


nstallation. S | Confiqurati

To adjust the current module CAL potentiometer when cur-
rent limiting is selected:
1. Connect an AC ammeter to monitor the controller’s load
current (figure 2-11).
2. Connect a milliammeter as shown in figure 2-12.
3. Set the current module’s CAL potentiometer fully
counterclockwise. This setting limits the controller’s load

(common) terminal and the NU (nOrmally open) [efminal {see
figure 2—-14 for wire-connection procedure).

NORMALLY
OPEN
COMMON NORMALLY
CLOSED
o -~
PE®®
z

= HiEHHF

4138

Figure 2-13. SCR alarm circuit terminal locations.
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PHILLIPS SCREWDRIVER

INSTALLATION PROCEDURE,

1. LIFT YELLOW PLASTIC SLEEVE OFF
UNUSED TERMINAL POST.

;ii;placing- i-er;l-ﬁnals.
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2.12 ICT FUNCTION
2.12.1 ICT Reset Switch Wiring

Instantaneous current trip (ICT) is a function provided by the
optional current module, if installed (see figure 3-16), which
sends a “trip”’signal to the controller’s firing circuit that disables
controller operation within one AC cycle if the controller’s
output current exceeds a preset level. Once “tripped,” the ICT
circuit remains tripped until it is reset.

There are two ways to reset the ICT circuit:

1. Connect a customer-supplied single pole, normally open,
momentary contact push-button switch between the two
RESET terminals on the current module (see figure 3-17
for the 664F or figure 3—18 for the 664G/K). Pressing the
switch closes the switch contacts, which resets the ICT
circuit.

2. Connect a customer-supplied single pole, normally
closed, push-button switch in series with one of the
control-signal wires that are connected to the 4-20 IN +
and - terminals of the current module. Pressing the switch
opens the switch contacts, which resets the ICT circuit.

The current module (if supplied) is mounted under the
controller’s cover plate (see figure 5-16). Push-on lugs (part
number KB067427-001) suitable for 18- to 22-gauge wire, are
supplied with the power controller.

KAQ75715-001
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If installing a reset switch, crimp a push-on lug to each
switch wire and install the lugs on the RESET terminals. There
is no polarity to observe.

If installing a switch to interrupt the 4-20 IN + or —
signal, installation details will depend on where the switch is
to be inserted in the signal wire.

2.12.2 Current Rating Configuration

The ICT SEL switches determine the sensitivity of the cur-
rent module, and are factory set to correspond to the controller’s
100 percent current rating. The ICT trip level is internally
fixed at four times (400 percent) rated current selected by the
switches. The switches can be set to a current value lower
than the controller’s actual rating, but should never be set to a
higher value.

Normally, the settings of the ICT SEL switches need not be
checked or changed unless the current module is replaced.

The switch settings versus rated current are shown in table
2-2 (for the 664F) and table 2-3 (for the 664G/K).

Table 2-2. ICT SEL Switch Settings, Model 664F

Switch Number
5

Amps

35 and 50
70 and 90
125

175

250

300

OO0 O0O©° o o=
Oo o ool
O0° 000w
OO0 0©°C oo o|la
© o 0o 0o o
o o oo ocole
© © 00 0 o~
o 0o oo o ofl®

Note: C = Closed
0 =Open

4130

Table 2-3. ICT SEL Switch Settings, Model 664G/K

Switch Number
Amps 1 2 3 4 5 6 7 8
35and50| 0 0 € 0 0 O 0 O
70and90 [ C O 0 cC o 0 0 0
125 (o] 0 (o] C 0 0 0 0
175 C C C cC o 0 0 0
250 C C C cC C C o 0
300 cC € ¢ € ¢ ¢ ¢ o
Note: C = Closed
0 =Open
4131
KAO075715-001

2.12.3 ICT Indicator Wiring

A jumper wire is factory installed across the ICT IND termi-
nals of the current module (see figure 5-6). If desired, this
jumper can be removed and the ICT IND signal can be used
to operate a remote indicator.

When the ICT circuit is tripped, the ICT IND terminals sup-
ply a DC current, ranging from approximately 4 to 20 mA, that
is derived from the control signal received at the ICT module’s
4-20 IN terminals.  This current may be used to drive an LED
or operate a solid-state relay.

Push-on lugs (part number KB067427-001) suitable for 18-
to 22-gauge wire are supplied with the power controller. Crimp
a push-on lug to each indicator or relay wire and install the lugs
on the ICT IND terminals in place of the ICT IND jumper. Be
sure to observe the indicated signal polarity.

CAUTION
The ICT IND - terminal is not at common

potential. The ICT IND signal must be
connected to an isolated input or device.

Any LED or solid state relay that will operate on 4 mA of
current may be connected to the ICT IND terminals. Some typical
solid-state relays suitable for use in this application are listed in
table 24.

Table 2-4. Typical Solid State Relays Suitable for Use with
ICT IND Signal

Solid State Relay

OPTO 22 Model OAC5
OPTO 22 Model OACS5P
3841 :

Relay Application

12 to 140 VAC at up to 3A
12 to 280 VAC at up to 3A

2.13 LINE VOLTAGE CONFIGURATION
2.13.1 Input Module

The optional input module, if installed, uses AC power from
the controller’s LINE terminals and therefore must be configured
to match the line voltage supplied to the controller.

The input module is configured for the line voltage specified
at the time of purchase. If the controller is to be operated on a
different line voltage, the input module must be reconfigured
for the new voltage.

The input module may be damaged or may
not operate correctly if it is not properly
configured forthe line voltage to whichitis
connected.

Voltage configuration consists of connecting one or two

jumpers or a capacitor between the proper terminals on the input
module. The terminals to which the jumper(s) or capacitor are

2-11
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connected depend on the line voltage in use. See table 2-5 and
figure 2-15 for connection instructions. ‘

Terminal lugs (part number KB067427-001) for making
jumpers or for attaching to capacitor leads are supplied with
the power controller.

Table 2-5. Input Module Line Voltage Configuration
Connections

AC CONNECT BETWEEN
SUPPLY WHAT TO THESE INPUT
VOLTAGE CONNECT MODULE TERMINALS
120* Jumper 1and2
Jumper 3and 4
208-277 Jumper 1and2
380-480 Jumper 2and3
600 Capacitor** 2and 3
*664F only
**Part Number 062864-002. Order from Research, inc. Field
Service Department.
4132
I+ pa [y [ men |
- ouT
L2
cyo20m @
3 PoOT 23
RESEARCH INC LINE VOLTAGE
]COM 3 CONFIGURATION
TERMINALS
INPUT 4
MODULE
TS T
4120

Figure 2-15. Input module line-voltage configuration
terminals.

2.13.2 Fan Assembly

The cooling fan (installed only on 175 A, 250 A, and 300 A
controllers) is factory-configured for the line voltage specified
at the time of purchase by installation of a capacitor. If the
controller is to be operated on a different voltage, you must
change the voltage-configuration capacitor. See figure 2-16 for
the capacitor’s location and the part number of the capacitor
that must be used for each line voltage.

2-12

Line Voltage Capacitor Part Number
120 VAC None
208 VAC KB062877-002 R
240 VAC KB062877-001 and KB062865-001
277 VAC KB062877-001
380 VAC KB062878-002
415 or 480 VAC KB062878-001
600 VAC KB062878-003

. /

P —

A 7
< -
'
A—
ﬂfﬁt[tﬁ== N T CAPACITOR

* For 240 VAC operation, a second capacitor assembly (P/N KB062865-001)
connects In paraliel with the larger capacitor (P/N KB062877-001) by means
of push-on connectors.

The second capacitor assembly consists of a capacitor (P/N KB062864-001),
two push-on lugs (P/N KB055016-021), and lead sleeving (P/N KB055016-021).

4230
Figure 2-16. Fan assembly voltage configuration
capacitor.

If you change the capacitor, check the voltage across the fan
leads after the capacitor has been changed. It should be approxi-
mately 120 VAC if the proper capacitor is installed.

2.14 CONTROL SIGNAL INPUT SPAN
ADJUSTMENT
Introduction

WARNING

1. Hazardous voltage is present when
performing the span adjustment. This ad-
justment should be made only by qualified
service personnel.

2. Before performing the span adjust-
ment, the controller must be completely
mounted, configured, and connected as
described in the preceding parts of sec-
tion 2 of this manual.

2.14.1

KA075715-001
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A 20-turn SPAN potentiometer is located along the left side
of the 664F phase angle firing circuit module (see figure 3-12) or
664G/K phase angle control module (see figure 3-13). The
SPAN potentiometer is factory set so that a 20 mA control sig-
nal produces full rated power output when the controller is
connected to the line voltage specified in the customer order.

For most applications, no adjustment of the SPAN poten-
tiometer is required. However, the user may wish to change
the SPAN potentiometer’s setting when changing the load cur-
rent feedback configuration (described in section 2.10.2) or in

order to:

1. Adjust the firing circuit module for aline voltage different
from the value specified in the customer order.

2. Accommodate a control signal maximum value other
than 20 mA.

3. Provide output limiting by adjusting the SPAN poten-
tiometer’s setting so the controller can deliver only the
desired maximum output in response to the maximum
control-signal value to be used.

4. Verify correct SPAN potentiometer adjustment.

2.14.2 Adjustment Procedure

2.14.21

If Internal Feedback is Selected

The SPAN potentiometer adjustment procedure is as follows:

w N

WARNING
Remove AC power from ali affected equip-
ment while making or breaking electrical
connections.

Connect an AC voltmeter across the controller’s LOAD 1

and LOAD 2 terminals.

Connect a milliammeter as shown in figure 5-5.

Perform the general startup procedure described in sec-

tion 4.1.

Watching the milliammeter, set the control signal to the

maximum value that will be used.

Adjust the SPAN potentiometer until the controller’s

output reaches the level desired for the control signal set

in step 4. Turning the SPAN potentiometer counter-
clockwise increases the controller’s output.

A. Formostapplications, the desired maximum control-
ler output level is 100 percent of the line voltage.
The required control signal value for 100 percent
output can be varied from 15 mA to 20 mA.

B. To provide output limiting, set the SPAN potentio-
meter so the maximum control signal value produces
less than 100 percent controller output—whatever
output level is desircd. When a 4-20 mA control
signal is used, the controller’s maximum output
level can be varied from 100 percent to 80 percent.

Remove the milliammeter and AC voltmeter connections

installed in steps 1 and 2.

KA075715-001

2.14.2.2

If External Feedback is Selected

If external feedback is selected, the control module SPAN
potentiometer setting affects only the span of the load voltage
meter drive signal (see section 2.8).

To adjust the span potentiometer:

1.

2.

Connect an average-reading AC voltmeter across the
controller’s LOAD 1 and LOAD 2 terminals.

Connect a 100 microampere meter between the METER
and COM terminals of the 664F phase angle firing circuit
module or the 664G/K phase angle control module.

If necessary, connect a milliammeter as shown in figure
5-5 to monitor the controller’s control signal.

Perform the initial startup procedure presented in section
4.1.

Adjust the SPAN potentiometer so the 100 microampere
meter reading matches the AC voltmeter reading ac-
cording to the scale installed on the 100 microampere
meter (this could be average load voltage, output per-
centage, etc.).

2.15 FINAL CHECKOUT

When the model 664F or 664G/K has been completely
installed, set up, and configured, perform the checkout proce-
dure described in section-5.3 to verify correct operation.

NOTES

2-13
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SECTION 3.

THEORY OF OPERATION

3.1 PRINCIPLES OF SCR POWER
CONTROL

SCR type power controllers control power by controlling
when silicon controlled rectifiers (SCRs) conduct AC line cur-
rent to the load.

An SCRisa solid-state, electronic switching device that turns
on (fires) very quickly when a low-level “gating” signal is
applied to its gate electrode. The timing of the gating signal, and
therefore the length of time the SCRs conduct, is determined by
the controller’s firing circuitry in response to a control signal.
The greater the percentage of time the SCRs are on, the greater
the average power they allow to pass through them to the load.

During the positive half-cycle of the AC line voltage the
SCR’s anode is positive with respect to its cathode, so during
that half-cycle the SCR will begin to conduct whenever a gating
signal is applied to its gate electrode (see figure 3-1). Once
turned on, an SCR will continue to conduct until its anode-to-
cathode voltage drops to zero, so the SCR continues to conduct
until the end of the half-cycle.

N AN
vAVEr'S

j_l INPUT LINE VOLTAGE ouwurumvomee
GATING SIGNAL ,
FIRING
CIRCUTRY 1 coNTROL SIGNAL
4085

Figure 3—1. Conduction of one SCR when turned on at the
beginning of a half-cycle.

Because an SCR is a type of diode, it can conduct only during
every other half-cycle of the applied voltage. Therefore, SCRs
used to control AC power are usually installed in pairs, con-
nected in reverse-paraliel, as shown in figure 3-2. One of the
SCRs then can be fired during the positive half-cycle and the
other can be fired during the negative half-cycle.

KA075715-001

. i SCR 1
ANA | &

U U ﬂ\scnz

* INPUT LINE VOLTAGE scaz
OUTPUT LINE VOLTAGE
J_I : GATING SIGNAL
-
l | GATING SIGNAL >
FIRING
CIRCUTRY | coNTROL SIGNAL
4087

Figure 3-2. Conduction of two SCRs connected in reverse
parallel when turned on at the beginning of half-cycles.

3.2 PRINCIPLES OF PHASE ANGLE
CONTROL

In phase angle controllers, the SCRs conduct during all or
part of every half-cycle. When delivering full power, the SCRs
start conducting at the beginnings of the AC half-cycles. When
delivering less than maximum power, the gating signal is de-
layed so the SCRs start conducting some time later than the
beginnings of the half-cycles. Operation of a phase angle
controller at partial output is depicted in figure 3-3.

SCR 1
SCR 1
{
I/ lt § S i F ; \
1
A\ \ 1
\ \
U U ScR2 & Vb @1
 INPUT UINE VOLTAGE ScR2
OUTPUT LINE VOLTAGE
I GATNGsiNAL |
| l GATING SIGNAL .
FIRING
CIRCUITRY [~ CONTROL SIGNAL
4088

Figure 3-3. Conduction of two SCRs connected in reverse
parallel when turned on after the beginning of the half-
cycles.

3-1



Theory of Operation

The average power a phase angle controller delivers toits load
is determined by the number of electrical degrees by which the
gating signal that turns on the SCRs is delayed past the begin-
nings of the half-cycles. The later in each half-cycle the SCRs
fire, the less the time the SCRs conduct during each half-cycle
and, therefore, the less power is delivered to the load (see figure
3-4). The 4-20 mA control signal received by the phase angle
firing-circuit (664F) or phase-angle control module (664G/K)
determines the amount by which the gating signal is delayed.

/ 135° PHASE ANGLE
LA

227
’

LOW POWER
OUTPUT \ y A}

0°  80° 180° 270° 360° 90° 180° 270° -360°

80° PHASE ANGLE

MEDIUM POWER
OUTPUT

T T T T T T T T
0° 80° 180° 270° 360° 980> 180° 270° 360°

45° PHASE ANGLE

HIGH POWER
OUTPUT

1 1 1 1 ! 1 1 L
0°  90° 180° 270° 360° 90° 180° 270° 360°

2854 AC PHASE ANGLE

Figure 3-4. Phase angle power control.

The output power of a phase angle controller does not change
linearly with respect to the number of degrees the SCR conduc-
tion phase angle changes. Therefore, the standard 664F, 664G,
and 664K controllers have a built-in load feedback circuit to
linearize the relationship between the control signal and the
power output. The feedback circuit also adjusts the power
controller output to compensate for changes in line voltage and
load impedance (this is called “line and load regulation”).
Figure 3-5 illustrates the relationship between the control sig-
nal and the power controller output when the internal (built-in)
feedback circuit is used (the internal feedback circuit provides
average load voltage feedback). Model 664F, 664G, and 664K
controllers also can use an external load-current feedback circuit
that can be provided by the optional current module (see section
3.5.12.3).

Phase angle power control offers a number of attractive
features. Because the power controller output level is adjusted
by varying the SCR on time within each AC half-cycle, the

3-2
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100% ~1—
RMS VOLTAGE
OUTPUT
LEVEL 0% —1—
AVERAGE VOLTAGE
0% | ]
1 i
0% 50% 100%
o850 CONTROL SIGNAL LEVEL

Figure 3-5. Controller output versus control signal input
level.

controller’s output is quite constant, rather than being divided
into multiple-cycle periods of on time and off time. In addition,
a variety of feedback and output indication (metering) circuits
can easily be incorporated into the controller.

Phase angle controllers can be used with virtually any type
of load—resistive, inductive, or high-inrush (e.g., lamp). How-
ever, when a phase-angle controller is connected to inductive and
high-inrush loads, a load conditioning circuit must also be added
to the controller to regulate the rate at which the power controller
output level can change. Model 664F, 664G, and 664K control-
lers include user-selectable load conditioning.

Because the SCRs in phase angle power controllers turn on
during the AC halfcycles, they generate electromagnetic and
radio-frequency interference, which can be a problem in some
applications. Use of a zero crossover power controller mini-
mizes such interference problems.

3.3 CONTROLLER BASIC ELEMENTS
As shown in figure 3-0, the basic elements of a standard
664F consist of:

1. One SCR module containing SCRs, the conduction
angles of which are varied to control output power.

2. Afiringcircuitmodule, which generates the gating signals
that control the SCRs’ conduction angle. The timing of the
gating signals is controlled by the level of the 420 mA
control signal applied to the firing circuit module.

The basic elements of a standard 664G or 664K controller (see
figure 3-7) consist of:

1. Three SCR modules, each containing a diode and an SCR
the conduction angles of which are varied to control
output power.

2. A phase angle control modulc, which gencrates low-level
gating signals that, after amplification by the SCR driver

KAQ75715-001



SCR AC POWER
ACLINE—® \ooute [ TOLOAD
GATING SIGNALST
FIRING 420 mA
CIRCUIT — CONTROL
MODULE SIGNAL

4188

Figure 3-6. Basic elements of standard model 664F SCR
controller. Firing circuit accepts only 4-20 mA control
signals.

Theory of Operation

The standard firing circuit module, standard phase angle
control module, and optional current module accept only
4-20 mA control signals. Therefore, some model 664F, 664G,
and 664K controllers bave an optional input module (see figure
3-9), which permits manual control by means of a potentio-
meter, or automatic control by either a 0-20 mA or 0-5 VDC
control signal.

HIGH-LEVEL
GATING SIGNALS
Dsﬁ,’gﬂ ! SCR AC POWER
MODULE "1 MODULES TO LOAD
LOW-LEVEL ]
GATING SIGNALS™
PHASE ANGLE 4-20 mA
CONTROL <— CONTROL
MODULE SIGNAL
4189

Figure 3-7. Basic elements of standard model 664G or
664K SCR controller. Phase angle control module accepts
only 4-20 mA control signals.

module, control the SCRs’ conduction angles. The timing
of the gating signals is controlled by the level of the
4-20 mA control signal applied to the firing circuit
module.

3. An SCR driver module, which amplifies the low-level
gating signals generated by the phase angle control mod-
ule and feeds them to the SCRs.

Some model 664F, 664G, and 664K controllers have an
optional current module (see figure 3-8), which permits use of
instantaneous current trip (an alternative to subcycle fuses),
current feedback, and current limiting.

—»] . SCR o ACPOWER
ACLINE MODULE(S) i ® 1OLOAD
CURRENT
GATING SIGNALST i SAMPLE
420 mA
FIRING SIGNAL CURRENT 4-20 mA
CIRCUITRY*| ™ MODULE [*— gg:‘ﬁm

*FIRING CIRCUIT MODULE (664F) OR
PHASE ANGLE CONTROL. MODULE AND
SCR DRIVER MODULE (664G OR 664K) 4088

SCR o ACPOWER
AGLINE —& ODULE(S) TO LOAD
GATING SIGNALST
4-20 mA 0-20 mA
ARING [ SIGNAL [ \npuT OR 0-5 VDC
CIRCUITRY MODULE CONTROL SIGNAL
MANUAL INPUT
1-TURN OR 10-TURN POT
WITHOUT CURRENT MODULE
SCR AC POWER
-
ACLINE= 1 DULE(S) * 70 LOAD
CURRENT
GATING SIGNALST SAMPLE
4-20 mA 420 mA 020mA
ARING | SIGNAL | cURRENT |_SIGNAL| INPUT OR 0.5 VDC
CIRCUITRY [ MODULE MoDULE [&— 2 O SIGNAL
MANUAL INPUT
1-TURN OR 10-TURN POT
WITH CURRENT MODULE
4090

Figure 3-8. Use of current module permits use of instanta-
neous current trip and either current feedback or current
limiting. Current module accepts only 4-20 mA controls
signals.
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Figure 3-9. Input module permits use of manual control
input from potentiometer and 0-20 mA or 0-5 VDC control
signals.

3.4 DIFFERENCE BETWEEN 664G AND
664K CONTROLLERS

Model 664G and 664K controllers are identical except the
phase angle control module for the model 664G includes “D-
guard” circuitry, which minimizes DC current buildup in the
primary winding of the load transformer, whereas the phase angle
control module for the model 664K does not have D-guard
circuitry.

3.5 CONTROLLER FUNCTIONAL
DESCRIPTIONS

3.5.1 SCR Modules

As shown in figures 3-10 and 3-11, the 664F has one SCR
module containing two SCRs. The 664G and 664K have three
SCR modules, each of which contains one SCR and one diode
(two SCRs per AC phase are not required in hybrid phase-angle
controllers such as the 664G and 664K).

3.5.2 DV/DT Networks

A dv/dt network is connected across each SCR module to
keep the firing circuit module or SCR driver module from being
activated by voltage transients on the AC lines.



LINE2 LOAD 2

OV/DT NETWORK

THERMOSTAT
[
T

1 2
ENABLE

420 mA +

PHASE ANGLE
FIRING CIRCUIT MODULE

ENABLE/DISABLE
SWITCH OR RELAY

/A\THEFANIS PRESENT ON 175 A, 260 A, AND 300 A UNITS ONLY,

ATHE ENABLE/OISABLE SWITCH IS CUSTOMER-SUPPLIED, THE ICT 1S OPTIONAL.
THE ENABLE JUMPER OR THERMOSTAT CONNECTS ENABLE TERMINALS 2
AND 3 IFNEITHER THE ENABLEDISABLE SWITCH NOR THE ICT OPTION IS PRESENT.

4191

Figure 3—10. Functional diagram, standard model 664F
power controller.

353 MOVs

A metal oxide varistor (MOV) also is connected across each
SCR module to protect the SCRs from being damaged by high-
voltage transients on the power line.

3.5.4 Optional Subcycle Fuses

The optional subcycle fuses protect the SCRs and diodes in
the SCR modules by opening within one AC cycle if excessive
current is drawn by the load. Subcycle fuses are available for all
model 664 controllers rated at 70 A or more. (Subcycle fuse
ratings are presented in table 3-1.)

Table 3-1. Subcycle Fuse Ratings

CONTINUOUS CURRENT PT
70A 2,400
90 A 4,000
125 A 7,700
175 A 16,000
250 A 40,000
300 A 63,000

4147
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3.5.5 Optional Failed SCR Alarm Circuit

An optional failed SCR alarm circuit is available for each
SCR module in all model 664 power controllers. The SCR alarm
circuit operates a set of fori C relay contacts if an SCR module
short-circuits or if AC line power is lost to that SCR module.
Each contact pair is rated for 3 A (resistive) at 120 VAC.

3.5.6 Firing Circuitry
3.5.6.1 General Description

The firing circuitry for the model 664F, 664G, and 664K
controllers consists of phase angle control circuitry and SCR
driver circuitry.

Both the phase angle control circuitry and SCR driver cir-
cuitry for the model 664F are located in the model 664F phase
angle firing circuit module (figure 3-12).

— | METER MODEL G1{c=3
|com 66405 K1|c=
3 {LAMP 25A (|
. | RAMP (@] FUSE (=
CJ|LD COND
L INTFB G2
3| FB INPUT K243
RESEARCH INC
PHASE ANGLE
FIRING CIRCUIT L2 |
=~ 4-20ma
O+
SPAN E
o N|=
A2l
| com B,yl=
| ES L 4|
3586
Figure 3—12. Model 664F phase angle firing circuit
module.

The 664G/K phase angle control circuitry for the 664G/K is
located in the phase angle control module. The 664G/K SCR
driver circuitry is located in the SCR driver module (see figure
3-13).

The phase angle control modules for the 664G and 664K
controllers are identical except the 664G phase angle control
module has a DC elimination (“D-guard”) circuit (see section
3.5.6.3), whereas the 664K phase angle control module does not.

The 664G and 664K SCR driver modules are identical.

KA075715-001
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4197

Figure 3—-11. Functional diagram, standard model 664G and 664K controller.
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Figure 3-13. Model 664G and 664K phase-angle control
module and SCR driver module.

3.5.6.2 Theory of Operation

The model 664F firing-circuit module (see figure 3—-14) and
model 664G/K phase angle control module (see figure 3-15)
accept a milliampere control signal (typically 4-20 mA) through
the modules’ 4-20 MA + and — terminals. The modules’ con-
trol integrator and control comparator circuits generate control
pulses that activate the SCR driver circuitry. For low output
power, the control pulses occur late in the AC half-cycles so the
SCRs conduct only briefly. For higher output power, the control
pulses occur earlier in the AC half-cycles so the SCRs conduct
longer. The firing circuitry is self-adjusting for line frequencies
from 47 through 63 Hz.

The model 664F firing circuit module and 664G/K phase
angle control module include an internal feedback circuit that
monitors the average voltage across the power controller load
terminals. An optical coupler isolates the internal feedback
circuit from load voltage. The firing circuit SPAN potentiometer
varies the gain of the internal feedback circuit to match the line
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Figure 3—14. Model 664F firing circuit module functional diagram.
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voltage in usec. A summing junction at the input to the control
integrator circuit compares the feedback signal with the control
signal to determine the required SCR firing angle. As a result,
when internal feedback is selected, the firing circuit SPAN
potentiometer adjusts the control signal input span by varying
the control signal value that produces full output.

The internal feedback circuit also provides a 0—-100 micro-
ampere meter drive signal that indicates average load voltage.
100 microamperes corresponds to full output voltage, as deter-
mined by the line voltage for which the SPAN potentiometer
is adjusted. The meter drive signal is available at the METER
and COM terminals of the firing circuit module or phase angle
control module.

A jumper wire on the firing circuit module or phase angle
control module connects the internal feedback-signal terminal
(INT FB) to the control circuit feedback input (terminal FB
INPUT). If desired the internal feedback jumper can be deleted
and an isolated external feedback signal can be connected to the
FB INPUT and COM terminals. If the internal feedback jumper
is removed, the average load voltage meter drive signal remains
available at the METER terminal. The SPAN potentiometer then
adjusts the meter drive signal span but has no effect on the control
signal input span.

Theory of Operation

The control intcgrator circuit provides jumper-selectable
load conditioning (fast, ramp, or lamp). The load conditioning
configuration determines the controller’s output response time
for changes in the control signal and feedback signal. Ramp or
lamp load conditioning is selected by connecting a jumper
wire from the firing-circuit or phase angle control module’s LD
COND terminal to either the RAMP or LAMP terminal. Installing
the LD COND jumper between the RAMP and LAMP terminals
disables the ramp and lamp conditioning circuits, resulting in
fast load conditioning. See section 2.7 for details regarding
load conditioning configuration and operating characteristics.

In the model 664F firing circuit module, the control integra-
tor generates a control command signal that is input to a control
comparator. A sawtooth waveform from a ramp generator acts
as the second input to the control comparator. The ramp genera-
tor is synchronized to the AC line by a zero crossover timing
circuit, to provide one low-going ramp per AC half cycle. The
control comparator outputs a control pulse to the SCR driver
circuit each time the ramp generator signal drops below the
control command signal.

In the model 664G and 664K phase angle control module, the
control integrator generates a control command signal that is
input to each of three control comparators (one control compara-
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Figure 3-15. Model 664G and 664K firing circuit functional diagram.
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tor for cach AC phasc). A sawtooth waveform from a ramp
generator acts as the second input to each control comparator. A
zero crossover timing circuit synchronizes the ramp generators
so that each ramp generator provides one low-going ramp per
cycle ofits AC phase. Whena ramp generator signal drops below
the control command signal, the control comparator for that AC
phase outputs a control pulse to the SCR driver module. The
control pulse activates a gating circuit in the SCR driver module
to fire the SCR for that AC phase.

3.5.6.3 Model 664G “D-Guard” Circuit

The DC elimination circuit (the “D-guard circuit™) in the
664G (the 664F and 664K do not have the D-guard circuit)
monitors DC voltage across each pair of load phases. The A ADJ
and B ADJ signals from the DC elimination circuit adjust the bias
for the phase A and phase B control comparators to eliminate DC
voltage across any pair of load phases.

3.5.6.4 Enable/Disable Circuitry

The firing-circuit and phase-angle control modules also in-
clude enable/disable circuitry. ENABLE terminals 1/2/3/4 are
used for connecting the controller thermostat and, if installed, a
customer-supplied enable/disable switch orrelay. The controller
thermostat is factory-connected to ENABLE terminals 2 and 3. If
used, a customer-supplied enable/disable switch or relay is
connected between ENABLE terminals 3 and 4. The jumper or
thermostat circuit then connects across ENABLE terminals 1 and
2. ENABLE terminals 1/2/3/4 operate by transferring a 7.6 VDC
signal (supplied by the control circuitry) from ENABLE terminal
2 to ENABLE terminal 3. ENABLE terminals 1 and 4 are con-
nected internally within the phase angle firing-circuit module
and the phase angle control module. The firing circuit disable
circuit is triggered if the 7.6 VDC to ENABLE terminal 3 is in-
terrupted. When triggered, the disable circuit blocks the gen-
eration of control pulses by inhibiting operation of the ramp
generator and control comparator. The disable circuit also
discharges the control integrator to provide full load conditioning
action when the power controller is enabled again.

The disable circuit also can be activated by connecting the ES
terminal to the COM terminal on the firing-circuit or phase-angle
control module. The ES and COM terminals typically are used as
the connection points for the ICT option (see section 3.5.12.2). In
addition, a line loss detector triggers the disable circuit if the AC
line voltage to the controller is interrupted. The line loss detector
provides a brief startup delay when line voltage is applied to the
controller so the control circuit timing is stabilized before any
control pulses are generated.

3.5.6.5 Control Signal Source Compliance

Operating power for the phase angle control circuits is de-
rived from the 4-20 mA control signal through use of an internal
shunt regulator. Because of the action of the shunt regulator, the
converter’s input inpedance varies inversely with the level of the
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control signal, from 3000 ohms at 4 mA to 600 ohms at 20 mA.
The control signal source compliance therefore must be at least
12 VDC.

3.5.6.6 SCR Driver Circuits

The SCR driver circuits in the 664F phase angle firing circuit
module and the 664G/K SCR driver module provides gating
signals for the controller SCR modules in response to low-level
signals received from the phase angle control circuitry.

Operating power for the SCR driver circuitry in the 664F
phase angle firing circuit module and the 664G/K SCR driver
module is derived from the AC line through the SCR module
cathode leads. An optical coupler isolates the control circuits
from the SCR driver circuit.

3.5.7 Load Voltage Meter Drive Signal

The 664F phase angle firing circuit module and the 664G/K
phase angle control modules provide a 0-100 microampere
meter drive signal the level of which is proportional to the
average load voltage. The signal is available at the modules’
METER and COM terminals (see figure 3-12 for the 664F or
figure 3-13 for the 664G/K) and can be used to drive an exter-

‘nal meter.

3.5.8 Thermostat

A normally closed, nonlatching thermostat is included with
all 175 A, 250 A, and 300 A controllers. Itis optional on all other
controllers. If the temperature of the thermostat exceeds approx-
imately 180°F (82°C), the thermostat opens and disables the
firing circuit. When the thermostat’s temperature drops to
approximately 140°F (60°C), it recloses and re-enables the firing
circuit. If a thermostat is factory-installed, it is connccted
between ENABLE terminals 2 and 3 of the firing circuit module.
If a thermostat is not factory-installed, a jumper is factory-
connected between those terminals.

3.5.9 Enable/Disable Switch or Relay
Standard 664F, 664G, and 664K controllers can be turned on
(enabled) and turned off (disabled) from a remote location by a
switch or relay contact closure connected to terminals 3 and 4 of
the firing circuit module. If the user wishes to use an enable/
disable switch or relay, the thermostat or jumper connector
connected to ENABLE terminal 3 is moved to ENABLE ter-
minal 1, and the enable/disable switch or relay is connected to
ENABLE terminals 3 and 4 as described in section 2.6.

3.5.10 Cooling Fan

A cooling fan is standard on all 175 A, 250 A, and 300 A
model 664 power controllers. The fan assembly is factory-
configured to match the line voltage specified in the customer
order but can be reconfigured for a different line volitage as
described in section 2.7.2.

KA075715-001
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3.5.11 Firing Circuit Fuses o PRy
The firing circuit fuses protect circuitry in the firing circuit =3 -~IND OUT =
module (664F) and SCR driver module (664G and 664K) against £33 + 4-20 ®
damage if an SCR fails or an SCR gate circuit opens. == IN
= REeseT @
3.5.12 Current Module (Optional) == .
3.5.12.1 Introduction o=2| RESEARCHING
An optional current module (figure 3-16), available for all =H0
controllers, offers instantaneous current trip (ICT), a load- 5F=.:’2 SEL E—=
current meter drive signal the level of which is proportional to = s=
the controller’s output current, and either current feedback (IFB) TRIP1 =
or current limiting (CLA). To provide these features, the current = CURRENT TRIP 2'_2
module monitors load current by means of a current transformer — MODULE  COM_
for each AC phase. Interconnections with other modules are — CLA =
shown in figures 3-17, 3—18, 3-20, 3-21, 3-22, and 3-23. — &2 IFB =
=~ ‘ MTR 3
3.5.12.2 Instantaneous Current Trip ="
Instantaneous current trip (ICT) is a resettable electronic 4082
alternative to subcycle fusing. Ifexcessive current flows, the ICT Figure 3—-16. Current module.
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Figure 3—17. Functional diagram, standard model 664F power controller with current module.
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Figure 3-18. Functional diagram, standard model 664G and 664K power controller with current module.
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circuit is activated and sends a signal to the firing circuitry that
disables the controller within one AC cycle. Once disabled, the
ICT circuit remains disabled until it is reset by closing a cus-
tomer-supplied ICT reset switch or by interrupting the 4-20 mA
control signal to the current module. While the ICT circuit is
activated, an ICT indicator signal is also activated that can be
used to operate a customer-supplied remote ICT indicator.
Instructions for using ICT are presented in section 2.12.

3.5.12.3 Current Feedback

Current feedback linearizes the relationship between the
control signal and the power controller average total load current
for the three phases. Current feedback also provides current
regulation to maintain the selected load current level despite
variations in line voltage and load impedance. When selected,
current feedback replaces the power controller’s standard feed-
back circuit (avcrage load voltage feedback).

If current feedback is selected, the current module also
provides a 1-100 microampere meter drive signal that is propor-
tional to the power controller load current. Procedures for using
current feedback are presented in section 2.10.2.

NOTE
When current feedback is selected, current
limiting is not available. See section 3.5.12.4.

3.5.12.4 Current Limiting

Current limiting limits the power controller’s average total
load current for the three phases to a user-adjustable maximum
value (50-125 percent of total rated current capacity). Current
limiting is especially useful for limiting inrush current to loads
having long inrush periods (more than several seconds). Current
limiting operates in conjunction with the standard load condi-
tioning circuitin the firing-circuit or phase angle control modules
(see section 2.7) for model 664F, 664G, and 664K controllers.

Procedures for using current limiting are presented in section
2.10.3.

NOTE
When current limiting is selected:

1. Current feedback is not available. See
section 3.5.12.3.

2. Thecurrent module’s meter drive signal
is available but its range is determined by the
current limiting setting. Consequently, the
meter drive signal is 100 microamperes when
the load current is 89 percent of the selected
current limiting value.

3.5.12.5 Load Current Meter-Drive Signal

If either current feedback or current limiting is selected, the
current module provides a meter drive signal the level of which
is proportional to the controller’s average load current. The

KA075715-001
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operating range of the meter drive signal is determined by the
current module CAL potentiometer and whether current feed-
back or current limiting is selected. See section 2.9 for detailed
utilization instructions.

3.5.13 Input Modules (Optional)

The standard firing-circuit and current modules accept only
4-20 mA control signals. The optional input module (figure
3-19) makes it possible to control the model 664 controllers with
a 1000 ohm, one- or 10-turn (specified when the controller is
ordered) potentiometer; a 0-20 mA signal; or a 0-5 VDC signal.

3+ pa L1 3
- ouT
co20ma @ L2 =
m 1
) o-5V
3 POT 2
= RESEARCH INC
COM
::1] 3
INPUT
MODULE 4 C

T

4091

Figure 3—19. Input module.

The input module converts the potentiometer output or either
the 0-20 mA or 0-5 VDC signal to a 4-20 mA signal, which is
connected to the input terminals of the standard firing-circuit
module or current module (whichever is used). See figures 3-20,
3-21, 3-22, and 3-23.

If a potentiometer is used, it is factory-installed on the
controller’s cover. The potentiometer’s CW terminal is con-
nected to the inputmodule POT terminal; the CCW potentiometer
terminal is connected to the input module COM terminal, and the
potentiometer’s wiper is connected to the input module 0-5V
terminal. All connections are made with push-on terminals. In
most circumstances, if a 4-20mA, 0-20 mA, or 0-5 VDC signal
is being used, the pot wiper must be disconnected from the 0-5V
terminal.

Input module terminals 1, 2, 3, and 4 are used to configure the
input module for operation from different AC supply voltages.
The configuration procedure is presented in section 2.13.1.
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Figure 3-21. Functional diagram, standard model 664G and 664K power controller with input module.
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Figure 3-22. Functional diagram, standard model 664F power controller with current module and input module.

3-14 KAO75715-001



+

:

55 é?$u s
N

b 4

3

DV/OT NETWORK
MoV
J
f LOAD
oo ]
MODULE 1 OVAOT NETWORK
Je—
MoV
aF
g LOAD 2
msenLEZ gaet
FAN le :vmmoax
. -
@ 7
T o ! LOAD3
) MODULE 3 WH
e
0o o e s M [ R ] (] [l
R G Ki Gt K4 G4 K G Kb G K5 G5
H
+ Ft
- 5
10-
SCR DRIVER
MOOULE

[ T = T == N = I =
2

TRIP2

AC VOLTAGE CONFIGURATION

/\ FANIS PRESENT ON 175 A, 250 A, AND 200 AUNTS OMLY.

£\ THE METER AND ENABLE/DISABLE SWITCH ORf RELAY ARE CUSTOMER-SUPPLIED.
THE THERMOSTAT CIRCUIT CONNECTS TO ENABLE TERMINALS 2 AND 3 IF AN
ENABLEDISABLE SWITCH OR RELAY IS NOT USED. THE ICT IS OPTIONAL.

A CUT JUMPERS FOR 50 HZ ON K VERSION.

3879

JUMPER TERMINALS (SEE TEXT)
KT LT romowearon
mp[L_!__ ORRELAY
RESET
JUMPERED
F NOTUSED

Figure 3-23. Functional diagram, standard model 664G and 664K power controller with current module and input module.
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SECTION 4.
OPERATION

4.1 NORMAL STARTUP

WARNING
To prevent personal injury, equipment
damage, and operating problems, the
model 664 power controller must be in-
stalled and configured as described in sec-
tion 2, and you should read and under-
stand all previous sections in this manual
before attempting to operate the controller.

To turn on the controller:

1.

2.
3

Make sure line voltage is not applied to the controller’s
LINE terminals.

Ensure that the controller’s cover is in place.

Set the control signal to its minimum value or set the
control potentiometer (if used) to its most counterclock-
wise position.

Set the enable/disable switch (if used) to its enable
position.

Apply AC line voltage to the controller’s LINE terminals.

CAUTION
As long as line voltage is applied to the
controller’s LINE terminals, hazardous
voltage remains at the Model 664 LOAD
terminals even when the control signal is
set to minimum or the firing circuit is
disabled.

Gradually increase the level of the control signal or turn
the control potentiometer knob clockwise from zero to the
level desired. Increasing the control signal level or turning
the potentiometer knob clockwise increases the
controller’s output level.

KAQ75715-001

4.2 NORMAL SHUTDOWN

There are four ways to shut down the 664 controller normally:

1.
2.
3.
4.

4.3

Remove the line voltage from the controller’s LINE
terminals.

If the control potentiometer is in use, simply turn its
knob fully counterclockwise.

Ifacontrol signal is used, decrease it to its minimum value.
If an enable/disable switch is in use, set it to its disable
position.

AUTOMATIC SHUTDOWN

The 664 power controller will shut down automatically if:

1.

2.

4.4

It overheats to the temperature at which its thermostat
opens.

The optional instantancous current trip (ICT) circuit is
installed and the controller’s LINE current exceeds the
ICT-circuit trip level.

RESTART FOLLOWING AUTOMATIC
SHUTDOWN

If the controller was shut down automatically by action of the
instantaneous current trip (ICT) circuit (if installed), you must
press the ICT RESET switch to turn the controller back on again.

If the controller shuts down automatically
because overtemperature caused its
thermostat to open, and if none of the four
normal shutdown steps presented in sec-
tion 4.2 was performed, the controller will
turn on again automatically—without
warning—when the thermostat’s tempera-
ture falls to approximately 140°F (60°C).
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SECTION 5.
MAINTENANCE AND REPAIR

5.1 ROUTINE MAINTENANCE

The model 664F and 664G/K controllers require very little
routine maintenance. The only moving part is the fan (present
only on 175 A, 250 A, and 300 A controllers), and it is perma-
nently lubricated. Remove dirt or dustaccumulations frequently.
Check for damaged wiring and loose connections occasionally
and whenever any connections are changed. No other routine
maintenance is required.

5.2 INTRODUCTION TO GENERAL
CHECKOUT PROCEDURE

Use the general checkout procedure to check the controller for
proper operation before placing it in operation following initial
installation and as an aid to troubleshooting the controller for
maintenance purposes.

Before you perform the general checkout procedure, the
controller must be completely installed in its normal operating
configuration. A multimeter providing AC voltmeter, DC am-
meter, and ohmmeter functions is also required.

WARNING

1. Hazardous voltages are present at
the controller’s LINE and LOAD terminals
and within the controller’s chassis. Dis-
abling firing circuit operation or setting
the control signal to minimum does not
eliminate these hazardous voltages.

2. Always remove AC line voltage from
the controller before making contact with
internal assemblies, line or load wiring, or
any other areas where hazardous voltages
may be present. Also remove AC line
voltage from the controller before making
connections, equipment changes, or re-
sistance measurements.

5.3 GENERAL CHECKOUT PROCEDURE
5.3.1 Step 1—Set Up Controller for
Checkout

Set up the controller for checkout as follows (see figure 5-1):
1. Set the control signal to minimum.
2. Set the enable/disable switch (if used) to enable.

KA075715-001
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Figure 5-1. General checkout procedure, model 664F,
664G and 664K power controllers.

5.3.2 Step 2—Check for Loose Electrical

Connections
1. Remove line voltage from the controller and check that all
firing circuitand SCR module lugs are fully seated on their
terminals.
2. Check that the line, load, and ground wiring is tightly
fastened to the LINE, LOAD, and GROUND terminals.
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5.3.3 Step 3—Apply AC Line Voltage to

the Controller’s LINE Terminals

Turn on the main power switch or circuit breaker to apply
AC line voltage to the controller’s LINE terminals.

5.3.4 Step 4—Check the Optional SCR
Alarm Circuit

Check the optional SCR alarm circuit (if installed) as
follows:

1. Ifanalarmindicator has been connected to the controller’s
SCR alarm circuit(s), check the indicator(s) to determine
whether an SCR has shorted.

2. If an alarm indicator has not been connected to the
controller’s SCR alarm circuit(s), measure the resistance
between each main circuit board’s N/O and COMMON
terminals with an ohmmeter. If the measured resistance
is zero (or approximately zero) ohms, the SCR associated
with that circuit board is OK. If the measured resistance
is higher than approximately zero ohms, the SCR is
defective and should be replaced (see section 5.5.1 for
replacement procedure).

5.3.5 Step 5—Check Fan Operation
(175-300 Amp Controllers Only)

On 175 A, 250 A, and 300 A controllers, check the operation
of the fan. The fan should start when line voltage is applied to
the controller. If the fan does not start or if it seems to run too
slow or fast, check for the following:

1. Failure of the AC line source(s). Measure the voltage
across the LINE 1 and LINE 2 terminals if a 664F con-
troller and across the LINE 2 and LINE 3 terminals if a
664G/K controller. If the correct voltage is not present,
check the AC line source for a tripped circuit breaker or
other fault.

2. Open subcycle fuse(s) (if installed).

WARNING
1. Remove the line voltage from the
controller before making resistance
checks.
2. Inspect for damaged wiring or com-
ponents before replacing the fuse.

Measure the resistance across the subcycle fuse(s). Re-
place any fuse found to be open (see section 5.5.4 for
replacement procedure).

3. Incorrect fan voltage configuration. Measure the vol-
tage across the fan leads. It should be approximately
120 VAC. If it is not approximately 120 VAC, check
whether the correct voltage-configuration capacitor is
installed on thc fan assembly (see section 2.13.2).

5-2
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5.3.6 Step 6—Check for Proper Control of
Output to the Load
5.3.6.1 Introduction

Connect a load device across the controller LOAD terminals,
as shown in figure 5-2 (for 664F) or 5~3 (for 664G/K).

MODEL 664F
POWER
CONTROLLER

=1LINE 2 LOAD 2

4202

RESISTIVE

AC UNE

A. CLOSED DELTA LOAD CONFIGURATION

RESISTIVE

ACUNE [

T AT & J{‘

4203 B. WYE LOAD CONFIGURATION

Figure 5-3. Load connections for 664G/K power
controllers.
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Vary the level of the control signal while monitoring the
controller’s output to the load. Measure the voltage across each
pair of LOAD terminals with an AC voltmeter. Also observe the
load device to ensure that power is being received properly.

The power to the load should vary smoothly across the full
output range being used. If it does not, perform the checks
described in the following subsections of section 5.3.6.

5.3.6.2 Step 6A—Check AC Line Source

Measure the voltage across the LINE terminals with an AC
voltmeter. If the correct voltage is not present, check the AC
line source for a tripped circuit breaker or other fault.

If the controller is a model 664G/K and its output level
jumps suddenly as the level of the control signal is increased,
the AC line connections may be out of sequence.

1. Remove line voltage from the controller.

2. Reverse any two connections to the LINE terminals.

3. Reapply line voltage.

4. If proper power control is achieved, retain the new con-
nections. Otherwise, restore the connections as they were
previously and continue with this checkout procedure.

5.3.6.3 Step 6B—Check Subcycle Fuse(s)

Measure the resistance across each subcycle fuse. Replace
any fuse that is open (see section 5.5.4 for replacement pro-
cedure).

5.3.6.4 Step 6C—Check Whether the E5
Input is Triggered (ICT Tripped)

Measure the voltage between the E5 and COM terminals of
the phase angle firing circuit module (figure 3—12) or phase angle
control module (figure 3-13) It should be approximately 6.5 to
7.6 volts. Shorting the ES terminal to COM triggers the firing
circuit module’s disable circuit.

Ifimproper voltage is found at terminal ES, continue with this
checkout procedure.

5.3.6.5 Step 6D—Check the Control Signal

1. Verify thatacontrol signal of the correct polarity and level
is reaching the firing circuit INPUT + and - terminals. To
do so:

A. Disconnect the sensor (thermocouple, etc.) or other
normal control-signal source, and in its place con-
nect a source that can provide a test signal of the
proper type (voltage or current) and level.

B. Using a milliammeter (see figure 5-4) verify that a
4-20 mA control signal of the proper level and
polarity is reaching the firing circuit’s INPUT —~ and
+ input terminals. Be sure to check for reversed
control signal polarity and for open or intermittent
connections caused by loose or damaged wiring.

KAQ756715-001
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Figure 5-4. Control signal check.

Repair or replace the control signal source or wiring as
needed.

NOTE
Be sure to reconnect the control-signal source,
observing proper polarity, after you finish this
step.

2. Verify that the control signal SPAN potentiometer is set
correctly, as described in section 2.14,

5.3.6.6 Step 6E—Check the ENABLE
1/2/3/4 Circuit
Check whether the ENABLE terminal 1/2/3/4 circuit is open
as follows:

1. Remove line voltage from the controller and disconnect
one of the control signal leads from the INPUT + and —
terminals of the firing circuit module (see figure 5-5A or
5-5B).

2. Check the ENABLE terminals 1, 2, 3, and 4 circuit as
follows:

A. Ifonly the ENABLE 2 and 3 terminals are used (see
figure 5-5A), check for an open ENABLE jumper,
ICT circuit, or thermostat circuit by measuring the
resistance between ENABLE tenminals 2 and 3.

B. If all four ENABLE terminals are used (see figure
5-5B), check for an open circuit between ENABLE
terminals 1 and 2 (ENABLE jumper or thermostat
circuit) and between ENABLE terminals 3 and 4
(enable/disable switch or ICT option).

C. Check all wiring terminations for tightness and good

electrical contact.

Check all wiring for continuity.

Check the thermostat for proper operation. If the
thermostat circuit is open and the controller was in

mYo
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Figure 5-5. Thermostat circuit check.

operation recently, the heatsink may be overheated to
the point the thermostat has opened. Allow sufficient
time for the heatsink to cool to its normal operating
temperature. If the thermostat is operating properly,
it will reclose when its temperature reaches approxi-
mately 140°F (60°C). If the thermostat does not
reclose properly, replace it (see section 5.5.5 for
procedure).
If amalfunctionis found in the ICT circuit, replace the current
module (see section 5.5.6 for procedure).
If the customer-supplied enable/disable switch is open, re-
place it.

5.3.6.7 Step 6F—Check Load and Load
Connections
Check the load and load connections as follows:

1. Remove the line voltage from the controller.

2. Disconnect the load’s wiring from the controller’s LOAD
terminals.

3. Usinganohmmeter, check the load and the load wiring for
defects or failure.

Model 664F, 664G and 664K Power Controller User's Manual

5.3.6.8 Step 6G—Check SCR Module

Check for a shorted SCR module as follows:
1. Remove line voltage from the controller.
2. Measure the resistance between the LINE terminal and
LOAD terminal of each SCR module in both directions
(i.e., measure the resistance once and then reverse the
meter lcads and measure the resistance again).
Replace any SCR module (see section 5.5.1 for replacement
procedure) for which the resistance reads zero ohms in either
measurement.

5.3.6.9 Step 6H—Check Firing Circuit
Fuses and Gate Connections

Check for an open firing circuit fuse or open gate connection,
as follows:

CAUTION
To ensure that ohmmeter current does
not blow a fuse, do not set the ohmmeter
to its lowest range.

1. Remove the line voltage from the controller.

2. Using an ohmmeter, measure the resistance across each
firing circuit fuse. If a firing circuit fuse is open, also
check for an open or intermittent gate connection to the
SCR module. An open gate connection will cause the
firing circuit fuse to blow. If a firing circuit fuse blows
repeatedly and its SCR’s gate connections have been
verified, an SCR in the SCR module associated with that
fuse has failed in the open condition. Replace that SCR
module (see section 5.5.1 for replacement procedure).

5.3.6.10 Step 6l—Check SCR Wiring
Continuity
Check all wiring between the terminals of the phase angle

firing circuit module or phase angle control module and the
terminals of the controller’s SCR module(s).

Step 6J—Check the Current
Limiting Adjustment and
Connections

If the current limiting feature of the optional current module
(figure 5-6) is used, check whether the current limiting is
correctly connected or adjusted. See section 2.10.3.

5.3.6.12 Step 6K—Check for Defective
Load Feedback Signal

The phase angle firing circuit module or phase angle control
module requires an isolated load feedback signal at the module’s
FB INPUT terminal. Either internal feedback or external feed-
back may be used (see figure 2-9). An optional current module
is the most commonly used source for external feedback.

5.3.6.11

KA075715-001



ICT iND + T + =11 TOFRING
AA sompenr < -~ IND :;3; -~ | CIRCUIT CONTROL
TO MILLIAMPERE el 4 420 SIGNAL INPUTA\
CONTROL SIGNAL [ - N
SOURCE °
L
A/ Io——::-““'
ICT RESET SWITCH =
o [ m—] ;
A Pic—je KT
E|c=[s seL e
[omm)]
=|s S : | _TO FIRING CIRCUIT
N CURR =T Es TERMINAL
FoMETI ¢  MoouEe TAIP2 3
——r- ~—=— TO FIRING CIRCUIT
A =- i3} COM_— | COM TERMINAL
D_CT!
_<<"—E-|
FROM CT3
! cTs

A ICT IND JUMPER MAY BE REPLACED BY CUSTOMER-SUPPLIED REMOTE INDICATOR,
A\ CONNECT 4+ TO +, AND - TO -

IF AN INPUT MODULE IS PRESENT, THE INPUT MODULE IS FACTORY CONNECTED TO THE
CURRENT MODULE 4-20 mA IN TERMINALS. OTHERWISE, THE CUSTOMER-SUPPLIED
MILLIAMPERE CONTROL SIGNAL CONNECTS TO THE CURRENT MODULE 4-20 IN TERMINALS.

ICT RESET SWITCH 1§ CUSTOMER-SUPPLIED.
A\ ICT SEL SWITCH SETTINGS.

A NO WIRING POLARITY 1S REQUIRED FOR CURRENT TRANSFORMER CONNECTIONS
(CT1, CT2 AND CT3) (DEPENDS ON NUMBER OF PHASES).

4124

Figure 5-6. Current module connections.

Verify correct load feedback as follows:

1. Ensure that a suitable feedback source is being used and
that the feedback signal is correctly connected and ad-
justed, (see section 2.10).

2. If external feedback is used, reconfigure the feedback
input from external to internal feedback as described in
section 2.10. Be sure to verify correct control signal
input span adjustment (section 2.14).

If proper operation is restored by replacing external
feedback with intemal feedback, the external feedback
source or wiring is defective and should be repaired or
replaced. If current feedback is used, see section 2.10.

3. Using ameter, monitor the controller’s output to the load.
If possible use a meter that measures the same character-
istic that is detected by the feedback circnit (i.e., either
average load voltage or average load current). Also
measure the feedback voltage across the firing circuit
FB INPUT and COM terminals.

The feedback signal should change proportionately
with the measured power controller output as the control
signal is varied. The feedback signal is nominally
0-4 VDC, but the feedback signal span value depends on
the desired control signal input span (see section 2.10).
A feedback circuit malfunction is clearly indicated if a
large feedback signal occurs with little or no measured
power-controller output to the load.

5.3.6.13 Step 6L—Check for Defective
Load Conditioning Jumper

NOTE
When used, a current module’s current limiting
signal also connects to the LD COND terminal.

KA075715-001
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If the load conditioning jumper on the phase angle firing
circuit module or phase angle control module (figure 2-8) is
installed incorrectly or makes intermittent connection, the con-
troller may operate erratically or may not provide the desired load
conditioning action.

1. Verify that the load conditioning jumper is correctly
installed. See section 2.7 for load conditioning con-
figuration details.

2. Disconnect one of the control signal leads from the
4-20 mA terminals of the phase angle firing circuit
module or phase angle control module. Using an ohm-
meter, check for an open or intermittent load conditioning
jumper connection. Repair or replace the load condition-
ing jumper as needed.

5.3.6.14 Step 6M—If the Control Problem
Still Exists

If the power control problem still exists, replace the phase
angle firing circuit module or phase angle control module
(see section 5.5.3 for replacement procedure).

5.4 INPUT MODULE CHECKOUT
PROCEDURE

The purpose of this checkout procedure is to determine the
cause if the input module (figure 5-7) does not appear to operate
properly.

TO POWER CONTROLLER
gmt —tC0 4 ma L1 -1 LINE 1 TERMINAL
our
outPuT p\Le—t-c=- w2 TO POWER CONTROLLER
= 0-20maA ="~ LINE 2 TERMINAL
c [=—1.%1 [ — A
SIGNAL = =
INPUT o : VOLTAGE CONFIGURATION
=V com = TERMINALS
— I
INPUT
MODULE
I
I ]

CONTROL SIGNAL OUTPUT CONNECTS TO CURRENT MODULE # A CURRENT CONTROL OPTION
IS PRESET; OTHERWISE, CONTROL SIGNAL OUTPUT CONNECTS TO FIRING CIRCUIT
CONTROL SIGNAL INPUT TERMINALS. IN ALL CASES, CONNECT + TO + AND-TO -

4206

Figure 5-7. Input module electrical connections.

Before beginning the input module checkout procedure,
confirm that the problem is not elsewhere, as follows:
1. Perform the general checkout procedure presented in
section 5.3.
2. Check for reversed signal polarity at each control signal
connection.
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3. Check for loose or damaged wiring to and from the input
module.
If necessary, repair or replace the control signal source and
any connections to the input module as needed.
If the preceding steps do notisolate the problem, proceed with
the input module checkout procedure as follows:
1. Check for correct input module line voltage configuration
(see section 2.5.1).
2. Using an AC voltmeter, verify that line voltage is present
at the input module’s L1, L2, and (if a 664G/K) L3

terminals (see figure 5-8).
[ I e
=/ TO POWER CONTROLLER
LINE 1 AND LINE 2
L2 —M TERMINALS
AC
INPUT VOLTMETER
MODULE

3835
Figure 5-8. Input module line voltage verification.

3. Using a DC voltmeter or milliammeter (whichever is
appropriate for the type of control signal being received),
verify that the correct control signal is present at the input
module terminals.

4. Using a milliammeter (see figure 5-9), verify that the
correct 4-20 mA output signal is produced at the input
module’s 4-20 mA OUT terminals when signal inputs
from each of the signal input configurations shown in
figure 5-10 is applied to the input terminals of the input

module.
+ H I &+
4-20 mA
MILLIAMMETER ouT
- -
INPUT
MODULE
3836
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If the input module does not produce the comrect 4-20 mA
OUT signal when its input signal, line-voltage connections, and
line voltage configuration have been verified, replace the input
module (see section 5.5.7 for rcplacement procedure).

C—1 0-20 MA
+ 3 —10-5V
-5
VD& = POT
- —
CONTROL + ]cou
SIGNAL — INPUT
SOURCE MODULE
DC VOLTMETER
A. 0-5 VDC SIGNAL
£ 0-20 MA
-5V
cw POT
1K OHM
POTENTIOMETER —° Jcou
cow® o — INPUT
A MODULE
DC VOLTMETER
B. 1 K OHM POTENTIOMETER SIGNAL
+ -
O e 1 0-20 MA
0-20 miLLAMMETER | =— BV
mA C—3 POT
_ - —
CONTROL JCOM
SIGNAL INPUT
SOURCE MODULE
C. 0—-20 mA SIGNAL
CONNECT TO 0-5 V TERMINAL TO VERIFY CONTROL SIGNAL;
CONNECT TO POT TERMINAL TO VERIFY § VDC EXCITATION
VOLTAGE.
3840

Figure 5-9. Input module 4-20 mA OUT signal verification.

5-6

Figure 5-10. Input signal verification.

5.5 REPLACEMENT PROCEDURES

5.5.1 SCR Modules
To replace an SCR module (see table 5-1 for part number):
1. Remove line voltage from the controller.
2. Depending on the SCR module to be replaced, disconnect
the firing-circuit leads from the SCR modules (see figures
5-11 and 5-12) as follows:
A. Disconnect the SCR module’s K1, K3, or K5 lead
from the LOAD 1, LOAD 2, or LOAD 3 push-on
terminal to which it is connected.
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Table 5-1. Replacement SCR Modules

664F 664G & K
CONTINUOUS PART PART
CURRENT RATING NUMBER NUMBER
35A KB062802-003 | KB62790-003
50 A 'KB062802-003 | KB62790-003
70A KB062802-003 | KB62790-003
90 A KB062802-001 | KB62790-001
125 A KB062802-002 | KB62790-002
175 A KB062802-002 | KB62790-002
250 A KB062780-002 | KB62781-002
300 A KB062780-002 | KB62781-002
%5
LINE LOAD GATE
TERMINAL TERMINALS TERMINALS
871

Figure 5-11. 35-175A SCR module containing two SCRs.
SCR modules of the same ratings having only one SCR
and a diode are identical except they have only one gate
terminal.

GATE
TERMINALS

LOAD
TERMINALS

LINE
TERMINAL

\

4079
Figure 5-12. 250-300 A SCR module containing two SCRHs.
SCR modules of the same ratings having one SCR and one
diode are identical except they have only two gate termi-
nals instead of four.

B. Disconnect the SCR module’s K2, K4, or Ké lead
from the LINE 1, LINE 2, or LINE 3 push-on terminal

to which it is connected.

KAQ75715-001
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C. Disconnect the firing circuit G1 and G2, G3 and G4),
or G5 and G6 gate leads from SCR module terminals
G1 and G2, G3 and G4, or G5 and G6 terminals to
which they are connected.

3. Remove the SCR module’s LOAD 1 , LOAD 2, or
LOAD 3 connection.

4. Remove the SCR module’s LINE 1, LINE 2, or LINE 3
connection.

5. Remove the SCR module’s mounting screws and asso-
ciated spring washers.

6. Lift the SCR module off the heatsink.
7. Clean all traces of the previous heatsink thermal com-
pound from the heatsink.
8. Apply a thin layer of heatsink thermal compound to the
bottom of the replacement SCR module.
9. Install the replacement SCR module where the old one
was located.
10. Replace the SCR module mounting screws:
A. Besure to install the conical spring washers as shown
in figure 5-13.
B. Torque the SCR module mounting screws for all
SCR modules to 40-50 pound-inches (4.5-5.5
Newton-meters).

MOUNTING SCREW

CONICAL SPRING
ARoln / WASHERS (2 EA.)

SCR MODULE

HEATSINK

Hu2

Figure 5-13. SCR module assembly mounting details. Be
sure to install the two conical spring washers in series
beneath mounting screw head as shown.

11. If the controller has an input module, reconnect the input
module’s LINE 1 push-on terminal connection,

12. Depending on the SCR module replaced, reconnect the
disconnected firing circuit gate leads to the SCR module
as follows:

Connect the G1 lead to SCR module 1 terminal G1.

Connect the G2 lead to SCR module 1 terminal G2.

Connect the G3 lead to SCR module 2 terminal G3.

Connect the G4 lead to SCR module 2 terminal G4.

Connect the G5 lead to SCR module 3 terminal G5.

Connect the G6 lead to SCR module 3 terminal G6.

13. Dependmg on the SCR module replaced, reconnect the
other disconnected firing-circuit leads to the SCR module
as follows:
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Connect the K1 lead to a LOAD 1 push-on terminal.
Connect the K2 lead to a LINE 1 push-on terminal.
Connect the K3 lead to a LOAD 2 push-on terminal.
Connect the K4 lead to a LINE 2 push-on terminal.
Connect the K5 lead to a LOAD 3 push-on terminal.
Connect the K6 lead to a LINE 3 push-on terminal.
14, Re-mstall the controller. -

"ﬂ.m.UOF’?

5.5.2 Firing Circuit Fuses

To replace a firing circuit fuse:

1. Remove line voltage from the controller.

2. Inspect the controller for damaged or loose SCR gate
wiring before replacing the firing circuit fuse.

3. Remove the firing circuit fuse from its holder (see figure

5-14 for 664F or figure 5-15 for 664G/K) and install a
replacement.

CAUTION

Replace the firing circuit fuse only with
an AGC 1/4 A fast-acting fuse.

5.5.3 Phase Angle Firing Circuit Module or
Phase Angle Control Module

To replace a phase angle firing circuit module or phase angle
control module (see table 5-2 for part number):

Model 664F, 664G and 664K Power Controller User’s Manual
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Figure 5-14. Model 664F phase angle firing circuit module
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Figure 5-15. Model 664G and 664K phase angle control module and SCR driver module connections.
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Table 5-2. Replacement Parts List

PART
DESCRIPTION NUMBER
Caution High Voltage Label KA048319-000
Cover and Module Panel Mounting Screw| KB065023-001

(6-32 x 3/8 pan head screw with self-
forming threads)
Firing Circuit Fuse (AGC 1/4A)
Model 664F Firing Circuit Module
Model 664G Phase Angle Control Module
Model 664K Phase Angle Control Module
Firing Circuit and Option Module
Mounting Hardware
4-40 x 3/4 truss-head screw
#4 flat washer
Push-On Lug (for Firing Circuit
and Line/Load Bracket Connections)
SCR Driver Module
SCR Driver Module Mounting Hardware
#10 conical spring washer
#10 flat washer
Thermal compound
Subcycle Fuse
Thermostat
Mounting Bracket
Bracket “A”
Bracket “B”
Fan
Fan Capacitor
208 VAC
240 VAC (Requires both capacitors)

277 VAC

380 VAC

415 or 480 VAC

600 VAC
1 Turn 1K Potentiometer
Knob
10 Turn 1K Potentiometer
Digital Dial
Manual
Schematic, 664F
Schematic, 664G/K
SCR Module

KB062972-001
0OB070403-001
0C070395-001
0C073393-001

KB065023-002
KA055029-002
KB067427-001

070398-001

KB055442-004
KB055310-027
KA057842-000
See Table 5-3
KB070025-001

KB062775-001
KB062775-002
KC047118-001

KB062877-002
KB062865-001
KB062877-001
KB062877-001
KB062878-002
KB062878-001
KB062878-003
KB067513-001
KA055844-002
KB055769-004
KA055819-000
664F/G/K

0OD070040-001
0OD070041-001
See Table 5-1

4200

2. Loosen the screws that secure the controller’s cover plate.

3.

4.

Remove the cover plate and place iton its edge (see figure
5-16).

Note the locations of all push-on lugs on the module to be
replaced (see figure 5-14 for 664F or figure 5-15 for
664G/K). Then disconnect them from the firing circuit
module.
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Figure 5-16. Model 664G/K controller with cover plate on
edge for access to modules.

5.

6.
7.
8.
9

10.

Remove the two module mounting screws and remove
the module.

Install the replacement module and secure it in place with
the mounting screws removed in step 5.

Replace all wiring push-on lugs removed in step 4.
Reconnect line voltage to the controller.

Set the control signal input SPAN potentiometer as de-
scribed in section 2.14.

Replace the cover plate and secure it in place with the
screws loosened in step 2.

5.5.4 Subcycle Fuse(s)
To replace a subcycle fuse (see table 5-3 for part number):

1.
2.

3.

4.
5

Remove line voltage from the controller.

Inspectall wiring and components for damage and replace
if necessary.

Remove the subcycle fuse mounting screws and lift the
fuse off its standoffs (see figures 2-5 and 2-6).

Install a replacement subcycle fuse.

Replace and tighten the fuse mounting screws.

5.5.5 Thermostat
To replace a thermostat (see table 5-2 for part number):

1.
2.

Remove line voltage from the controller.
Rcmove the perforated shicld from the end of the heatsink

near the thermostat.
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Table 5-3. Replacement Subcycle Fuses 2,
PART NUMBER 3.
CONTINUOUS 500 V 600V 4
CURRENT RATING FUSES FUSES )
70A KB057525-008 KB057519-008 5.
90 A KB057525-009 KB057519-009
126 A KB057525-001 KB057519-010 6
175 A KB057525-010 KB057519-011 7'
250 A KB057525-011 KB057519-012 )
300A KB057525-003 KB057519-007
4126 8'
9.
3. Remove the screws that secure the thermostat to the
heatsink.
4. Lift the thermostat off the heatsink.
5. Pull the push-on terminals of the thermostat wires off the
thermostat’s terminal lugs.
6. Push the push-on terminals of the thermostat wires onto
the replacement thermostat’s terminal lugs. 10.
7. Remove all traces of the previous thermal compound
from the heatsink. Make certain the surface on which 11.
the thermostat will be mounted is clean and smooth,
8. Apply a thin layer of thermal compound to the bottom 5.6
of the replacement thermostat.
9. Place the thermostat on the heatsink and tighten the
mounting screws firmly.
10. Reinstall the perforated shield on the end of the heatsink.
11. Reapply line voltage to the controller.

5.5.6 Current Module
To replace the current module (see table 5-2) for part

number):
1. Remove line voltage from the controller.
2. Loosen the screws that secure the controller’s cover plate.
3. Remove the cover plate and place it on edge (see figure
5-16).
4. Notethe settings of the ICT SEL switches and the locations
of all push-on lugs on the current module (see figure 5-6).
Then disconnect all wiring from the current module,
5. Remove the two module mounting screws and their
washers.
6. Remove the current module from its mounting location.
7. Place the replacement module in the location from which
the old current module was removed.
8. Reinstall the two module mounting screws and washers.
9. Reconnect all wiring disconnected in step 4.
10. Replace the cover plate and secure it in place with the
screws loosened in step 2.
11. Reconnect line voltage to the controller.
5.5.7 Input Module

To replace the input module (see table 5-2 for part number):

1.
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Remove line voltage from the controller.

Loosen the screws that secure the controller’s cover plate.
Remove the cover plate and place it on edge (see figure
5-16).

Note the locations of all push-on lngs on the input module.
Then disconnect all wiring from the input module.
Remove the two module mounting screws and their
washers.

Remove the input module from its mounting location.
Place the replacement module in the location from which
the old current module was removed.

Reinstall the two module mounting screws and washers.
Reconnect all wiring disconnected in step 4 (see figure
5-7).

NOTE

Be sure to reinstall the input module line-volt-
age configuration jumper where it was con-
nected previously.

Replace the cover plate and secure it in place with the
screws loosened in step 2.
Reconnect line voltage to the controller.

REPLACEMENT PART NUMBERS

The part numbers for the most common field-replaceable
parts are listed in tables 5-1, 5-2, and 5-3. To order any part by
telephone, contact the Research, Inc. Customer Service depart-
ment at 612-941-3300. Be sure to have a purchase order number
when you call. -

If you have technical questions about these or any other parts,
or if you need technical assistance in solving a problem, contact
the Research, Inc. Field Service department at 612-829-8317.

NOTES
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