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LORAIN MODLEL WDAS502B
ConstAC® UNINTERRUPTIBLE POWER 5YSTEM

Spec. No. 5177316  Serial No. ﬂ_ OQ .

WARNING

This equipment generates, uses, and can radiate radio frequency energy [
and if not installed and used in accordance with the instruction manual,

may cause interference to radio communications. As temporarily
permitted by regulation it has not been tested for compliance with the

limits for Class A computing devices pursuant to Subpart J of Part 15
of FCC Rules, which are designed to provide reasonable protection

against such interference. Operation of this equipment in a residential ,
area is likely to cause interference in which case the user at his own |
expense will be required to take whatever measures may be required to
correct the interference.

NOTE

For proper system operation, the external battery used for the ConstAC
UPS must be grounded at the positive terminal in compliance with
National Electrical Code Article 250 and/or local codes or practices.
Refer to the Power Data sheet in this manual for further information.

April 14, 1982




LORAIN PRODUCTS
Divison of Rdiance Electric Co.

WARRANTY

Sdler warants that the products it manufactures or sdis shdl be free from defects in
materid and workmanship during the firs 90 days after the product is activated. During saic
Falod Sdler will repar or replace any defeetive parts free of charge to Buyer, induding any
abor codts. In addition, Sdler shal repair or replace any defective parts, so discovered by Buyer
to be defective within two years from the date of shipment of same, provided Buyer promptl%/
notifies Seller. In no case shdl Sdler’s liability under this warranty extend beyond two years from
the date of shipment of said product. This waranty shdl not apply to any products which are
misused, modified, repaired, or otherwise abused by Buyer or others. The repair or replacement
of defective parts, or the refund of the invoice cost thereof, as shal be determined by Sdler in its
sole discretion, shdl be the limit of Sdle’s lidbility hereunder and shdl be Buyer's sole anc

exclusve remedy.

Handlin%eor savice charges in connection with the return of such Froducts if approved by
Sdler, shdl charged as determined by Sdler. Sdler shdl not be lidble in any event for any
generd or gpecid, incidental or consequentid damages to Buyer in excess of the amount of the
purchase price of the products.

THIS WARRANTY IS EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES. SELLEFR
MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY
WARRANTIES OF MERCHANTABILITY OR HTNESS FOR ANY PARTICULAR PURPOSE WITF
RESPECT TO ANY PRODUCTS EXCEPT ASHEREIN EXPRESSLY PROVIDED.

SYSTEMS AND EQUIPMENT NOT ECONOMICALLY RETURNABLE TO THE FACTORY

in the event that the product involved is a sysem or equipment which, in the judgement of
Lorain Products, is not economically returnable to the factory or if Leorain Products ha
peformed the inddlation, supervised the inddlation, or peformed tesing and turn-on, circuit
components and Lorain repar labor are covered by this warranty for the firda 90 days from date
of turn-on and circuit components are warranted for two years from the date of shipment. Upon
request, Lorain will send a savice technician to the Ste to determine if the unit is defective ir
circuit components or workmanship, and will repar the equipment. if the falure is Lorain's fault
no invoice for circuit components or repar labor will be issued if the complant has been issued
within the fird 90 days from date of turn-on. if the complaint is issued more than 90 days fron
the date of turn-on but within two years from dae of shipment, the cusomer will be hilled a the
prevalling Customer Service rates but will not be hilled for circuit components. If the problem
occurs after two years from the date of shipment, circuit component and repair labor are hillable.

If the problem has been created by misuse or abuse of the equipment or by mafunction o
asociated gui ment or by environmenta conditions a any time after shipment, the customer
will be hill or circuit component and labor.

GENERAL PROVISIONS

Lorain Products shdl not be obll?ated to pay any cods or charges incurred by the customer
or by any other paty. In no event will Lorain Products be liable for consequentiad damages. No
waver, dteraion or modification of any of the provisons heein shdl be binding on Lorain
Products unless in writing and dgned by an authorized officid of Lorain Products. if, during an
warranty period, the subject equipment has, in the opinion of Lorain Products, been modified ol
misrepaired, the warranty will be void unless the modifications or repairs have been made after
conaultation with Lorain Products and upon the recommendation of Lerain Products.



- .

I‘

LORAIN PRODUCTS
Operating Methods and

Circuit  Description

Section 4204
Issue G1 November {0, 1956

ConstAC ® UNINTERRUPTIBLE POWER SYSTEM
MODEL wDA302B; SPEC. NO. 5176-304-00
MODEL WDA302B; SPEC. NO. 5176-306-00
MODEL WDAS502B; SPEC. NO. 5177-316-00
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1. | NTRODUCTI ON

General

1.01 The ConstAC® Uninterruptible Power
System (UPS) is an automatic standby AC
power system which supplies uninterrupted 60
Hz AC power to a load. Under normal
operating conditions, the UPS supplies regu-
lated AC to the load using the commercial
line as a source. At the same time, an
integral battery charger in the UPS maintains
the customer-provided battery in a state of
full charge.

1.02 In case of commercial AC power fail-
ure, the inverter in the UPS immediately
provides power to the load without intercup-
tion. The inverter is powered from the
battery, and supplies the load with 60 Hz sine
wave power.

1.03 After restoration of commercial AC
power, the system control circuits determine
acceptability of the AC line for use as the
load power source. When the AC line is
within acceptable voltage and frequency lim-
its, the system automatically provides regu-
lated AC to the load using the AC Line as a
source. At the same time, the battery charg-
er in the UPS recharges the battery.

1.04 Bypass circuits are provided in the
UPS so the load can be connected directly to
the commercial AC line. The system per-
forms an automatic bypass if inverter output
fails. Manual bypass can be performed if
maintenance to the UPS is required.

1.05 This UPS contains various alarm cir-
cuits which continuously monitor input and
output voltage levels and equipment func-
tions. If an abnormal operating condition
occurs, such as a failure in the system, low
battery voltage, or loss of AC input power,
an alarm indication is provided.

Page |
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1.06 Meters are provided which indicate
battery voltage, battery charge or discharge
current, and AC. output voltage and current.

Accessories

1.07 A rear dress panel is available for
either factory or customer installation. This
panel covers exposed mounting hardware on
the rear panel of the system.

2 . INSTALLATION

Location

2.01 This UPS should be located in a well
ventilated area where the ambient air tem-

perature range does not exceed the limits of
0° to 50° C (32° to 122° F). Insure that
unrestricted air flow is provided at the front
and top of the cabinet.

Wiring
2.02 Refer to the Power Data Sheet for
wire sizes and installer connections. All

external wiring, including input, output, and
interconnecting wiring between the system
and remote status panel is supplied by the
customer.

2.03 The external battery used as the DC
source for this UPS should be dedicated to
that use only with no other DC loads con-
nected. Additionally, only one ConstAC UPS
should be connected to any Particular bat-
tery.

2.04 If the battery used for this UPS is
normally charged by an external rectifier,
such as in a central office the charging
output of this UPS should be disabled by
installation of Charge Eliminate Option .
Observe the foliowing procedure:

a) Connect a 16 ga. jumper wire to TB4,
terminals 8 and 9.

b) Refer to paragraph 3.05, and perform
System Startup procedure.

Page 2

¢) Locate the current limit adjustment
potentiometer, R46, on the control
circuit card mounted on the inside of
the system door. R46 is the bottom-
most potentiometer at the edge of the
circuit card.

d) Monitor battery charging current at
the UPS meter panel or use a clamp-
on ammeter or current probe around
one of the battery leads in the UPS.

e) Adjust potentiometer RY46 counter-
clockwise until the system charging
circuits deliver no output current to
the Dbattery.

Installation of Option is now complete.
The external battery is charged by its dedi-
cated rectifier, and the battery charging cir-
cuit in the UPS will not provide any output
current.

External Alarms and Control

2.05 Terminals | through 7 of TB4 provide
alarm outputs and a means for connecting a
remote float/equalize switch. The alarm
outputs at terminals | through 5 are extended
relay contacts rated at 1.0 ampere, 30 VDC
or 120 VAC. A toggle switch or other type of
the customer’'s choice, rated at 3 amperes,
120 VAC, may be connected at terminals 6
and 7 if control of the float and equalize
functions is desired at a remote location.
Further descriptions of the alarm and control
functions follow.

2.06 Charge/Discharge Alarm. One set of
relay contacts is available at TB4, terminals
I and 2, to operate an external charge'/dis-
charge alarm provided by the system user.
An open circuit is available when the system
is charging the battery. A closed circuit is
available when the battery is discharging to
provide the inverter with input power.

2.07 Bypass/Inverter Alarm. A set of relay
contacts is available at TB4, terminals 3
through 5, to operate an external bypass/in-
verter alarm provided by the system user.
When system bypass circuits are activated,
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supplying the load directly from the bypass
line, an open circuit is present at terminals 3
to 4 and a closed circuit is present at termi-
nals 4 to 5. When system output supplies the
load through the AC regulator, using com-
mercial AC input or the inverter as the main
AC source, a closed circuit is present at
terminals 3 to 4 and an open circuit is
present at terminals 4 to 5.

2.08 Remote Float/Equalize Control. Con-
necting, a SPST switch to TB#&4, terminals 6
and 7, allows the system user to control
battery float and equalize functions from a
remote location. With the FLOAT/EQUAL-
IZE switch on the system front panel set to
the EQUALIZE position, the battery may be
charged at equalize voltage by opening the
external switch. Closing the external switch
provides float voltage to the battery.

3. OPERATION
General

3.01 Under normal conditions with accept-
able AC and DC inputs, operation of the UPS
is automatic after starting the system and
setting all controls to the desired positions.
Normally, the commercial AC line supplies
the load through a filter and regulator circuit
while the battery charger in the UPS float
charges an external 24-cell battery. If the
AC line fails or voltage or frequency exceeds
preset limits, the system inverter automatic-
ally provides load power. The source transfer
occurs with no break in power.

3.02 Provisions have been made in this sys-
tem so a bypass Circuit can be activated to
supply load power while the UPS regulator
and inverter circuits are turned off. A
synchronous transfer of load power occurs
when the bypass circuit is activated.

Controls and Indicators

3.03 The following controls and indicators
are accessible at the front of the UPS for
convenient system operation.

Section 4204

a) DC_INPUT Switch: DC input power -
the inverter can be applied or removed’
through use of this switch.

Mode Selection Switch: This four po-

b)

sition

rotary switch allows selection of

UPS operating mode. The switch posi-
tions and modes of system operation
are explained as follows:

1) BYPASS SUPPLYING LOAD

INVERTER OFF: AC line pow-
er is connected to the load
through a bypass contactor. All
other major circuits are turned
off.

INVERTER ON: AC line power
is connected to the load
through a bypass contactor. In-
verter and regulator circuits
are operating but not supplying
load power. The battery charg-
ing circuit in the UPS provides
charging current to the exter-
nal battery.

2) REGULATOR SUPPLYING LOAD

a.

AUTOMATIC: When the AC
line is within acceptable volt-
age and frequency limits, the
static switch connects line
power to the AC regulator cir-
cuit. Filtered, regulated AC is
supplied to the load while the
battery charging circuit charg-
es the external battery. The
inverter operates in a standby
mode, ready to provide load
power if the AC line becomes
an unacceptable power source.

INVERTER ON: The inverter

supplies power to the load, ob-
taining input power from the

battery.

Page 3
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c)

d)

e)

f)

g)

Page 4

FLOAT/EQUALIZE Switch: This
rocker switch is located on the front
panel of the UPS, and allows selection
of either float or equalize voltage
applied to the battery.

Switches §2 and §3: These switches
are located on a panel at the right side
of the cabinet, behind the front door.
Switch S2 connects commercial AC
power to the bypass circuit, and §3
connects power to the static switch.

Switch §5: This rocker switch is
located on the front access door and
permits the charging of the input
filter  capacitors.

FLOAT ADJI/EQUALIZE AD3 Potenti-

ometers: These controls are acces-
sible through the front panel, and are
located immediately above the

FLOAT/EQUALIZE switch. The set-
tings of these potentiometers deter-
mine the float and equalize voltages
applied to the battery.

A number of light emitting diodes
(LED's) indicate the status of various
inputs, outputs, and portions of the
system circuitry. An explanation of
each indicator follows:

[) AC LINE NORMAL: This green
indicator illuminates when the AC
line is within acceptable voltage
and frequency limits.

2) STATIC SWITCH CLOSED: When
AC line power is applied to the

regulator through the static
switch, this green indicator ilium-
inates.

3) BYPASS CLOSED: !: AC line pow-
er i .appiied te the load through
the bypass line, this red indicator
illuminates.

4) REGULATOR Output CLOSED:
This green indicator illuminates
during normal system operation
when regulated AC power is avail-
able to the load.

5) POWER ON: During normal sys-
tem operation or if the bypass line
is closed, this green indicator il-
luminates to signify that AC out-
put power is applied to the load.

6) INVERTER/CHARGER ALARM:
This red indicator illuminates if a
failure occurs in either the jnver-
ter or charger circuits of the sys-
tem .

7) DS1: llluminates to indicate state
of charge during startup procedure.

8) BATTERY_ Status

a. CHARGE: When the system
battery charger supplies cur-
rent to the battery, or the bat-
tery is not discharging during
normal system operation, this
green indicator illuminates.

b. DISCHARGE: This red indica-
tor illuminates whenever the
battery begins discharging for
any reason. Usually, battery
discharge occurs when the sys-
tem inverter supplies load pow-
er.

c. LOW VOLTAGE SHUTDOWN:
This red indicator illuminates if
system shutdown occurs after
an extended discharge period
depletes battery reserve.

3.04 Metering: Meters are provided on the
UPS front panel to indicate battery and AC
output status. [f provided, the meters indi-
cate voltages and currents as follows:




a) BATTERY Status

) DC VOLTS: This meter indicates
battery voltage.

2) DC AMPS: This meter indicates
charge and discharge current sup-
plied-to or demanded from the bat-
tery, respectively.

b) LOAD Status

1) AC VOLTS: This meter indicates
AC output voltage applied to the
load.

. “ -
2) AC AMPS: This meter indicatés

AC output current drawn by the
load.

System Startup

3.05 Observe the following procedure when
starting the UPS, either initially or subse-
quent to any shutdown.

a) Place DC input switch to the OFF
position.

b) Insure that AC and DC inputs are
applied to the UPS.

¢) Place the mode switch to position BY-
PASS SUPPLYING LOAD-INVERTER
OFF.

DANGER

Hazardous AC voltages capable of
producing severe, perhaps fatal
electrical shock are present at system
components throughout the cabinet.
When performing the next step,
exercise caution that contact is not
made with any exposed electrical
termination.

Section 4204

d) Loosen three retaining screws, and

open the front door of the system
cabinet. Locate switches $2 and §3,
and place both switches to the ON
position.

e) Close the front door and tighten three

retaining screws. If commercial AC
power is applied to the system input,
power is .now available to the load
through system bypass circuits.

f) Depress and hold switch §5 located on

the front access door to the CAP
CHARGE position.

NOTE

DS1 illuminates brightly initially, then
slowly dims as the input filter
capacitors charge. Hold switch 85 in
the CAP CHARGE position until DSI
becomes dim or nearly extinguished,
then proceed to the following steps.

g) Release switch §5 and immediately

place the DC input switch to the on
position.

CAUTION

When operating mode Switch S&, wait
five seconds before proceeding to the
next switch position to allow operation

of

the UPS to stabilize. Failure to

observe this procedure may result in
damage to the UPS.

h)

Place the mode switch to position
REGULATOR SUPPLYING LOAD-
AUTOMATIC. Initially, the inverter
circuit operates from battery power as
evidenced by illumination of the BAT-
TERY DISCHARGE indicator. After a
one minute time delay, the system
automatically switches to the AC line
as the main source if ‘the commercial
AC line is within acceptable voltage
and  frequency l[imits and begin
charging the battery.

Page 5
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i) Approximately three minutes after
inverter circuit start-up, the load will
be sychronously transfers from bypass
input power to a regulated, filtered
output power as indicated by the
illumination of the green
REGULATOR OUTPUT CLOSED
L.E.D. indicator.

j) After the UPS accepts the AC line as
the main power source and begins sup
plying regulated, filtered output to the
load, check all status indicators on the
system front panel. All green indica-
tors should be illuminated, and all red
indicators should be extinguished. Any
red indicators illuminated show an
alarm condition which should be inves-
tigated and corrected. If necessary,
refer to the Troubleshooting section of
these instructions.

System _Shutdown

3.06 System shutdown should be accom-
plished only when necessary; for example, if
maintenance is required or if prolonged AC
power failure has depleted battery reserve.
Under normal conditions, the UPS should re-
main in operation after startup, regardless of
load requirements for power. The operation-
al features designed into the UPS make it
unnecessary to start and stop the system on a
daily basis. Should a system shutdown be-
come necessary, observe the following proce-
dure. Perform Steps a) through c) only if
UPS shutdown is necessary following total
commercial AC power failure with
subsequent battery reserve depletion.
Perform Steps a) through c¢) if complete
system shutdown with removal of all power is
desired.

CAUTION

When operating mode Switch 5&, wait
five seconds before proceeding to the
next switch position to allow operation
of the UPS to stabilize. Failure to
observe this procedure may result in
damage to the UPS.

Page 6

a)

If the mode switch is in either of the
REGULATOR SUPPLYING LOAD
positions, place the mode switch to

the BYPASS SUPPLYING LOAD-
INVERTER ON position.

b) Place the mode switch to position BY-

PASS SUPPLYING LOAD-INVERTER
OFF. If commercial AC Power is still
applied to the input of the UPS, power
is available to the load through the
system bypass circuit.

¢) Place the DC INPUT switch to the

OFF position.

DANCER

Although the inverter, regulator, and
battery charger
operating, AC power may still be
applied to the system input. If so, AC
voltages capable of producing severe,
perhaps fatal electrical shock are still

circuits are not

present at various system components.

d) If the load is turned off or can other-

wise tolerate complete loss of AC
power, the UPS should be totally deen=
ergized before performing any main-
tenance within the system cabinet.
Perform the following steps:

1) Loosen three retaining screws, and
open the front door of the system
cabinet. Locate switches $2 and

53,

2) Place both switches to the OFF
position.

3) Open the external AC and DC dis-
connect devices to remove all pow-
er from the UPS.

e) System shutdown is now complete.
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Manual Load Transfer

3.07 Under normal conditions, the system
operator can choose one of two power sourc-
es for the load; namely, the commercial AC
line used directly, or the regulated AC output
of the system using the AC line or inverter as
the primary source. Usually, the regulated
AC output of the system is used for load
power while the, UPS operates in the AUTO-
MATIC mode. If necessary, a synchronous
transfer between power sources without a
break in power supplied to the load can be
accomplished under the following conditions:

a) The following indicators should be
illuminated or extinguished as speci-
fied:

1) AC LINE NORMAL: illuminated or
extinguished

2) POWER ON: illuminated

3) INVERTER/CHARGER
extinguished

ALARM:

4) BATTERY CHARGE: either illum-
inated or extinguished.

5) BATTERY DISCHARGE: either il-
luminated or extinguished

6) LOW VOLTAGE SHUTDOWN: ex-
tinguished

NOTE

The state of the BATTERY CHARGE
and DISCHARGE indicators depends
on the mode of system operation prior
to load transfer; however, if the
BATTERY DISCHARGE indicator has
been illuminated for an extended
period of time, transfer to inverter
output should not be attempted.

Section 4204

b) Check the indicated value on the DC
VOLTS meter. Battery voltage must
be greater than 42 VDC before per-
forming a load transfer since the in-
verter supplies load power momentari-
ly. This step may be disregarded if
the BATTERY CHARGE indicator is
illuminated.

c) If system indicators meet the condi-
tions in Step a) and other system oper-
ating conditions are presen. _ men-
tioned, place the mode switch to the
desired location under BYPASS SUP-
PLYING LOAD or REGULATOR SUP-
PLYING LOAD.

CAUTION

When operating mode Switch S, wait
five seconds before proceeding to the
next switch position to allow operation
of the UPS to stabilize. Failure to
observe this procedure may result in
damage to the UPS.

d) The system transfers to the selected
power source automatically after the
mode switch is rotated to the desired
position.

CAUTION

If the inverter is selected as the main
power source (REGULATOR .
SUPPLYING LOAD-INVERTER ON
but the battery is not charged from an
external dedicated rectifier, the UPS
will operate until battery reserve is
depleted and the low voltage shutdown
is activated. The inverter may be
used as the primary power source, but
battery charge must be maintained for
prolonged operation in this mode.

Automatic Shutdown

3.08 The UPS is protected against
excessive DC input current by a Jow
voltage shutdown circuit which disables
inverrer operation when battery voltage
decreases to 42 VDC. Battery voltage

Page 7
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can decrease to this level following prolonged
commercial AC failure or if the system
battery charger circuits fail for any reason.
The system may be restored to normal
operation following a low voltage shutdown
according to the following procedure:

a) Insure that the battery charging cir-
cuit in the UPS is functional and that
the commercial AC line is within nor-
mal limits. Check the DC INPUT
switch to insure it is placed in the ON
position. If not see Section 3.05.

CAUTION

When operating mode Switch 3%, wait
five seconds before proceeding to the
next switch position to allow operation
of the UPS to stabilize. Failure to
observe this procedure may result in
damage to the UPS.

b) Place the mode switch to position BY-
PASS SUPPLYING LOAD-INVERTER
ON. Power is available to the load
through the bypass circuit.

¢) The battery charging circuit recharges
the battery in this mode of operation.
The battery is fully recharged from a
low voltage condition in approximately
2-1/2 hours when a 30-minute reserve
battery is used.

Fuse Types and Sizes

3.09 The following tables list the types and
ratings of fuses used in the UPS. If replace-
ment becomes necessary, use only the same
type and size~ as listed, or equivalent, for
proper equipment protection. In addition to
the equipment fuses listed in Tables 3-] and
3-2, the AC and DC inputs should be fused in
accordance with the recommendations in the
Power Data sheet.

Page a

Ref. Size
Desig. Type (Amps)
Fl,F2, F5 Bussmann AGC 3 3
F3 EQON 100 100
F4 Gould-Shawmut AS0P150] 150
Fé6 Bussmann MDL 2 _2
F7, F8, F9 Bussmann AGC | 1
Table 3-1. WDA302B Fuse Type and Sizes
Ref. Size
Desig. Type (Amps)
Fi, F2, F5 Bussmann ACC3 3
F3 Bussmann NON 150 150
F4 Could-Shawmut AS0P300 300
E6 Bussmann MDL 2 2
F7,F8, Fo Bussmann ACC | |

Table 3-2. WDAS5Q2B Fuse Types and Sizes

4. ADJUSTMENTS

General

4.01 Various control potentiometers are
mounted on the main control circuit card in
this UPS: however, only the float and equal-
ize voltage adjustment potentiometers are
made accessible for user adjustment. Proce-
dures for adjusting the float and equalize
voltage levels are given in this section of the
manual, and only these adjustments should be
attempted by the user. Do not attempt to
perform any adjustments not described in this
section. Disturbing the settings of any inter-
nal factory-adjusted potentiometers will re-
sult in degraded system performance or com-
plete system failure. The float and equalize
voltage controls are accessible through the
front panel, and are located near the
FLOAT/EQUALIZE switch. The equipment
required for adjustment is listed as follows:

F
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Test Equipment

Description

Digital

or

Insulated Screwdriver CC Electronics
alignment tool Type 8728A or
equivalent
DANGER

4.02 The following conditions
isfied before float and equalize voltage levels
can be adjusted.

Voltmeter
or equivalent

Voltage adjustments are performed
while the system is operating. Haz-
ardous voltages capable of producing
severe, perhaps fatal electrical shock
are present at all components during
system operation. Exercise caution
that contact is not made with any
electrical  termination, especially
when connecting meter test probes.

Remove watches, rings, and other jew-
elry before connecting test instru-
ments and making adjustments.

To further avoid the possibility of
electrical shock, use only an insulated
screwdriver or the alignment tool rec-

jommended in the test equipment list

when adjusting voltage control poten-
tiometers.

a) Commercial AC power must be pre-
sent and within normal limits. Indica-

tor AC LINE NORMAL should be
luminated.

CAUTION

When operating mode Switch 5%, wait
five seconds before proceeding to the
next switch position to allow operation
of the UPS to stabilize. Failure to
observe this procedure may result in
damage to the UPS.

Fluke Model 3022A

must be sat-

Section 4204

b) The mode switch must be set to one of

c) Option

If Option @

two positions, either BYPASS SUP-
PLYING LOAD-INVERTER ON or
REGULATOR SUPPLYING LOAD-
AUTOMATIC.

@ must not be installed.
Insure that no jumper wire is connect-
ed at TB4, terminals 8 and 9.

NOTE

is installed, disregard the

float and equalize voltage adjustment

procedure.

Installation of this option

disables the system battery charger

circuits when an

external, dedicated

rectifier is used to charge the UPS
battery.

4.03 Float Voltage Adjustment

a) Loosen three retaining screws, and

open the front door of the cabinet.

DANGER

Hazardous voltages are present at all

components of the system.

Exercise

caution that contact is not made with

any

electrical termination, especially

in the next step.

b)

¢)

Adjust the voltmeter or multimeter to
indicate DC voltage within the range
of 50 to 60 volts. Connect the meter
test leads to the positive and negative
terminals of switch §], Observe cor-
rect polarity.

Place the FLOAT/EQUALIZE switch
on the UPS front panel to the FLOAT
position. If a remote FLOAT/EQUAL-
IZE switch is connected to the UPS at
TB4, terminals 6 and 7, insure it is
placed to the open (EQUALIZE) posi-
tion. The remote switch must remain
in this position during the entire ad-
justment procedure.
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d)

While observing the multimeter indi-
cation, adjust potentiometer FLOAT

AD3 for the proper float output volt-
age, as listed in Table 4-I.

WARNING

The voltages listed in Table 4-1 are
those required for 24-cell standard
lead-acid batteries only. If a different
type of battery is used for the UPS,
refer to battery manufacturer’s
charging data before adjusting float
voltage. Incorrect charging voltage
can either destroy a battery or result

in

e)

insufficient reserve.
Total Float
Volts Voltage
Battery Type |per Cell | (24-cells)
Standard
Lead-Acid .17 52.08V
Table 4-1. Typical Float Voltages
After setting the float output voltage,

proceed with the equalize voltage ad-
justment procedure which follows.

4.04 Equalize Voltage Adjustment

a) Check, and if necessary, adjust the

b)

c)

float output voltage as outlined in
paragraph 4.03

Place the FLOAT/EQUALIZE switch
on the UPS front panel to the EQUAL-
IZE position.

While observing the multimeter indi-
cation, adjust potentiometer EQUAL-
IZE AD3 for the proper equalize out-
put voltage, as listed in Table 4-2.
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WARNING

The voltages listed in Table 4-2 are
those required for. 24-cell standard
lead-acid batteries only. If a different
type of battery is used for the UPS,
refer to battery manufacturer's
charging data before  adjusting
equalize voltage. Incorrect charging
voltage can either destroy a battery or
result in insufficient reserve.

Total Equalize
Volts Voltage
Battery Type | per Cell| (24-cells)

Standard
Lead-Acid 2.35 56.40V

Table 4-2. Typical Equalize Voltages

d) After setting the equalize output volt-
age, return the FLOAT/EQUALIZE
switch to the FLOAT position. Check
for proper float voltage.

e) Disconnect the meter test leads.

f) Close the UPS front door, then tighten
three retaining screws.

4.05 Low Voltage Shutdown Adjustment

Procedure: Perform the following procedure

to verify that the UPS shuts down if the DC
input voltage drops to a value within the
range of 419 to 415 volts DC. If necessary
potentiometer R85 may be adjusted to assure
the proper low voltage shutdown point.

DANGER

Hazardous AC and DC voltages
capable of producing severe, perhaps
fatal electrical shock are present at
system components throughout the
cabinet. When performing the
following procedure exercise extreme
caution that contact is not made with
any energized electrical termination.

S
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CAUTION

When operating Switch $4, wait five
seconds before proceeding to the next
switch position to allow the operation
of the UPS to stabilize. Failure to
observe this procedure may result in
damage to the UPS.

WARNING

If this UPS is used in a power system
where a low voltage disconnect is set
to disconnect the DC input power at
42.0 volts DC, the UPS low voltage
shutdown  should be reset to
approximately 43.0 volts DC. This
procedure should be performed to
insure that the UPS is shut down
before the removal of DC input power.,

a) Place the mode selector switch S4 to

the INVERTER OFF
SUPPYLINC LOAD position.

BYPASS

b)

Place the DC input Switch Sl to the
OFF position.

¢) Open the front access door and locate

AC input fuse F9 and power supply
fuse FI. Fuse F9 is located near the
middle right side of the cabinet, while
F1l is located near the middle left side
of the cabinet.

d) Remove fuses F{ and F9 from their

respective fuse holders.

DANGER

When performing the following step
the polarity of the external power

supply is critical.
connection of

Insure that the
the positive and

negative leads from the power supply
is correct before turning the power

supply o n ,

otherwise permanent

damage to the control circuit card will
result.

e)

Locate AC input switches 52 and $3
and place them to the OFF position.

f}

i)

k)

1)

m)

Section 4.204

Connect an external 0 to 52 volt DC
power supply and a digital multimeter
to the terminals located on the back
of DC voltmeter MI. Observe the
polarity indicated on the back of DC
voltmeter M 1. Connect the positive
lead from the power supply to the
terminal labeled {+) and the negative
lead of the power supply to the
unlabeled terminal on M 1.

Turn ON the external DC power supply
and adjust the power supply until the
DMM indicates 52.0 volts DC.

Place the DC input circuit breaker
CBIi to the ON position.

Place the mode selector switch S4 to
the BYPASS SUPPLYING LOAD
INVERTER ON position, the UPS
should start.

Lower the DC voltage from the
external power supply until the UPS
shuts down and DS7 (Low Voltage
Shutdown LED) illuminates.

Observe the voltage indicated on the
DMM, the voltage indicated should be
in the range of 415 to 41.9 volts DC.
If the voltage indicated on the DMM is
not within this range, place the
selector switch S4 to the BYPASS
SUPPLYING LOAD INVERTER OFF
position until DS7 extinguishes.

Increase the power supply voltage and
place S& to the BYPASS SUPPLYING
LOAD INVERTER ON  position .
Decrease the voltage from the power
supply to the desired level. Adjust
potentiometer R83 until the UPS shuts
down and DS7 illuminates. Repeat
Steps h) through k) as necessary until
the UPS shuts down at the desired
level.

Place switch S4 to the BYPASS
SUPPLYING LOAD INVERTER OFF
position. Place the DC input circuit
breaker CB|] to the off position.
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n) Remove the power supply from the line, thereby applying the complete sine wave
back of voltmeter M 1. to the AC regulator. When firing pulses are
not applied, the SCR’'s block AC input which
o) Replace the fuses removed in Step d), occurs, for example, when system bypass
into their respective fuse holders and circuits are activated. Essentially then, the
place switches $2 and $3 to the ON static switch comprises an electronic switch
position. that enables the application or removal of
AC line power to or from the AC regulator
p) Close the front access door, and circuit.
perform the start-up procedure
detailed in Paragraph 3.05, the UPS CR&
may now be returned to service. 7‘
AC LINE ~ + TO AC
5. CIRCUIT DESCRIPTION INPUT crs REGULATOF
General
5.01 The <{onstAC Uninterruptible Power .
System contains inverter , battery charger, FIRING PULSES
AC regulator, static switch, and bypass cir- FROM GATE
cuits as well as necessary control and alarm ORIVER cicurT
circuits. A selector switch mounted on the Figure 5-1
system front panel and connected to the main Static Switch Schematic Diagram
control circuits determines the mode of UPS
operation, depending on the position chosen 5.04 AC Regulator. A simplified schematic
by the operator. Unless otherwise specified, diagram of the UPS AC regulator circuit is
this circuit description is presented under the shown in Figure 5-2. Transformer T1 is
assumption that the system is supplying pow- represented as a saturable reactor, and the |-
er to the load in the AUTOMATIC mode. 4 winding of T1 is shown as a series induc-
tance. Under normal conditions, commercial
Power _Circuits AC power is applied tO the AC regulator
_ ] . circuit through the static switch and inductor
«ess  The power handling Clrewts of the L3. The regulator circuit, comprising ferro-

UPS are interrelated during normal operation
to the extent that the AC line provides power
to the load while serving as a source for the
battery charging circuits. Simuttaneously,
the AC regulator insures that regulated, cuit, and a portion Of this energy is used to
flltered A_C |§..applled to_the load while the supply the load. Circulating energy is suffi-
inverter circuit operates .in a., standby mode. cient to compensate for line voltages slightly
A breakdown of circuit operation follows. lower or higher than nominal voltage of 117
VAC; therefore, the AC output made avail-
able to the load is relatively constant.

-resonant transformer T1 and associated res-
onating capacitors, essentially forms a tank
circuit resonant at 60 Hz. A substantial
amount of energy circulates in the tank cir-

5.03 Static__ Switch. The static switch,
shown in simplified form in Figure 5-1, con-
sists basically of two silicon controlled
rectifiers (SCR's) connected in inverse
parallel configuration. These SCR’s are
triggered into conduction by firing pulses
from the gate driver circuits so conduction
occurs during alternate half cycles of the AC

5.05 Under normal line voltage conditions
with power demands of the load satisfied, a
small amount of energy in the AC regulator
is still available to charge the external bat-
tery. This energy is magnetically coupled
through the 1-4 winding of T1, resulting in a
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voltage which is rectified and applied to the
battery. A DC regulator in the UPS control
circuits determines the charging voltage and
current applied to the battery.

5.06 Battery Charger and Inverter. A
simplified schematic diagram of the battery
charger and inverter circuit is shown in Fig-
ure 5-3. During normal system operation
with commercial AC power applied to the AC
regulator circuit, a portion of the energy
available in the resonant tank circuit is mag-
netically coupled to the I-4 windings of Tl.
The resultant voltage induced on this winding
is rectified by diodes CR5 and CRS&, This DC
voltage is applied to the battery through a
DC filter circuit. Positive battery return
connects to the center tap of the I|-4 winding
of TI.

5.07 The inverter circuit of the UPS oper-
ates continuously and in synchronism with the
commercial AC line frequency. The inverter
circuit does not supply power to the load
when the AC line is used as the primary
source. Upon AC line failure or the occur-
rence of an out of limits condition, the
inverter automatically supplies power to the
load through the AC regulator. The inverter
operates in the following manner: gating
pulses generated in the control and gate
driver circuits are applied to one SCR, for
example, CR7. This SCR switches from a
blocking state to conducting state, allowing
current to flow through the 3«4 winding of
T1, thereby generating the first half cycle of
a square wave. At the same time, the
commutating capacitor charges to a voltage
level of approximately twice battery voltage.

5.08 At the proper time, gating pulses are
applied to CR6, switching it from a blocking
state to a conducting state. With both SCR's
conducting simultaneously, the commutating
capacitor discharges then recharges to a
voltage level approximately twice that of
battery voltage, but of opposite polarity of
the previous charge. The commutating capa-
citor, diode CRE&, and inductor L2 form a
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resonant circuit which generates a commu-
tating pulse of short duration. This pulse
reverse biases CR7 which reverts to a block-
ing state.

5.09 With CR6 still conducting, current
flows through the 1-2 winding of TI, thereby
generating the second half cycle of a square
wave. The alternate conduction of CR6 and
CR7 under direction of the control circuits
occurs 60 times per second which generates
the 60 Hz square wave impressed on the I-4
winding of T 1.

5.10 Ferroresonant transformer T] in the
AC regulator circuit converts the square
wave generated by the inverter into a sine
wave of low harmonic distortion. The inher-
ent magnetic characteristics of Tl protect
the UPS from faults and short circuits at the
output. Furthermore, transformer T| iso-
lates the DC inverter circuitry from the AC
output circuits and supplies the correct out-
put voltage to the load.

Control  Circuits

5.11 The major portion of the system
control circuits is contained on circuit card
Al. Major subcircuits of Al include the
phase detector, VCO, pulse generator and
amplifiers, AC sense and debounce, battery
charger regulator, bypass control, low
voltage shutdown, and alarm circuits. The
overall operation of each foregoing circuit is
explained in the following text.

5.12 Phase Detector. This circuit detects
the phase relationship of the commercial AC
line. and inverter AC output, and controls
system phase relationships and inverter
frequency during the various modes of
operation. An AC line reference signal,
derived from the secondary winding of T2, is
applied to squaring amplifier A IG 3. Resistor
R1 and capacitor C2 shift the phase of the
applied signal by 75 degrees. Inverter AC is
applied to squaring amplifier A1G2 after
being phase shifted 165 degrees by R6, R30,
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C13, and Cl4, The outputs of these squaring
amplifiers are applied to the inputs of
exclusive « OR gate A5G4 which provides a
square wave of variable duty cycle to level
shifter A]Gl, The output from AlG] is
applied to the loop compensation circuit,
comprised of A3Gl and associated
components, through R20 and R2l, and is
controlled by analog switch Al2., During
normal system operation in the Automatic
mode with an acceptable AC line, the output
from AIG] is applied to the inverting input
of A3G I, and analog switch A |2 is turned off.
During operation in any other mode or if the
AC line becomes unacceptable for any
reason, Al2 is turned on by control signal
FREERUN. One portion of Al2 clamps the
junction of R20 and R2! to ground so the
phase detector output signal from AlGI
cannot be applied to A 3G 1. A second section
of AlI2 connects R22 in parallel with C7 and
R24 in the feedback loop of A3Gl, thereby
discharging loop filter capacitor C7. The
output from the loop compensation circuit is
applied to the voltage control oscillator
(VCO) circuit through R27.

5.13 Voltage Controlled Oscillator. Level
shifter A24G | and oscillator A2 comprise the
VCO circuit which functions as the master
clock for system control circuit timing. The
basic  operating frequency of A2 is
determined by CO, R23, and R28.
Temperature compensation is provided by
CR9 and R29. Operating frequency is
modified by A24Gl which functions as a
current source or sink depending on system
operating conditions during the AUTOMATIC
mode of operation. Whenever the inverter is
operating during Periods of unacceptable AC
line power or total lack of AC input, the
output from A24G1 is held at essentially zero
volts relative to pin &8 of A2 since the output
from the phase detector circuit is damped to
ground by A12. An internally generated
reference voltage available at pin 10 of A2 is
applied to the noninverting input of A24G1
through voltage. divider resistors RI2 and
R25. At this time, the free running output
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frequency of A2 is determined by the
combined timing resistance of R23 and R28.
The 246 KHz output square wave from A2 is
applied to both the debounce circuit and the
120 Hz/3KHz decoder circuit.

5.14 Pulse Generator And Amplifiers. The
pulse  generator and amplifier circuits
produce- the gating pulses used by the
inverter and static switch SCRs (silicon
controlled rectifiers). The pulse trains or
groups are applied to the SCRs as a means of
controlling the conduction times of these
devices. Two decoder circuits and an enable
circuit control the pulse amplifiers. The
outputs from all amplifier transistors are
applied to the gate driver transformers on
circuit card A2.

5.15 The 246 KHz output from oscillator
A2 is applied to the clock input of counter
A15. This integrated circuit divides the input
frequency and supplies two outputs. The Q%,
Q5, and Q6 outputs are directly connected to
the inputs of AND gate Al 1G3 which outputs
a continuous 3KHz pulse train. Emitter
follower Ql serves as a current amplifier for
this 3 KHz signal, and drives the inputs of all
pulse amplifier stages. The QIll output of
Al5, a 120 Hz square wave, is applied to D-
type flip-flop A18 through inverter Al7G35.
Flip-Flop A18 produces two 60 Hz square
waves, 180 degrees out of phase, at its Q and
Qoutputs. These outputs alternately serve
as current sources and sinks to control the
conduction of Q10 and Qi I through the driver
transistors of A2l. For example, if output Q
is low (ground) and output is high, diode
CR38 is reverse biased and CR40 is forward
biased. The 3KHz pulse train applied to R 118
is shunted to ground through CR4Q, and Q 1
produces no pulse group output to its
associated driver transformer. The 3 KHz
pulse rain applied to R |17 is allowed to pass
through to one of the driver transistors in
A2l since CR38 is reverse biased. Output
transistor Q10 amplifies this pulse group and
applies it to the associated driver
transformer. At the next transition of the

Page 15



Section 4204

120 Hz input to A8, the outputs charge state
so Q is high and §Q is low. Under this
condition, Q10 produces no pulse group
outputs which Q11 applies an output to its
driver transformer. The outputs from Q|0
and Q | | drive the gates of the inverter SCRs
with 3KHz pulse groups interrupted at a 60Hz
rate. These gate drive signals control the
basic operating frequency of the inverter
power circuits.

5.16 Output transistors QS and Q9 and
associated driver circuits function in a
manner similar to that described for Q10 and
Qll; however, Q8 and Q9 provide continuous
3 KHz pulse train outputs for the static
switch SCRs rather that interrupted pulse
groups. Cating pulse outputs for the static
switch SCRs are enabled or disabled by a
clamp transistor in Al3, coupled to diodes
CR34 and CR35. When control signal SSOFF
applied to R 137 is low, transistor AI3 is
biased into cutoff which reverse biases CR34
and CR35. This same control signal
simultaneously forward biases Q5 to energize
the coil of K3. The relay contacts apply
power to the CHARGE indicator, remove
power from the DISCHARGE indicator, and
open the discharge alarm contacts. Since
CR34 and CR35 are reverse biased, the 3KHz
pulse train is applied to both driver
transistors of A2l through R1l5 and CR47,
and to R116 and CR#48. Associated output
transistors Q8 and Q% amplify the applied
pulse trains and couple them to the gate
circuits of the static switch SCRs through
separate driver transformers. During periods
of inverter only operation, the gating pulses
to the static switch SCRs are disabled by
applying a high SSOFF control signal to
transistor A 13 through R137. This control
signal forward biases transistor Al13 so the
junction of RI115 and CR47 is clamped to
ground through CR34, and the junction of
R 116 and CR48 is clamped to ground through
CR35. This clamping function disables
application of the 3 KHz pulse trains to Q8
and Q9 so the static switch SCRs remain in a
blocking mode. Simultaneously, the high
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SSOFF control signal biases Q3 into cutoff,
deenergizing the coil of K3. The associated
contacts apply power to the DISCHARGE
indicator, remove power from the CHARGE
indicator, and close the discharge alarm
contacts.

5.17 Half-Cycle Start Latch. This circuit
functions at the moment of inverter startup
and momentarily clamps all gate drive signals
to the inverter and static switch SCRs to
provide a programmed starting sequence.
The half-cycle start latch consists of AlS§,
Q3, transistor Al3, and  associated
components. At the moment the inverter
circuits are turned on, several circuit
functions occur simultaneously. The reset
input at pin 10 of A18 is held high for 27
milliseconds, determined by the time
constant of R138 and C22. The resulting
logic high on the Q output at pin 12 of A18
biases the associated transistor of AI3 into
saturation. With transistor A |3 conducting,
diodes CR34=-CR37 and CR39 are forward
biased so the 3 KHz gating pulses for the
inverter and static switch SCRs are clamped
to ground.

‘6.18 When the inverter is turned on, control
signal INVON is switched to a +15 volt level.
This signal is applied to the D input at pin 9
of A18 through CR&l. A8 this time, the

output at pin 12 of A18 is held at logic high
to bias transistor AI3 into saturation to
maintain the clamp on the gating signal drive
circuits. The next positive going leading
edge of the 120 Hz signal is clocked into Al8
at pin |II, forcing the% output at pin 12 low.
This signal biases transistor A13 off during
the positive portion of the first cycle of the
120 Hz signal, unclamping the gate pulse
driver circuits. At the same time, static
switch driver transistors Q8 and Q9 remain
clamped since control signal SSOFF applied
to transistor A 13 through R 137 is high. The &
output at pin 2 of Al18 remains low to clamp
Q10 while the Q output at pin | goes high to
reverse bias CR#%0. The 3 KHz gating pulse
train is applied to transistor A2l and Ql | at
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this time. When the trailing edge of the first
cycle of the 120 Hz signal is clocked into pins
3 and Il of Al8, the Q output at pin 1 goes
low to clamp transistor A2l and Q1 I, and the
("j output at pin 12 remains low to keep clamp
transistor A13 biased into cutoff. With this
transistor biased off, the clamp is removed
from-all gate driver input lines, and the Q
and Q outputs at pins | and 2 of A18 regain
control of the inverter SCR gate driver
transistors. In overall result, this circuit
allows one inverter SCR to conduct for only
8.33 milliseconds, with all other SCRs
clamped in a nonconducting state. This
first half-cycle operation occurs only when
the inverter is first started, and has no
further affect on circuit operation after that
time unless the inverter is turned off by
either manual or automatic means.

5.19 Phase Boost Circuit

During a synchronous transfer of load power
from the AC line to inverter while the
system is loaded at 50% or more of rated
output power, the phase boost circuit applies
a one millisecond pulse to oscillator A2 to
momentarily increase its output frequency.
This frequency increase tends to increase
output voltage and minimizes voltage sag of
the output sine wave while the ferroresonant
regulator circuit stabilizes. The phase boost
circuit consists of Al0, AL4GSH, Q12, Q13,
and associated components. During normal
system operation, the output from ASGY is
applied to averaging comparator Al4G4 at
the inverting input. If system output load
does not exceed 50% of rated power, the
phase difference between the AC line and
inverter AC results in a variable duty cycle
square wave input to Al4G#4 that results in a
high output at pin 14. This signal, applied to
C29 through R10% and CR43, is of sufficient
amplitude to keep C29 fully charged. This
voltage level biases Ql2 into saturation
which removes forward bias from Q13. With
Q13 biased into cutoff, a logic high is applied
to the reset input of Al2 through R110. The
Q output is a logic high under this condition’
and reverse biases CR45 so the output
frequency of oscillator A2 is not affected.
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5.20 If system output is loaded at more
than 50% of rated power, a larger phase
difference between the AC line and inverter
AC occurs. The variable duty cycle square
wave output from A5G4 applied to Al4G#4 is
sufficient to drive the output of the
averaging amplifier low. Capacitor C 29
discharges and removes forward bias from
Ql2. This allows application of forward bias
to QL3 through R106, resulting in application
of a logic low to the reset input of Al0, If
the system performs a transfer of load power
under this condition, a logic high SSOFF
signal is applied to the clock input of AlQ.
The 6 output immediately undergoes
transition from logic high to logic low, and
the Q output of A10 undergoes transition
from logic low to logic high. The Q output
signhal serves as a bias source for Q12, and
this transistor turns on after C29 charges
sufficiently to exceed the breakover voltage
of CR44. The time delay in charging is
approximately one millisecond. With Q12
biased into saturation, Q13 is biased into
cutoff and a logic high is again applied to
the reset input of AlQ. At this time, outputs
Q and Q of A10 undergo transition and revert
to their former logic levels. The timin
constants of R105 and C29 result in a g
output logic low pulse of one millisecond
duration. This pulse forward biases CR45 for
its duration, and increases the output
frequency of A2. This results in increased
inverter operating frequency for
approximately one millisecond to force
system output voltage up during the transfer
of load power. After the § output of A10
undergoes transition from logic low to logic
high, the phase boost circuit has no further
affect on system operation.

5.21 Battery Charger Regulator System
DC output voltage and current are regulated
to appropriate values for charging the
external battery. Separate amplifier and
control circuits are used for voltage and
current regulation, but only one loop
compensation circuit is used for maintaining
circuit stability. The output of the regulator
circuit is switched into or out of the phase
detector circuit under automatic control of
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the CHARGE signal. The output of the
regulator circuit, consisting of A4G2, A&4G3,
Al2, and A25 modifies the phase difference
between inverter AC output and the AC line
to control the amount of power available for
charging the battery.

5.22 Battery voltage is applied to the
inverting input of error amplifier A%G2
through a voltage divider consisting of R35,
R38, and R40. The settings of R38 and R&0
determine the levels of sampled voltage
applied to A4G2 for float and equalize modes
of operation. The sampled battery voltage is
compared against a reference voltage,
applied at the noninverting input of A#G2Z2,
generated by CR74, R42, R43, and CR20.
The output of A4G2 is the difference voltage
appearing at the inputs, and is coupled into
the loop compensation circuit through CR2l.
Amplifier A25 is used to amplify the shunt
voltage to a usable level, and this voltage is
used as a measurement of DC output current
supplied to the battery. The setting of
potentiometer R46 determines the current
limit point. The output from A25 is coupled
into the loop compensation circuit through
R50 and RS51.

5.23 The loop compensation circuit
contains amplifier A4G3 controlled by two
sections of analog switch Al2. The
CHARGE control signal determines the ON
or OFF state of Al2. During normal system
operation with acceptable commercial AC
power applied, a logic high CHARGE signal is
applied to A17G3 and to the section of A 12
connected across the feedback network
around AY4G3, ‘This section of Al2 is turned
off (open) for normal operation. Inverter
A17G3 inverts the logic high input signal so
the section of A12 in the output line of A4G3
is turned on (closed). This allows the output
of A4G3 to increase or decrease the control
voltage input of A3Gl, thereby serving to
control the operating frequency of the VCO
circuit. The small changes in frequency
translate into changes of output current
applied to the battery while the voltage is
maintained at a constant value. If the
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commercial AC line fails or becomes
unacceptable for any reason, the CHARGE
control signal changes state to a logic low.
The section of AlI2 in the output line of A4G3
opens so the regulator circuit output does not
affect operation of the VCO circuit.
Simultaneously, the section of A 12 connected
across the feedback loop of A#%G3 closes to
discharge loop compensation capacitor C 17.
Under these operating conditions, the battery
charger regulator circuits are disconnected
from the phase detector and VCO circuits
while the inverter is providing system output
power.

5.24 AC Sense The components comprising
the AC sense circuit enable inverter
synchronization with AC line frequency, and
also determine acceptable voltage Ilimits at
which the AC line is used as the primary load
power source. The input from stepdown
transformer T2 is applied to diodes CR1 and
CR2 through resistors R8 and R9. The 120
Hz pulsating DC is applied to squaring
amplifier A4G] through a voltage divider
consisting of R64 and R68. The setting of
potentiometer R64 determines the low limit
of acceptable AC line voltage The square
wave output from A4Gl drives a digital filter
consisting of NAND gates A22G 1-A22G3 and
counter A23 which filters any noise or
transient pulses with durations less than or
equal to 130 microseconds. The output of
counter A23 drives the input of retriggerabie
monostable multivibrator A7 through NAND
gate A22GY4 used as an inverter. The output
pulses from A7 serve as a clock input to flip-
flop Al1Q, and are applied to exclusive =« OR
gate ASG3 which, in conjunction with R72
and €15, provides a time delay of
approximately 7 microseconds. These
delayed pulses are applied to inverter A6Gé
which provides a reset signal to timer AS.
The noninverted output of A5G3 is also used
as a reset signal in counter A9. Timer AS,
synchronized to the logic low output pulses of
A5G3, provides an output to pin 1, the clock
input, of A9, The Q2 output of A9 provides a
count to the data ‘input of AlQ through



inverter A6 G5. When AC line frequency is
within normal limits, the Q output at pin | of
AlO is a logic high. If AC line frequency is
out of tolerance, A9 continues counting
beyond the Q2 output until the Q7 output
undergoes transition from low to high. This
output is applied to the data input of AlQ
through R76 to force the Q output at pin |
low. If inverter only operation is selected,
control signal [NY ONLY is applied to the
reset input of AIO through CR46 to force the
Q output of pin | low. The logic high signal
at the Q output of A1Q, under normal AC line
conditions, forward biases driver transistor
Al1l3 through R82 to illuminate the AC
NORMAL indicator. This same output also
functions as one of the control signal inputs
to A11G! in the debounce circuit, and is also
applied to inverter A6Gl. The output of this
inverter is applied to A6G3 through a time
delay circuit comprised of CR7, R33, R34,
and C8. The output of A8G3 is used as the
FREERUN signal which controls operation of
the phase detector and loop compensation
circuits.

5.25 Debounce Circuit T he debounce
circuit provides a digital delay which allows a
period of time to elapse before the AC line is
used as the primary load power source. If the
AC line becomes unacceptable at any time
during the debeunce routine, the circuit
automatically resets and again performs the
entire routine from the beginning. When the
AC line is within acceptable limits, ripple
counter Al6 is enabled by a reset signal
supplied by the AC sense circuit at the
output of A6GLl. A 60 Hz square wave,
derived from the output of AC line squaring
amplifier AI1G3, is applied to AND gate
AlICI. A logiclow at the Q13 output of Al6
enables gate AIICI through inverter Al7G2,
and Al6 starts counting the number of square
wave transitions after application of the
reset signal. Approximately 68 seconds must
elapse before transition of the Q13 output
occurs and becomes a logic high. With the
Q13 output high, the output from Al17G2
undergoes transition to a logic low which
inhibits the 60 Hz square wave output from
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AIlICI. Further counting by A16 is thereby
inhibited to complete the debounce routine.
If the AC line becomes unacceptable during
the 68 second counting period, a reset signal
from the AC sense circuit is applied to Al6
to restart the counting sequence from the
beginning. Following successful completion
of the debounce routine, the SSOFF control
signal output from A 17G2 becomes a logic
low to bias clamp transistor AI3 off. This
enables application of the 3 KHz gating
signals to driver transistors Q8 and Q9 which
control the static switch SCRS, gating these
devices into conduction.

5.26  Bypass Control, Inverter Fail, and Low
Voltage Detectors. The bypass enable
circuits control operation of the bypass
contactor and generate various control
signals used in other circuits on the control
card. The bypass enable circuits respond to
OFF or BYPASS commands provided by the
mode selector switch, and to control signals
generated by the low voltage shutdown and
inverter failure detectors. During normal
system operation with the REGULATOR
SUPPLYING LOAD/AUTOMATIC mode
selected, relay K1 is energized to provide a
BYPASS ENABLE output signal and a closed
bypass alarm contact. This signal controls
the state of the output contactor so
regulated system AC output, rather than the
commercial AC line itself, supplies the load.
Under these conditions, the static switch
SCRs are enabled, the inverter AC output is
locked in synchronism with the commercial
AC line, and the battery charger regulator
circuits are enabled so the system charges
the external battery.

5.27 If a failure occurs in the inverter
circuits resulting in application of a fuse
alarm signal to the inverter fail detector, the
output  of comparator A 114G 3 under goes
transition from logic low to logic high. This
signal reverse biases Q#4, and the coil of K I is
deenergized. Simultaneously, the output of
Al4G3 is applied to inverter A6GY% which
illuminates the INVERTER ALARM indicator,
and forward bias Q7. The INVFAIL control
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signal output, derived from the collector of
Q7, applies a logic high reset signal to
counter A16 in the debounce circuit. With
the coil of K | de-energized, the bypass alarm
contacts open, and the bypass enable control
signal is removed to allow the bypass
contactor to connect the bypass AC line,
which is unconditioned commercial AC
power, to the load. Contacts 12 and 13 of Kl
close to illuminate the BYPASS ON indicator
and apply a logic high input at pin 6 of A5G2.
At this time, the static switch SCR gating
signals are disabled, Q5 is reverse biased to
deenergized the coil of K3, the DISCHARGE
indicator is illuminated, and the discharge
alarm contacts are closed.

5.28 If AC line power remains unavailable
or unacceptable for extended periods of time,
the external battery may become sufficiently
discharged to activate the low voltage
shutdown circuit. The shutdown circuit also
activates the  bypass control  circuit,
regardless of the availability of the
commercial AC line. Battery voltage is
monitored by comparator A14G2 through a
voltage divider consisting oi R34-R87. The
setting of potentiometer R&J determines the
low voltage shutdown threshold. The output
of AI4G?2 is normally a logic high when
battery voltage is greater than the selected
shutdown limit. This output signal reverse
biases Q2, and is inverted by Al7G#&. The
output from Al7G4 is applied to the base of
Ql4 through CR57, R121, and R146 to bias
this transistor on. When Ql4 is conducting,
the coil of K2 is energized so its contacts
apply operating power to all control circuits.
Under these conditions, assume that inverter
AC output is supplying load power.

5.29 If battery voltage decreases to the
selected shutdown level, the output of A 14G 2
changes from a logic high to a logic low.
This signal forward biases Q2 so the LOW
BATTERY indicator illuminates.
Simultaneously, inverter A17G#4 provides a
logic high output which is coupled to
comparator Al4G| through CR58 and R120.
The output of Al&4G] changes from a logic
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low to a logic high which reverse biases Q&.
The output from Al4G] is coupled to Q%
through steering diode CR24. At this point,
circuit operation proceeds in the same
manner as if an inverter failure were
detected; however, the INVERTER ALARM
would remain extinguished. To prevent
extremely deep battery discharge, the output
of A17G4 is decoupled from Ql&% by CR57.
Reverse bias is applied to the base of Ql#&4
through R160, and the coil of K2 is de-
energized. The contacts of K2 change state
when the armature is released to remove
battery power from the control card.

5.30 If the system is manually placed in the
bypass mode through use of the front panel
selector switch, a logic high BYPASS control
signal is applied to pin 5 of AX2. This same
control signal is applied to comparator
A14G] through steering diode CR65 and

R120. At this point, circuit operation
proceeds in the same manner as if a low
voltage shutdown condition occurred:
however, operating power would not be

removed from the control circuits, and
inverter operation would not be stopped.

5.31 Start-up Sequence Control A special
start-up sequence occurs after low voltage
shutdown if the mode selector switch s
placed to the INVERTER ON or AUTOMATIC
position. When commercial AC line power is
made available to the system diodes CR]15A-
CR15D, connected in a full wave bridge
configuration, rectify the AC supplied by
stepdown transformer T2, Capacitors C 18
and CIl9 filter the DC output from the
bridge, and +1% VDC is made available to the
control circuits through normally closed
contacts 3-4 of K2, At this time, bypass AC
is made available to the load through the
bypass contactor. With power applied to the
control circuits, the debounce circuit
containing A 1 1G | and A16 begins the
countdown routine. Control signals LOCK,
LVS, and SSOFF are all logic high so A | 1G 1
can count the 60 Hz transitions. After 64
seconds have elapsed,, the logic low outputs
from Q9, QI10, Qll, and Q12 of AI6 forward
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bias transistor A3, thereby applying the LVS
INH signal to the low voltage shutdown
detector, Circuit action ultimately forward
biases Ql4 to energize the coil of K2,
thereby switching battery power to the
control circuits. If AC line power remains
acceptable, the S$SOFF control signal output
from Al7G2 becomes a logic low 68 seconds
after the debounce routine begins, thereby
enabling application of the gating pulses to
the static switch SCRs. The system locks to
the AC line, and the battery charger
regulator  circuits begin recharging the
battery. The system is still maintained in the
bypass mode to allow a period of time for
battery recharge.

532 A timing circuit consisting of Al7Gl,
Al9, and associated components determine
the time that the system charges the battery
following low voltage shutdown and
subsequent system restart. This circuit
maintains a logic high input to Al4Gl
through CR65 and CR83, derived from the
output of AlL7Gl, for approximately three
minutes after application of commercial AC
input power. When this output becomes a
logic low, the output of Al4Gl becomes a
logic low to allow application of forward bias
to Q4 which energizes the coil of KI.
Contacts 12-14 close, applying the BYPASS
ENBL control signal to the bypass contactor.
This contactor is energized to connect
system AC output rather than bypass AC to
the load. The start-up sequence ends at this
point, and the system resumes normal
operation.

5.33 Alarm_Circuits The alarm circuits,
most of which are contained in the foregoing
description, form an integral part of the
control circuits and consist of various
comparators, amplifiers, and drivers which
provide LED indications on the system front
panel. The alarm circuits monitor voltage
levels, current flow, and status of various
portions of the control circuits, providing the
operator with a visual indication of system
status.
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Gate Drivers and Power Supply

5.34 Circuit card A2 contains SCR gate
driver isolation transformers and a dual volt-
age DC power supply. Each pulse trans-
former, T] through T4, connects to a pulse
amplifier transistor, Q& through Q1ll, on the
control circuit card. The transformers pro-
vide a means of coupling and isolation be-
tween the control circuits and the SCR gates
in the inverter and static switch. The diodes
connected across the primary winding of each
transformer reset the core between pulse
groups to prevent magnetic saturation of the
core material.

5.35 The power supply on circuit card A2
provides regulated -15 and -30 VDC used in
the control circuits. These voltages are
derived from zener diodes CR13 and CR14
connected to the battery or rectified AC line
through circuit card Al. Operational ampli-
fier Al and series-pass transistor Ql form a
voltage regulator circuit which provides ap-
proximately 35 VDC to the primary windings
of the pulse transformers. Battery or recti-
fied AC line is also used as the source for
this 35 volt supply.

Status _Relays

5.36 The status relays on circuit card A3
are driven from the alarm and status signals
generated by the control circuits. The con-
trol signal is applied to a relay driver transis-
tor directly, or to the transistor through an
inverter. When a control signal is applied to
the base of a driver transistor, that transistor
conducts and energizes a relay coil in its
collector circuit. Relay contacts either ap-
ply or remove voltage at an LED which
provides a visual alarm or status indication.

6. TROUBLESHOOTING
Introduction
6.01 The troubleshooting information in

this section should be used as a guide in
localizing failures in the UPS. Before at-
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tempting any troubleshooting procedures, the
UPS should be disconnected from the load
and isolated from any other power equip-
ment. In doing so, the system is isolated
from any external equipment failures which
may reflect as a trouble symptom.

DANGER

Unless otherwise specified, trouble-
shooting procedures should be under-
taken only after AC and DC power
sources to the UPS have been discon-
nected. AC voltages used in this sys-
i temn can cause severe, perhaps fatal,
electrical  shock; therefore, service
personnel should observe all precau-
tions normally associated with main-
tenance and repair of electronic
equipment.

Fault Isolation Chart Use

6.02 The fault isolation chart included in
these instructions is designed to aid service
personnel in locating possible failures in the
UPS. The chart is in the form of a flow
diagram containing interrogatory and direc-
tive statements in diamond-shaped and rec-
tangular geometric figures, respectively. A
yes or no response sufficiently answers each
inquiry, and the servicing technidan should
follow the respective YES or NO line of flow
to the next inquiry or directive statement.
The directive statements require that the
technician perform an adjustment or test to
verify certain operational conditions. If the
line of flow terminates in a block entitled
POSSIBLE CAUSES, the servicing technician
should check each cause listed and take ap-
prcpriate corrective action if a faulty com-
ponent or assembly is located.
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Testing Precautions

DANGER

Do not connect grounded test equip-
ment to any energized component:
otherwise, damage to the UPS can
result. At the same time, a personnel
shock hazard exists since the chassis
and case of ungrounded test equipment
is energized to the same voltage level
as the circuit or component under
test. Servicing personnel must exer-
cise caution that simultaneous contact
is not made with the test equipment
chassis or case and some grounded
object when the test equipment is con-
nected to the UPS while it is operat-

ing.

Repair and Replacement Information

DANGER

Insure that all power sources are fully
disconnected from the UPS before
performing any repair or replacement
procedures.

6.03 When a trouble symptom is localized
to a faulty circuit card, that particular cir-
cuit card should be replaced in its entirety.
No attempt should be made to troubleshoot
or repair individual drcuit cards.

6.04 If the suspected cause of a trouble
symptom is an out of adjustment condition,
the particular adjustment setting should be
checked or reset using the appropriate ad-
justment procedure.

6.05 Component failures are sometimes ev-
ident during a visual inspection of the cir-
cuitry. Obvious trouble symptoms such as
loose connections, overheated, discolored, or
burned components, open fuses, or burned and
melted wire insulation should be corrected
and the cause determined before proceeding
with more detailed maintenance procedures.

-‘ -‘ -' - - - _




6.06 Various test procedures referenced on
the fault isolation chart provide the servicing
technician with suggested methods for test-
ing certain circuit components and checking
for the presence or absence of certain system
control signals. Whenever a numbered test
procedure is encountered in the chart, ser-
vice personnel should refer to that particular
test procedure in this section for further
troubleshooting information.

6.07 Semiconductor device outlines for di-
odes and thyristors (SCR's) used in this UPS
are shown in Figure 6-I. The outlines are
intended to aid servicing personnel in identi-

fying semiconductor terminations during
troubleshooting or replacement procedures.

Test Procedures

6.08 The following test procedures are
those referenced by number on the fault
isolation chart. By following one of the
appropriate procedures, the servicing techni-
cian can perform a test on components sus-
pected of failure, or on the system to verify
an operating condition. In the operational
test procedures, appropriate cautionary
statements are inserted where necessary.
The servicing technician must observe the
contents of each statement and follow nor-
mal precautionary procedures necessary when
servicing electronic equipment to minimize
the possibility of accidental electrical shock.

6.09 Test Equipment. The following test
equipment is necessary to perform the proce-
dures in this section:

Fluke Model 8022A
or equivalent

Digital Voltmeter

Tektronix Model
T92! or equivalent

Oscilloscope

Insulated Screwdriver CC Electronics
or alignment tool type 8728A o
equivalent
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6.10 Test Procedure 1. Perform this test
when checking a capacitor for opens or
shorts.

a) Refer to paragraph 3.06, and perform
system shutdown. Insure that AC and
DC power sources are disconnected.

b) Allow at least 60-seconds to elapse
from time of system shutdown, then
disconnect both leads or terminals of
capacitor to be tested.

¢) Set the digital voltmeter (DVM) for
ohmmeter function, using a high resis-
tance range.

d) Momentarily short the capacitor leads
or terminals to insure complete dis-
charge. Connect meter test leads to
capacitor leads or terminals, and ob-
serve indicated resistance. For a good
capacitor without any faults, initial
resistance is low and gradually in-
creases as capacitor takes a charge.
Final resistance is usually several hun-
dred thousand ohms, approaching |
megohm, Initial high resistance
approaching infinity indicates an open
capacitor. Initial and continued low
resistance near zero ohms indicates a
shorted capacitor. Replace any capa-
citor which indicates an open or short-
ed condition.

e) Perform Steps b) through d) on all
capacitors suspected of being faulty.

f) When all test are completed, insure
that wiring to subject capacitors is
properly connected.

g) If no further tests are required, refer
to paragraph 3.05 and perform system
startup.

6.11 Test Procedure 2. Perform this test
when checking a diode for opens or shorts.

a) Refer to paragraph 3.06 and perform
system shutdown. Insure that AC and
DC power sources are disconnected.
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b)

Disconnect all wiring from one termi-
nal of the diode to be tested.

¢) Set the DVM for ohmmeter function,

d)

using lK resistance range.

Connect meter test leads to diode
terminals, and note indicated resjs-
tance, Reverse test lead connections,
and again note indicated resistance. A
good diode without any faults
indicates a low resistance, typically
0.7K ohms when forward biased, and
nearly infinite resistance when reverse
biased. A shorted diode typically indi-
cates zero ohms regardless of test
lead connections; conversely, an open
diode indicates very high resistance
regardless of test lead connections.
Replace any diode which indicates an
open or shorted condition.

e) Perform Steps b) through d) on all

diodes suspected of being faulty.

f) when all tests are completed, insure

g)

that wiring to subject diodes is proper-
ly connected.

If no further tests are required, refer
to paragraph 3.07 and Perform system
startup.

6.12 Test Procedure 3. The following pro-
cedure tests the performance of the gate

driver/power
operating

supply circuit under

conditions.

card, A2,

a) Allow the system to remain in opera-

tion, and open the front door of the
cabinet after loosening three retaining
screws. Locate the gate driver/power

supply circuit card, A2, mounted on
the inner surface of the front door.
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DANGER

Voltages capable of producing severe,

perhaps fatal,
present at

electrical shock are
various components

throughout the UPS. When performing;
the steps in the balance of this test

procedure,

exercise extreme caution.

that contact is not made with any

electrical
test

termination. Insure that all
leads and probes are adequately

insulated since test connections are

made to

electrically energized|

components.

b) Check the power supply portion of

¢)

circuit card A2 before proceeding with
other tests.

1) Set the DVM for voltmeter func-
tion. Adjust the instrument range
to indicate -15 and -30 VDC.

2) Connect meter common lead to the
positive {+) lead of Cl or C3 on
circuit card A2. Refer to Figure
6-2.

3) Check for =15 VDC at positive (+)
lead of CI, and for -30 VDC at
negative lead of Cl. Allowable
voltage tolerance of each supply is
t [0 percent.

4) Connect meter test lead to test
point WI, shown in Figure 6-2, the
cathode lead of CRI. Voltage at
W! should be -35 VDC, # 10 per-
cent.

5) If any of the voltages checked is
missing or out of tolerance, per-
form system shutdown procedure
and replace circuit card A2.

Check the gate driver portion of cir-
cuit card A2 using the following steps:
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DANGER

Do not use a grounded oscilloscope
when performing this procedure;
otherwise, damage to the UPS may
result. At the same time, a personnel
shock hazard exists since the chassis
and case of ungrounded, AC-operated
test equipment becomes energized to
the same voltage level as the circuit
under test. Servicing personnel must
exercise caution that simultaneous
contact is not made with the test
instrument chassis or case and some
grounded object when the test
equipment is connected to the UPS

while it is operating.

DIODE QUTLINES
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1) Adjust oscilloscope vertical sensi-
tivity for 10 volts per Centimeter
(10V/em). Adjust horizontal time
base for 2 milliseconds per centi-
meter (2 ms/em ),

2) Connect common lead of probe to
positive (+) lead of capacitor C2 or
C3 on circuit card A2, Refer to
Figure 6-2.

3) If checking for gate pulses to in-
verter SCR's CR6 and CR7, con-
nect oscilloscope probe to test
points WI and W2, respectively,
shown in Figure 6-2. If checking
for gate pulses to static switch

THYRISTOR OUTLINES

—+{"IH1— | Lean-wounten
DINOES

] EI’ [ TAPERED OR STRIPED Eta.

OR SYMBOL STANPED O N

N

| STUD- MOUNTED
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J POLARITY
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Al g
YRIST
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0
SHORT TERMINAL
CATHODE {AUXILIARY }
OISC - TYPE,
*m GATE CLAMP- MOUNTED
THYRISTOR
m.s 0 CATHODE
[0 (] HH1 |« CONNECTION
WIRE LEAD MBOL
T
e g w1 R
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DIODE SYMBOL THYRISTOR SYMBOL
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ANODE GATE L“T""”‘-

Figure 6-1. Semiconductor Oultines
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SCR's CR9 and CRIO, connect o0s-
cilloscope probe to test points W&
and W 3, respectively, shown in Fig-
ure 6-2. The displayed waveform
should be approximately the same
as that shown in Figure 6-3, except
inverted.

4) Any pulse group missing _or distort-

ed indicates a -fault on either cir-
cuit card AZ or Al. Replace A2
first; if the trouble symptom is
not cleared, then replace control
circuit card A 1.

5) If all pulse groups are present at

6)

W1l through W4 on circuit card A2
but the trouble symptom persists,
check for the SCR gating wave-
form at the gate and cathode ter-
minals of CR6, CR7 or CR9, CRIO.
If this test is performed, connect
the probe common lead to the
cathode (K) terminal of the device
under test. Connect the oscillos-
cope probe to the gate lead of each
SCR being checked.

The gating waveform displayed
should be the same as that shown
in Figure 6-3. If any waveform is
missing, replace circuit card A2,
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d) Insure that the oscilloscope is not
grounded through the power cord if an
I, AC-operated instrument is being used.

il I Connect the probe common lead to
" } n wﬂ q‘w%’m' circuit card Al test point TPS5, Con-

nect the oscilloscope probe to test

point TP2. Refer to Figure 6-4 for
test point locations.

—
-

—CABINET DOOR
|’ / CONTROL CIRCUIT
Figure 6-3. Gating Pulse Waveform CARD Al

6.13 Test Procedure 4. Observe the follow- TP6
ing procedure when checking and adjusting . TPS = COMMON
inverter frequency.

a) If UPS is already operating, place TP3
mode selector switch to BYPASS SUP-

PLYING LOAD-INVERTER ON posi-
tion.

@A [

b) Release three retaining screws and
open front door of cabinet. Place
switch 83 to the OFF position. ) RS

DANGER

Voltages capable of producing severe,
perhaps fatal, electrical’ shock are @ R23-INV FREQ
present at various components
throughout the UPS. When performing @ RE4
the steps in the balance of this test
procedure, exercise extreme caution
that contact is not made with any

I electrical termination. Insure that all m R74

the leads and probes are adequately
insulated since test connections are @ R4§
made to electrically energized
components.

¢) Adjust oscilloscope to monitor a 60 Hz
sine wave of approximately 55 volts NW
peak-to-peak amplitude. The trigger-
ing source for the oscilloscope should
be the line (60 Hz AC) or an external,
stable 60 Hz source.

Figure 6-4. Potentiometer and
Test Point Locations
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Section 4204

e) Observe the waveshape on the oscil-
loscope. If the line is used as. the
triggering source, the waveshape
should be stationary on the CRT. If
any other type of triggering is used,
measure the period of one wavelength.
It should be 16.66 milliseconds at 60
HZ.

f) If inverter output frequency is other
than 60 Hz exactly, adjust potentiom-

eter R23 (INV FREQ) until correct
output frequency is attained.

WARNING

Do not attempt adjustment of any
other potentiometers on circuit card
Al. Only R23 should be adjusted.

Page 32
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h)

i)

After adjustment is completed, place
switch $§3 to the ON position. Place
mode selector switch to AUTOMATIC
position.

Wait approximately 35 seconds for
completion of system debounce rou-
tine. System should accept line as
main AC source.

Check system operation. No red
alarm indicators should be illuminated
at this time. Check system output
under load and at no load for proper
voltage, nominally 117 VAC at unity
power factor.

After all tests are completed, discon-

nect oscilloscope probe. System may
be returned to service if operation is
normal.
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Section 4204

[

RECORD OF INSTRUCTION CHANGES

LORAIN PRODUCTS

ISSUE
OR
DATE ECN DESCRIPTION OF CHANCE
2 - ) Spec. No. 5176-306 added.
3 183-8172 Circuit card A | changed from a 4864-221 to a 4864-4 |9,
The accessory meter panel is now standard.
CONVERSION TO LAMPS
Di 183-8907 Circuit card Al changed from 4864-419-00 to
4864-732-00. Remove status panel deleted.
El 183-8783 Slow Charge Circuit
Fl - Reworded Paragraph 2.03 for clarity.
Gl - Low Voltage Shutdown Adjustment Procedure added.

1122 F Street. Lorain, Ohio 44052

(216) 208-1122/TWX 610-426-2120 (LORAIN PRODY/TLX. 88-0505 (LORN PROD LORN)

in Canady =
Reliance Telecommunication Products Ltd.. 122 Edward St.. §t. Thomas. Ont.
TEL. 519-631-0780/TWX 610-158-6703 (LORAIN PRODCAN])

L]

in Mexico —
Productos Lorain de Mexico. S.A. de C.V.. Apartado Postal 77001
RELIANCE
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Section 29
Issue D1, January 29, |986

- REPLACEMENT OF DISC-TYPE THYRISTORS
AND DIODES USING CLAMP ASSEMBLY

2368-234-00 OR 2868-235-00

Installation Instructions
CONTENTS PAGE

1. GENERAL ..... ... . . . |
2. REQUIRED TOOLS AND

MATERIALS . . ..o |
3. INSTALLATION PROCEDURE . . . . .. |
APPENDIX
1. GENERAL

1.01 These instructions provide a step-by-
step procedure for replacement of disc-type
thyristors or diodes. These semiconductors
are used in various types LORAIN"equipment,
and the procedures outlined in these instruc-
tions should be followed to correctly replace
disc-type thyristors or diodes.

1.02 Refer to Figure | for identification
outlines of the disc-type thyristor and diode.
The replacement device should be compared
to the outline drawing prior to replacement.
Identify the polarity and type of the replace-
ment semiconductor to insure that the new
diode or thyristor is correctly installed in its
heatsink.

1.03 Figure 2 provides an illustration
showing force gauge use during the replace-
ment  procedure. Refer to Figures 2A
through 2C during installation to insure that
correct mounting force is exerted on the
replacement diode or thyristor.

2. REQUIRED TOOLS AND MATERIALS
201 The following tools and materials are

required to replace a “disc-type” semi-
conductor:

Quantity Description

| Set Socket wrenches with
ratchet handle and exten-
sion: 3/8 or /2 inch

drive

| Screwdriver; medium
sized flate blade

! Force gauge; L.P. Part
No. 6774-007-00

| Container Thermal joint compound;

Wakefield Engineering,
Inc., Type 120 (L.P. Part
No. 1762-510-00), 0o r

equivalent

3. INSTALLATION PROCEDURE

3.01 Remove all sources of power to the
equipment requiring repair. Open all AC
and/or DC input and output circuit breakers
or switches according to the Stopping Pro-
cedure in the appropriate instruction manual.
Open the external disconnect on protective
device prior to the replacement procedure.

NOTE

Refer to the Schematic Diagram of
the equipment being repaired. Insure
that the equipment is completely iso-
lated from all power sources. In some
instances, it may be necessary to
remove input, output, and control
fuses to completely isolate the equip-
ment from any power source.

Page |
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Section 2968
FIGURE |
_ SEMICONDUCTOR IDENTIFICATION OUTLINES
THTRISTOR mq
CATWOGE { ALROLIARY )
are oA~ uLITEE o OB
ooce
CATIODE CATHOOE
SYMBOL STANMPED ON SYMBOL. STAMMEID ON
ANOOE WOCATES, FOLMETY ano0e WOCATES, AT
—_ THYMISTOR _STMBoL. DI0OL_SYMAGL _
(A} 73] tch
LESS THAN RATED FORCE EXCERSIVE
TED FORCE FORCE
W ——
PORCE GAUSE ——rtstemd
MOUNTI NONTING CLANP
;LT ;LY
= PRI WSS
J {5 MOTR 4 )
41 1 ! )
1
DISC ~TYPE % >—oa1- s
THYRISTOR OR
' 7 2 R 1
:E;‘I’Ill.—-—// [g
FIGURE 2
CUT-AWAY VIEW OF *DISC=TYPE* SEMICONDUCTOR
INSTALLATION DETAILS
NOTE 1 CLAMP ASSEMILY [LPC. PART NO. 2088-2341 HAS TWO SPRINES.
CLAMP ASSEMBLY (L.P.C. PART NO. 2088-233 ) HAS FOUR 3PRINGS.
Page 2
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DANCER

Hazardous voltage may be present
within the cabinets of some LORAIN
equipment after input and output
power sources have been disconnected.
Servicing personnel must exercise
extreme caution that contact is not
made with interconnection terminal
blocks or any portion of the circuitry
other than the diode or thyristor as-
sembly requiring repair.

3.02 Open the equipment access doors or
covers and remove any inner protective
grilles or covers to gain access to the diode
or thyristor assembly. Proceed as follows:

a) If a thyristor is being replaced, dis-
connect the cathode (K) and gate (G}
leads from their terminal board.
These leads are usually red and white
wires, and are connected to a terminal
board mounted on the heatsink near
the thyristor.

b) Loosen and remove the two mounting
clamp bolts. The clamp, heatsink, and
semiconductor may now be removed
from the equipment.

NOTE

NOTE THE POLARITY OF THE
FAULTY SEMICONDUCTOR BEFORE
REMOVING IT FROM ITS HEATSINK.

¢) One mounting surface is the anode
connection, whereas the other
mounting surface is the cathode con-
nection. The polarity of the device is
usually indicated by a symbol stamped
on the ceramic portion of the device.
Refer to the Identification Outlines
(Figure 1) if any doubt exists con-
cerning the polarity of the device. It
may be necessary to remove circuit
wiring or loosen a busbar connection
from the heatsink before it can be
removed from the equipment.

Section 2968

d) Remove the faulty semiconductor
from its heatsink. Using a clean rag
or paper towel clean both portions of
the heatsink assembly to remove any
thermal compound residue.

e) If a thyristor is being replaced, care-
fully inspect the gate lead connection
at the pin entering the ceramic body
of the thyristor. It is of utmost im-
portance that this connection is tight.
If this connection point is suspected of
being loose, carefully solder the push-
on-connector to the pin to insure good
electrical contact.

) Apply a thin coating of thermal joint
compound to the mounting surfaces of

the replacement semiconductor.

WARNING .
Do not apply an excessive amount of
thermal joint compound on the
mounting surfaces of the replacement
device. The compound possesses elec-
trical insulating qualities, and may
prevent the semiconductor device
from functioning properly if an exces-
sive amount is applied. A thin, almost
transparent coating is adequate.

g) Install the replacement device on the
heatsink, observing correct polarity
and insuring it is correctly centered on
the pins imbedded in the heatsinks.
Replace the mounting clamp bolts, and
secure them finger-tight only.

h) Using a force gauge {L.P. Part No.
6774-007-00) placed against the clamp
springs as shown in Figure 2, tighten
the mounting clamp bolts alternately,
/4 turn at a time. The bolts should
be tightened equally wuntil the force
gauge indicates rated force is applied
as shown in Figure 2 {B).

Page 3
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NOTE

If excessive force is applied by Qvels
tightening the tinting clamp bolts,
as shown by the force gauge indication
in Figure 2 (C), completely loosen the
two bolts and repeat the tightening
process. Never attempt to adjust
spring tension by backing off the bolts
since the force gauge may provide a
false indication in this case.

‘i) When the mounting clamp bolts are
‘correctly tightened, remove the force
gauge. Reconnect any wiring removed
from the heatsinks, insure that all
hardware used to make electrical con-
nections is tightened securely.

j) If replacing a thyristor, reconnect

gate and cathode leads to their
respective terminals. Refer to the
equipment Wiring Diagram

(T-drawing) for details.
WARNING

insure that these leads are connected
to the proper terminal board connec-
tion  points, or damage to the
equipment and semiconductor device
may result when power is applied.

Page 4

NOTE

On the gate and cathode lead terminal
board, the cathode connection is
usually marked "K" and the gate con-
nection is usually marked "G". If any
doubt exists regarding the correct
connection points, refer to the equip-
ment wiring diagram.

3.03 After all electrical connections have
been made, replace any protective grilles or
covers which were previously removed.
Close the equipment access doors or covers.

3.04 Restore input power to the equipment,
and insure that any output disconnect or
protective devices are connected or reset for
normal operation. If necessary, refer to the
Starting Procedure in the appropriate in-
struction manual to restore the equipment to
normal operation.

i.
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APPENDIX
"‘ RECORD OF INSTRUCTION CHANGES
ISSUE
OR
DATE ECN DESCRIPTION OF CHANGE
Dl 183-7444 Revised to reflect current instruction format.

LORAIN PRODUCTS

1122 F Street, Lorain, Ohio 44052
(216) 288-1122/TWX. 810-426-2130 (LORAIN PROD)/TLX. 98-0505 (LORN PROD LORN)

in Canada —

Reliance Telecommunication Products Ltd., 122 Edward St.. St. Thomas. Qnt.
TEL. $19-631-0780/TWX 610-356-6703 (LORAIN PRODCAN)

L]

in Mexico —
Productos Lorain de Mexico. S.A. de C.V.. Apart Postal 77001
T T T X 1774508 (1774308 Lomniey - Apartado DELIANCE
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1. SPECIFICATION

l.1  GENERAL: The LORAIN® ConstAC * L'ninterruptible Power Svstem (LiPS) provides singie anase AC power (o cne

The

- 14
SYs[em nCludés an inverter. battery charging capability, AC disconnect means. and an AC voitage reguiatc

contatned 1n a common caminet. This UPS s histed by Underwriters Laboratories Inc. under Standarg 1912 for sowe
conversion equipment n 3 controlled environment. .

1.2 MODES OF OPERATION

1.2.1

l.2.2

1.2.3

l.JONE

Normal: When the commercial AC line voltage and frequency ire within acceptable limits. the UPS 1s 3 dDatrer
charger and line filter. Commercial AC fine s apphied through the static switch to the AC regutator/filter whic
supplies filtered regulated AC 10 the ipad. The iaverter/charger maintains (floats) or recharges an éxterni
customer {urnished barttery.

Line Failure: During line disruptions such as blackouts. brownouts, interrupts. transients, or frequenc
variations. the static switch disconnects the commercial AC line ailowing the inverter, which derives pawer fean
the batteries. 0 continue © supply filtered reguiated AC power 1o the icad. No break un load power occurs ypol
faiure of the AC une. When the line disruption ends, the LUPS monitors the commercial AC Line fo
approximately JO seconds. to insure that the line is stable, then returns 1o normal aperation.

Bypass: Load power s obtained directly from the commercial AC line, bypassing the inverter and regulate
circuits. Load power s not interrupted during transfer.

LINE DIAGRAM

T —
e 52 MO R2

-
3 !
sTANC
SWITCH

oC T

24 LS v gATER ac 0 ) mrm""
--.__...L.
r~ - s REGULATOR 120V, 18
canac)

cemamecsny peeeo
Lad™ ot e 1 i :
~4rusmg swron onb-- warrory]
L I

(NOTES +,2) iNOTE )

- —--

NOTES:

Pt —

A fusible switch or circuit Breaker, provided Dy the customer, should be connected between the bartery and DX
input terminals of the system. The device should be rated for an interrupting capacity in amperes at least [t
umes the ampere-hour capacity of the bartery. Refer to the [nstaller's Information Notes for required amperag(
raungs of the protective device. A siow acting fuse or circuit breaker capable of withstanding momentary Surg(
CUfrents i3 NECEISAry.

Dotred lines indicate equipment and wiring not furnished with the system,

POSITT-2
LORAIN PRODUCTS
LORMN, Qw0
RELIANCE caMM/TECE

POWER DATA

ConstAC® UNINTERRUPTIBLE POWER SYSTE

. SPEC. -~ 304-
MOV 021087 P MODEL WOA3028 NQ. 3176 l

W oL mais. 1287 MODEL WODAS02B, SPEC. NO. 5177-3I6 -
PARAGRAPH 4...2 CORRECTED

RELAY CONTACT RATING ON T84 [°\

w1 lie3-0308| HANGED 27 27 5.0 0FC 1 1 1980 B8 | T e bis'dil S B 19 076304

Cw Ay Oa Y A QATE
11 1] i NO QESCAIPTION Fi3 [1d-7-8¢
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SPECIFICATION

1.4 OQUTPUT RATINGS
1.8.4 System.AC Output

(A) Capacity: 3000 voit-amperes for Model 'WNA302B: 3000 valt-amperes for Madel WNA 502B.

{B) Voirage: 120 voits. 60 Hz. single phase,

{C) Reguiation: Output voltage remains within the range of |10 to 126 voits over specified AC and DC nbut
ranges trom no load to full load at 0.3 power factor leading or lagging.

{D} Harmonic Distortion: The total harmonic distortion of system output sine wave does not exceed 5% from
no ioad to full load.

(E) Frequency Stability:

System output is synchromized t0 commercial AC line when line frequency s within the range of 60
* 0.9 Hz,

(1)

It commercial AC line faius or frequency exceeds specified limits, the free.running inverter
frequency remains within the range of 60 = 0.} Hz.

(2)

1.4.2 Battery Charger Output

(A) Voltage: Adjustable from 49.9 to 38,73 VDC for charging a 23 or 2% cell battery. A FLOAT/EQUALIZE
switch on the system front panel ailows the manual selection of either the float of equalize output voltage.
Separate potentiometers allow independent adiustment of the fioat and equalize gutput voitages.

{B) Reguiatiomt Steady state DC output valtage remains within ¢ 0.5% of the adjusted voltage over the AC
input range and from no load to fuil load.

(C} Current: 13 amperes for Model WDA3028: 30 amperes for Mode! WDA502B.

L.3  INPUT RATINGS

l.3.1 System AC Input

(A)  Voltage: 100 to 127 volts with output power tactor of 0.3 leading or lagging. Refer to Paragraph [.i0.1.
(B) Frequency: AC input frequency applied t0 the system must remamn within the limies of 60 0.9 Hz. Refer
to Paragraph 1.10.1 for additional information.
(C) Typicai nput Daa:
MODNEL WDA2B
Battery
Charging
AC Current Efficiency
input Voitage Load || Amperes Watts |[DC Amperes %
0 1.0 443 0 ]
160 J0% 20.7 1933 0 7.6
100% 3.2 3333 ] 86,9
1] 3.3 433 g 1]
117 30% 17.2 1983 Q 73.6
100% 3.0 a5 0 16.9
0 5.0 473 o ¢
127 30% 16,3 2833 0 73.3
100% 29.) 3533 0 34,9
POSITT-318-00

035176-304-00 I
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1. SPECIFICATION

1.5.1 (C) Typical Input Data (CONTD)
VMODEL WDAS028

Battery
Chargmg
AC Current Efficiency
nput Voltage Load | Amperes Watts | DC Amperes %
a 15.4 710 b} a
100 50% 32.2 3070 Q 76.2
160% 60.6 5980 a {3
0 6.7 735 0 0
117 SO% 26.6 1120 0 756
100% 11.6 6060 0 35.3
n 7.3 i) 9 0
0 75.1
0 .
po  |ps | oue | g8 .3

(D) Maximum input Current:

(1)  Modei WDA3I028:

(a) 40.0 amperes: output loaded to 3 KVA at 117 VAC with §8 ampere battery charging <urrent.

{b) Does not exceed 5.7 amperes at 100 VAC nput with the system output uverloaded while

charging battery at 13 amperes.

(2)  Model WDA302B:

{a) 64 amperes with the output loaded o 3 KYA at |17 YAC with 30 ampere bartery charging

current.

{b) Does not exceed 74.% amperes at 100 VAC input with the system output overioaded while

charging bartery at 30 amperes.

1.3.2 System DC Inpuc
(A) Modei WDA3OZB:

(1) Voitager 42 10 36.4 volts.

{2} Current: Does not exceed 35.0 amperes at 42 voits.
()} Typical input Data:

[nverter

Inverter
System DC Amperes DC Efficiency
Load at .73 Volrs/Cell Insut %
Na Load 10.3 42 Valrs 35.2
Half Load 9.2 48 Volrs 38.3
Full Load 33.1 32 Volrs 11.6

PDSiT7-316-00

PO5 176-304-

o
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3

LP782-3/83




1. SPECIFICATION
1.5.2 System DC Input (CONTD)
{8} Model WDAS0ZB:
(1} Voltage: 42 o 56.4 volts.
{2} Current: Noes not exceed 147 amperes at 42 volts.

(3} Typical lnput Data:

Inverter Inverter
Svstem DC Amperes nC Efficiency
Load at 1.73 Volts/Cell Inoyt %
No Load 17.0 42 Volts 82.0
Half Load 74.3 48 Voirs $3.0
Full Load [46.8 12 Vol $5.3

{.6 STANDARD FEATURES
l.6.1 DC Input Protection:

(A) Precharge Circuit: These LUPS systems are equioped with a precharge circuit which charges the DC
capacitors prior to starting the UPS.

(8) Model YDA302B:

(1} Doudle pole 223 ampere disconnect opens both DC input leads.

(2) 130 ampere fuse provides instantaneoys overioad protection for inverter thyristors.
(C) Model WDAS02B:

(1)  Double poie 223 ampere disconnect opens bath DC inout leads.

(2} 300 ampere [use provides instantaneous overload protection for inverter thyristors.

1.62 Curput Protection: Inherent magnertic characteristics of ferroresenant transformer protects svstem against
excessive overloads and short circuits. [nstantaneous short circuit conditions may result 1 operation af an
inverter fuse.

1.6.3 Metering: The UPS is equipped with four merers which monitor battery voitage, charge/discharge current, load
voitage and load current. Each meter s a 2.5 inch rectangular type, wath a 2,81 inch scale length, at =2%
accuracy.

(A) Model PDAM2S:
OC Voltmeter: 0-73 voits DC
OC Ammeter: 150-0-150 amperes DC
AC Voltmeter: 0-150 voits AC
AC Ammeter: 0-30 amperes AC
(B} Model WDAIO2A:
DC Voltmeter: 0-73 voits DC
DC Ammeter: 200-0-200 amperes DC
AC Voitmeter: 0-130 volts AC

AC Ammleter: 0-73 amperes AC

PDSI77-316-00
'05176-304-00
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1. SPECIFICATION

1.6.% Indicators: The foilowing ndicators are located on the system {ront panei.

{A)

3)

Q)

{2

(E)

{3

Q)

(H)

1

B}

BYPASS CLOSED: A red indicator ifluminates whenever load power 15 supplied through the bvpass circutt
rather than the system AC regulator. Simultaneously, an open CIrcuit s present at TB4, terminals 3 ang &,
and a closed circuit 15 present at TB4, terminals % and 5.

LOW VOLTACE SHUTDOWMN: A red indicator illuminates when automauc inverter shutdown resuits from
low battery voirage.

INVERTER/CHARCER ALARM: A red indicator idtuminates it a fault occurs in the inverter/bartery
Charger caircuit which resuils noan open {fuse.

POWER ON: A green indicator illuminates whenever DC input i3 applied to the system and AC output
power 13 supplied to the load.

CHARGE: A green indicator illuminates and an open circuit is available at TB&4, terminais | and 2
whenever the system supphies charging current to the batrery.

DISCHARGE: A red indicator dlumwnates and 2 closed circuit 5 available ac TBS, rermunails | and 2
whenever the bartery suppiies INpUt power to the nverter.

RECULATOR OMN: A green ndicator 1liuminates when the system sypplies toad power through the AC
regulator. using either the commercial AC line of inverter as the source.

AC LINE NORMAL: A green indicator illuminates whenever commercial AC power appiied (o the system s
wizhin the acceptabie voltage and frequency limits.

STATIC SWITCH CLOSED: A green indicator illuminates whenever the static switch is enabied, supplying
commercial AC power 10 the load through the AC regulator circuit. A closed crrcuit s available ar TB4,
terminais 3 and 4, and an open Circuit 1S present at TB4, termunals % and 5.

DSi: llluminates to indicate the state of charge on the DC [ilter capacitors during the startup procedure.

1.6.3 Selector Switcht A {our position rotary switch on the system front panet allows manual setection of system

opera

(A}

(8)

tional modes. The function of each position s described as follows:

REGULATOR SUPPLYING LOAD:

(1) AUTOMATIC: Commercial AC power suppiies the load through the static switch and AC regulator,
and charges the battery when voltage and [requency are within acceptabie limus. 1f AC Line fails in
this mode, inverter automartically suppiies load with no break (n cutput power.

(2} INVERTER OMN: [nverter operates from bartery power and supplies AC to load. regardless of
commercial AC line status. inverter fajlure results in automatic transier 1o bypass circuits.

BYPASS SUPPLYING LOAD:

(1}  INVERTER OMa Commercial AC power supplies load through bypass circuit while system charges the
battery.

(2) [INVERTER OFF: Commercial AC power supplies load through bypass circuit. [nverter/charger
clrcust o disabled,

PDSI77-316-00

PDS5iT6~304-0(

FAGE

5

LPT82-3/83




1. SPECIFICATION

I.7 ENVIRONMENTAL RATINGCS
1.7.1 Operating Temperature Range: 0° Ct0 50° C(32* Fro [22° F)
1.7.2 Storage Temperature Range: -40°* C to 85° C{-40* F 1o {83*F)
1.7.3 Heat Dissipation: |27 VAC input with system outout fully loaded:
{A) Model WDA302B: (543 Bru/hr
{B) Model WDAS02B: 2796 Btu/hr

1.7.8 Ventilation Requirements: Ventilation openings in cabinet must be unobstructed and the temperature of the air
entering the cabinet must not exceed 50° C {122° F).

1.7.5 Audible Noise: The audibie noise at any point five feet from any vertical surface of the LUPS does not exceed
67DB "A” weighting when measured with 2 Ceneral Radio 1351C sound level meter (or equivalent) conformung to
ANSI $1.4. Refer to Paragraph 1.10.2.
t.8 ACCESSORIES
1.1 Rear Dress Panels Part No. 1517-336-00; covers protruding hardware from recessed rear panel of system.
1.9 RELATED DOCUMENTATION
1.9.1 Schematic Diagram:
(A)  Modet WDAJ0D2B: SO-5176-306-00
{B) Model WDAS02B: SD-3177.316-00
1.9.2 Wiring Diagram:
{A) Model WDAI02B: T-5176-304.00
(8)  Model WDAS02B: T-35177-316-00

L9.3 Instructions: Section 4204

1.10 SPECIFICATION NOTES
l.10.1 [t AC input voltage and/or frequency variations exceed the specified limits, this UPS automaticatly disconnects

from the input line and cperates from battery pawer. [f a particular application of this UPS requires operation

from an AC source that may be expected to exceed specified frequency and voitage limits, such as an engine -
alternator, consult the factory.

1.10.2 This parameter is guaranteed by engineering design and test, and is not production tested.

POSI77-316-00
'05176-304-00
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2. DIMENSIONS

NAP BUSHING '
URNISHED FOR |
/80 HOLE 2-3/4
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FIG. 4
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N D
TR4 T8l Ta
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RIGHT SIDE VIEW
FIG. 2

NOTES:

. ALL DIMENSIONS ARE in INCHES

2. WEIGHT wDA3028 | wWDAS028
(A) SHIPPING: 810 LBS | 830 LBS
(8) NET: 495 L8S | 690 L8S

3. FINISH: EQUIPMENT LIGHT GRAY

a_-
4. |
L

13/320 HOLES (4] FOR

SYSTEM

(0]
OI INDICATES VENTILATING GRILLE

PO 5177~ 316-(
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3. INSTALLER’S CONNECTIONS
3.1 MODEL WDA3028B

40 VOLT
0C NPUT
NOTE 4.14,4.3 & 4.10
=) (#
)

:

NOTE 4

12

AC LINE

INPUT
T8I

(o] B s)

NEUT
2
Ty
o

Q

INSULASEED ACCESS HAODIES

x Q| ©
IN DISCONNECT SwITCH

MOUNTING PANEL

-]
10Q
9 Of—toe | CHG ELIMINATE opTIoN®)
EARTH GRCUND 80 e NOTE 4.0.9 » 4.8
T
NOTE 4..4, 4.9 e olbJ Rom 5 ELTea
- f-[-\ s o o Lo
4 A by BYPASS/INV
NOTE 4.8, 46
O ‘o) 10
20 | CHG/OISCHG
| O NOTE 415, 4.5

FRAME

T84

GROUND  ALARM AND
CONTRQL

208t77-316-00

'05176-304-00

NQTE 413
SYSTEM
QUTPUT

TB2

NEUT
2
o0
o2 e
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3. INSTALLER’S CONNECTIONS
3.2 MOOEL WDASQ2B

46 VOLT NOTE 4.2.2
B¢ INPUT AC UNE
NOTE 4.2.1. 43 & 4.10 INPUT
(=} ("l' LINE NEUT
) IR |
]
@) ) o

E o o

INSULATED ACCESS MOLES
iIN DISCONNECT SwiITCH
MOUNTING FANEL

30 ﬁ]cus ELIMINATE OPTION (©)

EARTH GROUND NOTE 4.23, 4.8

REMOTE E1T/EQ
NOTE 4.23, 47

a
o ?
NOTE 4.2.4, 4.9 e
Pl 3-CH
“la JI BYPASS/ INV
3
2
1

e n Y =

NOTE 4.2.5. 4.6
Q O
o | CHG/DISCHG
o J NOTE 4.2.5, 4.5
FRAME T84
GROUND  aLanM AND

CONTROL

NOTE 4.2.3
SYSTEM
OUTPUT

TB2
Llflﬁ hEgT
e

o C

o o

POSIT7-316-QQ

PDSI76-304-00

Vs




4. INSTALLER’S INFORMATION NOTES

4.1 MODEL wDA302B

4.1.d

BC INPUT TO DISCONNECT SWITCH 51
Terminals Locp Length | Recm Wire | Recm
Capacity Tvpe F1. Note 4.3 Size Fusing
3/ 16=-incn 33 | Ca.
& Ga. 10 Allen socket 112 170 125
319 Ga. screw 10 270 Ga. Amo
4.1.2
AC LINE INPUT (TB 1}
Terminals Recm Recm
Capacity Type Wire Size Fusing
13-2 Ca. Saddle Clamo 6 Ga. 60 Amop
813
SYSTEM QUTPUT (TB2)
Terminals Recm
Capacity Type Wire Size
[3-2 Ga. Saadle Clamp 3 Ga.
LW )
| FRAME GROUND (FR CNO,
Terminals Recm
Capacity Size Wire Size
1/0-i4 Ca. Saddle Clamp 6 Ga.
4.1.5
{ ALARM AND CONTROL (TB&)
Terminals Recm
Capacity Type Wire Sire
6 Ga. Max. | 6-32 Screw 16 Ga.
PDSI77-316-00
D5176-304-00
age
10

LPE38-1/88
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4. INSTALLER’S INFORMATION NOTES

4.2

8.2.1

422

.25

MODEL ¥DA302B

DC INPUT TO DISCONNECT SWITCH 5!

FRAME GROQOUND (FR CGND}

Termunals. Recm
Capacity | Size Wire Sire
1/9-1% Ga. | Saddle Clamp 6 Ca.

{ ALARM AND CONTROL {TB&) |

Terminals Recm ']
_Eauacitv | Tyoe Wire Size

16 Ca. Max. | 6-32  Screw 16 Ga,

Terminais Loop Length { Recm Wire | Recm
Capacity Type Ft. Note &.,) Size Fusing
5/16-inch
6 Ga. 10 Allen socket 100 30 Ga. 200
30 Ga. screw Amn
AC LINE INPUT (TB1)
?ermmals Recm Recm
-_Capacny Type Wire Size Fusing
-2/0 Ca. Saddle Clamp 4 Ga. 30 Amp
SYSTEM QUTPUT (TB2)
Terminais Recm
Capacity Type Wire Size
4-2/0 Ga. Jaddle Clamp 4 Ca.

POSI?T?7-316-00

POSI76-304-00

{22 'l

LPB39-4/98




4. INSTALLER'’S INFORMATION NOTES

8.3  OC input wiring 15 sutficient 0 restrict voltage drop to one volt or less at rated current tor '0Op tengths snown. Laop
length 1s the suM ot positive and negative [e3d lengtns.

4.8 Wire sizes based on recommendations of the Natonal Electrical Code Tabie 310-16 for copper wire at 735 *C conductor
temperature, Jperating «n an ambent of J0°C. For uperation :n ambient higner than 30 *C. apply derating facters
Listed 1n Table 110-16 of the National Elecrrical Code,

4.5 Termunals | and 2 of TB4 are connected interndlly to a relay conrtact. rated at 1.0 amp, 30 VDC. An open circuit s
present when the svsteM 15 Charging the battery, and a cigsed circwit (s present while bartery s discharging (o supply
inverter \nput power.

4.6 Termunals 3 througn ¥ of TBG are connected internally to retay contacrs rated ar 1.0 amp. 30 VDC., When system
bvpass circuits are activated. 3N Jgen CwwGUIL 13 present At termunals 3 and 4. and 3 closed curcuat 3 present at
terminals ¢ and 5. When system output supplies the toad. using either the AC line or inverter as the primary source. a
closed circult 18 prsent it rerminals J and %, and an open circuil 1s present at termenals 4 and 3.

8.7  An external 3PST switch connecred to termmunals & and 7 of TBU4 can be used for remote control of bactery {loar and
equaiize tunction. With FLOAT/EQUALIZE switch on system front panet set to EQUALIZE position, the battery may
be charged it equalize voltage by providing an open circuit at TB4, rerminals 5 and 6. Closing the circuit it these
termunals provides [loat voltage to the battery.

4.8 Counnect 3 jumper to TB& rerminais 3 and 9 to disable the battery charging feature of the system. Refer to instruction
torm for complete description and adjustment detasis. ’

8.9 This terminal must be connected to earth ground. not power system neutral. Equipment grounding conductor size
based on recommendations of the Nactional Electrical Code Table 230-95 {or copper wire. I aluminum or copper clad
Aluminum grounding conductor 1S used, refer to Table 230-35 for increased conductor size.

8,10 For proper system operation. the positive terminal of the external bartery must be grounded n comphance with
Nationai Eiectrical Code Arricle 230 and/or local codes or practices.

8.1l Qwndicares wiring lurnished and connected by customer,

POSIT? - 3(6=00)
POS5176-304-00

l "o

...LP838-1/88
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PARTS LIST | - I I ac
QUANTITY PEAR MODEL 3:3?§ ‘ 1 NEW=" amtiuam o
QTY. \
REF. CESCRIPTION PL.P a LEVEL 1A 2-13-82 oac mf -
DESIG. * PART Pa -
amr [ = ]s £ A L]
é 1 e z is3rten? 5-13-82 DAL
Fjo19 Ci2-CIB WAS 2714 -T66 'l"
ccz [ 0.0WR 2% Ac 2TH-502 2 e A £33 V2 5
i 3N : 3 18378sc 0-3-52 Tru.
c9 0.5uUF, 660Y AC 2714-523 ' ! .,$m DESIG RV | WAS,
3 9. STOV AC i ' i ufhl1 0 2,
. -578 ]
c12-18 . 600V AL 2T14-76T 7 4 1837655 4-15-83 TEM.
{UF, 250V AC 2TM-539 1 : izn.zz.zs.zs.u.mo.m ,2,38 4 e
ci19.c2o D23UF, 600V DC 2T15-257 2 u%IJED C2,.CR2,184 OPTION B RE-
3 - ] 0-30UF, 65OV AC FACT. 5EL ' VED: T2 “s"s'z‘asvs:'no" T4 wAS
R IR SN sk,
1-235 ' 5 s y-irets
C30, , - 771
aD,c31 O.IUF. "250v AC 3714-5i3 } S 1838172 9-14-6. "
R4 Dto0E 2812-310 [ « A&c\;nssgas;;z: R7,8 REMOYED
CRS.p . 0100€ : 2814-238 2 NOTES: ] —
cre.cAt | THYRISTOR 2863-258 | z o Momm Fumpy  Bf S,
CRg .10 THYRISTOR 2864-127, F] 1. WHEN THE BATTERY IS BEING CHARGED, TERMINALS 1 & 2 OF TB4 CONVERSION TO LANPS
Rl ZENER 3.6V 5w 2834-414 1 WIli BE OPEM, WNHEN BATTERY IS BEIKS DISCHARGED, 1 & 2 OF TB4 1 Is38903 -
'ILCt BE sv-ntmﬂ:nt THIS CIRCUIT CAN WITHSTAND 120VAC OR 28V OC CHGD ks coi 'v'n:ﬁm R
F1.2.3 34,2507 AGC-3 2483-233 3 & CONDUCT 0.5 m@ Toum, . s
150 AMP 250V, NON150|  2403- 841 1 Pty -
Fa 300 AP, 200V, 2485-427 1 2. WHEN THE ConutAC SYSTEN IS IN BYPASS MOOE. TERWINALS 3 § 4 OF AR 2 ':’;;..f.(
" 2 AN, 133Y.MDL.2 2484.233 h T84 WILL BE CPEN.S 4 83 SHORTED. WHEN IN AN INVERTER MODE, TERMINALS 3 & 4
FT.0.% 1AMP 250¥ AGC-1 2483-222 3 TBA WILL BE SHORTED, & 4 85 OPEN. THIS CIRCUIT CAN WITHSTAND IZ0YAC OR zav Gl 1838307  7-12-83 ™
Fio 0AMP 230V 2483-258 ' OC & CONDUCT 0.5 AMPS MAXIMUM. Al WAS 4B64-419 . RSP ASSY
M epat.
Ll INOUCTOR FILTER L)) -5T4 1 3. WHEN LOCAL FL/EQ SWITCH ON Al IS SET TO EQUALIZE, SYSTEM CAN BE 4 ".,,‘ -
L2 INDUCTOR  COMM _ un -134 1 FUT- INTO FLOAT REMOTELY BY SHORTING BETWEEN TERMINALS @ § 7 OF -
L3 H&EE"H WLINE -oqz } TB4. REMOVING THE SHORT WILL PUT THE SYSTEN INTD EQUALIZE. Hi 183a7es 9/25/85 R.L
i INDOCTOR: C o ::3: 132 1 wa CIRCUITRY ADOED
B N DUC TOR, DIFF. 44i)- 174 i 4. RESERVED raisas M SEhE oo
Al FC CONTA CARD [ ag6a-7x2 1 41 1830096  10-29-87 IR
A2 UPPLY & s. WIPER OF 54 (PIN 3) IS +1SVOC WITH RESPECT YO COMMON OF A . . EM! SUPPRESSION UPDATED.
CATE DRIVE CARD as6a-222 |1 _ FE ¢ 1 (4s6a-221) L4, €19.C20 ca t22 coeatn. | -
Ad, A6 RC NETWORK zosi-iie 2 €3 REMOVED A L4, L8,CY, 2, C30,
.wmo AUTD, | C3{ ADDED. 61.:’1’.1; 2. wz
1.2 RELAY  SDA 258(~437 2 / . . ,;4 .
: OFfo INVERTER f (%
K3 RELAY  48VDC COIL 2543-197 1 4 ° \ QEC 1 o7
X4.5 RELAY, 120¥ COIL 2546-482 2 Se ; 42 3-19-88 N |-
® ' CONNECTION POINT OF CAPR C9
6. OPTION (T) 13 PROVIDED WWEN COMTAC ~ SYSTEM IS WORKING M CONJUNTION ) CORRECTED PER W. COLLEY
Rl 200A/50MV SHUNT zssz-;:; 1 WITH AN EXTERNAL BATTERY CHARGER. ", £Dissa 1947 .
A2 300 Dvm 23w 2656 - 1 .
R3 39K, lOW 2652.641 1 POT. R46 OW Al 13 ADJUSTED FOR ZERO BATTERY CURRENT WHEN STATIC MY 2019 B’H-
R4 18K.10 2635-640 1 SWITCH IS OFERATED. 3 13-88 REl &
RS 2% oMM, 10W 2652-437 1 ADDED PT. MG sosITT-319-00 PeR |
R6 10 OHM, 108 26552- 42T 1 ; Q. LYONS. £ Wets £
Rt 13K WIW 2615-279 1 »
»10 5.1 o 72M 2653467 1 SEP1L453 o 7]
z 10 OHM, 25W 2663-TI0 1 . .
337 100A, SPST 2513-852 2 ,
s 225A.0C DISCONNECT| 2313-860 1 ‘ _
s4 11 POLE 4 POSITION| 2521-143 1
83 2 POLE 2 POSITION 2313-316 1 )
n PONER XFMR 4561-Q13 1 .
12.3 SICMAL NFMR 4443.621 2 .
T4 CURRENT XFWR 413211 1 .
os1 RED LE.D taig-27 1 ‘
I
1
" oC VLTS 0-75 2543425 1
n - 0C WS 200-0-200 7923487 1
m3 AL YOLTS 0-150 2955-415 1 |
n AL MBS D-TS 2933419 1 ‘
¢
avi Z50V VARISTOR 2676-343 : i
" 1207 Fax 2491-548 el
181-TO95 UL VERSION 8 vsser l.- J3
L REEsE " 10-23-81
=T T poryig
. Ly /-12-gR
] CmiCay . PRI —_
SCHEMATIC DIAGRAM T 15
! FOR 24 1/
# UNDICATES THE PART OR ASSEMBLY I§ { MODEL WOASO2B STANGARD
LISTED MORE THMAMN ONCE, USE THE
RECOMMENDED $PARE QUANTITY WHERE . .
THE ITEM FIRST APPEARS, \ SDS1T7-319-00
* —1SD5177-316-00
" LONAIN PRODUCTS CORPORATION e .
' . O *
! -"---——--‘o-.:'..-‘ vor mapar Suees = D ERL TR | e -]
pp—— - -
o | ' | o2 3 o a 1 | s I 6 i [ I, .8 S DO S Ay sl
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- FT . LA
oj a3:-5 53 1a . 2 vl e N
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e :] , 43 Tiee | FR GND 3 IE["
o "2 o 4 €2 a3 A6 a Y ‘I'}'.I:.
H PR P/O 270 ¥ P1O =T i n . 1%
Tl Aoe ts L Fqne ¥ 52 os 23 0 2 PrOTES s[rap t—
e AUX. CRI0 HES - T4 T2 ] —
. ) == 3 3 LINE U e i AR
J 1 PiQ K1 o LoA i
- a9 == — * . ‘( ) fJ
S"““z - czf ]
1 0 ge iy T 2 FB £9 30 m N?-L-
JIH* [} 4 g 0-30] T l7xzn 3A 1A 1A oo ol I | ouTPuT .
: 2 ' 120VAC pilg aR] o
] (L] { T3 s 101y TB6 zx . \ g -
{ry ” 181 8 (@) s el 23 » | : TM
it Z s P10 a o _ q G l
;:s'a TS AMPS . l ' )
= NEUTRAL aLOAD .
r2 iKl " = = . _ . . ! g
™ 4 (3 . - !
2 CR& . . - .
. L ) .
j 2g0 == | cio AL 017
PO S 12 AR ' “ ‘ ' ' VT (e -
~a O T u 2004 { CR? ' 120 []m /_/ c
1 cn 111
r! 1
, . SR éwon A tig y
1 0329 F [ '_' CRE a .
| Ao o 0—— o], N
' S mA m: ] i
. /! —
' e ol 3 o
RIGS g |
wor 1| %3 D .
INPUT L 2F2 . 1 .
i PSS o—0 [jCHe
24cHLL ] - = CR4 . A4 ; ; 4ch1
1 2 . o 13K ! o—=0 ||sex vaTE b
: ;gl 3 o BYPASY .
] : " (LA A
t s J ! YT 00 |}-SEE NOTE 2
>
: 3500 @ 1 ! 3
; . 8 ROTE FLOAT/
y : ] | 3o }RSEEEO Fu ]
[} I °
. N UALIZE o
e A ) =5t | z
qI EI OO f e
P ; ®
el
- 0 SEE MOTE S E
+ y o—0
oc
& () h
A2 —
CP-P5-GD - ]
(4864.222} . -
£ Imi A — I it s
——{aare 1 1x | 202 la864.732) .
:—b'd—!_!' VA g oans. tev.rweo.
: ' rand I F
o) 1 | Feare le——SHIL ] 02 1 < e,
' ]umul LosliMl - 3 SFREQ.
2rs-] ! 3 zuro FLN AESLL ATOM (— omives SEENOTE S l
. . tt»: 3! I I , sS4
tes |3 ! ey 1oaltgi 8 rrarW
w " el iF1_t2m .: . ac SENE] . f 4 ! —_—
: : T A ;
iny fe ! [oare } : ol im) o (T8 k
\ ; E:"'"l I 4] txt F2e2 |
T
s ! Vo 282 ) o
T POWER N .
nor|surruy [T
PO, xS
579
' oLt
: | J3
== SD5177-319-00 |,
SDS177-316-00
I warr 2
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H Y 1 . 2 N Vel 4 I 4. I = P R i L T . a._' hAd IT‘TW o m“-\
: - —_— 1)' |
. ! - ‘.
v 30x:
— MANUFACTURING REFERENCES -J ,__,_I l F—— / .
COMPONENT LIST f""s‘ﬁﬂ - - CATEGORY NUMBER T :
4864-.222) F : /
CAPACITORS POWER SUPPLY & GATE DRIVERS ASIEMBLY DRAWING 4664-222 1637510  4-16-61 T
A QESIE cooe h | P.W. GOARD 3159.449 RS CHANGED 0 /.lr A
3t cn2.3 (2731166 230UF, 25y | | 5 Mo $-2ew L 3obvs
e CRY R 2 . CONMECTOR CN FRAME 3 1837827 7-12-82 TFM,
DIODES i 1 L+ T i R3a gn WERE, ?F_,'gn B WRESP.
pesig cooe ! [ , N SR N AL R
- clbe ! 2R2 : _
(41 CRI,4,7,10 12812-223) IN3059 | G $ix : 4 1837922 1-7'83  D.ac.
{4} cRz2,3,8.14 (2836-117) 1N30204,0v | | | CORAECT J18 42 gr;}uu BERS
{4 CR3.6,9.42 (2812-220) 1148 | y 'y i SYMBOL Xy Tl TL IS e
cRrI3 (2836-2571 (N2579RAISV | | i CP-P5S-GD -= S 1838403  5/7/84 AL
CRie {2036-238NNz9794. 157 | | {4864.222) Q1 WAS 2844-043,R9 WAS 2634-
B8 CRIS (2835- 4131 IneT368.68v | | | . 605,RI0 WAS 2651-988.R1 wAS |
Ji ADDED.
5 r T2 o CRE R3 ! R . [ 2 . mm%SMO&(‘:I?H DOE O el
RCU ] 22 t t ; GATE - Do lotin ot e,
1RCUI r {11 i DRIVER t 6 1838590 6-18-84  TFu.
INTESRATED cifouiTs ' 2 Z e : [ ! I 12 R9.RI1 B GAI3 WERE 2634-623,
BE3IG CODE 1 ! 2634-557 6 Z836- 238 RESE
H ()ens E: : P TAYENAE, 00,
—_ ai . 12871103} T41C s 7 i i 1 4/&@—; 9Ty '
: e . | 41 Y Holef
) 9 N GATE )
I ! ORIVER ' g
RESISTORS I : N ] A
1 1 H
c DESIG cooE P . cRs o i, ' l : , . c
4} RI.3.8.7 (2651-135)22 £1,3w, 5% N LAl $ a! | e
{4 R2.4,6,8 (2815-2631 K, /2w | %crr » I : ~—{GarE '
R9 (2634-6361562K, AW, 1% | | | . I, ' i lorivenr 'y
RIO (2652-433)20 11, 1IW,5 % 3fe Y] +
R0 12634-627) 192K, L4 W1 % : gacm 3 KeY | o ! by
—_— RI2 (2615-343)2.2 MEGO, 172w i | [ v :
(30 . A3, 136 (2634-64sHiOx, vawre | | 4 |6 ' , ! f—
Ri4 (2634-88) 13k, 174w, 1% | | (I s, GATE 410
| | : . [ORIVER T} :
! | 1 h
D -' c?:'z ?.7 T t ’ .
TRANSFORMER § | 4 22 I E j I =
DESIG CODE |/ $re I 2l oy | oy 9 :
4 Tr—a ts471-0071PuLsE xFma | (] Ix ! ! 1. POWER —i1s | 8 ]
. 1! I : suUPPLY L «I
) 1 | s 111-v8 -3 !y R
¢ ) |
1
TRANIISTOR | I I .
[ Amuuub Ak} ] ' .4
. 0ESIG CO0E | Ri2 L - t {).’
w31 1
- ar (28440801 2N6299 pwp | | L i 2.zueG SR1e &
€ DARL. t . H .e2x 13K 5
I ! 1 4 2 | : k._:
] : m( ! o S Al | NOTES: o
! H rd ' Cris 392K Gt |y patdl 2 -
I o_-_.l T 1. UNLESS OTHERWISE SPECIFIED, RESISTANCE £
I VALLES ARE IN OHMS AND CAPACITANCE
i pOL SRIT Ime  $Rr3 VALUES ARE IN MICROFARADS ; VALUES
' KEY RIO F108 30K 310K PRECEUED BY THE SYMBOL +{PLUS) OR —
! 0 (MINUS ) ARE IN VOLTS.
CIRCUIT DESCATPTION | 20 2. CODES N PARENTHESES AS (2731.i68) - <
REPRESENT L.P.C. PART NUMBERS. -
TMIS CARO-COMSISTS OF CIRCUITRY RE- |
QUIRED TO REGULATE SUPPLY VOLTAGES | L e
F AMD PROVIDE ISOLATED CRIVES TO FOUR I T 250UF -
SCR GATES, | -
) THE SPPLY REGIRATES 24 CELL VOLTAGE | hs2 | == -
10 .30¥ AND .15V REFEREWCED TO + BAT. . cRIS | )
- THE MAX RIPPFLE VOLTAGE 15 SOaV. Q1 | H ! : .
AMD Al CONFIGURATION REGULATE AT, I 1 n ‘
— DPUT CURRENT TD APPROXIMATELY 170wA | 1 t ! _ )
FROM 42¥ . S6Y AMO SUPPLY APPROXIMATELY ¢ | ' " ! B
35V T8O PRIRARY OF PULSE XFMRS. OM 60 i 1 cria | .
CELL SYSTEMS, A 510 &/25% RESISTOR | L | g i
IS FLACED IN SERTES RITH -Vgap AND ' ez ez | ¥y | |
J1-11. 2a0ur el SN nf | ; .
THE DRIVERS ARE THE INTERFACE TO THE SCR | | 9 oy _ - - | i
G FROM THE DRIVE ELECTRONICS. THE PRIMARYS | T 1 " ‘ G.
OF THE PULSE XFWAS ARE PLLLED HIGH TO i Oy (9 ;
O¥. MAX DUTY CYCLE IS 12.5X, MAX PULSE TV ! 81-Ti72 . - o ;
MIOTH IS 40 WSEC. 10/00 ATSE TIME ( S0 T . 3
1j SEC. WHEN USING 42684.162 DRIVER COM.- i T 216 B1 :
FIGURATION, OPEM CIRCUIT VOLTAGE AT S TuTTLe | i
L2 CONNECTOR IS + 10 VOLTS. :
— e
SCHEMATIC DIAGRAM —_—
_— - FoR i, aa PN :
-- ‘ POWER SUPPLY : -
! 8 GATE DRIVERS STANDARD .
]
H .
| SD4864-222
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UNI'T REF. PART PART UMl T REF. PART PART UNIT REF. PART PART tssuc.'(nAhGES 8 REVISIONS
QTy. OESIG. NO. DESCRI PTION QTY.  QESIG. NG, DESGR] PTI ON QTY. pEsia. NO. DESCRIFTION RANIFACTURING REFERENCES ol B e o
1 sw -
3 Kl 5213-3588 48V, REL AY 2ovacsoc R7 2634-69600 1oox 174w CR18  2811-10100 184148 CATEGORY [ wuuaeR AL, JUN 111985 BP N |
Ka $543-44200 48V RELAY . A4 2634-59600 100K 174%W CALS  2811-10100 1H4148 7 - A |
K3 2543-44200 48V, RELAY §  2624-59700  95. 3« 174w CA2  2811-10100  1NAL4B ASSEMBLY DRAWING 4864-732-00 Bl Jie3sdss  7-23-85  O.Ac,
1 RS54  2634-56700 221 1749 RES  2624-63700  95.3K 174w CR22  2811-10100  IN4148 C2.616 WERE 2715-11000. €13.C20
1 Ré2 2634-57000 274 174w Res 2634-69700  95. 3K 174w CR23  2811-10100  1H4148 WERE 2715-11300. C7 WAS |
W R43 2824-30400 a2 174w 2 aibo  aelySaroo 33,3% LAl CR24  2e11-10100  1N4l4a P.W,BOARD 156-717-00 2715-12100. C17 WAS 2715-12900 |
1 2634-60900 1. 82¢ 174w - ‘ h
Rrsz CEJicSosne 1A LA R26  2634-70300 133K 174w CR33  2811-10100  IN4148 JRde 3VRSER | 6 WBBUEY £/100 |
Ri3s ae3e-coana St 1riw 5 /15 2634-70800 165K 174w CR34  2811-10100 1N4148 CONNECTOR ON FRAWE TR 4 - |
R128 2634-60300 1. 82K 1740 R1S 2634-70800 165K 1/4w CR3S% 2811-10100 1Nal 48 ] s"'l‘OOSZ ot m!(.):"m-:f 3a;iR.E |
R128 2634-60900  |. 82K 174w Rl9 2634-70500 165K 1raw CRI6  2011-10100  1N4148 was Pl pler -2 ‘
R1J0  2634-60900 1. 82K 174w R%3  2834-70800 165K lraw CRI7 ©2811-10100  1N4148 | P |
R135 2534-60900  1.82K 174w R91 2634-70800 165K 174w CRI8  2811-10100  INAL4E 0T 221y @ M feiht-
Rl 2634-60900 1. 82X 174w 1 R163  2634-70900 182 174w CR33  2811-10100 1N4148 L 2217
RAY 2634-50900 1. 82K 174w 5 R101 2634-71400 221K 174w CR40 2811-10100 1Ne148 |
R87 $834-60900 P Yiw A1l 2634-71400 221K 1/4W CR4l  2811-10100 1N4148 :
2 R4d 2634-61900 2. 74K 174w R147 2634-71400 221K 174w CR42 2811-10100 LH4L 48 8
R4T 2634-61900 2. 74K 174w R169 2634-71400 221K 174w CR43 2al1-10100 LH4148
5 R28 2634-62300 3. 32K 1/74W R22 2634~7140C0 221K 174w CR4E 2811~-10100 1N4148
RE2 2634-62300 3. 32K 174w 3 R138 2634-71900 274K 174w CRS52 2811-10100 1N4148
Ras 2834-£5300 3 33k M a61 2634-71900 274K 174w CRS)  2811-1D100 1N4148
RIS  2624-62300  3.32K 174w R1l, ZEa47ligoa 2 174w CRSS  2811-10100  1N4l4a
R99 2634-62300 332K 174W 4 R167 2634-72300 33z 1/4W CRSG 2811-10100 1N4148
s RLD4 32034-£3400 511K HA r2l 2634-72300 332 174w CAST  2811~10100 1N4148 | I
R158  5534-83400 HEHH A R41 2634-72300 332x 174w CR58  2811-lpica 1N4) 48
RIS?  2634-63400  §. 11K 174w R51 2634-72300 332« 174w CRSY  2811-10100  LHs14a |
R158  2634-53400  S.11K 174w 8 RLS1  2634-73100 499« 174w CRED  2811-10100  1N4148
R159  2624-53400  5.11X 174w R17  2634-73100 499k 174w CR61  2811-10100  1H4148
HH S634-63400 ik Yiw R24 2634-73100 499K 174w CR63  2811-10100 IN4L4B
8. 3634-63400 51 Yaw /30 2634~73100 499K 174w CR64  2811-10100 IN4148 .
R9 2634-83400 11K 174w Rl 2634-72100 433K 174w CRG5  2811-10100  1N4148 ‘ . ¢
9  R11% 2634-61800 5. 62K 174w R4g ~ 2634-73100 493K 174w CR65  2811-10100  1N4148
R116 2634-61600 5. 62K 174% 1 RI113 2634-74500 1WEG 1/74W CRE? 2811-10100 1N4148
RI17  2634-63500 & 82K 174w 1 R38 2635-6E000 4. 99K 1w CREA  2811-10100  1N4148
RIl8  3834-£3800 R 1riw 1 RI112 2635-71500 20, 9K 1w GRES  2B11-10100 INdl48 ;
Al12] s634-e3c00 £ B2k 1rin ] R120  2635-75000 22 1w CR? 2811-10100 IN4L4B !
R140 2634-63500 5. 62K 174W 1 A5 2652-~-43200 7% 11w CR7Q 2811 -10100 1N4l48 !
R146 2634-63600  &. 62K Lrew 2 Ri41  2668-60100 O traw CR71  2BI1-10100  1N4148
RED 2634-83500 P A R142 266B-60100 o 174%W CR72  2811-10100 LH4148 | e
R92 Se3i-cio00 P 1riw 1 R23 2675-11400 2K 172w, POT CR76 2811-10100 1N4148
28 RI103  2634-64800 o 1riw 3 I 2675-12100 20K 172w, POT CR79  zell-10100 LN4148 ‘
RIDE  2634-64800 10K 1 AT4 2675-12100 20% 172W POT CRE0 - 2@11-10100 1N4143 !
RIOA 2634-64800 o 1rew RAS 2675-12100 20K 172W, POT CRB1  2811-10100 1N4148
RIOS  2634-64800 10K e 1 R4E 26875-12400 2K 1729, POT CRAZ  2811-10100 1H4148
RIlO  2634-64800 10K 174w 2 R3i8 2675-12600 SOoK 172w, POT CR8)  2811-10100 IN4L 48
R133  s634-c4800 108 L R40 267512600 SoK 1/2w poT 1 CcR20  2812-11000 14594 0
R125% 2634-64800 10K 174w 1 cas 2713-22400 0. 033UF 200vDC CR21 2812-11000 IN4SOA
R137  $o34-edana lon Yiiw 1 c1 271%-10800 Q. LUF &3avoc CR45  2812-11000 IN459a ,
Al3s  363¢-cesCd 10% H 2 cie 2ns-11100 0. 22UF 100vDC I  CRe 2812-22200 1N4003
R131  3634-64800 1ox Viiw c2 2115-11100 Q. 22UF 100v0C 4  CR1SA 2612-33000 1N4820 .
Rl33  fe34-cse00 1ox Tren 2 c13 2715-11400 0. JJUF 100voc CR1SE 2812-33000 IN4820
R136  2634-84800 10x 15w c20 2715-11400  ©. J3UF 100v0C CRI1SC 2812-33000 1N4820
R117  2634-64800 10¢ 174w 1 c? 2715-11900 1UF 100v0C CA1SO 2812-23000 1N4820
R154  2634-64800 10% 174w i cL7 2715-13000 2. 2uF 100vDC ] ps2 2818-12400 LED. RED —_—
RIE0  3534-E4800 10x Tiw 1 c2% 2724-12900 330PF s00vOL 0S4 2818-12400 LED. RED
R170 2814-64800 1 OK 1w 1 c1% 2724-14600 680PF 1000Y0C D57 2018-12400 LED. RED I
R171  2634-84a00 10K 1oim 10 c12 2724-50900 0. 1uF s0vDC 059 2818-12400 LED. RED i
R3 3634-84800 16K 1riw Cla 2724-50900 0. 1UF $0vDC s 05l 2818-14100 LED. GREEM
RIt 2634-64800 L1OK L7aw caz2 2724-50900 Q. 1uF s0voC D53 2818-14100 LED, GREEN
R4 2834-84800 1ox Hiew €29 2724-50900 Q. 1UF £avoe D55 2818-14100 LED. GREEN ;
AL 5634-84800 1on 17ew cal 2724-50900 0. LUF $0vDC DSE 2818-14100 LED, GREEN ' -
REL 5634-64800 1ok 1w ca2 2724-50900 0. 1UF 50v0C 058 2818-14100 LED, GRELH X 3
REE Seli-ci800 lon Y c48 2724-50900 0. 1UF £gvOC 1 CRa7 2834-40200 1N43T71 2. 7V. ZENER .
RE7 2634-£4800 10w 1viw ce7 2724-50900 0. 1Uf 50VDC 1 CRE 2834-40500 IN748 3.3V, TEMER !
34 Se3e-24a00 1ox Yiiw cs2 2724-50900 0. 1UF $Qvoc 1 CR74  2835-32500 IN823 6.2V, ZENER '
R8O 2634-64800 10% 174w [o1- % | 2724-50900 0. 1UF S$ovocC ] CRaa 2835-41100 INA?38A K. BY. JENER
RB2 2634-54800 10K 174w ¢ €34 2724-54200  470PF 50v0C CR47  2815-41300  1N47I6A 6.4V, JENER |
Ry 5634-64800 108 17iw C5% 2724-54200 470PF 5QvDC CReS8  2815-41100 1K4736A 6. 8v. JENEA .
5 R20 2634-65200  12.1K L74w cse 2724-54200  47QPF sovoc CR49  28I5-41100  1N4736A 8.8y, JENER i
Rra 3534-82200 R M ci7 2724-54200 470PF 50VDC CRSO  2833-41)00 1N4736A &, 8V, JENER [
Ra7 2634~-65200 12,1 174w ¥ Ce 2124-55000 LKPF s0voc s 2841-036800 2NS0aa i
R30 263465200 12. 1K 174w Ca4 2724-35000 1KPF sSOovVOC QL2 2841-03600 2NS08a |
PEH 5634-85500 15 ix 1w Ce5 2724-45Q00 LKPF savDC q13 2841-03600 2NS068 NOTES !
1 R4S 2634-65500 14, 3% 174w C4n 2724-55000 INPF 50v0C Qs 2841-03600 NS 084
2 Re8  2e34-esean ik o €43 2724-550006  IKPF 50VOC Qs 2841-031600  2NS0A8 L UWLESS OTHERWISE SPECIFIED. RESISTANCE
R7S  2834-65808  1ax Yiw cs 2724-55000  LKPF savoc 2 02 2843-03600  2N5087 C YALUES ARE 1N ML CAPACITANCE F
2 pza 583485700 18 ax Vew cso 2724-55000 LKPF $Qv0C Q7 2843-03600 ZN5087 REeEDED Y e ARADS.VALUES
RI7  2514-65700  1E. 9K Yim €51  2724-55000  1KPF 50vDC 3 Q4 2843-11000  2N5400 o B o NoDL, *(PLUSI
3 R1O?  2634-66400 20, 5K 14w €9 2724-55000  1KPF 50v0C Qs 2843-11000  2N5400 ~IMINUSE ARE IN VOLTS
R124 2634-65400 20 %4 174w 1 cl1t 2724-57500 S600PF savoc Qs 2843-11000 2N5 400 2. CODES SMOWM AS. 2%13-453
R162 2634-66400 20, ik 174W & clo 2724-58000 10KPF s0voC 4 Qo 2844 -056300 TimMaz REPRESEHI LORAIN PART NUMBERS
RS G 2634-6E400 20, 5K 174w c27 2724-58000 LOKPF 50vVDC qQll 2844-06300 TIP127 i
as7 2€34-66400 S0 ik Yiiw c2s 2724-58000 1OKPF 50voC Q8 2844-06300 T P127 | N
As9 3E34-Gosud 5o ox 1iw 31 2724-58000 10KPF 5Qv0C 09 2844-05300 T P127 X
623 2634-67 400 20, 4K 174w ca? 2724-58000 1 OKPF 50vDC 1 A8 2571-00100 555 T1 MER
ars SE634-65400 30, x Trew €40 2724-58000 10KPF sovoC 1 a2 2871-05100 FUNCTI ON GEN -
R79 2E34-E6400 S0 5x 1w 2 c1 2724-63800 120PF 100VDG 3 A 2871-11500 QPAWP
2 R70 2534-66500 22, iK 174w £1s 2724-63800 120pF Lgovoe ALd 2871-11500 0P AMP .
ape 2634-55500 521k 17iw 2 cl1s 2731-15100 150UF «QVDE, ELECT. Ad 2871-11500 0P AP :
3 RIOS  2534-67000 55 ix 1w €19 2731-15100 150UF 40vOC. ELECT. 1 Aze 2871-13100 OF AP ;
ata 3634-87000 37 ax e 1 €9 2737-10500 0. 22UF 35VOC. TANT. 225 2811-13100 OF AP . — - G
Ieg 2634-67000 27. V7AW 2 c4 €737-12000 LUF 15VDC. TANT. 43 2a’1-13100 OP AuP 1811332 cap0 | ° "~ cl -
H RL 2634-68100 &7, 5K L7iw cs 2737-12000 \uf 35VOC. TANT. 1 All 2875-32500 WCY 4073BCP qcoLey
a10 5834-63100 17 ik riw 1 €31 2737-12900 2. 2uf I5VOC. TANT. 2 A 2875-40100 CA308) T X ==
RIIS  2534-63100 47,3k 174w 2 g2 2737-13700  10UF ISVOC. TANT. A21L  2B75-40100  CA308) S ERLYALIE io1-83
AISE  2E34-681C0 47. 5K 1/4w c3s 2731-13700 LouF ISVOC, TANT, 2 AlQ 2876-10100 FLI P-FLOP 3y Bt
RE 2634-681G0 47, 5K 174w L ca1 2731-133500 22UF 3I5SVOC. TANT, Al 2876-10100 FLIP-FLOP Tt eD 8t e
1 A1gQ2 2634-63800 BA. iK 174% c23 2737-13%900 22UF JsvOC. TANT. 1 AT 2876-20200 CDaS 38 SCHEMATIC DIAGRAM 0.CHE YALIER —_—
12 T 2634-63500 100X 174w c24¢ 2737-13900 22UF 35VDC. TANT, 1 a22 2876-30100 €401 T ==
:n 2634-63600 100K 174w ggf g;;;'}gggg 553: ;g;gg ;::{ ; :?, gg;g-g?cou €04070 . FoRr — Luga s-u-ds
14 2634-55600 100K 174w N - . -31000 | NVERTER
Alea  2534-59600 100K 1raw Ll €30 2737-14600  4TUF 35VOC, TANT, AB 2676-31000 1 NVERTER ‘ CONTROL CARD STANDARD
R168  3£34-09c80 100n 1iiw g2 cal 2811-10100 LN4148 2 als 287650100 COUNTER :
azs 26314-69600 100K 174w CR10D 28t1-10100 IN41 48 Al G 2876-%0100 COUNTER
27 2534-§9600 100K 174w CR11 2all-101o00 1nd148 2 A23 2876-%0200 COUNTER "
R34 2634-69500 100K 174w CR12  2el1-t0100 1Na148 A9 2876-50200  COUNTER SD4864-732-00
R19 2634-659600 106K 174w CR13  2e11-10100 LN41 48 1 Al9 2876-50400  COUNTER
as 2634-69600 100K 1w CRIE  2811-10100 1N4L48 1 AL2 2576-20%00 ANALOG 5W ' LORAIN PRODUCTS = un
CR17  2811-10100 1HaLe8 LORaN, Gra0
RELIANCE COMM/TEC D oy - 3
- . ; ] ;
i 3 EY : 5 : a I 3

P N |

A




—_—— [ - P ——— [ —_— —

[

| S

Smmnarm

[

1

7 8 =)
4q 5 6 |
0 1 2 3
e
B - o - - - M - B - - - - - ' - sl w
3T - - FREERUN i |
g7 =00 . o
!-‘S:Eﬁr 32 R0 . 3E9 | TV [aAGRT
> !
136« S0AC ) -
* oTuF ": 213, 340
i . |
a FSK Siok t
At . A2 - 246KHZ 4oy )
163K Ri3 12 : T Jzaexiz
N 2 0 R?g 100K 206
RIS A 12.1x 33z R27 AT €T eT  Bye
| 1 N 2 5 -
165K b w 100K = 8 & |5 Jwo H
~ _ 3 ’ 2 mga .3
182K L 28 i
RI7 0 nss 4 64
499K rig, +3'00K ney - Lenes 197 Licas
b E 5 T
aiz S35y i IUF
J QTS GN
! . = " R23. 3 "kl g B SNG, 5gp
A - i - W r‘:'mg 3. K l 1
R ) : AL o
2 A | - il P! |
s L +ab 3po<CHARGE s 3'3 B I a2 < P “s |
| = v . - - A0 +15 .
: 4 3 ~ gR02, 15 12l i sseFF '
W0 5 [T i Rl 12 oS50 o /
! B 95.3"" LT 1332 A—pi 4 ;
42 14 - 2 A4 7
REMOTE sSwWl /40 ;:2?42 5 G2 1 /
SoKd i Bl
I $ R4 3 CR2!
lyz (3 I ST a2 -3 ,
REMOTE e ] |
RBBJ $CR20
sok{ -
i Gar 1
L =
1
rsp .2 2R39 a2 e
] $ioox . e s 71 sl «
2 12 - : . Z46KHZ 10 T4 G5 66 ‘
-BAT B 8w
| -8at g . 2 0 AV T P .
3Fo yi AL : +15— ) .
Ra9 A
499K ﬁs 3 Cir '
2.20F
esHUNT H2 19, 2 ’.\?ji s |
zn_?:K azel 6 y 9 \ =
- RS0 A 31 A4 2] AR
42_20 2l ~a 10K 332K A REO
-SHUNT G3 6 5 62K ne
Ra7 - [[+] as
H 274%  3Ras s / e b 562K
1 LH- K g 52 a ZR14 <RZG 59 :E !
l: v -IUF kP ’ 300K $51K 205K $ b :
3R46 ] “s (| P/O R34y
| LIMIT 2 B cra? 2:'(3 ’ |
nsa = = XCRI9 i L_l L___<
| 2% o lala = M7 {
2 ¢ 3 TPa START -BAT |
A INVON a18 SS50FF R
349 +15 CR4i 120M2 1 T RI3G Pr0 359 v A3
i 384 £21P > HE—==—E—ek ol | 10K N AI3 8 a7 aly
N CR24 —AAN, -\S? L] e 3.52K
.5 CR27 2 TEUF  «15 .0 7 250 5K M—
@: OK
| RE! c22 SRI40 s l IKPF | -~ =
2% oA 4 00§ $562x CR38 4 $CRIT
J2 3 s | 10 l w | 4 L +15
FUSE c' Pt PM 8 ——te Iayl) rise CRETE L +
AL 0.05£5 k] y cR23 257 . b . ! 159 I
| -
| _: PO 1 20.5K l } a 5gpr 501K an 1
1 3 = = ! |
S - le || §?939K f a
= s ’ RI29 He
ALM 'ﬁ: /0 . CREBE Wi ? 0ss me o RS0 2 : NV
! ' L. /FAe? : ; O B 770 £A\as P
ALM e 7 16 w1 Gttt j '6 Py} o —o r“l‘ - .l AZi
s
e - e (S s Tl L
RSP IJ 9 -BaAT OFF N AlB Y Cﬂ‘c! !:R3i5 IK%?T 1B y = 1
3 I 9 |a 8 . “15 -5 2F4 12062 u a7 103 ! . J L ~-— !
Rs? | MYV G4 RG 7 Ny ' 207 1G5 Ra @ * oTaRT - 1 —
ps L By s " 10Dk 182K aL 3] Ja 7 | : e
7 L © 2Fs
| J:Sg"? v A3 A21 az | = = - - —— — Ci
Ps' 2 0 Téev Y 307 INVFAIL | | —|—" I
M 5 5 )
Aeas. 4 : . ' SD4864-732-00
1 TZ UF = L |
psZ 2 o . = I
| o — —— — ‘ T 2
- - - - - - -~ - - - - LORAIN PRODUCTS I ,Q I
8 | 9
o | : Nl U SN SO s 6 | "

.\l




-

) l 1 2 3 4 ' 5 6 7 8 3
1
- i aEy
[$8e%732-00 - o M
| CONTROL “CARD cR63 o
i ™ ci
orF |2_18 1
Rsp 43 .2 s . Icres 415
289215 CRS8 l
9« SRIZ0
sRss P %.39 °‘¥9 At 2RITO
i >3, 32K - | ! +15 2iox
| 30gkYS INMY TrouE 5%k 1 y 7
aln ——p hs CRBQ
<RB7 [ 22K R T caz_ ¥
iz Y 15 VW o A19 3 JAUF
) a2 . i T"
G2 . . Rl Q0 o
| - s 5/ 274K T M W0 cxo rf——e
1 o~ R a 4
3280 T30 - R e _L 35162 xcRa
RBS R -
20K < — ::{QZQIE 163K 0s? L
2 LOw - Low
| BAT 1 BAT . .
SW-BAT = < spe
3Fo 347 dte3a
com P25, e CRS7 ceur
|- Y L o a0 Y9 @AM A
7 = e N
Lear FG; oS! ! « . $.62K
' [10k# POWER ON . “Ts 20 !
2RI : ' AQ « . : oK A 4] SSOFF,
12 22 Pl L JgaLOCK,, e ) t | 16 anp a7 y 330FForg
outpur [42 . . cRI CR69 _INvEAILY N -
ke 3cat¥s g M3« ¢ s o0 _on___on =
Rsp P31 - ' ! cr72 » T A S B Lvs et s
-BAT - i »
10K CR7L RI54 KCRSSZCAGOXCRE! XCRAZ cREY . |
BYPASS |;‘2 2 360 153, 3 ik .
) : 13— s
JIL_ 6 . RAO
it i ; _
JY 1 - dcxz? 2
RSP 5 TYoKRF $n78 '
4 l 2k
v }JZ L R o R 3 AS 4 T
] €92 S5 { ] ' 3a7 387 |
280 sr7r dcr . i LvsS Lock |
$274KT6 TUF = 07 ,__rL J5 gCRS3
1 2pg &N0 1 TO X = ha | CRSS CR70
" . n fa 0 . s[5  of AT~ 2 Pt mrr T
PO PL L 13 A5~ 12 ey c3 s 0 Gt~ CRT R33 sfae~_ 6 FREERUN |
L - CRI3 a0 ! 10K W >
.15 ) ; s 284 |
Ling B2 18 . | e 47.3K
i - " 100K .
I C“"QA!{""B : $R7S 4{3 Y e 'f’
com H2.17 3 4 s SI3K MRes “s R:{Z % A J_ 1UF o t 6} IZXM |
] Yt t . 1 ASE =
= o1 P pooxa : Sox? '3 pe s o +4f 9[ o° CRiS 205K P/OK3 P/OKS
- CRISO msa TI50uUF c3 2l our az o3 SR99
Ling H21E cars :; ['G—rmsu e A9 5 $35ax
‘Pﬁ 4— THR 7
= cn ] CNT R °'s ) 053 :
Atcig ) ‘ 3600PFT L L 2 _[I ' oiscn \ ¥ ) che
' Trsdur . -89, = 2 N s
| 3co2W-BAT - ) 4 T e . ———3780
N T = -3 !
SW-BAT -] 250 NL N1 |3||NV
| 2n0_ -paT l >l<1 14 FENTY b
| 3D (296KHZ 1 RS
! . . 206 az2 3 5. d1 15 '5|SE'-
3% | CR2 cRIl Gt . e
ENTE | uF s >—y 2 NEY WPR
i PO Al \ ! 7 I
! 38 cal cRIZ N1 !
3 Sain .. gy less = B, !
"g‘ f.R! 3. TZ'JPF | A 12 i > I
- . — R I
| -5 ac 8338 —— s 223 osp— 22
: oLt : 2 Ga
| i 'y REad I 2 IZO%F = R _Ii
. 203 - ’ 7 I
| I as [T 1 L] 1 2] J_ !
54 =
: 12 1 T
$A68
! 20.5K _ _— Cl
: SD4864-732-00
- - - - L1 :
2l
5 i | 2 3 4 5 & 7 3 | 9




N e

o —ma [N [SR—

u . 1 3 i 3 | a4 | L -5 6 ! 71 ! I | 9
zoo AEYTRCEY
FR;:GJ . T YANUFACTUAING NOTES: =1
(FRONT 0COR} 00 PY 200 1. AL WIRING SHALL BE 72 GA STRANGED, UMLESS | ===
INGE 6  aen 2 OTHERRISE SPECIFIED. RI 1830332 L
HING . SHEET 2, . \
oo G 2.  B1-INDICATES TERMINAL|NEAREST WOUNTING SURFACE, SHEET 2. ADDED LOC. NUMBERS,
2156- 405 3. PT-LEADS WHICH ARE PART OF COMPONENT OR DESTIMATIONS, SHEET 4 ADDED
GND WASHER SUBASSEMBLIES. JUMPERS TO STATIC SWITCH ASSY
4. 2 T™M-TWO WIRES SHALL 3f TWISTED TOCETHER.
ol 02 03 5. D-INOICATES LEAD I5 AlfPeR. R 21 16 e\ _
prore Ty, LAL} 04 6. BB-INDICATES BUS BaA, SIIMIBJO;-&:. e 308
(54) 4854-732 7. THESE WIRES ARE PART UF THE AC WIRE MAR - !
2521-143 2953-415 2943- 425 CONTROL CARD——-{g 202 (4993-183) AND NAVE T BE HAND INSERTED §N THE CORRECTED WIRING AT LOC. 214,
saTen . AC vOLTS OC voLTs | 1 SOCKET AND PLUG AS SHCWN IN THE T-DRAWING. ~RICI008 aop
T bt = 8. ——o——-INDICATES SAICE | ££ienis U 49 Fom Pllianes veter |
. [ 9. CRY AWD CR3 ARE MOUNTED ON SAME HEAT SINX, 2 9-13-88  GRE
123 4 b4 o . ° | ow iz RHICH IS INSULATED FROM GND, ADDED PT M0 T3177-319-00 PER
9 9 0 o i = posy 10, NOUNTED WITH THERWAL COKPOUND, NO TNSULATOR; Pr. P .
lxix|e] o = = = L SETREEN TWO HEAT SINKS RHWICH ARE INSULATED -
i I i 1 ki p 5 z | an 218 FROW GROUND, USING 4 2000 LB CLAMP (LPC FT NO. e —- AT N
a F 2 - | s 2868-235) WHICH IS INSTALLED PER LPC ASSY
M) 202 PROCEDURE NO. 7064-235 SH. 2 AND 3, '
[ r 12 11. CR$ AMD CA1Q ARE MOUNTED ON INOIVIDUAL HEAT STMX
DT WHICH IS INSULATED FROM GND BY GLASTIC MTC Pi..
. . N [ 12 12. <+A* WIRE STRIPED £ND T BE SLEEVED TIE SECURED
R 8 o T O 12 - TO HARNESS, ’
- o - - .
zlslzlzl = = = 5 5] Y 12 13, RESERVED . - :
I BL.W 01 .
| B ¥ M., RESERVED
- 05 06 ( 13 8R 01 ) :
faL_seY t ERVED ' :
(M4) (M2) | 1 P24 ; . RES
2933- 419 2923-487 . i "y oL - /
AC Ax ot e 1s . .
d N . | 27m - 01,200
16 - IS. THESE WIRES ARE PART OF THE DC WIRE HARNESS (4993 -i84)
: — AND HAVE TD BE HAND WCSERTED 1M THE SOCKET AND PLUIG :
) ° 9 - ; . 45 SHOWN W THE T-0wa. )
> » » = 0?‘ 1
-] I 2
T L) 218 :
(16 GA) (18 _GA), | o8 216 f
FL] 1 5|"-8R-¥ 215 '
. - - [ g [ l ]
o o o o ] |
[ t XD 03.12 !
! s %-8R-G 12 -
! ol"-8A-R 12
;3 POL_KEY
24 1 2478-513
o1zfe o
Y L 202
|
4343 -019 1 .14 Y 202 (A2) '
A N o e e — ' s 2 4864-222
' | L s H v .2 TW— 209 PONER SUPPLY & GATE ORIVER CARD
t | 6 rﬂ;ﬁ;} 1 2i3-38 [ S o |
~ | - [ BY 3 ol 1
\ (50 1 T IS g L6 - e o T po— +
14 I S gﬁ-:‘?_gn | f2Bi8-127 ! L .
2 - " ! | RED LaMP 1 i R 207 I l J2 |2 J1 -
I - of— { 1 —la of— 12 L
1 r—‘ 0A FUSE | | 1 BK 207 r-.--—--——_-..-.l-_.___—-..‘ rm——————————
| I ' | o 9 e o1 : 0 H
1 o | i H o o [ 1 123¢ss7sewn; !y 2 5a587¢910m'
n I A 0-N NOTE 7 218 :
! L ] i I 2 . [ b I B BT - B 1 e 1 et R N b B
L S N W L & = 7 e 3 P o5 (E&s] [«
cowr assy. T T T T HE T T T o I EEE
4287-039 e E3d i ek B P
FT PT a5 =y
(18 Ga) 8 Ga) 21w ~ - 23
[= 2Tw 2Tw -~
~ § o =l g ~ - - §§1 Akt ] L - | - et Bt e B 2-
= I =1 =1 I =] 1= o -4 aiatalalslal 3
191-1093 i, Mmamcuccr (= 5.2
i omese [*w-23-ar
PIG TAIL COMPONENT INFORWATION . A g reecren |ors-82,
REF LPC WIRING OTAGRAM S
DESIG | PART MO VALLE | tOC FoR . : Lrses
R |2615-275 33K - WOGEL wOAsG28 o= e Pyyyyen—
mz  |2663-n0 10 " l STAkDaRD
CRII 2834 - 414 4 -
; = T5177-316-00
{ORAZN PROCUCTS COZPORANON r"
tonAsL Cem ’ D
e Sy & — O, WSRO, S AHEET ] o ¢
0 I.. 1. . | S B [ a_ . .| . 4 I 5 | 6. | 7 | | 9




rm—

— [ St

(S

S

' a
3 4 1‘ I S 6 :
o | , . ' -
FIG. 24 ne. 3
FIG, 2 | 1 JR
{DC BREARER SAKT) toc{:gg:gn;:g: o O1-1 02 {TO® SECTION OF UNIT) ' ) Wl
OO ce. areaken) o 0Q. - ey T GND o10 03 _ | . 04 o o J ERF
— & 2436-3(1-00 g:se-:nr-oo o7 Lokl WP : 7] (e : 2 248622"303'00 s _
51} (s 0-14 GA 14 GA o2 v 1 o | 2462-30300 — 0
lzg?;-uooo Zai3-860-00 15L0 L6 ISLO LU =T°° ‘e BARRIER STR® _T T BARRIER STRaP 3 R
2234 2254 a1 7 -1 3 =
02,107 2v)] = i ) A =
- ~ [+
B N o o ] BK 5 - ' g
’) - 4 2v-w -~ <
g 7 o 15, > . 4 -l o 19,104 s 1 2 3
i AzIER 2| <] == x5 21=|I5|3]|*|5|=| see 1o mwlos T ! 2 =
I~ -3 NOTE 12 o NOTE 2 = }—0—
2 o o] L2 104 oW lo2 {20 GALO a .
a a SPUCE =ls SPUICE - 04 o . , {FR GND)
= - = - -la -la 2 K L] (TB4 = - -
3 _|s -|a :,-,: E{ ot ol tlz - [ ) es-340-00 ol = Ho ! 3 S
gl 3 slel 1@ ' e =2 @ = TERN. STRIP 21 = zl2
= o bt ° 2 -4 4 3 " i -
= e8] =2 ° S I IR E = =Tzl 2| 2 v . of o ol 2
Zi= =[2 = < = ° v g «| (FRGND) ¥ ] o
b~y o o| = - H4 =
o s«|8lgi=lslelBlalele] 2l )8 8l =lslel BlalEls g . g |a
= = 2| |52 - g
o o 20 GA PT T —_
i 09 2 W-BK (LAL] ! 1o = 2
= *
3 - - « -
_— R for 3 TS : 5 3 | & "
e GMT s ey 3 Tsez100| [ i = 5 A = = L I S z
z2Tw -] 1T w-R-a 4 . s 10 =l & wlll = (2~ |3 |4 Zh4A
S T = 3 1 ! d 2
(1/01,0 3 2714-560 L4 3 8x ws) o 3
* | 2 {4 2 BL-W 16402 « -3
7 08 > o3 2ox 4431- 133-00 20 ok 443113000 $ %
W oo ) (1861 06 IKDUC TOR 5 ] (NDUCTOR 3
1 2 3 3 16 3 o k¥ 3
o7 r i 2 s|2462-50e400 32 22 I z
IR} © R 107 O ©O OJ]BARRIER STRIP o7 oL 3 s BR s ol , M vz -z 2 - o =
. — 3 -
2982-n4.00{[n 108 = =| = i = = - ——
108 107 w-BR-v |4 o - - -m k] = o 4z »
T ex 15 & - b o PV i
8 107 4| B GA) B 20 2 ow osut :
(‘ o3 2 {FR GND) T ! =1 |8
Ixl s02 ; 3 (g
| o-w 12 8 aa) 17 . o |2
(2) 2481-270-00 ls13 2 ML-w 2 < ol |
TERM. LUG 26w 02,18 USE LONGER - D= [CTH s © ! - - = NREE
2413-211-00 pad o = - -] < Slol~
a o = = 3| = HEHE]
USE LONGER 0 - w ] o =
BK 09 w-aK FiG. 8
434)-433-00 IWIRING JF CONTACTORS WHEN WESTINGHOUSE
T 2 PT STANDOFF CONTAGTORS IS USED)
- - oy o] @ 2 g
SER B R E
=l =l Qsle - = L]
RENEBEE 8 &l %s[R] i(g M a |
- - ' oA}
% ‘
s ® |m_l o
noTe s 4 Il o (8 Gl x : A I @aa) O
o] — @ o
x 20 2| ~| 3 E B rl °121
E4 ! 5 0 o & [T X] O O 0 00—
a
]8 =1z 3 ol 3| »lo ]9 3 > «| 8| & w~lo 8 xn ! )
S| o -] o1 [ [] ] < -8 2561-437-00 2361-437-00
(P3 It 12 9 & 3 (P4} 3 2 9 5%3 .
4719-346-00 JTB46-00 2
2478 " " . . 2 14 u ] ] 2 ":oc‘u' con ol | ono coILO-
O— O O o— o Q o—! O-' 0O o+ oMl o .
r==—--=—-239 ' —locatL
3 [i] 7 4 1 13 10 T . 1 | SPUCE—=% | /] co t
ele o o o "] o e o | R |
x x = x a 1pr AssY 1
> z x -3 ?- & : al z] = ja285-190-00 | '
@ i a0 o0 [ o] o0 ]
o] — | | Al ol &
NOTE 7 NOTE t& : e |z S\l man o a & S\ist @an) o
|a
: SPACE——n9 | o % |
] 8 b = b4 g8l = ' al ! % | 3
olglblf = o 3 ~ e 2l o PIGTAIL COMPONENT INFORMATION N 3 8E LOMER D K 5l 2
- NER ]
REF LORALN VALUE e & s
DESIA | PART NO. . g _ -
C19,c20| Z715-257-00 | 0.2% 00,00 ° > ol pirt I = kY
c24 Z713-198-00 2UF o0 &l 2 2]« 3 I 2] u| -
ch.c2 zru-wz-_%g oot IZRTJ
L2z ZTHa~-539 1.0 - -
€30.31 | 27e-513-00| 0.1 04.04 T5177-319-00
A3 2632-541-00| 3.9 I ‘ MOOEL WOA3028 TS5177-316 -00
AvI  |2676-341-00] 230V 09 |
2
as,6 |zesi-i18-00| 1o 12 [uﬁ DT
7 a | 9
————- O ) 2 3 4 l I 5 6




!

1

[——

[

[ SR —— [S——

| IO

—— g e e —

A - I )
R - . g (-3 7 a 9 [y
o I 1 2 3 | ? ]
] 'y ""'ﬁ
SWITCHES VIEWED FROM FROMT z r{: :
/——‘-—'— OF SWITCH PANEL N\ ! 3fE%E .
FIG. & . oTEa] A .
(AC SNITCH, FUSE 4 OC FUSE WIG Pra) 3 -
2] o7 1o G 214,210 (VIERED FROM WIRING SIDE) (s ;7
1 -
Al (s CA}O 0O 04 04A|_-—| iz,
X M
00 Ol 22t 02 ) 03 ') (XFL) , 400 8K Thep 7
tsz,‘-’ 2488-108 2489. 108 FOSE RoR [ ota A ;!p'r"gﬁinopr S
2513.852 HZ FUSE HOR FUSE }2.0R 2483-233 1 ™
T . 2484-233 2483-233 3 AP Of8t
2 AMP ;1] 3 AP [-1] FUSE 10 ‘"}‘
i3 W-8K IMoL - 2 ? AGC 12 o /
ot 8K ] 0 LR M ‘A
> - 06 A-w 7 . |o9 R-A u’;:ln
22 =l = g0 R-n 200 BL m o
13 0 ; 7A - '
pal [ S a or oen a 0 p2hiR .
- - 05 LXF2) { < 9 PFIGRE] ——
3 3 M - {2488-108 ! + M :
° wee—of T FUSE HLOR (cas} \ i
- -~ 2483-233 2r31-233 1| MR
- USE LONGER © ol 3 olmi A / Ffs
- FUSE | =
0 ;
5| 8 8| % 13.07 2s os § o ! y S ¢ ..
13 BR 2 BR-N GRE]
03 B-n VL] -
H1 —-—-——-O O—uz 11 B ] .
08 ‘ 09 m— | —
Less? ' 2543-797 ° ‘ :
2483-108 2 | -
et e 2565-618 i
2483-222 - i
1 e T & i iu 5
o o
13 o T °[v= l12
10 v.-n 12 LILE R ° l
’ il.12 2R |9 10 11 L2]28.0 1112 :
<9 O T o B 1z .
—
12,14 2 6R ;-‘ 1412 a.n 04,12 !
i
2 & E
{Jda) H
10 I T 2478-545 :
;;25'-“2 2545-482 09 - T 1 § 2 312 pr-w 12.09 1
RELAY RELAY ° ? %% 04 :
2565-618 2565-618 : L
SPRING SPRING 09.1a 2R-m |a s 6 {gr-w ar X
o
| 1
1 2 3 4 i
(1, é f, S o 0 o ofBR-® 134 o9 BR ; ] sc R 0% R
13 c-n{3 6 7 8 0s swld 1 g { BL-w 09 .
a0 M N w11 12 F
. 9 10 1112 1 v )
13 0-]3 10 11 12 " v 2 T 5% ®  Ofg.w 'z
" [
13 BL-n (13 412 v-m o8.1301.12 2vly L3 251 o ax [L3 14 13\,_. o
09 R ] ‘
‘ PIGTAIL COMPONENT INFORMATION .
§ REF LPC R
o A slds 4e 3 OESIC | panT wg. | YAMUE 1oc
R 2635-680 15K 14
t4 i a10 2663-667 5. Osa G
x = 4347-078 CRa 2812-310 IN4gls 14
i ==l 1 =% COxP ~ CARD
all3 £ Glela »|&® o 13 B n 13 ‘
(Js) 13 Cuf o1 G4 oy o (R4) ' :
2478-545
14 11| @ s | 2 _—
o— o o s }
A | 2|
»® x = .
o - " - - - T5177-319-00 |[,, .
= o " |
{rche}l—o WODEL WDA3020 T5177-316-00
] .
| .
1 o) O-EXT 3
4 al 3] = LORAIN FRODUCTS CORPORANION [ D | roomeuia !
+ H
8 9 i
—— o 1 2 3 4 l I 5 I 5 I R _1 . — e a




PR .

[ SRS

[T—— [ [ [N [N

o I 1 I 2 3 s 1 | s 6 | 7 ) | 5 :
DRAWYNG
FIG. 7 FIG. 8 5S0E
(XFMR SUPPDRT PLATE) { THYRISTOR SECTION) l 'r""."'
(170 GAl, D~ 2451-262 03 a0 (L/0GA) D I8l 04 o | . o 05 2[1Em,
. TERM. LUG 0?2 STuD 141 PY 10 I ) : o STUD By TR L
A USE SHORTER D { (F4) 218 . an . A
L3 2405- 427 T 4|TEM
. —— 300A 07 " PY Y] —
200 -1 I STugo . \ SSTUD sf
3044 _p! B¢ INDUCTOR f L 3476-534  BUS BAR i l 1R
faia! v pr g8 - _ $513 23 TRy
a:238 s . - 8
—3 3 61006 ™ [[S3e1-01e 3aja336 43a1-014 | | D100€ Q7
04,500 zlet -} = =t ls!:%%urzn 06 07 ] . o8 : §’#us'é““" A
3| = z o8 I a i —" ¥
l_sa o7 T 10]aR,
o HEAT SINK MEAT STNK 3414-33 fei1-134 - it SMu-ar | o
& 5132-561 3132.521 i ! 3132-521 NOTE 10 i 1 I
— NOTE 10- NOTE 1D INDUCTOR NOTE 1D M| 1T
5 (4 6A).0 l 17
’ ] 2 NI[ dvp !
(€& o8 PT T , (CRT ..
USE LONGER 0 2863-21% 2663255 ey
N THYRISTOR " ol " X THYRISTOR M
° o 2 NOTE 10§ o3 o @ NOTED ¢ PIORF|—
S e ] { - g
09 QMR
B [ olal 8 & : v
o 4
a1~ 2 o £ 7 (€10) : N R
2 3 3 o E 2716-362 e & Gﬁ('
a a o ola] ® . | “ 09 ' (4 GA 1] [[3] l c
= o -l 7 STUD o ol 468 0 )50 |ussmo sl 54) o st | FGaE
3z| 3 8 3| 3 - o !
olof o b a3 el
Siel = =8 T. |
}—t120a
= 2GA) - - x| = . USESHORTER D | =| ¥
-] =] & —= b - ! . ——
Z| B o | TO STATIC SWITCH
~ 10— ¥ TO STATIC SWITCH MTG PML 14 GAL D ) : MTG PNL
f
[z ] . ,.
na. 9 ) i D
a . STATIC SWITCH A3SY (LOC. ABOVE THYRISTOR ASST} b L
IJO '—’ {STATIC SWITCH ASSY}
(T1) 4366G-108-00 CRe . CAY
o) 4561-013 f—s E 14— o—
PAR XFMR — . —
& 12 13 ;r <l = I5 20 (I8 0a) r x ' |
A3 2 1 ° o ¥ o
(PRL CKO) o I 9
2156 403 PT ¢ x FT - T
PT ] NO.8 GND WASHER tcs) o T b gl 3 .
_T_‘ 2Tw o
— . 2714-325-00
= ° 0.5 = ° ; (4 Ga), b E
a USE SHOATER O - g 1 - = fe— {13 GA). D
= 3 ! wl « [ o u
-
b4 2 1 ~T o
E = 8 %= ° el 3 {8l s8lz = = !
s 3 s s o =] = = =i = 3= ISAT 1
2T 21 iLer
22 4411-1T4-00
2l 1J6) T , INDUCTOR
a (P&} w 10 BB o
2431-548 ¥ ol ! 3878-120 . £ ‘ F
FAN H F 4 . .
BK BK 104 ¢ = ' »
—0 2 2o . b T ] - —a
120 Ga3, D 16 Y g 8 = @ al |7 N '
16A TTUD — WEAT SINK & STU0 '
o, o, w 0 HEAT SINK 332-661
2ocat (2064 e 57800 3i32-661 PT . —
9 6 (|8 Gl 1 ST G4 . PT STUDOA l
G CcRo! v
2864-127 1 n |oicrio
16 16A T THYRISTOR 2864~127
: ol prn MOTE Il G THTAISTOR G
1
PIGTAIL COMPONENT INFORMATION K f Q R } !
REF LPe VALUE Loe d 2453- 102 2483107 u ) '
OESIG | PART Mo, Za . RM STRIP TERM STRI
RS | 2652-437 25 15 o0 sTun N\ o o STUD
R | 2652-421 10 16 <2 2 R @
~NO - i i —
3578-120 asg
_ : _ . 52
1 T5177-319-00 H
WODEL wDaso2e TS5177-316-00
-\ -
N Crwwr L3 | ‘
LOLAIM PEOCUCTS CORPORATION D | o wouza -
== 0 | 1 | 2 | 3 | 4 I | 5 I | 7 | 8 | 9




—

.

[ S

-

——

P 4 .y

[R—

S

| ’ o
i [] -". -
2{1Em
S[EF
, 3
! 4|TEN
A)
35|
Y B
i,
FiG. 1l Tl
(DC CAP 8 FUSE ASSY) P
00A NOTE: LOC. AHOVE AC CAP ASSY BRKT i sk
tc23} ) slim
FACTORY SELECT . tal
3714-360(8) OR. 00 -
-560(6) O/
2714-576(3) o/ T (F3i {SE LonceR 02A | el
2Tie-740(12) 0R zeng-1ay . 5 e
ZTI4-T43{ 151 OR 1M A
2714-755(20100 o 2483-s4) Himaea) 2E56-548 Py
2714-767 (301 1504 FUSE 300 m
zasi-266 ;
516 5LOR LG 88 a8 a o . . M
o 3623148 3414~ Fi[GRE
) 02 \ 4]
ol m M‘Ju
ol p =
(C4) (cs) (=] n R1] GRE|
2731-393 2731-393 2731-395 2731-333 ; 1fopf
€0,000 €0.000 60.000 €0,000 I
. R.F]
+ + - + + "
] b b4 4 * +| 1K cim GA) ! e
USE SHORTER D USE LONGER a:
BR .
3si8-T28 |
i
|
Fia. 12 /
(AC CAPACITOR ASIY) ’
i /
o ° (FflS| T&7 l [z(:Ttlr‘) T6T J
1ci4) O ZN4-TeT tci8) o 2rie- { .
274-T6T 1Tl (12Ga) [+] 030 55'4'767 o o 30
o e 6 (taGa) b {6 G__t8GaAl D 6 o |e tsGal o
[ o -
Q
1St uzeal o |, o |, )
] = £ © s £ ] ' 3| §leolEE
o - Lo - -_— - L]
o ! o Q)
) ! o
E 1
al 4| o =
= o l = aleol 8o
g g g =4 Q v - - S| of v o )
- - R
] i
[+]
-
-
o : .
|
o
a
<
b4 S
° 2
or T5177-319-00
(PNL GND! .
MO 8 GND WASHER ' MODEL WDASD28 THI177-316-00
T 5
LORAIN FRQOUCTS CORPORATION PARTID M USA
3 ] i ] i 9




DU ST T s T T e I T S et R St

{COMPONENT LOCATION]

[ S — e e [ S ——— e el

[ L [S——

-

’_G':r?u TE4
= ™ 82
i
« [&] [ i S Bl '
S [] BE .
)] [¢)] 28 @ 2@oo0@o |
. . a i3
T 0[5 [ ™D s |
~ - T 11 T !
! ‘ . "@‘ 111 |
@ AN )
Al ’ '%m_ 51
N N il
1w : s N
< N ’ : |
f - |
N !
Az N / o ‘
- H 1 T \ — _;
N fee
: E
| :
:; —
- . ; ¢
i
€9 —_—
e 9 o=
cH . S2
(= .A"FCR’ !
Bzi< |- T5177-319-00 |,,
H MODEL WOAS0ZB . T5177-316-00
_ ;&mmmmﬂ_ l D I,:...m:,..,..:_,\,k
3 4 l | s 6 7 I 8 ‘ 9




LB

[=rom

- - — R - .-

Section4154
August, 1988

Page 1 of 2
FOR PARTS OR SERVICE, CONTACTTHE NEAREST
LORAIN REGIONAL SERVICE CENTER
OHIO REGIONAL SERVICE CENTER SOUTHERN CALIFORNIA REGIONALSERVICE CENTER
1122 F St./PLT #5 3001 Red Hill, Bldg. 6. Suite 109
Lorain, Ohio 44052-2293 Costa Mesa, California 92626
Telephone: 2167288-1 122 Telephone: 71475404395
FAX: 216/288-1141 FAX: 714/540-6038
CONNECTICUT REGIONAL SERVICE CENTER
9-A Old Windsor Road
Bloomfield, Connecticut 06002 TEXAS REGIONAL SERVICE CENTER
Telephone: 20377261990 2044 North Highway 360
FAX: 20377261943 Grand Pralrle, Texas 75050
Telephone: 214/660-5986
ILLINOIS REGIONAL SERVICE CENTER FAX: 214/660-7381
245 Roosevelt Road, Bldg. 7, Units 49, SO
West Chicago, lllinois 60185
Telephone: 31272315775 NORTHERN CALIFORNIA REGIONALSERVICE CENTER
FAX: 312/231-4570 2074 O'Toole Ave.
San Jose, California 95131
GEORGIA REGIONAL SERVICE CENTER .
; Telephone: 40874351303
5555 Qakbrook Parkway, Suite 540 FAX: 408/435-1309
Norcross, Georgia 30093 :
Telephone: 404/449-0840
FAX: 404/449-1061
CANADIAN SERVICE CENTER
COLORADO REGIONAL SERVICE CENTER 122 Edward Street
4010 Youngfield Street St. Thomas, Ontario, Canada NSP1Z2
Wheat Ridge, Colorado 80033 Telephone: 519/631-0780
Telephone: 303/422-6213 FAX: 519/631-0359
FAX: 303/421-9310
MARYLAND REGIONALSERVICE = CENTER PACIFIC NORTHWESTSERVICE CENTER
9140 GUlI|f0rd Road, Suite M 15247 N.E. 90th Street
Columbia, Maryland 21046 Redmond, Washington 98052
Lilg(p'h;one: 930&!?)98—6422 Telephone: 206/883-7912
© 301/498-0809 . FAX: 206/885-1 120
INFORMATION REQUEST
[7] Please contact me about the following programs.
[] Please send me more information about the following programs.
[] Please add me to your mailing list for future service announcements.
Parts Kits {7 Software/Hardware Maintenance
Fuse Kits Annual Maintenance Contracts
Training Schools Power Evaluation Programs (PEP)
Repair Service B PowerTherm M Thermographic Analysis
Product Revision Upgrades
0 O
COMMENTS:
Name & Title:
Tel. Co. Name:
Address:

City: State: Zip: Ph.%
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LORAINSERVICECANALSOPROVIDE:

¢ IN-SHOP REPAIR

. FIELD SERVICE REPAIR

e MAINTENANCE CONTRACTS
* Power Equipment

* Software/Hardware

¢ POWER EVALUATION PROGRAM
(PEP)

% Power Analysis for the Entire
Power Room

e POWERTHERMsM THERMOGRAPHIC
SURVEY

* Infrared Scanning for your Power
Room

e TRAINING
* Factory
& Customer Site

% Slide/Cassette or Video

e PARTS KITS AND FUSE KITS

« SPARE FUSE HOLDER

. SPECIALIZED TEST EQUIPMENT

% Ringing Generator Test Set-
Model LS2000 (Includes loads,
metering, digital frequency
counter

4 130V Converter Test Load - Model
LS1000 (Variable loads to 6 amps)

e POWER UPGRADE AND
MODERNIZATION
(E&N)

% Includes engineering, fabrication
and complete installation

Contact your nearest LORAIN Regional Service Center
for more information,
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