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The operator’s station 15 a NEMA 1 unit that can be
remotely mounted and wiredby the purchaser. (See Fig. 3).

sENERAL 8 eLeTare

FIGURE 3
Operator's station with Man. Auto Selector Switch

As an optional feature, the operator’s station can be an
mtegral part of the controller, mounted and wired at the
General Electric factory. It 1s also available n a kit that can
be mounted and wired 1n the field by the purchaser. (See
Fig. 1 and Fig. 7)

Standard features of the AFtrol | drive system include
motor speed control, adjustable protective current limit,
undervoltage protection and potentiometer adjustments
for IR compensation, volts per hertz, linear timing,
minimum frequency and maximum speed.

Optional features of the AFtrol | drive system include a
Reversing card and a Follower card (for signals from a
process instrument or tachometer). The Follower card
permits the selection of the Speed Reference potentiometer
in the manual mode or either an external analog or digital
reference signal in the automatic mode. (See Fig. 4and Ig.

b))

FIGURE 4
AFtrol | modification kits left to right’
Follower card
Reversing card
Auxiliary RUN relay

An Auxiliary RUN refay 1~ avalable as an optional
modification kit that can be installed and wired at the
General Electric factory or in the field by the purchaser.
Mounting hardware 1~ bhutlt into the upper right hand
corner of all standard AFirol® [ controller. (See Fig. 4and
lag. 5)

nren g st
e W st g

FIGURE 5
AFtrol | controlier, with Follower Card,
Reversing Card and Auxihary RUN
relay modification kits installed
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v speed nndicator s also available as an optional
modification (see b 0)
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FIGURE 6
AFtrol | Optional Modification Kit
Speed Indicator and Enclosure

The AbFuol | controller - available as an "open” unit
suitable for panel mounting inside a larger endlosure that
way contamn other electrical apparatus furnished by

General Electric Company or by the purchaser (See Fig,
)

FIGURE 7A
AFtrol |, controller, suitable for

panel mounting
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FIGURE 7
AFtrol |, wall mounted (enclosed) version)
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ADDITIONAL FUNCTIONS

INPUT/OUTPUT TRANSFORMERS

lnput voliage requuements for AFtrol 1 controllers are
230V AC m all cases, single or thiee phase, 60 or 50 herlz.
When 230V AC1s not available a voltage transformation 1s

needed. Transformer KVA requitements are as follows:

230V AC Single Phase

230V AC Three Phase

Hp I 1172 2 3 2 3 5 T1/2
Input KVA 1.6 2.3 3.2 1.0 3.0 ! 0.8 8.8
Input Amps 7 10 It 20 7.5 I 17 22

If 230V AC motors are not available, an oulput voliage
transformation s required.

Refer 10 General Elecirie Company, Application Manual,
GET-0059 or you neatest General Eleetrie Company
representative for assistance in the selection of the proper
mput ot vutput transformers,

INPUT/OUTPUT AC CONTACTORS

\u AC hne contactor 1s not fuinished with AFtiol |
controllers, Han Ae contactor is destred t the ine ahead of
the controller or between the controllera nd the motor, of
the putchased may add <uch a contactor () but should he
guided by the mformation m the apphication Manual GE'T-
0009,
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SECTION 2.0
DESCRIPTION

AFtrol | diive svstem consists of the AFtrol I controller,
suttable operator’s  deviees, and an AC motor. The
controller convsts of several modules and assemblies in an
enclosure. All of these parts of a representative drive
wwstem ineludiyg avalable options are shown in block

diagram lorm in Figure 8 (360)87008AB).
CONTROLLER

The AFirol I controller 1s a variable voltage, square wave
wverter, which converts a constant voliage and frequency
AC wupply to an adjustable voltage and frequency, three-
phase AC output. The speed of the connected ACmotor will
be dependent on the output frequency of the controller and
the motor torque will be dependent on the output voliage
level, The controller adjusts the output voltage and
frequency together to provide constant volts per hertz, over
most ol the operating range, for optimum motor
performanee,

The vartons parts of the controller are deseribed below.
INPUT PROTECTIONS

The AU supply tnpat consists of a two wite single phase
mput for 1 thiu 3 HP single phase mput controllers and a
three wire thiee phase imput for 2 thru 7 172 HP three
phase put controllers Standard 230 volt fuses are
provided for shott civennt protecthion A fernte choke s
meluded nreach AC supply line to protect the controller
from voltage tfransients thal may occur m the power
system,

DC LINK FILTER

The BC hink hler consists of 1 or 2 i1on core reactors (LK)
and 1 or 2 electrolytic capaeitor (CF), depending on the
conttoller horsepower rtating Their tunetion 1s to filter the
output of the converter before 1t 1 applied to the mverter
e CF eapacttor also acts to supply reactive power through
the mverter ta the AC motor '

POWER MODULE

The power module assembly consists of 1 o 2 SCR
converter modules, power transistors, power module eard
and control transformer all mounted on a single heatsink
The simgle phase mput contollers have 1 SCR converter
madule and the three phase input controllers have 2 5CR
converter modules (see Figs, 9.10,10A and 11), The SCR

conveiter modules and power transisiors have their base

12

plates msulated from the power cuewt so that they can be
mounted on a common heatsink The external conections

to the power module are shown m kg 8

The power module can be functionally broken down 1to
two sections, the converter seetion and the mverter
seetion. The converter section consists of the SCR
converter modules and the following protective
cotmponents on the power module card:

1. A metal oxide variator (MOV) is connected across
each AC supply phase pair to clip transient voltages
to alevel which will not damage the converter SCRs

2 Resistor — eapactior ctreuits are provided acros
each AC supplv phase pair, and across the converter
DC output, to suppress transient voltages and hmit
dv/dt i conjunction with the incoming hne ferrite
chokes.

3. A power resistor 1s connected across the converter
DC output to discharge the DC Ik filter capacitor.
This resistor 15 rated to cause the DC link capacitor
to discharge from maximum voltage 1o 50 volts v
orne mintte

The funetion of the converter seetion SCR modules 15 ke
ronvert the AC supply power to adjustable voltage D(
power at pomnt P1 1o NI (see Figs, 9,10,10A and 11).

The DE output voltage of the converter can be adjusted
from zero to maxumum ouiput by adjusting the firing poin
of each SCR relative to its AC supply voltage Thas firing
control 15 contammed on the Regulator card, and v
transmitted to the Power Module through ribbon cable
LCN . This same cable also transmuts the DC link voliage
feedback signal back to the Regulator card where 1t 1s usec
to regulate the converter output voltage to vary directly
with the wverter output {requency

The converter output voltage contains appreciable ripple
voltage which must be filtered by the DC hnk filter,
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The mverter section consists of the six power transistors
twhich form a three phase bridge and the following
components on the power module card:

1. Resistor - capacitor circuits are provided across
each leg of the inverter to assist transistor switching
operation.

2. Transistor base resistors and printed circunt runs to
the 5CN and 6CN connectors.

The function of the Inverter Module power transistor
switches is to convert the adjusiable voltage DC link power
at points P2 to N2 (see Figs. 9,10,10A and 11) to adjustable
frequency and voltage AC power to drive an ACmotor. The
AC output of the inverter can be adjusted from
approximately 2 Hz, depending upon adjustments on the
Regulator card. The three-phase transistor base drive:
control 15 contained on the Inverter Control card, and 15
transmitted to the Power Module through ribbon cables
5CN and 6CN. Cable 6CN also transmits back DC Link
current and voltage signals to the Inverter Conirol card.

The power module card 1s a printed circuit card mounted on
the power module heatsink. In addition to the items
specified under the converter and inverter section, the

power module card provides the following components and
termnations:

1. Terminates the connections to the converter
modules and power transistors.

2. Provides 3 AC. input connections for 3 phase input
controllers or 2 AC input connections for single
phase input controllers and 3 AC output power
terminations.

3. Provides 2 AC connections for the primary of the
control transformer and 3 conneetion points for the

DC Link Filter.

4. Provides connection points for the 4CN, 5CN and
6CN ribbon cables,

5. Mounts the DC link shunt connected between
negative DC link terminals NI and N2, and

transmits the shunt voltage signal thru connector
6CN.
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POWER MODULE
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NOMENCLATURE

THE FOLLOMING COMPONEKTS ARE WOUNTED ON THE BACK FAKEL
0C FILTER CAPACITOR

B € FILTER CHOKE
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CONTROL CARD ASSEMBLY

This an assembly of the Regulator card (on top) and the
Imerter Controb card (on bottom), which is mounted i the
controller  from cards are

compartment. These two

cleetrically connected through vibhon cable 3CN\,
REGULATOR CARD (~ce Fig 19, Page 39)

The Regulator card contains 22 card fingers which conpeet
to the 2TB control termmal board, and are the control
interface between the operator’s deviees and the controller,
The upper half of this card, adjacent to the card fingers,
contans ()p(*rator’h control lugl(' and regulating circuwiry,
and s common is connected to case ground through card
finger 22, The lower half of this card contams the converter
control, which operates at the positive DChink (P1) power
potential. Signal isolation between the converter control
and the regulator control 15 provided by optical couplers.
The control power to both halves of the Regulator card 1-
obtained from two 1solated secondary windings of th 1'%
control transformer through cable 1CN.

The operator’s control and regulator portion of the
Regulator card provides the following functions:

1. Power Supply

Contamns a regulated +12 volt and -12 volt dual
power supply relative to the common bus connected
to card finger 22.

2. Start-Stop Control

Operator’s start-stop control of motor operation 15
provided by logic circutry. The 24 volt DC control
power to the Start-Stop pushbuttons (see Fig. 15)
(or 1o a run interlock) 15 provided for the +12 volt
and -12 volt card power supply. This same control
power is also provided to the Reversiugand Manual-
Auto option switches when provided. The start-stop
logie allows starting the motor only at mmimum
Irequency and voltage. When the Stop pushbutton
1 pressed, o the run mterlock opens, the start-stop
fogie clamps the reference to sero, producimg a
timed deceleration down to minmmum frequency
and  voltage, at which point the controller s
stopped. tn the stopped condhtion, the converter as
turned off and the wverter v at zero frequency

Fault Loge

Contama a fault latch wlneh s set by o fanlt signal
transotted from the Tnverter Controlerd through
it ophical tsolator, or from a conteol undervaliage
an the Regulator cand, T a Gl sets thas Tl o
tinns olf the converter and the inver e, apphes the
reference elamp to reset the contiol to 2o
drops out the optional Run relav, d povided The
fault lateh cannot be veset nntid the fanlt condinon
i~ temoved, and the DO ink voltage 15 near ats
minunum.  To reset the fanlt fateh, the Stop
pushbutton must be pressed, or the van mterfock
apened, after whieh the controtler may bevestaned,
(Ou swgle-phase mput conteollers, the SPW 1o
SPX card posts must be jumpered to prevent the
undervoliage tault eireant oo the Inverter Control
card from detecting aloss on one phase, This junipe
s factory installed.

Run Readout

A green "Run” light indicates when the contioller
15 opetating and is off when the contioller is
stopped. When operating, 1t blinks at the nyverte
minmum trequency, The Regulator card output to
218 ternnnals 20 (pos ) and 21 (neg) may be used 1o
preh up the 2valt catl of the aptional Run eelay ta
indicate when the contioller is operating.

Speed Reference Adjustment

The operator’s speed relerence potentiometer (5000
ohms, T 10 2 watt) is connected 1o the Regulator
card at 2TB terminals 17,18 and 19, with ternnnal
18 being the reference anput, The
MINSpotentiometer on the Regulator card is used
to adjust the minunum operating speed (at zern
setting ol the operator”s speed pot) of the moto
from sero to approxnnately 0% b pated. The
MAXS potentiometer on the Regulator card s ised
to adjust the maximum  opevatnimg speed (a1
maxuminm sethng of the operator”™s speed pot) based
on the tated motor lrequenes selection

19
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6. Timed Acceleration and Deceleration

The teferenie timing circunt translates a step
change m reference mput at terminal 18 into a
linear rtamp change of reference to the controller,
resuling 1 a hoear tamp change in motor speed.
both accelerating and decelerating. The timing 1s
adjustable, by means of LTIM potentiometer on the
Regulator eard, from a minmmum of approximately 2
secotuds 1o a maximum of 20 to 30 seconds. A “soft
start” featwre provides a slower initial rate of
aceeleration when fast nming rates are selected.
Longer  acceleration/deceleration times can  be
obtamed by soldering an electrolytic capacitor
across card posts TCP (pos ) and TCN (neg.). The
following formulae for calculating the minimum
and maximum LTIM pot setting times can be used
to select the amount of capacitance needed:

(20 + () x Vref + .5 seconds (iZSU/I)

(3] =4 N [ ey
- @25+ 0 x Vel onds (+ 100% -30¢0)

4]

D2

where G = capaeitance in MFD (25VDC rating)

= max. reference voltage at ternnnals 18 to 22
(COM) (5 to 8.5 voltw)

Voltage to Frequency Oseillator (VCO)

The VCO changes the reference voltage from the
timing civewtt into a 6 tmes motor frequency signal,
which 1o then sent to the Inverter Control eard via
an aplical solator, The MINF potentiometer on the
Regulator card is used to adjust the mimnmum
osetllator operating frequency from a mmimum of 6
Hy 1o a0 maximum  of  approximately 60 Hz
{equivalent 1o a motor frequency of 1 10 10 He,
when a 60 Hz rated motor frequeney 1s selected),
The base frequeney seleetion posts BF1LBE2 and
BE3 on the Regulator card allow rough selection of
higher than standard 60 Hz motor frequeney. (The
M AXS potentiomeler gives fine adjustment of hase
frequency ) The tour selections of base hrequeney
ate gven i the followmg table

el

Base Frequencsy Jumper Selection

50 to 70 Hz None

60 to 85 Hz BF1 to BF2
75 10 105 Hs B2 1o BF3
100 to 130 Hz BF1 10 BF3

Remove the spare jumper that is connected to card
posts LMN and LMP to make the above jumper
selections. The  above  «clectivns should  he
dependent on trying to keep the card terminal 18 10
22 (COM) reference voltage, al maximum
operator’s speed polentiometer selting as close to
7.5 volts as possible, and within the range of 5.0 10
8.5 volts.

8. Vohage Regulator

The voltage regulator compares the DClink voliage
feedback signal from an impedance isolator cireunt,
to the voliage reference {rom the ming errcuit and
produces a converter reference signal. This signal s
sent to the converter control thiough an optical
wolator The voltage feedback siganl is modified by
the setting of the ¥/Hs potentiometer on the
Regulator card, dependent on the required volts per
hertz for the AC motor being used. The range of
adjustment of F/Hz 15 caleulated as follows:

Vae = 20 x Vrel (£1%) for mm. V/Hz setting
Vac = 52 x Vref (£10%) for max V/H: selling
where Vae = AC motor rms voltage

Vref = reference voltage at terminals 18 10 22

IR Compensation

The COMP polentiometer on the Regulator card
van be used to morease the motor voltage as a
function of motor lead, to compensate for [R Drop
n the motor windings. This is used to maintam
proper motor excitabion under loaded conditons
and thus obtain optiimum motor torque, especially
at fow speeds or for starting the motor from rest An
1solated motor load current (from the DC Ik
shunt) 1s apphed o the  COMP potentuometer.
Adjustment of the COMP pot applies the deaired
amount of 1his wgnal 1o change the voliage
regulator output to the converter The amount of
ACvoltage boost at rated load can be adjusted trom
aeroup lofronm 15 to 30 volts, or approximately 100,
of rated motor voltage,
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10. Current Limit

If motor load exceeds the level set on the CLIM
potentiometer (on the Regulator card), the current
limit function reduces the controller output voltuge
and frequency to reduce the motor speed. The
isolated motor load current signal from the DC ink
shunt is applied to the current limit cireuit. The
CLIM pot 1s adjustable to limit motor load current
{romn a niinimum of approximately 50% of rated to a
maximum of over 150% of rated. The rate of motor
speed decrease, when in current limit, is partially
determined by the setting of the LTIM
potentiometer, in order to stabihze current limil
operation. The most stable operation is obtaitied
with low time settings of LTIM for low load inertia
drives and higher time settings for higher connected
load inertias.

I1. Motor Slowdown Control

’ The slowdown control limits the motor deceleration
time  to faster than the coast time,
irrespective of the setting of the LTIM
potentiometer. This prevents a fault shutdown
which could be caused by LTIM setting which s
faster than the load inertia would allow. Higher
inertial load will decelerate more slowly than lower
ones.

rate no

12

Motor Stabilizing

The frequency control isalso affected by the voltage
feedback, in addition to the normal reference

: setting, to provide stable operation of the motor,
especially in a low speed, light load conditiun, or
when in current limit.

The converter control portion, on the bottom half of the
Regulator card, provides SCR firing signals out of ribbon
cable connector 4CN to control the Power Module
Converter Section SCR bridges, and thus the DC litk
voltage. This control is designed to be insensitive to AC

supply phase sequence, and to control either a single-phase -

converter or three-phase converter. The SCR phase control
is synchronized to the AC supply by means of AC phase
vollage signals coming in on ribbon cable 1CN.

»

The converter control is locked out during standby and

produces SCR firing signals only during motor operation..

The converter control reference signal womes from the
regulator circuitry through an optical 1solator, sinee the
converter control 1s at the posiive DClink power potenhial

For controllers with single-phase nipul, o Juthper is placed
across card posts SPY ans SPZ 1o blus the connl
differently thutt for three-phase input mnhullvn This
control 1s designed to operate properly to 60 Hz AC supply
lequencey. Refer to page 36 for 50 Hz ACsupply operatio.

The SCR firing signal ontputs each conslst of a train of
pulses to converter SCRs. This prevents mwsoperation of
the converter when operatitg trom wn AU supply
contaihing  transienls  or catised by other
equipment,

note s

The Regulator card also contains several vard posts and
connectors for use with ¢ Untmllt v oplivns or for dhagnostic
Use, as listed below:

l. Connector 7CN  for Reversing option
connections and mounting

card

2. Connectors 8CN and 9CN for Fullower «ard
connections and moutling.
3. Connectors 10CN  and 120N for  diggnoshe

troubleshooting usage.

4. Catd posts FCI and FC2 are normally jumpered; the
jumper 1s removed when th Follower card is used
with a Manual-Aulo operator’s switeh.

5. Card posts SMP and SMN (conneeted o 1'TH
lerminals SMP and SMN) for percent Speed Meter
option.

6. Card posts LMP and LMN for monitering the DC
link shunt voltage — presently used lor storage ol a
spare jumper wire.

7. Card terminals | and 2, normallyjumpered at 2TB,
are for inserting a motor thermoswitch, thermal
overload relay ot other normally closed fault
interlock, or auxiliaty stop interlock. (8¢ Fig. 8).

&«

Card terininals 6 and 7 for use with the Revvrnmg
option operator’s switch (See Fig, 8)

9. Card terminals 8 through 16 for use with the
Follower gption, (See Fig. 8).
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INVERTER CONTROL CARD

The Inverter Control eard contains inverter control and
fault deteetion cireutry. It recewves signals from and
transmits signals baek to the Regulator card through ribbon
cable 3CN The ciremtry on this card 15 at four different
power potentials, and requires control power from four
wolated  secondary  windings of the 1TX control
transformer, through cable 2CN, The Inverter Control card
provides the followmg functions.

. Power Supplies

Four isolated unregulated power supplies for the
four dufferent power potentials are provided. Three
of the power supplies are for the three transistor
driver cirewits operating at the T1, T2 and T3 motor
terminal power potentials, The fourth power supply
is for the thiee transistor driver circuits operating at
the negative DE link (N2) power potential A
portion of this fourth power supply control power s
regulated for the control and detection logic at this
pulvuliul‘

r

Phase Frequeney Generator

This contral aceepts the 6 times motor frequency
wignal from the Regulator card (through an optical
wolator) and generates six square wave outpul
signals. each 60° apart, at the desired motor
frequency. These six signals  control the six
transistor driver circuits. A separate oulput signal
from this generator is fed back to the Regulator card
to operate the Run light and for a frequency
readout. ’

3. Phase Sequence Reversal

The phase sequence of the three-phase generator
can be reversed by means of a signal from the
Reversing option card mounted on the Regulator
card, when provided. This provides electronic
reversing of motor rotation.

1. Inverter Tranastor Drver Cireuits

Thete are six transistor driver eircuits for the six
legs of the inverter bridge. Three of these drivers are
at the negative DC link (N2) potential and obtain
their  signals  directly  from  the three-phase
generator. The other three drivers, at the T1, T2 and
T3 motor lead potentials recerve their signals from
the three-phase generatm through optieal solators.
The outpute of the three 1wolated drivers are
connected to the Power Module through ribbon

B5]

6

vable HCN, and the other three drivers through
tibbon eable 6CN. Each transistor driver cireut
amplifies its signal from the three-phase generator
to provide transistor base current up o
approximately 1.5 amps. In order to conserve base
drive power, a base drive regulating circurnt provides
only the amount of base current necessary to keep
the transistor switched on at all operating load
currents, If an excessive overload occurs which
would cause transistor failure, a protective cireuil
switches the transistor off to prevent fatlure. This
same circurt prevents switching the transistor onf
there is more than approximately 10 volts across its
collector to emitter terminals.

. Transistor Fault Detector

This detects if any of the inverter transistor driver
circuits have turned themselves off, to protect
against overloads or due to a failure of another
power transistor, Detection of a turn-off of any
transistor produces a fault signal, which turns off all
six transistor drivers. This fault signal is also
transmitted to the Regulator card fault latch.

DC Link Overvohage Detector

This etreuit monitors the DC link voltage and
produces a fault signal when this voltage reaches
approximately 370 volts peak, to protect the power
eircutl components. This fault signal is transmitted
to the Regulator card in addition to turning off the
inverter, '

AC Supply Undervoltage Detector

This circuit monitors the AC supply 10 the
controller for undervoliage or loss of one phase
condition, 1 addition to momtoring the Inverter
Control power supply level. A fault signal is
produced 1f the AC supply voltage level falls to 55 to
65% of rated, or if one of the three phases is opened.
(A jumper on the Regulator card locks out the loss
ol phase detection for single phase npui
controllers.) This faull signal 1s transmutted 10 the
Regulator card m addition to turming off the
mverter,



GEK-24997A

8. Current Feedback Cirewnt

This ciremt amplifies the signal from the DC hink
shunt and translates 1t imto a pulse train signal
which 1+ transmitted 1o the Regulator card through
an optical isolator. (After processing on the
Regulator card, this current signal 15 used for IR
compensation and current limit control.)

OPERATOR’S DEVICES

The devices to operate the controller may be mounted in
one of the remote operator’s stations or door mounted
operator’s stations listed in the Options section, or may be
furnished by the user. These devices are described as
follows:

I. Speed Reference Potentiometer

This must be a 5000 ohm, 1 to 2 watt potentiometer,
to give MAXS and MINS adjustments the correct
control range, which is connected to the controller

2TB terminals 17, 18 and 19 as shown on Fig. 8.
2. Start-Stop Pushbuttons

These are connected to the controller 2TB terminals
3, 4 and 5 as shown in Fig. 15A.

3. Run Interlock/Toggle Switch

If a run interlock (open for stop, closed for run), or
toggle switch is desired nstead of pushbuttons,
connect to the controller as shown in Fig. 15B.

4. Jog - Run Switch

If jogging at the Speed pot setting is desired, a Jog-
Run switch 1s inserted between the Start-Stop
pushbuttons and the controller as shown in Fig.

15C.
5. Reversing Option Forward - Reverse Switch

The reversing switch is connected as shown in Fig.
15D. When the reversing switch is operated, it will
automatically produce a controlled stop, at which
time the phase sequence reversal is accomplished
electronically in the controller. It is then necessary
to restart the drive by pressing the Start
pushbutton.

6. Follower Option Manual - Auto Switch

This switch is connected as shown in Fig. 8. It allows
selection of either the Speed potentiometer (in the
Manual position) or an external analog or digital
signal (in the Auto position) as the speed reference
to the controller Regulator card.

AC MOTOR

AFtrol I controller is designed to drive any standard three-
phase, 230 volt, Nema B induction motor whose nameplate
current rating does not exceed the controller curren
rating. The new Energy Saver® motor designs make an
especially desirable drive motor due to their high
efficiency, and their capability of operating at low speeds
and rated load without overheating.

Multiple motors can be operated from a single controller as
long as the sum of all the motor nameplate current ratings
does not exceed the controller current rating.

Standard induction motors have approximately 3% speed
regulation from no load to full load, due to motor shp.

Synchronous reluctance motors provide zero percent speed
regulation since they operate in synchronism with the
mverter frequency. They are particularly suited for
applications requiring precise speed control or for multiple
motor applications where identical motor shaft speeds are
required. However, the rated current is higher and the
power factor is less than for a comparable horsepower
rating induction motor. It is, therefore necessary to
multiply the nameplate current rating of a synchronous
reluctance motor by a factor of 1.4, and this current should
not exceed the controller nameplate current rating,

The result is that a synchronous reluctance motor HP
rating must be substantially smaller than the controller HP
rating. Since synchronous reluctance motors pull mito
synchronism  with the controller frequency, st s
recommended that the MINF potentiometer on the
controller Regulator card be set for approximately 6 Hz
minimum {requency for opttmum mator pull-in.

Permanent magnet synchronous motors may also be
operated from an AFtrol I controller, and offer zero percent
speed regulation and synchronous operanon,

The AFtrol [ controller is designed to prevent motor single-
phasing and will not operate unless a motor of at least 1/4
HP rating 1s connected. If the driven motor has a thermal
overload protector, the normally closed interlock should be
connected between controller 2TB tevminal 1 and 2, after
removing the metal jumper.
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DERATING DATA

Standard AC motors must be derated if rated load is applied
over a wide speed range to prevent overheating at low
speeds where the motor cooling fan is not very effective.
Derating is usually not necessary for fan or pump type loads
where load torque decreases with decreasing speed. The
high efticiency Energy Saver® motors normally do not
have to be derated for any type of load because of their
lower losses.

AU motors may alvo need to be derated for high ambient or
high altitude conditions, Refer to General Electric
Application Manual, GET-6659 or contact your nearest
General  Electric Company representative for motor
derating recommendations,

POWER FACTOR IMPROVEMENT

Small drives sueh as AFtrol T will seldom create concern
over power factor; however, constant torque loads draw
approximately constant KVA from the line over the speed
range, wo as power factor decreases at low speeds, the
required reactive power increases. No single value of
vapacitance can be correct over the entire speed range, so
power factor improvement should not be attempted on a
drwve-by-drive basis. Instead, the ubject should be
approached on a plant or area basis. See appheation data
contained in GET-0659 or GET-6468A
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SECTION 3.0
RECEIVING, HANDLING AND STORAGE
RECEIVING

The equupment <hould be placed under adequate cover
imnediately upon recept, Packing cases are not suntable
for vutdoor o unprotected storage. Each shipment should
be carefully examined upon arrival and checked with the
paching hst. Any shortage or damage <hould be reported
promptly to the carrier. If required, assistance may be
obtamed from the General Eleetric Company, Speed
Variator Products Operation, Ene, PA. When seeking
aseistanee, please use the drive serial number to idennfy
the equipment. Telephone: 814-455-0521.

HANDLING

Wall mounted controllers can be transported by hift irucks
with the forks ('mnpl(*h'l\ under the base, care being taken
that the cantroller does not tip,

STORAGE

I othe equipment s not to he stalled immedately, 1t
should be stored o elean, dry location at ambient
temperatures from <20°00 (4°F) 1o 55°C (131°F). The
surtounding an must be free of chemical and electnieally
conduactive or corrosive contaminanis

Precautions shonld be taken 1o prevent condensation from
fovming  within the equupment enelosure. I slorage
enyionment exceeds a 15°C (27°F) drop i temperature at
30 percent telative humidity over abhour penod, a souree
of heat should be made avalable i the near vacimty ol the
controller Highet hunudhties with smaller temperature

changes will also cause condensation

SAFETY FORPERSONNEL AND EQUIPMENT
TYPES OF LABELS

WARNING
DENOTES OPERATING PROCEDURES AND
PRACTICES THAT MAY RESULT IN PERSONAL
INJURY OR LOSS OF LIFE 1F NOT CORRECTTY
FOLLOWED.

COFOR - BLACK OR WHITE LETTERING ON A RED
FikLD.
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CAUTION

DENOTES OPERATING PROCEDURES AND
PRACTICES THAT, 1F NOT STRICTLY OBSERVED,
MAY RESULT IN DAMAGE TO OR DESTRUCTION OF
THE EQUIPMIENT.

COLOR — BLACK LETTERING ON AMBER FIELD
NOTE

DENOTES AN OPERATING PROCEDURE OR
CONDITION WHICH SHOULD BE HIGHLIGHTED.

COLOR — BLACK LETTERING ON WHITE FIELD.
INSTALLATION AND OPERATING LABELS
WARNING

IMPROPER  LIFTING PRACTICES CAN  CAlUSE
SERIOUS OR FATAL INJURY. LIFT' ONLY WITH
ADEQUATE EQUIPMENT AND TRAINED
PERSONNIL..

WARNING: HIGH VOLTAGE

ELECTRIC SHOCK CAN CAUSE PERSONAL INJURY
OR LOSS OF LIFE. WHETHER THE AC VOLTAGE
SUPPLY IS GROUNDED OR NOT, HIGH VOLTAGE TO
GROUND WILL. BE PRESENT AT MANY POINTS
WHEN INSTRUMENTS SUCH A5 OSCILLOSCOPES
ARE USED TO WORK ON LIVE EQUIPMENT, GREAT
CAUTION MUST BE USED  WHEN ONE OF THE
INSTRUMENT LEADS [S CONNECTED TO THE CASE
OR OTHER METAL PARTS OF THE INSTRUMENT,
THIS LEAD sHOULD NOT BE CONNECTED TO AN
UNGROUNDED PART OF THE SYSTEM UNLESS THE
INSTRUMENT [S INSULATED FROM GROUND AND
[T METAL PARTS TREATED AS LIVE EQUIPMENT
USsE OF AN INSTRUMENT HAVING BOTH LEADS
[SOLATED FROM THE CASLI PERMIT GROUNDING OF
THE CASE, EVEN W HEN MEASUREMENTS MUST BE
MADE BETW EEN LIVE PARTS.

WARNING

DO NOT SERVICE THE EQUIPMENT W HEN POW FR
IS APPLILD.
NOTE

LW AYS READ THE COMPLETE INSTRUCTIONS
PRIOR TO APPLYING POWER OR TROUBLESHOOT-
ING THE EQUIPMENT., FOLLOW THE START—UP
PROCEDURES STEP BY STEP. READ AND HEED ALL
WARNING, CAUTION AND NOTE LABELS POSTED
ON THE EQUIPMENT.



GEK-24997A

SECTION 4.0

INSTALLATION GUIDELINES

The AFtrol I eontroller 1s surtable fur most factory areas
where other industiial equipment s mstalled. 1t should he
mstalled im0 well-vennilated areas waith ambient
temperaiures rangmg from 0°¢ (32° F) 1o 10°C (101°F)
and relative hunudities up to90° ¢ 1t should be recogmized:
however, that simee hie expectancey ol an electiome
component deereases with mereased ambient temperature,
the reduction of the ambient temperature will bring about
extended component life For example, longer component
hite should be expeeted if the ambient temperature 1s held

between 20°C (68°F) and 30°C (87°1)

Proper performance and normal operational hie can be
espeeted by mamtamimg a0 proper envitomment for the
dive system,

Fnvironments which immclude excessive amounts of one or
more of the following characteristies should be consmdered
hosthile to drive performanee and hfe:

Lo Dirt, dust and foreign matter,

2 Vibration and shock.

3. Mowsture and corrosive vapors,

k. Temperature excursions outside specified limits

5 Caustic fumes,
6. Power line fluctuations,
7. Electromagnetic interference (electrical nowse).

The totally enclosed (NEMA 12) portion of the contiolle
should be posihoned to permit heat radiation from all
sutlaces, The NEMA | ventilated part of the wall mounted
contoller may be placed nexttoanother enclosure provuded
£ elearanee between them s mantamed equal to the width
of the controller. Clearanee at least equal to the widih ol
then enelosure should also be avatlable i front so that the
doot may fully open for casy access. (see Fig, 10).

WARNING

EXPLOSION OR  FIRES MAY RESULT FROM
MOUNTING THE CONTROLLER IN HAZARDOL S
AREAS SUCH AS LOCATIONS WHERE INFIAMABIE
OR COMBUSTIBLE VAPORS OR DUSTS ARKE
PRESENT. AFTROL 1 CONTROLLERS AMUST Bl
INSTALLED AW AY FROM HAZARDOUS AREAS EVEYN
I USED WITH AC MOTORS SUITABLE FOR USE 1N
SECH TOCATIONS

MOUNTING

The controlier enclosure may be mounted o any L,
teasonably flat, vertical surface Four mounting holes are
focated 1 the top and bottom extertor flanges attached to
the rear panel of the enelosure, See outhne drawimgs 1igs
10 and 17 lor mounting dimenstons and enclosure werglhus

CONNECTIONS

All internal connections between components and sub-
assemblies in the AFtrol | controller are made at General
Eleetiie Company optional additons mav be factory o fiehd
istalled at the purchaser’s opnon,

CAUTION

B, SURE TO PROTECT THE INTERNAL PRINTED
CIRCUIT CARD AND OTHER COMPONENTS IFROM
METAL PARTICLES WHEN CUTTING O} DRILLING
ENTRANCES FOR INTERCONNECTION WIRING AND
CABLES

I'T IS RECOMMENDED THAT A GREENLEE PUNCH BE
USED FOR CUTTING CABLE OPENINGS IN THE
ENCLOSURE.

WARNING

ALL MOTOR BASES AND CONTROLLER ENCLOSURE
HOUSINGS SHOULD BE CONNECTED TO  THI
INSTALLATION EARTH GROUNDING SYSTEM AN
EXTERNAL COPPER CONNECTOR IS LOCATER AT
THE BOTTOM LEFT SIDISOF THE CONTROLLER AND
IS SUTFABLEFOR CONNECTING A GROUND W IRE I
MEANS OF A COPPER LUG (SEER FIG. 10),

NOTE

't IS RECOMMENDED THAT THE CONTROL
COMMON CIRCUIT BE GROUNDED AT ONLY ONFE
POINT WHICH IS¢ 2TB-22). IF THE SPLED
REFERENCE 1S SUPPLIED BY A PROCESS
INSTRUMENT, THERE SHOULD BE NO MORE THAN
15 VOLTS BETWEEN ITS SIGNAL OUTPUT AND
GROUND.(SEE FIG. 18)

CAUTION

CARLS SHOULD  BE TAKEN TO O SEE CFHAT ALL
INTERCONNECTION  WIRING 1S SEZED AND
INSTALLED IN ACCORDANCE W ITIHE THE EATESNT
EDITION OF THE NATIONAL ELLCTRICAL CODE
(NECY OR THE CANADIAN ELECTRICAL CODE (Cla)
AND BE CONSISTENT  WITH ALL OoTFHER
APPLICABLE LOCAL CODES
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NOTE

I THE CONTROLLER CANNOT BE STOPPED BY THE
NORMAL STOP FUNCTIONS (STOP PUSHBUTTON,
ZERO O SPREED SETTING, ETC) REMOVE POWER
FROM THE CONTROLLER.

WARNING

THE NORMAL STOP FUNCTIONS OF THE
CONTROLLER (STOP PUSHBUTTON, ZERO SPEED
SETTING, ETC ) ARE NOT INTENDED TO BE USED AS
v POWER DISCONNECT FOR THE CONTROLLER
ovrrorT
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FIGURE 18
AFtrol | controller, door open showing
close up to 2TB terminal board point 22
and ground connection

CAUTION

MEGGERING CAN DAMAGE ELECTRONIC
COMPONETS. DO NOT MEGGER OR HI POT
WITHOUT CONSULTING THE SPEED VARIATOR
PRODUCTS OPERATION, GENERAL ELECTRIC
COMPANY.

CAUTION

DO NOT USE POWER FACTOR IMPROVEMENT
CAPACITORS WITH THIS EQUIPMENT WITHOUT
CONSULTING THE SPEED VARIATOR PRODUCTS
OPERATION, GENERAL ELECTRIC COMPANY.
DAMAGE MAY RESULT FROM HIGH VOLTAGES
GENERATED WHEN CAPACITORS ARE SWITCHED.

THE THREE (3) MAJOR COMPONENTS: (1) THE
CONTROLLER, (2) THE OPERATOR’S STATION (IF
REMOTE MOUNTED) AND (3) THE MOTOR SHOULD
BE CONNECTED IN ACCORDANCE WITH THE
SYSTEMS DIAGRAM, 36D87008AB (SEE FIG. 8).

POWER WIRING

Single phase, 230 VAC input is required for the 1 thru 3 HP
single phase input AFtrol I contollers and three phase 230
VAC input is required for the 2 thru 7 1/2 HP three phase
input AFtrol I controllers.

A power mput disconnect mounted a reasonably short
distance from the controller is required. A suitable
disconnect switch kit for mounting on the controller front
door (by factory or the purchased) is available as an
optional modification. A line disconnect switch 1s a
requirement of NEC or CEC and all codes.

Power wiring must be selected according to all applicable
codes. The maximum contoller input currents are listed
below. Power wiring should be sized to handle 150 percent
of the amounts hsted.

No of Input Max. Input Amps
HP Phases (RMS)

7
10
14
20

8
11
17
22

172

LW W W W =

1
1-
2
3
2
3
5
71/2
The motor power leads should be sized in accordance with

the motor nameplate current ratings. Wire size should be
selected 1n accordance with NEC or CECand all local codes.

A thermal overload protective device should be used to
protect the motor windings from overheating and resulting
damage to the motor. These overloads (or motor
thermostats) should be selected based on the motor
nameplate data and must comply with the NEC or CEC and
all local codes. These overload devices are not provided;
however, they can be connected to 2TB terminal board,
points 1 and 2 after removing the metal jumper that 15
normally shipped with the controller.
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CONTROL WIRING

The control signal interconnecting wire must be twisted,
two conduetor o1 three conductor wite having at least two
twists per inch, Plus signal wire must be run i separate
magnetic condit from power wires to eliminate the
possibility of electrieal nose piek up The condunt can be
ngul steel or flexible armoured steel. The signal wire should
not be routed through junction or terminal boxes thal
rontain non-signal wires. For signal wire distances of less
than 100 feet use a minumum of No. 22 AWG. For
distances of more than 100 feet and less than 500 feet use a
minimum of No 16 AWG,

If <hielded wire 1s used for the twisted signal wire, each
shield should be grounded at only one point, preferably at
the controller end.

Nearby relays, solenoids or brake coils can produce erratic
drive behavior due to electrical noise transients. To
cleminate this possibility, an RC suppressor should be
added across the vols of these devices. A 220 ohm, 2 watt
resistor in series with 0.5 mid,600 volt capacitor can be
used m 115 AC and 230V AC circuits.

AC MOTORS

The AC motor must be mstalled 1in accordance with
separate instruchons ineluded with the motor. Care should
be taken to assure that the motor 1s properly ahgned with
the driven machine to mimimize unecessary motor loading
due to shaft nisalignment.

OPERATOR'S STATION

The operatotr’s ~tation must be mounted in a location that is
convient to the operator but not more than 500 feet away
from the controlier. As an optional modification, all forms
of the operator’s station can be located on the front door of
the controller, cither lactory mounted or field mounted by
the purchaser
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SECTION 5.0
INSPECTION, START UPAND ADJUSTMENT

very AFtrol I controller has been tested and adjusted n
the factory and is ready to operate. However, before
applying power and starting the motor, the following
inspection steps should be taken to prevent damage to the
equipment and to ensure a successful start up.

INSPECTION

l. Inspect the controller for any shipping or
installation damage. Inspect for louse or broken
control cards or plug-in option cards. Check for
loose connections where the Regulator card
connects to 2TB terminal board and the wres
connecting to both 2TB and 1TB terminal boards
and to the fuse block. If a door mounted disconnect
switch or operator’s station is provided, check that
all of the wire connections are tight. Finally, check
that all of the ribbon cable connections to the
control card assembly are tight.

2. Inspect all of the external wiring to see if 1t is
properly installed and connected according to the
terminal board sticker instructions and the system
diagram, Fig. 8 (36D870008AB). Make a point to
check of all interconnecting wiring between the
controller and its operator’s devices, AC motor, AC
supply disconnect switch, ete., with an ohmmeter.
Check the resistance to ground of all terminal board
I'TB wiring connections with an ohmmeter to check
that the power wiring is not grounded. Check that
2TB terminal 22 measures zero ohms to ground. If
not, check whether the controller enclosure is
grounded at the grounding terminal (on the outside
of the bottom cover).

3. Check that the proper rating of AC motor 1s
connected to the controller T1, T2 and T3
terminals. The motor nameplate current rating (or
sum of multiple motor current ratings) should not
exceed the controller current rating. If the motoris
a synchrouous reluctance motor (instead of an
mduction motor), the controller current rating
should be 1.4 times the motor current rating 1o
allow for higher peak and pull in currents,

The AC motor voltage and frequency nameplate
ralings must also agree with the controller rating, 1f
a standard 2307460 volt, 60 hertz motor is used.,
should he connected for 230 volt operation as
Shown on the connechon diagram (low voltage
couneetion) usually provided on the motor terminal
hox cover,

e ma——

It a non-standard voltage and/or frequency motor s
used, refer to the Base Frequeney jumper selection
Table A (page 35) and the volts per herty
instructions later in this section. These will have 1o
be checked and readjusted sinee the controller has
been factory tested with a standard 60 hertz motor,
unless specially ordered.

It is recommended that the motor be disconnected
from the driven machinery at the initial start-up to
prevent poussible damage if' nusoperation occurs,
Check that the motor shaft can be rotated and 15 free
from binding

NOTE

THE AFTROL | CONTROLLER WILL NOT OPLRATE
UNLESS THE AC MOTOR IS FELECTRICALLY
CONNECTED. DISCONNNECTION OF ANY ONE
MOTOR PHASE , WILL PRODUCE A FALLT
SHUTDOWN.

4. Check for presence or absence of the lollowing
terminal board or card jumpers (Refer 1o page 36 Lor
50 Hz input jumpers.

{a) ITB terminals T and A should be jumpered 1f a
molor ammeter is connected between terminal
T3and A, and the AC motor T3 lead 1s conneeted
to I'TB terminal T.

(h) 2T terminals 1 and 2 should be jumpered unless
a motor thermoswiteh, thermal ovetload relav or
other normally closed mterlock 15 connected
across these terminals. It any of these are
connected the jumper should be removed, b
check that the external interlock s closed

(¢) Regulator card posts SPW shouid be jumpered to
SPX and SPY jumpered to SPZ if the ACinput s
single-phase and not jumpeted for three-phase
mput controllers.

{d) Regulator card posts FCI and FC2 should
normally be jumpered normally, but this jumper
should be removed 1f the 6VFIIK Followe
option card is mounted on the Regulator card

—_—
-
o

~—

Regulator card posts BF1, BF2 or BI3 shonld be
jumpeted according to Table AL if higher than 60
hertz mator frequeney s desued.

5. Use avoltmeter to cheek that the ACsupply voltage
on the incoming is 230 volis AC 10 pereent 3
petcent.
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START-UP PROCEDURE

[ Set the operator’s speed polentiometer to zero
trotmpletely  counter-clockwise)  If the Follower
option i included, set the operator’s Manual/Auto
selector switch n the Manual positon

2 Close the disconnect switeh to supply 230 volts AC
power Lo the controller. Check for 230 volts across
the load wide of the controller tuses. H no voltage is
present, tefer to the Troubleshooting section part
A-1 “"Na power to controller ™

3. Press the operator’s start pushbutton, (or close the
RUN switch) and observe the green RUN light on
the regulator card. It should be blinking at a
frequeney of 2 1o 3 hertz. If the light is off, refer to
the Troubleshooting section, Part A-2 “Can apply
power to controller, hut cannot start,”

1. Slowly mcrease the operator’s speed potentiometer.
The RUN light <hould increase s bhinking
trequency and the motor should begin to rotate I
the motor rotation 1s backwards and the Reversing
ophion s not provided, press the operator’s STOP
pushbutton to stop the motor. Disconnect AC
power, teverse the connections to any two motor
leads and restart the controller.

poy ]

. Cheek the AC motor current with a clamp on
mmmeler, If the motor shaft s disconnected from
the driven machinery, the current reading should
be approxmmately 173 of the motor nameplate
current rating for standard mduction motors,

O Slowly inerease the speed potentiometer up to the
maximum speed setting while observing motor
current and motor operation. The motor should run
smoothly up to tts rated speed and the current of the
thaconneeted motor should remain farrly constant
over ats entire speed range. [ the motor does not
aperate praperly, refer to the Troubleshooting
section.,

=1

Press the operator’s STOP pushbutton. The motor
speed should decelerate smoothly down to a slow
spred as can be seen by the RUN hght blinking
frequenes. The RUN hght should then go out and
the motor should stop,

8 I differem adjustiments of - mummum  speed,
nuimum {requency, maximum speed, volts pes
hertz or hinear time are destred, they should be made
and tested while the motor shaft s still disconneeted

fram its load. Refer to the ADJUSTMENT patt of
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this section for adjustment recommendationsandto
the DESCRIPTION, section 2 0, for an explanation
under REGULATOR card.

9, Connect the motor <haft to the driven machinery
and repeat the above start-up steps. The motor
current will be dependent on the driven load, but
should not exceed the motor or controller
nameplate rating. If the controller cannot start the
motor or if motor current 1s excessive al low Speeds,
inerease the COMP potentiometer setting as
explained under adjustments

NOTE

IF THE CONTROLLER HAS BEEN STORED FOR OVER
6 MONTHS, THE ELECTROLYTIC FILTER
CAPACITORS SHOULD BE “FORMED” BEFORE
OPERATING THE CONTROLLER ABOVE 150V ACTO
THE MOTOR. FORMING IS ACCOMPLISHED BY
OPERATING THE CONTROLLER AT 150V ACOUTPLT
FOR 5 MINUTES AND THEN INCREASING THE
OUTPUT TO 200 VOLTS AC AND OPERATING FOR 5
MORE MINUTES AFTER THIS PROCEDURE, THE
CONTROLLER MAY BE OPERATED OVER ITS ENTIRE
RANGE.

ADJUSTMENTS — REGULATOR CARD (See Fig. 19)

I 1t 15 devired to ehange the Regulator card adjustments,
the following procedures are suggested. Refer to the
DESCRIPTION, Section 2.0 for information on
eul]uh‘lmvnl ranges and operalton.

MINS (Minimum Speed)

Normally. the MINS potentiometer is set fully CCW and
must be in the fully CCW position for proper adjustment ol
the MINF, Mimmum Frequency potentiometer. If a higher
than sero mintmum speed 1< a requirement, 1t should be «et

after the adjustment of MINF.
MINF (Minimum Frequency)

With the Speed Reference potentiometer set at zero (fully
CCW) and both the MINS and COMP potentiometers an
the Regulator card set fully CCW, start the controller The
DEhink voltage (SMP 1o SMN) should be no greater than 8
volts. Normally, the MINF potentiometer should be
adjusted to obtam an mverter output frequeney ol
approxtmately 2 to 3 herly, The RUN hght shouald be
blinking at this frequency and it should be possible to cheek
mithimum mverder frequency by observing the RUN hghit
blinkimg frequency I a svachronous reluctance motor 1§
heing used, 1t is tecommended that MINF be <t fora 6
hertz mimmum frequency
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MAXS (Maximum Speed — Base Frequency)

With the Speed Reference potentiometer set at 100 percent
(fully CW), adjust the MAXS potentiometer to obtain
rated motor nameplate speed and frequency (normally 60
hertz). If this requires a reference voltage of greater than
8.5 volts as measured at terminal board 2TB terminals 18-
22, install a jumper between Regulator Control card posts
BF1 and BF2 to increase the base frequency setting. Re-
adjust the MAXS potentiometer to rated motor speed and
frequency. Also, readjust the minimum frequency as set by
the MINF potentometer, smce this will also change |f
higher than 60 hertz frequency 1s required, use Table A as a
guide in selecting the proper base frequency jumper. It 1+
possible that the next higher or lower base {requency
jumper than the one indicated 1 Table A may be necessary
to ensure that the voltage between 2TB ternunals 18-22 14
between 5 and 8.5 volts when the contioller outputsat the
desired base frequency.

TABLE A
Base Frequency Jumpers

Base ¥Frequency Base Frequeney Jumper

50 to 70 Hz None

60 to 85 He BEL to BE2
75 to 105 Hz BF2 to BF3
100 to 130 Hz BF1 to BF3

}'/Hz (Volts per Hertz Adjustment)

Set the Speed Adjust potentiometer at the maximum (fully
(CW) to obtain rated motor nameplate frequency (normally
60 Hz) and speed. If the AC motor is disconnected from the
driven machmery so that 1t is at no load, adjust the V/Hz
potentiometer to obtain 210V AC across the motor
terminals or approximately 90 percent of rated motor
voltage, if different than 230 volts.

After the motor shaft has been connected to it« load and the
COMP potentiometer has been adjusted for best low speed
operation, return the Speed Adjust potentiometer to ity
maximum setting and recheck the motor terminal voliage.
Before readjusiing the V/Hz potentiometer, mark the
origimal setting pomnt  Slightly adjust ¥/Hz in either
direction to try to achieve the following:

1. Minimum motor current at the loaded operating
condition.

2. Motor terminal voltage no greater than 230V AC for
3-phase imput controllers.

3. For single-phase input cantrollers, 1l may not he
possible to obtain mure than 210 10 220 volts at
rated load. It may be necessary to slightly reduce the
V/Hz setting or increase the M4 XS potentiometer
wetting to obtain rated motor speed at ful) load.

4. If rated motor voltage 1s less than 230 volts, adjusi
V/Hz to obtain rated motor voliage.

LTIM (Linear Time Adjustment)

Adjust the LTIM potentiometer to obtan an aceeletation
tine from zero to base speed equal to the time destied fo
the appheation. Ten seconds is a good average aceeleration
for many wdustial appheationa, The deceleration time
from base 10 zevo speed should he approximately the same
as the aceeleration time, bul may be longer for fast LTIM
setings. If the controller trps ot dunng aceeleranon m
deceleration, try setting the LTIM potentiometer for a
longer time.

COMP (IR Compensation Adjustment)

The amount of 1R compensation required s dependent on
the amount of motor torque required to st the dinen
machinery and 1o run at low speeds. Too  hitthe
compensation will not produce enough motor torque and
result in exeesstve motor cwrrent. Too much compeisdlion
can produce excessive motor “cogging” and excesatve no
load current,

Set the Speed Adjust potentometer to operate the motor at
approximately 10 percent of rated speed with the moton
connected 1o its foad. Adjust the COMP potentiometen 1o
obtain the mimmum motor current at normal Joad Slowly
turn the Speed Adjust potentiometer from its mmimum 1o
1ts maximum setting while observing motor curient Motor
current should not exceed the motor or contioller
nameplate current rating at any operating pornt. Readjusi
the V/Hz setting as explamed under }'/Hs and recheck

motor currenl over the motor speed vange,
(LIM (Current Limit Adjustment)

The CLIM current hmit potentiometer has been set at the
factory to limit at 150 percent of controller nameplate rated
current. Turning CLIM CCW will deerease curvent it
Carrent fimil can be mercased by moving CLIM w the
clockwise direction. Under normal encumstances, there
should be ne need 10 adjust the CLIM potentiometer,

FOLLOWER CARD (optional)

If the OVIFLER, Follower card aption is fupmished, vefer 1o
Follower card 11 SECTION 9.0 for speeifre mstruetions on
adjustments and jumper connections,
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ADJUSTMENT RECORDS

U e suggested that a tecord of all adjustments be made with
the contioller  operaning  successfully under  normal
condimons. This will be useful m the event it becomes
necessary fo tronble shoot the controller at a later date.

50 HZ AC SUPPLY OPERATION

Standard AFtol Tcontrollers are adjusted and tested on 60
Hz AC supply power. For operation on 50 Hz AC <upply
power, the following change should be made before start-
.

1. Single-phase mput controllers - Remove the SPY to
SPZ jumper on the Regulator card.

Three-phase mput contiollers — Add a jumper
atross Regulator card posts SPY and SPZ, and cut
out resistor 230 adjacent to post SPY, as shown in
the sheteh below.

B

* Use the spare jumper connected across posts LMP
and LMN, or solder a jumper wire across posts SPY
and SP7

/\/

ADD JUMPER +
— -
SP2 SPY

2
3 -
0

/\/

CUT AND REMOVE
THIS RESISTOR

*Use the spare jumper connected across posts LMP and
LMN, or solder a jumper wire across posts SPY and SPZ.
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SECTION 6.0
TROUBLESHOOTING PROCEDURES

A systematic approach to troubleshooting will reduce the
time required to find the problem. This approach consists
of trying to identify the symptoms of the problem, taking a
number of meter readings depending on these symptoms,
and localizing the problem to some module or a printed
circunt card as a result of these readings,

TEST EQUIPMENT REQUIRED

These troubleshooting notes are written so thal all readings
may be taken with any good quality multimeter or
voltohmmeter, A digital multimeter, such as a Fluke Model
8020A, having high input impedance will provide accurate
readings with minimum loading of the cirewt being read. A
clamp-on AC ammeter 1s also useful in reading controller
mput and output currents, Never use a megger to check for
control or power erreut grounds mside the controller, as
this may damage the equipment.

TESTING SAFETY PRECAUTIONS

Because troubleshooting involves taking readings of both
control and power circuit voltages, 1t is a potentially
hazardous procedure for both the person doing the
troubleshooting and for the equpoment. By following
recommended saftey precautions and observing good
testing praclices, these hazards can be reduced.

Whenever possible, disconnect AC supply power from the
controller before inspecting the unit or taking
troubleshooting readings. Where operating voltages must
be read, proceed as if the circuit being read 15 at power
potential. Although the control circuitry associated with
the operator’s coatrol 15 at ground potential, mosl of the
control circuitry and all of the power eircuits are at pawel
potennals.

WARNING

ELECTRIC SHOCK CAN CAUSE PERSONAL INJURY
OR 1.0SS OF LIFE. WHETHER THE AC SUPPLY IS
GROUNDED OR NOT, HIGH VOLTAGES TO GROUND
WL BE PRESENT IN BOTH THE POWER AND
CONTROL CIRCUITS. AFTER AC SUPPLY POWER 1S5
DISCONNECTED, WAIT AT LEAST ONE MINUTE FOR
THE DC LINK CAPACITOR TO DISCHARGE BEFORE
TOUCHING ANY PART OF THE CONTROLLER
CIRCUITRY.

WARNING: HIGH VOLTAGE

ELECTRIC SHOCK CAN CAUSE PERSONAL INJURY
OR LOSS OF LIFE, WHETHER THE AC VOLTAGI
SUPPLY IS GROUNDED OR NOT, HIGH VOLFAGETO
GROUND WILL BE PRESENT AT MANY POINTS
WHEN INSTRUMENTS SUCH AS OSCILLOSCOPES
ARE USED TO WORK ON LIVE EQUIPMENT, GREAT
CAUTION MUST BE USED. WHEN ONI OF THE
INSTRUMENT LEADS IS CONNECTED TO THE CASE
OR OTHER METAL PARTS OF THE INSTRUMENT,
THIS LEAD SHOULD NOT BE CONNECTED TO AN
UNGROUNDED PART OF THE SYSTEM UNLESS THE
INSTRUMENT 1S INSULATED FROM GROUND AND
I'TS METAL PARTS TREATED AS LIVE EQUIPMENT
USE OF AN INSTRUMENT HAVING BOTIH LEADS
ISOLATED FROM THE CASE PERMIT GROUNDING OF
THE CASE, EVEN WHEN MEASUREMENTS MUST BE
MADE BETWEEN LIVE PARTS

WARNING

DO NOT SERVICE THE EQUIPMENT WIHEN POWER
IS APPLIED

When testing in the power area, 1t s tecommended frona
wafety standpoint that the equipment be turned of L, the test
equipment connections be made, and the power apphed for
the measurement, and the equipment then turned of fagain,
prior to disconnecting the test equuipment

CAUTION

WHEN TAKING READINGS WHILE THE CONTOLLER
1S OPERATING, TAKE CARE NOT TO SHORT
BETWEEN CIRCUITS WITH THI. METER PROBES.
USE INSULATING SLEEVES BETWEEN PRINTID
CIRCUIT CARD CONNECTION POINTS AS A MIEANS
TO PREVENT SHORTING

NOTE
ALWAYS READ THE COMPLETE INSTRUCTIONS
PRIOR TO APPLYING POWER OR TROUBLE-
SHOOTING THE EQUIPMENT,

READ AND HEED ALL WARNING, CAUTION AND
NOTE LABELS POSTED ON THE EQU IPMENT
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GENERAL TROUBLESHOOTING

Controller problems can usually be separated into two
genecal areas:

\.  Controler shuts down or cannot be started
B, Controller operates improperly.

The tollowing traubleshooting tiotes are presented under
twa general headings. The notes are further subdivided
urder  trouble svmptoms to save  time in o the
troubleshooling process. These notes refer (o the Trouble
Shootmg Chart whieh gives normal readings of 1esistances
and voltages at various tesl pomnts, and comments on
possible problems and recommended action. When the
sourte of the problem is determuned, refer to furthe
msiructions under the speeifie heading, such as Control
Card  Troubleshooting,  Power Module  Converter o1
Invetter Sectwon Troubleshooting, or DG Link  Filter
froubleshootimg, Some turther things to cheek are ineluded
nnder Miseellaneous Troubleshooting Checks, beginning
on page M,

Hataadt shutdown occurs, the following sequence should
be used to restart the drives

Lo Wit several moutes for the deive ok capaciton 1o
discharge down 1o 15 volts or below (as measured
between Regulator card teat posts SMP and SMN)

2. Press the Stop pushbutton and then press the Stan
pushbutton,

AU the DU Tk voltage does not discharge below 15
volts, disconmect the AC supply power 1o allow
capactor discharge, reapply AC power and repeal

step 2o abose
. Contioller shats down or cannot be started
I No power to controller,

a) Open the controtler door and eheek the voltages
between ternunals FUL-T, FU2-T and FU3-1 a1
the top of the fuse block with an AC valunetor,
Thewe voltages should all vead from 218 10 233
valle (230 volis, +10 25" 1 no voltage o
mcorrect voltage 1 obtamed, the souree of the
problem s the meoming power 1o 1he controller
Check that the AC power disconnect switeh to
the controller (can be a door mounted apliong -

closed before imveshigating fanther
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b)

d)

If incoming power is correct, check the voltages
between termunals FUI-2, FU2-2 and FU3-2 at
the bottom of the fuse block. If no voltage 15
present, one or more fuses are blown. Disconnect
AC power from the controller and check the
fuses with an ohmmeter to determine which ones
need to be replaced. Replace any blown fuses
with ones of the same type and ampere rating.

Before applying AC power, check for shorted
components in the controller by going through
the step A readings contained in the Trouble
Shooting Chart (page 39). If faulty readings are
obtained, go to the Fower Module Converter
Section or DC Link Filter Troubleshooting for
further instructions,

If Trouble Shooting Chart step A readings are all
good, go through the step B readings. If faulty
readings are obtained, go to the Power Module
Inverter Section or to DC Link Filter
Troubleshooting for further instructions.

2. Can apply power to controller, but cannot start.

a)

d)

Sel the operator’s speed potentiomelter at vero,
press the Stop pushbutton to reset the faylt
latch, and press the Start pushbutton, H the
RUN light on the Regulator card starts blinking
at a low frequency, proceed to step 3 (controller
can be started but shuts down when operator’s
speed potentiometer is mnereased) or to step 3
(cannot control motor speed with wpeed
potentiometer) under part B (controller gperates
improperly).

If the RUN light does not indicate, check all the
control card power supply voltages hsted in step
(C of the Trouble Shooting Chart (page 40). If any
power supply readings are incorrect, check for
open connections, defective contiol capds, or
failed control transformer as recommended 1n
step (& Refer to Section 7.0 for Remova]/Repair
and Replacement mstructions

I Trouble Shooting Chart step C readings are all
satisfactory, go through the step D readings. I
faulty readings are obtained, go to the Control
Card Troubleshooting (page 45) for further
tnstructions.

H Trouble Shooting Chart step D readings are all
satisfactory, go through the step I readings,
(page 41) and follow the applicable comments.
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TROUBLLC SHOCTING CHART

Trouble Location of Connect Meter Lead
Shooting Terminal To To Conngctor - Terminal Meter Meter Reading in ODhms
Step Be Measured Pos. Lead Neg. Lead Selector Good Bad Comments on Readlngs, Possible P and R ded Action
A-1 Regulator 1CN —1 1CN — 3 1K or 2K 25t0 60 O 1] Alsc measures control transformer winding If zero chms, check for shorted converter components
A-2 Card 1CN — 1 1CN — 5 Range 500 to inf o Not applicable for single-phase inputs Refer to Power Module Converter Section
A-3 {Top Card} 1CN — 3 1CN —5 500 to inf [v] Not applicable for single-phase inputs Troubleshooting
A-d 1CN —1 4CN — 2 Infimty o Power Module SCR resistance If zero ohms, check for shorted converter circuits
A-5 1CM — 3 4CN — 2 Infinity 0 Refer to Power Module Converter Section
A-B 1CN — 5 4CN — 2 Infimty a {Good reading is 10 {2 for single phase input} Troubleshooting
A7 1CN —1 4CN — 7 Infimty 0 Power Medule digde resistance 11 zero ohms, check for shorted converter circuits
A8 1CN — 3 4CN —7 Infinity 0 Refer to Power Module Converter Seclion
A-G 4CN — 5 ACN — 7 Infinity o (Mot applicable to single - phase input) Troubleshooting
A-10 4CM — 2 4CN — 1 40 to 120 Q 0 orinf Power Module SCR gate resistance If bad reading, check for bad converter circunts Refer
A-11 40N — 2 4CN — 3 40 to 120 Q G or inf to Powser Module Converter Section Troubleshooting
A-12 4CN — 2 40N — & 40 t0 120 Q D or inf {Not applicable 10 singte-phase input) ¢
A-13 A 4CN — 8 4CN — 7 Iner to inf. 0 DC Link Filter resistance if zero ohms, refer 1o Power Module Inverter Section |
as capacifor Troubleshooting and DG hink Filter Troubleshooting
charges up !
Power Module Transistor resistance ¥ zero ohm, check for shorted transistors in Power ]
B-1 Inverter 50N — 7 B6CN — 2 incr to inf 0 Module Refer to Power Module Inverter Section
B8-2 GControd Card SCN — 4 GCN — 2 ner o inf Q Troubleshooting
B-3 {Bettom Card} 5CN — 1 BCMN — 2 incr. to int V]
B-4 BCN — 9 5CN — 7 incr te inf V]
B-5 6CN —9 5CN — 4 iner to mf [4]
B-8 6CMN — 9 5CN —1 incr townf. a
B-7 5CM — 8 5CN — 7 10 to 30 0¥ 0 to 2 or inf | Power Module Transistor base resisiance It bad readings cneck for failed transistors in Power |
B-8 S5CMN — 5 5CN — 4 10to 30 O 0 to 2 or inf Module Refer to Power Inverter Section
B-9 BCN — 2 S5CN — 1 10t0 300 Q0 to 2 or inf Trouleshooting Also, check connections between
B8-10 BCM — 1 BCN — 2 1010300 0 to 2 or inf Fower Module and Inverter Control card
B-11 6CN — 3 6CN — 4 10to 30 2 Oto 2 orint
B-12 ~ 6CN — 5 BCN — 4 10 to 30 2 Oto 2 or inf
B-13 BCN — 9 6CN — 2 Incr 1o inf. 0 DG Link Filter resistance \f zero ohms, tefer to Power Module Inverter Section
as capacitor Troubleshoeting and DC Link Filter Troubleshooting
cr}argas up
B-14 6CN — 86 8CN — 2 13 to 200 O o 0 14 & migher] DC Link Shunt resistance 1f pver 0 10), check for open connecticns to
Range DC link shunt

N}
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TROUBLE SHOOTING CHART

Trouble Location of Connect Meter Lead Normal Meter Reading
Shooting Terminal To To Connector - Terminal Meter in Volts When:
Step Be Measured Pos. Lead Neg Lead Selector | Stopped (0 RéE;‘,” Operating Comments on Readings, F 1bl and R ded Action
C-1 Regulator 1CN — 1 1CN — 3 AC 218 to 253" 218 to 253 AC supply voltage If reading 1s off, check AC supply voltage
C-2 Card 1CN — 1 1CN — 5 218 to 253 218 to 253 Applicable only for three-phase input and connections between Regulator card and
C-3 (Top Card) 1CN — 3 1CN—5 218 to 253 218 to 253 Applicable only for three-phase input Power Module
C-4 1CN —7 1CN —8 1110145 11to 145 Control transformer secondary voltage If reading 1s off, check connections between control
C-5 1CN — 10 10N — 12 13t0 165 13t0 165 supplies to card power supplies cards and control transformer and where transformer
C-6 1CN — 11 1CN — 12 13t0 165 1310 185 primary connects to Power Module
Cc-7 Inverter 2CN —1 2CN —2 11to 145 1110145
Cc-8 Control Card 2CN —4 2CN —5 11to 145 11t0 145
C-8 {Bottom Card) 2CN —8 2CN —9 11to 145 11t0 145
C-10 2CN — 11 2CN — 12 / 11t0 145 11to 145
C-11 TP — 1P TP —IN DC +14 to +18 +13to 17 Inverter ¢1 pos power supply if low voltage or zero, check steps C-7
c-12 TP — 2P TP — 2N +14 to +18 +13 to +17 Inverter 2 pos. power supply through 10 1 these readings are OK, then
C-13 TP — 3P TP — 3N +14 to +18 +13 to +17 Inverter $3 pas power supply Inverter Control card 1s probably defective
C-14 11CN — 1 11CN — 2 +135to +176 +125to +16 5 Inverter 1, 2, 3 neg power supply and should be replaced
C-15 Y TP — RPS 11CN — 2 +105t0 +125 +105to +125 Inverter Control power supply
C-16 Reguiator 8CN —7 8CN — 5 +115t0 +125 +115t0 +125 Regulator power supply if low voltage or zero, check steps C-4 through 6
C-17 Card 8CN —6 8CN —§ -115t0-125 -115%0-125 Regulator power supply If these readings OK, then Regulator Card is
C-18 (Top Card) 120N —3 120N — 2 +14 to +18 +14 to +18 Converter power supply defective and should be replaced
D-1 Inverter 11CN — 3 11CN — 2 +10 to +20 +10 to +20 Inverter fault trip detector If zero, check steps G1 through 3 and G-11
D-2 Control Card 11CN — 4 11CN —2 +1Q to +20 +10 to +20 DC hnk overvoltage detector If zero, check steps E-9 through 11 and E11
D-3 (Bottom Gard) 11CN — 5 11CN — 2 +1Q to +20 +10 to +20 AC supply undervoltage detector if zero, check steps C-1 through 3 and D-12
D-4 11CN — 6 11CN — 2 +10 to +20 +10 to +20 Overcurrent detector tf zero, check steps G-10 and B-14
D-5 Regulator 10CN — 1 278 — 22 +10 to +11 -4t0 +5 Motor frequency control signal Dependent on step D-8 voltage, except when stopped
L-6 Card 10CN — 2 2TB—22 0toG1 Dto-8 Motor voltage feedback signai 0 to -8V comparable to 0 to 300V of steps E-9
D-7 (Top Card) 10CN — 3 2TB—22 -9 to -12 -9 to 12/+9 10 12 | Min ref and voltage signal Should be negative at min level, positive above min
D-8 10CN — 4 2TB—22 Oto £05 Oto +8 Timed reference signal 0 to +8V should be identical to step E-6 reading
D-9 10CN — 5 2TB—22 +9 10 +12 +6 to -6 Motor voltage control signal Dependent on step D-8 voltage, except when stopped
D-10 10CN — 6 2TB—22 19 to +12 +9 to +12 Control undervoltage signal If zero or negative, check steps C-18 and C-17
D-11 3CN—6 3CN —7 0 0 Fault signal (if not zero) if approx 1 volt, check steps D1 through 4
D-12 3CN — 12 3CN—7 +13 to +18 +13 to +18 AG supply voltage signal Undervoltage irp occurs at dess than 10 volts
D-13 3CN —4 3CN—5§ Oto +01 +01to+30 Current feedback signal to Regulator If different, check step G-10 reading
D-14 3CN — 1 3CN —2 ] +041t0+08 Frequency oscillator output If different, check steps F-1 and D-5
E-1 Regulator 2TB — 1 2TB — 22 -115t0-125 +95to +11 Stop-Start input signals If readings are wrong, check for open interlock
E-2 Card 2TB — 2,3 2TB — 22 -115%0-125 +95to +11 1 or jumper between 2TB—1 and 2TB—2, or for bad
£-3 Termenal 2TB — 4 278 — 22 -115t0-125 +95to +11 connections to operator's pushbuttons
E-4 Board 2TB — 5 2T8 — 22 +115to +125 |(See Comments) (Qpen circuitYwhen D-7 pos )
1
E-5 2TB — 17 2TB — 22 +5to +8 +5 to +8 Dependent on Max speed setting If readings are wrong, check settings
E-6 2TB — 18 2TB — 22 0to +4 Dto +8 Dependent on Ref Pot setting of Max and Min Speed pots on Regulator card
E-7 2TB — 19 2TB — 22 0to +4 Oto+5 Dependent on Min Speed setting and connections to Reference pot on operator's
E-8 2TB — 20 2TB — 21 0 +19 to +22 Apphicable If Relay Option 1s installed station
E-9 4CN — 9 4CN —7 0to+25 0 to +300 DC hnk voltage feedback to Regulator If different, check F-1, D-9, D-11 and E-1
E-10 TP — SMP TP — SMN Oto +25 0 to +300 DC ink voltage (without speed meter)
E-11 TP — SMP TP — SMN { Oto+15 0 to +150 Reading with % Speed Meter option

V.066¥2-M19



41

TROUBLE SHOOQTING CHART

Trouble Location of Connect Meter Lead Normal Meter Reading
Shooting Terminal To To Connector - Terminal Meter in Volts When:
Step Be Measured Pos. Lead Neg. Lead Selector | Stopped (0 REF) Operating C on Readl P Problems, and Recommended Action
F-1 Reguiator 12CN —1 J2CN — 2 DC 0to +1 +13 to +18 Converter stop-start signal If different, check steps E-1, D-7, and D-11
Card
F-2 {Top Card} 12CN — 4 12CN — 2 +5 {0 +9 +6 to +9 Reading for single-phase input If readings are different, check voitage in
F-3 12CN — 4 12CN — 2 +8 to +11 +8 to +11 Reading for three-phase input steps C-1 through 4 and C-18 If these raadings
F-4 12CN — 5 12CN — 2 +8 to +9 +5 49 +9 Reading for single-phase input are OK, Regulator card 1s probably defective
F-5 12CM — 5 12CN — 2 +8to +11 +8 to +11 Reading for three-phase input and shouid be replaced
F-6 12CN — 8 12CN — 2 +8 to +11 +8 to +11 Reading for three-phase input
F-7 40N — 1 12CN — 2 o +011to+07 Converter firing signal (average) It different, check steps F-1, D-8 and A-10 through 12
F-B 4CN — 3 12CN — 2 v] +)1to+07 If readings OK, Regulator card may be defective
F-9 A 4CN — 5 12CN — 2 o +01to +0.7 {Apphcable only to three~phase input) and should be replaced
G-1 Inverter 1ICN — 7 11CN — 2 {See Comments) +5to0 +8 5 At the Stopped condition, two readings will be 0 If different, check step D-14 If this reading OK,
G-2 Control Card TICN—8 | 110N —2 +510 +65 and the other 10 5 to +12 5, or two readings will then Inverter Cantrol card may be defective and should
G-3 {Bettom Card) 1ICN — 9 1ICN —2 . +5t0 +65 be 10 5 to +12.5 and the other 0. be replaced |
G-4 5CN — 8 S5CN — 7 {See Comments) | +03to+1E Inverter driving signal (average} If different, check step D-11 since a fault signal
G-& SCM — 5 5CN — 4 | +03t0+15 At the Stopped condition, three readings should locks cut all inverter driving signals Also, check
G-6 5CN — 2 SCMN —1 +03t0+H15 be zero and three readings should be +0 6 to +1 5 steps G-1 through 3 and B-7 through 12. If these
G-7 6CN — 1 B6CN — 2 +D3to+15 volts, depending on the stopping point readings OK, Inverter Control card may be defective
G-8 6CN —3 6CN — 2 +03t0+15 and should be replaced
G-9 6CN — 5 BCN — 2 +03t0+15
G-10 6CN — 6 BCMN — 2 V] 010 -012 Load indication {100MV = FL full load} 1§ different, check motor load and step B-14
G-11 9 BCN — 9 BCN — 2 Otc +25 0 to +300 DG link voltage If different, check E-2 and E-10
H-1 Regulator 2TB — 7 2TB — 22 -1151t0-125 -115t0-125 Cperator's switch selected — Forward i ditferent, check connections between 2TB and
H-2 Card 2B — 7 2TB — 22 +95to +11 +8 5 to +11 Operator’s switch selected — Reverse operator's station Reversing switch
{Top Card)
H-3 7CN — 6 FON —7 01to +2 +115t0 +125 Reversing enable in Stopped condition. If different, check E-1 and B-7
H-4 I, 3CN — 8 ICN — 7 0 0 Inverter phase sequence — Forward “If different than steps H-1 & 2 when H-3 Is 0 to +2V,
H-5 acCN — 8 3CcH —7 +10 to +15 +10 to +15 Inverter phase sequence — Reverse Reversing card may be defective.
J-1 Regulator 278 — 13 2TB — 14 (See Cogmments}| (See Comments) { Dependent cn analog signal level If different, check connections between controlier
J-2 Card 2TB — 15 2TB — 16 3 {n Dependent on diartal signal level unit and external signal
Termunal
J-3 Board 2TB — 10 2TB — 22 -85 to -11 -85 to~11 Operator's switch selected — Manual If different, check connectiens between 2TB and
J-4 2T8 — 10 278 — 22 +115%0 +125 +115t0 +125 Operator's switch selected — Auto operator's station Manual/Auto switch  Also,
J-5 2TB — 12 278 — 22 +1151t0 +125 +115t0+125 Operator's switch selected — Manua? check Follower card mounting
J-6 2TB — 12 278 — 22 -85 to -11 -85 to~11 Operator's switch selected — Auto
J-7 Follower ICN — 9 9CN — 8 0 0 Operator's switch selected — Manual If not zero, check that FC1 to FCEjumper on
J-8 Option TP — SRJ 9CN — 8 o] 0 | Operator’s switch selected — Auto Regulater card 1s removed
SR— Card
J-g [ BCMN — 1 8CN — 2 0 +2510 +35 Inverter frequency input 'f readout does not agree with input, Follower
J-10 gCN —1 9CN —2 Q +4 10 +6 Readout frequency signal card may be defective
J-11 Regulator TP — FS 2TB — 22 {Variable) {See Comments) | Reading 1s +11 to +12 5 voits when inverter Check steps J~2 through 8 and D-4 through 9 Also,
Card frequency synched to reference frequency and check for jJumper on Follower card posts SRD to SRJ
variable when not 1n synchronism

N,

V2001
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3, Controller can be started, but shuts down when
opetator’s speed potentiometer 1s inereased.

a)

b)

c)

If the RUN light on the Regulator card blinks at a
low frequency when the Start pushbutton s
pressed, with the wpeed pot at zero, the controller
15 in an operating condition. If it shuts down as
soon as the speed pot 1s increased up to 10%,
disconnect AC supply power and go through
Trouble Shooting Chart step B (page 42). If
faulty realdings are obtained, go to Power Module
Section or DC Link Filter
Troubleshooting for further instructions.

Inverter

If Trouble Shooting Chart step B readings are all
satisfactory, go through step G. If faulty readings
are oblained, go to Control Card
Troubleshooting.

If Trouble Shooting Chart step G (page 42)
readings are all satisfactory, or if the controller
shuts down at a lgher speed pot setting, go
through step D (page 41). If faulty readings are
obtained, go 1o the Control Card
Troubleshvoting  (page 45) for further
mstruchions,

4. Controller shuts down occasionally when running,
but can be restarted and runs properly.

a)

d)

Disconnect AC power and check for loose
connections at controller terminal boards 1TB
and 2TB Also, check for loose or shorted
connections to the motor and in the operator’s
control station.

Check for possibility of intermittent grounds in
the motor or motor wiring. Disconnect the
controller  from the motor wiring before
meggering the motor or motor wiring for
grounds.

Check for any source of electrical noise on the
AC supply lines or in wiring in the same condun
as AFtrol I controller wiring. Suppress the colls
of relays, contactors, solenoids, brakes, ete., if in
close proximity. Use an RC eircuit (0.5 MF
capacitor i series with 220 ohm resistor) across
the coil terminals for suppression.

Refer to Miscellaneous Troubleshooting Checks.
(page 49).

B. Controller Operates lmpru[u'rly

1. Cannot obtain rated frequency and speed (check
controller and motor nameplate ratings)

a)

d)

Check reference voltage by going through
Trouble Shooting Chart steps E-60 and D-8. If the
D-8 voltage 1s less than the E-6 voltage, check
step D-13 and G-10 for an overload condition,
Check the motor current with a clamp-on
ammeter and compare with the controller outpul
current rating and motor current rating, I the
motor current is less than rated, try mereasmg
(turmng CW) the CLIM (curient hnnt) pot on
the Regulator card to see 1l this adjustment 14
keeping the speed below the reference setting, If
the motor

current 1»  higher  than

mvestigate the reason for the overload.

rated,

If the D-8 voltage 15 the same as the £-6 voliage,
as measured i step A, but 1s less than 8.5 volts,
try mereasing (turnig CW) the MAXS (max
speed) pot on the Regulator card. I the speed
mereases, adjust MAXS 1o obtain the dewired
speed as long as D-8 and k-6 vohages do not
exceed 8.5 volts. See Regulator Card
Adjustments 1m Section 5,0 for more
instructions, It the speed does not increase,
return the MAXS pot to 1ts original setting and
proceed to the next step.

Check the voltage control signal of step -9 in
the Trouble Shooting Chart. If this voltage 1s
more negative than -9 volts, check the DC link
voltage at step -9 and the AC supply voltage at
steps C-1 through 3. 1f the AC cupply voltage is
correct and the DC link voltage 15 over 30 volts
higher than the AC supply voltage for single-
phase mput drives, or is over 60 volts higher for
three-phase nput drives, then reduce (turn
CCW) the ¥/Hz (volts/hertz) pot on the
Regulator card to obtain a step D-9 voltage less
negative than -9 volts. If the AC upply voltage 1s
less than 218 volts, this condition 15 out of
specifications and must be corrected.

If the problem cannot be found, The Regulator

card may be defective and should be replaced.
See Section 7.0 mstrucitons,

13
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2. Motor operation 1~ rough or unstable

a) Check setting ol COMP (IR compensation) pot

h

¢)

3. G

—

uh the Regulator card. Too high a setting at low
speed, light load operation will cause motor
“voggig” and noisy vpration, and may produce
excessive current Try turning the COMP pot
CCW to reduce the amount of IR compensation.

I instability occurs in current limit (overload)
operation, or occurs when using the Follower
Option card to follow a digital reference signal,
try mereasing (turning CW) the LTIM (linear

ime) pot setting.

Check for uneven motor loading, intermittent
grounds or varving AC supply voltage.

annot control motor speed with speed

potenthiometer

a)

b

~—

Check that the jumper between Regulator card
posts FCLand FC2 s in place. (This jumper must
be removed if the 6VF11K Follower Option card

15 connected)

Check reference vollage by gomg through
Trouble Shootmg Chart steps -5 through E-8
and D-8. It the D-8 voltage is less than k-6
vollage, eheel <teps D-13 and G-10 for overload
condition. Check the with a
l'lt‘,“llll-()” ammeler ﬂ“d (,()mpart‘ With ll](“ p()W(*l'
untl output cutrent raling and motor current
ratiug. I the motorcurrent 1s less than rated, try
anereasing (luwrning CW) the CLIM (current
limit) pot on the Regulator card to see 1 this
adjusiment is keeping the <peed below the
reference setting.

moior current

Hosteps -6 and D-8 voltage are OK, but steps K-9
through E-T1 readings are low, go through
Trouble Shootimg Chart step ¥ 1o determine f
there s a problem in the conver ter control. Also,
refer to Control Card ‘Troubleshooting.

4. Cannot stop motm

Note: I motor cannot be stopped by the normal
means imderrupt AC supply power 1o the
controller

a)

5. Motor

Check the Stop-Start input signals m steps k-1
through E-4 of the Trouble Shooting Chart,
Pressing the Stop pushbutton should cause E-1
through E-3 to go to their negative, stopped
readings immedately. If they don’t, check wiring
and connections between controller and
operator’s stations. If they do, proceed to step
4(b)

Check Trouble Shooting Chart steps D-6 through
D-9, D-6 and D-8 should go to zero and D-7
should switch to negative at the end of the
deceleration time after the Stop pushbutton is
operated. If D-7 remains positive, check the DC
link voltage step E-9. If this voltage does not go
below 8 volts, the Regulator card is probably
defective and should be replaced. See Section 7.0
for instructions.

rotation cannot be reversed (requires

6VRK11K Reversing Option card).

a)

Go through Trouble Shooting Chart step H
readings. Reversing will occur only at the
stopped condition when the H-3 reading s low (0
to 2 volts). If the Reversing card is defective and
should be replaced, refer to Section 7.0 for
instructions.

6. Controller will not follow external reference signal
(when using 6VF11K Follower Option card).

a)

b)

Check that the jumper between Regulatos card
post FC1 and F(2 has been 1emoved.

Check for proper jumper placement on the

Follower card dependent on the desired
operating mode and mput signal level. Check
adjustments of Follow card polentiometers (See
Follower Card in Section 8.0 for jumper
plarement and potentiometer  adjustment

lIlh[I‘ll(‘“OIlS)

Go through Trouble Shooting Chart step ] (page
42) readings. If 1t appears that the Follower card
i~ defective and <should be replaced, refer to
Section 7 0 instructions,
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CONTROL CARD TROUBLESHOOTING (see Fig. 19)

The two main control cards are mounted together to form
the Control Card assembly in the front compartment of the
controfler. The Regulator card is the top card w the
assembly and the Inverter Control card ts the bottom card.
The Reversing Option card and the Follower Option card (if
furnishedy are mounted to the Regulator card
Troubleshootmg of all of these cards can normally be done
without disconnecting o1 removing the cards.

The card assembly van be rotated and latched m an upright
postiion for better access during troubleshooting as

follows: (see Figures 24 & 21A)

I. Release the left and right card assembly laiches
located at the lower wides of the Inverter Control
(bottom) card.

2. Swing the card upward until it stops (approximately
110%) and lateh by extending the lateh bar that 1s
located on the bottom nght side of the card
assembly bracket,

It card remaoval or replacement becomes necessary reler 1o
Section TA

CAUTION

IF THE REGULATOR CARD OR FOLLOWER OPTHON
CARD ARE REPLACED, THE NEW CARD SHOULD
HAVE THE SAME POTENTIOMETER SETTINGS AND
FHE SAME JUMPER PLACEMENTS AS THE OLD
CARD. NOTE THE PREVIOUS CARD SETTINGS PRIOR
'O REMOVAL

The control cireuitey on the upper half of the Regulatm
sard, adjacent 1o the control terminal board, 1s at case
rround potentuad, as ave all crrcudts cannected to the contral
rermmal board 2TB ‘Phe control enemtry on the lower hall
of the Regulator card and all the cireuitry on the lnverter
Control card, are at several different power potentials,

WARNING

SREAT CARE SHOULD BE USED IN TAKING
TONTROL  CIRCUIT READINGS  SINCE  MANY
ARCUITS ARE AT POWER POTENTIALS. AVOID
SERSONAL CONTACT WITH THESKE CIRCUTTS AND
FARNE CARE NOT TO SHORT BETWEEN CIRCEITS
WHEN TAKING READINGS,

There are tive {aull detectors on the iwo control cards
which are checked in Trouble Shooting Chart steps D-]
through D-4 and D-10. The DC link overvoltage detector
(steps D-2), AC supply undervoltage detector {step D-3),
overcurrent detector (step D-4), and contiol undervoltage
detector (step D-10) should indicate a fault (by going 10
zero or negative) only during the time that the fault
condition is actually present. Therefore, the additional
checks called for in the Trouble Shooting Chart should he
made immediately to determne if a fault condimon actually
exists, or if trouble 1s a result of misoperation ot the faul
detector. Normally, the actual fault condition dicappears
soon after the fault trip occurs, with the detector returmng
to its normal stale after setting a fault lateh on the
Regulator card.

The Inverter Fault detector {step D-1) operales differently
from the others. This detector indicates (hy going 1o zeto)
when any transistor is turned off by i protective crreun,
This is a part ot each transistor deiver civewt, This detectan
also indicates whenever the transistors are turned ott by
any other fault detector, and remains indicating for as fong
as the DC hmk voltage (steps G-11 o1 E-9) i above
approximately 15 volts  This prevents restarting  the
controller after a fauh shutdown until the DChnk voltage
has discharged to a low value.

The fault latch on the Regulator card 1s set whenever a fault
occurs. To reset this latch andrestart the controller DC link
voltage must be below approximately 15 volts, and the Stap
pushbutton must be pressed before pressing the Stan
pushbutton. If the DC link voliage does not go below 15
volts because of converter leakage current, disconnect AC
power until the DC hnk voltage has been discharged.
Reapply ACpower and it should then be passible to start the
controller. It the controller cannot be started due to the
fault detector (steps D-1 through D-4) wmdiwcating even
though no fault exists, the Inverter Control card is
probably defective and should be replaced.

The diagnostic signals measured 11 steps D-5 through D-9
of the Trouble Shooting Chart indicate the vperation of the
Regulator card, The voltage readings given m the
“operating” column for steps D-5, D-6, D-8 and D-9 will
vary from approximately the first value at zero reference
and speed, 1o approximately the second value at maximum
reference and speed. The step D-7 reading should he
negative af minimum reference and voltage. and <hould
switch 1o positive al approximately 5% of rated reference
and voltage. If any of these readings are appreciahly
different  from normal, this should indicate the
misoperation problem area. If the problem appears to be i
the control rather than in the power circuts, the Regulato
card 1s probably delective and <hould be replaced.
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Tronble Shooting Chart step F chechs the aperation of the
Converter Control on the Regulator card. If these readings
imdwate the Regulator card 15 defective, 1t should be
'(‘]lli"'l'll.

Trouble Shootmg Chart step G checks the operation of the
Inverter Control 1t these readings indieate the Inverter
Control card s detective, st should be replaced.

POWER MODULE TROUBLE SHOOTING

The power module assembly consists of 1 or 2 SCR
converter modules, power transistors, power module card
and control transformer all mounted on a single heatsink.
'The power module can be functionally broken down nto
two sections for troubleshooting as follows:

A. Converter Section

The power module converter section consists of the
SCR converter modules with MOV and RC snubber
protective eircurts located on the power module card.
To h(’,lp in troubleshooting this section, refer to the
Power Module elementary diagrams for the
controlles HP rating being checked (see Figures
9,10,10A and 11).

1. Cheehing SCR converter modules (with supply
power disconnected). The SCR modules can be
checked by removing the bottom plastie batries
(see mstructions m Section 7B) If a faulty SCR
bridge 15 suspected, disconneci the 4CN,5CN and
6CN nbbon cables from their connectors on the
Power Module Card and push them to one side to
gam access to the SCR bridges. Dwsconnect the
wires to the wix stab-on connectors of each SCR
pachage (see Fig. 38), keeping a record of which
wires go to which tevminals, Using a multi-meter
selected to Tk or 2K scale. cheek the resistance
between terminals per the following table:

16



GEK-24997A

SCR MODULE CHECK LIST

Conneet Meter Lead To Meter Reading in Ohms
Positive Lead Negative lead Good Bad
AC] + 100K to nf. 0to Ik
AC2 + 100K to nf, Oto Ik
AC1 — 100K to nf. 010 Ik
AC2 — 100K 1o nf, Oto Ik
+ AC1 1OOK 1o . 0to Ik
+ AC2 100K to mf. 0to IN
— ACI 0.1K 1o IK 010 mi.
— AC2 01K w IK O taanl
— + 01K to Ik 0 to mt.
+ — 100K to mf 0to Ik
+ Gl 10 10 12002 0 tont
+ G2 10 10 1200 (o oand.

Il any bad readings are obtamed, that SCR module should
be replaced. Refer to Section 7D for mstruetions on SCR
Module removal. After checkingand/on veplacement of any
replacement ol and  components, mahe  sure all
disconnected wires are reconnes ted correetly.

2. Converter Section Operational Test

If converter section misoperation is suspected,
but all converter section and DC link filter
components appear to be good, the converter
section and DC link filter portion of the
controller may be operated alone, without
operating the inverter section or motor.
However, the Inverter Section must not have
shorted components, since De link voltage will be
applied to it even though it is not operating. The
following procedure should be used to perform
this operational test:

With the AC power supply disconnected,
disconnect ribbon cables 3CN,5CN and 6CN
from the Inverter Control card (bottom card of
the control card asscmbly.) Apply AC power and
start and operate the controller in the normal
manner. If the Converter section and the
Converter Control on the Regulator card is
operating correctly, the DC link voltage as
measured between test points SMP and SMN on
the Regulator card, should be contirollable over
the whole operating range by the operator’s
speed potentiometer. However, the
“deceleration” time will be much longer than
normal because the DG hnk filter capacitor

discharges only through the discharge veswstor,
which requires one minute to discharge down to
50 volis.

The minimum DC link voltage that can be
obtained will depend on the leakage current 1n
the SCR conversion bridges. If the mimumum DC
link voltage with controller m the stopped
condition exceeds 60 volts, then one of the SCR
modules has excessive l"eakug(* and should be
replaced. If the minimum DC link voliage
exceeds 60 volts only after the Start pushbution
15 pressed at minimum reference setting and with
the MINS pot on the Regulator card turned fully
CCW, then there is a problem in the Regulator
card. Refer to Control Card Troubleshooting and
to Trouble Shooting Chart steps )-5 through D-
10 and steps. F-1 through F-9.

It the DClink voltage cannot be controlled by the
operalor’s speed potentiometer over ite entire
range up to at least 250 volts (dependent on the
V/Hz pot setting on the Regulator card), a
problem on the Regulator card probably exists
Refer to Control Card Troubleshooting and 1o
Trouble Shootig Chart steps D-5 through D-10
and steps F-1 through--9.
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B. Inverter Section

The power module mverter section consists of the
power transistors with RC snubber circuits, base
resistors, and loading resistors located on the power
module card. To help in troubleshooting this section,
refer 1o the Power Module elementary diagrams for

the controller HP rating being checked (see Figures
9,10,10A and 11).

1. Checking inverter section power transistors and
snubbers.

If a defective transistor is suspected from going
through Step B of the Trouble Shooting Chart,
remove the lower plastic barrier as explained in
Section 7B.

Disconnect the motor leads at terminal board
ITB points T1,T2 and T3 (sec Figures 16 and 17).
Disconnect the 5CNand 6CN ribbon cables, the 2
power leads (from the link filter reactor and
capacitor) on the stud connection point at P2,
and the N2 connection at the shunt on the power
module card. Using a multimeter selected to the
1K or 2K scale, check the resistance between
terminals per the following table

TRANSISTOR CHECK LIST

Connedt Meter Lead To Meter Reading in Ohms
Po-ttive Lead Negative Lead Good Bad
P2 THE(E) Infinity 0
P2 T21(1k) Infunty 0
P2 T31(E) Infinity 0
T1 T1IH{E) Infimty 0
T2 THI(l) Infumy 0
T3 Tol (k) Infinny 0
T1H(E) 1’2 0.2k to 1K 0 or nd.
T21H(K) P 02Kk to Ik 0 or ini,
T30 (1) P2 0.2K to 1K O or inf
TH () T1 02K to IK 0 or inf,
TH1(E) T2 0.2K 1o 1K 0 or nf.
Tol (k) T3 02k 1o IK 0 or nf.
TLEH) TI{) 30 Qto 200 Q 0 or mf
T21(B) T21(E) 30 Qo 200 Q 0 or mf.
T3HB) T3(E) 30 Qo 200 Q 0 or inf,
TIHR) TH(E) 30 Qo 200 Q 0 ornf
TSI THI(E) S0 Qo 200 Q 0 or inf.
Tol (% Tol (k) 30 Qta 200 Q () or inl,
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If any bad readings are obtamed, disconnect the

base  (B) and cmutter (1) leads {rom thewr
terminations  and  rechech  the tesistance
readings. If they are the same as before, the
transistor should be replaced. Reter to Section
7k for mstructions on replacement of faled
transistoss. Refer to Section 9.0 for pare parts
listings.

It the disconnected transistor readings are good,
then the onginal bad reading is cansed by vither
another transistor ot a laded siabber crean

. Inverter Section Operational Test

If inverter misoperation is suspected, but all
inverter section components appear to be good,
the inverter section of the power module may be
operated alone, without power from the
converter section. However, the converter
section must not have shorted components since
power will be applied toit. Operating the inverter
section with no voltage in the DC link allows
checking the inverter control card operation and
inverter section power transistor base drive and
switching operation without being concerned
about fault trips if misoperation occurs, The
followng procedure should be used 1o perform
the operational test:

With AC power supply disconnected, disconnect
ribbon cable 4CN from Regulator Contro! card.
Apply AC power and start and operate the
controller in the normal manner. The Converter
Section will not be operated, so the hnk voliage
will be less than 2 volts (unless the AC motor s
disconnected). It should be possible to operate
the inverter from its minimum frequency up to
about one-half maximum frequency, the upper
frequency being limited by the DC link voltage
being essentially zero. If the inverter trips out or
cannot be started, go through steps D-1 through
D-4 and D-10 and D-11 of the Trouble Shooting
Chart. If the inverter can be started but operates
incorrectly, go theough steps D-5 through D-8
and G-1 through G-9 on the Trouble Shooting
Chart. Also, refer to Control Card
Troubleshooting.

DC LINK FILTER TROUBLESHOOTING

The DC link filter consists of the hlter choke(s) and the
filter capacitors. Always disconnect AC power and wait for
several minutes before checking the DC hink filter
components.

1. Filter Capacitors (see Figures 35 & 37)

This consists of either one (1CF) or two (1CF & 2CF)
electrolytic capacitors connected n parallel between
P2 and N1. When the controller has not been operated
fro six months or more, the filter capacitors may stari
to degrade and their leakage current merease A
procedure called “forming”™ may be necessary 1o
return the electro-lytic capacitors to their rated
operating capability. Refer to Section 5.0 for forming
instructions.

Electolytic capacitors can fal by shorting, can exhibait
excessive leakage current or can dry up and lose their
capacitance. The latter usually results ftom a ruptured
vent plug due to “gassing” of excessive current and/or
temperature.

The filter capacitors can he checked by removing the
bottom plastic barrier (see instruction in Section 7H).
If a shorted capacitor is suspected disconnect the wires
to one terminal of each capacitor. Check across the
termunals of each capacitor with mulinmeter, selected
to the 1K or 2K scale. A shorted capaciior will read zero
or alow resistance while a good capacitor will charge up
to infinite impedance (on that scale). Any shorted m
leaky capacitors should be 1eplaced The 1emaining
capacitors should be checked for ruptured or missing
vent plugs. These are round plugs. approximately
3/16” in diameter, between the terminals. I a plug is
ruptured, it does not cause an immediate capacitor
failure, but will result in gradual loss of capacitance
Any capacitor with ruptured plugs should be replaced
as soon as possible,

2. Filter Choke(s) (see Ig. 42)

This consists of either one (1 LF) or two (1LF & 2LF)
in parallel) chokes connected between P and P2
These chokes are mounted m the rear compartinent
near the top of the case. The DC resistance of the hiter
choke (s), from Pl 1o P2, will be between 015 1o .09
ohms depending on the rating. However, the resistance
between the terminals o case giound should he
wfinite It a faulty choke 1s suspected, see Seetion 71
for removal mstructions,

10
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MISCELLANEOQUS TROUBLESHOOTING CHECKS

The following cheek hist of miscellaneous items 1s included

to prnvil]v additional  directions of investigation 1n
troubleshooting this drive.

\. Coohng and Temperature Problems
2 I

Check for sufficent air flow through power unit.
Check if intake air 1s below 40°C.
Check for adjacent heat sourdes.

Check i room ventilation 1s adequate 1o remove the
heat being produces.

B lInput Power

. Check tor correct voltage (within +10%, -5% of

nameplate rating) and frequency.

. Cheek for balanced phase voliages.

. Cheek for transient over or under voltages.

Have transient voltages oceured due to lightning or
ground laults or power factor capacitor switching?

. Cheek for excessive line regulation due to a high

mpedanee (soft) Ae supply.

. Is AU supply grounded or ungrounded?

I the available short erreutt current too high?

Are
caustng  harmonies, or their switching causing
voltage transients?

there power  factor correction capacitors

Are  there  excessive switching  transients or
“notching” observable on the ACsupply hines (with

an osecilloscope)?

€. Systems Grounds

S

. Cheek that the power umi case 1s properly

gl‘()llnd('d.

Check for grounds in motor windings or i power
cables 1o the motor,

. Chedk for grounds m control wirmg.

D. Loovse or Shorted Connections

L.

2.

Check mcoming power connections.

Check connections to power modules, filter

capacitor and choke, cireutt breaker or fuses, ete.

. Check outgoing power connections to starters,

motors, etc.
Check incoming control wiring connections.

Check for bent terminals shorting to one another on
control cards.

Check for broken card components due to physical
damage.

E. Electrical Noise

. Check that all external relays, solenoids, brakes,

ete., interfacing with or adjacent to the power unit
have RC suppression on their coils,

. Check for other external sources of electrical noise

m(‘luding pussible pick up in control leads.

F. Ouiput Load

1.

2.

3.

Check starting torque requirements.

Check for transformer saturation at low frequencies
if output transformer 1s used.

Check for motor overloads or jam-ups.
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SECTION 7.0
REMOVAL/REPAIR AND REPLACEMENT
GENERAL

This section is supported by a series of photographs (see
Figs. 20 through 43) which have been arranged in the
column next to the text, to be of assistance during the
complete assembly of the AFtrol I contoller.

A. TheRegulator Card/Inverter Control Card Assembly is

best removed as follows:

1. Disconnect the single-phase (or three phase) AC
input power.

2. Remove ribbon cable connectors 1CN and 4CN
from the Regulator (top) Card (see Fig. 20).

3. Remove ribbon cable connectors 2CN,5CN and 6CN

from the Inverter Control (bottom) card.
NOTE

CABLE CONNECTOR 3CN CONNECTS THE
REGULATOR CARD TO THE INVERTER CONTROL
CARD AND SHOULD ONLY BE REMOVED
WHENEVER ITBECOMES NECESSARY TO SEPARATE
THE TWO CARDS.

4, Remove stab-on connectors SMP and SMN. These
leads are connected to SMP and SMN on 1TB
termmal board for the optional speed indicator.

5. Loosen all 22 bottom screws on terminal board 2TB.
(see Fig. 21)

6. Release the left and right (bottom) card assembly
latches (Fig. 22) and swing the card assembly up to
1ts latched up position (see Figures 23,24 and 24B).

7. Loosen the left and right nuts on the slotted plastic
. wire support. Laft off the wire support. (see Fig. 25).

Release the cable harness 1CN from the plastic wire
clamp on the back of the Inverter Control card (see
Fig. 25)

8. Carefully withdraw the complete Regulator/Inver-
ter Control card assembly from 2TB terminal board
and the slotted card assembly bracket holes. Be
careful not do damage the loose ribbon cables. (wee

(Fig. 26)

9. If it becomes necessary to replace either card, they
can be separated as follows:

(a) Remove the ribbon cable connector 3CN from
the Regulator and Invertor Control Cards.

(b) Remove the six plastic stand offs that separate
these two cards.

(c) Carefully remove the plastic sheet on the back of
the Inverter Control Card. (see Fig. 25)

10. To reassemble, reverse the above procedure.

FIGURE 20
AFtrol | controller — Regulator/Inverter
Control Cards showing removal of ribbon
cable connectors.

ol
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FIGURE 21
AFtrol | controller, showing the loosening of
2TB terminal screws that hold the
Regulator/Inverter control cards in place.

FIGURE 22
AFtrol | controller, showing the release of
lower latches on the Regulator/Inverter
Control Card Assembly

FIGURE 23
AFtrol | cantroller, showing the Regulator/
Inverter Control Card being lifted up.Note
connector 3CN that connects the two cards
together.

en R,

0 o
S e ——

FIGURE 24
AFtrol | controller, showing the latch bar in
retracted positon.
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FIGURE 24A FIGURE 26
AFtrol | Controller, showing the AFtrol | controller, showing withdrawal of
Regulator/Inverter Card Assembly in Regulator/Inverter Control Card Assembly
latched up position. from 2TB terminal board and slotted hinge
holes

FIGURE 25 FIGURE 28
AFtrol | controller, showing removal of plastic AFtrol | controller, showing removal of nuts
wire support on Regulator/Inverter control holding the lower plastic barrier in place.

card assembly.
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FIGURE 28A
AFtrol | controller, showing removal of
lower barrier on chassis mounted umnit

FIGURE 29
AFtrol | controller, showing the lower plastic
barrier removed

B. Lower Barrier Removal:

1. Wall mounted (enclosed) controllers:

a. Raise the control card assembly and latch in that
posttion (see Figures 24 and 24A).

b. Remove the seven nuts with captive washers that
hold the lower barrier in place (see Figures 28
and 29) and remove the lower barrier.

c. To reassemble the lower barrier, line up the
mounting holes and studs and replace the nuts
being careful to spread out the ribbon cables and
wires under the gasket seal.

2. Chassis mounted (open) controllers:
a. Raise the control card assembly and latch in that
position. {see Figures 24 and 24A)

b. Remove the two nuts with captive washersin the
lower right and left corners.

c. Remove the lower barrier by pulling out the
bottom edge until 1t clears the two mounting
studs, then pull down until the two clips at the
top of the lower barrier clear the top barrier. (see

Figure 28A)

d. To reassemble the lower barrier, hook the two
clips at the top of the lower barrier under the
edge of the upper barrier being careful not to
damage the ribbon cables or wires, Then push the
bottom edge m while lining up the mounting
holes and studs and replace the two mounting
nuts.

C. Capacitor Assernbly,

NOTE
The assembly 1s composed of 2200 MFD, 400 Volt
capacitors clamped to a mounting plate.

The number of capacitors provided are as follows:

Number of Capacitors

Afirol Drive. HP ___Provided
l'and 1-1/2 HP (1 ph. input) 1
2and 3 HP (1 ph. input) 2
2 and 3 HP (3 ph. inpui) 1
5and 7-1/2 HP (3 ph. mput) 2
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The capacitor assembly 1s best removed as follows:

1. Disconnect the single-phase (or three-phase) AC
input power.

2. Remove the screws, lock washers and ring
terminals (P2 and N1) on capacitor 1CF. (see
Figures 35 and 36)

NOTE

THE POSITION OF P2 AND NI RING TERMINALS IS
ALWAYS IN THE SAME PHYSICAL LOCATION
REGARDLESS OF HORSEPOWER SIZE.

3. Remove the four nuts and captive washers that
secure the capacitor assembly to the controller.

4. Carefully hft the assembly from the fixed studs
and rotate to the right in order to remove the
assembly. (see Figures 36 and 37)

5. Remove fault capacitors by loosening the clamps
that secure them to the assembly.

6. To reassemble the capacitor assembly, reverse
the above procedure.

NOTE

IN EVENT ANY OF THESE ELECTROLYTIC
CAPACITORS NEED TO BE REPLACED, IT WILL BE
NECESSARY TO “FORM” THEM. REFER TO THE
INSTRUCTIONS IN THE START-UP SECTION 5.0 FOR
CAPACITOR FORMING.

D. The Power Module SCR bridge is best removed as
follows:

1. Disconnect the single-phase (or three-phase) AC
input power.

2. Remove the 6 stab connectors located on each
molded plastic SCR bridge. These are located on
the top front of the power module heat sink. One
bridge for single-phase units and two bridges
three-phase umts. (see Fig. 38)

3. To replace the SCR bridge packages, remove the
two machine screws, with lock washers and flat
washers. Lift out the packages. (see Fig. 38)

FIGURE 35
Aftrol | controller, showing capacitor
assembly with two capacitors.

FIGURE 36
AFtrol | controller, showing capacitor removal.
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FIGURE 37

AFtrol | controller, showing the capacitor

assembly removed

FIGURE 38
AFtrol | controller, showing the removal
of the SCR bridges from the Power Module.

50

NOTE

JUST BEFORE ASSEMBLING THE SCR BRIDGE
MQDULE(S) REMOVE ANY FOREIGN MATERIAL BY
WIPING WITH A LINT-FREE CLOTH. APPLY A THIN
COAT OF THERMAL GREASE, GENERAL ELECTRIC,
(3221, VERSILUBE PLUS (OR EQUIVALENT) TO THE
BACK OF THE SCR BRIDGE MODULE(S). WHEN THE
MODULE(S) IS TIGHTENED DOWN, THE EXCESS
THERMAL. GREASE MUST BE REMOVED FROM THE
HEAT SINK AROUND THE SCR BRIDGE
PACKAGE(S).

F. Power Transistor Removal;

1. Disconnect the AC input power,
2. Remove the bottom plastic barrier (see Item B)

3. Remove the 3 stab connectors on the transistor.
(Black wire is collector, red wire 1s emitter and the
white wire 1s base)

4. Remove the two machine screws with flat and lock
washers that hold the transitor. Lift out the
transistor. (see Fig. 38A)

To install the transistor, repeat the above
procedure.

(2]

NOTE

PRIOR TO REASSEMBLING, INSPECT THE FLAT
SURFACES OF THE POWER TRANSISTORS(S) AND
THEIR RESPEGTIVE HEAT SINK(S). THESE
SURFACES SHOULD BE WIPED CLEAN WITH A LINT

FREE CLOTH. APPLY A THIN COAT OF THERMAL
GREASE, GENERAL ELECTRIC G322L, VERSILUBE
PLUS (OR EQUIVALENT) TO THE HEAT SINK
SURFACE(S) WHEN THE TRANSISTORS ARE

I'NGHTENED DOWN, THE EXCESS THERMAL GREASE
MUST BE REMOVED FROM IN BACK OF THE HEAT

SINK(S).
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F

Power Module Card Removal:
1. Disconnect the AC input power,
2. Remove the bottom plastic barrier (see Section 78).

3. Disconnect the following wires and ribbon cables:’

a. The 4CN,5CN and 6CN ribbon cable connectors

at the card.

h. The base, emitter and collector wires on each of
the power transistors (T11 thru T61).

¢. The six wires to the 1CV SCR module and the
three wires to the 2CV SCR module on three
phase input controllers.

d. The power input wires at K1,K2 and K3 screw
type binding posts for three phase input
controllers or at K1 and K2 for single phase input
controllers.

e. The two wires from the link filter chokes
connected at P1 and P2.

f. The two wires from the hnk filter capacitors
connected at NI and P2,

g. The three output wires at T1,T2 and T3.

h. The three wires from the 1CN harness connected
at the K1.K2 and K3 terminal posts.

i. The two contol power transformer primary leads
{black) connected at the K1,K2 terminal posts.

1. Remove the five screws with flal and lock washers
that hold the card in place.

5. Lift out the card. If replacing the old card with a new
one, save the wires left on the old card as required
to install the new one. (see Fig. 38B)

6. To install the card reverse the above procedure.
When tightening the screw terminals on the card,
be careful not to exert too much force, as this may
damage the solder connection of the threaded insert
1o the printed circuit card. Also, wheninstalling the
push-on terminal connections on the bhoard, be
careful to support the board from the bottom 10
prevent ot from bending.

G. 1'TY Control Power Transformer Removal:

1. Discomneet the AC mput power.,
2. Remove the hottom plastic barrier (see Section 78).
3. Disconnect the following wires and nibbon cables.:

a. The 1CN and 2CN ribbon cable canneetors at the
regulator and mverter control cards and release
the cables from the wire support and clamp per

sechion TA7.

b. The three wines fiom the 1CN harness connected
at the K1,K2 and K3 tetmmal posts on the power
"“)d\)l(‘ ('Hrd.

¢ The two I'TX control power transformer prunary
leads (black) connected at the K1 and K2
terminal posts on the power module card,

1. Remove the two machine serews with flat and lock
washers that {asten the transformer to the heatsink
and remove the transformer (Note: For ecaswer
access to the top serew, remove the hardware
holdig the top plastic barrier per section 7)1 and
move the barrer just far enough o allow aceess to
the seiew, being careful not to damage any of the
wires conned ted to the devices on the bainier.)

In event ITX control transformer needs to be
replaced, the spare transformer 1s available (rom
General Electrie Company with wire harnesses and
connectors (pre-wired) and stab-on connectors
K1.K2 and K3 along with an mstruction sheet. (~ee
Figure 380)

H. Power Module Assembly Removal:

1 Disconnect the AC mput power.
2. Remove the bottom plastic harrier (see Section 7H).
3. Discomneet the following wires and ribbon cables;

a. The JCNLSCN and 6CN nibbon cable connectors
at the power module card.

h. The two wires from the hink filter capactiors
connecled at N1 and P2 on the power madule
(-m'd.

¢. The three output wires at T1T2 and ‘T3 ou the
power module card,
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d The power mput wires at K1.K2 and K3 screw
type binding posts ou the power module card for
three phase input contollers or at K1 and K2 for
<ingle phase controllers.

¢ The two wires from the hink filter chokes at Pl
and P2 on the power module card.

t The IGN and 20N nbbon cable connectors at the
regulator and inverter control card and release
the cables from the wire support and clamp per

wection TA7.

Remove the hardware holding the heatsink as
follows:

a. For | thru 3 HP controllers (plate heatsink),
remove the four nuts with captive washers that
fasten the plate to the mounting brackets and
pull oul the plate heatsink (It 15 not necessary to
remove the mounting brackets that are fastened
to the rear case.) Sce Figure 38D

h, For 5 and 7 1/2 HP Controllers {extruded
heataind), remove the <ix nuts with capuve
washers that fasten the heatsink to the rear case
and pull out the heatsink . Slots are provided n
the top partof the heatsink for access to the nuts.
See Figure 38K

Note: For ecasier aceess to the top nuls, remove the

hardwaie holding the top plasue barrer per
section 71 Fand move the barrier just enough to
allow avcess to the nuts, bemng careful not to
damage any of the wires connected to the devices
on the barner,

5. To Reassemble, reverse the above procedure.

I Choke Assembly Removal

1. Discanneet the AC input power.

2, Remove the hardware holding the top plastie barrier

per section 7) tand carefully fuld the barrer cutand
down exposing the choke assembly,

. Dhisconneet the two wires from the choke assembly

at the PLand P2 conneetion points on the power
muodule card

. The chukes are fastened to a plate that is fustened 1o

the back case on four studs with nuids and washers.
The choke assembly has one choke on the |41 1/2
HP wingle phase and 2-3 HP three phase controllers,
The 2-3 HP single phase and 5-71/2 HP three phase
controllers have two chokes mounted on the
assembly. To remove the choke assembly, remove
the four nuts and washers that fasten the assembly
to the back case and lift out the choke assembly., (see

Figures 38F and 38G)

CAUTION: The choke assembly should be supported

while the mounting nuts are being removed
since each of the chokes weighs
approxmuately 17 pounds.

5. The individual chokes may be removed from the

assembly mounting plate by disconnecting the wires
and removing the four nuts with lock washers that
fasten the chokes to the plate, being careful to mark
the wires that were removed to faciliate
reconnection,

6 To reassemble, reverse the above procedure
I. Top Barrier Removal:

I. Disconnect the AC input power.

Remove the Regulator Card and Inverter Control
Card as shown m seetion TA.

3. Remove the following wires:

a All outgoing wires from terminal board 1TB.

L. The wues from door mounted disconnect switeh
to I'TB and the fuse block o present

c. All outgoing wires from terminal board 2TB.

d. The three wires from 1TB going to T1,T2 and T3
terminals on the power module card.

e The wires fiom the ferrite core reactors
connedled at the K1,K2 and K3 terminal points
on the power module card for three phase mput
controllers or at K1 and K2 (or sigle phase input
controtlers,

t. Remove the five nuts with captive washers holding

the top hartier m place on the enclosed controllers
ot the 1wo nuts and two serews on the « hassis type
controllers and remove the top barrier. (see Figure

41)
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CAUTION: The two nuts in the top corners of the
enclosed controllers also hold the front case
in place along with the two nuts in the
bottom corners of the front case. If the
controller is in a vertical position, the two
nuts in the bottom corners of the case must
be in place and the front case should be
supported while the top barrier is removed.
Install the two top nuts 1n the corners after
removing the barrier to hold the froni case
n position until the top barrier 1s replaced.

5. To Install the top barrier, reverse the above
procedure.

K. Ferrite Core Reactors

Located on the back of the upper plastic barrier are 3
ferrite core reactors. The two or (three) phase wires
from the load side of the AC supply fuses FU1-2,
FU2-2 and FU3-2 (f three-phase) each take five
turns through these ferrite cores. These ferrite
cores reduce AC voltage spikes that can be present
on supply lines.

FIGURE 38A
AFtrol [, controller, showing the removal of
the power transistors from the Power Module

After the ferrite cores, these wires terminate at K1,
K2 and K3 (three-phase) on the power module card.

To remove the ferrite core reactors:
L. Disconnect the AC input power.
2. Remove the top barrier per section J.

3. Disconnect the wires from the reactors connected at

FU1-2, FU2-2 and FU3-2 (if three phase).

4. Remove the hardware (screws, nuts and washers)
that fasten the reactor to the panel. Note that the
screw holding the reactor may also hold the fuse
block on the front of the panel. Remove the reactor
assembly being careful to note the position that 1t
was mounted in. (see Figure 42)

5. To reassemble, reverse the above procedure.

FIGURE 38B
AFtrol | controller, showing the removal of
the Power Module Card.
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FIGURE 38C
AFtrol | controller, showing the Control
Power Transformer removed from the Power
Module
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FIGURE 38D
AFtrol | controller, showing Power Module
with plate heatsink (1 thru 3 HP)
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FIGURE 38E
AFtrol | controller, showing Power Module
with extruded heatsink (5-7 1/2 HP)

FIGURE 38F
AFtrol | controller, showing removal of the
choke assembly
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FIGURE 38G FIGURE 42
AFtrol 1 controller, showing the choke AFtrol | controller, with upper plastic
assembly removed from the controller. barriers removed, exposing the choke

assembly and fernte core reactors.
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FIGURE 41 FIGURE 43
AFtrol | controller, showing the Ventilating Fan Assembly for 7 1/2 HP
removal of the upper plastic barrier. Controller, Note the copper case grounding
connection
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L. Fan Assembly (7 1/2 HP only)

62

Disconnect the AC input power.

isconneet the two wires from the fan connected at
the FU1-2 and FU2-2 fuse block terminals.

Remove four nuts, flat washers and washersand two
machine screws from the botiom of AFtrol |
controller, thereby, releasing the fan assembly.

Carefully lift off the fan assembly along with the two
wires that were connected at the fuse block.

Optional Reversing and Follower Cards

These ecards are best removed as {ollows:

Disconnect the AC power supply

Uise needle nose plicrs to release the loching of each
sHdp-n muunting post, =0 that the card can be
pulled away from the post. Carelully pull the card
away from the Regulator card connector(s), taking
care not 1o bend the connector prosts,

It the snap-m mounting posts are damaged, they
should be replaced with posts Turmshed 1 the
r(-plm'vnu'nl oplion k”(h‘). Usm;: the needle nose
pliers, press the two prongs of the mounting posts
together (on the hack side of the Regalator card) 1o
release the post, so that itean be pulled from the top
sude of the Regulator card

Follow the mounting directions furnished with the
option kit to install the new card

For Follower  cards, make the same  jumper
cannections and potentiometer seltings on the new
card, a4 on the card being replaced
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SECTION 8.0

STANDARD SPECIFICATIONS, OPTIONS
AND OPERATORS STATIONS

RATINGS
Horsepower — 1 to 7 1/2 HP

Power Supply
Voltage — | to 3 HP single phase, 230V + 10%,
-5%
— 2 to 7 1/2 HP, three phase, 230V
+10%, -5%
Frequency — 60 or 50 Hertz £2%

Power Output — 3 phase, 0 to 230 volts
Base Frequency at 230 volts can be
adjusted from 50 to 120 Hertz (3

ranges)
No. of
Input Full Load Amps RMS
HP Phases Input Qutput
1 1 7 3.6
1.5 ] 10 5
2 ] 14 7
3 1 20 10
2 3 8 7
3 3 11 10
5 3 17 16
7.5 3 22 22

Overload Capability
Service Factor — 1.0
| Minute Overload — 150%
Breakaway Torque — 125%
(NEMA B Induction Motor)

Speed Range — 1010 1 within frequency range selected.

ie.. 6to 60 Hz, 12 to 120 Hz

Service Conditions — Ambient temperature — (to H°C

Altitude — 0 to 3300 feet
— (0 to 1005 meters)

Funetions of Basie Contraoller
Drive starl and stop
Speed control (by potentiometer)
Uimdirectjonal operation
Adjustable hnear nmed aceeleration and,
deceleration (2 to 20 «ee. single adjustment)

Speed Regulation — 3% with induc ion motor
(Due to motor shp)
0% with syne. reluctance motor
Serviee deviation — 1%

Current Limit — 50 to 150% (adjustable)

Adjustments — Current Lt
Accel/Decel time
IR compensahion
Volts per hettz
Minimum fiequency
Maximum speed
Munmum speed

Protective Features —

AC line, fuses

AC line, surge protection

AC line, undervoltage shut down and loss of phase
on three-phase drives

Phase msensitive on three-phase drives

DC link overvoliage trip

Control undervoltage trip

Motor slow down limit
(Mamntams inverter-motor  synchromsm durig
stopping)

Motor stalnhzation c¢ireund

Motor overtemperature (when used — wee 2TB
termnal board, points | and 2)

Isolation between power and operator’s control
clreunts

Indication
“RUN"" light on Regulator Card
(Located above ribbon cable connector 3 €N)

Operator’s Station
Start-Stop pushbuttons (control voltage — 214 volts
ne)
Speed adjust potentiometer
NEMA | Enclosure (See Fig 3)

OPTIONS

The AFtol® I controller has a number of options which
may be added 1o produce a custom drive system. Some of
these options are mounted remote from the controller
while others are mounted in the contvoller. The controlle:
mounted options may be ordered i kit form for user
mounting and connechion, o1 may be ordered factony
mounted m the controller. The OV ordering numbes
contatns a KA sulfix of the option v m it form and
contains KFMA L suffix if the kit 15 to be factory mounted,
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OPTIONS KITS FOR USE WITH AFTROL | INVERTER DRIVE TYPES

BVGAC2/6VGAW2
Catalog No. Kit Name Where Mounted Mounted by
6VOCSIAL Operator Station Remote Field
6VOCTIAL Operator Station Remote Freld
6VOCB1AL Operator Slation Remote Freld
6VOC51KAL Operator Station Door Field
6VOCTIKAL Operator Station Door Freld
6VOC8IKAL Operator Station Dom Field
6VOC51KFMAL Operator Station Door Facton
6VOC7IKFMAL Operator Station Door Facton
6VOCSIKDMAL Operator Station Door Facton
6VDSI1KAL Disconnect Switeh Door Field
6VDS3IKAL Disconnect Switch Door Field
6VDSI11KFMAL Disconnect Switeh Dot Factary
6VDS3IKFMAL Disconnect Switeh Dot Factory
6VARILKAL Auxihary Relay Drive Panel Field
6VARIIKFMAL Auxihary Relay Dirve Panel Factory
6VRIIKAI Reversing PC Card Control Card Field
6VRITKFMAL Reversing PC Card Control Card Facton
6VIFTIKAL Follower PC Card Control Card Field
OVFITRIFMA] Follower PC Card Control Card Facton
OVSITIAL Speed Indicator Remote Field
6VIELIAL Instr. Enclosure Remote Field
6VOCIIAL Operator Station Remote Field
6VOC2IAL Operator Station Remote Field
6VOCIIKAL Operator Station Door Ficld
6VOC21KA| Operator Station Door |\"i(‘|d
aVOCTIKFMAL Operator Station Door Faetorn
6oVOC2IKFMAL Operator Station Door Factory
6VENIIKA] Fan kat Case Bottom Freld
FIGURE 44
Option Kits
(36A349231AA)
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Disconnect Switch — 6VDSIIKA ] or 6VDS11KFMATL for
single-phase mputs and 6VDS31KAL or 6VDS3IKFMAL

for three-phase inputs,

The disconnect switch comes in either a two-pole form for
single-phase input controllers, or a three-pole form for
three-phase input controllers. This kit also includes a
guard, mounting plate, wires and instructions for mounting
and connection. The disconnect switch 1s mounted on the
controller door, with the toggle operable from the fromt
with the door closed (see Fig. 1). It is connected between
the controller ITB terminals 1.1, L2 & L3 and the AC.
supply fuse block (see Fig. 8).

Austhiary Run Relay - 6V ARTIRAL or
OVARITKEMAL

This relay, with connected wire harness, is mounted in the
upper  right hand  corner of the  connoller  from
compartment, and 1s conneeted between 2TB and 118
termmal boards (see Figs. 5 & 8). The 24 volt DCeoil of the
relay is energized by the run control on the Regulator card
<o that the relay 15 picked up only when the controller s
operating to run the AC motor. The SPST contacts
connected to contioller FTB teronnals RR1, RR2 and RR3,
are rated for 100,000 operations under either of the
lollowing operating conditions:

1. High current level — Samps resistive al 28 volts DC
5 amps at 115/230 volt AC, 50760, 0.8 power
tactor, steady state, Contacts to make and break 5

amps AC,

ar

2 Low current level — 3 molliamps resistive at 20 volts
DC or 2milliamps at 115/230 volt ACK0/60 1z, 0.8

power factor.

Speed Indicator — 6VSI11AL
Indicator Enclosure — OVIEI1A]

This meter 1s mounted remote from the contioller,
either m the 6VIETTAT enclosure, or i the user’s
panel. The meter 1 connected to controller T3
termmals SMP and SMN as shown w Fig. 8 1t has
an internal ecalibration potentiometer which s
adjusted by means of a serew on the back of the
meter. The meter seale 1s marked 0 to 100 10 1ead
percenl speed, although it actually vead-< the
controller DC link voltage fed back to the Regolator
card, The DC hink voltage varies directly with the
frequency and motor speed, so that the meter reads
speed within 2570 Alter the controller has heen
completely checked vut and adjusted. the meter
should be calibrated to read 1009 at the desired

maxunum operating speed. 10 will be necessary 1o
teadjust the cabbration of the MAXNS, MINS,
V/Hz or COMP potentiometers on the AlFieol |

Regulator card we changed
WARNING

THE SIGNALS GOING TO THE SPEED INDICATOR
A\RE AT POWER POTENTIAL. TANE CARE NOT TO
COME  INTO  PERSONAL CONTACT WITH THE
CONNECTIONS, AND PREVENT SHORTING
BISTW EEN TERMINALS AND GROL ND

Cooling Fan — OVFNI|

This fan canbe mounted to the bottom of all T through 5 HP
controllers to provide additional (ooling This allows
operation of the controller in ambient temperatures up to
53°C or at altitudes above 3300 feet (Maximum aminent
temperature 15 10°C for standard connection cooled |
throngh 5 HP controllers and fan cooled 7 172 HP
controller). This= kit meludes winmg and  mounting
mstruchions.

Motor Ammeter — User Furmshed

An ammeter can be remotely mounted 1o measnre motm
current and conneeted to the controller ternmnal board
I'TB. The motor 131 conneeted 1o VTR terminal T and the
ammeter 15 connected between 'TB fermmals A and T4,
Following 1s a listing of meters which are recommended for
the ditferent horsepower ratings. These are 3 1/2 meh
meters of the same size and type as the Speed Tndieator and
will fit in the 6V IE1TAL enclosure,

)7
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AFol® | Controller

M()HH Ammeter

HP Rating Amp Rating

Amp Scale

General Electrie Cat. No

I 3.6
1172 5
2 7
3 10
5 16
T1/2 22

Reversing Card -- 6VRITKAL or 6VRITKFMAT

This punted errcnt card provides the additional control
required lor electionically teversing the motar rotation. It
i~ used i conjunction with a Forward-Reverse operator’s
switeh, which s part of the 6VOC8! series of operator’s
stations, o1 can be user furnished, The Reversing card is
mounted i a designated Joeation (see Fig 46) on the
Regulator card, using a plug-m connector and two snap-in
mounting posts Instructions are furnished with thas kit 1o
expla the mounting procedure

The Reversing card control allows reversing of the inverter
output phase sequence only when the controller is stopped
The conneetion of the operator’s tever-ing switeh (see kg,
8), causes the controller to stop when the reversing switch
i~ operated. At this pomnt, the Reversing card puis out a
signal whieh causes the Inverter Control eard to reverse the
phase sequence of the mverter  When the controller is
started (by pressing the Start pushbutton), the motor will
totate 10 the opposite direction.

Follower Card — (OVIFTTKAL or 6VFITKFMAL

This prmted crrcut card provides the capability and
tlexibility for the controller to follow a number of different
kinds and levels of speed reference signals. It 1s used 1n
conjunchion with a Manual-Auto operator’s switeh, which
1 part of the 6VOCS ] series of operator s statians, or can be
uset Turmshed. This switeh allows operation of the
controller  from the operator’s Speed Reference
potenttometer in the Manual selection, and from the
external speed reference signal in the Auto selection.
Operation in Manual wllows checking ontand wetting up the
diive mdependent ot the exiernal speed signal If only
external reference signal vperation is desired, the Speed
Reference potentiometer and Manual-Auto switch can be
omitted, but controller 2TB terminals 11 and 12 must be
umpered fo maintam the Auto mede of operation at all
tines

Hl

8 50-250 310 MIM]
8 50-250 340 MIMJ
15 50-250 3140 NDND
15 50-250 340 NDND
30 50-250 340 NLNL
30 50-250 340 NLNL

The Follower card 1s mounted 1n a designated location (-ee

fhg. 17) on the Regulator card, using two plug-in
connectors and three snap-1n mounting posts. Instructions
are furnished with this kit to explain the mounting
procedure. When the Follower card 1s mounted, the jumper
between Regulator card posts FCI and FC2 must be
removed for proper operation.

The Follower card provides the flexihility for following
varions types aud levels of exiernal reference signals, erther
analog or digital, from a process controller, master
osetllator or other source Three groups of jumper
selections are used 1o set up the card for the desired

aperation, as shown in Table B,
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FIGURE 46
AFtrol® | controller, showing Reversing card option
mounted on Regulator card
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FIGURE 47
AFtrol® [ controller, showing Follower
card option on Requlator Card.

(These loading resistances require approximately 9to
10 volts out of the process instrument to produce the
maxtmum current signal, with the voltage jumper
connected between card posts 15V and 10V).

When the Follower card is used to follow a voltage signal,
the CFJ card post should be left open, and the voltage
jumper 15 selected as shown 1n Table B. This provides a
rough adjustment of circuit gain with the fine adjustment
being accomplished with the GAIN potentiometer on the
Follower card.

The GAIN and OFFSET potentiometers may be adjusted
to provide a wide range of Follower card output sighal
versus input signal characteristics, as shown in Fig. 48,
with the output signal being the reference input to the
Regulator card, and finally the speed of the AC motor. The
input signal can be erther positive or negative, increasing
from zero or some minimum up to a maximum level, or
decreasing from a maximum level to a mimmum or zero
level, to produce the desired increasing output signal. The
mnput signal connection rule that must be followed 1s that

TABLE B

Process Controller

Jumper Selection

Analog Input Current Jumper

Voltage Jumper Mode Jumper

1 — 5MA CFJ] — 5M 15V — 10V SRJ] — SRA

0 — 20MA CF] — 20M 15V — 10V SR] — SRA

0 — 50MA CFJ] — 50M 15V — 10V SRJ] — SRA
0 — 5 Volts None 15V — 35V SRJ — SRA
0 — 10 Volts None 15V — 10V SR] — SRA
0 — 15 Volts None None SRJ — SRA
Digital Input

SR]J — SRD

Analog signals are connected to controller 2TB terminals
13 and 14, with terminal 13 normally positive, Neither of
these inputs need to be at ground potential, but both should
be within 45 volts of ground for proper operation. The
loading of either input to ground 18 45,000 ohms with the
CFJ card post open.

The CFJ] card post 1s jumpered to one of the three current
loading posts for different process instruments as follows:

I — 5 ma: jumper posts CFJ to 5M, Rt =1 1734 ohms

4 == 20 ma. jumper posts CF] to 20M, R = 469 ohms
10 — 50 ma: jumper posts CFJ to HOM. Ri = 199 ohms

70

controller 2TB terminal 13 always be increasing in positive
potential with respect to 2TB termnal 14, either from zero
to some positive voltage or from <ome negative voltage
toward zero. The differential mnput of the Follower card
allows connection according to this rule, no matter which
input signal lead might be at ground potental.
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OUTPUT SIGNAL LEVEL
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FIGURE 48
AFtrol® | Follower Card, Gain and
Offset Characteristics
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The adjustment divections of the GAIV and OFFSET
potentiometers 1o achieve the desired aulput versus inpu(
charnetensties are shown in Fig. 48, with the arrows
indicating the results of adjustment in the clockwise (CW)
direc ions, In order to achieve the maximum or minimum
gains possible, the 5V to 16V card post- are jumpered for
maximum gain, and none of the 5V, 10\ and 15V posts are
jumpered for minimum gain. The lines <hown 1 Fig. 48 are
representative of the different output versus input
characteristics which can be achieved bet ween the two limit
lines

If a digital (frequency) signal is to be followed instead of an
analog signal, 1t 1s connected to controll r 2TB terminals 15
and 16, with terminal 15 positive, Terminal 161s connected
through a 1000 ohm resistor to controller common, which
is grounded. This digital signal must operate at afrequency
which 15 6 times the desired motor frequency. The signal
shape may be erther a square wave or pulse, since only the
positive going leading edges are used by the phase-locked
loop control. The pulse magnitude should be 12 volts, £3
volts, and the transition time should preferably be less than
10 microseconds. Signal loading is 100,000 ohms

The mode jumper 1 used to select whether an analog or
dhgital reference signal 1s 10 be followed As shown in Table
B. connection of card posts SR} to SRA is used for analog
mputs and connection of SR} to SRD is used for digital
inputs, The signal is then fed through one of a pair of FET
switches which are controlled by the Manual-Auto selector
switeh.

The MINSP and MAXSP potentiomelers can be adjusted
to override either an analog or digital 1eference signal in
order to set a mummum and maximum -peed of the motor.
The range of adjustment of the MINSP potentiometer 1s
from O up to approxwmately 70% ol rated, while the
MAXSP adjusiment range 1s from approximately 50% of
rated to over 1007

It should be noted that the oulput of the Follower card is
the veference mgnal to the Regulator card This means that
the «ignal goes through  the Regulator card timed
aeeeleration and deceleration eircuit, and is subjeet to all
Regulator card potentiometer adjustments, except the

MAXS and MINS potentiometers.

Fhe Follower card also contains an optical solator and
amplifyimg ewrcutt which takes the motor frequency signal
from the Regulator card, 1solates 1, and feeds 1t to
controller 2TR terminals 8 and 9 This signal 15 a square
wave, alternating between zero and 10 volts when loaded to
L5 aulhamps, with terminal 8 positive, It s surtable for
deiving a frequency counter ta aceurately measure motor
lrequenes,
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OPERATOR'S STATION

There are five different models of operator’s stations for
basic drives and drives with jog option, reversing option,
reversing with jog option, and follower option. Kach
operator’s station model can be ordered in three different
configurations, as denoted by the catalog suffix number:

Al — Remote mounted in own enclosure
KA1l — Kit for user mounting in controller door
KFMA] — Factory mounted kit in controller door

Aftron 1 operator’s stations are furnished with mounting
and wiring instructions 36A349230AA 5h. 1 & 2 for either
mounting n the controller door (see Fig. 45) or mounting
remote. These operator’s stations are listed and described
below.

Speed Pot, Start PB, Stop PB — 6VOC71A1, 6VOC71KAl
or 6VOC71KFMAL1

This is the standard operator’s station. It 1s connected to
the controller as shown in Fig. 8,

Speed Pot., Start PB, Siop PB, Forward-Reverse Switch —
6VOCS81A1, 6VOC81KA] or 6VOCBIKFMAL

This operator’s station should be used when the
6VRI1KA 1 or 6VRILIKFMAL Reversing PC. card option 1s
added to the controller to provide the motor reversing
(selective rotation) function. It 1s connected to the
controller as shown 1n Fig. 8.

Speed Pot., Start PB, Stop PB, Manual-Auto Switch —
6VOCS1AL 6VOCS5IKAL or 6VOCSIKFMAL

This operator’s station should be used when the 6VF1 1K \1
or 6VF11KFMA1 Follower PC Card option is added to the
controller, to provide the capabihty of following either an
external analog or digital reference signal (Auto selection)
or the Speed potentiometer reference setting (Manual

selection). [t is connected to the controller as shown in Fig.
8

Speed Pot., Start PB, Stop PB, Run-Jog Switch —
6VOC11AL, 6VOCIIKAL or 6VOCI1KFMALL.

This operator’s station allows selection of either a Run
mode or Jog mode when the Start PB is operated. i is
connected to the controller as shown in Fig, 8.

Speed Pot |, Start PB, Stop PB, Run-Job Switch, Forward-
Reveise switch — 6VOC21A1, oVOC21KAL,
6VOC21KFMAL

This operator’s station combines the Run-Job and Forward-
Reverse options It 1s connected to the controller as shown
in Fig. 8.
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SECTION 9.0
SPARE AND RENEWAL PARTS

A¥trol T controller — 1 & 3 HP 230 V, single-phase, 50/60 Hz
2 — 7 172 HP 230V, three-phase 50/60 Hy

PRINTED CIRCUIT CARDS

Catalog Number Deseription

193X456AAGO1 Power Module Card 1& 1 1/72HP (1 phase mput)
193X456AAGO4 Power Module Card 2 & 3 HP (I phase mput)
193X456AAG02 Power Module Card 2 & 3 HP (3 phase wput)
193X456AAG03 Power Module Card 5 & TI1/2HP (3 phase mpur)
193X452AAG01 Inverter Control Card

193X453AAGO1 Regulator Card

193X454AAG01 Follower Card

193X455AAG01 Reversing Card

SUB ASSEMBLIES AND COMPONENTS (Not HP related)
Catalog Number Deseription

3607742351KAG L Control Transformer with connected
wire harness

101X 156CA01 1 Control Transformer only

36B605100ABG2 Venulating Fan 7 1/2 HP only with connected
wire harness

104X215CAP] Ventilating Fan only — 7 1/2 HP only
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SPARE AND RENEWAL PARTS (HP RELATED)

Altrol T Controller — 1—3 HI 230V, Single Phase, 50 60 H,
2.7 12 HP 2307, Thiee Phase. 580700 Hy

(Quantines vsed pet duve are mdicated under Drive Rating & Number of Input Phases
tespedtive dove tating) )

) 1 1-1/2 2 3 2 3 5 71/2
Part Name Cat Number | why (iph) (ph) (Lph) @Gph) (Bph) (3ph) (3 ph)
AC Power Fuees (15 Ampy 104X TO9AA004 3 2 3 3
AC Power Fuses (30 Ampy TOEN 1094 A005 2 2 3 3
Power Module 36D87TIRTKAGO] | |
Power Module 36DE8TTISTIEAGO2 1 |
Power Module S6DETTISTEBGOI | i
Power Module 36D87TIR1ECGO] 1 !
SCR Brdge Madale 0N 125DC006 | | 2 2
SCR Bidge Module 101N 125D Co07 ] ] 2 2
Power Transistors 101N 17008006 O 0
Power Transistors 104X TTOCBOOT O 0 6 0
Power Transistors 0N T70CBO0O8 0 6
Ialter Choke [OIN220AA012 ] | 2 2
Fifrer Choke 10IN220AA013 | ] 2 2
Pilter Capacitons FOINI22A 0355 | 2 2 ] | 2 2
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SPARE AND RENEWAL PARTS

Altrol I controller — 1 — 3 HP 230V, single phase, 50/60 Hz
2 — 71/2 HP 230 V, three-phase 50/60 Hz

FIELD MODIFICATION KITS

O6VFNITIKAL

Catalog Number Description
6VOC71A1 Start, Stop, Speed Adjust, Operator’s Station
Remote Mounted Kit. Has own enclosure.
6VOCT1KAL Start, Stop, Speed Adjust, Operator’s Station Kit mounts in cut out of controller door,
6VO81A1 Start, Stop, Forward, Reverse, Speed Adjust Operator’s Station Remote Mounted Kit.
Has own enclosure.
6VOCBIKAL Start, Stop, Forward, Reverse Speed Adjust Operator’s Station Kit mounts in cut out of
controller door.
6VOC51Al Start, Stop, Manual, Auto, Speed Adjust Operator’s Staion Remote Mounted Kit, Has
own enclosure.
6VOC51AK1 Start, Stop, Manual Auto, Speed Adjust Operator’s Station Kit mounts m cut out of
controller door.
6VOC11A1 Start, Stop, Run, Jog, Speed Adjust Operator’s Station Remote Mounted Kit. Has
own enclosure.
6VOC11KAl Start, Stop, Run, Jog, Speed Adjust Operator’s Station Kit mounts in cut oul
of contoller door,
6VOC21A1 Start, Stop, Forward, Reverse, Run, Jog, Speed Adjust Operator’s Station Remoted
Mounted Kit. Has own enclosure.
6VOC21KAL Start, Stop, Forward, Reverse, Run, Jog, Speed Adjust Operator’s Station Kil mounts
in cut out of controller door.
6VDS11KAL Single-Phase, 2 pole disconnect switch 1 & 1 172 HP. Kit mounts ii cut out of controller
door. !
6VDS31KAl Three-Phase, 3 pole disconnect switch 2 & 7 1/2 HP Kit mounts n cut out of controller
door.
6VAR11KAI Aux. Run Relay. Includes wire harness. Mounts in upper tight hand corner of controller
using screws already n place.
6VRIIKAL Reversing printed circunt card assembly™®
O6VIFLEKAL Follower printed crreurt card assembly*
6VS1IIAL Speed Indicator — Remote mounted
OVIELIAL Insrument Enclosure — Remote mounted

Cooling Fan Kit mounts on boltom of controller

*Kit includes snap i plastic mounting posts
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HOT LINE TELEPHONE NUMBER

The Contraet Warranty for AFtrol* I drives is stated in the General Eleetric Apparatus Handbook, Section 103,
Page 71.

The purpose of the following is to provide specific instructions to the AFirol I drive user regarding warranty
administration and how 1o obtain assistance on oul-of-warranty failures,

AFtrol | CONTROLLERS (1to0 7 1/2 HP)

The warranly covers all major parts of the controller such as main printed cireuit boards, SCR modaules, ete.. bul
daes not provide for replacement of fuses or the complete controller,

1. In the event of failure or misapplication during “in warranty” refer to the instruction book 1o identify the
defective part or subassembly,

2. When the defective part has been identified (or for assistance in identification) call:
General Eleetrie Company
Erie, Pennsylvania

(811) 1550521

(2 i-Hour Phone Service)

Before calling, list catalog numbers of the controller, motor, operator’s station and any modification kits for
ready reference,

AFtrol | DRIVE MOTORS

AFtrol Ldrive motor repaics are generally handled by General Electric Small Motor Service Centersor Apparatus

Serviee shops. For specifie instructions on your motor, call General Electrie at the number listed above and
furnish complete nameplate data,

*Trademark of General Electrie Company, 11,5.A,

0
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GLOSSARY OF TERMS

BF1, BF2, BF3 — Base Frequency Jumpers

CF — Filter Capacitors

CFJ — 5M, CFJ-20M, CFJ-50M — Follower Card milliampere jumpers
CLIM — Current Limit Adjustment

1CN, 2CN, 3CN, 4CN, 5CN, 6CN, — Ribbon Cable Connectors

7CN — Reversing Card Connector

8CN — 9CN — Follower Card Connectors

10CN, 11CN, 12CN — Diagnostic Test Point Connectors

COM — Regulator Common

COMP — IR Compensation Adjustment

DS — Disconnect Switch

FC1 — FC2 — Follower Card Jumpers
FUI1, FU2, FU3 — AC Power Fuses

GAIN — Follower Card Adjustment
K1, K2, K3 — Power Module Input Power Connections

LF -— Filter Choke

LL, L2, L3 — AC Power Connections
1LS, 2L.S, 3LS — Ferrite Core Reactors
LTIM — Linear Time Adjustment

MAXSP — Follower Card Adjustment

MAXS — Maximum Speed Adjustment (Base Frequency)
MINF — Minimum Frequency Adjustment

MINS — Minimum Speed Adjustment

MINSP — Follower Card Adjustment

MOV — Metal Oxide Varistor

N1 — Negative Converter Output
N2 — Negative Inverter Input

OFFSET — Follower Card Adjustment

P1 — Positive Converter Output
P2 — Positive Inverter Input

RC — Resistor Capacitor Suppressor Circuit
RR! — Auxiliary Relay, N.O. Interlock
RR2 — Auxiliary Relay, Common

RR3 — Auxiliary Relay, N.C. Interlock
RUN — Indicating Light

SCR — Silicon Controlled Rectifier (Thyristor)

SMN — Speed Meter Negative

SMP — Speed Meler Positive

SPW, SPX, SPY, SPZ — Single Phase Jumpers

SRA, SRD, SR] — Follower Card Mode Jumpers
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GLOSSARY OF TERMS

continued)

T1, T2, T3 — AC Motor Connections
ITB — Termmal Board — Power

2TB — Terminal Board — Control
TCN — Capacitor Terminal Points for
TCP — Extended Accelerating Time
THSW — Motor Thermal Switch

1TX — Control Power Transformer

V/Hz — Volts per Hertz Adjustment

Voliage Jumpers — Follower Card 5V, 10V,

15V
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