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Introduction and Safety

AAWARNING

Working in or around electrical equip-
ment can cause shock, burn or
electrocution if accidental contact is
made with energized parts.

Turn off power supplying this equipment
before any adjustments, servicing, wiring,
parts replacement, or before any act re-
quiring physical contact with electrical
working components of this equipment is
performed.

The successful and safe operation of
motor control equipment is dependent
upon proper handling, installation, opera-
tion and maintenance, as well as upon
proper design and manufacture. Failure to
follow certain fundamental installation and
maintenance requirements may leadfto
personal injury and the failure and loss of
control equipment, as well as damageito

other property.

Siemens SPM 85000 solid state synchronous giotor control-
lers are built in accordance with theglate'st applicable
provisions of the National Electrical Code;, Underwriters'
Laboratories Standards and Procedures, NEMAyANSI, and
the National Electrical Safety Code. Only qualified personnel
should work on or around this equipment after becoming
thoroughly familiar with these publications and all warnings,
safety notices, and maintenance.

Qualified Person

For the purpose of this manual agd preduct labels, a qualified
person is one whois familiar withithe installation, construction
and operation of the equipmént, andithe hazards involved. In
addition, he must have the,following qualifications:

(a) Is qualified and atthorized to energize, de-energize,
clear, ground and tag'circuitS:and equipment in accordance
with established safety practices.

(b) Is qualified{in ghe proper care and use of protective
equipmentisueh as\rubber gloves, hard hat, safety glasses
or face shields, flash clothing, etc. inaccordance with estab-
lished'safety.practices.

Danger

For thelpurpose of this manual and product labels, DANGER,
indicates death, severe personal injury or substantial proper-
ty damage will result if proper precautions are not taken.

Warning

Forthe purpose ofthis manualand product labels, WARNING,
indicates death, severe personal injury or substantial property
damage can result if proper precautions are not taken.

Caution

For the purpose of this manual and product labels, CAUTION
indicates minor personal injury or property damage can result
if proper precautions are not taken.
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referred to the localSiemens sales office.
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Introduction

The Siemens SPM 85000 solid state synchronizing and pro-
tection module described in this instruction manual provides
all functional and protective requirements unique to AC poly-
phase synchronous motors equipped with field slip rings. In
addition, it provides stator overload protection. This instruc-
tion information is common to synchronous motors regardless
of stator rating or starting method. The starting method may
be full or reduced voltage employing starting reactors, resis-
tors, or autotransformers.

This instruction manual is intended to supplement the instruc-
tion literature provided for the starting equipment. However,
the stator overload protection described in this manual
replaces the thermal overload relay described in the instruc-
tion literature for the motor. The instruction literature for the
motor will include the controller, starting contactor, protective
devices, and associated installation, operation, and main-
tenance information. The starting equipment will normally be
identical to that employed by squirrel cage induction motors
of comparable rating.

Synchronous Motors

Synchronous motors are most frequently used tg dfive
pumps, compressors and other large industrial equipment:
They provide a constant speed drive, and they are capable
of operating atleading power factor thereby'improving overall
plant power factor.

A standard synchronous motor has threé independent sets
of windings: A stator winding, a squirrel'cage winding, and a
field winding. The stator windings afe energized with three
phase line voltage when the mainicontactor closes. The
resulting stator current producegsSinusoidal flux which rotates
at a synchronous speed which is\propartional to the AC power
line frequency and the aumber ofistator poles. The squirrel
cage winding (sometimes referfed to as damper winding or
amortisseur winding).is lo¢ated,in the pole faces of the rotor.
The interaction between the induced currents in the squirrel
cage winding and the rotating stator flux produces starting
and accelerating torque in the same manner as a squirrel
c23e induction motor. The field winding is distributed around
the: rotor poles. When DC current is introduced into this
winding, constant-polarity poles are established on the rotor.
This produeestterque which aligns these fixed rotor poles with
the poleswef'the rotating flux field produced by the stator
currents), Hence, excitation of the field winding causes the
moter texoperate at synchronous speed. If the synchronous

motor is very lightly loaded and coupleditodéw inertia, it may
be possible for the motor to run at synchronous$peed without
the application of external excitatiopsihis i§known as “reluc-
tance torque synchronization”.

Control Equipment
Requirements

Synchronous motors,startyand accelerate toward synchro-
nous speed as inductiommotors. The squirrel cage winding
is designed¢strictly for normal starting duty and must be
protected by‘theycontrol equipment. If abnormal starting
conditions,occurtheeontrol equipment will remove the motor
from the'line betfere the squirrel cage winding is damaged.
DC exeitationiis,not applied to the field winding in the starting
modefsince,ne useful torque would be produced. The field
winding develops a large open-circuitvoltage during starting.
Topreventthis highinduced voltage from puncturing the field
windingier damaging the control equipment, a field discharge
resistor is connected across the open field winding. This
resistor allows current flow through the field winding and limits
the induced voltage to a safe value. When the synchronous
motor has accelerated to an optimum point near synchronous
speed, the control equipment applies DC excitation to the
field winding and disconnects the discharge resistor. This
locks the rotor “in-step” and the motor runs at synchronous
speed. The criterion for satisfactorily pulling a synchronous
motor into step is generally accepted to be the application of
external field voltage at “optimum speed” and “optimum
angle” in order to limit the pull-in period of the rotor to 180
electrical degrees. This prevents detrimental effects upon the
load and power system which can result from several slip
cycles with field applied. The optimum speed for field ap-
plication is determined by motor design and system inertia.
It usually is in the range from zero to ten percent slip. The
optimum angle for field application occurs when the induced
field current passes through zero going-from negative to
positive. Atthis instant, the rotor is in correct angular position
to be pulled intostep and maximum pull-in torque is available.
If reluctance torque synchronization should occur before
“optimum angle” is sensed, the control equipment should
proceed to apply the external field voltage.

When synchronous motors are running at synchronous
speed, pull-out of synchronism can occur due to excessive
loading, excessive reduction of field excitation, or excessive
dips in supply voltage. The control equipment must provide
pull-out protection because severe transients can be im-
posed on both the electricaland mechanical systems.
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To summarize, control equipment should provide the follow-
ing functions:

A. Connect and disconnect the synchronous motor to and
from the AC power line by means of pushbuttons (three
wire control) or selector switches (two wire control).

B. Automatically apply DC excitation to the field winding of
the motor at optimum speed and optimum angle for max-
imum pull-in torque, or after reluctance torque
synchronization occurs.

C. Protect the motor against overheating by means of over-
load protection, squirrel cage protection, and incomplete
seqguence protection.

D. Automatically insert and remove the field discharge resis-
tor as required.

E. Provide immediate removal of field excitation when pull-
out of synchronism occurs and resynchronize or shut-
down the motor depending on the situation.

F. Provide for adjustment and regulation of field excitatiof
thus allowing control of the power factor at which the mictor
operates.

G. Optionally, provide regulation of motor power factorte,a
constant value by automatically adjusting field excitation
to compensate for changing load conditions.

The Siemens SPM 85000 solid state symehronizing and
protection module provides functiops A'through F above as
standard. With the addition of the optional Power Factor
Regulator Module, function G is@accemplished.

Description

The SPM 85000 solidgstate “synchronizing and protection
module consists of four majer components: a control and
protection module, a pewer module, an exciter transformer,
and a field disgharge,resistor. An optional Power Factor
Regulator Module i§ available.

A. Control and Pretection Module (C/P-M)

The control'and protection module is shown in Figure 1. This
unitinitiatesyand controls motor synchronizing, field applica-
tiongandimotor protection. It consists of a printed circuit board
and front panel enclosed in a steel housing with a hinged front
cover.{Fhe front panel contains settings, adjustments, and
indicators. Wiring terminals are located on the bottom of the
unit{The control and protection module is designed to mount
on the compartment door of a motor control cubicle. The
(C/P-M) module dimensions are shown in Figure 6.
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Figure 1. Control and Protection Module (C/P-M), shown with the Power Module (P-M).
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B. Power Factor Regulator Module (PF-M) (Optional)

The optional power factor regulator module (PF-M) can be
added to the C/P-M to allow synchronous operation at con-
stant motor power factor. The module consists of a printed
circuit board and front panel which plugs directly into the left
side of the C/P-M. Once installed on the C/P-M, the PF-M
requires no further wiring connections. The steel housing
which encioses the C/P-M contains enough extra space to
accommodate the optional PF-M without increasing the over-
all dimensions.

C. Power Module (P-M)

The power module is shown in Figure 2. This unit contains
two silicon-controlled rectifiers (SCR's) which switch the
motor field when a signal is received from the control and
protection module. It also contains two additional SCR's and
associated control circuitry (independent from the control
and protection module) which insert and remove the field
discharge resistor. Wiring terminals are provided for the
motor field connection. The power module dimensions are
shown in Figure 7.

Figure 2. Pewer Module (P-M)

D. Exciter Transformes

The exciter tramsformer is a single phase power transformer
with a centertapped secondary winding which provides the
motor field, excitation. The secondary voltage rating is spe-
cially selected for use with the SCR controlled power module.
An‘eXeiter, transformer is shown in Figure 3. Exciter trans-
farmetoverall dimensions vary with kVA rating and are listed
in Figure 8.

Figure 3. Exciter Transformer

E. "Field Discharge Resistor

The rating of the field discharge resistor (not shown) is speci-
fied for a given motor by the motor manufacturer to provide
required starting torque and limit induced field voltage.

Ratings

1. Field Excitation
Maximum field excitation is 250 volts DC, 150 amperes
DC self-cooled. An optional, fan-cooled, power module
can be provided which is rated 400 amperes DC. Field
current is maintained at its set value, independent of
supply voltage fluctuations, from 85 to 110 percent
nominal voltage.

2. Operating Temperature
60°C Ambient Maximum. -
-20°C Ambient Minimum

3. Relay Contacts
Allinput and output relay contacts are rated NEMA B300

as follows:
Voltamperes
Voltage Cur_rent,
AC Volts C:;%g:gs Make Break
120 5 3600 360
240 5 3600 360
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. Stator Current Transformer Input
1-5 amperes, 50/60 Hz, Three Phase, 2.5VA burden
@ 5 amperes, 60 Hz

. Field Current Transfomer Input
3-5 amperes, 50/60 Hz, Single Phase, 2.5VA burden
@ 5 amperes, 60 Hz

. Potential Transformer Input
120VAC +/-10% 50/60 Hz

. Control Power Input
115VAC +/-10%, 50/60 Hz, Single Phase

. Noise Isolation

Complies with the requirements of electrical noise tests

T
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10.

4
described in NEMA Standards ication No. ECS2-
230, and ANSI/IEEE Standar . 989.

Maximum Induced Field Vo - V RMS Maximum
with discharge resistor insert 5VDC Field); 1150V
RMS Maximum (250VD@Fiel

Minimum Induced Fi
with discharge resistor

V e—100V RMS Minimum

&

stor (625 ohm, 175 Watt) is pro-
motor rated field current is less than
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Receiving

An immediate inspection should be made for any damage
which may have occurred during shipment upon receipt of
th's equipment. The inspection should include examination of
the packaging material, the control and protection module,
the power module, the exciter transformer, the discharge
resistor, and any other devices supplied with this equipment.
Be suretolookfor concealed damage and do not discard the
packaging material. f damage is found, note damage on the
Bill of Lading prior to accepting receipt of the shipment, if
possible.

NOTE

The way visible shipping damage is treated by the
consignee prior to signing the delivery receipt can
determine the outcome of the damage claim to be
filed. Notificationto the carrier within the 15 day limit
on concealed damage is essential if loss resulting
from unsettled claims is to be eliminated or mini-
mized.

A claim should be immediately filed with the carrier,
and the Siemens sales office should be notified if
damage or loss is discovered. A descriptiorFof the
damage and as much identification information as
possible should accompany the claim.

Handling

The SPM 85000 solid state synéhtenizing and protection
module contains fragile electronic campenents which may be
damaged if proper care is net exercised during handling.
Whenever possible, the control'and protection module and
the power module should Be, transported in their original
boxes with all packagingmaterial included. Avoid subjecting
this equipment to severe shock or vibration. Lift or carry this
equipment only byymeansioef the steel housing on the control
and protection moddletor the steel mounting base on the
power module:

Storage

This_ equipment must be stored in a clean, dry, dust and
condensation free environment if it cannot be placed into
serviceyreasonably soon after receipt. Always store this
equipment in its original boxes with all packaging material
included. Do not store equipment outdoors. Any scratches or
gouges on painted steel parts suffered from shipping or
handling should be touched up with a can of spray paint to
prevent rusting.
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Site Preparation and Mounting

Installation shall be in accordance with the National Electrical
Code, ANSI, and NFPA standards.

The Siemens SPM 85000 solid state synchronizing and pro-
tection module should be mounted in a clean, dry, heated,
and well ventilated location which is readily accessible for
inspection and maintenance. A typical mounting arrange-
ment for this equipment in a Siemens Series 81000™ motor
controller is shown in Figure 4.

Certain characteristics of the mounting arrangement shown
in Figure 4 must be incorporated into all installations of the
SPM 85000 solid state synchronizing and protection module.
Referring to Figure 4, the power module (1) must mount with
the cooling fins on the SCR heat sink (2) aligned vertically as
shown. This is necessary to preventoverheating of the SCR's.
The power module and the control and protection module (3)
must be located in sufficient proximity with each other to
ensure that their interconnecting wires (4) do not exceed 6
feet in length. Otherwise, the field application SCR's and
control circuitry may not function properly.

Use the special wire harness provided withgheequipment for
this interconnection. The steel mounating base of the power
module (5) must be grounded to the,enclesure either through
its mounting means or with an additional grounding connec-
tion. The exciter transformer shown in Figure 3, should be
isolated from the rest of the“@entrol equipment since its
primary winding is energized with"line voltage. The control
and protection modulegshould¥mount to the enclosure door
as shown so that indigating lights are visible and settings and
adjustments can be peiformed with the enclosure door
closed. Refer to Figure,5 for the door cutout configuration.
Figures 6,@;and 8 show outline dimensions for the C/P-M,
the P-M, andithéexciter transformer respectively.

Wire the'SRM 85000 solid state synchronizing and protection
module, instrict’accordance with the main wiring diagram
supplied with the motor controller. Be certain that all
groundedpBints indicated in Figure 16 are securely con-
nected,to ground.

Referito Figure 8 for wiring terminal layouts for the power
module and the control and protection module. Figure 16
shows typical schematics for complete synchronous motor
controllers with main stator vacuum contactors.
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Rigure 4. Cubicle and Door Mounting of C/P-M and P-M

Figure 5. Door Cutout Configuration
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Figure 6. Control and Pretéction'Module (C/P-M) Outline Dimensions
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Settings and Adjustments

AAWARNING

Tampering with settings and adjust-
ments on the control and protection
module can cause substantial equip-
ment damage.

Settings and adjustments should be veri-
fied or changed only by qualified person-
nel who have be come thoroughly familiar
with all installation, operation, main-
tenance, and troubleshooting instructions
contained in this instruction manual.

All settings and adjustments provided"with.the control and
protection module must be carefully detefmined based on the
manufacturers data for the synchronus fotor with which it
will be used. All settings exceptfenthefield current setting
will be preset at the factory when the'\SPM 85000 solid state
synchronizing and protectiommodule’is ordered. All settings
and adjustments should be verified before the controller is
placedinto service. This progedure is explained in the Opera-
tion section of this instruction manual.

Field Replacement

The SPM 85000 selid state synchronizing and protection
module can be supplied for field replacement of any existing
synchroneus motor controls which employ the Allis-Chalmers
Type 4230y polarized field application and removal relay.
Beforeithe SPM 85000 controller is installed as areplacement,
all'of the ‘existing synchronous motor control equipment and

25-213-072-(Mark No.) 50 Qiarmeter

Mark | Primary | Secondary KVA Hz A B c D E Approx. ‘ 8 ——>

No. Volts Volts Weight.

001 | 6600 382/191 5 60 | 115 | 45 |95 W 145 | 140 125 s $

002 | 6600 382/191 75 60 | 120 | 475wl 100 [ 150 | 150 155

003 | 6600 382/191 10 60 | 130 | (575 [Vioo [ 170 | 160 210

004 | 600 382/191 15 60 | 1200y 5540725 | 140 | 190 225

005 | 600 382/191 20 60 | 125 | 625 | 80 | 155 | 205 265 c D
006 | 6600 382/191 25 60 |413.00. 675 | 85 | 160 | 210 300

007 | 6600 382/191 30 60 4 145, | 725 | 925 | 180 | 235 385

008 | 6600 382/191 40 60150 | 725 | 975 | 190 | 250 450

009 | 6600 382/191 50 60. | 180 | 80 | 100 | 210 [ 260 525 - <

010 | 6600 382/191 60 60 Uut65 | 85 | 105 [ 215 | 265 575

o11 | ee00 382/191 75 60| 170 | 90 | 110 [ 220 | 270 705

o12 | 600 3821191 100 60l | 190 | 105 | 11.0 | 240 | 300 | 1020 A .
013 | 6600 382/191 125 60 | 200 | 110 | 130 | 250 | 310 | 1110 z
014 | 6600 764/382 5 60 | 115 | 45 | 95 [ 145 | 140 125 “1

015 | 6600 7644382 75 60 | 120 | 475 | 100 [ 150 | 150 155

016 | 6600 764/382 10 60 | 130 | 575 | 100 [ 170 | 160 210

017 | 6600 764/382 15 60 | 120 | 55 | 725 [ 140 | 190 225

018 | 6600 7641382 20 60 | 125 | 625 | 80 | 155 | 205 265 E
019 | 6600 764/382 25 60 | 130 | 675 | 85 | 160 | 210 300

020 | 6600 764/382 30 60 | 145 | 725 | 925 [ 180 | 235 385

021 | 600 764/382 40 60 | 150 | 75 | 975 | 190 | 250 450

022 | 600 764/382 50 60 | 160 | 80 | 100 | 210 | 260 525

023 |, 6600 764/382 60 60 | 165 | 85 | 105 | 215 | 265 575 Notes:

024 |\.BB00 764/382 75 60 | 170 | 90 | 110 | 220 | 270 705 1. Dimensions marked are
025 6600 764/382 100 60 19.0 10.5 11.0 24.0 30.0 1020 maximum dimensions. May
026 | 6600 764/382 150 | 60 | 210 | 120 | 130 | 260 | 320 1325 be smaller.

027, |\ 6600 764/382 | 200 | e0 | 280 | 120 [ 130 | 265 | 330 | 1430

028 | 6600 | 76482 | 250 | 60 | 300 | 120 | 130 [ 270 | 350 | 1635 2. Primary leads are furnished.

Figure 8. Exciter Transformer Selection Chart and Dimensional Data
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stallation. If a DC generator is used as a source for field 1. Carefully remove the PF-M from its pack@aging.
e?<C|tat|on with the e>.<|st|r'19 equipmen L 't. should be completely 2. Remove the anti-static foam strip from the pins on the
disconnected and its field short circuited. The SPM 85000 . )
) - . connector located on the right hand, side of the PF-M.
solid state synchronizing and protection module must be After this poi - .
S - L T point, be careful nottotouch the pins, as static
wired into the remainder of the existing circuit in strict accord- di - .
. Iy . . NP ischarge can damage sensitive éémponents on the cir-
ance with the updated wiring diagram with which t is .
. cuit board.
provided.
3. Locate the mating cgnnegtor on the left hand side of the
Power Factor Regulator C/P-M. On this cornector there is a_labgl instructing you
. to remove a jumperonthe C/P-M circuit board. Remove
Installation the jumper at this time:
The power factor regulator module (PF-M) may be purchased 4. Carefully plugthe PF-M into the C/P-M.
either factory-installed or added in the field. 5. Securéthe PR:M to the steel housing by installing the five
To install the PF-M to the C/P-M, it is necessary to perform a (S)screws and'lockwashers provided with the PF-M.
few simple steps:
.50 Diameter
25-213-136-(Mark No.) 4-Holes
B
Nor | Vors | “Vere | kvA | Wz | A | B | £ )0 e | WEGH
001 | 13,800 | 382/191 5 60 165 | 45 95,4 185 | 210 190 )} -9
002 | 13,800 | 382/191 7.5 60 17.0 | 475 |W10.0 {190 | 220 220 n
003 | 13,800 | 382/191 10 60 | 180 | 575 _J. 1000 21.0 | 230 290
004 | 13800 | 382/191 15 60 170 | 55 |/ 725 | 180 | 260 310 |
005 | 13,800 | 382/191 2 60 175 | 6258 | 80 | 195 | 275 350 C
006 | 13,800 | 382/191 25 60 180 |6.75 | W85 | 200 | 28.0 3%
007 | 13,800 | 382/191 30 60 195 (L7225 ]] 925 | 220 | 305 485
008 | 13800 | 382/191 40 60 | 200, | 725 975 | 230 | 320 555 & &)
009 | 13,800 | 382/191 50 60 |,21.0 W80 | 100 | 250 | 33.0 635
010 | 13,800 | 382/191 60 60n4l 205 | 85 | 105 | 255 | 335 680
011 | 13,800 | 382/191 75 60° 1220 90 [ 110 | 260 | 340 810
012 | 13,800 | 382/191 100 60 |.240 | 105 | 110 | 280 | 37.0 1100 e Aj———>
013 | 13,800 | 382/191 125 60 |J250 | 11.0 [ 130 | 29.0 | 380 1200 P
014 | 13800 | 764/382 5 60 165 | 45 95 | 185 | 210 190
015 | 13,800 | 764/382 75 60 | 170 | 475 | 100 [ 190 | 220 220
016 | 13,800 | 764/382 10 60 180 | 575 | 100 | 210 | 230 290
017 | 13,800 | 764/382 15 60 170 | 55 | 725 | 180 | 26.0 310 £
018 | 13800 | 764/382 20 60 175 | 625 | 80 | 195 | 27.5 350
019 | 13,800 | 764/382 25 60 180 | 675 | 85 | 200 | 280 3%
020 | 13,800 | 764/382 30 60 195 | 725 | 925 | 220 | 305 485
021 | 13800 | 764/382 40 60 | 200 | 75 | 975 | 230 | 320 555
| 22 | 13,800 | 764/382 50 60 [ 210 | 80 | 100 | 250 | 33.0 635
23 | 13800 | 764/382 | 60 | 60 | 215 | 85 | 105 | 255 | 335 | 680 Notes:
)4 | 13,800 764/382 75 60 220 | 90 110 | 260 | 340 810 1. Dimensions marked are
025 13,800 764/382 100 60 240 | 105 | 110 | 280 | 370 1100 maximum dimensions. May
026 |, 13,800 | 764/382 150 60 | 260 | 120 | 130 | 300 | 39.0 1400 be smaller.
027 4|, 131800) | 764/382 200 60 | 330 | 120 | 13.0 | 305 | 40.0 1470 . .
028, |13.800 | 764/382 | 250 | 60 | 350 [ 120 | 130 | 310 | 420 | 1650 2. Primary leads are furnished.

Figure 8. Exciter Transformer Selection Chart and Dimensional Data (continued)

%
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25-205-967-(Mark No.)
Mark | Prmary | Secondary | wa | Hz | 1A | B | C | "D | “E C{,’gﬁ’ﬁ
001 2300 382/191 5 60 | 115 | 45 | 95 | 145 | 140 115
002 | 2300 382/191 75 60 | 120 | 475 | 100 | 150 | 15.0 145
003 | 2300 382/191 10 60 | 130 [ 575 | 100 | 170 | 160 195
004 2300 382/191 15 60 | 120 | 55 | 725 | 140 | 190 210
005 2300 382/191 20 60 | 125 | 625 | 80 | 155 | 205 250
006 | 2300 382/191 25 60 | 130 | 675 | 85 | 160 | 210 285
007 2300 382/191 30 60 | 145 | 725 | 925 | 180 | 235 360
008 2300 382/191 40 60 | 150 | 705 | 975 | 190 | 25.0 430
009 | 2300 382/191 50 60 | 160 | 80 | 100 | 210 | 260 510
010 | 2300 382/191 60 60 | 165 | 85 | 105 | 215 | 265 560
on 2300 382/191 75 60 | 170 | 90 | 110 | 220 | 270 690 _
012 | 2300 764/382 5 60 | 115 | 45 | 95 | 145 | 140 115 SN meter
013 2300 764/382 75 60 | 120 | 475 | 100 | 150 | 15.0 145 e B—— >
014 2300 764/382 10 60 | 130 | 575 | 100 | 170 | 160 195
015 2300 764/382 15 60 | 120 | 55 | 725 | 140 | 190 210 'y Py —{
016 2300 764/382 20 60 125 | 625 | 8.0 155 | 205 250 hd
017 2300 764/382 25 60 | 130 | 675 | 85 | 160 | 2m0 285
018 2300 764/382 30 60 | 145 | 725 | 9.25 | 180 | 235 360
019 | 2300 764/382 40 60 | 150 | 75 | 975 | 190 M50 430 c D
020 | 2300 764/382 50 60 | 160 | 80 [ 100 | 210 40 260 510
021 2300 764/382 60 60 | 165 | 85 | 105 | 2154 265 560
022 2300 764/382 75 60 | 170 | 90 | 110 | 2210, | 270 690
023 2300 764/382 100 60 | 190 | 105 | 11.0 | f24.0 Ths0.0 970 - -5 R
024 2300 764/382 150 60 | 210 | 120 | ason] 260 |/32.0 1300
025 | 4000 382/191 5 60 | 115 | a5 J0os )} 145 | 140 115
026 | 4000 382/191 75 60 | 120 | 475 {0d’} 150 | 150 145
027 4000 382/191 10 60 | 130 | 575wl 100n] 170 | 160 195 e Ay——>  ;
028 4000 382/191 15 60 | 120 | 55 [Wmos ¥ 140 | 190 210 \ ’//
029 4000 382/191 20 60 | 125 | 6@25 80| 155 | 205 250
030 | 4000 382/191 25 60 | 130 | &750| 185 | 160 | 210 285
031 4000 382/191 30 60 | 1450w7250ld025 | 180 | 23.5 360
032 4000 382/191 40 60 J 150 | 725 | 975 | 19.0 | 25.0 430 E
033 4000 382/191 50 60 | @60 w8® | 100 | 210 | 26.0 510
034 | 4000 382/191 60 60 (165w 85 | 105 | 215 | 265 560
035 | 4000 382/191 75 60, U170 | 90 | 11.0 | 220 | 27.0 690
036 | 4000 764/382 5 60n| 15 | 45 | 95 | 145 | 140 115
037 4000 764/382 75 60 |af20 | a75 | 100 | 150 | 150 145
038 | 4000 764/382 10 60 O 130 | 575 | 100 | 170 | 160 195 Notes:
039 4000 764/382 15 60 12.0 5.5 7.25 14.0 19.0 210 1. Dimensions marked are
040 4000 764/382 20 60 12.5 6.25 8.0 15.5 20.5 250 maximum dimensions. May
041 4000 764/382 25 60 | 130 | 675 | 65 | 160 | 210 285 be smaller.
042 | 4000 764f382 30 60 | 145 | 7.5 | 925 | 180 | 235 360
043 | 4000 764/382 40 60 | 150 | 7.5 | 975 | 190 | 25.0 430 2. Primary leads are furnished.
044 4000 764/362 50 60 | 160 | 80 | 100 | 210 | 260 510
045 4000 764/382 60 60 | 165 | 85 | 105 | 215 | 265 560
046 | 4000 764/382 75 60 | 170 | 90 | 110 | 220 | 270 690
047 | 4000 764/382 100 60 | 190 | 105 | 11.0 | 240 | 300 970
048 4000 764/382 150 60 | 210 | 120 | 130 | 260 | 32.0 1300
049 2800 382/191 100 60 | 190 | 105 | 11.0 | 240 | 30.0 970
050 2300 382/191 125 60 | 200 | 110 | 130 | 250 | 31.0 1090
051 2300 764382 | 200 | 60 | 280 | 120 | 130 | 265 | 33.0 1400
052" w2300 764/382 | 250 | 60 | 300 | 120 | 130 | 270 | 350 1600
053 4000 382/191 100 60 | 190 | 105 [ 110 | 240 [ 30.0 970
054 4000 382/191 125 60 20.0 11.0 13.0 25.0 31.0 1090 Figure 8. Exciter Transformer
055 4000 764/382 200 60 28.0 12.0 13.0 26.5 33.0 1400 Selection Chart and Dimensional
056 4000 764/382 | 250 60 | 300 | 120 | 130 | 270 | 35.0 1600 Data (continued)
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Figure 9. Wiring Terminal Layout for the Power Module (P-M) and Control and Protection Module (C/P-M)
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Pre-Energization Check

AAWARNING

Failure to check out this equipment
prior to energization can cause severe
damage to the motor field winding and
to the control equipment.

Perform the following checks before ener-
gizing equipment.

. Clean any excessive amounts of dust and dirt that may
have accumulated if the controller has been in storage.
Refer to the Maintenance section of this manual for
recommended cleaning procedure.

. Inspect all wiring and verify that connections are clean
and tight.

. Verify thatthe polarity of the potential transformer, curfent
transformer, and control power inputstothe C/P-M are,as
shown on the main wiring diagram. Also verify that the
phase rotation of the incoming line connections is correet.

. Check the operation of the field discharge resistor/firing
circuit with a DC high-pot tester as follows:

a) Disconnect motor field leads fromgpositive and nega-
tive field terminals on power module!

AAWARNING

Accidental contact with dielectric test
equipment can,cause shock, burn, or
electrocution.

Dieléctric testing should be conducted by
qualified personnel. Refer to test device
instructionsfor safety instructions.

b) Connect a DC high potential tester between the posi-
tive and negative field terminals 6Athe power module.
Slowly increase the test voltage ‘from zero to ap-
proximately the following;

125V Field—600VDE
250V Field—1200vDC

If leakage current flows and the voltage cannot be
increased, the'centroller is functioning properly.

c) Reverse the polarity of the DC high potential tester, and
repéat,.stepb.

d) Re-conneet,motor field leads to power module field
tefminals.

5. Connectitest control power to the main stator contactor

and check the control and protection module as follows:

a)WWhen control power is applied to the control and
protection module, the SET SLIP and POWER ON
indicating lights should come on.

If the power factor regulator module is installed, the
FIELD CURRENT light should come on.

Depress the OVERLOAD TEST button and hold it
depressed until the OVERLOAD light comes on. This
should occur after the test trip time period shown in
Table 2 in the OVERLOAD PROTECTION section of
this instruction manual. After the overload recovery
time shown in Table 2 has elapsed, press the RESET
button and the OVERLOAD light should go out.

c) Depress and hold the INCOMPLETE SEQUENCE
TEST button. The INCOMPLETE SEQUENCE light
shouldglow dimly and then come on bright after a time
equal tothe INCOMPLETE SEQUENCE ADJUSTMENT
setting. Depress the RESET button. The light should
go out.

Depress and hold the POWER FACTOR TEST button.
The LOW POWER FACTOR light should come on after
2 seconds. Press the RESET button and the light
should go out.

b

~

d

~

6. With test control power still applied to the stator contactor,

verify or perform the following settings and adjustments:

a) Turnthe POWER FACTOR switchtothe SET LAGLIMIT
position. Thelag power factor limit will be displayed on
the power factor indicator. To change the setting,
adjust the LAG PF LIMIT ADJUSTMENT control knob
until the desired lag power factor limit is displayed.
Lockthe knob in this position with its locking screw and
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return the POWER FACTOR switch to the INDICATE
position.

b) Check the CAGE PROTECTION settings. These set-
tings should be set as explained in the SQUIRREL
CAGE PROTECTION section of this instruction
manual.

c) The SLIP ADJUSTMENT setting should correspond to
the optimum speed for motor field application. This
information should be provided by the motor manufac-
turer. If a manufacturers' recommended slip setting is
not available, the SLIP ADJUSTMENT setting should
be set at 2 Hz.

d) Check the overload tripping class setting. The
switches should be set for the desired tripping class
asexplainedinthe OVERLOAD PROTECTION section
of this instruction manual. The OVERLOAD ADJUST-
MENT setting should be set for the motor full load
current as explained in the OVERLOAD PROTECTION

section of this manual.

~

7. Perform pre-energization checks on the stator control
equipment as detailed in the appropriate instruction
manuals.

The controller may now be energized by connectinggmain
incoming power.

Initial Start-Up Procedure
without Power Factor Regulator

For the initial start-up of a synchronous;motor with the SPM
85000 solid state synchronizing and pretectioaimodule with-
out the power factor regulator option, carefully follow the
procedure outlined below. Determine, that the controller
cycles through the sequence offevents described. The initial
start should be performedywithithe synchronous motor un-
loaded, if possible.

NOTE

Multiple consecttive restarts shiuld be minimized
to prevent Cage Protection trip’ frém occurring.
After Cage Protection trip, oceurs, a cooldown
period of an hour and a halfisjequired before the
C/P-M can be reset andithe motor restarted. The
maximum number gf cépsectutive restarts allowed
by the C/P-M willkvary depending on the Cage
Protection settings andtheaccelerationtime of the
synchronous motor:

1. Turn,the FIELDRADJUSTMENT control knob to ap-
proximatelyatheymiddle of its setting range.

2. Resetithe control and protection module by depressing
the Resehbutton.

3gCloseithe main contactor with the START pushbutton or
selegtor switch. This should produce the following se-
guence of events:

a) SET SLIP light goes out.

b) As the motor accelerates, the power factor indicator
should move from <.60 Lag toward unity.

c) When the motor reaches the set slip, SET SLIP light
goes on.

d) FIELD APPLIED light comes on immediately after SET
SLIP light if optimum angle is sensed or two seconds
after SET SLIP light if reluctance torque synchroniza-
tion occurs.

e) LOADER ON light comes onthree seconds after FIELD
APPLIED light.

If this sequence of events does not occur exactly as
described, refer to the TROUBLESHOOQOTING section of this
instruction manual. Otherwise proceedto Step 4.

4. Turn the FIELD ADJUSTMENT knob until the motor is
excited with rated field current. Lock the knob at this
setting.

5. Verify that all adjusting knobs are locked at the estab-
lished settings.

The controller may now be placed into service.
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Initial Start-Up Procedure with
Power Factor Regulator

For initial start-up of the SPM 85000 equipped with the option-
al power factor regulator, follow the instructions below:

1. Turn the FIELD adjustment control knob to approximately
the middle of its setting range.

2. Turn the POWER FACTOR adjustment to approximately
the middle of its setting range.

3. Turn the REGULATOR MINIMUM CURRENT adjustment
to the maximum of its setting range.

4. Put the REGULATOR MODE switch in the FIELD CUR-
RENT position.

5. Reset the C/P-M by depressing the RESET button.

6. Close the main contactor with the start pushbutton or
selector switch. This should produce the following se-
quence of events:

a) SET SLIP light goes out.

b) As the motor accelerates, the power factor indicator
should move from <.60 Lag toward unity.

c) When the motor reaches the set slip, SET SLIP/light
comes on.

d) FIELD APPLIED light comes on immediately after SET
SLIP light if optimum angle is sensed.oritwo seconds
after SET SLIP light if reluctance torgue synchroniza-
tion occurs.

e) LOADER ON light comes on three seconds after FIELD
APPLIED light.

If this sequence of events dogs not.occur exactly as des-
cribed, refer to the TROWBLESHOOTING section of this in-
struction manual. Othefwise proceed immediately to Step 7.

NOTE

Steps 7 and 8 will establish the limits of maximum
and minimum field excitation current which the
regulator, can apply while regulating the motor
powenfactor to a constant value.

The minimum current limit is necessary softhat the power
factor regulator does not completelyyremoveghe field if the
load is suddenly reduced. The maximum current limit is
necessary to avoid values of/current greater than the
nameplate rated field current.

7. Turn the FIELD adjustment kneb untii the DC ammeter
indicates motor nameplate rated field current. This set-
ting establishes thefregulator maximum current. Lock the
knob at this setting.

8. Depress andfholdythe” SET pushbutton and turn the
REGULATOR'MINIMUM CURRENT adjustment until the
DC ammeten,indi€ates the desired minimum regulator
cureent. Lock the knob at this setting. The suggested
value,of fegulator minimum current is that value of field
currentwhich causes the motor to operate at unity power
factopwhen it is completely unloaded.

To operate the motor at constant field current, leave the
REGULILATORMODE switch in the FIELD CURRENT position.
Inthismode, field current will remain constant at the value set
in'Stép 7 and the motor power factor will vary with the load
applied.

To operate the motor at constant power factor, perform Steps
9 and 10:

9. Put the REGULATOR MODE switch in the POWER FAC-
TOR position. The POWER FACTOR light should come
on.

10. While watching the power factor indicating lights, turnthe
POWER FACTOR adjustment slowly until the motor runs
at the desired power factor (normally 1.0 or 0.8 leading
depending on motor design). Lock the knob at this
setting. The regulator will now automatically adjust the
field excitation current as the load changes in order to
maintain constant motor power factor.

After performing the above steps, verify that all adjustment
knobs are locked at the established settings. The motor may
now be placed in service.

Description of Operation

Refer to Figures 10 and 16. Figure 10 is a flow chart for the
operation of the SPM 85000 synchronous controller. Figure
16 is a typical schematic for applications of the SPM 85000
Solid State synchronous motor controller which employ
vacuum stator controls.
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Starting and Synchronizing

When the main contactor (M) is racked onto its line stabs,
control power is appliedto the SPM 85000 controland protec-
tion module (C/P-M) through the line switch interlock (LSI).

Closing the START pushbutton or selector switch energizes
the motor stator through the main contactor and closes the
RUN input to the C/P-M. The power module (P-M) automat-
ically inserts the field discharge resistor if the peak instan-
taneous induced field voltage reaches 600 Volts on a 125V
field or 1200 Volts on a 250V field. Overload protection is
enabled when control power is available and the C/P-M is
reset. When the RUN contact closes, the incomplete se-
quence protection is initiated and the C/P-M begins to sense
and process the induced field voltage. The RUN contact also
initiates the cage protection. If the incomplete sequence
protection completes its timing sequence or the cage protec-
tionexceeds its threshold before DC field excitation is applied
to the motor, then the C/P-M will trip the main contactor and
indicate which trip has occurred. If exciter voltage is not
presentafterthe RUN contact closes, or if an exciter MOV has
shorted, EXT TRIP will occur.

When the synchronous motor has accelerated to a speed
equaltothe slip setting on the C/P-M, the C/P-Mindicateés SET
SLIP, initiates a two second timer for reluctance torque
synchronization, and begins to search for thew“optimum
angle” for field application. If the motor synchronizes on
reluctance torque, the optimum angle mayynotibe_sensed,
and the C/P-M will send a field applicatiofi’sighal to the P-M
after two seconds. If reluctance torque synehronization does
not occur, the field application signalwill beigenerated as
soon as the “optimum angle” is sens€d. Theifield application
signal initiates a three second loader timerand fires the power
SCR's on the P-M which in turnsapplysBC field excitation to
the synchronous motor. After thefloader timer completes its
three second timing sequenceyit closes a set of loader output
contacts and the C/RtM indicates LOADER ON. If the power
factor regulator is installed and‘the regulator mode switch is
set to POWER FACTOR, thefclosing of the LOADER output
contacts also causes power factor regulation to be enabled
at this time. The field application signal also enables the lag
power factor protection andfieldloss protection and it initiates
timed reset of the incomplete sequence timer. The incomplete
sequence timer will be reset if the field remains applied for a
time approximately equal to the time which had elapsed
between,initiation of the incomplete sequence timer and field
application.™If the field is removed during this reset period,
theNincomplete sequence timer will resume its timing se-
guence until another field application signal is generated or
the set INCOMPLETE SEQUENCE .ADJUSTMENT time is
reached. In the former case it willresume timedreset, and in

the latter case it will trip the main contactor and indicate
INCOMPLETE SEQUENCE.

Synchronous Operation

Afterfield excitation is applied tothe synchronous motor and
it is operating at synchronous,speed, the C/P-M continuously
monitors power factof andyfield current. If the power factor
drops below the lag‘imit setting, power factor trip will occur
with a one seconditime delay. As long as 85-110% nominal
exciter voltage is ayailable, the C/P-M will maintain the field
current at its‘tmominal setting. If field currentdrops below set
current by meretthan 1/4 ampere (measured at the FCT1-
FCT2dnput,to the C/P-M) for one second, field loss trip will
occeur. [fA€ induced field voltage is sensed bythe C/P-M (i.e.
loss ofsynchrenism has occurred), the DC field excitation will
be immediately removed and the C/P-M will attempt to
resynghronize the motor. If a stator overload is sensed by the
overload protection, then overload trip will occur. If greater
than/20% stator current unbalance is sensed, overload trip
may occur.

Opening the STOP pushbutton or selector switch opens the
main contactor and the RUN input to the C/P-M. This will shut
down the motor. The motor may be restarted by reclosing the
START pushbutton or selector switch. If the motor is shut
down due to atriponthe C/P-M, the C/P-M must be manually
reset before the motor can be restarted.

Overload Protection

Microprocessor controlled three-phase stator overload
protection is provided with the control and protection module.
Current proportional to the stator line current issensed as an
analog value from the 5-amp secondary windings of in-
dividual phase current transformers. This current is converted
into a proportional voltage, rectified, digitized and applied to
a microprocessor where balanced or unbalanced loads are
distinguished and the magnitude of the current is compared
to a trip threshold reference. The trip threshold is 110-115%
of the set current established by the OVERLOAD ADJUST
setting on the C/P-M. If the trip threshold is exceeded, over-
load trip will occur.

When stator current exceeds 100% of set current, the IM-
PENDING OVERLOAD TRIP light will start flashing. It will
change to a steady light if the overload exceeds the trip
threshold, thus indicating that tripping is imminent. When
greater than 20% phase unbalance is sensed the C/P-M will
indicate >20% PHASE UNBALANCE, lower thetrip threshold
to90-95% of set current, and trip on overload if stator current
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exceeds this reduced trip threshold. Percent phase un-
balance is defined as follows:

Max. Dev. of Current from Arithm. Mean Value x 100
Arithm. Mean Value

After tripping has occurred the OVERLOAD light comes on to
indicate tripped status, and the motor is shut down. The
overload protection must be resetwith the RESET button after
tripping. This is only possible after the recovery time shown
in Table 2 has elapsed.

The stator overload protection can be set to operate with a
NEMA class 5, 10, 15, 20, 25, or 30 time-current charac-
teristic. This is accomplished by means of the four dip
switches located behind the front panel of the C/P-M at the
upper right corner as viewed from the front. The first switch
(SW1) defeats phase unbalance protection when itis opened.
Switches (SW2), (SW3), and (SW4) determine tripping class.
Table 1 shows a diagram of switch settings for the different
tripping classes. The tripping class defines the maximum time
in seconds at which overload trip will occur when carrying a
current of 600% of the trip setting during a cold start. For
example, when set for class 20 operation, overload trig will
occur within 20 seconds. Table 2 shows the tripping time for
cold starting at 600% current setting, the maximumdtest
tripping time depending on the tripping class (SW1 off), and
the maximum recovery time after tripping (SW1 off).

Figure 11 shows the overload tripping chara€teristicifor a
cold start with balanced three-phase loagding: For ajsingle-
phase (100% phase unbalance) condition duringawcold start,
tripping is initiated according to the tripping characteristic
shown in Figure 12. In the event oftastater, overload while
running, the overload tripping charactetistic is reduced as
compared to a cold start (i.e. 0% preloading) depending on
the motor preloading as a percentage ofithe current setting.
Table 3 shows the influence ofgpreloading on tripping time.

Table 1. Tripping Clags Switch ‘Settings

Thipping SWa SW3 Sw2
5 0 X X
10 X 0 X
15 0 0 X
20 X X 0
25 0 X 0
30 X 0 0

Locatedbehind __| 11 j § Ay~ switch Closed (X)
adjustment 4301 Switch Open (O)
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Table 2. Tripping and Recovery Times
Maximum Maximum
600% TestTrip Recovery
Tripping Trip Time Time* Time*
Class (Seconds) (Seconds) (Seconds)
5 4.8 4 25
10 95 6 40
15 14 9 60
20 18 12 70
25 23.5 15 90
30 28 18 100
*SWi1 Oft

Table 3. Time to Trip as Function of Preloading

Preloading in % of TimetoTrip in % of
Current Setting Cold Start Trip Time
0 100
50 99
80 55
100 30

Markings on the OVERLOAD ADJUSTMENT knob denote full
load amps. The adjustment knob should be set on the basis
of full load motor current marked on the motor nameplate or
on the basis of actual running current. When setting the
overload protection on the basis of motor nameplate full load
current, use the following formula:

Dial _ Nameplate Full Load Current x Service Factor
Setting Current Transformer Ratio

For example, for a particular motor, nameplate full load cur-
rent is 200 amperes, nameplate service factor is 1.15, and
current transformer ratio is 300/5. Then,

Dial Setting = _200x1.15  _3g3
300/5

The overload protection can be set on the basis of actual
motor running current by using the IMPENDING OVERLOAD
TRIP light. With the motor running, adjust the dial setting until
the IMPENDING OVERLOAD TRIP light starts flashing. Then
turn the knob clockwise until the light just stops flashing. Lock
the knob at this setting.

oy
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Squirrel Cage Protection

Thermal protection for the synchronous motor squirrel cage
winding is provided with the control and protection module.
The squirrel cage winding is not designed for continuous
operation and is susceptible to overheating whenever the
motor is running out of synchronism i.e. during starting and
during operation after pull-out of synchronism has occurred.
Motor manufacturers specify the “maximum stall time" and
the “maximum running time at 50% speed" for a particular
motor. The SPM 85000 squirrel cage protection, when proper-
ly set based on these limits, ensures that the synchronous
motor is removed from the line before its squirrel cage winding
is damaged.

The field discharge resistor is inserted across the
synchronous motor field winding whenever the motor is run-
ning out of synchronism. Therefore, the squirrel cage protec-
tion circuitry monitors the induced field current in the
discharge resistor which has a frequency that is inversely
proportional to the motor speed. When discharge resistor,
currentis sensed, pulses are generated which are proportiofi-
al to its frequency. These pulses are integrated and com-
pared to a trip threshold established by the @AGE
PROTECTION settings on the C/P-M. If the trip thresholdtis
exceeded, CAGE PROTECTION trip will occur. A cogldown
period of an hour and a half must be allowed beforg’the
squirrel cage protection can be reset and the motorfestanted.

The SPM 85000 squirrel cage protection‘€an be, set/for a
particular motor based on the “maximum stall'time™and the
“maximum running time at 50% speed"4specified for the
motor. The STALL TIME setting on the C/R-M carresponds to
the maximum stall time at zero speedglihe MUBTIPLIER FOR
50% SPEED setting corresponds te the €atio of maximum
running time at 50% speed to the maximum stall time. For
example, for a particular motof ' which has a maximum stall
time 10 seconds and a maximum#funning time at 50% speed
of 15 seconds, the CAGE PROJECTION settings on the C/P-M
should be 10 and 1.5¢1f thegyratioef 50% run time to stall time
for a particular motonyis greatemthan 2, set the MULTIPLIER
FOR 50% SPEED setting at'2. Figure 13 shows typical
tripping curves for the SPMIB85000 squirrel cage protection.
All curves will fall between the two extreme curves shown for
the MULTIPLIER FOR&0% SPEED setting equal to 1 and 2.

Reduced voltage starting employing starting reactors, resis-
tors, or autetfamsformers may be used to start a synchronous
motor Jfathistype of starting is used, the allowable stall time
for the'motor is increased due to the reduction in starting

current. The reduction in starting voltage ap@mmotor heating
is proportional to the square of theteurrent. fherefore, the
STALL TIME setting on the C/P-M_can be,increased by the
following multiplier:

(VR Vs)

Vg = Métor'‘Rated Voltage
Vs = Starting Voltage

For example;féna particular motor, nameplate rated voltage
is 4160 volts ‘andithe maximum allowable stall time is 7
seconds. The,motor is to be started with an autotransformer
at 65f rated voltage (2704 volts). The reduced voltage stall
time multiplieris obtained by squaring the voltage reduction
ratig\as indiedted above. 4160 volts divided by 2704 volts
gives“@yvoltage ratio of 1.54. This ratio squared gives a
multiplierof 2.4. Then,

Stall Time (Reduced Voltage) = 7x2.4=16.8

The STALL TIME setting should be set at 16.8 seconds. Ifthe
product of the reduced voltage multiplier and the motor
maximum allowable stall time is greater than 30 seconds, set
the STALL TIME knob at 30 seconds.

An adjustable incomplete sequence timing circuit is provided
with the SPM 85000 C/P-M as additional squirrelcage protec-
tion. When the RUN input to the C/P-M closes, the incomplete
sequence protection begins its timing sequence. If itreaches
a preset time before field excitation is applied to the
synchronous motor or if field excitation does not remain
appliedforatime approximately equal to the motor accelera-
tion time, then the C/P-M will trip and indicate INCOMPLETE
SEQUENCE. The incomplete sequence protection will inter-
sect the squirrel cage protection curves at some percentage
of synchronous speed as shown in Figure 13. If the syn-
chronous motor accelerates beyond this intersection point
before it faiis to complete its starting sequence, then the
incomplete sequence protection will shut down the motor.

The incomplete sequence protection should beset5 seconds
above the motor acceleration time or 5 seconds above the
acceleration time of the motor-load combination if the motor
is to be started under load. If the motor acceleration time is
less than 5 seconds, the incomplete sequence protection
should be set at its minimum setting of 10 seconds. The
incomplete sequence protection can be set withthe INCOM-
PLETE SEQUENCE ADJUSTMENT knob on the C/P-M.
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Figure 13. Typical Squirrel Cage Protection Tripping Curves

Pull-Out Protection

Synchronous motors normally operate atisynchromous speed
with unity or leading power factor. Thé motepcan pull-out of
synchronismifan excessive loadis appliedtothe motor shaft,
the supply voltage is reduced excessively, or field excitation
is too low. As the motor approaches, pull-out, its load angle
increases above rated and power factor becomes increas-
ingly lagging until itis fally lagging (90°) at the instant when
pull-outoccurs. Therefore, lagging power factor indicates that
a synchronous motorgis inbdanger of pulling out of
synchronism. [f“thedsynchronous motor pulls out of
synchronism for any reason, the SPM 85000 P-M will immedi-
ately insert the field discharge resistor and the C/P-M will
remove field excitation. Removal of field excitation during slip
will minimize damaging torque and power pulsations to the
motor load‘and power system. After pull-out of synchronism
has occtiired)the synchronous motor runs as an induction
motorwithia lagging power factor. Therefore, lagging power
factor alsejindicates that the motor is running out of
symchrenism.

The SPM 85000 solid state synchronizing and protection
module accomplishes synchronous motor pull-out protection
with lag power factor protection and field loss protection. If
field current drops below set current by more than 1/4 ampere
(measured at the FCT1 - FCT2 input to the C/P-M) for one
second, the C/P-M will trip and indicate FIELD LOSS. If power
factor drops below the lag limit setting for one second, the
C/P-M will trip and indicate LOW POWER FACTOR. Lag
power factor trip is delayed by one second to minimize
nuisance tripping due to momentary voltage dips in the power
system and to enable the controller to attempt to
resynchronize the motor after pull-out has occurred. To set
the lag power factor limit on the C/P-M, flip the POWER
FACTOR switch to the SET LAG LIMIT position. The lag power
factor limit should be set higher than the motor power factor
when running without field applied to ensure that power factor
trip is possible after pull-out of synchronism occurs. The lag
limit setting is displayed on the vertical row of LED's to the
right of the POWER FACTOR switch. Turn the LAG P FLIMIT
ADJUSTMENT switch until the desired lagging power factor
limit is displayed on the LED's. Lock the adjustment at the
desired setting and return the POWERFACTOR switch to the
INDICATE position.
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AAWARNING

Accidental contact with energized
wiring or bus system can cause electric
shock, burn or electrocution.

Disconnect and lock-out incoming power
and control voltage sources before begin-
ning work on this or any other electrical
equipment.

Check all control circuit terminals with a
voltmeter to make certain that the equip-
ment is totally deenergized. Use only ap-
proved high voltage test equipment to
check voltage on power terminals. Do not
attempt to measure high voltage with a
volt ohm meter.

It is recommended that a safety ground
be connected to the power bus after thé
system has been deenergized, and ptior
to working on the equipment. Follow the
procedure outlined in the pre-energiza-
tion check section of this manual before

power is restored.

For the safety of maintenance personnel as well'as othérs who
might be exposed to hazards associated with maintenance
activities, the safety related work practices of NEPA 70E, part
11, should always be followed when_working,on electrical
equipment. Maintenance personnel §hould\be trained in the
safety practices, procedures and requirements that pertain
to their respective job assignmerits,

The customer must establish, a‘periodic program to ensure
trouble-free and safe operationihe frequency of inspection,
periodic cleaning, and prey¥entive maintenance schedule will
depend uponthe operation conditions. NFPA Publication 70B
“Electrical Equipment Maiatefance” may be used as a guide
to establish such a program. A preventive maintenance pro-
gram is not intended to cover reconditioning or major repair,
but should be designéd to reveal, if possible, the need for
such actions initime to prevent malfunctions during operation.
The followingitems should be included in any maintenance
checklist:

Conductors

Terminals and Connections
Recommended Tightening Torqués
Periodic Cleaning

Control Fuses

Printed Circuit Boards

Maintenance of the SPM88@00 salid state synchronizing and
protection module shauld onlyybe performed with the main
stator contactor deenergized and withdrawn fromthe control-
ler compartment.

Conductors

Examine insulatidnion conductors for overheating or chafing
againstimetaledges that could progress into an insulation
failuré’Anyddamaged conductors should be replaced. Re-
placement conductors should be re-routed, braced or
shielded ihneeded to avoid similar damage in future opera-
tion, Temporary wiring should be removed or replaced by
pertmanent wiring.

Terminals and Connections

Loose electrical connections can cause overheating that can
lead to equipment malfunction or failure. Loose bonding or
grounding can compromise safety and/or function.

Terminal screws, lugs, bus connections, bonding and
grounding connections should be inspected for tightness and
retightened securely as required. Fuse clips should be
checked for signs of overheating, looseness, or inadequate
spring pressure, and replaced if necessary. All terminals,
connections, and conductors should be examined for
evidence of overheating, corrosion, or pitting. Any parts found
to be damaged should be replaced, using parts supplied or
recommended by Siemens. Evidence of overheating may
include discolored conductors, terminals or parts; or melted,
charred or burned insulation.

Recommended Torque

When making bolted assemblies, the following considera-
tions should be generally followed. The recommended torque
is determined by the size of hardware used(referto Table 4).
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1. Metal-to-Metal—Apply standard torque.

2. Metal-to-Insert Molded in Compound—Apply ap-
proximately 2/3 of standard torque.

3. Compound-to-Insert Molded in Compound Part—Apply
approximately 1/2 of standard torque.

4. Compound-to-Compound—Apply approximately 1/2 of
standard torque.

Periodic Cleaning

Accumulation of dust and foreign material such as coal dust,
cement dust, or lamp black must be removed from all control
equipment and all surfaces must be wiped clean at regular
intervals. Dirty, wet, or contaminated parts should be
replaced unless they can be cleaned effectively. Dust can
collect moisture, causing voltage breakdown and it can
reduce the effectiveness of heat sinks.

Control equipment parts should be cleaned by vacuuming or
wiping with a dry cloth or soft brush. Use care to avéid
damaging delicate parts. Liquid cleaners, including spray
cleaners, are not recommended due to the possibility“of
residues. Solvents should not be used on printed Citeuit
boards. Compressed air is not recommended for cleaning
because it will only redistribute contaminants on gther s~
faces, and may damage delicate parts. The inside, bottom of
the cubicle or enclosure should also be cleaned, ingluding
removal of any hardware or debris, so thatany new or unusual
wear or loss of parts occurring after the inspection may be
more readily detected during subseguefit maintenance.

Control Fuse Replacemeént

When control fuses need to beareplaced, fuses of identical
rating must be used. Controlffusés én the C/P-M are located
at the bottom of the printed circuitdoard on the component

Table 4. Recommendéd Tosque Values

side of the board. When replacing a C/P-Msentrol fuse, use
care to avoid damaging delicate parts‘on the printed circuit
board.

Printed Circuit Board
Replacement

The SPM 85000 solid state, synchronizing and protection
module is equipped‘with two printed circuit boards. One
board is containediimthe“¢ontrol and protection module and
the other board isicantained in the power module. The printed
circuit boardsymay.be replaced using the following proce-
dures:

A. Power,Mddule

The_printed eircuit board may be removed from the power
medule byfdisconnecting all wiring leaving the board, and
removing the four screws which attach the corners of the
board to the red standoffs. Each wire which is disconnected
ffom! the printed circuit board must be clearly marked and
idéntified so that it will reconnected to its original terminal
location when the board is replaced. Carefully lift the printed
circuit board away from the standoffs, allowing the four SCR
gate leads to slip past the board as shown in Figure 14. The
printed circuit board may be replaced using the reverse
procedure to that which was used to remove it.

B. Control and Protection Module (see Figure 15)

If the control and protection module printed circuit board must
be replaced for any reason, then the entire C/P-M front
panel/circuit board assembly must be replaced.

To remove the C/P-M, it is necessary to:

1. Disconnect and lay aside the three wiring plugs.

2/3 1/2 1/2
TweadSize | MelshoMet | SgrdmdToowe | StendardToue | o StandardTorque

(in--bs.) (in-lbs.) (in-Ibs.) (in-Ibs.)

8-32 14-20 10-14 7-10 7-10

10-32 20-30 13-20 10-15 10-15

1/4=20 40-60 26-40 20-30 20-30
5/16-18 168-228 110-150 84-114 84-114
3/8-16 240-360 160-240 120-180 120-180
1/2-13 480-600 320-400 240-300 240-300

N
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2. Remove the seven screws and lockwashers which attach
the C/P-M to the housing. These screws are accessible
from the rear of the housing.

3. Remove the C/P-M from the housing.

Reinstall the C/P-M using the reverse procedure.

Perform the “Pre-Energization Check" procedures detailedin
this manual before restoring equipment to service.

® 60925098y
¥ OB OE OB R ¥ w %0880

&

Figure 15. Control and Protection Module (C/P-M)

Figure 14. Power Module Printed Cireuit Board
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In the event that operating problems are encountered, use
the following troubleshooting chart to isolate the cause of the
malfunction and find the remedy. If the corrective action given
in the chart fails to correct the difficulty, consult your field
sales representative.

The following information is required if it is necessary to write
to Siemens relative to the equipment problems:
1.

Manufacturer's serial number and part number, if avail-
able.

AAWARNING

Accidental contactywith®energized com-
ponents can ¢ausepshock, burn or
electrocution.

Disconnectand lock out all power supply-
ing this equipment except where low volt-
age control“power is required prior to
making‘these checks and exercise ex-

2. Nameplate data on synchronous motor.
3. Length of time in service. tréme eaution at all times.
4. Description of problem.
5. Any other pertinent information.
Trouble Cause Remedy
No POWER ON Blown control fuse. Check control fuses on primary and
indication on C/P-M secondary of CPT and on C/P-M printed
circuit board.
Motor will not start Blown control fuse failure of main Check control fuses on primary and
contactor. secondary of CPT and on C/P-M
printed circuit board.
Check main contactor and its
associated controls
Motor starts but Blown exciter fuse r rectifier fuse. Check fuses on primary and secondary

will not synchronize
Shorted MOV 6n P-M:

Set slip tog low. M6tor cannot accelerate to
set slip level.

Check'CAGE'PROTECTION set.

Motor starts but will not Induced tield voltage too low.
synchronize

OVERLOAD trip occurs.

of exciter transformer and on P-M.
Check MOV andreplaceif shorted.

Increase the SLIP ADJUSTMENT
setting on the C/P-M.

Check CAGE PROTECTION settings.
Check motor acceleration time. Read-
justas required.

Check the operation of the field dis-
charge resistor firing circuit as explained
in the Pre-Energization Check section of
this manual. Check discharge resistor in-
sertion voltage setting on P-M. For 125V
field, a jumper should be connected be-
tween the 600 and COM terminals.
Replace if missing. For 250V field, no
jumper is supplied. Add a jumper be-
tween the 1000 and COM terminal. if
motor still fails to synchronize, replace
with ajumper between 800 and COM ter-
minals; and, finally with a jumper between
600 and COM, if necessary.

Check OVERLOAD ADJUSTMENT setting
and overload tri@ping class setting as ex-
plained in the OVERLOAD PROTECTION

section of this instruction manual.
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Troubleshooting

Trouble

Cause

Remedy

Motor starts and
synchronizes but shuts
down shortly after
application of field
excitation.

Motor shuts down during
normalrunning.

Power factor regulator
does not operate

Polarity of voltage input to C/P-M is
reversed.

Motor trying toaccelerate excessive load.

Incorrect phase rotation of incofmingline
connections.

No excitation voltage.

No excitation current-opemrcircuit at motor
field, brushesorleads:

Lag power factar limit set too high.

Insufficientfield excitation.

Excessive load applied to motor shaft.
LOW POWER FACTOR light is on.

Loss of field excitation. LOW POWER
FACTOR or FIELD LOSS light is on.

System voltage transient causes exciter

MOV to operate.
Stator overload. OVERLOAD light is on.

Jumper not removed

Check polarity.of 198V or 230V input to
C/P-M. Revefse ifire quired.

Check far, tight bearings, inadequate
lubrication, faulty operation or setting of
unloading devices, excessive material
in machinery, or jammed machinery.

G/R-M indicates leading power factor
duringmotor starting.

Incorrect polarity of sensing input to
C/P-M.

Check polarity of stator CT and PT
inputs to C/P-M and correct as re-
quired.

Check phase rotationofL1,L2,L3con-
nections.

Check for available DC excitation volt-
age. Check exciter transformer fuses
and replace if blown.

Locate discontinuity in motor field cir-
cuit and correct as required.

Reduce the SET LAG LIMIT adjustment
on C/P-Mto approximately .80.

Increase FIELD ADJUSTMENT setting
as required.

Check for tight bearings, inadequate
lubrication, excessive material in
machinery, or jammed machinery. Res-
tart motor.

Check exciter transformer, exciter
transformer fuses, and connections to
motor field.

Check MOV on P-M and replace if
shorted.

Reduce motor load or correct condi-
tions causing overload. Check OVER-
LOAD ADJUSTMENT setting and
correct if required.

Remove the jumper (J2) located on the
C/P-M circuit board behind the lag trip
limit adjustment. See Figure 15.

N
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Control and Protection Module Bill of Material
See Figure 17
Item Description Part Number Quantity
1 C/P-M Mounting Plate 25-213-112-023 1
2 C/P-M Printed Circuit Board 25-154-301-236 1
3 Threaded Spacer (1.5) A1-HSC-FJM-BED 5
4 Threaded Spacer (.75) A1-HSC-EJF-BBD 5
5 Front Panel D1-300-001-001 1
6 Potentiometer Knob D1-HKH-000-003 7
7 Hinged Front Cover 25-213-112-502 1
8 Interconnecting Wire Harness 25-135-228-509 1
9 C/P-M Power Supply Fuse D1-FST-FAO-001 2
10 Wiring Plug (C/P-M) 15 Pt. D1-TBM-BOO-002 2
(a) Complete
C/P-M e
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Cage Protection
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SPM 85000

@ * L ] LJ
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Prowonor Loss

Wy 3 & o D % 9

Figure 17.

(c) C/P-M Rear View
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Power Module Bill of Material (See Figure 18)
Item Description Part Number Quantity
20 P-M Mounting Plate 25-213-112-029 1
22 Silicon Controlled Rectifier 25-154-301-231 2
23 P-M Printed Circuit Board 25-154-301-521 1
24 Standoff Insulator 00-871-311-109 11
25 Mounting Bracket L.H. 25-154-301-098 1
26 Mounting Bracket RH. 25-154-301-099 1
27 Rectifier Fuse Clip 25-127-244-005 2
28 Rectifier Fuse 25-135-983-002 1
32 Surge Absorber (MOV) 25-154-301-302 1 (125V Field)
2 (250V Field)
33 Silicon Controlled Rectifier Module 25-135-228-060 1
34 SCR Module Heat Sink 25-185:228-065 1
35 Field Lugs See'lkead Sheet 2
36 Fan Assembly 25-154-301-819 1 (400A Panel)
37 Transformer for Fan 25-293-150-001 1 (125V—400A)
25-213-150-002 1(250V—400A)
38 Sec. Fuse for Fan Transf. .6A 00-871-145-319 1 (400A Panel)
39 Pri. Fuse for Fan Transf. 1.0 A 24-166-040-013 2 (125V—400A)
Pri. Fuse for Fan Transf. .6 A 24-166-040-010 2 (250Vv—400A)
24 27 28
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Figure 18.
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Power Factor Regulator Module Bill of Material (See Figure 19)
Item Description Part Number Quantity
30 Printed Circuit Board 25-154-301-551 1
31 Threaded Spacer (1.5) A1-HSC-FUM-BED 5
32 Threaded Spacer (.75) A1-HSC-EJF-BBD 5
33 Front Panel 25-154-301-166 1
34 Potentiometer Knob D1-HKH-000-003 2
35 Button Knob for Pushbutton Sw. D1-HKH-000-001 1

\.., «’

Power Factor Regulator Module
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Figure 19.

(b) Side View
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