?_,

¢

cardshouldbeontop. (Normallyonthefrontofthe _;J _,
reverter phase module). See Fig. 24.

FIGURE 25
' _ AF-400 Drive Inverter Phase Module

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

Press-Pak Main SCR cells stud
mounted commutating SCR cells.

(Photo MG-5629-3)
J

4. After locating the defective stud mounted
' commutating SCR cell (CSP and CSN) follow the
: instructmns for stud mounted commutating SCR

cells, 10-30 KVA, 230V AC or 460V AC units. See

I"_ _ Fig.25.

5. Check to see that all electrical connectmns are tight.

FIGURE 24
AF-400 Drive Inverter Phase Module

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

Press-Pak Mare SCR cells stud mounted
Commutating SCR cells.

(Photo MG-5629-13) 53
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FILTER CAPACITOR REPLACEMENT 3 Check the voltage acros_ the capacitor assembly (N2
to P2) with a D(] voltmeter. The capamtor discharge

1. Tool_ reqmred: resistor (R 1) shouhl have reduced this wlltage to 10
vohs t)r heh)w before work starts in the case,

Rah'bet -- 3/8"

!)eep Socket -- 7/16" for 3/8' ratchet 4. l)lsconnect the fall motor leads from the terminal
Wrench -- 7/16" box board

Screw Driver -- 5/16" shank, 8" long blade
5 Remove the mounting screws from the fan housing

2. Open all electrical mrcmts to the case in which the that holds the fan to the module rack.
Filter (hpacltors are located.

6. Remove the fan assembly.
3, Check wAtage across capacitors (N2 to P2) with

DC vohmeter. The capamtor &scharge resistor (RI) 7. The repaired or replacement motor and fan assembly
should have reduced th_svoltage to 10volts or below should be bolted m place.
before work starts in the case.

8. Reconnect thc motor leads to the terminal board.

4. D_sconnect the power leads to the capacitor.
9. Check all electrical connections for tightness.

5. Loosen the capacitor clamp and remove the
capacitor. 10. Applypowerto the fan motor. Lookinginto the

motor from the fan side, the rotation should be

6. When the faulty capacitor is replaced, make certain counter-clockwise, and the air flow will be toward

that the new capamtor is connected to the electrical the top of the ease.
clrcu,t with the same polarity orientation as was the

faulty capacttor, l1. Openthe electricalcircuit to the fan motor. Ii the
motor rotatlon was incorrect any two motor leads

7. Re-connect all power leads, may be interchanged at the terminal board to correct
thru

8 If the replacement electrolytic capacitors have been STANDARD SPECIFICATIONS, OPTIONS,
orl the shelf (non-operating) for longer than 6 OPERATOR'S STATIONS AND AC MOTORS
months, they should be formed. Refer to step 13 of
the Start-up Procedure m the Start-up and Check- RATINGS
out seclion for the proper forming procedure.

Horsepower -- 10 through b0 HP

Power Supply Voltage _ 3 phase, 230 or 460V At;
(+10% -- 5%)

FAN REPLACEMENT -- 10 to 60 KVA --Frequency -- 60 or 50 Hz (4-2%)
(by jumper selection on

1.Toolsrequired: convertercard)

Ratchet -- 3/8" Input Power RMS Amperes
Rat<hel Extension -- 3/8", 6" long
Deep Suckel -- 1/2' for 3/8' ratchet HP 230¥ AC 460V AC
Nut I)nver -- 5/16" with 6' blade

Screw I)nw'r -- 5/16" shank, 8' long blade 10 28 14

2 Openall ele_trical clrcmtsto the casem whichthe 15 42 21
fauh¥t,massemblyis located. 20 56 28

25 7O 35

30 84 42
40 112 56

50 140 70
60 168 84
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Overload Capability--Service Factor 1.0
1 Min. Overload -- 150% Protective Features --

Motor Starting Torque 140%
(1 Minute) AC line, current limiting fuses

115V AC Control Power Fuses

Speed Range --Variable Torque (pump load) Surge voltage protection
= 8 to 1 Controlundervoltageshutdown

Minimum Frequency = 7.5 Hz Commutation overcurrent shutdown
(No derating of motor or power Inverter overfrequency shutdown
unit) Inverterfaultshutdown

Constant Torque DC Link overvoltage fauh-shutdown
3 to 1 Derate Power Unit Phase sequence of loss of phase trip

RMS Amps -- 10% Inverse time overcurrent trip
8 to 1 Derate Power Unit Isolation between power and control clrctnl,4

RMS Amps -- 25%
10 to 1 Derate Power Unit Indicating Lights --

RMS Amps -- 25%

Constant Horsepower = 1.25 to 1 ITOC -- Inverse time overcurrent

Refer to AF-400 Drive Application IF -- Inverter Frequency
Manual, GET-6656 for details. SYNC -- Synchronizing hghtInverter to AC line

Service Conditions --Ambient temperature 0 to 40°C (Not used on GP Drives)

Altitude -- 0 -- 1000 meters LOV -- Link overvoltage trip
(0 -- 3300 feet) PS/LOP -- Incorrect phase sequence or loss of phase

Speed Regulation --3% (approximately) with lOC -- Instantaneous Overcurrent
induction motor (Due to slip) (Will also operate on I)C I,ink ow,rwdtage

0% with synchronous reluctance trip; commutation overcurrent or conlrol
motor undervohage shutdown).

IOF -- Inverter overfrequency tripService Deviation _ 1%
COC -- Commutation overcurrent trlp

Function of Basic CUV -- Control undervohage tripPower Unit --Drive Start and Stop
Speed Control by Potentiometer
Unidirectional operation Operator's Station (Basic Standard)
Coast Stop Speed Adjust Potentiometer

Start--Stop Pushbuttons
Adjustments --

Current feedback -- 0 to 100% NEMA 1 Enclosure
Current Limit -- 50 to 150%
Linear timed acceleration -- 5 to 50 sec. Options --
Linear timed deceleration -- 5 to 50 sec. Incoming Line Circuit Breaker

(Independent adjustments) 230 or 460V AC, 3 phase
Voltage Boost Relay Option Card
IR Compensation Reversing Relay (Selective rotation)

) Current Limit Stability Fault Relay
Volts/Hertz Run Relay (Pilot relay for AC motor contactors
Minimum Frequency -- (Minimum Speed) to and including NEMA size 2)
Base Frequency _ 2 to 1 Process Follower Card
Frequency Ranges --37.5 to 75 Hz Meter Card (Diagnostic Test Card)

--75 to 150 Hz
--150 to 300 Hz Operator'sStations

Trip Frequency - 75 Hz
-110 Hz I. Speed Adjust Polenti()nwler
-165 Hz Start-Slop !'ushbutlons
-275 Hz Forward/Reverse Selector Switch

} -410Hz NEMA1Enclosure
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2. Speed Adjust Potentxometer
Start-Stop Pushbuttons
Manual/Automatic Selector Switch
NEMA 1 Enclosure

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

AC Motor --

Type: Squirrel cage induction or
synchronous reluctance

Synchronous speed at 60 HZ: 3600 RPM
1800 RPM
1200 RPM
900 RPM

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

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

ventilated)

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

V G B F 2 015 A Ol

/,SVPO Modifications

General
ii

Purpose A --NoCircuit Breaker
B = With Circuit Brcak,.r

DriveType KVA015=15KVA

B= (AF-400InverterDrive) 060=60KVA

Enclosure ACVoltage2=230VA(;

W=Wall 1.=4()OV.,\(]
C = Chassis

F = Floor

BASIC (STANDARD) MODEL NUMBER BY HORSEPOWER

KVA ModelNumber 230V ModelNumber 460V
lllll I l

10 6VGBF2010A 6VGBF2010B 6VGBF4010A 6VCBF40101_
15 6VGBF2015A 6VGBF2015B 6VGBF4015A 0V(;BF4015B
20 6VGBF2020A 6VGVF2020B 6VGBF4020A 6VCBF4020B
25 6VGBF2025A 6VGBF2025B 6VGBF4025A 6V(;BF4025B

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

CATALOG NUMBER ASSIGNMENT _ OPERATOR'S STATIONS REMOTE

SpeedAdjust,Start-Stop 6VOC76
SpeedAdjust,For._Rev.,Start-Stop 6VOC82
SpeedAdjust,Man._Auto.,Start-Stop 6VOC52

SpeedIndicator 6VS112
1,oadIndicator OVI,112

I';nclosurc -- I Instrument 6VII,',II
Enclosure -- 2 Instruments {)VIE21
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AVAILABLE OPTIONS MODEL NUMBERS

Kit Factory Mounted

I'_m c,,,, F.Ihlwer (:ard

( Iq:tX3ql AA(;01) 6VPF10A1 6VPF10FMA1

tlelay ()piton (lard
(I 93X3ql AA(;02) (Included with standard GP General Purpose Drives_

*I{ew.rqng th'lay Mo(hfmatlon 6VREVi0A1 6VREV10FMA1
*Fault [lelay Mmhhcation 6VFLT10A1 6VFLT10FMA1
*Run Relay M,,difi,'atmn 6YRUN10A1 6VRUN10FMA1

*These .ptmn_, modify the Process Follower Optmn Card m ktt 6VPF10A1 or the Relay Option card furnished with all
,,tandard CP -- (;eneral Purpose Drives.
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(AF3124)

ADJUSTABLE

FREQUENCY
DRIVE

GENERAL PURPOSE

OPERATING NOTES

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

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

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

THIS DRIVE REQUIRES AIR FLOW THROUGH THE ENCLOSURE. IT ENTERS AT THE
BOTTOM AND EXITS AT THE TOP OF THE ENCLOSURE. THE REQUIRED AIR FLOW
IS Z75 CFM AND THE INLET AIR TEMPERATURE SHOULD NOT EXCEED 40'C.
THE AC POWER WIRES ARE NORMALLY BROUGHT INTO THE TOP OF THE ENCLOSURE
THROUGH THREE, FAST ACTING, THYRISTOR FUSES. A CIRCUIT BREAKER WITH
MAGNETIC TRIP MAY BE SUPPLIED AHEAD OF THESE FUSES AS OPTIONAL EQUIP-
MENT. WHEN THE CIRCUIT BREAKER IS SUPPLIED IT HAS AN OPERATING MECHA-
NISM THAT EXTENDS THROUGH THE FRONT DOOR.

THE INVERTER OUTPUT WIRES ARE NORMALLY TAKEN OUT OF THE TOP OF THE EN-
CLOSURE, THROUGH A CHANNEL UNDERNEATH THE CIRCUIT BREAKER MOUNTING
BRACKET. THE PURCHASER MAY CHOOSE TO HAVE THE OUTPUT WIRES CONNECTED
TO AN AC CONTACTOR AS SHOWNON ELEMENTARY DIAGRAM SGBSgOZG4AA SH4.

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

RATING FUSES FUSES FUSE FU7FUI-FU3 FU4-FU5
VOLTAGE KVA AMPS VOLTS AMPS VOLTS AMPS VOLT5

230 I0 GO 500 3 GO0 250

I 15 GO
ZO I00
25 I00

i

30 ID0
40 300
50 300 I

' ' 60 300 N' '_' '_l _ '_,,'

FIGURE26
GP Operating Notes & Drive Elementary Diagram, Sheet 1

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

VOLTAGE KVA AMPS VOLTSI/_MPS VOLTS AMPS VOLTS I
460 ID 35 500 I 3 600 250

15 35 l
20 GO I
25 SO

30 BO
40 175
50 175

NOTE

FOR ALL RATINGS, THE DRIVER POWER SUPPLY CARD (193X480A _01> FUSE
IS 5AMPS-ZSOVOLTS.

THE ADJUSTMENT OF MOTOR SPEED IS ACHIEVED BY CHANGING BOTH MOTOR
FREQUENCY AND VOLTAGE, THIS IS AVARIABLE VOLTAGE DC LINK TYPE IN-
VERTER, ADESCRIPTION OF THE BASIC INVERTER IS PROVIDED IN INSTRUC-
TION BOOK, GEK-24996.
THE GENERAL PURPOSE (GP) INVERTER IS PROVIDED WITH AN OPTION CARD
([93X391/__GO2> WHICH IS PLUGGED INTO A CARD HOLDER ATTACHED TO THE
TOP OF THE DRIVER RACK. THIS OPTION CARD CAN BE USED IN CONJUNC-
TION WITH OPERATOR _J STATION, MODEL GVOC72 TO START AND STOP THE
INVERTED DRIVE AND TO CONTROL ITS SPEED,

NOTE: I. RELAYCONTACTS ON OPTION CARDS IS3X391A_GOI OR GOZ ARE
RATED IISVAC; HIGHER VOLTAGE SHOULD NOT BE USED.

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

THE START/STOP PUSH BUTTONS CAN BE WIRED INTO THE CIRCUIT AS SHOWN ON
ELEMENTARY DIAGRAM 3BB590264AA SH5. IF WIRED AS SHOWN, THE THERMAL
SWITCH (THSW) WILL CAUSE THE DRIVE TO STOP DUE TO HIGH AMBIENT TEMP-
ERATURES DR LOSS OF COOLING AIR. IF A MOTOR OVERLOAD RELAY IS USED,
ITS INTERLOCKS (OL) CAN BE CONNECTED INTO THIS CIRCUIT CAUSING THE DRIVE
TO STOP WHEN THE OVERLOAD RELAY TRIPS,

THE SPEED ADJUST POTENTIOMETER CAN BE CONNECTED INTO THE CIRCUIT AS
SHOWN ON ELEMENTARY DIAGRAM 36BSSOZB4AA SH6. AS SHOWN, TWO POTEN-
TIOMETERS ON THE OPTION CARD CONTROL MINIMUM AND MAXIMUM SPEEDS AT
WHICH THE DRIVE WILL OPERATE, MAX MAN ADJUST THE MAXIMUM SPEED
LIMIT AND gIN MAN ADJUSTS THE MINIMUM SPEED LIMIT.

IF IT IS DESIRABLE TO HAVE AN EXTERNALLY, ADJUSTABLE MINIMUM AND
MAXIMUM SPEED ADJUSTMENT, THE SPEED ADJUST POTENTIOMETER MAY BE
CONNECTED BETWEEN TS2(40) AND TBI(18).

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

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

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

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

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

FOLLOW THE INSTRUCTIONS IN GEK-2499G INSTRUCTION BOOK FOR START-UP
PROCEDURES, PROPER ADJUSTMENT Of THE DRIVER POTENTIOMETERS AND FOR
TROUBLESHOOTING.

FIGURE 26 (continued)
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NOTE: CAPACITOR FORMING

ELECTROLYTIC CAPACITORS HAVE A LIMITED SHELF LIFE WHEN NOT ENERGIZED.

IT IS THEREFORE NECESSARY TO FORM THE CAPACITORS BEFORE NORMAL
CHARGING CAN TAKE PLACE, FORMALL "GP DRIVESREGARDLESSOFSHIPMENTDATE,

A. LESS THAN 6 MONTHS: NO FORMING REQUIRED.

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

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

FOR THIS GENERAL PURPOSE (GP) DRIVE THERE ARE KITS AVAILABLE WITH
PUSHBUTTONS, SWITCHES, INSTRUMENTS AND PRINTED CIRCUIT CARDS WHICH
CAN BE USED AS SHOWN IN THE ELEMENTARY DIAGRAM 366590264AA SHEETS
5 AND 6. THESE KITS ARE DESCRIBED BELOW:

I, METER CARD -193X481A._GOI
THE DRIVER IS PROVIDED WITH A RECEPTACLE WIRED TO PROVIDE SIGNALS
TO THE METER CARD (WHEN USED). THE TROUBLESHOOTING SECTION OF
OEK-74996 REFERS TO THIS CARD AND TO ASSISTANCE DURING SET-UP AND
TROUBLESHOOTING,

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

2. OPERATOR'S STATION
SPEED ADJUST, START-STOP - MODEL 6VOC7Z
SPEED ADJUST, FWD, REV, START-STOP - MODEL GVOGZ
SPEED ADJUST, MAN, AUTO, START-STOP - MODEL 6V0C=;2

THESE STATIONS (7,4 INCHES LONG X 3,5 INCHES WIDE X 3,06 INCHES DEEP)
CONTAIN A SPEED ADJUST POTENTIOMETER, START-STOP PUSHBUTTONS, AND
FWD-REV OR MAN-AUTO SELECTOR SWITCHES. THEY CAN BE WIRED INTO THE
CIRCUITRY AS SHOWN ON 366590264AA SHS AND SHB.

WHEN POWER IS TURNED ON THE INVERTER FREQUENCY LIGHT (IF) ON THE
SYSTEM CARD IN THE DRIVER RACK STARTS TO BLINK ON AND OFF AT A LOW
FREQUENCY. ON THE OPTION CARD, THE MIN SPEED AND FAULT LIGHTS ALSO
TURN ON. IF SELECTOR SWITCHES ARE POSITIONED TO (REV) AND (MAN) AS
SHOWNON 366590264AA SHS, THE (REV) AND (MAN) INDICATING LIGHTS ON THE
OPTION CARD WILL TURN ON IN THAT ORDER,

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

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

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

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

FIGURE 26 (continued)
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THE DRIVE CAN BE ARRANGED TO SWITCH FROM THE FORWARD TO THE REVERSE
DIRECTION OF ROTATION, ELECTRONICALLY. TO ACCOMPLISH THIS A REVERSING
MODIFICATION KIT (MODEL GVREVIO) SHOULD BE ORDERED. THE OPTION CARD
(CAT.193X391A_I302> SHOULD BE REMOVED FROM THE RECEPTACLE AND SUPPORTED
SO THE RELAY FROM THE MODIFICATION KIT CAN BE PLUGGED INTO ITS DESIG-
NATED CARD SOCKET WITHOUT FLEXING THE PRINTED CIRCUIT CARD. IN ADDITION
TO THE REVERSING MODIFICATION KIT, IT WILL BE NECESSARY TO PROVIDE AN
OPERATORS STATION WITH A (FOR-REV) SELECTOR SWITCH SUCH AS MODEL 6VOC82.
AFTER PLUGGING IN THE REVERSING RELAY, INSERT THE OPTION CARD BACK
INTO ITS RECEPTACLE AND WIRE THE (FOR-REV> SELECTOR SWITCH INTO THE
CIRCUIT BETWEEN TBI(4) AND TBI(34) AS SHOWNON SHEET S OF 36BSSOZG4AA.

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

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

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

NOW, WITH THE OPTION CARD PLUGGED INTO ITS RECEPTACLE, THE AC CONTACTOR
(OR AUXILIARY RELAY) WILL BE ENERGIZED WHEN THE (START) PUSHBUTTON IS
DEPRESSED. WITH A JUMPER FROM TBI(21)TO TBI(3I>,WHEN THE (STOP) PUSH-
BUTTON IS DEPRESSED THE MOTOR STAYS CONNECTED TO THE INVERTER OUTPUT
TERMINALS THROUGH THE AC CONTACTOR UNTIL THE INVERTER HAS DECELERATED
TO ASTOP. WHEN THE INVERTER STOPS THE AC CONTACTOR IS DE-ENERGIZED.
IF THE ABOVE MENTIONED JUMPER IS NOT USED, THE AC CONTACTOR IS ENER-
GIZED WHEN THE INVERTER (START) PUSHBUTTON IS DEPRESSED. NOWWHEN THE
(STOP) PUSHBUTTON IS DEPRESSEDTHE AC CONTACTOR(S) IS IMMEDIATELY DE-
ENERGIZED AND THE AC MOTOR OECELERATES TO AN UNCONTROLLED STOP (COAST)
INDEPENDENT OF THE INVERTER.

IT SHOULD ALSO BE NOTED THAT INTERLOCKS AVAILABLE ON THE RUN RELAY
ARE FORM C- THE NORMALLY OPEN INTERLOCK AT TBI(I6), THE NORMALLY
CLOSED INTERLOCK AT TBI(17> AND THE COMMON POINT AT TBI(I5>.

IF IT IS DESIRABLE TO HAVE A SIGNAL WHICH INDICATES WHEN A FAULT CON-
DITION EXISTS IN THE INVERTER, A FAULT MODIFICATION KIT (MODEL GVFLTIO)
CAN BE OBTAINED. THE RELAY IN THIS KIT SHOULD BE PLUGGED INTO ITS
DESIGNATED OPTION CARD SOCKET IN A MANNER DESCRIBED FOR THE REV RELAY
(ABOVE). WHEN THE OPTION CARD IS RE-INSERTED IN ITS RECEPTACLE AND
THE DRIVE IS STARTED, THE FAULT (FLT>RELAY WILL BE ENERGIZED. SIGNALS
INDICATING THE CONDITION OF THE RELAY ARE FROM TBI(I3)TO TBI(12)A
NORMALLY OPEN INTERLOCK: OR FROM TBI(14) TO TBI(12) A NORMALLY CLOSED
INTERLOCK. WHEN A FAULT CONDITION OCCURS THE FAULT RELAY IS DE-ENER-
GIZED.

WHEN IT IS DESIRABLE TO HAVE THE INVERTER FOLLOW A PROCESS SIGNAL 0-10
VOLTS, 10-50 MA, 4-20 MA, OR 0-5 MA, A PROCESS FOLLOWER OPTION CARD
(IS3X3SIA_GOI) CAN BE OBTAINED. THE OPTION CARD (ISSX391A._G02> IN THE
STANDARD GENERAL PURPOSE (GP) INVERTER DRIVE SHOULD BE REMOVED. ALL
RELAYS BEING USED ON THAT CARD (REV, RUN, AND FLT) CAN BE UNPLUGGED FROM
THE 193X391A_G02 CARD AND PLUGGED INTO THEIR DESIGNATED SOCKETS ON THE
193X391&_GOI CARD. CARE SHOULD BE TAKEN TO SUPPORT THE CARD WHENUN-
PLUGGING AND PLUGGING IN THE RELAYS TO PREVENT CARD FLEXING.

THE PROCESS FOLLOWER OPTION CARD (193X391A_GOI>SHOULD BE INSERTED INTO
THE OPTION CARD RECEPTACLE ON TOP OF THE DRIVER RACK. THE PROCESS SIG-
NAL SHOULD BE BROUGHT INTO TBI(8> (POSITIVE SIGNAL)AND TBI(7) (NEGATIVE
SIGNAL). NOTE THE JUMPER ON THE OPTION CARD SHOULD BE PLUGGED INTO THE
POST REPRESENTING THE FOLLOWER SIGNAL BEING USED. WHEN A MANUAL SIGNAL
WILL ALSO BE USED THE POTENTIOMETER FOR THIS SIGNAL SHOULD COME FROM
TBI(32) TO TBI(22) SEE SHEET G. TO SELECT EITHER THE MANUAL SIGNAL OR THE
PROCESS SIGNAL AN (AUTO-MAN>SELECTOR SWITCH MUST BE CONNECTED BETWEEN
TBI(4) AND TBI(ZG).

FIGURE 26 (continued)
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OPERATOR'S STATION (BVC52) HAS AN (AUTO/MAN) SELECTOR SWITCH,
(START-STOP) PUSHBUTTON AND A SPEED ADJUST POTENTIOMETER TO CONTROL
MANUAL SPEED. WHEN THE SELECTOR SWITCH IS IN THE MANUAL (MAN)POSI-
TION, THE PROCESS FOLLOWER OPTION CARD (MA) RELAY IS ENERGIZED AND THE DRIVE
WILL FOLLOW THE MANUAL SPEED ADJUST POTENTIOMETER SIGNAL. IN THE
AUTOMATIC (AUTO) POSITION THE (MA) RELAY IS DE-ENERGIZED AND THE
PROCESS SIGNAL CONTROLS THE DRIVE.

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

NORMAL START UP PROCEDURE AS DESCRIBED IN GEK-249gG SHOULD BE FOLLOWED.

AFTER THE INVERTER IS OPERATING PROPERLY IN THE MANUAL MODE (MA RELAY
PICKED UP), THE PROCESS FOLLOWER FUNCTION CAN BE ADJUSTED. THE SAMPLE
CASE DESCRIBED BELOW ASSUMES A MANUAL SETUP AT IOOX FREQUENCY (SPEED)
WITH A REFERENCE OF IS VOLTS AT REF, TDZ(3Z). IN THE AUTO MODE A PRO-
CESS CONTROLLER SIGNAL OF 4 TO ZO MILLIAMPERES IS CHOSEN TO COVER FROM
40% TO 90X Of THE MANUAL FREQUENCY (SPEED) RANGE AS INDICATED IN FIG. 27.

A) ADJUST THE "OFFSET" POT TO MAKE THE (OPS) TEST POST VOLTAGE EQUAL I0
VOLTS. (THIS PRELIMINARY ADJUSTMENT SETS THE OFFSET TO ZERO).

B) GAIN: APPLY AN INPUT SIGNAL EQUAL TO THE MAXIMUM CHANGE IN PROCESS
CONTROLLER SIGNAL, I.E. AI=20-4=IGMA. (THIS CORRESPONDS TO A VOLTAGE
OF 8 VOLTS BETWEEN CVRP AND CVRN.) ADJUST THE GAIN POT SUCH THAT THE
VOLTAGE AT REF, TB2(32) EQUALS THE VOLTAGE DIFFERENCE AT MAXIMUM ($0%)
AND MINIMUM (40%) FREQUENCY (SPEED): I.E.,,6,REF=I3.5-6=7.5 VOLTS.
(THIS SETS THE DESIRED SLOPE OF THE OUTPUT VS. INPUT CURVE.)

C) MIN AUTO: TURN THE OFFSET POTENTIOMETER CCW UNTIL THE REF VOLTAGE
IS LESS THEN THE DESIRED MIN LEVEL. TURN THE MIN AUTO POT CW UNTIL
THE REF VOLTAGE EQUALS THE MIN DESIRED LEVEL (A LEVEL OF 5V OR 33%
FREQ. IS INDICATED ON FIG. Z7).

FIG.27
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I--- l0 .'70
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PROCESSFOLLOWER INPUT: CVRP-CVRN

D) MAX AUTO: TURN THE nFF qFT POT CW UNTIL THE REF VOLTAGE EXCEEDS THE
MAX. DESIRED LEVEL, TURN THE MAX AUTO POT CCW UNTIL THE REF VOLTAGE
EQUALS THE MAX, DESIRED LEVEL. (A MAX. LEVEL OF IBV OF IOOY. FREQ. IS
INDICATED IN FIG. 27),

E) OFFSET: INCREASE THE INPUT SIGNAL TO THE MAX. RATED LEVEL (20MA IN
THIS CASE). ADJUST THE OFFSET POT SUCH THAT THE REF VOLTAGE EQUALS
THE MAX. OPERATING LEVEL, I,E, REF=I3,5 VOLTS OR 90X FREQUENCY (SPEED),

FIGURE 26 (continued)
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THE REF VOLTAGE SHOULD NOW FOLLOW THE HEAVY CURVE OF FIG.27 AS THE
INPUT IS CHANGED FROM 4 THROUGH ZO MILLIAMPERES.

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

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

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

AN INDICATION OF MOTOR SPEED CANBE OBTAINED BY ORDERING A SPEED INDICA -
TOR KIT (GVSII2>. THIS INSTRUMENT IN THE KIT 15 CONNECTED TO THE FRE-
QUENCY VOLTAGE READ OUT SIGNAL (FVR>, TB2(44> AND COM TBZ(48). SEE
36BSSOZ64AASH6. AN ENCLOSURE (MODEL 6VIEII>FOR THE SPEED INDICATOR
MAY ALSO BE ORDERED.

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

FIGURE 26 (continued)
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SYMBOLS

[] SUPPLIED [SY OTHERS.REMOTELY MOUNTED

Z_ OPTIONAL FEATURE - SPECIAL PLUG IN RELAY
FOR OPTION CARDS, {{B3X3gIAAGO) &GO2)

[] SPECIAL OPTION CARD WITH ADDITION
PROCESS FOLLOWER FEATURES (193X3SIAAGOI)

TWISTED WIRE

SUPPRESSED COIL

CAR O

COMPONENT NOMENCLATURE POTENTIOMETER NOMENCLATURE

Cl - CONVERTERFILTER CAPACITORS AUTO.MAX.- MAX.SPEEDADJ.-PROCESSFOLLOWER

CB - CIRCUIT BREAKER AUTO.MIN. - MIN. SPEEDADJ.-PROCESSFOLLOWER

CONV.MOD. - ACTO DC CONVERSIONMODULE ATIM - ACCEL. TIME ADJ.-REGULATOR

CURR.ISOL - CURRENTISOLATORCARD BF - BASE FREQUENCYADJ.-REGULATOR

FU 1-...33 - MAINPOWERACFUSES CFA - CURRENTFEEDBACKADJ.-CURR.ISOL,

FU 4-6 - CONTROLCIRCUIT FUSES CLIM - CURRENTLIMIT ADJ.-REGULATOR

FU 7 - lISV AC CONTROLPOWERFUSE CLST - CURE.LIM. STABILITY ADJ.-REGULATOR

FLT - FAULT RELAY-OPTIONCARD DTIM -DECEL. TIME ADJ.-REGULATOR

IS - INVERTERSTARTRELAY-OPTIONCARD GAIN - GAIN ADJ.-PROCESSFOLLOWER

LI - CONVERTERFILTER REACTOR IRC - IR COMPENSATIONADJ.-REGULATOR

LSH - D.C.LINKSHUNT MINF - MINIMUkiFREQ.ADJ.-REGULATOR

MA - AUTO.-MARUALRELAY-OPTIONCARD OFFSET - OFFSET ADJ.-PROCESSFOLLOWER

MS - A.C. MOTORCONTRACTOR VB - VOLTAGEBOOSt'ADJ.-REGULATOR

MSR - MIN1MU_ISPEEDRELAY-OPTIONCARD V/HZ - VOLTS PERHERTZADJ.-REGULATOR

OL - MOTORSTARTEROVERLOADCONTACT VLIM - VOLTAGELIMIT ADJ.-REGULATOR

PB I-2 - PUSH BUTTONS

PH.NOD.A-C - INVERTERPHASEMODULES

PLUG - JI,J32,JXI,JXlI,JX32 ARE C AR D

DRIVERBACKPLANEPLUGS. I NOI CATI NG LIGHTS

A-D PL ARE FIRINGHARNESS

MODULE PLUGS. ITOC - INVERSE TIME OVERCURRENT TRIP-SYSTEM

RI - CAPACITORDISCHARGERESISTOR IF - INVERTER FREOUENCY-SYSTEM

REV - REVERSINGRELAY-OPTIONCARD SYNC - INVERTERLINE SYNCHRONIZED-SYSTEM

RF?.Z - ISOLATIONFEEDBACK RESISTORS LOV - LINK OVERVOLTAGE TRIP-CONVERTER

RUN - RUN RELAY-OPTION CARD PS/LOP - PH.SEO/LOSSOF PHASE TRIP-CONVERTER

SW I-._ZZ - SELECTORSWITCH ICC - INSTANTANEOUSOVERCURRENTTRIP-INVERTER

TB )-_ - TERMINALBOARDS IOF - INVERTEROVERFREQUENCYTRIP-INVERTER

THSW - THERMALSWITCHINVERTERAIR COC - COMMUTATIONOVERCURRENTTRIP-INVERTER

TXI - CONTROLTRANSFORMER OUV - CONTROLUNDERVOLTADETRIP-INVERTER

FIGURE 26 (continued)
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TERMINAL BOARD NOMENCLATURE

ACI CONTROL TRANSFORMER-IISV FUSED LINE

AC2 CONTROL TRANSFORMER-GROUNDED LINE

ACC CONTROL TRANSFORMER -IISV UNFUSED LINE

BFD - BASE FREQUENCY DECREASE-SIGNAL INPUT

E_FI BASE FREQUENCY INCREASE-SIGNAL INPUT

BFP ' BASE FREQUENCY EXTERNAL POTENTIOMETER SUPPLY

COM COMMON POINT-CONTROL

CVRN CURRENT/VOLTAGE REFERENCE-NEGATIVE

CVRP CURRENT/VOLTAGE REFERENCE-POSITIVE

DIG _ DIGITAL REFERENCE-INPUT

DMF - DECELERATE TO MINIMUM FREQUENCY SIGNAL

DPF - DIGITAL PROCESS FOLLOWER

FLTC FAULT RELAY INTERLOCK-COMMON

FLTNC - FAULT RELAY INTERLOCK-NORMALLY CLOSED

FLTNO - FAULT RELAY INTERLOCK-NORMALLY OPEN

FTR - FAULT TRIP READ OUT SIGNAL

FVR - FREQUENCY VOLTAGE READOUT SIGNAL

IPAD - INVERTER PHASE "A'LOGIC SIGNAL

ISA - INVERTER START RELAY COIL

ISS - INVERTER START-SEAL

LCS - LINK CURRENT SIGNAL

MAA - MANUAL AUTO RELAY COIL

MSRC - MIN. SPEED RELAY-COMMON

MSRNC - MIN. SPEED RELAY-NORMALLY CLOSED

MSRNO - MIN. SPEED RELAY-NORMALLY OPEN

MVFR - MIN. VOLTAGE AND FREQUENCY READOUT

PPG - PRIMARY POWER SUPPLY INPUT (CURE, ISOL.)

REF - REFERENCE INPUT SIGNAL

REVA - REVERSING RELAY COIL

RMA - REFERENCE MANUAL-AUTO

RMAX ' REFERENCE POTENTIGMETER-MAXIMUM CONNECTLON

RMIN - REFERENCE POTENTIOMETER-MINIMU_ CONNECTION

RTGO - RECTIFIED 30V D.C.

RUNA RUN RELAY COIL

RUNO - RUN INTERLOCK-COMMON

RUNNC - RUN INTERLOCK-NORMALLY CLOSED

RUNNO - RUN INTERLOCK-NORMALLY OPEN

RUNE RUN READ OUT

SR INVERTER SYNCHRONIZED READOUT SIGNAL

START " DRIVE START INPUT SIGNAL

STOP DRIVE STOP INPUT SIGNAL

SYNC INVERTER SYNCHRONIZED COMMAND SIGNAL

TH I-2 - THERMAL SWITCH TERMINALS

X I_Z CONTROL TRANSFORMER-26V A,C. TERMINALS

XFR EXTERNAL FAULT RESET INPUT SIGNAL

+20V _ +ZOV O,C. REGULATED POWER SUPPLY

BAR OVER LOGIC SYMBOL INDICATES LOW LOGIC STATE

FIGURE 26 (continued}
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SPARE AND RENEWAL PARTS (HP related)

AF-400 Drive -- 10 to 60 HP, 230 or 460 Volts AC, Three-Phase, 50 or 60 Hz

PRINTED CIRCUIT CARDS

CatalogNumber Description

193X385AAG01 Commutation Power Supply Card
193X387AAG01 Current Isolator Card

193X389AAG01 Pulse Transformer w/C.F.B. Circmt Card
193X390AAG01 Pulse Transfomer Card
193X391AAG01 Process Follower Card

193X391AAG02 Auxiliary Relay Card
193X475AAG01 Phase Logic Card
193X476AAG01 Inverter Card

193X477AAG01 Converter Card

193X478AAG01 Regulator Card
193X479AAG01 SystemCard

193X480AAG01 Power Supply Card
193X481AAG01 MeterCard

SUB ASSEMBLIES AND COMPONENTS (NOT HP RELATED)

CatalogNumber Description

36A353243BA Control transformer assembly
Transformer with connected wire harness

104X156CA10 Control transformer only

104X215BAO12 Ventilating Fan
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SPARE AND RENEWAL PARTS

AF-400 Drive -- 10 to 60 HP, 230 or 460 Volts AC, Three-Phase, 50 or 60 Hz

MODiFiCATION KiTS

CatalogNumber Description

6VPF10A1 ProcessFollowerKit

6VREV10A1 ReversingRelayKit
104X166AA059 ReversingRelay

6VFLT10A1 Fault RelayKit
104X166AA060 Fault Relay

6VRUN10A1 Run RelayK,t
104X166AA061 Run Relay

REMOTE OPERATORS STATIONS

Catalog Number Description

6VOC72 SpeedAdjust-- Start Stop
6VOC82 Speed Adjust -- Forward/Reverse Selector -- Start Stop
6VOC52 Speed Adjust -- Manual/Auto Selector -- Sthrt Stop

104X169AAO08 Start Pushbutton
104X152AC027 Forward/Reverse Selector Switch
104X152AC027 Manual/Auto Selector Switch

36B605269AAG05 Speed Adjust Pot Assembly

SPEED AND LOAD INDICATORS

CatalogNumber Description

6VSS112A1 SpeedIndicatorKit
104X117CC003 DO-91 X 0--100% Speed Meter

OVL112A1 LoadIndicatorKit
104Xt 17CC005 DO-91 0-150%LoadMeter

6V1Ell Enclosure for 1 Instrument
6V IE21 Enclosure for 2 Instruments

'x
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HOT LINE TELEPHONE NUMBER

The Contract Warranty for AF-400 drives is stated in the General Electric Apparatus Handbook, Section 105,
Page 71.

The purpose of the following is to provide specific instructions to the AF-400 user regarding warranty and
administration and how to obtain assistance on out-of-warranty failures.

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

The warranty covers all major parts of the power unit, such as printed circuit boards, SCR modules, etc, but does
not provide for replacement of fuses or the complete power unit.

1. In the event of failure or misapplication during "in warranty" refer to the instruction book to identify the
defective part or sub-assembly.

2. When the defective part has been identified (or for assistance in identification) ca!l:

General Electric Company
Erie, Pennsylvania

(814) 455-3219
(24-Hour Phone Service)

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

AF-400 DRIVE MOTORS

AC motor repairs are generally handled by General Electric Apparatus Service Shops. For specific instructions
on your motor, call the number listed above and furnish complete nameplate data.
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GLOSSARY OF TERMS

Page

APL -- Inverter Control Plug -- Phase A ............................................ 17,19,19,22,23,31,33,35,
ATIM -- Acceleration Time Adjust -- Regulator Card ..................................................... 25
AUTO MAX -- Maximum Speed Adjust -- Process Follower ............................................... 63
AUTO MIN -- Minimum Speed Adjust m Process Follower ................................................ 63

BPL -- inverter Control Plug -- Phase B ............................................... 17,19,22,23,31,33,35
BF -- Base Frequency Adjust f Regulator Card ................................................... 12,24,29

C1 -- Converter Filter Capacitor ........................................................... 9,17,18,19,36,37
CB -- AC Power Circuit Breaker .................................................................... 16,17

CFA -- Current Feedback Adjust -- Current Isolator ........................................ 15,17,19,21,27,32
CLIM -- Current Limit Adjust -- Regulator Card ................................................... 25,29,32
CLP -- Commutating Reactor -- Positive ...................................................... 10,19,33,34

CLN -- Commutatmg Reactor -- Negative .................................................... 10,18,19,33,34
CLST -- Current Limit Stability Adjust -- Regulator Card ........................................... 12,25,29
CN -- Commutation Power Supply -- Negative ...................................................... 18,34
COC -- Commutation Overcurrent Trip _ Inverter ........................................... 13,19,27,31,55
COM -- Common Point -- Control ................................................................. 24,29
CONV. MOD. -- AC to DC Conversion Module .......................................................... 67

CP -- Commutation Power Supply -- Negative ................................................ 17,18,33,34,42
CPL -- Inverter Control Plug -- Phase C ............................................... 17,19,22,23,31,33,35
CSN -- Commutating SCR -- Negative ................................................... 10,18,50,52,53,55
CSP -- Commutating SCR -- Positive .................................................... 10,18,50,52,53,55
CTC -- Current Transformer -- Commutating .................................................. 14,18,33,34
CURR. ISOL -- Current Isolator Card .................................................................. 67

CUV -- Control Undervohage Trip -- Inverter ................................................ 14,19,27,31,55

DIG -- Digital Reference Input ..........................................................................
DPL -- Converter Control Plug ............................................................. 17,19,22,23,31
DMF _ Decrease to Minimum Frequency Signal ..................................................... 11,29
DTIM-- Decel Time Adjust -- Regulator Card ......................................................... 25

FLT -- Fault Relay -- Option Card .................................................................... 62
_rR -- Fault Trip -- Readout Signal ............................................................. 11,32,33
FU1-3 -- Main Power AC Line Fuses ............................................................... 17,18
FU4-6 -- Control Circuit Fuses .................................................................... 30,32
FU7-115V AC Control Power Fuse ................................................................. 17,33

FVR -- Frequency Voltage Readout Signal ........................................................ 12,22,29

GAIN -- Gain Adjust -- Process Follower ............................................................... 63

IF -- Inverter Frequency Light -- System Card ............................................... 11,19,22,27,55
lOC -- Instantaneous Overcurrent Trip Light ................................................. 14,19,27,31,55
IOF -- Inverter Overfrequency Trip Light ...................................................... 14,19,30,55
IPA -- Inverter Phase A LogicSignal .....................................................................
IRC _ IR Compensation Adjust _ Regulator Card ................................................... 24,29

IS -- Inverter Start Relay -- Option Card .............................................................. 30
ISN -- Inverter SCR -- Negative ................................................................... 9,10
ISP -- Inverter SCR -- Positive .................................................................... 9,10

ITOC -- Inverter Time Overcurrent Trip -- Inverter .................................. 11,19,27,29,31,32,55,65
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(,LOSSARY OF TERMS

(continued)

J1 -- Driver Backplane Plug ....................................................................... 67,68
J32 -- Driver Backplane Plug ...................................................................... 67,68

JX1 -- Driver Backplane Plug ......................................................................... 68
JX11 -- Driver Backplane Plug ........................................................................ 68

JX32 -- Driver Backplane Plug ........................................................................ 68

LCS -- DC Link Current Signal .................................................................... 27,32
L1 -- Converter Filter Reactor ........................................................... 9,17,18,35,37,67
LSH -- DC Link Shunt ......................................................................... 17,21,67

Lev -- DC Link Overvoltage Trip ............................................................ 13,19,24,55
1L1 -- 1L3 -- Commutation Power Supply Input ........................................................ 18

MA -- Manual Auto Relay Card -- Option Card ....................................................... 62,63
MINF -- Minimum Frequency Adjust _ Regulator Card ............................................. 12,25,32
MS -- AC Motor Starter .............................................................................. 67

MSR -- Minimum Speed Relay -- Option Card .......................................................... 68
MVFR -- Minimum Voltage Frequency Readout ...................................................... 11,32

N1 -- Negative Converter Output ........................................................... 18,33,35,36,37
N2 -- Negative Inverter Input ............................................... 9,10,17,18,22,23,24,30,32,34,35

OL -- Motor Starter Overload......................................................................... 65

OFFSET -- Offset Adjust -- Process Follower Card ....................................................... 63

P1 -- Converter Output -- Positive ......................................................... 17,18,22,23,36
P2 w Converter Filtered Output -- Positive ............................................. 17,18,22,23,24,32,37

P3 -- Inverter Positive Input ............................................................. 9,10,18,30,32,34
PB1 -- 2 Pushbuttons ............................................................................... 68
PH MOD -- Inverter Phase Module .................................................................... 67

PS/LOP -- Phase Sequence/Loss of Phase Trip ............................................... 13,19,22,27,55

R1 -- Capacitor Discharge Resistor....* ................................................................ 18
REF -- Reference Input Signal ....................................................................... 19

REV -- Reversing Relay -- Option Card ................................................................ 62
RF1-7 -- Isolation Feedback Resistors .................................................................. 67
RT30 -- Rectified 30V DC ............................................................................ 68

RUN -- RUN Relay -- Option Card ................................................................. 60,62

$R -- Inverter Synchronized Readout Signal ............................................................ 30
$W1-2 -- Selector Switches ........................................................................... 68

SYNC -- Inverter Line Synchronized Light ................................................ 11,19,25,29,30,55

TH1-2 -- Thermal Switch Terminals ................................................................ 17,18
THSW -- Thermal Switch -- Inverter Air .............................................................. 17

TXI -- Control Transformer ...................................................................... 11.17
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GLOSSARY OF' TERMS

(continued)

Page

VB -- Voltage Boost Adjust -- Regulator Card .................................................. 12,24,29,32
V/Hz -- Volts per Hertz Adjust -- Regulator Card .................................................. 12,19,24
¥LIM -- Voltage Limit Adjust -- Regulator Card ................................................ 12,23,24,29

X1-X2 -- Control Transformer --26V AC Terminals ...................................................... 22

XFR -- External Fault Reset -- Input Signal .......................................................... 11
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