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RELTEC WARRANTY

Products

Seller warrants to Buyer that the goods
manufactured and sold {("Products*}by
RELTEC business unik shall be free from
defects in material and workmanship.
The warranty period for RELTEC Products
shall be one (1) year from shipment date
except as follows: (1) EHSC*S (Digital

Loop Carrier System)Um2500, RLEM and
R-96 Auxiliary Equipment: two (2) years
from shipment date: (2} R-96 Plua-ins and
other Voice Frequency Preducts: five (5)
years from shipment date: (3) Products
installed by Seller: two (2) years from
date of installation.

Other
Suppliers’
Warranties

The sole and exclusive warranty for other
products andfor servicer sold by RELTEC
and provided by third party suppliers
(collectively referred to as ‘Other
Suppliers’) shall be limited to the Other
Suppliers’ express written warranty.

Withstanding anything to the contrary,
Seller’ssole responsibility to Buyer for
said Other Suppliers’ products and/or
services shallbelimited to theassignment
of such warranties, and rendering
assistance toBuyerto enforce the same.

Services

Seller warrants to Buyer that the work to
be performed (the ‘Services”) shall be
per-formed in a workmanlike manner
(according to industry standards) and free
from defects in materials. The warranty
period of said Services shall be for a
period of one (1) year from date of
installation completion except as follows:
(1) Field Services (On Customer Site)

Repairs: ninety (90) days from
completion of field services; (2} Flat
Rate (Depot) Repairs: one(1) year
from F.O.B. shipment date: (3)

Time and Material (Depot) Repairs:
ninety (90) days from F.G.B shipment
date; (4) Aftermarket Park:

ninety (90) days fromF.O B

shipment date.

Buyer’'s
Exclusive
Remedy

tf Seller’s Products or Servicer fail to meet
their respective warranty standard, Seller
will at ik sole option either: (1) refund
the amount received by Seller for said
defective Product or Service, or {2} repair
or replace any defective Product free of
charge, or (3)reperform Services, of the
type originally performed, free of charge.
The foregoing is contingent upon Seller
receiving Buyer’s written notice no later
than ten (10) days from the warranty
period’s expiration date and Buyer
returning defective Preducts (F.O.B. to a

location specified by Seller). In the event
Seller determines the return of the
Product to the factory to be
noneconomical, Seller will dispatch a
service technician to the site to determine
if the unit is defective and repair the
equipment, as appropriate. The warranty
set forth herein does not extend to any
Product or Service (including Other
Suppliers’ product and service) which has
been misused, modified, repaired.
improperly installed or otherwise

abused.

Waiver of
Implied
Warranties

EXCEPT AS PROVIDED IN THIS SECTION,
SELLER MAKES NO WARRANTY,
EXPRESS OR IMPUED. AU
WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR
PURPOSE ARE HEREBY EXPRESSLY

DISCLAIMED. THISWARRANTY
CONTAINSBUYER'SSOLEAND
EXCLUSIVEREMEDIESANDARE
EXPRESSLY INUEUOFALL OTHER
REMEDIES, WHETHER INLAW OR
INEQUITY,
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RELTEC Section 5737
Power Products Issue B1, September 9.1998

ADDENDUM

INSTALLER'S CONNECTIONS
INSTALLER'SINFORMATIONNOTES
FOR

LORAIN® RECTIFIERS

Remote voltage sensing lead connections should be made to the rectifier side of any
battery protective or disconnect devices present.

If a temperature compensation module is used to regulate rectifier output voltage, the
temperature compensation module battery connections should also be made to the recti-
fier side of any battery protective or disconnect devices present.

CAUT| ON

Turn off all rectifiers before removing any leads from a previously installed battery charge t er n-
perature compensation module.

Power Products / 1122 F Street / Lorain, Ohio 44052-2293 / (440) 288-| 122
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LORAIN PRODUCTS Section 5350
IssueAt, January 30, 1992

ADDENDUM

PREPARATIONFOR
SHUTDOWN

LORAIN ® MODEL RL AND RHM
SERIES RECTIFIERS

This instruction manual contains various testing, adjustment, and maintenance procedures in which the rectifier
will be shutdown either before or during the procedure. Before performing any of these procedures the load sharing
lead if installed must be removed using the following procedure then reinstalled after the test or adjustment is made.
If the load sharing lead is not removed during these procedures there is a potential for service interruption.

CAUTION
Before removing the rectifier from Service, provisions should be made to insure that power to critical
loads iS not interrupted, and that any external office alarms associated with the rectifier an?
disabled. if possible. |f the extended alarms cannot be disabled Qt the remote location, the
appropriate personnel should be notified to disregard any office alarms extended from the rectifier
while this procedure is in progress. |f the load must be maintained while the rectifier is removed
from service, the following considerations should be made:

a) Hf the rectifier is operating in parallel with one or more additional rectifiers, can the remaining rectifier(s) power
the load? ¥ not. the load must be shutdown or an alternate DC source must be used.

b) If a battery is to be used to provide load power during rectifier shutdown, is the battery fully charged and
capable of powering the load for the time required to make the adjustment.
1) Place the AC INPUT circuit breaker to the OFF position.
2) Refer to the Power Data sheet for location of the load sharing lead.
3) Disconnectthe load sharing lead from the terminal block and insulate exposed end.
4) Restart the rectifier by referring to the rectifier instruction manual starting and stopping section.
5) Perform the desired test, adjustment, or maintenance procedure in the rectifier instruction manual.

6) When the test, adjustment, or maintenance procedure is complete place the AC INPUT circuit breaker to the
OFF position.

7) Reconnect the load sharing lead removed in an earlier step.
8) Restart the rectifier by referring to the rectifier instruction manual starting and stopping section.

9) This completes the procedure.
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1. DESCRIPTION

General

1.1  These Lorain® Rectifiers operate from 60 Hz three
phase input. to maintain a battery in a fully charged condi-
tion while powering a toad. The Model RHMB80QES0 Rec-
tifier can be operated from 480 VAC input power.

1.2 Float Charging; This rectifier provides constant
output voltage;therefore. output current remains equal to
load current as tong as load current does not exceed a
predetermined. adjustable value. This mode of operation
is known as fleat charging. Since, in normal operation,
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the battery is not required to furnish load current, it
remains in a fully charged condition.

1.3 Eaualize Charging: If a higher DC voltage is
required to equalize the charge on all battery ceils, the
FLOAT/EQUALIZE switch can be operated focally to
obtain higher equalize charge voltage. The equalize
function may also be controlled from aremote location if
desired.

1.4 Current Limiting: When an AC power failure
causes battery discharge. orif a DC overload occurs, an
output current limiting circuit prevents the increase of
output current above a predetermined value.

1.5 Paralleling; This rectifier is equipped with an
ing with any other battery charger which can be
adjusted to the same output voltage. In addition. a
forced bad sharing circuit is furnished which ensures
proportional sharing of load between paralleled rectifi-
ars with compatible negative bus load sharing circuits
when interconnected with external bad sharing wiring.

1.6  Overvoltage Shutdown; If rectifier output voltage

increases beyond a preset value while delivering greater
than 3% of rated output current, a circuit trips open the
AC input contactar to disable rectifier output.

2. TEST APPARATUS

2.1  Refer to Table 2-1 for a list of tools and test equip-
ment that is sufficient to perform any test or adjustment
procedure detailed in this instruction manual.

3. INSTALLATION

3.1 Equipment placement at the central offics loca-
tion should be given consideration, as discussed in the
toltowing paragraphs.

3.2 Wirina Considerations: Location of the rectifier
should be chosen to minimize required lead lengths for
both AC input and DC output. Optimum equipment per-
formance and cost effectivenass of the instaflation can
be realized by proper location of therectifier.

3 . 3__Mounting Requirements This rectifier is

designed for floor mounting only. The cabinet base con-
tains four mounting holes which accept 1/2 inch diame-

ter bolts for securing the ractifier in Its mounted position.

Refer to the Power Data sheet for further information.

3.4 Ventilation Requiraments; All ventilation open-

ings in therectifier cabinet mustramainunobstructed for
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Description Model

Variable Power Supply
{0-60 VDC at 10 amps) or
equivalent

Power Supply

Adjustable from 15 ohms

Adjustable Resistive t0 0.052 ohms: 50 KW

Test Load power rating
Digital Multimeter FIuI_<e Model 8022A or
equivalent
DC Ammeter 0-20 amps DC
AC Ammeter 0-60 amps AC
Oscilloscops Tektronix Model T921 or
P equivalent

GC Electronics Type
8728A or equivalent

Insulated Screwdriver

Table 2-1
Test Apparatus

proper component cooling during operation. Tempera-
ture of the air entering the cabinet must not exceed
+50°C (+122°F).

Electrical C i

3.5  Wiring: All wiring and branch cireuit protection
should follow provisions of the current edition of the
National Electric Coda. Referenced to the 1996 edition
for specific requirements are:

Article 240-6 Branch Circuit Rating

Table 310-16 (75°C} Ampacity of Power Conduc-
tors
DANGER

The rectifier operates from AC voltage capable
of producing severe, perhaps fatal. electrical

shock. Before commencing installation.
ensure that AC and DC sources an? completely
disconnected or disabled.

3.6 General: To gain access to input, output. and
control tarminals, loosen the captive fasteners securing
the meter and control panels. These panels pivot open
on separate hinges. if less restricted access to input
and output terminals is required, remove the Phillips
type screws securing two removable panels immedi-
ately above the meter and control panels.
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3.7 Inpyt Connections: Connect the three phase AC
60 Hz. power leads at terminals L1, L2 and L3 on con-
tactor K1 at the left side of the rear panel.

3.6 Output Connections: Connect DC output leads to
output terminals +BAT. and -BAT at the right side of the
rear panel.

3.9 Eanh Green Wire) Connections: A
frame ground lug (GND), located near contactor K1,
must be connected to an earth ground (green wire). Do
not connect to power system neutral.

Alarm _and Control Connections

WARNING

Polarity of the voltage sensing leads is criti-
cal. When connecting these leads, verify con-
nections carefully to assure correct polarity,
terminal 1f+) and 2{-) on terminal board TB3
OPERATION

3.10 Local or Remote Voiftage Sensing: Terminals 1
(positive) and 2 (negative) on terminal board TB3 are
provided as voltage sensing terminals. These terminals
may be connected at the output of the rectifier or
extended to sense the voltage at a remote location. To
achieve the most effective regulation of output voltage,
the sense leads should be extended to the battery or
power board at which regulation is required.

NOTE

The high voltage shutdown circuit is connected
across the output voltage leads.

3.11 Load Sharing: This rectifier is equipped with a
negative bus load sharing circuit which enables it to
divide the load in proportion to the output current ratings
with arty other LORAIN RL or RHM Series rectifier of
the same output voltage rating. When both rectifiers
have compatible load sharing circuits, a load sharing
connection should be made between the toad sharing
terminals of each rectifier. The load sharing terminal of
this rectifier is located at terminal board TB3 terminal 3.
Retfer to the Power Data Sheet for recommended size of
the toad sharing lead and terminal block capacity. For
proper operation, it is essential that each rectifier be
adjusted for proper output voltage and lead sharing loop
voltage. Refer to the ADJUSTMENT section for detailed
information.

3.12 IRomiote Equalequalizeroh o d e o f

operation can be remotely controlled by providing a

Section 4367

closed circuit between terminals 4 and 5 of TB3, or by
providing positive battery voltage at terminal 4 only. An
open circuit between these terminals or removal of posi-
tive battery voltage from terminal 4 restores operational
mode control to the FLOAT/EQUALIZE switch on the
rectifier front panel.

3.13 Phase Loss/Reduced Load Alarm: If for any rea-

son, rectifier experiences a high ripple condition caused
by an AC input phase loss an alarm is activated and the
rectifiers output voltage and current will be at a reduced
level. Extended alarm contacts are activated to provide
closed loop circuits between terminals 26 to 27 and 29
to 30 of terminal block TB3, while open loop circuits are
provided between terminals 25 to 26 and 26 to 29 of ter-
minal block TB3. During normal operation closed loop
circuits are provided between terminals 25 to 26 and 26
to 29 of terminal block TB3, while open loop circuits are
provided between terminals 26 to 27 and 29 to 30 of ter-
minal block TB3.

3.14 Rectifier Fail Alarm: During normal rectifier oper-
ation, positive battery is provided at TB3 terminal 12 to
provide an external normal operation indication. If a
rectifier failure condition occurs, positive battery is
removed from TB3 terminal 12 and applied to TB3 ter-
minal 10 to actuate external rectifier fail alarms. A recti-
fier failure condtiin includes the following operational
modes or alarm conditions:

a) High voltage alarm

b} Low voltage alarm

c) Low current alarm

d)} Partial load current fimit operation
e} Fan fail alarm

fy  Heatsink over-temperature alarm
g} Fuse alarm

h) Manual or automatic removal of AC power.
including commercial power failure condition

NOTE

If closed loop actuated alarms are desired discon-
nect and insulate the jumper lead from 7733 termi-
nal 11. Closed loop rectifier fail alarm is then
provided at TB3 terminals 10 to | | during a recti-
fier/ail condition,
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3.15 End Cell Switch Inhibit: A positive battery control
signalis available at TB3 terminal 13 to inhii activation

of an automaticaily controlled end cell switeh during nor-
mal rectifier operation. If alow current alarm occurs in
the rectitier, this control signal is automatically removed
from terminal 13.

3.16 HVA: A positive battery alarm signal is present at
TB3 terminal 14 if rectifier shutdown results from a high
output voltage condition.

3.17 LCA: A positive battery alarm signal is present at
TB3terminal 15 during a low current alarm condition.

3.18 RCC: Positive battery to TB3 terminal 16 is nor-
mally supplied through a factory installed jumper wire
between terminals 16 and 20. Positive battery at termi-
nal 16 of TB3 is required for AC input power control. If
rectifier starting and stopping is required from a remote
location or automatic control device, disconnect and
insulate the jumper wire at TB3 terminal 16. Connect
positive battery to terminal 16 through the remote switch
or control device.

3.19 Voltmeter Indicating Optiin: Connect terminals
17 and 16 of TB3 with a jumper wire if front panel voit-

meter indication of battery voltage is desired when recti-
fier is turned off. if voltmeter indication of zero volts is
desired with rectifier turned off, do not connect jumper
to terminals 17 and 18.

320 Float and Eaualire Mode Indications: When rec-
tifier is operating in float mode, positive battery is avail-
able at TB3 terminal 19. When the equalize mode is
selectad, positive battery is removed from TB3 terminal
19 and supplied at terminal 21.

321 Optional Auxiliary Power Suppty: if, due to a pro-

longed AC input power failure, the associated battery
discharges to below 38 VDC. the rectifier will be Unable
to restart. To permit restarting the rectifier in this event,
a customer-fumished auxiliary 48 volt power supply may
be connected to terminals 1 (+) and 2 (-) of auxiliary
power supply terminal block TB%. TB1is located on
inside the rectiftar cabinet on the rear wall. The auxil-
iary power supply must be capable of supplying 10
amperes.

Initial Start | Checkout

322 This rectifier was completely tested and adjusted
by the manufacturer before shipment: however, the
installer should perform the following initial checks to
insure proper equipment operation after installation is
completed.

Page 4

a ) _lInitial Preparation

1) Place the HVSD and POWER
switches on the front panel to the OFF
position. Place the FLOAT/EQUAL-
IZE switch to the FLOAT position.

2) Open the front access panels by loos-
ening the captive fasteners, then
locate battery disconnect link S2.
Remove this link fmm its receptacle.

3) Check to insure that all fuses are
securely installed in their fuseholders.
Any tape and packing materials used
in the interior of the rectifier for ship-
ping purposes should be removed at
this time.

4) Connect all input, output, and control
wiring in accordance with the Power
Data sheet. Refer to Paragraph 3.06
for further wiring information.

b) Initial Startup Procedure
DANGER

Steps 1) through 4} must be performed exactly
as presented in these instructions. The recti-
fier must be started off battery to charge the
Jilter capacitors before installing BATTERY
DISCONNECT link S2. Installing the discon-
nect link before charging the capacitors can
result in personal injury, equipment damage,
and blown fuses in the rectifier.

1) If reference leads are extended to the
battery, performthe following steps:

A) Remove the local sensing
leads from their storage termi-
nals on circuit card AS.

B) Working with one lead at a
time, disconnect the extended
reference leads from terminals
1 and 2 of TB3 on circuit card
Ag. Temporarily insulate these
leads.

C) Connect the local sensing
leads to TB3, terminal 1 (+)
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and terminal 2 {-). Insure that 3) Place the HVSD circuit breaker toggle

polarity is correct. and the POWER rocker switch to the
ON position. The rectifier should
start, although the LOW CURRENT

D) Install the M option capacitor ALARM and an extended rectifier fail

assembly, Part No 4251-014- alarm may be activated.

00, on the appropriate edge

connector of regulator and 4}  Wait for the voltmeter on the rectifier

alarm circuit card A7. Refer to front panel to indicate 52 volts. At this

Figure 3-1. time, insert BATTERY DISCONNECT
link §2,

2) Insure that the external AC protective 5) Place the POWER switch to the OFF
device is property sized for rectifier position. If reference leads extended
input requirements. Close this device to the battery or load are required,
to apply AC input power to the recti- perform the following steps. If internal
fier. reference only is required, disregard

HINGEDEND
/_ OF PANEL
o ~N
m RIPPLE REGULATOR POWER SUPPLY
a CIRCUIT CARD A1 CIRCUIT CARD A8 CR13
CR14
= 3 REGULATOR AND ALARM CIRCUIT CARD A7 0
-
a
= MOUNTING LOCATION OF =
CAPACITOR ASSEMBLY
425101400
i o 0
| CONTROL AND INDICATOR PANEL
(INTERIOR SURFACEY 0/
Figure 3-1. Capacitor Assembly Connector Location
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Steps a) through c) which follow. then
proceed with Step 6).

DANGER

If the rectifier is connected to a battery, volt-
aye is present at the local and extended refer-
ence |leads. Exercise care in the following
steps that the leads are not accidentally
shorted together or allowed to touch cabinet
ports er any other electrical terminations.

AC voltage capable Of producing severe, per-
haps fatal electrical shock is present at input
contactor K2. Exercise caution that w&den-
tal bodily contact with any electrical termina-
tion does not occur.

A) Disconnect and temporarily
insulate the local reference
leads from TB3, terminals 1
and 2.

B) Working with one lead at a
time, connect the remote sens-
fng leads to TB3, terminal 1 (+)
and 2 {+). Insure mat polarity is
correct.

C) Remove the temporary insula-
tion from the focal reference
leads, and connect these leads
to the storage terminals on cir-
cuit card A9.

6) If the rectifier is used in charging a
battery, remove the M option capaci-
tor assembly from its edge connector
on regulator and alarm circuit card
AT.

7) Place the POWER switch to the ON
position. The rectifier should start
and deliver output voltage within the

range of 48 to 54 VDC.

8) The float output Voltage of the rectifisr
should be checked and adjusted to
meet load conditions. Unless other-
wise specified. the rectifier has been
factory adjusted to provide 52.08 VDC
during fkoat operation. This is based
on a fjoat charge of 2.17 volts per cell
for a 24-cell battery. When charging a
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9)

10)

23-cell battery, or when a higher or
lower voltage per cell is desired, the
float output voltage can be changed
by adjusting the FLOAT ADJUST
potentiometer, accessible through a
hole in the front panel of the rectifier.
Turn the potentiometer adjustment
screw slowly clockwise or counter-
clockwise as necessary. Voltage
should be monitored at the battery
while adjusting float output. The recti-
fier thereby compensates for distribu-
tion losses, and the battery remains
fully charged.

Operate the rectifier FLOAT/EQUAL-
IZE switch to the EQUALIZE position
and note the equalize output voltage.
Unless otherwise specified, the recti-
fier has been factory adjusted to pro-
vide 54 VDC during equalize charge
operation. This is based on an equal-
ize charge of 2.25 voits per cell for a
24-cell battery. When charging a 23-
cell battery, or when a higher or lower
voltage per cell is desired, the equal-
ize output voltage can be changed by
adjusting the EQUALIZE ADJUST
potentiometer, accessible through a
hole in the front panet of the tectifier.
Turn the potentiometer adjustment
screw slowly clockwise or counter-
clockwise as necessary. Voltage
should be monitored at the battery
while adjusting equalize output,
thereby allowing the rectifier to com-
pensate for distribution losses.
Return the FLOAT/EQUALIZE switch
to the FLOAT position.

Check the rectifier current limit cir-
cuitry by loading the rectifier to at
least 120% of the rated output of the
unit. if the existing load is less than
rated bad, a resistive test bad may
be connected to the DC output termi-
nals of the rectifier. The rectifier
should limit is output current at 110%
of rated output. If adjustment is
required, refer to Paragraph 5.98 of
this manual. Remove the test load
after check or adjustment.
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11) Before placing the rectifier into ser-
vice, refer to Table 3-1 and note the
factory settings of the overvoltage
shutdown circuit and the high and low
voltage alarm circuit, If these factory
seftings are acceptable, the rectifier
may be placed into service. If read-
justment of these circuits is required
to meet customer requirements. fol-
low the appropriate adjustment proce-
dure referenced in Table 3-l before
placing the rectifier into service.

Factory Adjustment
Adjustment - Procedure
Setting Para. No.
Overvoltage
Shutdown 55VDC ‘ 5.10
HighVoltage 5 gype 5.8
Alarm |
Low Voltage
Alarm 47.15vDC 5.7 l

Table 3-1. Shutdown and Alarm Levels

4. OPERATION
Starti Sto

4.1 Normal Start and Stop: The rectifier may be
started or stopped locally by placing the HVSD and

POWER controls to the ON or OFF position. respec-
tively.

42 Remote Start and Stop: If remote starting and
stopping control is . dasired, allow the HVSD and

POWER controls on the front panel to remain in the ON
position. Applying or removing positive battery at termi-
nal 16 of TB3 starts or stops the rectifier, respectively.

4.3 Starting After AC Power Failure: The rectifier
restarts automatically following commercial AC power
failure if the HVSD and POWER controls are in the ON
position and positive battery is applied to TB3 terminal
16 at the time of power restoration.

Section 4387

NOTE

If batte y voltage discharges below 38 volts DC dur-
ing an extended commercial AC power failure. the
rectifier will be unable to restart automatically
unless an auxiliary power supply is connected to
terminal block TB1I (see Pam 3.211. If an awxtiary
power supply IS not connected to TB1. refer to Test
Procedure 9 in Chapter 7. TROUBLESHOOTING. for
a startup procedure in this event.

Controls and Indicators

4.4  Thefollowing controls and light emitting diode
indicators control the operation and indicate the status
of therectifier. All controls and indicators are located on
the rectifier front panel unless otherwise noted.

a) HVSD Circuit Breaker. This circuit breaker
operates in conjunction with the POWER
switch for starling and stopping the rectifier
and normally remains in the ON position.
The circuit breaker contains a trip coil which
is energized in case of a high output voltage
condition, thereby releasing the AC input
contactor which removes ACinput power.

b) POWER Switch: This rocker switch. located
adjacent to the HVSD circuit breaker, is used
to start or stop the rectifier by placing it lo
the ON or OFF position, raspectively.

c) BATTERY DISCONNECT Link §2: The dis-
connect link inserts into amating receptacle
located at the upper right portion of the rear
panel inside the rectifier. Access is gained
by opening the meter and control panels.
The link serves as a convenient method for
connecting or disconnecting the battery lo or
from the output circuits of the rectifier.

d) ELOAT/EQUALIZE Switch: When this switch
is in the FLOAT position. sufficient voltage is

provided to maintain the battery in a fully
charged condition while supplying load
demands. When this switch is placed in the
EQUALIZE position, the rectifier output volt-
age is increased to equalize the charge of all
battery cells. Refer to Para. 4.6.

e) POWER ON Indicator:Illuminates whenthe
AC input voltage is present and the HVSD

and POWER controls are placed in the ON
position.
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fy HIGH VOLTAGE ALARM Indicator: Hurni-
nates when the output voltage increases to a
predetermined adjustable high voitage alarm
value. The high voltage alarm ¢ircuit moni-
tors output voltage continuously: therefore.
this alarm is operational even when the recti-
fieris turned off.

g) LOW VOLTAGE ALARM Indicator: Ilumi-
nates when the output voltage decreases to
a predetermined adjustable fow voltage
alarm value. The low voltage alarm circuit
monitors output voitage continuously; there-
fore, this alarm is operational even when the
rectifier is turned off.

NOTE

The LOW VOLTAGE ALARM indicator may illumi-
nate during a battery recharge condition if the recti-
fier operates in the current limiting mode. and
reduces output voltage accordingly. This is normal
operation and the atarm will extinguish as the bat-
tery voltage increases.

h) LOW CURRENT ALARM Indicator: [lumi-
nates when the rectifier is operating and
supplying less than 0.5% of rated output cur-
rent or when the rectifier is turned off.

i} FUSE ALARMilndicator: e s # o n e

or more fuses F1through F4 should open.

j} FAN FAILURE ALARM Indicator: Hiumi-
nates if cooling fans B1or B2 should fail.

Metering

45 A DC ammeter and a DC voltmeter indicate recti-
fier output current and voltage, respectively. Since the
voltmeter is connected across the reference leads, this
meter indicates battery voltage if remote sensing is
used.

Eloat Charding

4.6 This rectifier provides constant output voltage:
therefore, output current remains equal to bad current
as long as load current does not exceed the current lisnit
setting. This mode of operation is known as float charg-
ing. In normal operation. the battery is not required to
furnish bad current and remains in a fully charged €on-
dition.
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NOTE

If the current demand by the load exceeds the cur-
rent limit setting. the battery is required to _furnish
the difference and subsequently begins discharg-
ing

Egqualize Charaging

4.7  Higher charging voltage is sometimes required to
equalize the charge of all battery cells, or to recharge
the battery as quickly as possible following commercial
AC power failure. To obtain thii voltage, operate the
FLOAT/EQUALIZE switch to EQUALIZE positien. To
restore usual float operation, operate the switch to the
FLOAT position.

4.9 The equalize function of the rectifier can also be
initiated from. a remote location. if desired. (Refer to
Power Data Sheet.) When the equalize function is con-
trolled remotely, the FLOAT/EQUALIZE switch on the
rectifier is diiled.

WARNING

Do not supply equalize voltage for a longer
period than necessary. Prolonged higher
charge voltage will overcharge the battery
cells and reduce battery life.

A ic Rectifier Shutd

4.9 OQccumence of any of the following conditions
results in automaticrectifier shutdown:

a) Operation of any fuse in the rectifier. other
than fan fuses F5 and F6

b) Overvoltage condition at rectifier output

If condition a) occurs, indicator FUSE ALARM iltumi-
nates but all other operating controlsremain in their nor-
mal positions. Correction of the failure condition and
replacement of the opened fuses allows the rectifier to
restart.

If condition b) occurs, the rectifier will restart automati-
cally after twenty seconds. lif a second HVSD ocecurs
within a 5 minute period, the rectifier will shut down and
trip the HVSD cireuit breaker located on the front door.
Once the failure has been corrected, placing the circuit
breaker toggle to the ON pasition should restart the rec-
tifier. If the rectifier can operate for a psriod of 5 min-
utes without a HVSD the eireuit will reset and be ready
for the naxt HVSD event.
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4.10 This rectifier contains a circuit which permits
selective overvoltage shutdown when two or more recti-
fiers are operated in parallel. The circuit allows opera-
tion of the overvoltage shutdown circuit only in the
rectifier which causes the overvoltage condition.

RippleRequlator Circuit

4.11 This rectifier is equipped with a ripple regulator
circuit, located on circuit card Al 1, which continuously
menitors the ripple current through therectitier DC out-
put filter capacitors. In the event of a high ripple current
condition caused by the loss of an AC input phase, the
ripple regulator circuit senses the high tipple through
the capacitors and provides a signal to the rectifier regu-
lation circuitry which reduces rectifier output voltage and
current. This permits the rectifier to continue operating
at areduced capacity until such time as the phase loss
is corrected. External alarms are also activated refer to
Paragraph 3.14 for details.

s i Optijo

4.12 If rectifier operation off battery is required. a
capacitor assembly, Part No. 425101400. must be
installed on circuit card A7 to stabilize rectitier output
voltage. See Figure 4-l.

CoolingFans and Tempe ® Sensors

4.13 The rectitier is equipped with cooling tans and
temperature sensors mounted on heatsink assemblies
at me bottom of the cabinet. The cooling fans circulate
air across the heatsinks to cool power semiconductors
while me temperature sensors monitor heatsink tem-
perature. If air flow ceases or it heatsink temperature
reaches +85°C (+185°F), output currant of the ractifier
is reduced to approximately 66% of the full load rating,
and an external rectifier fail alarm is activated, if con-
nected. In addition. if a cooling fart has failed. a red FAN
FAILURE indicator will illuminate. When the tempera-
lure decreases or fans have been repaired, the rectifier
returns to tull load capability and the external rectifisr
fail alarm is canceled.

Euges

4.14 Table 4-1 lists the rating and types for all the
fuses used in the rectifier. Fuses should be replaced
with the type and size listed, or equivalent. To gain
access to all fuses except F& and F8, open the meter
and control panels. Fuses F5 and F6 are accessible

Section 4387

after removal of the lower panel at the front of the recti-
fier.

Desig. ( Asr:]Z:s) Type
F1 1000 | Gould-ShawmutA13Z21000-4
F1A 1/4 Bussmann GMT
F2 3 Bussmann GMT
F3. F4 60 Bussmann GMT
F3A, F4A 1/4 Bussmann GMT
F5, F6 5 Bussmann GMT
Table 4-1. Fuse Types and Sizes
Circuit Cards

4.15 Any of the circuit cards listed in Table 4-2 can
aasily be replaced as individual assemblies if the need
arises.

Circuit Card Description

Al -A6 (433401600)
A7 (486508700)

SCR Firing Circuit Card

Requiator 8 Alarm Card

A8 (486562200) Power Supply Card

A9 (433852700)
Al 1 (486569800)

Alarm Interface Assy

Ripple Regulator Card

Al12, Al3 (433837100) | Fan Failure Alarm

A14.15 (425702200)
Al6 (433800209)

LED Alarm Card

HVSD Resart Circuit

Table 4-2. Replaceable Circuit Cards

5. ADJUSTMENTS

General

5.1 Various adjustment potentiometers are
accessible on the control and indicator panel at Regula~
tor and Alarm Circuit A7 and Ripple Regulator Circuit
All. These potentiometers are factory adjusted and
readjustment is not normally required.

Page 9
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HINGED END
_/_ OF PANEL
O
— RIPPLE REGULATOR POWER SUPPLY
| CIRCUIT GARD A11 CIRCUIT CARD Ag CR13
CR14
L
m o REGULATOR AND ALARM CIRCUIT CARD A7 0
=
—
=1
ey
= MOUNTING LOCATION OF I
CAPACITOR ASSEMBLY =g
u 425101400
n 0 0
a CONTROL AND INDICATOR PANEL
(INTERIOR SURFACE) 0 y,
Figure 4-1. Capacitor Assembly Connector Location
WARNING small increments. Before adjustments are made. verdy

Adjustment Of this rectifier should only be
attenpted by trai ned service personnel
Adjusment outside of ranges or beyond limits
stated in the Power Data Sheet is not recom-
mended.

Eloat Yoitage Adjustment

5.2 Potentiometer FLOAT ADJUST is accessible
through a hole on the front panel of the rectifier. This
potentiometer sets the value of the fleat output voltags.
Unless otherwise specifiad, the float voltage is factory
adjusted to 52.08 VDC (24 cells at 2.17V/cell). The
potentiometer setting, if changed, should be done in
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that the battery is fully charged.

a) To obtain float output voltage, place the
FLOAT/EQUALIZE switchin the FLOAT posi-

tion.

b) To increase float voltage, adjust potentiome-
ter FLOAT ADJUST slowly clockwise. To
decrease float voltage, adjust potentiomster
slowly counterclockwise.

c) When the setting of potentiometer FLOAT
ADJUST has been changed, allow battery
voltage to stabilize at its new value, then
note whether this value is as desired.
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HINGED END

" OFPANEL
J RIPPLE REGULATOR POWER SUPPLY o
| CIRCUIT CARD A11 CIRCUIT CARD A8 cR12

CR14
i
| RIPPLE REGULA- "\
— TORADJ(R3) o REGULATOR AND ALARM CIRCUIT CARD A7 o
)

FACTORY ADJUST ONLY -0

LOAD SHARING ADJ{R28) -1
| ]
| | OVERVOLTAGE SHUTDOWN ADJ (R32)—[] | ADJUSTMENT POTENTIOMETERS

HIGH VOL TAGE ALARM ADJ (R39) Ln (ON OTHER SIDE OF CIRCUIT CARD,
| LOWCURRENT ALARMADM(RS0) — 4.1
| | LOW VOLTAGE ALARM ADJ {R38) S5

/
= o Q
| | CONTROL AND INDICATOR PANEL
(INTERIOR SURFACE) 0

Figure 5-1. Regulator and Alarm Circuit Card Adjustment Potentiometer Locations

d) Repeat Steps b) end c) as necessary to
obtain the required float voltage.

NOTE

When the float voltage IS adjusted. the equalize
voltage will be affected. It is recommended that the
equalize voltage be checked. Md if necessary.
readjusted.

Equalize Voltage Adjustment

5.3  Potentiometer EQUALIZE ADJUST is accessible
through a hole on the front panel of the rectifier. This
potentiometer sets the value of the equahze output volt-

age. Unless otherwise specified, the equalize voltage
has bee” factory adjusted to 54 VDC (24 cells at 2.25V/
cell). The potentiometer setting, if changed, should be
done in small increments.

a) To obtain equalize output voltage. place the
FLLOAT/EQUALIZE switch in the EQUALIZE
position.

b) Allow DC output voltage to stabilize at its
new value.

c) To increase equalize voltage, adjust potenti-
ometer EQUALIZE ADJUST clockwise. To
decrease, adjust potentiometer counter-
clockwise.
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d) Repeat steps b) and ¢) as necessary to
obtain desired equalize voltage.

Current Limit Adiustment

5.4 The value at which the current limit circuit pre-
vents further increase of output current is set by potenti-
ometer CURRENT LIMIT ADJUST accessible through a
hole on the front panel of the rectifier. Unless otherwise
specified. the rectifier is factory adjusted to limit current
at 110% of rated load. To change the current limit set-
ting, observe the following procedure:

WARNING

This rectifier is not rated for continuous duty
above 110% of rated current. Loads of up to
125% may be tolerated for short periods of
time fe.g.. when recharging a discharged bat-
teryl. Prolonged operation over 110% |load may
overheat the rectifier and cause permanent
damage to some components.

a) ¥ theload on the rectifier is not greater than
the desired current limit setting. a resistive
test load should be used to insure the
amount of toad exceeds the desired output
current limit sefting.

b) To decrease the current limit setting, adjust
potentiometer CURRENT LIMIT ADJUST
counterclockwise until the output current
decreases to the desired limit.

c) To increase the current limit setting, adjust
potentiometer CURRENT LIMIT ADJUST
clockwise until the output current increases
to the desired limit.

8, dj 0

5.5 The low voitage alarm adjustment potentiometer
R38, located on Regulator and Alarm cireuit card A7.
sets the value at which light emitting diode LOW VOLT-
AGE ALARM illuminates and a” external ala”” is acti-
vated, If connected. Unless otherwise specified, the low
voltage alarm is factory adjusted for 47.15 VDC. To
readjust this limit, observe the following procedure:

a) Turn off the rectifier by operating the
POWER switch to the OFF position.

b) Open the meter and eontrol panels by loos-
ening the captive fasteners. Disconnect the
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rectifier from battery by removing the BAT-
TERY DISCONNECT link.

DANGER

Exercise extreme caution when performing
Step e). Hazardous DC wvoltage is present at
the DC output terminals.

c) Connect a” adjustable DC supply capable of
supplying 6@ volts DC to the positive output
terminal (+) and either terminal of fuse F1(-

),observing proper polarity.

d} AdjustpotentiometerR38fully counterclock-
wise. Referto Figure 5-I for location.

e} Turnon the external DC supply and adjust
output voltage to the desired low veltage
ala"” value.

NOTE

The filter capacitors charge slowly when the exter-
nal DC supply is twrned on. Allow approximately
40 seconds to elapse before final supply adjust-
ment 10 the desired low voltage alarm value.

f)  Slowly adjust potentiometer R38 clockwise
until light emitting diode LOW VOLTAGE
ALARM on the front panel illuminates.

g) As acheck, Increase the output voltage of
the external DC supply; light emitting diode
LOW VOLTAGE ALARM should extinguish.
Slowly decrease the voltage until light emit-
ting diie LOW VOLTAGE ALARM iflumi-
nates. Repeat Steps 9 and g}, if necessary.
until the alarm is activated at the desired
voltage.

h) Adjust power supply output voltage to
exactly the same value of battery voltags at
the rectifier output terminals. These volt-
ages should be measured with a digital mul-
timeter.

i)  With power supply output voltage property
adjusted. insert the BATTERY DISCON-
NECT link.

i Tumoff the external DC power supply, then
disconnect the test leads.



K) Close the meter and control panels, then
start the rectiiisr by placing the POWER
switch to the ON position.

High Voitage Alarm Adiustment

6.6 The high voltage alarm adjustment potentiometer
R39, located on Regulator and Alarm Circuit card A7,
sets the value at which light emitting diode HIGH VOLT-
AGE ALARM illuminates and an external alarm is acti-
vated, if connected. Unless otherwise specified, the
high voltage alarm is factory adjusted for 57.6 VDC. To
readjust this limit. observe the following procedure:

a) Tum off the rectifier by operating the
POWER switch to the OFF position.

b) Open the meter and control panels by loos-
ening the captive fasteners. Disconnect the
rectifier from battery by removing the BAT-
TERY DISCONNECT link.

DANGER

Exercise extreme caution when performing
step ¢l Hazardous DC voltage is p-t at
the DC output terminals.

¢) Connect an adjustable DC supply capable of
supplying 60 volts DC to the positive output
terminal (+) and either terminal of fuse F1
{-), observing proper polarity.

d) Adjust potentiometer R39 fully clockwise.
Refer to Figure 5-1 for location.

e) Tum on the external DC supply and adjust
output voltage to the desired high voltage
alarm value.

NOTE

The filter capacitors charge slowly when the exter-
nal DC supply is turned on. Allow approximately

40 seconds to elapse before final supply adjust-
ment to the desired high voltage alarm vaiue,

fy Slowly adjust potentiometer R39 counter-
&&wise until light emitting diode HIGH
VOLTAGE ALARM on the front panel illumi-
nates.

g} As a check, decrease the output voltage of
the external DC supply; light emittmg dicde
HIGH VOLTAGE ALARM should extinguish.

Section 4387

Slowly increase the voltage until light emit-
ting diode HIGH VOLTAGE ALARM illumi-
nates. Repeat Steps f) and @), if necessary,
until the alarm is activated at the proper volt-
age.

h) Adjust power supply output voltage to
exactly the same value of battery voitage al
the rectifier output terminals. These volt-
ages should be measured with a digital mul-
timeter.

i)  With power supply output voltage properly
adjusted, insert the BATTERY DISCON-
NECT link.

i¥  Tum off the external DC power supply, then
disconnect the test leads.

k) Close tie meter and control panels, then
start the rectifier by placing the POWER
switch to the ON position.

Low Current Alarm Adjustment

5.7 The low current alarm adjustment potentiometer
R50, located on Regulator and Alarm Circuit card A7,
sets the value at which light emitting diode LOW CUR-
RENT ALARM illuminates and an extemal low current
alarm is activated, i connected. Unless otherwise
specified, the low current alamm adjustment is factory
set to provide an alarm when rectifier output decreases
below 0.5% of rated current. To readjust the low current
alarm. observe the following procedure:

DANGER

This adjustment procedure is performed with
the rectifier operating in a test mode. AC volt-
ages capable of producing severe, perhaps
Satal electrical shock are p-t at contactor
K2 and in other portions of the circuit when
the rectifier is operating. Exercise caution
that accidental contact with any electrical
terminationsdoes notoccur.

a} Tum off the rectifier by operating the
POWER switch to the OFF position. Open
the meter and control panels.

b} If remote sensing is used in the rectifier, dis-
connect and temporarily insulate the remote
sensing leads. These leads are connected
at TB3 terminals 1 and 2.
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¢} Connect the local sensing leads to TB3 ter-
minals 1(+)and ‘2 {-). Insure that polarity is
correct.

d) Remove the BATTERY DISCONNECT liik
to isolate the rectifier from the battery or
load.

@) Install the M option capacitor assembly,
PariNo. 425101400, on the appropriate
edge connector of regulator and alarm cir-
cuit card A7. Refer to Figure 4-I for mount-
ing incation.

DANGER

Exercise ecxtreme caution when performing
Step fl. Hazardous DC voltage is present at
the DC output terminals.

f) Connect a DC ammeter and a resistive test
load in series. Connect the leads of this test
circuit to the positive output terminal (+) and
either terminal of fuse F1 (+), observing

proper polarity.

@) Adjust potentiometer R5Q1ully counterclock-
wise. Refer to Figure 5-I for location.

h) Adjust the resistive test load for maximum
resistance.

i}  Start the rectifier by piacing the POWER
switch to the ON position. Adjust the test
load for an ammeter indication of 4 amperes
(0.5% full load). The LOW CURRENT
ALARM indicator shouid be extinguished.

iy  Slowly adjust potentiometer RS0 clockwise
until the LOW CURRENT ALARM indicator
illuminates.

k} Adjust the resistive test bad to place slightly
more load on the ractifier output. The LOW
CURRENT ALARM indicator’ shouid extin-
guish.

) Reduce the amount of load to 4 amperes.
The indicator showd illuminate. If neces-
sary. adjust R50 to obtain the alarm indica-
tion at a load of 4 amperes.

m) Placethe BATTERY DISCONNECT link into
its receptacle, then immediately place the
POWER switch to the OFF position.
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n} Disconnect the test leads of the external
ammeter and resistive load.

o) If therectifier is normally connected to a bat-
tery, remove the M option capacitor assem-
bly from the regulator and alarm circuit card
AT.

p) If remote sensing is normally used at the
battery or load, disconnect the local sensing
leads from TB3 terminals 1 and 2. Connect
these Isads to the storage terminals on cir-
cuit card A9.

g) Connect the remote sensing leads to TB3,
terminals 1 {(+) and 2 {-). Insure that polarity
is correct.

r} Start the rectifier by placing the POWER
switch to the ON position. Close the meter
and control panels, then note the status of
indicators and front panel meters for proper
operation.

Overvoltage Shutdown Adjustment

5.8 This adjustment sets the limit at which the recti-
tier is shutdown if a high voltage condition occurs. This
adjustment is made by overvoltage adjustment potenti-
ometer R32 on Reguiator and Alarm Circuit card A7.
Unless otherwise specified, the overvoltage shutdown
adjustment is factory set at 55.0 VDC. To readjust the
overvoltage shutdown limit, observe the following proce-
dure:

NOTE

To avoid nuisance shutdowns, choese an overvolt-
age shutdown value which is a minimum of 2 volts
above the float voltage value.

a) Turn the rectifier off by operating the
POWER switch to the OFF position.

b) Open the meter and control panels by loos-
ening the captive fasteners. Disconnect the
rectifier from battary by removing the BAT-
TERY DISCONNECT link.

DANGER

Exercise extreme caution w h e n performing
step ¢). Hazardous DC voltage is present at
the DC output terminals.
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<)

e)

h

)

h}

k)

If remote voltage sensing leads are
extended ( T Option), disconnect and insu-
late. Connect internal voltage sensing leads
( R Option) to terminals 1 (+) and 2 {-) of
TB3.

Install M option capacitor assembly AlO on
circuit card A7.

Connect the test load to the positive output
terminal (+) and either terminal of fuse F1.
Adjust potentiometer R32 fully clockwise.
Refer to Figure 5-1 for location.

Start the rectifier and apply approximately
5% load.

Connect a digital multimeter capable ot
measuring 60 VDC to monitor jacks TP1 and
TP2 and note the float and equalize output
voltage settings.

Adjust the output voitage by means of poten-
tiometer FLOAT ADJUST to the value at
which overvoltage shutdown is desired. If
the desired output voltage cannot be
obtained with the float potentiometer alone,
place the FLOAT/EQUALIZE switch in the
EQUALIZE position. Continue to increase
the output voltage using the EQUALIZE
ADJUST potentiometer.

Slowly adjust potentiometer R32 counter-
clockwise until circuit breaker HVSD trips
open.

As a check, tum the FLOAT andior the
EQUALIZE ADJUST potentiometer down.
Reset HVSD circuit breaker to the ON posi-
tion. Slowly increase the output voltage until
the circuit breaker trips at the proper voltage.
Repeat, if necesssary, until the proper shut-
down voltage value is attained.

Adjust the FLOAT and EQUALIZE ADJUST
potentiometers for rectifier output voltage
lower Man the shutdown level. Start the rec-
titier and adjust float and equalize output
voltages to the values noted in Step g).

While the rectifier is operating, place the
BATTERY DISCONNECT link into its recep-
tacle. Immediately place the power switch to
the OFF position.
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m) Disconnect the test load and multimeter
leads. If the rectifier is normally connected
to a battery remove the M option capacitor
assembly from circuit card A7.

n} If remote sensing is normally used at the
battery or load. disconnect the local sensing
leads from TB3 terminals 1 and 2. Connect
these leads to the storage terminals on cir-
cuit card A9.

¢0) Connect the remote sensing leads to TB3,
terminals 1 (+) and 2 (). Insure that polarity
is correct.

p) Start the rectifier by placing the POWER
switch to tie ON position. Close the meter
and control panels. then note the status of
indicators and front panel meters for proper
operation.

5.9  This rectifier is equipped with a load sharing cir-
cuit which allows the rectifier to share the load propor-
tionately with other rectifiers that can be adjusted to the
same output voltage, and are equipped with negative-
bus load sharing circuits. For proper load sharing, it is
essential that each rectifier be adjusted to the same out-
put voltags, using the following procedure:

a) Temporarily open the rectifier load sharing
leads of all paralleled rectifiers and turn off
all but one rectifier.

CAUTION

If the oad demand exceeds the rating of a sin-
gle rectifier, the remaining load power is sup-
plied by the batteries, causing battery
discharge.

b} With the other paralleled rectifier(s) turned
off. insure that the one rectifier still operating
is adjusted to the required output voltage at
100% rated load.

¢) Check the load sharing voltage across TB3
terminals 2 {-) and 3 (+) to determine i it is 6
VDC. K not. adjust Potentiometer R28 on
circuit card A7 to obtain 8 VDC. Refer to
Figure 5-I for location.

d) Start the second rectifier to be adjusted, turn
off Me first rectifier, and repeat Steps b) and
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c) for the second rectifier. Repeat this pro-
cedure for each paralleled rectifier, one at a
time, until all the rectifiers are adjusted for
the same output voltage at 180% load and
the toad sharing voltage is 8 VDC.

@) Close the lpad sharing lead between ail par-
alleled rectifiers, then restart the rectifiers.
The toad should now be shared proportion-
ally by the rectifiers.

Ripple Reaulator Adiustment

5.10 This adjustment potentiometer is located on cir-
cuit card Al $whigh monitors the amount of ripple cur-
rent through the DC output filter capacitors.  This
adjustment determines the amount of ripple current
required to reduce ractifiar output voltage. The ripple
regulator is factory adjusted to start fimiting rectifier out-
put voltage when ripple current through the DC fitter
capacitors reaches 55 amperes. Customer adjustment
of this circuit under normal operating condiiins is not
recommended. The only time this adjustment should be
made by the customer is when a replacement Af 1 cir-
cuit card has bean installed in the rectifier. Circuit card
All is located on the inner surface of the control and
indicator panel, as shown in Figure 5-I. Ib adjust the
ripple regulator circuit card. observe the following proce-
dure:

DANGER

Voltage capable Of producing severe, perhaps
fatal, electrical shock are present within the
rectifier. Insure that the externai AC discon-
nect device is opened before performing this
procedure; otherwise, hazardous voltages will
be encountered in Steps i) and n).

a) Tum off the rectifier by operating the AC
INPUT switch to the OFF position. and dis-
connect battery or load from the output tar-
minals. f remote voltage sensing leads are

extended, ( T Option) disconnect and insu-
late. Connect internal voltage sensing leads
(R Option) to terminals 1{+) and 2(-) of TB3.

b) InstallM Option capacitorassembly A10 on
circuit card RAC-A7.

c) Connect atest load to the DC output termi-
nals.
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d) Remove DC filter capacitor alarm fuse F3A
and DC filter capacitor fuse F3 from their
respectivefuseholders.

e) Connect a clamp on type AC ammeter capa-
ble of measuring around the lead to the fuse
socket of DC filter capacitor fuse F3.

fy  Disconnect the AC input at the external dis-
tribution point and disconnect any one AC
input phase to the rectifier at terminal block
TB1 Temporarily insulate the disconnected
wire.

g) Close the external AC input disconnect
device and restart the rectifier by operating
the AC INPUT switch to the ON position.

h) Apply 55 amperes of load at the rectifier out-
put terminals. Adjust potentiometer R3 on
circuit card RR-Al 1 until the output voitage
starts to decrease. Increase the load cur-
rent at the rectifier output terminals and ver-
ify that the output voltage decreases as the
output currantincreases.

iy The adjustment procedure is now com-
plete. Tumn the rectifier off and open the
external AC input distribution device.
Reconnect the AC input phase removed in
Step e), remove the ammeter, and replace
fuses F3 and F3A in that order. Reconnect
the load at output terminal block TB2, extend
the remote voitage sensing leads, if desired,
and return the rectifier to service.

6. CIRCUIT DESCRIPTION

General

6.1  This rectifier provides isolated. filtered and regu-
lated DC power from a three-phase AC source for pow-
ering a load while charging batteries.

62 The description of the circuit is presented by
functional blocks. Refer to Figure 6-I for a rectifier block
diagram.

AC Input Circuit
6.3 Commecial 208/240, 60 Hz, three phase AC

power is applied through contactor K2 connected to the
primary of power transformer TI.
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Power Su ssembly PSA-AS

6.4 This power supply assembly provides the +12
and -12 VDC required to power the Regulator and
Alarm Circuit Card A7. An additional DC output of this
assembly provides an input to the current walk-in circuit.

6.6 The +12 VDC output of this assembly is derived
from AC voltage at the secondary winding of power
transtormer Tl The AC voltage is applied to the power
supply ecircuit through resistors R7, RS, and RIO. The
AC input is rectified bv diodes A8-CR1and AB-CR2 and
a portion of the resultant DC is applied to the current
walk-in circuit of the Regulator and Alarm Circuit A7.
The remainder of the DC is passed through diode A8-
CR3 to the zener regulator. Zener diode CR13, in con-
junction with fifter capacitor A8-C2, provides a regulated
+12 VDC output which is applied to the Regulator and
Alarm Circuit A7.

6.6 The -12 VDC output of this assembly is derived
fmm negative battery voitage, applied to the power sup-
ply through resistor R12. Zener diode CR14. in con-
junction with filter capacitor A8-C1, produces the
regutated -12 VDC output which is applied to the Regu-
lator and Ahrm Circuit A7.

Power Circuit

6.7 The six phase star-connected secondary of
power transformer T1feeds a six phase rectifier. Basi-
cally, the rectifier circuits consist of six power diodes and
six thyristors. Each of the six rectifier circuits are identi-
cal: therefore. one is described as typical. The conduc-
tion of the thyristor is controlled by a pulse circuit on A7
which will be explained later. When the thyrfstor is not
conducting, the output of the power transformer is sup-
plied through the power diode only. When higher output
voltage is required, a pulse tires the thyristor causing it
to conduct. When the thyrfstor conducts. an additional
winding of the power transformer is inserted into the cir-
CUIt thus increasing output voltage. The amount of out-

put voltage added is dependent upon the time the

thyrfstor was fired. in relation to the phase of the AC

input voltage. The outputs of the rectifier circuits are

applied to an interphase transformer. which balances
the outputs of the rectifier circuits before applying the
resultant output to the filter circuit. A resistor and
capacitor network across the thyristars and the power
diodes reduces conducted RF interference. The DC
output of the rectifier which contains appreciable
amount of ripple is passed through an LC type filter
which reduces the ripple to a minimum. The resulting
fitered DC output power is connected through the out-
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put fuse and battery disconnect device to the output ter-
minals.

Voltage and Current Reauiation Cjreuitry

6.6  During normal rectifier operation, the voftage and
current regulation functions of the rectifier are controlled
by circuitry on Regulator and Alarm Circuit A7. During a
high output ripple condition caused by the loss of an AC
input phase, the regulation of rectifier output voltage
and current is partially controlled by the Ripple Regula-
tor Circuit Card Al 1.

Circuit card A7 utilizes integrated circuitry to perform the
phase control regulation function. The regulation and
phase control circuit monitors the output of the rectifier
and ultimateiy produces a pulse which gates the thyris-
tors in the power circuit. Depending upon the output
voltage, the gate pulse is either advanced or delayed in
relation to the phase of the AC input voltage to control
the rectifier output. If the thyristor is gated early in the
AC cycle, me output voltage increases. If the thyristor is
gated later in the AC cycle, the output voltage
decreases.

6.9 A current limiting circuit senses rectifier output
current and provides a signal to the regulator circuit
which limits output current to a preset, safe value. The
regulation function is performed by three separate but
interacting circuits. These circuits are me voftage refer-
ence and ertor detection circuit. the current sensing and
current regulation circuit, and the pulse generation and
phase control circuit.

Voltage Reference and Frror Detection

6.10 This circuit compares the output of the rectifier
with a fixed voftage and provides an arror signal which
represents the magnitude and direction of any differ-
ance. The negative sense voltage is applied to a resis-
tance network consisting of resistors R8 and R10,
EQUALIZE and FLOAT ADJUST potentiometers R11
and R12 respectively, resistors R13 and K74, and range
potentiometer R18. Potentiometer R18 is connected to
the cathode of zener reference diode CR3. The anode
of CR3 is connected to common (0). Therefore, the volt-
age at the junction of diode CR3 and potentiometer R16
is more positive than me pesitive sensing lead. The
resistors in ma resistor network mentioned above are
proportioned such that the slider of potentiometer R12
is at ground potential when me vaitage on the sensing
leads is at the correct regulated valus. If the rectifier
output voitage is too high, the voltage at the slider of
potentiometer R12 becomes negative with respect to
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common, causing the output of amplifier Al7 to go posi-
tive. If therectifier output voltage is too low, the voftage
at the slider of potentiotheter Rl 2 becomes positive with
respect to common. causing the output of amplifier A17
to go negative. Diode CR1 at the output of amplifier
At7is used in conjunction with diode CR4 of the current
sense circuit to provide isolation of control between the
voltage and current regulating circuits. The current
sensing and current regulation circuit is connected into
the regulation circuit at the cathode of CR1. At this
point, the voltage and current regulator circuits are con-
nected in an OR type configuration. Whichever regula-
tor output is more positive controls the pulse and phase
control circuits. The output of this OR circuit is con-
nected to an inverting voltage follower A18, which gen-
erates a second error signal equal in magnitude but of
opposite polarity to the signal generated by A17. The
positive and negative @rfor signals thus generated by
Al7 and A8 are applied to the pulse generation circuits
where the efmor signal inputs are used to generate the
thyristor gate pulses.

. ¥ Regulati

6.11 This circuit senses the output current of the recti-
fier and changes the operation of the rectifier fmm volt-
age regulation to current regulation when the output
current reaches a predetermined valus. The positive
output of the rectifier is passed through 50 millivoit
meter shunt R25. The voltage drop across me shunt
deflects the output ammeter and also provides a control
signal proportional to the output current. This control
signal is applied to the input of shunt amplifier A6
through resistors R21 and R26. Shunt amplifier A6 pro-
vides an output voftage to both the bw current alarm
and toad sharing circuit as well as the current regulator
circuit which limits and regulates rectifier output. The
current limit setting of the rectifier is determined by a
series string of resistors connected at the output of
shunt amplifier A6. These rasistors include CURRENT
LIMIT potentiometer R23 and resistors R17, R19, and

Ré4.

6.12 Resistor R17 is associated with the temperature
sensing and fan fail circuitry. Resistor R17 is normally
shorted out by closed contacts of relay K3 which are
connected at J4 pins 11 and 12. When the temperature
of the rectifiar heat sinks exceeds +88°C (+18%°F) or if
air flow through the cabinet ceases, resistor R17 is
inserted into the circuit to decrease the rectifier output
current, Refer to the description of the temperature
sensing circuit for details.
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6.13 Resistor R64 is connected to the cathode of
Zener diode CR3. When the rectifier is supplying less
current than the current limit setting of potentiometer
R23, the current limit circuit performs no regulation func-
tion. When output current exceeds the level set by
potentiometer R23, the voftage at the junction of potenti-
ometer R23 and resistor Al5 (34) causes amplifier A5
to generate an error signal. The current limit error sig-
nal output of currant control amplifier A5 is coupled to
the voltage control circuit through CR4. This signal
causes the rectifier to operate in the current regulation
mode.

6.14 This circuit card contains three identical pulse cir-
cuits, one for each AC phase. Each pulse circuit gener-
ates the firing pulse used to gate two thytistors in each
phase. The putse circuits control the phaseback angle
of the thyristors in response to a signal from the voftage
regulator described previously. The firing circuit for
each thyristor consists of a driver transistor which is
controlled by two comparators. a reference comparator
and a synchronizing comparator. The reference com-
parator receives an error signal fromthe regulator circuit
which is compared to an integrated sine wave derived
from the power transformer Tl secondary winding. The
reference comparator utilizes this information to deter-
mine when to turn on the driver transistor. The synchro-
nizing comparator provides damping action to prevent
firing of the thyristor when the thyristor is reverse
bled.

6.16 The contrat of phasaback angle is based on a
comparison of a cosine reference voitage, which leads
the line by 90”. against a signal from the voltage regula-
tor circuit. Sinece the circuit card cottains three identical
phase control circuits. the operation of the one may be
taken as typiil. The cosine voltage is generated by an
active integrator consisting of an operational amplifier
AA4. resistors A9 (6-9). AtO {6-9), and capacitor C11.
Resistors A9 {5-10) and AIlO (5-10) and capacitor Cl4
balance the input to amplifier A4. The cosing voftage at
the output of A4 is applied to the inputs of two compara-
tors of A3. Since the voltages on the power thyristors
are 180" out of phase. it follows that their corresponding
firing pulses must be 180° out of phase. To develop two
signals with the same phaseback angle but 160’ out of
phase with each other, the cosine voltage is applied to
the non-invarting input of one comparator of A3, and to
the inverting input of the second comparator of A3. At
this point, the positive and nagative error signals gener-
ated by the regulator circuit are applied to the pulse
generation cinuit. These error signals are equal in
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magnitude but opposite in polarity. The cosine voltage
applied to the non-inverting input of comparator A3 at
pin 5is compared to the positive error signal applied to
the comparator at pin 4. When the cosine voftage at pin
5 becomes more positive than the reference signal at
pin 4. the output signal of the comparator at pin 2
unclamps the base of driver transistor A8, causing tran-
sistor conduction and generation of a firing pulse which
is applied to the respective thyristor. At the same time.
the positive going cosine voltage applied to comparator
A3 atinverting input 6 is compared to the negative error
signal applied to the comparator non-inverting input 7.
With the non-inverting input more positive during the
entire half cycle. the output of the comparator at pin 1
remains clamped to its negative power supply voltage
which is sufficient to biasits respective driver transistor
A6 off. During the negative half cycle. the first driver
transistor is cut off and the second driver transistor con-
ducts, generating a firing pulse which is applied to its
respective thyristor.

6.16 The synchronizing comparators of A3 receive a
signal from a secondary winding of power transformer
T1 This signal is voftage divided by resistors A12 (4-
13) and Al6 {3-4} and applied to the synchronizing
comparators where the signal is referenced to common.
The sampled voftage is applied to the inputs of the syn-
chronizingcomparators which function as open collector
type comparators. The comparator inputs are paralleled
but oppasite in polarity. The opposite polarity is
achieved by applying the sampled voftage to the non-
inverting input of the first comparator at pin 9 and apply-
ing the sampled voltage to the inverting input of the sec-
ond comparator at pin 10. Duringa positive haff cycle.
the output of one comparator is damped to the negative
supply and the output of the second comparator is
allowed to float. The two comparator outputs are
applied to the base of their respective driver transistor
A8. Inthis way, the comparators are used to clamp the
base of the respective driver transistor to assure no fir-
ing pulses are applied to the thyristors when the thytis-
tors are reverse biased, Transistor Q2, zener diode
CR19. diodes CR6 and CR7 and associated compo-
nents are used in single phase rectifiers only, and have
no function in this application.

Current Walk-in Cireuit

6.17 A current walk-in circuit on Regulator and Alarm
circuit card A7 prevents the rapid application of initial
load. Atimer circuit provides an approximate 8 second
delay fromthe time the rectifier is started until full rated
output current is available to the load. The current walk-
in feature of the rectifier is achieved by suppressing the
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current regulator reference voltage and allowing it to
increase at a fixed rate. When the rectifier is turned off,
the walk-in cireuit is reset to time 0. The walk-in circuit
consists of amplifiers A4 and A5 and associated compo-
nents. Amplifier A5 transistor Q9, zener diode CR21
and associated components form a walk-in reset circuit
which assures that the walk-in circuit resets to zero in
the event of momentary AC power failures.

6.16 When the rectifier is started. a positive DC output
from Power Supply AOis applied to the cathode of zener
diode CR21. This voltage causes transistor Q9 to con-
duct. Conduction of transistor Q9 provides 0 volts to the
inverting input of amplifier A5(1, 2, 3) which produces a
positive output. This positive voltage is applied to volt-
age follower A5 (12, 13. 14). The voltage follower
charges capacitor C6 which is connected to the input of
a second voltage follower A4, the output of which follows
the capacitor voltage directly. This voltage is diode cou-
pled through CR14 to the current limiting voltage divider
circuit to limit the output current. The output current
gradually increases as capacitor C6 charges. Once
capacitor C6 charges to a level higher than the refer-
ence voltage, itis decoupled by diode CR14. The time
required to charge capacitor C6to the reference voltage
will be the same as the time required for the walk-in.

6.19 When the rectifier is turned off or the commercial
AC input fails momentarily, the positive DC input from
Power Supply A8 is removed from CR21. This biases
transistor @9 into cutoff: subsequently, amplifier A5 (1.
2.3) produces a 0 volt output which is applied to voltage
follower A5 (12, 13, 14). When the 0 volt signal is
applied, the output of the voltage follower seeks com-
mon to balance its input. In so doing, capacitor C6 is
discharged through diode CR2 into the amplifier, raset-
ting the walk-m circuit.

Negative L oad Shating Cireuit

6.20 As mentioned in the current sensing and current
regulation description previously given, shunt amplifier
A6 provides a voltage which is dependent on rectifier
output current. This voltage is applied to amplifier A7 at
non-inverting input pin 10. Amplifier A7, transistor ClI,
resistors R9, R20, R77, R29 and load sharing adjust
potentiometer R28 comprise the load sharing circuit. A
negative load sharing lead at J2 pin 16 of the circuit
card is connected at the junction of resistors R9 and
R20. This load sharing lead is connected to the similar
load sharing lead on the other paralleled rectifiers. The
output of amplifier A7 at pin 8 causes transistor Cl to
conduct. Conduction of Qtinserts resistor R29 and
load sharing adjustment potentiometer R28 into a volt-
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age divider circuit which also includes resistors R20 and
R9. This vokage divider is connected across negative
rectifier output and common. As mentioned previously,
the load sharing lead is connected at the junction of
resistors R9 and R20. If a paralleled rectifier is supply-
ing more or less than its proportional share of the load,
the voltage at the load sharing terminal, and thus the
voltage across resistor RS, is decreased or increased.
This change in voltage across Rgis applied to the volt-
age regulator circuit at the junction of resistors R8 and
R10. By altering the voltage in the voltage regulator cir-
cuit. the rectifier output voltage is increased or
decreased which increases or decreases rectifier output
current.

Alarm Circu

6.21 The Regulator and Alarm Circuit card A7 con-
tains the following atarm circuits: low current alarm.
high and low voftage alarm, and an overvoltage shut-
down alarm. The operation of each is described as fol-
lows.

622 Lqow Current Alarm: As mentioned previously in

the current sensing and current regulation description.
shunt amplifier A6 provides a voltage dependent on rec-
tifier output current. This voltage is applied to amplifier
A5 at non-inverting input pin 10. The invarting input at
pin 9is connected to the slider of the low current atarm
adjustment potentiometer R50 through resistor R51.
Potentiometer R80 and resistor R51 provide an offset
adjustment for ampiifier A5 which compensates for cir-
cuit variations. The output of the amplifier at pin 8is
proportional to rectifier output current and is applied to
the inverting input of amplifier A7 at pin 6. The non-
inverting input to amplifier A7 at pin 5is connected to a
reference voltage circuit consisting of rasistors A13 (8-
9), Al3 {6-11) and RB1. When the ractifier output cur-
rent decreases below the low current alarm value, the

voltage at pin 6 of amplifier A7 crosses the reference.

voltage at pin 5 of the amplifier. When this happens, a
negative oufpuf signal from amplifier A7 at pin 7 is
applied to the base of transistor Q6 Mmugh resistor
R48. This signal drives transistor Q6 into conduction.
supplying common to the anode of LOW CURRENT
ALARM LED3 which then illuminates. Positive voltage
is also applied to the base of transistor Q7 through
resistor Al4 (5-6). This voltage drives Q7 to conduc-
tion, thereby applying negative voltage to the base of
transistor Q8 which is biased into cutoff. When Q8 is
cut off, the coil of alarm relay K1is deenergized, caus-
ing K1to release. Contacts of relay K1are used to

Page 22

actuate external alarms, if connected. During normal
operation with rectifier output current within limits, the
base of Q8 is connected to common thmugh resistor
R43. This causes Q8 to conduct, providing negative
voltage to relay K1which energizes the coil.

6.23 High and Low V\oltage Alarm: Since the opera-

tion of the high and low vettage alarms is similar, the
operation of the high voltage alarm circuit described
below may be taken as typical. This citcuit compares
the rectifier output voltage with a constant reference
voltage developed on the circuit card. A sense voltage
from the negative rectifier output is applied to a voltage
divider consisting of resistors R36, R40 and potentiome-
ter R39. Adjustment of potentiometer R39 determines
the value at which a high voltage alarm is given. The
voltage at the junction of resistors R36 and R40 is
applied to amplifier A7 at non-inverting input pin 12.
This signal is compared to a constant reference voltage
applied to the amplifier at inverting input pin 13. When
rectifier output voltage exceeds the setting of potentiom-
eter R39, a nagative signal from the amplifier at pin 14
is applied to the base of transistor Q4 through resistor
R42. This signal drives transistor Q4 into conduction.
supplying common to the anode of HIGH VOLTAGE
ALARM LED1 which then illuminates. Positive voltage
is also applied to the base of transistor 010 through
resistor Al4 (I-2) and jumperad pins 2A to 6A of J5.
This voitage drives Q10into conduction. supplying heg-
atii voltage to the base of transistor Q11 which is
biased into cutoff. When @11is cut off, the coil of alarm
relay K1 on Alarm Interface Assembly A9 is deener-
gized causing relay A9-K1to release. Contacts of relay
AS-K1provide open and closed circuits at TB3 for actu-
ation of external rectifier failure alarms, if connected.

624 Overvoltage Shutdown: This circuit monitors the

rectifier output voltage and initiates shutdown if the out-
put voltage exceeds a preset adjustable value. A volt-
age divider consisting of resistors R85, R33,R31and
potentiometer R32 is connected between the rectifier
negative output and common. The setting of potentiom-
eter R32 determines the voltage value at which the rec-
tifier is shutdown. The base of transistor Q3 is
connected at the function of resistors R31and R33
through zener dicde CR5. When the rectifier output
voltage exceeds the preset high vaoitage limit, transistor
Q3 conducts, which provides a gate signal to thyristor
CR13 through diode CR17. Thyristor CR13 conducts
which energizes the trip coil in HVSD ecircuit breaker
CB1. When the circuit breaker opens, contactor K2
deenergizes which opens the AC input contacts.



Ripple Requlator Circuit Card All

625 This circuit card continuously monitors the ripple
currant through the rectifier DC output fiiter capacitors.
During normal rectifier operation, the ripple current is
within the adjustable limits set by the tipple regulator cir-
cuit card and no output signal is provided. However. if
one AC input phase is lost or another failure occurs
which results in a high output ripple condition exceeding
the ripple currant setting of circuit card Al 1, the ripple
regulator provides a positive output signal. This signal
is applied to the regulation circuitry of Regulator and
Alarm circuit card A7 causing a subsequent reduction in
rectifier output voltage. The ripple regulator reduces
rectifier output voltage until the ripple current through
the fitter capacitor is reduced to normal limits.

6.26 Current transformer T2 senses the ripple current
through the DC filter capacitor and applies a voltage to
Ripple Regulator circuit card Al 1 at pins 1 and 2. This
input is rectified by diodes CR1 through CR4 and fil-
tered by resistor R2 and capacitor Cl. The resulting
voltage is applied through resistor R5 to the non-invert-
ing input of comparator Al The variable input at the
non-inverting input of Al is compared to a reference
voltage applied at the inverting input of Al. The refer-
ence voltage is derived from potentiometer R3 and
resistor R4, and is adjustable depending upon the set-
ting of potentiometer R3. This reference input deter-
mines the value of ripple current at which the tipple
regulator circuit provides a signal to the regulation cir-
cuitry on circuit card A7. When the ripple currant
through the capacitor exceeds the ripple current satting
of potentiometer R3, comparator A1 provides a positive
output signal through diode CRS5 to the regulator and
alarm eircuit.

627 This positive signal is applied to the inverting
input of voltage follower A18 on circuit card A7 which
generates a negative error signal of equal amplitude but
opposite polarity. The resulting positive and negative
error signals are then applied to the puise generation
circuitry previousty described.

Fuse Alarm Circuit

6.26 The fuse atarm circuit initiates rectifier shutdown
and provides visual indication of an open fuse if any
fuse in the rectifier, with the exception of fan fuses F5
and F6, opens. The DC output and filter fuses are con-
nected to associated alarm fuses F1A, F3A, and F4A.
An alarm type fuse, F2, protects the negative battery
input circuits used for control purposes. If any of these
fuses open. the alarm contact of the fuse connects neg-
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ative battery to the coil of K4 and the cathode of the
FUSE ALARM light emitting diode. The LED illuminates
and contacts of K4. open which deenergizes K1and K2.
When K2 releases, its contacts open which interrupt AC
input power to the rectifier. This automatic shutdown
activates external rectifier failure alarms, if connected.

emperature Sensina Circui

6.29 This rectifier is equipped with cooling fans and
tan failure and temperature sensors. The tan tail sen-
sors are located on circuit cards Al2 and AI3 which are
mounted beneath each heatsink fan while the tempera-
ture sensors S3 and S4 are mounted at the approximate
canter of the heat sinks. The fan fail circuits continu-
ously monitor the presence of air flow across the heat
sinks while temperature sensors S3 and S4 continu-
ously monitor the temperature of the heat sinks. If the
air flow ceases, relay K5 releases and. in addition, illu-
minates indicator FAN FAILURE. If the air flow ceases
or the temperature of the heat sink reaches +85°C
(+185°F), relay K3 opens a sat of contacts which reduce
rectifier output current to 88% of full rated load and acti-
vate an external rectifier fail alarm. i connected.

6.30 Fan fail circuit cards A12 and AI3 and tempera-
ture sensors S3 and S4 are connected in series with the
coil of relay K3. In addition. fan fail circuit cards A12
and AI3 are connected in series with the coil of relay
K5. During normal operation. the temperature sensors
and fan fall monitors are closed which energizes the coil
of K3. Contacts of relay K3. energized. provide closed
circuits between J4 pins 11 to 12 and J2 pin 14 to J8 pin
11 of circuit ecard A7. The closed circuit across J4 pins
11 to 12 bypasses resistor A7-R17 in the current limiting
voltage divider eireuit, while the closed circuit across J2-
14 to J5-11supplies voltage to hold rectifier fail relay K1
on alarm interface assembly A9 energized. This inhibits
the external rectifier tail alarms. With resistor A7-R17
bypassed in the voltage divider. the current limiting cir-
cuit is adjusted by potentiometer A7-R23 to provide full
rated output currant. During a fan failure cendition, relay
K5 releases and, through normally closed contacts,
causes indicator FAN FAILURE to illuminate. During a
fan failure or overtemperature condition. relay K3 is
deenergized, removing the bypass across resistor A7-
R17 in the current fimit circuit and opening the coil cir-
cuit of relay K1 on A9. Addition of resistor A7-R17 into
the current fimit voltage divider alters the voltage in the
divider which results in reducing the current limit setting
of potentiometer A7-R23. Insertion of resistor A7-R17
results in limiting output current at approximately 66% of
full load. This prevents damage from overheating the
rectifier during a fan failure. Opening the coil path of
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relay K1on A9 causes the relay to release, activating an
external rectifier fail alarm circuit, if connected.

7. TROUBLESHOOTING
General

7.1  Before attempting to troubleshoot this rectifier, it
must be determined that a failure has occurred in the
rectifier. Since various rectifier alarms sense battery
voltage. an incorrect battery voltage could reflect back
to the rectifier as an alarm condition. Erroneous alarm
conditions due to incorrect battery voltage may be
caused by interconnection with other equipment. Some
examples of interconnecting equipment which could
cause incorrect battery voltage are given below. Elimi-
nate any interconnected equipment as a trouble cause
before proceeding.

a) When used in a power system, certain fail-
ures in DC-DC Converters and/or DC-AC
Inverters may affect battery voltage and sub-
sequently cause alarm indicators on the rec-
tifier to illuminate.

b) When used with other parallel connected
rectifiers, a failure in one rectifier may cause
alarm indicators on other rectifiers to itiumi-
nate.

72 Once trouble has been isolated to the rectifier,
varous visual and operational checks should be made
to eliminate obvious failure causes.

DANGER

Voltages capable of producing severe, perhaps
Jatal, electrical shack are present throughout
ail portions of the rectifier cabinet. Discon-
nect AC and DC sources before performing any
troubleshooting procedures.

Fault Isolation Chart Use

7.3 The fault isolation chart in¢luded in these instruc-
tiis is designed to aid service personnel in locating
possible failures in therectifiers. The chartisin the form
of a flow diagram containing interrogatory and directive
statements in diamond-shaped and rectangular geo-
metric figures. respectively. A yes or no response suffi-
ciently answers each inquiry. and the servicing
tachnician should follow the respective YES or NO line
of flow to the next inquiry or diractive statement. The
directive statements require that the technician perform
an adjustment or test to verify certain operational condii
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tions. If the line of flow terminates in a block entitled
POSSIBLE CAUSES, the servicing technician should
check each cause listed and take appropriate corrective
action i a faulty component or assembly is located.

Testing Precautions
DANGER

Do not connect grounded test equipment to
any energized component: otherwise. damage
to the rectifier can result. At the same time, a
personnel shock hazard exists since the chas-
sis and case of ungrounded test equipment is
energized to the same voltage level as the cir-
cuit Of component under test. Servicing per-
sonnel must exercise caution that
simultaneous contact is net made with the
test equipment chassis or case and some
grounded object when the test equipment is
connectedttotihe rectifier while it is operating.

Repmi on
WARNING

Insure that all power sources are fully discon-
nected from the rectifier before performing
any repair or replacement procedures.

7.4  When atrouble symptom is localized to a tauity
circuit card. that particular cireuit card should be
replaced inits entirety. No attempt should be made to
troubleshoot or repair individual circuit cards.

7.5 If the suspected cause of a trouble symptom is an
out of adjustment condition, the particular adjustment
sefting should be chacked or reset using the appropriate
adjustment procedure.

7.6 Component failures are sometimes evident dur-
ing a visual inspection of the circuitry. Obvious trouble
symptoms such as loose connections, overheated, dis-
colored or burned components, open fuses, or bumed
and melted wire insulation should be corrected and the
cause determined before proceeding with more detailed
maintenance procedures.

7.7  Various test procedures referenced on the fault
isolation chart provide the servicing technician With sug-
gested methods for testing certain circuit components
and checking for the presence or absence of certain
control signals. Whenever a numbered test procedure
is encountered in the chart, service personnel should
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NO FURTHER TROUBLESHOOTING
REQUIRED

Yes

CR8, CRg, CR10, OR CR12 FAULTY.
REFER TO TEST PROCEDURE 2.

7. BEGULATOR AND ALARM CIRCUIT
CARD A7 FAULTY.

OuUTPUT LOAD SHARING
VOLTAGE Yes——i FEATURE OPERATING
REGULATION ’ CORRECTLY
SATISFACTORY £
A ;
!
No No
¥
CHECK +/-12 VDC OUTPUTS FROM l
AUXILIARY POWER SUPPLY AS.
ALLOWABLE TOLERANCE FOR ENSURE THAT ALL PARALLELED
EACH OUTPUT IS +/- 20%. RECTIFIERS ARE OPERATING IN
THE SAME MODE, EITHER FLOAT
OR EQUALIZE, THEN PERFORM
; TEST PROCEDURE 7. IF PROPER
| PERFORMANCE CANNOT BE
HIGH RIPPLE } ACHIEVED AFTER PERFORMING
OR OSCILLATION THE TEST PROCEDURE, REFER
PRESENT AT No TO THE ADDITIONAL CAUSES
OuUTPUT LISTED BELOW,
A
Yes ) Y
\ 4 POSSIBLE CAUSES
POSSIBLE CAUSES POSSIBLE CAUSES
1. FLOAT AND EQUALIZE VOLTAGES

1. REGULATOR AND ALARM CIRCUIT
CARD A7 FAULTY.

2. EXTENDED REFERENCE LEADS BE-

TWEEN BATTERY AND RECTIFIER OPEN.

REFER TO TEST PROCEDURE 3.

3. ONE OR MORE DIODES CR2, CR4,
CR6, CRS8, CR10, OR CR12 FAULTY.
REFER TO TEST PROCEDURE 2.

4, ONE OR MORE THYRISTORS CR1,
CR3, CRS, CR7, CR9, OR CR11 FAULTY,
REFER TO TEST PROCEDURE 6.

5. ONE OR MORE FIRING CIRCUIT
CARDS A1-A6 FAULTY. REFER TO TEST
PROCEDURE 5.

1. AUXILIARY POWER
SUPPLY A8 FAULTY.

2. ZENER DIODE ans OR
CR14 FAULTY. REFER TO
TEST PROCEDURE 2.

!
3. ONE OR MORE HESIS-
TORS R7, R9, R10, DR R12
FAULTY. |

REQUIRE ADJUSTMENT.

2. LOAD SHARING ADJ POTENTIO-
METER ON CIRCUIT CARD A7
REQUIRES ADJUSTMENT.

3. OPEN LOAD SHARING LEAD
BETWEEN PARALLEL-CONNECTED
RECTIFIERS.

OPERATIONAL NOTES!

1. THE RECTIFIER HAS BEEN FACTORY-ADJUSTED SO THE HIGH VOLTAGE SHUTDOWN VALUE 1S LOWER THAN THE
HIGH VOLTAGE ALARM VALUE. THE HIGH VOLTAGE ALARM INDICATOR ILLUMINATES ONLY IF THE HIGH VOLTAGE
ALARM VALUE HAS BEEN CUSTOMER-ADJUSTED 70 A VALUE LOWER THAN THE HIGH VOLTAGE SHUTDOWN POINT.

'

FAULT ISOLATION CHART

LORAIN RECTIFIER

MODEL RHM800ES50, SPEC. NO. 548502500

SHEET 1 OF 3
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A

HAS
RECTIFIER
SHUTDOWN

OCCURRED
?

No

IS
QUTPUT
CURRENT LIMITED
TO 66% OF

FULL LOAD
?

Section 4387

(oE

15
QUTPUT

Yes

1S
QUTPUT

CURRENT
TOO HIGH
?

Yes

A 4

POSSIBLE CAUSES

1. CURRENT LIMIT ADJ POTENTIO-
METER REQUIRES ADJUSTMENT.

2. CURRENT SENSING LEADS BRO-
KEN BETWEEN AMMETER SHUNT

z

CURRENT
TOO LOW
?

Yes

1S LON

R28 AND CTRL CIRCUIT CARD A7.

CARD A7 FAULTY.

3. CONTROL AND ALARM CIRCUIT

s
FAN FAIL
INDICATOR

No

h

POSSIBLE CAUSES

INDICATOR

ILLUMINATED
3

Yes
¥

15 LOW

INDICATOR

ILLUMINATED
?

Yes

POSSIBLE CAUSES

1. FLOAT OR EQUALIZE VOLTAGES
REQUIRE ADJUSTMENT.

1. CURRENT LIMIT ADJ POTENTI-
OMETER REQUIRES ADJUSTMENT.

2, FLOAT OR EQUALIZE VOLTAGE
REQUIRES ADJUSTMENT.

3. LOW INPUT VOLTAGE OR PHASE
LOSS.

4. CONTROL AND ALARM CIRCUIT
CARD A7 FAULTY.

POSSIBLE CAUSES

2. RECTIFIER OPERATING AT CUR-

ILLUMINATED
?

A

POSSIBLE CAUSES

Yes
A 4

POSSIBLE CAUSES

1. FUSE F5 OR F&6 OPEN. REPLACE AS
REQUIRED AND CHECK FANS FOR
PROPER OPERATION.

2. FAN INTAKES OBSTRUCTED.

3. FAN B1 OR B2 FAILED.

4. IF FANS ARE OPERATING PROPER-
LY, CIRCUIT CARD A12 OR A13 FAILED.

1. TEMPERATURE SENSCR 53 OR
5S4 FAILED.

2. RELAY K3 FAILED.

3. DIODE CR15 AT K3 SHORTED.
4. RESISTOR R24 FAULTY,

5. RECTIFIER QUTPUT QVER-
LOADED FOR EXTENDED PERIOD
OF TIME. ALLOW INTERNAL

TEMPERATURES TO COOL, THEN
CHECK CURRENT LIMIT VALUE.

1. BATTERY DISCONNECT LINK
REMOVED FROM RECEPTACLE.

2. FLOAT OR EQUALIZE VOLTAGES
REQUIRE ADJUSTMENT.

3. RESISTOR R12 FAULTY.

4. POWER SUPPLY C!RCUIT CARD As
FAULTY.

5. ZENER DICDE CR14 FAULTY.
REFER TO TEST PROCEDURE 1.

6. ONE OR MORE DICDES CR2, CRa4,
CR6, CR8, CR10, OR CR12 FAULTY.
REFER TO TEST PROCEDURE 2.

7. ONE OR MORE THYRISTORS CR1,

CR3, CRS5, CR7, CR9, OR CR11 FAULTY,

REFER TO TEST PROCEDURE 6.

8. ONE OR MORE FRING CIRCUIT
CARDS A1-A6 FAULTY. REFER TO
TEST PROCEDURE 5.

9. CONTROL AND ALARM CIRCUIT
CARD A7 FAULTY. REFER TO TEST
PROCEDURE 4,

RENT LIMIT POINT DURING BATTERY
RECHARGE. INDICATOR AND EXTEN-
DED ALARM SHOULD AUTOMATICALLY
CANCEL AS BATTERY VOLTAGE
INCREASES TO NORMAL LEVEL.

3. RESISTOR Ri2 FAULTY.

4. POWER SUPPLY CIRCUIT CARD A8
FAULTY,

5. ZENER DIODE CR14 FAULTY,
REFER TO TEST PROCEDURE 1.

6. ONE OR MORE DIODES CR2, CR4,
CRS6, CR8, CR10, OR CR12 FAULTY,
REFER TO TEST PROCEDURE 2.

7. ONE OR MORE THYRISTORS CR1,
CR3, CRS5, CR7, CR9, OR CR11 FAULTY.
REFER TO TEST PROCEDURE 6.

8. ONE OR MORE FIRING CIRCUIT
CARDS A1-A6 FAULTY. REFERTQ
TEST PROCEDURE 5.

9. CONTROL AND ALARM CIRCUIT
CARD A7 FAULTY. REFER TO TEST
PROCEDURE 4,

. PRESENT AT QUT-

> SEE SHEET 3
von CONTINUATION

HiIGH RIPPLE
OR OSCILLATION

PUT
2

Yes

¥

T

POSSIBLE CAUSES

1. FLPAT OR EQUALIZE VOL-
TAGER REQUIRE ADJUSTMENT.

2 P

CARDIA8 FAULTY.

3. ZENER DIODE CR13 OR CR14
FAULTY, REFER TO TEST
PF!OC%EDURE 2.

4. CdNTHOL AND ALARM
CIRCUHT ACARD A7 FAULTY.
|

ER SUPPLY CIRCUIT

¥

IF AN EXTENDED RECTIFIER FAIL
ALARM HAS OCCURRED BUT ALL
TESTS PROVE RECTIFIER OPER-
ATION TO BE NORMAL, CHECK K2
AND ITS CONTACT STATUS ON
CIRCUIT CARD AS. REPLACE
CIRCUIT CARD IF K2 OPERATION
IS INTERMITTENT CR OTHER-
WISE ABNORMAL.

FAULT ISOLATION CHART
LORAIN RECTIFIER

MODEL RHMBOOES0, SPEC. NO. 548502500
SHEET 2 OF 3
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.

1s
FUSE ALLARM

-B-

HAS
HIGH VOLTAGE

INDICATOR
WLUMINATED
?

From
Sheet 2

Yes

\ 4

CHECK FUSES F1, F1A, F2, F3, F3A,
F4, AND F4A FOR CONTINUITY.

Z
=

is

F1 AND F1A

OPEN
?

No

No

Is
F3 AND F3A

OPEN
?

No

15
F4 AND F4A

QPEN
2

No

¥

POSSIBLE CAUSES

1. ONE OR MORE DIODES CR2, CR4,

CR&, CRe, CR10, OR CR12 SHORTED,

REFER TO TEST PROCEDURE 2.

2. ONE OR MORE THYRISTORS CR1,
CR3, CRS, CR7, CRY, OR CR11
SHORTED. REFER TO TEST
PROCEDURE 6.

3. CAPACITOR C5 SHORTED.
AEFER TO TEST PROCEDURE 1.

POSSIBLE CAUSES

Yeos —P»

1. FAULT IN REGULATOR AND
ALARM CIRCUIT CARD A7.

2. RESISTOR R12 FAULTY.
3. BROKEN, ABRADED, OR PINCHED

INSULATION IN CONTROL WIRING
PROTECTED BY F2.

POSSIBLE CAUSES

FILTER CAPACITOR C1 OR C2
SHORTED. ’

POSSIBLE CAUSES

FILTER CAPACITOR C3 OR C4
SHORTED.

NC FURTHER TROUBLESHOOTING
REQUIRED

SHUTDOWN CIRCUIT
BEEN ACTIVATED

No

v

POSSIBLE CAUSES

1. POWER SWITCH OR HYSD GIRCUIT
BREAKER MANUALLY PLACED TO OFF
POSITION.

2. COMPLETE LOSS OF AC INPUT POWER.
NOTE: IF BATTERY VOLTAGE DECREASES
BELGW 38 VDC DURING AC POWER
FAILURE, AUXILIARY 48 VDC POWER MUST
BE APPLIED TO TBt TO RESTART
RECTIFIER AFTER AC POWER IS
RESTORED. IF AUXILIARY POWER SUPPLY
1S NOT ALREADY CONNECTED TO TB1,
REFER TO TEST PROCEDURE 9.

3. CONTACTOR K1 OR K2 FAULTY.

4. DIODE CR26 OR CR27 ON K2 AND K1
COILS, RESPECTIVELY, SHORTED. REFER
TO TEST PROCEDURE 2.

5. LOSS OF +BAT AT TERMINAL 16 OF TB3.

6. IF USED, REMOTE START/STOP DEVICE
CPENED.

Yes

PLACE TOGGLE OF HVSQ CIRCUIT
BREAKER TC ON POSITION TO
ATTEMPT RECTIFIER RESTART.

DOES
SHUTDOWN
OCCUR IMMEDI-
ATELY AFTER

RESTART
?

Yes

h J

CHECK FOR PROPER THYRISTOR
GATING SIGNALS BY PERFORMING
TEST PROCEDURE 4.

ARE
PROPER
GATING SIGNALS

PRESENT
?

Yes

4

CHECK FOR PROPER GATING SIGNAL
OUTPUTS AT CIRCUIT CARDS A1-A6 BY
PERFORMING TEST PROCEDURE 5.

ARE
PROPER

—

Section 4387

IF RECTIFIER STARTS AND REMAINS 1N
OPERATION, CHECK METERS, INDICATORS,
AND ALARMS FOR STATUS USUALLY
ENCOUNTERED DURING NORMAL EQUIP- |
MENT OPERATION. IF ALL INDICATIONS
ARE NORMAL, NO FURTHER TROUBLE-
SHOOTING S REQUIRED. INITIAL SHUT-
DOWN MAY HAVE RESULTED FROM TRAN-
SIENT CONDITION ON AC LINE.

POSSIBLE CAUSES

1. CONTROL AND ALARM CIRCUIT CARD
AT FAULTY.

2, POWER SUPPLY CIRCUIT CARD Aa
FAULTY.

3. ZENER DIODE CR13 FAULTY. REFER
TO TEST PRCCEUDRE 2.

4, RESISTOR R7, R9, OR R10 FAULTY.

GATING SIGNALS

POSSIBLE CAUSES

1. FLOAT OR EQUALIZE VOLTAGES
REQUIRE ADJUSTMENT.

2. ONE OR MCRE THYRISTCORS CR1,
CR3, CRS, CR7, CR9, OR CR11 FAULTY,
REFER TO TEST PROCEDURE 6.

3. FAULT IN HVSD RESTART CIRCUIT
CARD A16.

PRESENT
?

|
l
|
|

POSSIBLE CAUSES

1. ONE OR MORE FIRING CIRCUIT
CARDS A1-A6 FAULTY.

2, ONE OR MORE THYRISTORS CR1,
CR3, CR5, CR7, CR9, OR CR11 FAULTY.
REFER TO TEST PROCEDURE 6.

LT LATION CHART
LORAIN RECTIFIER

.MODEL RHMBO00ES0, SPEC. NO. 548502500

SHEET 3 OF 3
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refer to that particular test procedure in this section for
further troubleshooting information.

7.8 Semiconductor device outlines for diodes and
thyristors (SCR's} used in this rectiiier are shown in Fig-
ure 7-1. The outlines are intended to aid servicing per-
sonnel in identiiing semiconductor terminations during
troubleshooting or replacement procedures.

Test Procedures

7.9 The following test procedures are those refer-
enced by number on the fauit isolation chart. By follow-
ing one of the appropriate procedures, the servicing
technician cart perform a test on components suspected
of failure. or on the rectifier to verify an operating condi-
tion. In the operational test procedures, appropriate
cautionary statements are inserted where necessary.
The servicing technician must observe the contents of
each statement and follow pormal precautionary proce-
dures necessary when servicing electronic equipment
to minimize the possibifii of accidental electrical shock.

7.10 Test Procedure 1. Perform thii test when check-
ing a capacitor for opens or shorts.

a) Place the POWER switch to the OFF posi-
tion. Insure that the external AC disconnect
is opened and the BATTERY DISCONNECT
link is removed.

b) Allow at least 80 seconds to elapse from
time of rectifier shutdown, then disconnect
both leads or terminals of the capacitor to be
tested.

€) Set the digital muftimeter (DMM) for ohmme-
ter function, using a high resistance range.

d) Momentarily short the capacitor leads or ter-
minals to insure complete diiarge. Con-
nect meter test leads to capacitor leads or
terminals, and observe indicated rasis-
tance. For a good capacitor without any
faults, initial resistance is low and gradually
increases as capacitor takes a charge. Final
resistance is usually several hundred thou-
sand ohms, approaching 1 megohm. Initial
high resistance approaching infinity indi-
cates an open capacitor. Initial and contin-
ued low resistance near zero ohms indicates
a shorted capacitor. Replace arty capacitor
which indicates an open or shorted condi-
tion.

Section 4387

8) Perform Steps b} through d) on all capaci-
tors suspected of being faulty.

¥  When all tests are completed, insure that
wiring to subject capacitors is property con-
nected.

g} If no further tests are required, return recti-
fier to normal operation. Refer to Test Pro-
cedure 8 for the startup procedure.

7.11 Test Procedure 2. Perform this test when check-
ing a diode for opens or shorts.

a) Place the POWER switch to the OFF posi-
tion. Insure that the external AC disconnect
is opened and the BATTERY DISCONNECT
link is removed.

b) Disconnect all wiring from one terminal of
the diode to be tested.

¢} Set the DMM for ohmmeter function, using
2K resistance range.

d) Connect meter test leads to diode terminals,
and note indicated resistance. Reverse test
lead connections, and again note indicated
resistance. A good diode without any fauits
indicates a low resistance, typically 9.7K
ohms when forward biased, and nearly infi-
nite resistance when reverse biased. A
shorted diode typicaily indicates zero ohms
regardless of test lead connections; con-
versely, an open diode indicates very high
resistance regardless of test lead connec-
tions. Replace any diode which indicates an
open or shorted condition.

@) Perform Steps b) through d) on all diodes
suspected of being faulty.

fy  When all tests are completed, insure that
wiring to subject diodes is properly con-
nected.

Q) Q) If no further tests are required,
return rectiiier to normal operation. Refer t¢
Test Procedure 8 for the startup procedure.

7.12 Jast Procedure 3, Perform this test when check-

ing continuity of extended voltage reference leads.

a) Place tha POWER switch to the OFF posi-
tion. Open the meter and control panels and
locate TB3 on circuit card AS.
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DANGER

AC power, capable of producing severe, per-
haps fatal electrical shock is p-t at con-
tactor Kl.

b} Set the DMM to monitor DC voltage. Select
the appropriate range for approximately 60
volts maximum.

¢) Connect the DMM test leads to TB3 terminal
1(+)and terminal 2 {-}.

d)

e)

The meter should indicate battery voltage,
nominally 43 VDC. Hf Voltage is not present,
reference leads are open at some point
between rectifier and battery. Check refer-
ence lead connections, and correct any
faults as required.

If no further tests are required, return recti-
fier to normal operation.

7.13 Test Procedure 4, Perform this test when check-
ing for proper gating outputs from Regulater and Alarm
Circuit card A7. The gating signal should be checked at
each of the six thyristers used in the rectifier. If any gat-

DIODE OUTLINES

THYRISTOR OUTLINES

— | LEAD-MOUNTED
ODES

. | STUD- MOUNTED
TAPERED OR 3STRIPED END, THYRISTORS
OR SYMBOL STAMPED ON
— _ DIODE CASE INDICATES
’ POLARITY
ANQDE  CATHODE
-
ZENER DIODE ANODE
SYMBOL STAMPE{
ON THYRISTOR
ANODE CATHMODE CASE INDICATES
POLARITY

GATE N

srw-s MOUNTED
=Xe HH1 |«

LONG .

WARE LEAD SYMBOL STAMPED ON
SYMBOL STAMPED ON
CASE OF CATES INDICATES POLARITY

DIODE SYMBOL SYMBOL
ANODE CATHODE CATHODE

Figure 7-1. Semiconductor outline Drawings
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ing signal is missing or abnormal, the control and alarm
circuit card A7 should be replaced.

DANGER

This procedure is performed with power
applied to the rectifier. Hazardous AC uolt-
ages capable of producing. severe. perhaps
fatal electrical shock are present at various
locations throughout the cabinet. and espe
cially at transformer T1. EXxercise caution
that accidental contact is not made with any
exposed electrical termination or with test
equipment cabinets while the rectifier is oper-
ating.

a) Place the POWER switch to the OFF posi-
tion. Do not disconnect AC or DC power
sQurces.

b} Remove the lower front panel from the recti-
fier 1o gain access to both heatsink assem-
blias and power transformer T1 Locate the
firing circuit cards, Part No.4334-016-00,0n
each heatsink assembly.

c) Adjust the vertical sensitivity of an oscillo-
scope for 5 volts par centimeter {6V/em).
Adjust horizontal time base for 2 millisec-
onds per eantimeter (2 ms/cm).

DANGER

Do not use a grounded oscilloscope when per-
forming this procedure; otherwise, damage to
the rectifier may resuilt. At the same time, a
personnel shock hazard exists since the chas-
sis and case of ungrounded, AC-operated test
eguipment becomes eneraized to the same voit-
age level as the circuit under test. Servicing
personnel must exercise caution that simulta-
neous contact is not made with the test instru-
ment chassis or case and some grounded
object when the test equipment is connected to
the rectifier while it is operating.

d) Open the meter and control panels by loos-
ening the captive fastenars.

e) Remove the edge connector fmm one of the
firing circuit cards. Connect the oscilloscope
probe to contact pin 5intheedge connector.
Connect the oscilloscopa common lead to
terminal 3 of any phase on transformer T1

f)

a)

)

Section 4387

Start the rectifier by operating the POWER
switch to the ON position.

Observe the waveform displayed on the
oscilloscope. The waveform should be simi-
lar to that shown in Figure 7-2. Ampiitude
should be approximately 12 volts peak-to-
peak with a variable time duration depen-
dent upon AC input voltage and output volt-
age setting. The waveform illustrated was
taken with the rectifier operating at 208 VAC
input and 52 VDC output with 50% load.

Figure 7-2. Thyristor Gate Pulses

After noting the firing waveform characteris-
tics, place the POWER switch to the OFF
position. Disconnect the oscilloscope probe
and replace the edge connector on its
respective thyrfstor firing circuit card.

Repeat Steps e) through h) for each remain-
ing firing circuit card input. If the waveshape
at any input edge connector is missing or
abnormal. replace Regulator and Alarm cir-
cuit card A7.

When all tests are completed and any nec-
essary repairs accomplished. perform the
following steps:

1) Completely disconnect all test aquip-
ment leads from the rectifier.

2) Replace the lowar front panel on the
rectifier and secureitin place with the
hardware originally used.
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3) If the DC output leads were discon-
nected or if the BATTERY DISCON-
NECT link was removed during
repairs. refer to Test Procedure 8 for
recommended startup procedure. If
the battery was not disconnected
from rectifier output, perform the fol-
lowing step.

k) Place the POWER switch to the ON position.
Check the meters and indicators on the rec-
tifier to insure normal operation.

7.14 Test Procedure 5, Perform this test when check-
ing for proper gating outputs from firing circuit cards Al
through A6. The gating signal should be checked at the
gate and cathode leads of each thyristor used in the rec-
tifier. ff any gatfng signal is missing or abnormal, the
faulty firing circuit card, Part No. 433401600, should be
replaced.

DANGER

This procedure is performed with power
applied to the rectifier. Hazardous AC volt-
ages capable Of producing severe, perhaps
Jatal electrical shock are p-t at various
locations throughout the cabinet, and espe
cially at transformer T1. Exercise caution
that accidental contact is not made with any
exposed electrical termination or with test
equipment cabinets while the rectifier is oper-
ating.

a) Place the POWER switch to the OFF posi-
tion. Do not disconnect AC or DC power
sources.

b) Remove the lower front panéi from the recti-
fier to gain access to both heatsink assem-
blies and power transformer Tt. Locate the
firing circuit cards, Part No. 4334.016-00, on
each heatsink assembly.

c) Adiust the vertical sensitivity of an oscillo-
scope for 0.5 volts percentimeter (0.5V/em).
Adjust horizontal time base for 2 millisec-
onds per centimeter (2 ms/cm).
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IANGER

Do not use a grounded escilloscope when per-
forming this procedure; otherwise, damage to
the rectifier may result. At the same time. a
personnel shock hazard exists since the chas-
sis vd case of ungrounded, AC-operated test
equipment becomes energized to the same volt-
age level as the circuit under test. Servicing
personnel must exercise caution that simuita-
nreous contact is not made with the test instru-
mmt chassis or case and some grounded
object when the test equipment is connected to
the rectifier while it is operating.

d) Open the meter and control panels by loos-
ening the captive fasteners.

e) Connectthe oscilloscope probe to terminal 6
of one firing circuit card. Connect the oscil-
loscope common lead to terminal 7 of the
same circuit card.

f)  Start the rectifier by operating the POWER
switch to the ON position.

g) Observe the waveform displayed on the
oscilloscope. The waveform should be simi-
lar to that shown in Figure 7-3. Amplitude
should be approximately 1.5 volts peak-to-
peak with a variable time duration depen-
dent upon AC input voltage and output voit-
age sefting. The waveform ilustrated was
taken with the rectifier operating at 206 VAC
input and 52 VDC output with 50% load.

Figure 7-3. SCR Gate Pulses




h)  After noting the firing waveform characteris-
tics, place the POWER switch to the OFF
position. Disconnect the oscilloscope probe
leads from the circuit card under test.

i)  Repeat Steps e} through h) for each remain-
ing firing circuit card. If the waveshape at
any output is missing or abnormal, replace
that respective firing circuit card.

i} When all tests are completed and any nec-
essary repairs accomplished, perform the
following steps:

1) Completely disconnect all test equip-
ment leads from the rectifier.

2) Replace the lower front panel on the
rectifier and secure it in place with the
hardware originally used.

3) If the DC output leads were discon-
nected or if the BATTERY DISCON-
NECT link was removed during
repairs, refer to Test Procedure 8 for
recommended startup procedure. If
the battery was not disconnected
from rectifier output, perform the fol-
lowing step.

k} Place the POWER switch to the ON position.
Check the meters and indicators on the rec-
tifier to insure normal operation.

7.15 Tast Procedure 6. Usa the following general pro-
cedure when checking thyristors for an open or shorted
condition. The POWER switch must be placed to the
OFF position, and AC and DC power soources discon-
nected before proceeding with the test. Disconnect the
cathode and gate leads of arty thyristor to be checked.
The cathode and gate leads may be disconnected at a
terminal board, or the leads themselvas may be discon-
nected from the circuit. If the thyrfstor has short, lug-
type terminals, circuit wiring may be disconnectad at
these terminals. If the rectifier utilizes the clamp
mounted disc- type thyristors, do not attempt to loosen
the clamping device in order to remove the thyristor from
its heat sink. Disconnect power circuit wiring at the heat
sink, and remove the firing circuit (gate and cathode)
leads at their terminal board. A thyrfstor tester should
be used to check for an anode-tocathode open or
short. It such a tester is not available, the thyristor can
be checked by the use of an ohmmeter. To check for an
anode-to-cathode short. measure the resistance from
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anode-to-cathoda; a low resistance indicates an anode-
to-cathode short. To check for an open or shorted thy.
ristor gate, measure the resistance of the gate-to-cath-
ode in both directions. A reading of zero ohms in both
directions indicates a shorted thyristor. A reading of
infinity in both directions indicates an open thyristor.
Replace the thytistor as required. Refer to Test Proce-

dure 8 for rectifier startup tollowing completion of
repairs.

7.16 Test Procedure 7. Use this procedure to check
operation of the load sharing circuit.

DANGER

This procedure is performed with power
applied to therectifier. Hazardous AC volt-
ages capable of producing severe, perhaps
fatal electrical shock are present at various
locations throughout the cabinet. Exercise
caution that accidental contact iS not made
with any exposed electrical termination while
the rectifier is operating.

a) Place the POWER switch to the OFF posi-
tion. Open the meter and control panels and
locate TB3 on circuit card A9.

b) Connect the test leads of a DMM to TB3, ter-
minal 2 {-} and terminal 3 (+). Adjust the
DMM so it will indicate a maximum of 8 VDC
when the rectifier is operating.

C) Place the POWER switch to the ON poskion.
Since the load sharing circuit output voltage
varies linearly with output current, circuit
operation can be checked at various toad
levels as shown in Table 7-1.

d) Insure that output voltage and load sharing
adjustment controls are properly set in paral-
lel-connected rectifiers equipped with nega-
tive-bus load sharing circuits. Refer to
ADJUSTMENT section of these instructions
for detalils.

@) If the load sharing voltage remains absent or
irregular after adjustment settings have been
verified, replace circuit card A7.

fy  After all tests are completed and before
commencing any necessary repairs, place
the POWER switch to the OFF position.
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Percentage of Load Sharing
Rated Rectifier Qutput Voltage
QCutput Current {(VDC)

125 1
25
375 3
| 50 14
62.5 5
75 6
67.5 7
I 100 | 8 |

Table 7-1. Output Voltage Current/Load
Sharing Voltage Relationships

7.17 Test Procedure 6, Observe the following proce-
dure when startiig the rectifier after performing tests or

repairs whichrequired disconnection from the battery.

DANGER

steps @) through e) must be performed exactly
as presented IN these instructions. The recti-
fier must be started off battery to charge the
filter capacitors before installing BATTERY
DISCONNECT link S2. Installing the discon-
nect link before charging the capacitors cm
result in personal injury, equipment damage,
and bloun fuses in the rectifier.

a) Ensure that BATTERY DISCONNECT link in
removed from Its receptade. If DC output
leads were removed, connect them to appro-
priate terminals in the rectifier.

b) If reference leads are extended to the bat-
tery, perform thetollowing steps:

1) Remove the local sensing leads from
their storage terminals on circuit card
A9.

2)  Working with one lead at a time, dis-
connect the remote sensing leads
from terminals 1 and 2 of TB3 on cir-
cuit card A9. Temporarily insulate
these leads.
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3) Connect the local sensing leads to
TB3. terminal 1 (+) and terminal 2 (-).
Insure that pohrity is correct.

4) Install the M option capacitor assem-
bly, Part No. 425101400, on the
appropriate edge connector of Regu-
lator and Alarm Circuit card A7.

c) Closethe external AC disconnect device to
apply input power to the recfifier.

d) Place the HVSD cireuit breaker toggle and
the POWER rocker switch to the ON posi-
tion. The rectifier should start, although the
LOW CURRENT ALARM and an extended
rectifier fail alarm may be activated.

e) Wait for the voltmeter on the rectifier front
panel to indicate 52 volts. At this time, insert
BATTERY DISCONNECT link S2.

fy Place the POWER switch to the OFF posi-
tion. if reference leads extended to the bat-
tery or load are required, perform the
following steps. If internal reference only is
required, disregard Steps 1) through 3)
which follow, then proceed with Step g).

DANGER

If the rectifier is connected to a battery, voit-
age is present at the local and extended refer-
ence leads. Exercise care in the following
Steps that the leads are v: accidentally
shorted together or allowed to touch cabinet
parts or any other electrical terminations.

DANGER

AC voltage capable of producing severe, per-
hapsf at al electrical shock is present atinput
contactor K2, Exercise caution that acciden-
tal bedily contact with any electrical termina-
tion does not occur.

1) Disconnect and temporarily insulate
the local reference leads from TB3,
terminals 1 and 2.

2)  Working with one lead at a time, con-
nect the remote sensing leads to TB3,
terminal 1 (+) and 2 (=). Insure that
potarity is correct.



3) Remove the temporary insulation
from the local reference leads. and
connect these leads to the storage
terminals on circuit card A9.

g) If the rectifier is used in charging a battery,
remove the M option capacitor assembly
from its edge connector on Regulator and
Alarm Circuit card A7.

h) Place the POWER switch to the ON position.
The rectifier should start and deliver output
voltage within the range of 48 to 94 VDC.

i)  Observe the front panel meters and indica-
tors. Verify that rectifier operation is normal
after restart.

7.18 Test Procedure 9. If. dueto aprolonged AC input
power failure. the associated battery discharges to
below 38.VDC, the rectifier will be unable to restart. An
optional customer-furnished power supply permanently
connected to terminal block TB1enables automatic
restart in this event. If anoptional auxiliary power supply
has not been permanently connected to TB1, a special
startup procedure is required. Perform the following
procedure to restart the rectifier in this event. This pro-
cedure will require an external 48 VDC power supply
capable of furnishing 10 amperes of current.

DANGER

If the rectifier is connected to battery, DC volt-
age is present at various points throughout
the rectifier, including the local and extended
reference leads.

DANGER

AC voltage capable of producing fatal electri-
cal shack is present at various points through-
out the rectifier, including input contactor K2.
Exercise caution that accidental bodily eon-
tact with any electrical termination does not
occur.

a) Ensure that HVSD cireuit breaker and
POWER switch on the rectifier are both in
the OFF position.

Section 4387

b) Open the two rectifier front doors by loosen-
ing the captive fasteners and pivoting the
doors outward.

c) Provide an external power supply adjusted
for 48 VDC and capable of 10 amperes.
Ensure that the external power supply is
turned off.

W - G

In the next step. observe correct polarity; oth-
erwise equipment damage may occur.

d) Connect the external power supply to termi-
nals 1 (+) and 2 (-} of auxiliary power supply
terminal block TB1. TB1is located inside
the rectifier cabinet on the rear wall. Refer
to Figure 7.4 for details. Observe correct
polarity.

e) Tumon the auxiliary power supply.

f)  Place the HVSD circuit breaker and the
POWER switch to the ON position. The rec-
tifier should start and deliver output voltage
within the range of 48 to 54 VDC.

g) Observe the front panel meters and indica-
tors. Verify that rectifier operation is normal
after restart.

h} Tum off the auxiliary power supply and dis-
connect from the rectifier.

i}  Close the rectifior front doors and secure by
tightening the captive fasteners.

jy  This completes the low battery rectifier
restart procedure.

8. MODEL DATA

8.1 Refer to the Power Data Sheet for information
concerning the input and output ratings, operating limits.
dimensions. recommended input and output lead sizes,
fusing and terminal lug capacity of the rectifier.
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Connect Auxiliary

48VDC 10 Amp
Power supply Here

Figure 74. Fromt Partial View of Rectifier Interior Rear Panel Showing
Location of Auxiliary Power Supply Cennections
(Detail Removed for Clarity)
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APPENDIX

RECORD OF INSTRUCTION MANUAL CHANGES

ISSUE

OR PRN DESCRIPTION OF CHANGES
DATE

1 — NEW

2 183-8181 FAN FAILURE ALARM indicator added.

Cl -- Load Sharing Clarified.

D1 183-9754 Phase Loss Alarm added.

El -- Fuse F1Part No. corrected in Table 4-|

F1 183-7087 Revised to reflect addition of HVSD restart circuit and auxiliary low bat-
tery startup terminals: added Test Procedure 9.

Power Products | 1122 F Street | Lorain, Ohio 44052-2293 | (440) 288-1 122

In Canada: — ”
RELTEC Canada ﬁ%R ELTEC

122 Edward 8t./ St. Thomas, Ontario NSP 122 / (519) 631-0780
In Mexico :

Productos RELTEC de Mexico S.A.deC.V.
Apartado Postal 77001 /Mexico 10 D.F., MX 11200 / (525) 578-8277
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ADDENDUM

In addition to the customer adjustable selective high voltage shutdown circuit described in the instruction
manual, this FLOTROL Rectifier also contains a second non- adjustable high voltage shutdown circuit. This second
high voltage shutdown circuit is designed to shutdown the rectifier in the event of a failure which inhibits the
customer adjustable selective high voltage shutdown circuit. This circuit assures that rectifier output voltage will not
increase to a level that could cause damage to the rectifier or the load. The circuit is proportioned so that the non-
adjustable high voltage shutdown point always remains 2 volts above the adjustable setting for 50 volt rectifiers and
1 volt above the adjustable setting for 25 volt rectifiers.

The non-adjustable high voltage shutdown point is determined by resistor R88 { ©option) on the regulator and

alarm printed circuit card. If resistor RB8 is removed, the non-adjustable high voltage shutdown circuit is removed
and the selective high voltage shutdown feature of the rectifier is inhibited.

Lorain Products /1122 F Street / Lorain, Ohio 44052-2293 / (216} 288-1122

{n Canada :

RELTEC Canada ﬁ% RELTEC”
122 Edward St./St. Thomas, Ontario N5P1Z2/(519)631-0780 C

In Mexico :

ProductosLorainde Mexico S.A.de C.V.

Apartado Postal 77001 / Mexico 10 D.F., MX 11200 / (905) 576-8277



LORAINPRODUCTS
Installation Instructions

Section 2968
Issue DI, December?7, 1990

REPLACEMENT OF DISC-TYPETHYRISTORS
ANDDIODES USING CLAMP ASSEMBLY
2868-234-00 OR 2868-235-00

CONTENTS PAGE
1. GENERAL ... ... 1
2. REQUIRED TOOLS AND MATERIALS .. ... .. 1
3. INSTALLATION PROCEDURE ................. 1
APPENDIX
1. GENERAL

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

1.02  Refer to Figure 1 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
replacement 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 replacement procedure. Refer to
Figures 2A through 2€ during installation to insure that

correct mounting force is exerted on the replacement
diode orthyristor.

2. REQUIRED TOOLS AND MATERIALS

2.01  The following tools and materials are required
to replace a ‘disc-type’ semiconductor:

1 fScrewdriver; medium sized flat blade
1 Force gauge; LP. Part No. 6774-007-00

1 Thermal joint compound; Wakefield

. Engineering, Inc., Type 120 (L.P Part
Container No. 1762-510-00), or equivalent.

3. INSTALLATION PROCEDURE

301 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 Procedure in the appropriate instruction
manual. Open the external disconnect on protective
device priorto the replacement procedure.

NOTE

Refer to the Schematic Diagram of the
equipment being repaired. Insure that the
equipment is completely isolated from all power
sources. In some instances, it may be necessary
to remove input, output, and control fuses to

completely isolate the equipment from any power
source,

DANGER

Hazordous voltage may be present within the
cabinets of some LORAIN equipment after input
and output power sources have been
discomnected. 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
assembly requiring repair.
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FIGURE |
SEMICONDUCTOR IDENTIFICATION OUTLINES

THYRISTOR DIODE

DisC ~ TYPE, wsC - TYPE,
CLAMP-MOUNTED . CLAMP-MOUNTED
THYRISTOR . DIGOE.
CATHODE CATHODE
CONNECTION
SYMBOL STAMPED OM SYMBOL STAMPED ON
MRISET? CASE ANOOE DIODE CASE
NONCA] FOLARMITY CONNECTION WMOWCATES POLARITY

ANGCE GATE — CATHODE ANOOE CATHODE

(A) 8 ‘ )
LESS THAN RATED FORCE EXCESSIVE
RATED FORCE FORCE

FORCE INDICAT

FORCE GAUGE ———————————ar)

MOUNTING CLAMP: MOUNTING CLs
Y O BOLT

— ~——SPRINGS
v {SEE NOTE 1}

L]
L J
“DIsc -TYPE" >—0‘r SINK
THYRISTOR OR
DobE It

CENTERING / @

FIGURE 2

CUT-AWAY VIEW OF "DISC-TYPE" SEMICONDUCTOR
INSTALLATION DETAILS

NOTE 1: CLAMP ASSEMBLY (LPC. PART NO, 2868 ~234) KAS TWO SPRINGS.
ASSEMBLY (LP.C. PART NO. 2068-235) HAS FOUR SPRINGS.

o)
-
~
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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) M athyristor is being replaced, disconnect the
cathode (K} and gate (@) 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
thyrirtor.

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 connection. 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 concerning 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.

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 athyristor is being replaced, carefully inspect
the gate lead connection at the pin entering the
ceramic body of the thyristor. It is of utmost
importance that this connection is tight. tf this
connection point is suspected of being loose,
“earefully solder the push-on-connector to the
pin to insure good electrical contact

) Apply athin coating of thermal joint compound
to the mounting surfaces of the replacement
semicnductor.

Section 2968

WARNING

Da not apply on excessive amount of thermal
joint compound on the mounting asfaces of the
replacement device. The compound possesses
electrical inwlating qualities, and may prevent
the semiconductor device from functioning
properly if an excessive amount is applied. A
thin, almost transparent coating is adeguate.

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

h) Using a force gauge (LP. 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 until the force gauge
indicates rated force is applied as shown in
Figure 2(8).

NOTE

If excessive force is a‘pplied by overtightenin? the
mounting 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
connedctions is tightened securely.

) 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 connection peints, or
damage te the equipment end semiconductor
device may result when power is applied.
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NOTE

On the gate and cathode lead terminal beard, the
cathode connection is usually marked *X* and the
gate connection is usually marked "G". If any
oubt exists regarding the correct connection
points, refer to the equipment 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 coven.

Page 4

304 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 instruction manual to restore the
equipment to normal operation.



Section 2968

APPENDIX
RECORD OF INSTRUCTION CHANGES
ISSUE
OR PRN DESCRIPTION OF CHANGE
DATE
D1 183-7444 Revised to reflect current instruction format.
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1. SPECIFICATION

1.1 GENERAL: This LORAIN® Rectifier is designed to power a load while charging a battery in a positive grounded
system. Thii rectifier is listed by Underwriters Laboratories under standard 1012 for power conversion equip-
ment in a controlled environment.

1.2 OUTPUT RATINGS
1.2.1  Voltage: Float voltage is adjustable fmm 48 to 54 vofts for floating 23 or 24 cells of battery, Equalize
voltage is adjustable from float veltage to 57 volis for equalizing 23 or 24 cells of battery. A front panel
mounted switch selects float or equalize charge operation.
1.22 Regulation
(A) Static: Steady state output veitage remains within +1/2 % of any voitage within the range of 48.3 to
55 volts for any load current from no load to full load for the input voltage and frequency range spec-
ified.

{B) Temperature Coefficient: Output voltage change does not exceed an average of 0.01% per degree
C within the ambient temperature range of 0’ C to +50° C. Refer to paragraph 1 .8.1.

(C) Dynamic: For a step kead change of 250 amps within the range of 5% to 100% of full load, the max-
imum voltage transient does not exceed % 5% of the initial steady state voitage. Recovery to withm
steady state voltage regutation range does not exceed 200 milliseconds and aif transient behavior
disappears within 500 milliseconds. Refer to paragraph 1.8.1.

12 .3 Filtering
When connected to a battery rated in ampere-hours four times the full kead current rating of the rectifier.

(A) voice band noise is less then 32 dbm with C-message weighting

(B} wide band noise does not exceed 500 MV peak to peak or 30 MV RMS over the frequency range of
10 Hz to 14 MHz. Refer to paragraph 1 .8.1.

1.2.4 Current: B0Q ampates

,.;@ ., ~ Power
RELTEC Products

G1  183-7838 Ravised to current software format. POWER DATA

Updated Dimensions and Installers

| | pages to include TB1 Added Notes LORAIN® Model RHM8QOESQ
4.24 and 4.25, Rectifier
7. 8arTLome  3-10-98 (P SPEC. NO. 548502500
WAR 10 19088 R = A "
ISSUE J PRANNC. AEVISION DESCRIPTION lcu.l!\' DATE up.nav DATE PD548502500
D, Dembnaki 526-283 | D Dembanaki Js-25-83
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1. SPECIFICATION

INPUT RATINGS.

1.3 INPUT RATINGS.

1.3.1 voltage:

1.32 Typical inputData:

() 52.08 Volts DC at the rectifier output

Nominat 480 volts, three phase. 60 Hz £3 Hz, with a range of 424 to 508 volts.

Input Amount Amperes VA Watts VAR | Efficiency | Displacement
Volts of (%) Factor
Load (%)
No Load 1.25 1011 532 860 -
467 Half Load 30.47 24646 22230 10642 94.0 93.1
Full Load 62.00 50150 45080 21973 92.9 92.8

1.33

134

1.35

13.6

(2) Input current with rectifier supplying full bad current and with 68 volts at the rectifier output.

424 |
66.5

| Input Voltage

Max. Input Current

Efficiency: Greater than 86% from 60% bad at the design center input voltage. at 80 Hz input and 50
volts output.

Displacement Factor: Displacement factor is greater than 80% from 40% bad to full bad at the
design center input vokage with 60 Hz input and 50 wvoits output.

Telephone Influence Factor: The IT product does not exceed 26000 for any normal input and output
conditien. Refer to paragraph 1.8.1.

Distortion: The peak to peak amplitude of any distertion in the line to line AC voltage wave does not
excead 20% of the fundamental RMS voltage If the AC source impsdance produces no more than 2%
voltage drop when therectifier is delivering fullbad. Refer to paragraph 1.8.1.

1.4 STANDARD FEATURES

1.4.1 Power Circuit: Delta-double wye connected six phase rectifier.
1.42 Input Protection: A three pole contactor opens fhe AC input lines,
PD548502500
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1. SPECIFICATION

STANDARD FEATURES

1.4.3 Output Protection:

1A4

145

(A) Current Limiting: DC output current is limited at an adjustable value from 90% to 110% of full bad.

factory set at 110% of full load.

(B) Short Cireuit: A 1000 ampere fuse is located in the negative output lead.

(C) Overvoltage Shutdown: If rectifier output voltage exceeds a preset adjustable value while the recti-

fier is delivering more than 3% of full bad current (24 amperes), the rectifier will shutdown, Refer to
Table 1.

Remots Voltage Sensing: Peint of regulation can be extended to battery or power board.

Alarms: Alarm relay contacts are rated for 29 volts at one ampere.

(A) RECTIFIER FAIL ALARM: A rectifier fall alarmis activated for any of the following condiilns: loss

of ACinput power, turning off the rectifier either manually or automatically, excessive input current,
high output voitage, bw output voltage, bw output current, bss of rectifier gontroi circuitry supply
voltage, fuse alarm. fan fail, heatsink over temperature alarm, or partiat bad current limit operation.
A rectifier fail alarm indication supplies positive battery to two alarm circuits and removes positive
battery from two alarm circuits, with closed bop alarms available as wiring opticns.

(B) LOW CURRENT ALARM: A bw current alarm is activated if output current decreases below 4

(D)

amperes. A bw current atarm ¢ondition illuminates a yellow LOW CURRENT ALARM indicator,

supplies positive battery to an alarm terminal, removes positive battery fmm an alasm terminal. and
activates me rectifier tail alarm.

HIGH VOLTAGE ALARM: A high voltage alarm is activated if output voltage increases abowve a pre-
set value. A high voltage alarm condition illuminates a red HIGH VOLTAGE ALARMindicator, sup
plies positive battery to an alarm terminal. and activates the rectifier fait alarm. Refer to Table 1.

LOW VOLTAGE ALARM: A bw voltage alarmis activatedif output voltage decreasesbeslow a pre-

set valus. A bw voltage alatm condition illuminates a red LOW VOLTAGE ALARM indicator and
activates the rectifier fail alarm. Refer to Table 1.

Low Voltage Alarm | High Voltage Alarm Overvoltage Shutdown
Range Factory Range Factory Range Factory

' Setting Setting Setting
39.1v 52.8V 52.8V

To 47.15V To 57.6V To 55.0V
52.8V 60.0V 60.0V
Table 1:
[ PD548502500

s




14.6

1.4.7

1.4.6

1A9

14.10

1A.11

1.4.12

1.4.13

1.4.14

1.4.15

1.4.16

1.4.17

1. SPECIFICATION

STANDARD FEATURES

(E) FUSE ALARM: A fuse alarm is activated if output fuse F1, refarence fuse F2, or filter capacitor
fuses F3 or F4 open. A fuse alamm condition illuminates a red FUSE ALARM indicator and acti-
vates the rectifier fail alarm.

(F} FAN FAILURE ALARM: A fan failure alarm is activated #f cooling fans B1 or B2 should fail. A fan
failure condition illuminates a red FAN FAILURE indicator and activatas the rectifier fail alarm.

Indicators: A green POWER ON (LED) indicator illuminates when the AC input contactor (K2} is ener-
gized and AC input voltage is present.

Load Sharing: A cireuit is furnished for proportional division of total toad current when the output of this
rectifier is connected in parallel with other LORAINRL or RHM Series ractifiers of the same output volt-
age rating.

Remeote Equalize: Float or equalize charging can be selected from a remote location if desired. Refer
to INSTALLER'SCONNECTIONS and Note 4.9.

Remote Start: The rectifier may be started or stopped from a remote location by application or removal
of positive battery. Refer to Section 3, INSTALLER'S CONNECTIONS and Note 4.14.

Partial Load Current Limit: Application of positive battery causes the rectifier to limit output current to
66% of full rated load. Refer to Section 3 INSTALLATION CONNECTIONS and Note 4.10.

End Call Charging: The output voltage can be increased for charging three end calls by connecting the
DC output to the end cells and Ieaving the external reference leads connected across the main 23 cell
string.

Phase Shift: Main power transtormer shifts the phase of input cument 15° to lower line distortion when
two rectifiers are operated in parailsl. Refer to paragraph 1.8.1.

Thermal Protection: If rectifier cooling fans fail, or if the temperature of the heatsink reaches +85° C
(+185° F), load carrying capability is reduced to 66% of full rated load and the rectifier fail alarm is acti-
vated.

Conducted Radio Frequency Interference: Conducted radio frequency interferencein the frequency
range of 150 KHz to 28 MHz on the AC input and DC output power line does not exceed the broad band
conducted tadiitfon of NEMA Standard. Refer to paragraph 1.8.1.

Audible Neoise: Audible noise at any point five feet from any verticai surface of the rectifier does not
exceed 65dB ‘A’ weighting conforming to ANSI S1.4. Refer to Paragtaphl.8.1.

Current Walk-in: When the rectifier is turned on, output current gradually increases to no greater than
50% of full load in 2.5 seconds. 75% of full lkead in 5.0 seconds, and 90% of full lead in 8.0 seconds.

Meters: Thii rectifier is equipped with a 3-1/2 inch rectangular type DC voltmeter and ammeter. £2%
accuracy at full scale wfth ranges as follows: Volts; 0 - 75V, Amperes: 0 - 120DA.

PD548502500
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1.

SPECIFICATION

ENVIRONMENTAL RATINGS

1.4.16 Mounting: This rectifier is designed for floor mounting only.
1.4.19 Output Diseonnect: An output disconnect switch opens the negative output lead.

1.4.20 Phase Lass/Reduced Load Alarm: If for any reason the rectifier experiences a high ripple condition
caused by a AC input loss an alarm is activated and the rectifiers output voltage and current will be at a
reduced level. External alarm contacts are provided.

1.421 Reectifier Restart Circuit: This circuit provides automatic restart of the rectifier after the first high volt-

age shutdown (MVSD}. If a second HVSD occurs within five minutes of the first HVSD this circuit will
shutdown and lo&out the rectifier.

1.4.22 Auxiliary 46 VDC Terminals (YB1): Screw-type terminals are provided on the rectifier restart assembly
for connection of an external DC supply. An external 10 ampere DC supply connected to these termi-

nals will provide power to the AC contactor if battery voltage should drop below pull-up voltage of con-
tactor.

1.5 ENVIRONMENTAL RATINGS

1.6

1.6

15.1 Ambient Operating Temperature Range: 0°C to +50°C (+32°F to +122°F)
1.5.2 Storage Temperature Range: 40°C to +85°C (-40°F to +185°F)

1.53 Humidity: This rectifier is capable of operating in an ambient relative humidity range of 10% to 95%.
noncondensing.

1.5.4 Altitude: This rectifier is capable of operating at altitudes from sea level to 10,009 feet at maximum
ambient temperatures of +45°C (+113°F) at 4600 fast and +4Q°C (+104°F) at 7000 feet.

1 5.5 Ventilation Requirements: The rectifier should be mounted so that ventilating openings are not
blocked and temperature of the air entering the cabinet does not excesd +50°C (+122°F).

1.5.6 Heat Dissipation: 11,666 BtwHr
ACCESSORIES: There are no accessories available for use with this rectifier.
MICELLANEOUS
1.7.1  Schematic Diagram: SD546502500
1.7.2  Wiring Diagram: T548502500
1.7.3 Instructions: Section 4367
SPECIFICATION NOTES

1.8.1 This parameter is guaranteed by Engineering Design and is not production tested.

PD548502500
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2. DIMENSIONS
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NOTES :
1. ALL DIMENSIONS ARE IN INCHES UNLESS
OTHERWISE SPECIFIED.

2. WEIGHTINLBS.

NET : 1460
SHIPPING : 1560
3. FINISH : EQUIPMENT UGHT GRAY.
4 O O INDICATES
‘ IVEmAnuG

O___ g SAUE

5. ACINPUT ENTRANCE HOLE FURNISHED
WITH TWO STEEL KNOCKOUT PLATES.
ONE PLATE PROVIDES 7/8", 1-3/8°, 2*

TRIPLE K.0.: ONE PLATE PROVIDES 1-1/8"

1-3/4,2-3/2° TRIPLE K.O.

JE T ]
R. SIDE VIEW (FIG. 2)
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4. INSTALLER’S INFORMATION NOTES

4.1
AC INPUT (K2)
Terminals T
Capacity Type Recm Torque | Wire Size
1(6) Ga.
to 3/0 Ga. Soiderless (1) 3 Ga. 100 Amp
per Phase 250 In-Lbs per Phase | per Phase
4.2
DC OUTPUT
Terminals LoopFL1e_!ngth Reemn
Capacity Type Recm Torgue (Note 4.5) Wire Size
(3) 2 Ga. 54 (3) 350 MCM
0 Solerass 77 (3) 500 MCM
760 MCM Screw 500 In-L.bs 92 (3) 600 MCM
per Polarity Type 115 (3) 7641 MCM
4.3
ALARM AND CONTROL (TB3)
Terminals
Recm Wire
Size
Capacity Type Recm Torque
16 Ga. Max. 6-32 Screw 8 In-Lbs 16 Ga. Max.
4.4
FRAME GROUND (FR GND)
Terminals Recm
Capacity Type . Recm Torque Wire Size
14 - 10 Ga. | Solderiess | 50 In-Lbs 8 Ga.
PD548502500
\GE 8 1
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4. INSTALLER’S INFORMATION NOTES

45

4.6

4.7

4.9

4.9

4.10

411

4.12

4.13

4.14

4.15

4.16

4.17

4.16

4.19

420

DC output wire size sufficient to restrict voltage drop to one-half volt or less at 110% of rated full load output cur-
rent for the bop lengths shown. The loop length is the sum of the lengths of the positive and negative leads.

Wires sizes based on recommendations of National Electrical Code Table 310-16 for copper wire at 75°C con-
ductor temperature, operatingin ambient of 30°C. For operation in ambient higher than 30°C. apply derating fac-
tors listed in Table 310-16 of National Electrical Code.

For remote voltage sensing, remove jumpers (®Option) and extend wires from terminals 1 and 2 to the battery
(@Option). Extended wires should be fused at 1-1/3 ampere.

Connect this lead to the load sharing (paralleling) terminal on simii equipped LORAIN RL or RHM Series
Rectifiers.

Extension of customer furnished circuit (® Optii) from terminals 4 and 5 permits selection of the rectifier
charge mode from aremote location. Closure of a circuit between terminals 4 and 5. while the FLOAT/EQUAL.-
IZE switch on the ractifieris in the FLOAT position. will cause the rectifier to supply equalize charge voltage.

Connection to this terminal permits partial load operation of the rectifiar, When positive battery is applied to ter-
minal 6. the rectifier will current limit its output to 66% of full rated current.

When this rectifier is operating normally, a pesitive battery ractifier normal indication is present at terminal 12.
During a rectifier fail condition, positive battery is removed from terminal 12 and a positive battery rectifier fail
indication is provided at terminal 10. i closed loop actuated alarms are desired, remove the jumper between ter-
minals 11 and 20. During a rectifier failure condition, a circuit closes between terminals 10 to 11 and a circuit
opens between terminals 11 to 12. The rectifier fail alarm cirguit actuated by loss of AC input power, low current

alarm, fuse alarm, fan fail or heatsink evertemperature alarm, partial load current limit operation, or manual tum
off of the rectifier.

i the rectifier is shutdown by a high voltage condition, positive battery is furnished at terminal 14.

Low currentalarm condition is indicated try removal of pesitive battery from terminal 13 (End Cell Switch inhibit
Signai) and positive battery at terminal 15.

Positive battery applied to terminal 16 when the rectifier POWER ON/OFF switch is in the ON positien, will cause
the rectifier to start. f remote start/stop is not required, connect ajumper from terminal 16 to terminal 20.

Voltmeter reads battery voltage with the rectifier turned off if terminals 17 and 18 are connected together.

This terminai must be connected to earth ground, got power system neutral. Equipment grounding conductor
size based on recommendations of National Electrical Code Table280-85 for copper wire. if aluminum or copper
clad aluminum greunding conductor is used, refer to Table 250-95 for increased conductor size.

8 - indicates wires furnished and connected by the installer.

A - indicates wires furnished as a part of this rectifier.

Positiie battery is availabla at terminal 20 of tarminal board TB3 for voltage actuated alarms.

Positive battery is supplied at terminal 19 of terminal board TB3 when the rectifier is in float mode of operation.

PD548502500
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4. INSTALLER'S INFORMATION NOTES

L21

1.22

123

l.24

L2s

Positive battery is supplied at terminal 21 of terminal board TB3 when the rectifier is in equalize mode of opera-
tion.

To shin the phase of the input voitage of the rectifier with respect to the AC line service to tower the cumulative
distortion on the AC line when two or more ractifiers are operated in paratlef, interchange any two input phases
at input fine contactor K2. When more than two rectifiers am oparated in parallel, interchange any two AC input
phases at input line contactor K2 on attemate rectifiers.

During a Phase Loss/Reduced Load Alarm condition rectifier output voltage and current are at a reduced level
and external alarm contacts are activated to provided a closed loop circuits between terminats 26 and 27 and 29
to 30 and open leop circuits between terminals 25 to 26 and 26 to 29.

AUXILIARY DC POWER TERMINALS (T81)

Terminals Loop Length Recm

Wire Size

Capacity Type Recm Torque (Note '4_5)

6-32
14 Ga. Non-Captive 6 In-Lbs 30 14 Ga.
screw

An optiil customer furnished 48 volt 10 ampere auxitii power supply can be connected to these two termi-
nals 1 (+) and 2 (-). Connecting a functioning power suppty to these terminals will allow the rectifier to restart
automatically after a prolonged AC input power failure. After a pmkmged AC input power failure the system bat-
tery may have discharged too low to hetp restart the rectifier. Also if the rectifier system does not include a bat-
tery the rectifier will not automatically restart without extemal power.  If an auxiliary power supply is not
connected to these terminals the rectifier will not restart automatically after an extended AC input power failure
and a restart procedure Will have to be performed.

PD548502500
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FOR PARTS, SERVICE, DEPOT REPAIR,

Section 4154
July, 1997
Page 1 of 2

TECHNICAL ASSISTANCE, OR TRAINING,

CALL TOLL FREE

FIELD SERVICE/TECHNICAL ASSISTANCE ...........

PARTS (CUSTOMER SERVICE) ..............cooonnt.

PART'SFAX

DEPOT REPAIR

TRAINING ........

ALABAMA
Mobile

ARIZONA
Mesa, Glendale

CALIFORNIA
long Beach. Fremont,
Calistoga

COLORADO
Thornton

CONNECTICUT
$. Windsor

FLORIDA
Miami

GEORGIA
Suwanee

ILLINOIS
Fairfield, Palatine

INDIANA
Indianapolis

MICHIGAN
Tecumseh

FIELD SUPPORT LOCATIONS
For Field Service Dispatch (North Ridgeviile, OH)

MINNESOTA
Carver

MISSOURI
Independence

MONTANA
Billings

NEW YORK
Utica

OHiO
North Ridgeville

PENNSYLVANIA
Corsica, Philadelphia

TEXAS
Spring, Euless

VIRGINIA
Virginia Beach

WASHINGTON
Kent

WISCONSIN
De Forest

800-800-5260

800-927-2780
800-927-2781

800-978-8810

800-398-8867

800-800-5260

CANADA

122 Edward Street

St. Themas, Ontario, Canada
NSP 122

Telephone: 518/631-0780
FAX: 519/621-0359

MEXICO

SA.deC.V.

Apartado Postal 77001
Mexico, 10 D.F. MX 11200
Telephone: (5} 576-8277
FAX: (525) 358-719%

UNITED KINGDOM

Unit DB, West Entrance
Faireaks Airport

Chobham. Woking

Surrey, UK GU24 8HU
Telephone: 44) 1276 855 627
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RELTEC SERVICES

CAN ALSO PROVIDE:

L S I

FIELD SERVICE
PARTS KITS AND FUSE KITS * TRAINING
DEPOT REPAIR

MAINTENANCE CONTRACTS

- Power Equipment

- Software/Hardware * SPECIALIZEDTEST EQUIPMENT

POWER EVALUATION PROGRAM (PEP) - Battery_ impedance/Resistance Testing
- Power Analysis for the Entire Power Room - Load Simulators -AC & DC
POWERTHERM® THERMOGRAPHIC SURVEY * UPGRADESANDREFURBISHMENTS

Infrared Scanning for your Power Room

RELTEC Services

Your Single Source Service Provider

* FULL ENGINEER. FURNISH. INSTALL (EF&!) SERVICES

- Factory
- Customer Site

* TEST AND TURNUP

* SPARE FUSE HOLDER

FOR PARTS, SERVICE, DEPOT REPAIR.

TECHNICAL ASSISTANCE, OR TRAI
CALL TOLL FREE

FIELD SERVICE/TECHNICAL SERVICE
PARTS (CUSTOMER SERVICE) .

PARTS FAX
DEPOT

REPAIR

TRAINING .,

NING.

800-800-5260
800-927-2780

800-927-2781
800-978-8810

800-398-8867






FOR PARTS, SERVICE, DEPOT REPAIR,

' .
e AV

TECHNICAL ASSISTANCE OR TRAINING,

CALL TOLL FREE

FIELD SERVICE/TECHNICAL ASSISTANCE
PARTS (CUSTOMER SERVICE) .......... ce
PARTS FAX e e
DEPOT REPAIR. ... . ceee e s

TRAINING ... .o

in Canada
RELTEC CANADA

800-800-5260
800-927-2780
800-927-2781
800-978-8810
800-398-8867

51 g-645-9440
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