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MSC Technical Note
Reduced Voltage Motor Starters
Pumps P4 and P5
Overview
This tech note concerns the reduced voltage motor starters installed in the motor control centers
(MCC’s) at a research laboratory facility, specifically cooling tower pumps P4 and P5.
The complaint from the BAS contractor was that pump P5, when selected to run, would
immediately trip on startup. The electrical contractor investigated and replaced one of the two
motor starters; however, the pump continued to trip. We (MSC) meggar tested the 60 HP motor
and found it to be in good electrical condition which directed our attention to the control side.
The problem turned out to be incorrect dip switch settings on both motor starters and the control
module (ACM).

Technical explanation
On this project, any motors 60 HP and larger, not controlled by a VFD, require reduced voltage
starting to reduce inrush current and shock on the fan or pump. Reduced voltage starting can be
accomplished by many methods. There are seven reduced voltage starting methods available on
the Cutler Hammer (Eaton) MCC’s but this Tech Note will focus on the Autotransformer with
two starters and one contactor (parallel) method used on this project.
As can be seen on the attached wiring diagram and the photo in Fig. 1, there are two 3-pole
motor starters and one 3-pole contactor installed in the bucket along with the reduced voltage
control module and the autotransformer (down low in the bucket). The two starters and the
control module each have dip switches that have to be set to allow the system to function
correctly.
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The dip switch settings for pumps P4 and P5 (both 60 HP, 460/3/60, 1.15 SF
(service factor) motors) are as follows.
1. Motor starters (both starters are to be set the same).

a. Dip switch 8:
This sets the reset method. Set dip switch to 0 (down) for manual reset.

b. Dip switch settings #7 and #6:
These two dip switches set the overload class. Set dip switch #7 to 0 (down) and
dip switch #6 to 1 (up). This sets the overload class to 20. Class 10 is typically
used for artificially cooled motors (submersible pumps), Class 20 is used for
general purpose applications and Class 30 is used for high inertia loads. The trip
class means that at six (6) times the FLA of the motor, a class 20 device will trip
in approximately 6-20 seconds.

c. Dip switches #5 through #1:
Dip switches #5 through #1 set the overload range used to protect the motor from
overload. In this case, the motor has a full load amp (FLA) rating of 69 amps.
The dip switch settings below correspond to an amp range of 66.6 – 73.2 amps for
a motor with a 1.15-1.25 service factor. The dip switch numbers are in
descending order from left to right and are shown that way in the setting table
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from the IOM cut and pasted below. In the photo above, note that dip switch #1
is just barely visible on the right.
i. DS-5 = 1
ii. DS-4 = 0
iii. DS-3 = 1
iv. DS-2 = 0
v. DS-1 = 0

2. ACM control module:
The ACM is the reduced voltage control module which controls when and how the
transition from reduced voltage to full voltage occurs. This is set through a series of
eight (8) dip switches labeled 1 through 8 on the back of the module. Care must be taken
to ensure that the switches are set in the correct direction as the writing on the switch
block is extremely small and the literature is a bit confusing.
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a. Dip switches #1, #2 and #3:
The combination of these three switches sets the time duration for the transition
from start to run. This time setting will be the selected time the motor runs in the
start mode before the transition to run when dip switch #4 is open, or the
maximum time allowed for transition from start to run when dip switch #4 is
closed. The combination of open and closed for dip switches 1 through 3
respectively sets the timing for 4 seconds.
b. Dip switch #4 and #5; Both set to open:
The time setting set by dip switches 1, 2 and 3 will be the selected time the motor
runs in the start mode before the transition to run when dip switch #4 is open, or
the maximum time allowed for transition from start to run when dip switch #4 is
closed. Dip switch #5 tells the controller to transition from start to run based on
time (dip switch #5 open) or based on current (dip switch #5 closed).
Different combinations of the switch settings for dip switches #4 and #5 are
described below.
i. Dip switch #4 open with dip switch #5 open (time):
Tells the controller to transition the motor from start to run based on time
only at the expiration of the time period set by dip switches 1,2 and 3
above.
ii. Dip switch #4 closed; dip switch #5 open (time):
Tells the controller to trip if the transition has not occurred within the set
time period.
iii. Dip switch #4 open; switch #5 closed (current):
Tells the controller to transition from start to run at the end of the time
period regardless of the current draw. The transition may have occurred if
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the motor amp draw dropped below the overload setting, but if not, it
forces the transition from start to run at the end of the time period.
iv. Dip switch #4 closed; dip switch #5 closed (current):
Tells the controller to trip the motor controller if the transition from start
to run hasn’t completed (by current) within the time period set by dip
switches 1,2, and 3.
c. Dip switches #6, #7 and #8; set to closed, open, closed respectively:
The setting of these three switches tells the reduced voltage controller, what type
of reduced voltage starting it is controlling. There are seven possible selections to
choose from (Wye/Delta, part winding start, etc.). Pumps P4 and P5 were
supplied as autotransformer with two starters in parallel and one contactor. Other
selections for different hardware are discussed in the Cutler Hammer (Eaton)
literature and will not be discussed here.

The sequence of operation is as described below. Refer to the wiring diagram
shown in Fig 2 below and specifically the contactor sequence table.
1. The BMS provides an input command to the ACS (reduced voltage controller) by closing
terminal 10 to terminal 11 which provides voltage to terminals #1 and #3 on the ACM.
2. Provided that no voltage is present on pin #5 (E) on the ACM, the ACM energizes 1S
contactor and 2S motor starter and the delay timer starts. Motor overload protection is
provided by the 2S motor starter.
3. The motor starts at a reduced voltage (65% of 460 VAC in this case) and a corresponding
reduced amperage, progresses through inrush and begins to rotate as follows.
a. With the 1S contactor closed, the autotransformer is connected in a Wye
configuration.
b. 65% of the voltage value travels to the motor from the 65% tap on the
autotransformer.
c. 35% of the voltage value travels through the remainder of the autotransformer and
is dissipated as heat.
d. The autotransformer is protected from overheating by embedded thermostats in
each phase that are wired in series to interrupt control power to terminal 51 in the
event of an overheating condition. These are labeled OTT-C, OTT-E and OTT-D
on the control drawing. These are not visible when viewed from the front of the
bucket.
4. At the expiration of the delay time period (in this case, 4 seconds), the ACM moves to the
closed transition portion of the sequence. Note that the time required for transition from
start through transition to run is quite fast but an exact time value is not in the literature.
This is called closed transition (vs open transition) because power continues to flow to
the motor to maintain rotation and avoid a reoccurrence of inrush current during the
transition from start to run. During closed transition the following sequence occurs.
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a.

The 1S contactor is de-energized. This opens the common center point
connection of the Wye connected autotransformer.
b. Starter 1S remains energized. Power flows from the 1S starter through the first
35% of the autotransformer windings to the motor. For this brief period of time,
the 35% portion of the winding of the autotransformer is in effect an undersized
conductor, but it supplies enough power to maintain rotation.
c. Starter R is energized. At this point, both starters 1S and R are energized in
parallel and power is flowing to the motor through both paths (not equally).
d. The motor accelerates to full speed.
5. The ACM moves to the run stage of the process and the following occurs.
a. Starter 1S is deenergized and supply power is removed from the autotransformer.
Caution: voltage is still present on all autotransformer terminals when in run
mode due to the permanent connection to the motor conductors
b. The motor continues to run at full speed.
c. Overload protection is provided by the Run motor starter.
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Technical notes
1. If at any time, voltage is supplied to terminal #5 (E terminal), the ACM will immediately
de-energize both starters and the contactor.
2. Starter R and contactor 1S are mechanically and electrically interlocked to prevent
simultaneous operation.
3. The current transducer (connected to conductors #20 and #21) provides an analog signal
to the BMS for reference only.
4. Conductors #41 and #42 which are connected to the Hand/Off/Auto switch, provide
indication only to the BMS that the HOA switch is not in auto.
5. The wiring diagram included here is specific to pumps P4 and P5. Other loads 60 HP and
above (not operated by a VFD) are also equipped for reduced voltage start (supply and
exhaust fans). While these loads operate the same as P4 and P5 on the power side,
additional devices are included on the control side. The correct wiring diagram number
is listed on the nameplate in each bucket.
6. It is imperative that each starter and/or contactor be connected to the correct terminal on
the ACM via the gray communication cable.

General notes
1. None
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