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RELTEC WARRANTY

oroducts Seller Warrants  to Buyer that the goods Loop Carrier System) UM2500. RLEM and
manufactured and sold (‘ProduN’) by R-96 Auxiliary Equipment: two (2) years
RELTEC business unik shall be free from from rhioment date: (2) R-96 Plua-ins and
defear  in material and workmanship. other Voice Frequency Producu: five (5)
The warranty period for RELTEC Productr years from shipment date: (3) Prod”&
shall be one (1) year from shipment date installed by Seller: two (2) years from
except as follows: (1) DISC*S (Digital date of installation.

other The sole and exclusive warranty for other Withstanding anything to the contrary,
Suppliers’ products and/or servicer sold by RELTEC Selkr’ssole  responsibility to Buyer for

VVqrrqDtieS and provided by third party suppliers said Other Suppliers’ products and/or
(collectively referred to as ‘Other servicesshall be limited tothe assignment
Suppliers’) shall be limited to the Other of such warranties, and rendering
Suppliers’ express written warranty. assistance to Buver to enforce the same.

Services Seller warrank  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.0.B shipment
date; (4) Aftermarket Park:
ninety (90) day. from F.0.B
shipment date.

Buyer’s
Exclusive
Remedy

lf Seller’s Products or Servicer fail to meet
their respective warranty standard, Seller
will at ik sole option either: (1) refund
the amount received bysellerforsaid
defective Product or Service, or (2) repair
or replace any defective Product free of
charge, or (3) reperforrn 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 Prod”& (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
Roduct or Service (including Other
Suppliers’ product and service) which has
been misused, modified, repaired.
improperly installed or otherwise
abused.

NJVaiver of EXCEPT AS PROVIDED IN THIS SECTION, DISCLAIMED. THIS WARRANTY
(mpfied SELLER MAKES NO WARRANTY, CONTAINS BUYER’S SOLE AND

Warranties EXPRESS OR IMPUED. AU EXCLUSIVE REMEDIES AND ARE
WARRANTlES OF MERCHANTABILITY EXPRESSLY IN UEU OF ALL OTHER
AND FITNESS FOR A PARTICULAR REMEDIES, WHETHER IN LAW OR
PURPOSE ARE HEREBY EXPRESSLY IN EQUNY.

Section 2992
October 7.1996

Lorain  Products I 1122 F Street! Lorain. Ohio 44052-2293 / (216) 288-l 122
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RELTEC
Power Products

Section 5737
Issue Bl, September 9.1998

ADDENDUM
INSTALLER’S CONNECTIONS

INSTALLER’S INFORMATlON  NOTES
FOR

LORAIN@ RECTlFlERS

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.

CAUTION

Turn c&fall rf~@iirS before removing any ZeQdSfrOm apraioQ~Zy iQStQlled bQtb?qchQrge tern-
peraturecompensation  module.

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

In Canada:
RELTEC Canada
122 Edward St. / St. Thomas, Ontario N5P 122 I(519) 631-0780
In Mexico:
Productos RELTEC de Mexico S.A. de C.V.
Apartado Postal 77001 I Mexico 10 D.F., MX 11200 I(525) 576-8277
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Issue Al.January30.1992

ADDENDUM
PREPARATION MR

SHUTDOWN

LORAIN  e 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 there procedures there is a potential for service interruption.

CAlJTfON

Before  removing the recti@ierfmm service, pntwishs  should be made to insure  that power to critical
loQds  is not intsmsptfd.  and that Qly edm-QQl L#ice Ql- QssociQmd with the rectifier an?
disabled. if pssibk. If th.? .~~tended al- CamlOt be disabled Qt the -te bCQtiQQ. the
QpP~&WiQtC  pWSX”b? 1 should  & not@ic?d  to disregard .ang &ice cllorms  ertemb?d  frvm the rectifier
whilethis pl-oc&reisin~ If the load must be maintained while the rectifier is removed
fnrm service, the foUowing conmderatians  should be made

=I

bl

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

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 tothe 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 dasired test, adjustment, or maintenance procedure in the rectllier 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.

Page 1
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APPENDIX

1. DESCRlPTfON

General

1.1 These LotaM@ Rectifiers operate from 60 Hz three
phase input. to mahtain a battery in a fully charged condi-
tion while powering a toad. The Model RHM808ESO Rec-
tifier can be operated from 480 VAC input power.

1.2 Float Charainq; This rectifier provides constant
output vokage: 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 float charging. Since, in normal operation,
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the battery is not required to furnish load current, it
remains in a fully charged condffion.

1.3 Eaualiie Charafnc If a higher DC voltage is
required to equalize the charge on all battery ceils. the
FLOAT/ECUALfZE switch can be operated focally to
obtain higher equafffe charge voltage. The equafiie
function may also be controlled from a remote location if
desired.

Description

Power Supply

Model

Variable Power Supply
(OS0 VDC at 10 amps) or
eauivafent

I

Adjustable Resistive Adjustable from 15 ohms

Test Load to 0.052 ohms: 50 KW
power rating

1.4 Current Liiitff~ When an AC power failure
causes battery discharge. or il a DC overload occurs, an
output current limftmg circuit prevents the increase of
output cunent above a predetermined value.

Digital Multimeter Fluke Model 8022A or
equivalent

DC Ammeter
I

O-20 amps DC

AC Ammeter 1 O-80 amps AC

1.5 Paalleling  This rectifier is equipped with an
automatic current liiitiig circuit which enables parallel-
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
pmportffnal  sharfng of load between paralleled rectifi-
ere wtth compatible negative bus load sharing circuits
when interconnected witft external bad sharing wiring.

Table 2-1
Test Apparatus

1.6 Overvoftaae Shutdowrl;  If rectifier output voftage
increases beyond a preset value while delivering greater
than 3% of rated output current, a circuit trips open the
AC input contactor to disable rectifier output.

proper component cooling during operation. Tempera-
ture of the air entering the cabinet must not exceed
+5oT (+l 22°F).

2. TEST APPARATUS

2.1 Refer to Table 2-1 for a list of tools and test equip-
ment that is suffllient to petfomt any test or adjustment
procedure detailed fn this fnstructffn manuaf.

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

3. INSTALLATfON Article 240-6 Stanch Circuk Rating

3.1 Equipment placement at the central offfoe loca-
tion should be given consideration, as discussed fn the
fotbwiig  paragraphs.

Table 310-16 (75X) Ampactty of Power Conduc-
tors

DANCER
3.2 Wirfna Consideratbns:  Location of tile rectlier
should be chosen to minimize required lead lengths for
both AC input and DC output. Optimum equipment per-
formance and cost effeotfveness of the fitsfaflation can
be realized by proper location of the rectifier.

The rectifier operatesfrom AC voltage capable
of pmdming severe, perhaps fatal. electrical
shock. Bcfbre commenciag  installation.
ensure that AC and DC sourn an? COmpktelg
disconnected or disabled.

3 . 3  Mountfna Reouirements This rectlfllr is
designed for floor mounting only. The cabinet base con-
tains four mounting holes which accept l/2 inch dime-
ter bolts for securing the rectifier ln lts mounted position.
Refer to the Power Data sheet for further lnfonnatbn.

3.4 Ventifatfon  Reouirements. All ventilation open-
ings in the rectffier cabinet must remain unobstructed for

3.6 Generak To gafn access to input, output. and
control tennktals. loosen the captive fasteners securing
the meter and control panels. These panels pivot open
on separate hinges. ff 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.

Page 2



3.7 lnout  Connections: Connect the three phase AC
60 Hz. power leads at terminals Ll , L2 and L3 on con-
tactor  Kl 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 panet

3.9 Eanh Ground  (Green Wire) Connections: A
frame ground lug (GND), located near contactor Kl.
must be connected to an earth ground (green wire). Do
m connect to power system neutral.

Alarm and Control Cormaction?

WARNING

Polarity  of the uoltage  sensing &ads  is criti-
cal. When connecting these Leads. verifr con-
neCtiOrtS  CQrTftd~y  to asSUm COI-ECt  pO[QI-itY,
terminal lI+J and 20 on terminal board TB3
OPERATION

3.10 Local or Remote Voltage  Sensinq: 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 recttfier  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.

77~ high voltage shutdown circutt  is cormccted
Q.XhSS  the output coltage Icads.

3.11 Load Sharing: This rectifier is equipped with a
negative bus load sharing circuit which  enables ft to
diikle the load in pmportiin to the output current ratings
wlth arty other LORAIN RL or RHM Series recttter of
the same output voftaga  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.
Refer’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 vottage  and !oad sharing loop
voltage. Refer to the ADJUSTMENT section for detailed
information.

3.12 R motee~aualizeT h e  equalize  m 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 posfttte battery vokage  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
rectffier  front panel.

3.13 Phase 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 circuks  between terminals 26 to 27 and 29
to 30 of terminal block TB3.  while open loop cinufts  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 183.

3.14 Rectifier Fail Alarm: During normal rectifier oper-
ation, positive battery is provided at TB3 terminal 12 to
provtde  an external  normal operation indication. If a
rectifier failure condition occurs, poskffe 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 opemtional
modes or alarm conditions:

4

b)

C)

d)

e)

f)

9)

h)

High voltage alarm

Low voltage alarm

Low current alarm

Partial load current  liift operation

Fan fail alarm

Heatsink  over-temperature alarm

Fuse alarm

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

mm

If closed  loop actuated alwms  are desired discon-
nect and insulate thejumper  leadfrom 7733 termi-
nal Il. Closed loop recti@er  fati &-urn is then
proufded at TBS terminals 10 to I I during a recti-
fier/ail condfffon.
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3.15 Fnd Cell Switch Inhibk A poslive battery control
sianal is available at TB3 terminal 13 to inhii activation
of-an automatfcally controlled end cell switch during nor-
mal rectifier operation. If a low current alarm occurs in
the rectlier, this control signal is automatically removed
from terminal 13.

3.16 !+& A positive battery alarm signal is present at
TS3 terminal 14 if rectifier shutdown results from a high
output voltage condition.

3.17 J&& A positive battery alarm signal is present at
TB3 terminal 15 during a low current alarm condition.

3.18 m Poskffe battery to TB3 terminal 16 is nor-
mally supplied through a factory installed jumper wire
between terminals 16 and 20. Positive battery at termf-
naf 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 TD3 terminal 16. Connect
positive battery to terminal 16 through the remote switch
or control device.

3.19 Vokmeter lndiitina Optiin: Connect termtnals
17 and 16 of TS3 with a jumper wire if front panel voft-
meter indication of battery voltage is desired when recti-
fier is turned off. ff voltmeter indication of zero vofts  is
desired wfth rectfffer turned off, do not connect Jumper
to tenntnafs 17 and 19.

320 Float and Eaualire Mode Indications: When rec-
tffier  is operating in float mode, positive battery is avail-
able at TS3 terminal 19. When the equalize mode is
selected, positive battery is removed from T’B3  tei?tIinaf
19 and supplied at terminal 21.

321 Or4llal Auxttllrv Power SUDDk: If. due t0 a pro-
longed AC input power failure, the associated battely
discharges to below 38 VDC. the recttfier will be Unable
to restart. To oermft restattfno the restffier in this went,

be connected to termkmts 1. (+) and 2 (-) of ‘a&iftt
power supply tenntnal block TBI. TBI is located on
inside the rectitier cabinet on the rear wall. The auxil-
iary power supply must be capable of supplying 10
amperes.

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

Page 4

a )  lnttial Preoaration

1)

2)

3)

4)

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

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

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.

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

b) lnkial Startup Procedure

DANGER

Steps  1J through  4) must be performed  exactly
asp?-esentedintheseinstructions.  Theecti-
fiermustbestartedoflbattergtochwgethe
pltcr  cqmcitors  b&m-e instalIing RATrERY
DISCGNNECT link S2. Installing the discon-
nect link befoR charging the capacitors can
result in personal injury. equipment damage.
and blownfuses  in the n?ct&x

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

A) Remove the local sensing
leads from their storage termi-
nals on circuit card A9.

W Working with one lead at a
time, disconnect the extended
reference leads from terminals
1 and 2 of TS3 on circuit card
A9. Temporarily insufate these
leads.

C) Connect me focal  sensing
leads to TB3. terminal 1 (+)



and terrninal 2 (-). Insure that
polarity is correct.

D) Install the M option capacitor
assembiy, Part No 4251-014-
00, on the appropriate edge
connector of regulator and
alarm circuk card A7. Refer to
Figure 3-1.

2) Insure that the external AC protective
device is property sized for recttiier
input requirements. Close this device
to apply AC input power to the recti-
fier.

HINGED ENDHINGED END
r OFPANEL

MOUNTING LOCATION OF
CAPACITOR ASSEMBLY
425tcl1400

Section 4387

3) Place the HVSD circuit breaker toggle
and the POWER rocker swkch to the
ON position. The rectifier should
start, although the LOW CURRENT
ALARM and an extended rectifier fail
alarm may be activated.

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

5) Place the POWER switch to the OFF
position. lf reference leads extended
to the banety or load are required,
perform the following steps. If internal
reference only is required, disregard

3 REGULATOR AND ALARM CIRCUIT CARD A7 0

CONTROL AND INDICATOR PANEL
(INTERIOR SURFACE)

Figure 3-l. Capacitor Assembly Connector Location
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Steps a) through c) which follow. then
proceed with Step 6).

DANGER

If the rectijler is connecte d to a batttq,  volt-
a y e  i s  p r e s e n t  a t  t h e  local a n d  e x t e n d e d  r e f e r -
enee leads. Exerciw  care in the following
s t e p s  t h a t  t h e  leade are n o t  accidentallg
shorted together or allowed to touch cabinet
ports or- any other eJectricQl  tenninatione.

AC WItays? Cppabk? Of JWOduCing  Sew?%. per-
haps fatal elect&al shock is present at input
contactor IU. Exenzise caution that w&den-
tal bodily contact with any electrical tennina-
tiondoesnotoccur.

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 *ens-
fng leads to TB3. terminal 1 (+)
and 2 (-). Insure mat pohrity is
corract.

Cl Remove the temporary insula-
tbn from the focal reference
leads. and connect these leads
to the storage terminals on cir-
cuit card A9.

6) If the rectifier is used fn chargfng a
battery, remove the M option capaci-
tor assembly from its edge connector
on regulator and afarm circuit card
A7.

7) Place the POWER swftch to the ON
position. The recttfiir should start
and deliver output croltage within the

range of 48 to 84 VDC.

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

10)

23cell 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 tie rectifier.
Turn  the potentiometer adjustment
screw slowly clod&se or counter-
cloclovise as necessary. Voltage
should be monitored at the battery
whife adjusting float output. The recti-
fier thereby compensates for distribu-
tion losses, and the battery remains
fully charged.

Operate the rectifier FLOATIEQUAL-
IZE switch to the EQUALfZE position
and note the equalize output voltage.
Unless otherwise specifted. 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 votts per cell for a
24cell 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 rectifier.
Turn the potentiometer adjustment
screw slowiy clodovise or counter-
cbckwise as necessary. Voltage
shoufd be monitored at the battery
while adjusting equalire output,
thereby allowing the rectifier to com-
pensate for distribution losses.
Return the FLOAT/EQUALIZE switch
to the FLOAT position.

Chedt the rectifier current limit cir-
cuitry by loading the rectifier to at
least lx)% of the rated output of the
unit. ff the existing load is less than
rated bad, a resistive test bad may
be connected to the DC output termi-
nals of the rectlier. The recttiier
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 chedt or adjustment.



11) Before placing the rectifier into ser-
vice, refer to Table 3-1 and note the
factory  settings of the overvoltage
shutdown circuii and the high and low
voltage alarm circul. If these factory
seltings 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.

Overvoltage
Shutdown

55VDC
I

5.10
I

High V&age
Alarm

57.6VDC 5.8
I

Low Voltage
Alallrl

47.15VDC 5.7
I

Table 3-1. Shutdown and Alarm Levels

4. OPERATION

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 Stoo: If remote starting and
stopping control is .desired. allow the HVSD and
POWER controls on the front panel to remain in the ON
posftffn. Applyins or removing positive battery at termi-
nal 16 of TB3 starts or stops the rectifier, respectively.

4.3 Startina AAer 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 battety is applied to TB3 terminal
16 at the time of power restoration.

Section 4387

If baLte y uoltage discharges below 38 volts DC dur-
fng WI extended commercial AC power failure. the
rectr#er will be unable to restart automattccz&
unless an autilfay  power  suppIg is connected to
terminal block TBI (see Pam 3.211. If an auxiliary
power supply is a connected to TBI. refer to Test
Procedure 9 in Chapter 7. TROUBLESHOOTING. for
a startup procedure in this event.

Controls and Indicators

4.4 The following controls and light emitting diode
indicators control the operation and indicate the status
of the rectitier. 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 rectiiier
and normally remains in the ON position.
The circuit breaker contains a trip coil which
is energized in case of a high output voltage
condiiion. thereby releasing the AC input
contactor  which removes AC input power.

b) POWER SwRch: 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, respectively.

c) BATTERY DISCONNECT Link 52: The dis-
connect link inserts into a mating 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 recttiier.

d) FLOAT/EQUALIZE Switch: When this switch
is in the FLOAT position. sufficient voltage is
provided to maintain the batlery in a fully
charged condition while supplying load
demands. When this switdr  is pfaced in the
EQUALIZE posftiin. the rectifier output volt-
age is increased to equalire the charge of all
battery cells. Refer to Para. 4.6.

e) POWER Illuminates when the
AC input voltage is present and the HVSD
and POWER controls are placed in me ON
p0SAh.
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f) HIGH VOLTAGE ALARM Indicator: Illumi- m
nates when the output voltage increases to a
predetermined adjustable high voitage alarm
value. The high vottage alarm circut moni-

If the current demand by the load exceeds the cur-

tors output voltage continuously: therefore.
rent limit setting. the battq fs required tomish

this alarm is operational even when the recti-
the difference and subsequently begins discharg-

fier is turned off.
tig

LOW VOLTAGE ALARM Indicator: Illumi-
nates when the output voltage decreases to
a predetermined adjustable few 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.

Epualffe Chaming

4.7 Higher charging voltage is sometimes required to
equaliie 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 EQUALlZE poskttn. To
restore usual float operation, operate the switch to the
FLOAT position.

4.9 The equalize function of the rectifier can also be

The LOW VOLTAGE ALARM indicator may ilIumi-
nate during a battery recharge condition gthe recti-
Jii operates in the current limiting mode. and
reduces output voltage accordfrgly.  lids is normal
operation and the alarm wtll extinguish as the bai-
tcy ooftage fncrcases.

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

0 NEI l l u m i n a t e s  tf o n eS
or more fuses Fl through F4 should open.

initiated from. a remote location. if desired. (Refer to
Power Data Sheet.) When the equalize function is con-
trolled remotety,  the FLOAT/EQUALIZE switch on the
rectifier is diiled.

W-G

Do not supply equalize voltage for a longer
period than n-lug. Prolonged higher
charge voltagv will wenzharge  the battery
cells and reduce battefy life.

4.9 Ocwnence of any of the following conditions
results in automatii rectifier shutdown:

j) FAN FAILURE ALARM Indicator: Ilhrmi-
nates if cooling fans El or 62 should fail. a) Operation of any fuse in the rectifier. other

than fan fuses FS and F6

b) Overvoltage condftion  at rectifier output

4.5 A DC ammeter and a DC voltmeter indicate recti-
fier output current and voltage, raspecttvety. SiiCe the

If condition a) occurs, indicator FUSE ALARM illumi-

volbneter is connected across the reference leads, this
nates but all other operating controls remain in their nor-

meter indicates battery voftage if remote sensing iS
mal positions. Correction of the failure condftion and
replacement of the opened fuses allows the rectifier to

used. restart.

Float Charaina

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 lffft
setting. Thtt 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 con-
dtiln.

Page 6

If condition b) occurs, the rectifier will restart automati-
cally after twenty seconds. lf a second HVSD occurs
w&in a 5 minute period. the rectifier will shut down and
trip the HVSD circutt breaker located on the front door.
Once the failure has been corrected, placfng  the cinuft
breaker toggle to the ON position should restart the rec-
tfiier. lf the rectifier can operate for a period of 5 min-
utes without a HVSD the circul will reset and be ready
for the next HVSD event.



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.

RiocJe Reaulator Circuit

4.11 This rectifier is equipped wtth a ripple regulator
circuit, located on circuit card Al 1, which continuously
monkors the ripple current through the rectffier 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 vokage and
current. This permfts the rectifier to continue operating
at a reduced capacity until such time as the phase loss
is corrected. External alarms are also activated refer to
Paragraph 3.14 tar details.

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

Coolina Fans and Temoerature Sensors

Section 4387

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

TYPO

Fl 1000 Gould-Shawmut A1321000-4

FlA l/4 Bussmann GMT

F2 3 Bussmann GMT

F3. F4 60 Bussmann GMT

F3A. F4A t/4 Bussmann GMT

F5. F6 5 Bussmann GMT

Table 4-1. Fuse Types and Sizes

Circuft Cards

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

Circuit Card Description

Al -A6 (433401600) SCR Firing Circuit Card

1 A7 (486508700) 1 Reaulator 8 Ahrrn Card 1

4.13 The rectlier  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 lem-
perature. lt air flow ceases or if heatsink temperature
reaches +85”C (+185’F). output currant of the rectRfr
is reduced to approximately 66% of the full load rating,
and an external rsctkier fail alarm is activated, if con-
netted. In addition. ff a cooling fart has failed. a red FAN
FAILURE indicator will illuminate. When the tempera-

A8 (486562200) Power Supply Card

A9 (433852700) Alarm Interface Assy

Al 1 (486569800) Ripple Regulator Card

Fan Failure AhrmA12, Al3 (433837100)

A14.15 (425702200) LED Alarm Card

Al6 (433800209) HVSD Resart Circuit

Table 4-2. Replaceable Circuit Cards

lure decreases or fans have been repaired, the rectifier
returns to tull load capability and the external rectifier 5. ADJUSTMENTS
fail alarm is canceled.

4.14 Table 4-1 lists the rating and types for all the 5.1 Various adjustment potentiometers are
fuses used in the rectifier. Fuses should be replaced accessible on the control and indicator panel at Reguh-
with the type and size listed, or equivalent. To gain tar and Alarm Circuk A7 and Ripple Regulator Circuit
access to all fuses except F5 and F6. open the meter All. These potentiometers are factory adjusted and
and control panels. Fuses F5 and F6 are accessible readjustment is not normally required.
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MOUNTING LOCATION OF
CAPACITOR ASSEMBLY
425101400 3

0 0

CONTROL AND INDICATOR PANEL
(INTERIOR SURFACE) 0 /

Figure 4-l. Capacitor Assembly Connector Location

Adjushnent of thip rect@er  s?wuld m&J be
attempted by trained semice perroMeL
A%#kmentoutsideofnlngesorbeyondltnits
atatedin~PowerDataShe.etisaotrecom-
mead.ed.

51 Potentiometer FLOAT ADJUST is accessible
mmugh a hole on the front panel of the rectifier. Thii
potentiometer sets the value of the float output vohage.
Unless otherwise specifkd. the float voltage is factory
adjusted to 52.08 VDC (24 cells at 2.17Wcell). The
potentiimeter setting, if changed, should be done in
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small increments. Before adjustments are made. verify
that the battery is fully charged.

a) To obtain float output voltage, place the
FLOAT/EQUALIZE swhch in the FLOAT posi-
tion.

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

c) When the settbtg 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

0 REGVLATOR  AND ALARM ClRCUlT CARD A7

FACTORY ADJUST ONLY

LOAD SHARING ADJ (R28)

OVERVOLTAGE SHUTDOWN ADJ (R32)

HlGH VOLTAGE ALARM ADJ (R39)

LOW CURRENT ALARM ADJ (RM)

ADJUSTMENT POTENTlOMETERS
(ON OTHER SIDE OF CIRCUIT CARD,

LOW VOLTAGE AIARM ADJ (RS9)

CONTROL AND INDICATOR PANEL
(INTERIOR SURFACE) 0

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

d) Repeat Steps b) end c) as necessary to age. Unless otherwise specified, the equaliie voltage
obtain the required float voltage. has bee” factory adjusted to 54 VDC (24 cells at 2.25W

cell). The potentiometer setting, if changed, should be
NOTE done in small increments.

when the J&at  L&age  is adjusted.  the equalize
uoltoge  will be a@cted.  It is recommended that the
equalize voltage  be checked. Md $ necessary.
readjusted.

5.3 Potentiometer EOUALlZE ADJUST is accessible
through a hole on the front panel of the rectifier. This
potentiometer sets the value of the equalize  output wlt-

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

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

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

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 recttfier. Unless otherwise
specified. the rectifier is factory adjusted to limtt current
at 110% of rated load. To change the current limit set-
ting, observe the following procedure:

WARNlNG

This rectifier is not ratedjiw  continuous duty
abms 110% of rated current. Loads of up to
125% mag be tolerated for short periods of
time kg., when recharging a discharged bat-
tar& Prolonged opemtion over 110% load nuy
overheat  the rectifier and c- pemlanent
damage to some compomnts.

a) ff the load 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 setting.

b) To decrease the current liift setting, adjust
potentiometer CURRENT LIMIT ADJUST
counter&&wise  until the output current
decreases to the desired lffk.

c) To increase the current limft settiig. adjust
potentiimeter CURRENT LMT ADJUST
ctockwff until the output current increases
to the desired liift.

! ow lfoltaae Alam, Adiustmeni

5.5 The low voltage alarm adjustment  potentiometer
R35, located on Regulator and Atann circuit card A7.

sets the value at wtrfch ligftt  emfttii diode LOW VOLT-
AGE ALARM illumfnates and a” external ala”” is acti-
vated, If connected. Unless otherwise specified, the low
v&age  alarm is factory adjusted for 47.15 VDC. To
readjust thff lift. observe the following proceckrrs:

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

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

Page 12

rectifier from battery by removing the BAT-
TERY DISCONNECT link.

DANGER

Exercise extreme caution  luhen performing
Step d Hazardous DC uoltage is present at
the DC output termirwls.

c) Connect a” adjustable DC supply capable of
supplying 50 volts DC to the positive output
terminal (+) and &her terminal of fuse Fl (-
). observing proper pobrity.

d) Adjust potentiometer R38 fully counterclock-
wise. Refer to Figure 5-l for location.

e) Turn on the external DC supply and adjust
output voltage to the desired low v&age
ala”” value.

The fi capacitors charge slowfg when the ester-
nal DC supply is turned  on. Allow appmximately
40 seconds to elapse beforejfrmf  supply o@ust-
met-d to the desimd  bw voltage olorm tie.

9

s)

h)

0

i)

Slowly adjust potentiometer R38 clockwtte
until riqht emitting diode LOW VOLTAGE
ALARM on the front panel illuminates.

As a check, Increase the output voltage of
the external DC supply; light emitting diode
LOW VOLTAGE ALARM should extinguish.
Slowty  decrease the vottage until light emit-
ting diie LOW VOLTAGE ALARM illumt-
n&e.. Repeat Steps 9 and g). if necessary.
until the alan is activated at the desired
voltage.

Adjust power supply output vottage to
exactly lhe same value of battery v&age at
the rectffier output terminals. These volt-
ages should be measured with a digital mul-
timeter.

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

Turn off 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.

Hiah Voftaae Alarm Adiustment

6.6 The high voltage alarm adjustment potentiometer
R39. located on Regulator and Alarm Circutt  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 spectiied, the
high voltage alarm is factory adjusted for 57.6 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 control panels by loos-
ening the captive fasteners. Disconnect the
rectifier from battery by removing the BAT-
TERY DISCONNECT liik

DANGER

Exercise extreme caution when performing
s t e p  cl. HQzardous  D C  uoltage i s  p - t  a t
the M: output temlincrls.

c) Connact  an adjustable DC supply capable of
supplying 60 volts DC to the posfifve  output
terminal (+) and either terminal of fuse Fl
(-).  observing proper polarity.

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

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

Thefflter  capacitors charge slowly when the exter-
nof DC supply is &med on. Allow appmximately

49 seconds to elapse before fhal supply adjust-
ment to the desired high voltage alarm UC&E.

1) 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 voftage of
the external DC supply; li@t emittmg diode
HIGH VOLTAGE ALARM should extinguish.

h)

0

j)

W
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Slowly increase the voltage until light emit-
ting diode HIGH VOLTAGE ALARM illumi-
nates. Repeat Steps r) and g). if necessary,
until the alarm  is act&ted  at the proper volt-
age.

Adjust power supply output voltage to
exactly the same value of battery voitage al
the rectifier output teninals. These van-
ages should be measured with a digsal  mul-
timeter.

WI power supply output voltage properly
adjusted, insert the BATrERY DISCON-
NECT link.

Turn  off the external DC power supply, then
disconnect the test leads.

Close tie meter and contml  panels, then
start the retitiier  by placing the POWER
switch to the ON position.

Low Current Alarm Adiustment

5.7 The low current alarm adjustment potentiometer
RSO. located on Regulator and Alarm Circuit card A7.
sets the value at which liiht emitting diode LOW CUR-
RENT ALARM illuminates and an external low current
alarm is activated, if connected. Unless otherwise
specffied.  the low current alarm  adjustment is factory
set to provide an a!ann  when rsctiitr output decreases
below 0.5% of rated current. To readjust the low current
alarm. observe the following procedure:

DANGER

This a&&ment pmcedure is performed with
the feet(fk operating in a test mode. AC volt-
ages capable of pmdueing severe, perhaps
fQtd eketrical s h o c k  are p - t  at contactor
K2 and in other port&me of the circuit when
the rectifier is opamting. E.Kedse cllution
that accidental contact with ang electrical
terminatiom doe5 not occur.

a)

b)

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

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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Exerciw extreme ccr~tlan when perfwming
stepjl.  If- 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
cinuk to the positive output terminal (+) and
either termfnaf of fuse Fl (-). observing
proper polarity.

9) Adjust potentiometer RSO fully counterclock-
wise. Refer to Figure 5-l for location.

h) Adjust the resistive test load for msudmum
resistance.

0 Start the recttfllr by pfacfng the POWER
switch to the ON posfbon.  Adjust the test
load for an ammeter tndffon  of 4 amperes
(0.5% full load). The LOW CURRENT
ALARM indicator shoufd ba extinguished.

j) Stowfy  adjust potentiometer RH) clockwise
until the LOW CURRENT ALARM indicator
illuminates.

k) Adjust the resistive test bad to pface slightly
more load on the recttfter output. The LOW
ClJRREhiT  ALARM indicator’ shoukt exttm-
guish.

m) Ptace the BATTERY DISCONNECT link into
its receptacle, then lmmedffefy place the
POWER switch to the OFF ooskffn.

Section 4387

c) Connect the local sensing leads to TB3 ter-
minals 1 (+) and ‘2 (-). Insure that polarky is
correct.

d) Remove the BATTERY DISCONNECT liik
to isolate the recteier from the battery or
lOad.

e) Install the M option capacitor assembly,
PartNo. 425101400, on the appropriate
edge connector of regulator and alan cir-
cuit card A7. Refer to Figure 4-l for mount-
ing location.

DANGER

Reduce the amount ot load to 4 amperes.
The indicator shouki illuminate. If neces-
sary. adjust RSO to obtain the alarm fndff-
tion at a foad of 4 amperes.

Page 14

P)

4)

0

Disconnect the test leads of the external
ammeter and resistive load.

If the rectifier is normally connected to a bat-
tery, remove the M option capacitor assem-
bly from the regulator and abrm circuit card
A7.

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

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

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

Overwttaae  Shutduatm. ea

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

To Qvbid “UiSMCe  ShKtdOwnS. ChO0S.Z an OVerVO&-
age shutdvwn value which is a mfrtfmum  of 2 vdts
above thefloal wuage value.

a) Turn the rectttier 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 battery by removing the BAT-
TERY DISCONNECT link.

DANGER

Emmiss extreme ca~titm w h e n  performing
step cl. Eaaardoua DC mltuga  is present at
the DC output fl?rmin&.



d

4

f)

9)

h)

0

i)

k)

I)

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 capacftor  assembly Al0 on
circuit card A7.

Connect the test load to the posktie output
terminal (+)  and either terminal of fuse Fl.
Adjust potentiometer R32 fully clodtwise.
Refer to Figure 5-I for location.

Start the rectifier and apply approximately
5% load.

Connect a digital multfmeter  capable of
measuring 60 VDC to monitor jacks Tpi and
TP2 and note the float and equalize output
voltage settings.

Adjust the output vottage 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 vottage  using the EQUALIZE
ADJUST potentiometer.

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

As a check, turn the FLOAT andlor  the
EQUALIZE ADJUST potentiometer down.
Reset HVSD circuit breaker to the ON posi-
tion. Stowty increase  the output voltage  until
the circuit breaker trips at the proper voltage.
Repeat, ff necesssaty,  until the proper shut-
down voltage value ts attained.

Adjust the FLOAT and EQUALIZE ADJUST
potentiometers for rectffer output voltage
lower Man the shutdown level. Start the rec-
tiffer and adjust float and equalize output
voltages to the values noted in Step 9).

While the rectifier  is operating, place the
BATTERY DISCONNECT link into its recep-
tacle. tmmedfatefy  pface  the power swftch  to
the OFF poskttn.

m)

n)

0)

P)
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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.

If remote sensing is normally used at the
battery or load. disconnect the local sensing
leads from TS3 terminals 1 and 2. Connect
these leads to the storage terminals on cir-
cuit card A9.

Connect the remote sensing leads to TS3.
terminals 1 (+)  and 2 (-). Insure that polarity
is correct.

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.

Load Sharina Adiustmertt

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

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

CAUTION

Ifthe Ioad demand exceeds the rating of a sin-
gle rectifier, the remaining loud power is sup-
p l ied  bg the  bat ter ies ,  causing butterg
discharge.

b)

d

d)

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

Check the load sharing vokage  across TB3
terminals 2 (-) and 3 (+) to determine it it is 6
VDC. If not. adjust Potentiometer R26 on
circuit card A7 to obtain 6 VDC. Refer to
Figure 5-l for location.

Start the second rectifier to be adjusted, turn
ofl  Me first rectitier.  and repeat Steps b) and

Page 15



Section 4367

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 lM)% load and
the toad sharing voltage is 8 VDC.

e) Close the load sharing lead between ail par-
alleled rectifiers, then restart the rectiiiers.
The toad should now be shared pmportion-
ally by the rectifiers.

-Ia Reaulg&r  Adiustmap

5.10 This adjustment potentiometer is located on cir-
cuit card Al 1 whfch monitors the amount of ripple cur-
rent through the DC output filter capacitors. This
adjustment determines the amount of ripple current
required to reduce mctiier output voltage. The ripple
regulator is factory adjusted to start liiittg rectffier  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 rectffiir. Circuit catd
All is located on the inner surface of the control and
indicator panel, as shown in Figure 5-l. lb adjust the
;;.I regulator circuit card. observe the foltowing  proce-

d)

4

f)

9)

h)

0

Voltags eapam of prvdudng sewn% perimps
fatal, elect&al shock are p-t within the
ract@er.  Insure that the e~teraal  AC df.wOn-
nectdeviceisopenedkforeperfmmingthis
procedure:  othelwim hQWdNSWltOgWWiU
beemounteredinStepsUandn1.

a) Turn off the rectiier by operating the AC
INPUT switch to the OFF position. and dis-
connect battery or load from the output tar-
minak. 3 remote voltage sensing leads are

extended, ( T Option) disconnect and:nsu-
late. Connect internal voltage sensing leads
( R Option) to tednals l(+) and 2(-) of TB3.

b) Install M Option capacitor assambiy A10 on
circuit card RAC-A7.

c) Connect a test load to the DC output temti-
nals.
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Remove DC filter capacitor alarm fuse F3A
and DC filter capacitor fuse F3 from their
respective fuseholders.

Connect a clamp on type AC ammeter capa-
ble of measuring around the lead to the fuse
s&et of DC filter capacttor fuse F3.

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

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

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

The adiustment procedure is now com-
plete. Turn  the recttfier 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 TS2, extend
the remote cottage sensing leads, if desired,
and return the rectifier to service.

6. CIRCUfT DESCRlPTfON

6.1 This ractifier 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
functiinal blochs. Refer to Figure 6-l for a rectifier bloch
diagram.

. .
PC Ind Cusut

6.3 Commecial 206/240, 60 Hz, three phase AC
power is applied through contactor K2 connected to the
primary of power transformer Tl.



Power SUDDIV  Assembhr PSA-AS

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

a pot&n of the resuhant  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-

6.6

CR3 to the zener  regulator. Zener  diode CR13.  in con-

The +12  VDC output of this assembly is derived
from AC voltage at the secondary winding of power

junction with fifter capacftor  A8-C2.  provides  a regulated

lransformer  Tl The AC voltage is applied to the power
supply circuft  through resistors R7. R9. and RIO. The

+12  VDC output which is applied to the Regulator and

AC inout is rectified bv diodes AB-CR1  and AB-CR2  and

Alarm Circuit  A7.

Section 4307

put fuse and battery disconnect device to the output ter-
minals.

yoltaae and Current Reaulation  Chuit~

6.6 During normal rectifier operation, the voftage and
current regulation functions of the rectifier are controlled

Circuit card A7 utilizes integrated circutiry to perform the

by circuitry on Regulator and Alarm Circuit A7.

phase control regulation function. The regulation and

During a
high output ripple condition caused by the loss of an AC
input phase, the regulation of rectifier output voltage

phase control circuft  monlors  the output of the rectifier

and current is partially controlled by the Ripple Regula-
tor Circuit Card Al 1.

and ultimateiy produces a pulse which gates the thyris-
tars in the power circuit. Depending upon me output
voltage, the gate pulse is efther  advanced or delayed in
relation to the phase of the AC input voltage to control

6.6 The -12 VDC output of this assembly is derived
fmm negative battery voltage.  applied to the power sup-
ply through resistor R12.  Zener  diode CR14. in con-
junction with finer capacitor A8-0, produces the
regufated  -12 VDC output whfch is applied to the Regu-
lator and Ahrm Circuit A7.

Power Circuit

6.7 The six phase star-connected secondary of
power transformer Tl feeds a six phase rectffier.  Easi-
calfy.  the rectifier circuits consist of six power diodes and
six thyristors. Each of the sfx rectfier circufts  are idantf-
cal: therefore. one is described as typical. The conduc-
tion of the thyristor is controlled by a pulse citcuit on A7
which will be explained later. When the thyrfstor is not
conducting, the output of the power transformer fs sup-
plied thmugh  the power diode only. When higher output
voltage is required, a pulse tires the thyristor causing ft
to conduct. When the thyrfstor conducts. an additional
winding of the power transformer is inserted fnto 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 tie AC
.input voltage. The outputs of me rectiier cfrcuits are
applied to an interphase transformer. tiich balances
the outputs of the rectifier circuits before appfyffg the
resultant output to the finer  circuft  A resistor and
capacitor network acmss  me  thyristors and the power
diodes  reduces conducted RF interference. The DC
output of the rectifier which  contains appreciable
amount of ripple is passed mmugft  an LC type filter
which reduces the ripple to a minimum. The resuftiig
fiftered DC output power is connected through the out-

the rectifier output. If the thyristo;  is gated early in the
AC cycle, me output voltage increases. If the thyristor is
gated later in me AC cycle, the output voltage
decreases.

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

Voltaae  Reference  and Error Detectttn

6.10 This circuii compares the output of the rectifier
wfth a fffed  voftage and provides an error  signal which
represents the magnitude and direction  of any diier-
ence.  The negative sense voltage is applied to a resis-
tance network consfstiig  of resistors R8 and RlO.
EQUALIZE and FLOAT ADJUST potentiometers RI1
and RI2 respectively, resistors R13 and R74, 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 voft-
age at the junction of diode CR3 and potentiometer R16
is more positive than me positive sensing lead. The
resistors in ma resistor network mentioned above are
proportioned such that the sfffer of potentiometer R12
is at ground potential when me vottage on the sensing
leads fs at the correct regulated value. If the rectaier
output v&age 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-
We. If the rectkier output voltage is too low, the voftage
at the slider of potentiimeter RI 2 becomes poskive with
respect to common. causing the output of amplifier A17
to go negative. Diode CR1 at the output of ampldier
At7 is used in confunction  with diode CR4 of the current
sense circuft to provfde isolation of control between the
voltage and current regulating circuits. llte current
sensing and current regulation circuit is connected into
the regulation circuit at the cathode of CRI. At this
point, the voltage and current regulator circuits are con-
nected in an OR type configuration. Whichever reguta-
tor output is more positffe controls tfte pulse and phase
control circuits. The output of this OR circuit is con-
nected to an inverting voltage follower AIE. which gen-
erates a second error signal equal in magnftude but of
opposite potarfty  to the signal generated by A17. The
positive and negative error signals thus generated by
Al7 and Al8 are applied to the pulse generation circuits
where the error signal inputs are used to generate the
thy&or gate pulses.

6.11 This circuit senses the output current of the Nti-
fier and changes tfte operation of the rectifier fmm volt-
age regutation to current regufation when the output
current reaches a predetermined value. The positive
output of the rectifier is passed thmugft 50 milfffft
meter shunt R25. The voltage drop across me shunt
deflects the oulput  ammeter and also provides a control
sfgnal pmportbnaf to the output current. This contml
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 shartng circuk as well as the current regulator
circuft which limits and regufates mctffffr output. The
current tttft  setting of the rectifier is determined by a
series string of resistors conneoted at the output of
shunt amplifier A6. These resfstors hcluda CURRENT
LIMIT potentiometer R23 and resistors R17. Rl9. and

R64.

6.12 Resistor RI7 is associated wfth the temperature
sensing and fan fail circuftry. Resistor RI7 is normaffy
shorted out by closed contacts of mfay K3 which are
connected at J4 pins 11 and 12. when tfte temperaha
of the rectffier heat sinks exceeds +85X (+185*F)  or ff
air flow through the cabiiet ceases, resistor RI7 is
inserted into the dmuft to decrease the rscttffer 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 rectfier is supplying less
current than the current limk setting of potentiometer
A.23. fhe current fimit circuit performs no regulation func-
tion. When output current exceeds the leyel 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 amptiier A5 is coupled to
the voltage control circuit through CR4. This signal
causes the rectifier to operate in the current regulation
mode.

Circutts

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 thyrfstors in each
phase. The pulse cimufts control the phaseback angle
of the thy&on in response to a signal from the voftage
regulator described previously. The firing cfrcuft for
each tbyrfstor consists of a driver transistor which is
controlled by two comparators. a reference comparator
and a syncbmnfzmg comparator. The reference com-
parator receives an error signaf from the regulator circuit
which is compared to an integrated sine wave derived
from the power transformer Tl secondary winding. The
reference comparator utffffes this information to deter-
mine when to turn on the driver transistor. The synchro-
nizing comparator provides damping action to prevent
firing of the thyrtstor when the thyristor is reverse
b l e d .

6.16 The control of phasebacft  angle is based on a
comparfs~ of a cosine reference voltage, which leads
the lime by 90”. against a signal from the voltage reguta-
tor circuit. Shce the cimuit card contalns three kfentical
phase control circuits. the operatfon of the one may be
taken as typiil. The oosfrte voltage is generated by an
active integrator  consfstmg of an operatbnal ampfdier
A4. resistors A9 (6-9). At0 (6-g) and capacitor Cll.
Resistors A9 (5-10) and Al0 (5-10) and capacitor Cl4
balance the input to amplifier A4. The cosine voftage at
the output of A4 is applied to the inputs of two compara-
tors of A3. Since the voltages on the power thydstors
are 180” out of phase. it follows that their corresponding
firtng pulses must be 180* out of phase. To develop two
signafs witft  the same phaseback angle but 160’ out of
phase witft  eacft other, the cosine voltage is applied to
the non-fnverting input of one comparator of A3. and to
the inverting input of the second comparator of A3. At
thfs point. me positive and negatiie error signals gener-
ated by the regufator  circuit are applied to the pulse
generation cinuit. These error signals are equal in
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current regulator reference voltage and allowing it to
increase at a fixed rate. When the rectiiier is turned off,
the walk-in ckcuk is reset to time 0. The walk-in circuit
consists of amplifiers A4 and A5 and associated compo-
nents. Amplifier A5 transistor D9, zener diode CR21
and associated components form a walk-in reset circuit
which assures that the w&-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 A0 is applied to the cathode of zener
diode CR21. This v&age causes transistor 09 to con-
duct. Conduction of transistor 09 provides 0 volts to the
inverting input of amplifier A5 (1, 2, 3) which produces a
positive output. This positive voltage is applied to voit-
age follower A5 (12, 13. 14). The voltage fOffOWer
charges capacitor C6 which is connected to the input of
a second voltage follower A4, the output of which follows
the capacitor voltage directiy. This voltage is diode cou-
pled through CR14 to the current limiting voltage divider
circuft to limft 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, it is decoupled by diode CRI4. The time
required to charge capacitor C6 to 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 Q9 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, rsset-
ting the walk-m circuit.

. . .Maative Load S&ma Ctrcud

6.20 As mentioned in the current sensing and current
regulation description previously given.  shunt amplifier
A6 provides a voltage which is dependent on recttfier
output current. This voltage is applied to amplifier A7 at
non-inverting input pin 10. Amplifier A7, transistor Cl,
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 610 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 Ql inserts resistor R29 and
load sharing adjustment potentiometer R28 into a VOH-
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magnttude but opposite in polarity. The cosine voitage
applied to the non-inverting input of comparator A3 at
pin 5 is compared to the positive error signal applied to
the comparator at pin 4. When the cosine voftage at pin
5 becomes more positive U-an the reference signal at
pin 4. the output signal of the comparator at pin 2
unciamps the base of driver transistor A8. causing tran-
sistor conduction and generation of a firing pulse which
is applied to the respective thyrfstor.  At the same time.
the positive going cosine voltage applied to comparator
A3 at inverting 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 vonage
which is sufficient to bias fts 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
Tl This signal is voftage divided by resistors A12 (4-
13) and Al6 (3-t) and applied to the synchmnfzing
comparators where the signal is referenced to common.
The sampled voftage is applied to the inputs of the syn-
chronfzmg comparators which function as open collector
type comparators. The comparator inputs are paralleled
but opposite in polarity. The 0pposite  polarity is
achieved by applying the sampled voftage to tfte non-
inverting input of the first comparator at pin 9 and apply-
ing the sampled voltage to the inverting input of the sac-
ond comparator at pin 10. During a positive haff cycle.
the output of one comparator is damped to the negative
supply and the output of tfte second comparator is
allowed to float. The two comparator outputs are
applied to tfte base of their respective driver transistor
A8. In this way, tfte 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 thyris-
tot-s 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 appllltion.

Current Walk-in Cirouti

6.17 A currsnt walk-in circuit on Regulator and Alarm
circuit card A7 prevents the rapfd application of initial
load. A timer circuit provides an approximate 8 second
delay from the time the rectifier is started until full rated
output current is available to tfte load. The current walk-
in feature of the rectkier is achieved by suppressing the
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age divider circuit which also includes resistors R20 and
R9. This v&age divider is connected across negative
rectifier output and common. As mentioned previously,
the krad sharing lead is connected at the iunction of
resistors R9 and R20. If a paralleled rectifier is supply-
ing more or less than its pmportional share of the load,
the voltage at the load sharing terminal, and thus the
voltage acmss resistor R9. is decreased or increased.
This change in voltage across R9 is applied to the volt-
age regulator circuit at the function  of resistors RB and
RlO. By altering the voltage ln the voltage reguiator  cir-
cuit. the rectffier  output voltage is increased or
decreased which increases or decreases rectifier output
current.

BLElm, Circuns

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

622 Low Current Alarm: As mentioned previously in
the current sensing and current regulation description.
shunt ampfifffr A6 provides a voltage dependent on rec-
tifier output current. This voltage is applied to amplifier
A5 at non-lnvertlng input pin 10. The invertffg input at
pin 9 is connected to the slider of ffte low current alarm
adjustment potentiometer R50 through resistor R5.1.
Potentiometer Ft50 and resfstor  R51 provide an offset
adjustment for ampffflr A5 which compensates for cir-
cuit varlatlons.  The output of the amplifier at pin 6 is
proportional to rectifier output current and fs applied to
the inverting input of amplifier A7 at pin 6. The non-
inverting input to amplifier A7 at pin 5 fs connected to a
reference voltage circuit wnsistfng of resfstom Af3 (6
9). Al3 (6-11) and RN. When the rectfffer output cur-
rent decreases below the few current afarm 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 sfghal from amplifier A7 at pin 7 is
@plied to the base of transistor 06 Mmugh resistor
R46. This signal drives transistor G6 into conduction.
supplytmg  common to the anode of LOW CURRENT
ALARM LED3 which then illuminates. Posftffe voltage
is also applied to the base of ttansistor Q7 through
resistor Al4 (5-6). lhff voltage drives G7 to conduc-
tion, thereby applyffg negative voltage to the base of
transistor Q6 which is biased into cutoff. When G6 is
cut off.  the coil of alarm relay Kl is deenergized. caus-
ing Kl to release. Contacts of relay Kl are used to
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actuate external abrms, if connected. During normal
operation with rectifier output current within limfts, the
base of Q8 is connected to common thmugh resistor
R43. This causes Q8 to conduct, providing negative
voltage to relay Ki which energizes the coil.

6.23 Hioh and Low Voltaae Alarm: Since the opera-
tion of the high and low voftage alarms is similar, the
operation of the high voltage alarm circuit described
below may be taken as typical. This circuit 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 A40 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 negative sfgnaf from the amplifier at pin 14
is applied to the base of transistor G4 through resistor
R42. This signal drives transistor 04 into conduction.
supplying common to the anode of HIGH VOLTAGE
ALARM LED1 which tfren illuminates. Positive voltage
is also applied to the base of transistor 010 through
resistor Al4 (l-2) and jumpered pins 2A to 6A of J5.
This voitage drives QlO into conduction. supplying neg.
atii voltage to me base of transistor 011 which is
biased into cutoff. When Qll is cut off, the coil of alarm
relay Kl on Alarm Interface Assembly A9 is deener-
gfzed causing refay APKl to release. Contacts of relay
A941 provfde open and closed circuks at TD3 for actu-
ation of external rectifier failure afarms, if connected.

624 Overvoltaae  Shutdown: This circuit monitors the
rectifier output voltage and initiates shutdown if the out-
put voftage exceeds a preset adjustable value. A volt-
age dffkier consisting of resistors R05. R33, R31 and
potentiometer R32 is connected between the rectifier
negative output and common. The setting of potentiim-
eter R32 determines the voltage value at whff the rec-
tifier is shutdown. The base of transistor Q3 is
connected at the function of resistors R31 and R33
tfrmugft zener diode CR5. When the rectifier output
voltage exceeds the preset high voitage limit, transistor
Q3 conducts, which pmvkfes a gate signal to thyristor
CR13 through diode CR17. Thyristor CR13 conducts
which energizes the trip coil in HVSD circuk breaker
CBl. When the circuit breaker opens, contactor K2
deenergizes  which opens me AC input contacts.
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Riuule Reaulator Circuit Card All

625 This circuit card continuously monitors the ripple
currant through the rectiiier DC output finer  capackors.
During no-1 rectifier operation, the ripple  cu~nent is
withii the adjustable lfknfts 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
Abrm circuit card A7 causing a subsequent reduction in
recttier 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 ractffied  by diodes CR1 through CR4 and fil-
tered by resistor R2 and capacitor Cl. The resulting
voltage is applied thmugh  resistor R5 to the non-lnvart-
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 rafer-
ence vottage 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-
cuftry on circuit card A7. When the ripple currant
through the capackor  exceeds the ripple current settling
of potentiometer R3. comparator Al provides a positive
output signal through diode CR5 to the regulator and
alarm cfmn.

627 This poskffe  signal is applied to ttte inverting
input of voltage follower A18 on circuit card A7 which
generates a negative error sfgnal  of equal  amptiiude  but
opposite pohrky.  The resulting positive and negative
error signals are then applied to the pulse  generation
circuitry praviousfy described.

Fuse Alarm Circuft

6.26 The tuse abrm circuit initiates rectifier shutdown
and provides visual indication of an open fuse lf any
fuse in the rectifier, with tfte exception of fan fuses F5
and F6. opens. The DC output and finer fuses are con-
nected to associated ahrm fuses FIA. F3A. and F4A.
An alarm  type fuse, F2. protects the negative battery
input cfrcuits used for control purposes. If any of these
fuses open. the alarm contact of the fuse connects neg-

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  Kl and K2.
When K2 releases, its contacts open which interrupt AC
input power to the rectifier. This automatic shutdown
activates external rectifier tailure alarms, if connected.

Jemaerature Sensina CircuQ

6.29 This rectifier is equipped with cooling fans and
tan failure and temperature sensors. The tan tail sen-
sors are located on circuk  cards Al2 and Al3 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 contimu-
ously monltor  the presence of air flow across the heat
sinks while temperature sensors S3 and 54 continu-
ously monitor the temperature of the heat sinks. lf 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 c65’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. if connected.

6.30 Fan fail ckcutt cards A12 and Al3 and tempera-
ture sensors S3 and S4 are connected in series wfth the
coil of relay K3. In addition. fan fail circuit cards A12
and Al3 are connected in series with the coil of relay
KS. 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 J5 pin
11 of circuit card  A7. The closed circuit across J4 pins
11 to 12 bypasses resistor A7-R17  in the current limiting
voltage divider circuft. while the closed  circuit across JZ-
14 to J5-11  supplies voftage to hold rectlier fail relay Kl
on afann interface assembly A9 energized. This inhibits
the external rectifier tail alarms. With resistor A7-R17
bypassed in the vokage divider. the current limiting cir-
cuit is adjusted by potentiometer A7-R23 to provide full
rated output currant. During a fan failure condlion.  relay
K5 releases and, through normally closed contacts,
causes indicator FAN FAILURE to illuminate. During a
fan failure or overtemperature  condition. rely K3 is
deenergfzed.  removing the bypass across resistor A7-
R17 in the current limit circuit and opening the coil cir-
cuit of relay Kl on A9. Addition of resistor A7-RI7 into
tfte current limit voftage  divfkler  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 ou@ut  current at approximately 66% of
full load. This prevents damage from ovetheating  the
rectifier during a fan failure. Opening the coil path ot
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relay Kl on A9 causes the relay to release, activating an dons. If the lie of flow terminates in a bloclf entitled
external rectifier fail alarm ckuft. if connected. POSSIBLE CAUSES, the servicing technician should

check each cause listed and taKe appropriate corrective
7. 7BOUBLESHOOllNG action ff a faulty component or assembly is located.

g&@ m

7.1 Before attempting to troubleshoot this rectifier, it DANGER
must be determined that a failure has occurred in the
redllr. Since various rectiiier alarms sense battery
voltage. an incorrect battery voltage could reflect badr
to the rectifier as an ahrm condition. Erroneous alarm
condtiins 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. Efiii-
nate any interconnected equipment as a trouble cause
before proceeding.

Do not connect grounded test equipment to
any energieed  component: otherwise. damage
tothere@fzercanresuzt.  Attflesametime.a
pefsomelshockhasardt?xistssincethechas-
sismdcaseof ungrounded test equipment is
energizedtothesameuoltagekcelasthecir-
cuit or wmponent under test. Sendcing per-
s o n n e l  m u s t exercise caution that
simultaneous contact is Mt made with the

a) When used in a power system, certain fail- test equipment chassis or case and smte
ures in DC-DC Converters and/or DC-AC grounded object when the test equipment is
Inverten may affect battery voltage and sub- connected to the redrfier  luhile  it is operating.

sequent& cause alarm .mdicators on the rec-
tifier to illuminate.

chassis or case and smte
R-U vu~rr-5  when the test equipment is
----- to the redjier while it is operating.

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

7 2 Once trouble has been isolated to the rectifier,
various visual and operational chedrs should be made
to eliminate obvious failure causes.

VoltcrgeJ  eapabk  of pmduefng -* pernaps
fe electrical shack are precent thmughout
aUportkmsofthere&Wrcabinet.  Discon-
nect.4CwadDCsoumssbqtimspe#mningany
troubleshootingproeedures.

Fault Isolation Chart Use

7.3 The fault isolation chart incfudad in these insbuc-
tiis is destgried to aid service personnel in locating
p0sale failures in the rectiiiem. The chart ls in the form
of a flow diagram containing interrogatory and directive
statements in diamond-shaped and rectangular geo-
metric figures. respectivefy.  A yes or no response suffi-
ciently answen each inquiry. and the s%vfciig
tech&ii should follow the mspectfve YES or NO fine
of flow to the next inquiry or directive statement. The
directive statements require that the technician perform
an adjustment or test to verity certain operational condii
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hleun? that azl p0wP.r eotwces arefuzzy dfsam-
neeted  from the rectifier  before performing
any repair or mpzQcmnent procedures.

7.4 When a trouble symptom is localized to a faufty
circuit card. that particular circuft  card should be
replaced fn its entirety. No attempt should be made to
troubleshoot or repair individual  circul cards.

7.5 If the suspected cause of a trouble symptom is an
out of adjustment condition. the particular adjustment
seftfng should be chadred or reset using the appmpMte
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, dfs-
colored or burned components, open fuses, or bumed
and melted wire insulatiin 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 circuft components
and checfdfg 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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refer to mat  particular test procedure in this section for
further troubleshooting information.

7.8 Semiconductor device outlines for diodes and
thyristors (XX’s)  used in this rectiiier are shown in Fig-
ure 7-l. 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 fault  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 cormal  precautionary proce-
dures necessary when servicing electronic equipment
to minimize the possibifii of accidental electrical shock.

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

a)

W

c)

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

Allow at least 60 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.

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 resis-
tance. For a good capacitor wkhout  any
fat&, inftiil resistance is bw and gradually
increases as capacitor takes a charge. Final
resistance is usually several hundred thou-
sand ohms, approachiig 1 megohm.  lnitlll
high resistance approaching infinity indi-
cates an open capacitor. Inltiil and contin-
ued low resistance near zero ohms indicates
a shorted capacitor. Replace arty capacitor
which indlltes  an open or shorted condi-
tion.

e)

f)

9)
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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.

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)

b)

c)

d)

*)

f)

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.

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

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

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 faults
indicates a low resistance, typically 0.7K
ohms when forward biased, and nearly infi-
nite resistance when reverse biased. A
shorted diode typicalty  indicates zero ohms
regardless of test lead connectfons:  con-
versely, an open diode indicates very high
resistance regardless of test lead connac-
tions. Replace any diode which indicates an
open or shorted condition.

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

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

9) If no further tests are required,
retUm  rectiiier to normal operation. Refertd
Test Procedure 8 for the startup procedure.

7.12 Test Perform this test when check-
ing continuity of extended voltage reference leads.

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

AC power, capable  of producing severe.  per-
haps fatal eZectrZcaZ 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.

c) Connect the DMM test leads to TB3 terminal
1 (c) and terminal 2 (-).

DIODE ountms

r- ls-‘

d) The meter should indicate battery voltage,
nominally 43 VDC. lf Voltage is not present,
reference leads are open at some point
between redifier and battery. Chedt refer-
ence lead connecbfns. and correct any
faults as required.

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

7.13 Test Procedure 4. Perform this test when checit-
ing for proper gating outputs from Regufator and Alarm
Circuit card A7. The gatiig signal should be chedmd at
each of the six thydstors used in the rectifier. ff any gat-

Figure 7-l. Semiconductor outline Drawings
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ing signal is missing or abnormal, the control and alarm f) Start the recttier by operating the POWER
circutt card A7 should be replaced. switch to the ON position.

DANGER 9)

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 vwious
locations throughout the cabinet. and espe
cially  a t  tr~~~rnu?r  Tl. Exercise caution
that accidental contact  is Mt mada?  with my
expwed  electrical termination or with test
equipment cabinets while the rectifir  is oper-

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

ating.

4

b)

C)

Place the POWER switch to the OFF posi-
tion. Do not disconnect AC or DC power
so”rces.

Remove the lower front panel from the recti-
fier lo gain access to both heatsink assem-
btiis and power transfomwr  Tl Locate the
firing circuit cards, Part No. 4334-016-00.  on
each heatsink assembly.

Adjust the verticaf sensitwity of an oscilto-
scope for 5 volts par centimeter (5Wcm).
Adjust horizontal time base for 2 millisec-
onds per cantkneter (2 ms/cm).

DANGER

DoMtuseagmuruied oscilIoscope  when per-
forming this pmcedure:  otherwise.  damage to
therect@rmaymsuU. Atthesametime.0
personnel shock hazard exists since the &as-
sir and case of ungrounded, AGopemted  test

4geleoelasthecinxitunderter+ Semi&g
pemI must exarcise caution that simdta-
+?rNscMtactisMtmadewiththetPstinstnl-
merit choseis or case and - gmunded
object when the test equipment is connected to
the ract@ler whiie it is opemting.

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

e) Remove the edge connector fmm one of the
firing circuit cards. Connect the oscilloscope
probe to contact pin 5 in tfte edge connector.
Connact the oscfltoscope common lead to
terminal 3 of any phase on transformer Tl

Section 4387

Figure 7-2. Thyrfstor  Gate Pulses

h) 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.

0 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 Ragutator and Alarm cir-
cuit card A7.

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

1) Completely dffonnect  all test aquip-
ment leads from the recttfier.

2) Replace the lower front panel on the
rectifier and secure tt in 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 rectffier 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 opetatffn.

7.14 Test Procedure 5. Perform this test when check-
ing for proper grating outputs from firing circuit cards Al
through A6. The gatfng signal shoufd  be checked at the
gate and cathode leads of each thyristor used in the rec-
tffier. lf any gatfng signal is mfssfmg or abnormal, the
fat&y firing circuit card, Part No. 4334016W.  should be
replaced.

DANGER

This procedunz  is perfirmed with pawer
applied to the recrifmz I?amudou~ AC volt-
ages capabls of produciq3 -. perhaps
fatal electrical shock are p-t at vario~~~
&catimsthmghoutthecabinebandespe
cially at tram- Tl. Exe&e caution
thataccidentalamtactisnotmadewithong
expasede&ctf&dtemha&m0rwithtest
t?quipmentcabinetrwhiletherect~iroper-
ating.

a) Place the POWER switch to the OFF posi-

DAh’GER

Do not use a grounded oscilkwcope  when per-
forming this procedure;  othenvfse. damage to
the rectifier may result. At the samv time. a
personnel shock hazard  exist since the chae-
sis Md Case Of UngrOWd?d. AC-operated test
equipment hvwmss  eneqized to the same volt-
age led as the circuit under test. serviang
persmnel muet exe&se caution that simulta-
nvous contact is not madv with the test instru-
mmt chassis or ease and some grounded
object when the test equipment is canected  to
the rvct$vr while it is operating.

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

e) Connect the 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 positfin.

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

scope for 0.5 volts per centbrteter (OSWcm).
Adjust horizontal time base for 2 millisec-
onds per centimeter (2 ms/cm).
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h) After noting the firing waveform characteris-
tics, place the POWER switch to the OFF
posfiion.  Disconnect the oscilloscope probe
leads from the circuit card under test.

0 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-
tiir to insure normal operation.

7.15 Ted Procedure 6, Use the following general pro-
cedure when checking thyrfston 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 fhyristor  to be checked.
The cathode and gate leads may be disconnected at a
terminal board, or the leads themseives  may be diion-
netted  tram  the circuit. If the thyrfstor has short, lug-
type terminals, circuit wiring may be diinnected  at
these terminals. If the rectifier utilizes the clamp
mounted disc- type thyristom.  do not attempt to loosen
the clamping device in order to remove the thyristor from
its heat sink. Disconnect power circuk wiring at the heat
sink, and remove the firing circuk (gate and cathode)
leads at their terminal board. A thyrfstor tester should
be usad  to check for an anode-tocathode open or
short. It such a tester is not available, the thyristor can
be checked by tfte use of an ohmmeter. To check for an
anode-to-cathode short. measure the resistance from
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anods-to-cathode;  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
directiins,indicates  a shorted thyristor. A reading of
infinity in both directions indicates an open thyristor.
Replace the fhydstor 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.

This procedure is performed with power
applied to the rectifier. Eazardoue  AC volt-
ages capable of pmducing  severe, perhaps
fatal ektrical  shock are present at various
locations throughout  the cabinet.  Exercise
~o~tim that ac&ientaI contact  is not rllQ&
with any exposed electrical termination ruhik
the recrifier  is operating.

a)

W

c)

d)

e)

Place the POWER switch to the OFF posi-
tion. Open the meter and control panels and
locate TS3 on circuit card A9.

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.

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.

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

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

After all tests are completed and before
commencing any necessary repairs, place
the POWER switch to the OFF position.
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Rated Rectifier

I 5 0 I4 I

62.5 5

75 6

I 67.5 I7 I
I 100 I 6 I
Table 7-I. Output Voltage Current/Load

Sharing Voltage Relationshis

7.17 Test Procedure 6, Observe the following proce-
dure when startiig the rectifier after pedot’rrting  tests  or
repairs which required disconnection from the battery.

steps al through eJ must be perjbrmed  exactly
OS p?-esmted  in these instructions.  The recti-
jiermustbestadedoffbattefytochaqetha

. blsmumgthedlscen-
nect link bqim chcvgino the cqwdtors  CM
resultinpmsoMlinsyy.eqldpmentdomage,
andblownfiise.sintheratIper

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

b) If reference leads are extended to the bat-
tery, perform the folfowffg 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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c)

d)

e)

f)

3)

4)

Connect the local sensing leads to
TB3. terminal 1 (+) and terminal 2 (-).
Insure that pohrity is correct.

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

Close the external AC disconnect device to
apply input power to the rectlier.

Place the HVSD citcuft 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.

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

Place the POWER switch to the OFF posi-
bon. tf reference leads extended to the bat-
tery or load are required, perform the
following steps. lf 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.  mlt-
tzzispre&mt  at the local and extended refer-

. Ezerc&ecareinthefb1lmoing
S t e p s  that th‘? kods WE M t  crccidentouy
rhortedtogethermaUmmdtotouch  cabinet
parts or any other electrical temainQtions.

AC mlta@ capable 0fp~ll Sewre. per-
haps fatal electrical  shock is present at input
contactor K2. ~xerciee  caution that accidm-
tal bodilg contact with any electrical termina-
tlondoesMt-r.

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
pofarity is correct.
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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 rectffier  should start and deliver output
vottage  within the range of 48 to 94 VDC.

0 Observe the front panel meters and indica-
tors. Verffy that rectifier operation is norntal
after restart.

7.18 Test Procedure 9. If. due to a prolonged 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 permanentfy
connected to teninal block TB1 enables automatic
restart in this event. If an optiinal auxiliary power supply
has L@ been permanently connected to TBl , a special
startup procedure is required. Perform the following
procedure to restart the rectifier in this svent. This pro-
cedure will require an external 48 VDC power supply
capable of furnishing 10 amperes of current.

DANGER

If the rectUier is connected to batteny.  DC volt-
age is p-t at mwious points throughout
the rectfmr. including the local and extended
refmcek?ads.

DANGER

AC voltage capable  of producing fatal electri-
Cal shack is present  at UQ~~OUS points  through-
out the rectifier.  i.ncludlng  input wntactoi zu..Exenxe caution that accidental bodily cm-
tact with gg electrical temdaation  does not
OCCUf.

a) Ensure that HVSD circuk breaker and
POWER switch on the rectler are both in
the OFF position.
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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 mag occu

d)

e)

0

9)

h)

0

i)

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

Turn  on the auxiliary power supply.

Place the HVSD circul 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.

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

Turn off the auxiliary power supply and dis-
connect from the rectifier.

Close the rectifier front doors and secure by
tightening the captive fasteners.

This completes the low battery rectifier
restart procedure.

8. MODEL DATA

8.1 Refer to the Power Data Sheet for infonation
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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CCUWNCtAUXllll~

I
48vDc10Amp

I Power supply Here

I

Figure 74. Front Partial View of Recttfier  Interior Rear Panel Showing
Location of Auxiliary Power Supply Conryztions

(Detail Removed tar Clarity)
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APPENDIX

ISSUE
OR

DATE

1

2

Cl

Dl

El

Fl

RECORD OF INSTRUCTION MANUAL CHANGES

PRN

__

183-8181

DESCRIPTION OF CHANGES

NEW

FAN FAILURE ALARM indicator added.

CONVERSION TO LAMPS

_-

183-9754

--

183-7087

Load Sharing Clarified.

Phase Loss Alarm added.

Fuse Fl Part No. corrected in Table 4-l

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

Pow& Prod&s I 1122 F Street I Lotain, Ohio 44052-2293 I (440) 288-l 122

In Canada :
RELTEC Canada ge_ RELTEC”
122 EdwanlSt.  / St. Thomas, Ontario NSP 122/ (519) 631-0780
In Mexico :
Productos RELTEC de Mexico S.A. de C.V.
Apartado Postal 77001 /Mexico 10 D.F. MX 11200 I(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 ( @ption) on the regulator and
alarm printed circuit card. If resistor R88 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 Ill22 F Street I Lorain, Ohio 44052-2293 I(216) 288-1122

In Canada :
RELTEC Canada
122 Edward St./St. Thomas, Ontario N5P 122 /(519) 631-0780
In Mexico :
Productos  Lorain  de Mexico S.A. deC.V.
Apartado Postal 77001/  Mexico 10 D.F., MX 11200 / (905) 576-8277
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LORAlN PRODUCTS
Installation Instructions

REPLACEMENT OF DISC-TYPE THYRISTORS
AND DIODES USING CLAMP ASSEMBLY

28662344l OR 2868435Qo

Section 2968
Issue Dl, December 7,199O
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2. REQUIRED TOOLS AND MATERIALS . . . . . . . 1
and extension; 318 or 112 inch drive

I 1 IForce aauqe: LP. Part No. 6774-007-001- --
3. INSTALLATION PROCEDURE . . . . . . . . . . . . . . . . . 1

APPENDIX
Thermal joint compound; Wakefield

CoAiner Engineering, Inc., Type 120 (L.P Part
No. 1762-51040).  or equivalent.

1. GENERAL 3. INSTAUATlON  PROCEDURE

1 .Ol 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.

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

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 heatrink.

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 inplt, output. and control fuses to
comjaletely k&ate the equipment from any power
same.

1.03 Figure 2 provides an illustration showing force
gauge use during the replacement procedure. Refer to
Figures 2A through ZC during installation to insure that
correct mounting force is exerted on the replacement
diode orthyristor.

DANGER

2. REQUIRED TOOLS AND MATERlAlS

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

lfttmrdas voltage may be present within the
cabinets of some LORAIN ei@pmSnt a$Wr  inprt
and output power sources have been
di.womected. semicing peJwnne.1  mus& eracise
ertreJnecPdianthatcontoct is not made with
int-ectitm  terminal blocks OT any portian of
thecirbuiiryothertJlanthediodsv~
--Yreqeingrepair.

Page 1
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FIGURE I
SEMICONOUCTOR  IDENTIFICATION OUTLINES

FlGURE 2

Page 2
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3.02 Open the equipment accass doors or covers and
remove any inner protective grilles or covars to gain
access to the diode or thyristor assembly. Proceed as
follows:

a)

b)

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

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

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

d

d)

4

r)

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.

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.

If a thyristor 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,
.carefully solder the push-on-connector to the
pin to insure good electrical contact

Apply a thin coatinq  of thermal joint compound
to the mounting surfaces of the replacement
semicnductor.

Section 2968

WARNlNG

Da not apply cn escaesive amcsmt or thma1
jointccmprmdanthemamtingsfrfeceeoftJte
replacement device. The compound posses
dectrlcal inaWing  qualities and mey prevent
the semiconductor device from functioning
pp-osy&~mt exce&ve  am” i s  applied.  A

trmupcPentcoatinguadequata.

9)

h)

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.

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, l/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 (B).

Zf ercesive force is applied by overtightening the
mounting clamp bolts, es shown by the force
gcuge indication in Figure 2 IC), completely
loosen the two bolts end repeat the tightening
process.  Never attempt to adjust spring tension
by backing off the bolts since the force gage
may provide a fabe indication in this case.

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
connections is tightened securely.

If replacing a thyristor, reconnect gate and
cathode leads to their respective terminals.
Refer to the equipment Wiring Diagram
(Tdrawing) for details.

WARNING

hve #tat thess leads ere connected to the
proper terminal board connection points, or
damage tc the equipment end semiconductor
device may rwlt when pewer is applied.

Page 3
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On the gate and cathode lead terminal board,  the
cathode connection is usually marked “I@’ and the
gate connection is umally  marked “G”.  If eny
doubt 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.

3.W Restore input power to the equipment, and I
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 I

equipment to normal operation.
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APPENDIX

ISSUE
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RECORD OF INSTRUCTION CHANGES
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103-7444 Revised to reflect current instruction format.
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1 1. SPECIFICATION

1.1 GENERAL: This LORAIf@  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 RATfNGS

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 voltage to 57 vofts for equalizing 23 or 24 cells of battery. A front panel
mounted swftch selects float or equalize  charge operation.

1.22 Regulation

(A) Static: Steady state output voltage remains within +I/2 % of any voitage  wfthin the range of 48.3 to
55 vofts for any load current from no load to full load for the input voltage  and frequency range  spec-
ified.

(8) Temperature Coeffffient:  Output voltage change does not exceed an average of 0.01% per degree
C wbhii the ambient temperature range of 0’ C to +50’ C. Refer to paragraph 1 S.1.

(C) Dynamic: For a step load change of 2513  amps within the range of 5% to 100% of full load, the max-
imum vottage  transient does not exceed * 5% of the initial steady state voltage. Recovery to withm
steady state voltage regufation  range does not exceed xx) milliseconds and all transient behavior
disappears within 500 milliseconds. Refer to paragraph 1.8.1.

1 2 . 3  Fittering

When connected to a battery rated  in ampere-hours four times the full load  current rating of the rectifier.

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

(8) wide band noise  does not exceed 500 MV peak to peak or 30 MV RMS over the frequency range of
10 HZ to 14 MHx. Refer to paragraph 1 St.

1.2.4 Current:  SWamperes

01 183-7S3S

I I

Revised to current software tomtat.
Updated Dimensions and Instaflem

I
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1. SPECIFICATION
INPUT RATINGS.

1.3 INPUT RATINGS.

1.3.1 voltage: Nomlnal480 ~0lts. thrm phase. 60 Hz i3 Hz, with a range of 424 to 608 wfts.

1.32 Typical Input Data:

(I) 52.08 votts DC at the re-ctifiir output

Input Amount A m p e r e s  V A Watu VAR Efficiency Displacement
Volts Of (SC) Factor

Load m70)

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

(2) Input eurrent with ractlllr supplying full bad current and with 68 volt+ at the rectifier output.

1 Input Voltage 424 1

Max. Input Current 66.5

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

1.3.4 DisplmFactor: Oitacsment factor is greater than 80% from 40% bad to full bad at the
design center input vottage wfth 60 Hz input and 50 volts output.

1.35 Telephone Inff- Factors The IT product does not exceed 26000 br any normal input and output
condllln. Refer to paragraph 1.8.1.

1.3.6 Distortion: The peak to peak amplitude of any dktorfiin  in the lme to line AC voltage wave does not
exceed 20% of the fundamental RMS voltage If the AC some impsdance produces no more than 2%
voltage drop when the rsctffiir is daiiierfng futl bad. Refer to paragraph 1.8.1.

1.4 STANDARD PEAlURES

IA.1 Powr Clreulk Delta-double wye connected six phase rectifier.

1.42 Input Profectkn:  A three pole contactor opens fhe AC input lines.
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1. SPECIFICATION
STANDARD FEATURES

I lA.3 Output Pmteotion:

(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.

(8) Short Circuit A 1M)O ampere fuse is located tn the negative output lead.

(C) Overvoltage Shutdown: If rectifier output voltage exceeds a preset adiustahb value while the recti-
fier is delivering more than 3% of full bad current (24 amperes), the rectiiier will shutdown, Refer to
Table 1.

I

I A.4 Remote Vottage Sensing: Point of regulation can be extended to battery or power board.

1.4.3 Atarms: Abmt relay contacts are rated for 29 volts at one ampere.

(A) RECTlFlER FAIL ALARM: A rectifier fall alarm b activated for any of the blbwhg  condiilns: loss
of AC input power, turning off the rectifier either manuafly or automatically, excessive input current,
high output vokage. bw output voltage, bw output current, bss of rectifier contmi circuitry supply
voltage, fuse alarm. fan fail, heatsmk ovar temperature alarm, or par&l bad current limit operation.
A rsctifier fail alarm bdlcatbn  supplies positive battery to two alarm circuits and removes posaive
battery from two alarm ctmuks. wim cbsad bop alam?s avaflahle as wiring options.

(B) LOW CURRENT ALARM: A bw current alarm is act&ted ff output current decreases below 4
amperes. A bw current ahrm condkbn illuminates a yetbw LOW CURRENT ALARM indicator,
supplies positive battery to an afarm temtinal, removes positive battery fmm an alarm terminal. and
activates me rectifbr tail atann.

(C) HIGH VOLTAGE ALARM: A high voltage alarm is actiied if output voltage increases above a pre-
set value. A high voltage abrm condlln illuminates a red HIGH VOLTAGE ALARM bdiitor, sup
plies positive hattety to an alam terminal. and &bates the reotifiir fait alarm. Refer to Table 1.

(D) LOW VOLTAGE ALARM: A bw voltage atarm fs act&ted ff output voltage decreases below a pre-
set value. A bw voftage abmt omdiibn illuminates a red LOW VOLTAGE ALARM fndbator and
activates the recttffer  fafl alamt. Refer to Table 1.

Low Voltage Alatm I High Voltage Alarm Overvoltage Shutdown

Raw

39.IV
To

52.8V

Factory
Setting

47.15v

Range FaCtolJJ
Setting

52.8V
To 57.6V

6O.OV

Table 1:

Range

52.8V
To

6O.OV

FCiCUJly
Setting

55.ov

PD548502500



1. SPECIFICATION
STANLXRD  FEATURES

(E) FUSE ALARM: A fuse alarm is actiited it output fuse Fl. reference fuse F2. or filter capacitor
fuses F3 or F4 open. A fuse alarm condition illuminates a red FUSE ALARM indicator and acti-
vates the rectiffer fail alarm.

(F) FAN FAILURE ALARM: A fan faifure  alarm is acfffted t cooling fans  61 or 82 should fail. A fan
failure condition illuminates a red FAN FAILURE indicator and activates the rectifier fail alarm.

1.4.6 Indicators: A graen POWER ON (LED) fndkator illuminates when the AC input contactor  (K2) is ener-
gized and AC input voftage k present.

1.4.7 Load Sharing: A circuft is furnished for proportional division of total toad current when the output of this
rectffffr  is connected in parallel with other LORAIN RL or RHM Series rectiiers of the same output voh-
age rating.

1.4.6 Remote Equalkar Ffoat or equalfze charging can be selected from a remote location if desired. Refer
to INSTALLER’S CONNECTfONS and Note 4.9.

1 A.9 Ratnota St6fk The rectifier may be started or stopped from a remote fuxtff by appfixtiin or removal
of positive battery. Refer to Section 3, INSTAfJJXS CONNECTfONS and Note 4.14.

1.4.10 Partfaf Load Cufraut Urnit: Application of positive battery causes the rectifier to ffmit output current to
66% of full tated load. Referto Section 3 INSTALLATON CONNECTlONS and Note 4.10.

1 A.11 End Call Charging: The output voftage can be increased for charging three end c&s by uXk’tsChttg  the
DC output to the end ceffs and leaving the external reference leads connected across the main 23 cell
string.

1.4.12 Phase Shffb Main powertransformer  sftffts the phase of input curtant 15” to lower line dfstortffn when
two mcllllers are opetatad in pamgel. Refer to paragraph 1.8.1.

1.4.13 Tharmaf  Prutaatiou: ff rectfffer  cooling fans tail. or ff the temperature of the heatsink reaches +89” C
(+t85*F).kadcanyingcapabililyisreducadto66%offullratedloadandiherecMierfailalarmisacti-
vated.

1.4.14 Conducted Radio Fraquancy  Iutsrhrenca: Conducted tadio frequency interfarence in the frequency
range of 150 KHz to 26 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.

1.4.15 Audible N&a: Audibfe noise at any point five feet from any vertii surface of the rectifier does not
exceed 65 dS ‘A’ weighting conforming to ANSI S1.4. Refer to Paragtaphl.8.1.

1.4.16 Current Walk-in: When the recti9er is turned on, output current gtadualfy increases to no grsater than
50% of full bad in 2.5 seconds. 75% of fu0 bad in 5.0 seconds, and 90% of full foad fn 8.0 seconds.

1.4.17 Matala: Thii m&far is equipped wfth a 3-l/2 inch rectangular type DC vottmeter and ammeter. +2%
accuracy at full scale wfth ranges as follows: Vofts: 0 - 75V, Amperes: 0 - 1200A.
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1. SPECIFICATION
ENVIRONMENTAL RATINGS

1.4.16 Mounting: This rsctiiier is designed for floor mounting only.

1.4.19 Output Diseonnack An output disconnect switch opens the negative output lead.

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

1.421 Ractiiier Restart Circuit: This circuit provides automatic restart of the rectlir after the first high volt-
age shutdown (HVSD). lf 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 Tarminals (lB1): 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

1.5.1 Ambient Oparating Tamparatura  Range: 0% to +SO’C (+32”F to +122OF)

1.5.2 Storage Temperature Range: 40°C to +6S”C (4O’F to +165’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 operatiig at aititudes from sea level to 10,009 feet at maximum
ambient temperatures of +45”C (+113OF) at 4600 fast and +40°C (+104’F) at 7000 feet.

1 S.5 Vantifatlon Raquiramants: The rectifier should be mounted so that ventiiting openings are not
blodM and temperature of the air entering the cabiiet does not exceed +5O”C (+122’F).

1 S.6 Haat Dissipation: 11,666 BWHr

1.6 ACCESSORIES: There are no accessories available for use with this ractifier.

1 . 7  MICELLANEOUS

1.7.1 Schematic Diagram: SD546502500

1.7.2 Wiring Diagram: T546502500

li7.3 Instructions: Section 4367

1.6 SPECWlCATfON NOTES

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



2. DIMENSIONS
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3. INSTALLER’S CONNECTIONS
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iiCEa412
000
‘ET

NON 4.4 ANO I.,6

-e

b-

e

0

4sVOLT
DC OUTPUT

NOTES 4.2 AND 4.5

NOTES 4.6.4.21
AND 4.25

e

T61
AUXILLARV

POWER SUPPLY
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4. INSTALLER’S INFORMATION NOTES

4.1

AC INPUT (K2)

ThllliflalS

capacity Type Recm Torque Wire Sue

l(6) Ga. I I

Recm
Fusing

42

I DC OUTPUT 1

capacitv

TefIllitIals Loop Length

Type Rean Torque (No:49

(3) 2 Ga. SO!dNle.5S 54 (3) 350 MCM
to

760 MCM Screw 500 In-Lbs
77 (3) so MCM

per Polarily TYPe
92 (3) 600 MCM
115 (3) 7641 MCM

4.3

I ALARM AND CONTROL (lB3)

T~flllillh
Recm wire

capacity I
sue

-he 1 Rean Torque
I I I

16 Ga. Max. 1 6-32scmw  1 a In-Lbs 16 Ga. Max.

4.4

FRAME GROUND (FR GND)

TWlllinalS R0Utl

cap=ity VW I Recm Torque Wire size

14-l/oGa. I  solderless  I 50 In-Lbs al%.
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4. INSTALLER’S INFORMATION NOTES

4.6 DC output wire she sidfllient 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.

4.6 Wires sizes based on recommendatllns of Natbnal Elechical Code Table 310-16 for copper wire at 75°C con-
ductortemperature. opemtllg in ambient of 30°C. For operation in ambient higher than 30°C. apply demtmg fac-
tors listed in Table 310-16 of National Electrical Code.

4.7 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 l-1/3 ampere.

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

4.9 Extension of customer furnished circuit ( @ Optii) from terminals 4 and 5 permits selection of the rectirier
charge mode from a remote location. Closure of a circuit between tem\inals 4 and 5. whll the FLOATIEQUAL-.
IZE switch  on the rectffer IS ln the FLOAT position. will cause me rectlfisr to supply equaliie charge wokage.

4.10 Connectiin to mif terminal permits partll load operation of the rectkfer. When posltlve battery is applied to ter-
minal 6. the mctlllr will cutrent llllf its output to 66% of full rated cunant.

4.11 When thll rectifier is operating normally, a positive battery rectifier normal fndioatfon  is present at terminal 12.
During a rectffer fail condtfn,  postwe battery is removed from terminal I2 and a posftiie battery rectiiier fail
indlcatlln is prwided at terminal 10. lf ckised loop actuated alarms are desired, remove the jumper between ter-
minals 11 and 20. During a rectlfllr failure condill. a circuit closes between terminals 10 to 11 and a cimuk
opens between temtlnafs 11 to 12. The rectffler fail alarm clmuft actuated by loss of AC input power, low current
alamx fuse afarm. fan fail or heatsink overtemperature  alarm, partial load current limit operation, or manual turn
off of Ihe rec9fier.

4.12 lf the rectifiir fs shutdown by a high voltage condftbn, positfive battery fs furnished at terminal 14.

4.13 Low current afaml condltll is lndicated try removal of posltffe battery from terminal 13 (End Cell Switch InhM
Sign&) and postile battery at terminal 15.

4.14 Posklle battery applied to tennkiai 16 when the rectifffr POWER ONlOff switch is in the ON poskfon,  will cause
the recIller to start. ff remote starVsIop is not required, connect a jumper from terminal I6 to terminal 20.

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

4.16 This terminaf must be connected to earth ground, w power system neutral. Equipment groundmg conductor
size based on rewmmendatllns of National Electrical Code Table 259-95 for copper wire. lf aluminum or copper
clad aluminum gmundlng conductor is used, refer to Table 250-95 for increased conductor size.

4.17 9 - indicates wires furnished and conneded  by the installer.

4.16 A - indicates wires fumlshed as a part of this rectller.

4.19 Positiie battery is avsitable at temMnal2O of terminal board TS3 for voltage actuated alarms.

420 Positive battery is supplied at terminal 19 of terminal board TE3 when the rectifier ls in float mode of operation.



4. INSTALLER’S INFORMATION NOTES

Ml Portike battery is supplied at temtinal21 of terminal board TS3 when the rectifier is in equalize mode of opera-
tion.

1.22 To shin the phase of the input voltage of the rectifier with raspact to the AC line service to tower the cumulative
distortion on the AC line when two or more rectifiers are operated fn parallel, interchange any two input phases
at input Ime contactor U2. When more than two rectifiers am operated in parallel, interchange any two AC input
phases at input line contactor K2 on attemate rectifiers.

1.23 During a Phase Los.s/Reduced Load Atarm condition rectffier  output voltage and current are at a reduced level
and external ahrm contacts are activated to pmvtded a c&d loop drcuits between termfnak  26 and 27 and 29
to 30 and open loop circuits between tenninats 25 to 26 and 26 to 29.

L.24

AUXILIARY DC POWER TERMINALS (-TM)

cap=ity

14 Ga.

Terminals Loop Length Recm

TYPe Recm Torque (Nop4.5) Wire Size

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

screw

I.25 An optiil customer furnished 48 volt 10 ampere auxitii power suppty can be connected to these two termi-
nals 1 (+) and 2 (-). Connectiig a functfoning power suppty to these terminals will aflow  the rectffiir to restart
automatkaffy 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 ractffiir. Atso if the mctffiir system does not include a bat-
tery the rectifier will not automatiwNy  restart wtthout axtemal power. If an auxtliary power supply is not
connected to these temtfnats the tacttfffr will not mstatl automatfcafty after an extended AC input power failure
and a restart procedure will have to be performed.
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FOR PARTS, SERVICE, DEPOT REPAIR,
TECHNICAL ASSISTANCE, OR TRAINING,

CALL TOLL FREE

Section 41 S4
July, 1997

Page 1 of 2

FIELD SERVICE/TECHNICAL ASSISTANCE . . . . . . . . . . . 800-800-5260

PARTS (CUSTOMER SERVICE) . . . . . . . . . . . . . . . . . . . . . 800-927-2780
PART’S FAY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800-927-2781

DEPOT REPAIR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800-978-8810

TRAINING . . . . . . . . . ..:. . . . . . . . . . . . . . . . . . . . . . . . . . 800-398-8867

FIELD SUPPORT LOCATIONS
For Field Service Dispatch (North Ridgeviile, OH). . . . . 800-800-5260

ALABAMA MINI~ESOTA
Mobile Carver

ARIZONA
Mesa, Glendale

CAUF~RNIA
long Beach. Fremont.
Calinoga

M~ssoufu
Independence

MONTANA
Billings

NW YORK
Utica

COLORADO
Thornton OHIO

North Ridgeville
CONNECTICUT
5. Windsor PENNSYLVANIA

Corsica, Philadelphia
FLORIDA
Miami TEXAS

Spring, Euless
GEORGIA
suwanee

ILLINOIS
Fairfield, Palatine

VIRGINIA
Virginia Beach

INDIANA
Indianapolis

WASHINGTON
Kent

M I C H I G A N
Tecumseh

W ISCONSIN
De Forest

CANAOA
122 Edward Street
St.fhoma.s, Ontario, Canada
N5P 122
Telephone: 519/631-O78O
FAX: 519/631-0359

MEXICO
SA. de C.V.
Apartado Postal 77001
Mexico, 10 D.F. MX 11200
Telephone: (5) 576-8277
FAX: (525) 3587195

UN~D K INGDOM
Unit D8. West Entrance
Fairoaks Airport
Chobham. Woking
Surrey, UK GU24 8HU
Telephone: 44) 1276 855 627
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RELTEC Services
Your  Single Source Service Provider

RELTEC SERVICES
CAN ALSO PROVIDE:

FIELD SERVICE
PARTS KITS AND FUSE KITS
DEPOT REPAIR
MAINTENANCE CONTRACTS
_ Power Equipment
- Software/Hardware
POWER EVALUATION PROGRAM (PEP)
- Power Arialysisforthe Entire Power Room
POWERTHERM”THERMOGRAPHICSURVEY
- Infrared Scanning for your Power Room

* FULL ENGINEER. FURNISH. INSTALL (EF&l) SERVICES
*. TRAINING

- Factory
- Customer Site

* TEST AND TURNUP
* SPECIALIZEDTEST EQUIPMENT

- Battery ImpedancelResistsnce Testing
- Load Simulators -AC & DC

* UPGRADES AND REFURBISHMEWS
* SPARE FUSE HOLDER

FOR PARTS, SERVICE, DEPOT REPAIR.
TECHNICAL ASSISTANCE, OR TRAINING.

CALL TOLL FREE

FIELD SERVICE/TECHNICAL SERVICE _. . . _ 8@0-800-5260
PARTS (CUSTOMER SERVICE) . . . 800-927-2780
PARTSFAX ._..,__.__..._..____,................_.__.__ 800-927-2781
DEPOT REPAIR . . . 800-978-8810
TRAINING _, _. ._. _. _. _. _. _. _. . 800-398-8867
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FOR PARTS, SERVICE, DEPOT REPAIR,
TECHNICAL ASSISTANCE OR TRAINING,

CALL TOLL FREE

FIELD SERVICE/TECHNICAL ASSISTANCE
PARTS (CUSTOMER SERVICE) . . . . . . . . . .
PARTS FAX . . . . . . . . . . . . . . . . . . . . . . . . . . . .
DEPOT REPAIR. . . . . . . . . . . . . . . . . . . . . . . . .
TRAINING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
h-t Cam&
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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