Static SLIPSYN® Synchronous Motor Control

OPERATION

A synchronous motor is started as an induc-
tion machine with the field connected across
the starting and discharge resistor. The
purpose of this resistor is to limit the ex-
ternal induced field voltage and to provide
optimum starting torque, The DC field volt-
age should be applied when the motor has
reached the proper speed and rotor position.
This is the basic function of the static
SLIPSYN @ control. Protective features
such as damper winding, pull-out, and field
loss may also be included.

The transistor logic and amplifier cir-
cuits all operate on DC voltage which is
furnished by the power supply mounted on
top of the sheet steel enclosure. A single
phase transformer with primary ratings of
220, 440, or 550 volts, 60 cycles is provided
on standard units, although a different trans-
former is used for other voltages or fre-
quencies. Several DC voltages are supplied
by separate secondary windings on the
transformer. The -20 volts is the main
supply and uses a full wave rectifier bridge
with a 1000 mfd, filter capacitor. The 20
volts is a bias supply using a half wave
rectifier with a 50 mfd, filter capacitor.
The -24 volt supply furnishes power to the
relay and contactor coils. It uses a center
tapped full wave rectifier and a 500 mfd.
filter capacitor,

The logic, switching, and amplifying
functions are all performed by transistors,
Output circuits are provided to energize the
AC line contactor interposing relay (MX)
and the field contactor (FC), Magnetic cores
areusedin the pull-out and damper protec-
tion networks. The wire-wrap process is
used for assembling and inter-connecting
the components on the five circuit boards.,
Wire is wrapped around a rectangular post
for a solderless connection,
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Fig. 1 SLYPSYN® Control Panel

Refer to the block diagram, Fig. 2,
for the following description of operation,
Pushing the startbutton energizes the power
supply and causes a pulse on lead 102, This
pulse turns off MEMORY #1 and#2to insure
that the field contactor remains de-ener-
gized. At the same time it turns on
This output is amplified to
energize relay MX, whose contacts are used
to energize the line contactor or circuit
breaker. MX remains closed until the power
supplyis de-energized, or until a protective
circuit functions.

The synchronizing input signal is taken
across the starting and discharge resistor
or a portion of it, This voltage has a
frequency inversely proportional to motor
speed. The magnitude is adjusted by means
of the input potentiometer, and the voltage
clipping network limits the negative half
cycle of the input voltage to -24 volts, The

®Registered Trademark



Page 2

607U LINE
—
START
STOP L MX Mx I0L 20L
(M )—N—N——p
L, L. 1 M
M-FM M
POWER INITIAL PULSE WHEN '“’ﬁl;?‘ﬂ?” PANEL
1oL 20L SUPPLY POWER IS APPLIED. _ __ /P ks
SYNCHRONIZING PANEL 102 P:L SE |02I
PANEL 3 e FORMING
—SP;D— MEMORY # 00 Uy |werwork | ]
i
|  sewsine ON ! | |
MOTOR | Ne 3 ] OFF l | | | TRANSISTOR -DIODE PANEL
INPUT-QUTPUT PANEL | | o1 ] | | /
PAN 2 PANEL |
MgTOR FlErLzo PANEL -l ‘ | mewory¥2 | - EANEL
——L YN F2 AND | | |
VOLTAGE ANGLE 7+ oN | 16 ns
INPUT 16| CLIPPING I 103 SENSING |2 A [ T ‘ FC
Rz FC | [ METwORK]|| NETWORK | | OFF | ' l
RI R3 5
RES] 2 I S | = — 0 [, ::_[Ol'_:_g
| STG. & DISCH, .%Q_ l‘ ZERO-SLIP | 0 | | | =]
, SENSING o | | |
PO SHUNT NETWORK
L oo |13 PULLOUT PANEL Tve | g | | | |
104 pOINT FOR \ PANEL 4 — e __ __DfLAY—— [ 102 | |
SYSTEM [~ 7 7T TEicNat wmen - — [
L MEMORY #2 109 I |1 Memorv*s | |
FC FC-F- I IS OFF To ! — OW wmill e 18
] [PuLLouT RESET COUNTER | 1o o I |
SENSING COUNTER l J L _]
p‘"’m“ oo - = -
—— _—— T3 —
+ (=) - ey T -
DAMPER
L1 PROTECTION
NE TWORK l REM%‘QW”:,‘:ER
DP ANDFL TOR :
, INCOMPLETE PNL S PutLout
| | sequence
AND
| | FiELo Loss. ,
CIRCUIT
L

Fig. 2 Block Diagram

positive half cycle of input isnotusedin the
control but is limited to a low value. The
clipped negative half cycle (pulse) is then fed
into 30 separate circuits which determine
the proper conditions for synchronization,

The interval between negative pulses
gradually increases due to the decreasing
slip frequency, Inthe speed sensing network
each pulse resets a timing circuit, When the
interval between pulses exceeds the delay
of the timer an output signal turns on
MEMORY #1, This output is one of the 2
signals required to turn on AND A, It
indicates that the motor is at the proper
speed,

The other requirement for a good syn-
chronizatiqn is that thefieldbe applied when

the induced field current is opposite that of
the steady state field current. Assuming a
positive steady state field current, a short
pulse is generated in the angle sensing net-
work at the beginning of each negative pulse,
The first of these pulses to occur after
MEMORY #1 has turned on will turnon AND
A. This turns on MEMORY #2 which en-
ergizes the field contactor coil through an
amplifier,

It is possible for some lightly loaded
motors to pull into step due to reluctance
torque. In this case no angle pulse would
be generated after the speed sensing signal
is received and therefore, the field contactor
would not close, To prevent this, a zero




speed network is provided to give an alter-
nate signal and to turn AND A on after a
short delay.

In addition to the synchronizing function,
the static SLIPSYN® control contains cir-
cuits which will protect the motor against
certain abnormal conditions. A pull-out may
occur when the motor has been loaded too
far beyond its rated torque. The motor
slows to less than synchronous speedandan
AC current is super-imposed on the DC
field current. A shunt in the field circuit
is used to pick up this signal which is then
fed to the pull-out network, Each pole
slipped produces a pulse which is fed intoa
counter. This isadjustable from1 to8 poles
slipped and can be set to suit the application,
A higher setting will reduce false tripping
due to random load or line transients. The
controller will normally be set to shut down
completely on pull-out, but a jumper canbe
removed to allow the motor to re-synchro-
nize,

Most units also contain a damper pro-
tection network, Should the motor fail to
accelerate, or if it accelerates too slowly,
there is danger of damaging the damper
winding., Although this winding is limited
to rather short locked rotor time, it is
capable of longer operation at higher rotor
speeds. The input is taken from the same
starting and discharge resistor tap as the
synchronizing signal. The duration of this
input signal is compared with a presettime
period which automatically increases as the
slip frequency decreases, The overall effect
is to provide optimum protection while
making full use of the motors accelerating
ability, The potentiometer is preset and
sealed with paint at the factory to provide
a trip time of 7 to 8 seconds at 60 cycle slip
frequency. This calibration is made with
an input signal of 100 volts, therefore, the
actual input voltage should be checked at
startup as noted below, to provide a signal
within £ 10% of this value.

The field loss circuit is an optional
feature and it will not be found on all units.
It acts to shut down the motor if the field
current stops flowing, regardless of the
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reason. The signal is taken from the pull-
out shunt on leads 104 to 113, Since the
field current does not flow through this shunt
during the starting period, itis necessaryto
inject an alternate signal which is removed
after the motor has synchronized. A timer
which is adjustable to 90 seconds determines
the duration of the signal, If the motor has
not synchronized when this time has expired,
it will shut down. This is known as in-
complete sequence,

START - UP

After making all the necessary control and
power connections, the unit is ready for
starting. Care should be taken that the DC
connections are as shown in the diagram,
since the common for the static control
should be connected to the plus side of the
DC line., Improper connection will cause
the field contactor to close during the half
cycle of induced field current most likely
to cause pole slippage before synchroni=-
zation. The input and DP adjustments are
made at the factory before shipping, and
should be satisfactory. The percent slip
potentiometer should be adjusted for the
desired synchronizing speed. In general,
the lower percent slip settings are required
only for high inertia loads. The pullout
potentiometer should be set for the pro-
tection desired, If the field loss function
is included, the incomplete sequence pot
should be set at maximum.

Remove the cover from the static
SLIPSYN® shown in Fig. 1. Pushing the
start button will apply the AC power and
the motor will accelerate, ON THE FIRST
START, and while the motor is accelerating,
measure the input voltage between terminals
R2 (106) and common with an AC voltmeter.
This should be 100 V = 10% to provide
accurate damper winding protection, Reset
this tap if necessary,

If the motor trips off the line before it
has synchronized, first make sure that the
incomplete sequence potentiometer is set
at the maximum position, If this isalready
at maximum, or if the motor stilltripson a
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subsequent start, the cause is an output
from the DP board. A high signal voltage
from the starting and discharge resistor
will cause a premature trip. If the reading
taken on the first start was high, then
readjust the tap in line with the indicated
tolerances, It is also possible that the
accelerating time is longer than the trip
time as determined by the pot setting, The
motor may actually be capable of this longer
acceleration time, and increasing the pot
setting will compensate for this, However,
the motor manufacturer shouldbe consulted
to ascertain that its rating is not being
exceeded, resulting in damage to the damper
winding. Although the DP circuit does not
measure the heat retained in the winding
after a start, its reset time requires 5 to 6
minutes before accurate repeatability can
be achieved,

CAUTION: Do not start the motor successively
without allowing time for the damper winding
to cool.

If the field contactor does not close at
all, the motor does not have enough torque
to accelerate to the speed seton the percent
slip potentiometer, Increase this setting
until the field contactor closes on a subse-
quent start, If the field contactor closes
too soon, the most likely trouble is low input,
To adjust this connect a DC 10 milliamp
ammeter between terminal 105 and common,
and again startthe motor. Increase the Input
potentiometer adjustment until the needle
moves slightly, This adjustment must be
made before the motor reaches synchronous
speed, There is another condition which
may arise after the stop button is pushed,
and, before the motor has stopped rotating,
the start button is again pushed. The field
contactor may close immediately, causing
the pull-out circuit to trip the motor off
the line, This also indicates that the input
signal voltage is still too low, Readjust as
indicated above, Finally, setthe Incomplete
Sequence potentiometer at a value just
greater than the time required for the motor
to synchronize, Make sure there is enough
time delay for the current to build up in
the motor field,

If the motor trips off the line any time
after it has successfully synchronized, this
is probably due to an output from one of the
protective circuits, or to an overload relay
tripping, It may be necessary to raise the
setting of the pull-out potentiometer to
over-ride line or load transients.

To check the pull-out circuit, start the
motor and after it has synchronized, remove
one lead to the field contactor coil, When
the field has heen removed the motor should
slow to something less than synchronous
speed. Reclosing the field contactor will
simulate poles being slipped and the motor
will be removed from the line, If this
does not occur, it is possible the motor is
too lightly loaded to slowbelow synchronous
speed when the field is removed,

To check the field loss circuit remove
one lead from the field contactor coil after
the motor has synchronized, This interrupts
the field current and the motor will be de-
energized. Incomplete sequence can be
checked by setting the pot to less than the
actual time required for the motor to
synchronize. An alternate method is to
remove a lead from the field contactor coil
before starting the motor. In either case,
the motor will shut down before synchro-
nizing,

To check the DP circuit, a separate
well-regulated 100 volt 60 cycle source
must be used. Disconnect a lead from the
line contactor coil to prevent the motor
from starting, It is advisable to open the
circuit to the tap on the starting and dis-
charge resistor to prevent excessive cur~
rent drain on the separate source, Press
the start button and at the same time apply
the separate source to the common (104)
and R2 (106) terminals on the static assem-
bly. The interposing relay (MX) will trip
in 7 to 8 seconds (factory setting), The pot
may be reset to agree with the "maximum
locked-rotor time" of the particular motor,
To prevent damage to the circuit board,
REMOVE THE SEPARATE SOURCE A FTER
THE RELAY HAS TRIPPED, OR AFTER A
MAXIMUM OF 20 SECONDS,



TROUBLE SHOOTING

If, after makingthe adjustments under start-

up, the controller does not function properly,-

Table No. 1 can be used to locate the
trouble. Since all the transistorsareoper-
ated as switches, an incorrect signal can
easily be found., An (X) indicates anegative
voltage of approximately 10 volts should be
present. An (0) indicates zero voltage.
Other voltages are indicated. All voltages
are measured to the common (104) of the
static SLIPSYN® control., Do not measure
to ground.

The three conditions used for trouble
shooting, as listed in the table, are:

A. Power to control circuit but coil of
motor contactor (M) disconnected.
Use jumper around M interlock in
pushbutton circuit.

B. Line contactor coil connected, but
measurement must be taken before
motor reaches synchronous speed.
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C. Field contactor closed.

The fifth column indicates the board most
likely to be causing trouble. These are
indicated in the order of their position in
the assembly, starting at the left,

1. Transistor Diode Panel -
S# 217A859G04

2. Input-Output Panel -
S# 217A859G02

3. Pull-Out Panel - S# 217A859G03
or - S# 217A859G06
(when F.L. included in assembly.)

4, Synchronizing Panel -
S# 217A859G01

5. Tield Loss Panel - S# 217A859G05
or - S# 217A859G13
(when DP included in assembly.)

6. Damper Protection Panel -
S# 217A859G12

TABLE NO. I
BOARD MOST
TERMINAL LIKELY TO BE REMARKS
MARK ING A B ¢ CAUSING TROUBLE
-20 -20 -20 -20 Power Supply
+20 +20 +20 +20 Power Supply
Common 0 0 0 Power Supply
100 X X 0 2 -4
101 .0 0 0 3 Pull-out ckt. output
102 Pulse 0 0 2 Short pulse when
power is applied
103 0 0 2 Clipped input
105 0 d-c ma 0 4 Input adjustment ckt.
106 0 100 volts 0 input Input from starting
and discharge res.
107 0 Pulses 0 2 Pulse every negative
half cycle
108 X 0 X 2 Reluctance pulli-in
signatl
109 0 0 then X 0 U
1 0 0 0 1 -2 MX signal
112 0 0 0 I -2 FC signal
113 0 0 0.2 Vv DC Input to P.0. ckt.
115 -24 -24 -24 Power Supply
202 X X 0 5 Field loss only
o4 0 0 0 5 Field loss only
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