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Proprietary Notice
This document and its contents are the property of Union Switch & Signal Inc. (hereinafter
US&S).  This document has been furnished to you on the following conditions: no right or
license under any patents or any other proprietary right in respect of this document or its
content is given or waived in supplying this document.  This document or its content is not to
be used or treated in any manner inconsistent with the rights of US&S, or to its detriment, and
are not to be copied, reproduced, disclosed to others, or transferred without the prior written
consent of US&S.

Important Notice

US&S constantly strives to improve our products and keep our customers apprised of changes
in technology. Following the recommendations contained in the attached service manual will
provide our customers with optimum operational reliability.  The data contained herein
purports solely to describe the product, and does not create any warranties.

Within the scope of the attached manual, it is impossible to take into account every
eventuality that may arise with technical equipment in service.  Please consult your local
US&S Account Executive in the event of any irregularities with our product.

We expressly disclaim liability resulting from any improper handling or use of our equipment,
even if these instructions contain no specific indication in this respect.  We strongly
recommend that only approved US&S spare parts be used as replacements.
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Section 1. Introduction 
The Electronic Biased Neutral Controller (EBNC) is designed as a retrofit alternative to the
electromechanical controller in GRS switch machines (Figure 1-1).  It consists of a printed circuit
board with a clear plastic protective cover and mounting holes positioned to fit on the existing
mounting studs in the GRS machine.  A nine-way AAR terminal strip provides the means by which
wires can be transferred and directly connected.  Nomenclature on the PC board panel agrees with the
existing wire tags in the GRS machine to facilitate connection.

Four LED’s are located in the center of the board and are visible through the plastic cover. LED’s 1
and 3 reflect polarity of WR – NWR and are further identified as LEFT and RIGHT respectively.
With WR + and NWR -, LED 3 (RIGHT) illuminates; LED 1 (LEFT) illuminates with the opposite
polarity.  Indications also relate to direction of throw by the convention illustrated in Figure 1-2. 

Another LED illuminates when power is connected to the motor and a fourth LED illuminates
indicating the stroke is terminated because of motor overload. 

TERMINAL ID 13 11 10 9 8 7 6 5 B

LED 1

LED 3

LED 2

LED 4

Figure 1-1  -  The US&S electronic Biased Neutral Controller
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Motor
End

Right

For WR+ & NWR-

Figure 1-2  -  Convention Used for the Direction of Throw

The EBNC will function from a split battery or separate power sources and bi-polar control.  It
provides the same functions as its electromechanical counterpart, i.e., motor control, dynamic braking,
and overload protection.

There are two low voltage and two high voltage variations of the controller.  The delineation in each
voltage variation is based on whether or not power to the motor is permanently connected or whether
power is removed before the signals are cleared.  If motor power is removed before signals are cleared
there is no concern of a circuit failure of the EBNC that would inadvertently open the points. 

An alternate design includes additional circuitry to preclude any failure of the EBNC that could
inadvertently power the switch.  The specific US&S part numbers for the four controllers are presented
in Table 1-1.

Table 1-1  -  Part Numbers for the EBNC

Description Part Number
Application – Power Removed BEFORE Signals are Cleared
Low Voltage Application (Up to 36 VDC) N40904101
High Voltage Application (Up to 140 VDC) N40904102
Application: - Power Remains Permanently Connected
Low Voltage Application (Up to 36 VDC) N40904103
High Voltage Application (Up to 140 VDC) N40904104

 In all versions of the biased neutral controller, the control voltage range is from 9.8 to 33 VDC. There
are no jumpers involved in selecting the operating range.
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Section 2. Description 
2.1. Theory of Operation

Figure 2-1 illustrates connection of the EBNC with the switch machine.  It is shown with terminal 8D
through terminal 1C closed and 7D-2C open (full right), a condition corresponding to WR(+), NWR(-).
When WR-NWR is reversed, an electronic switch within the EBNC closes connecting terminal 8 to
terminal 13, causing current through the armature and F2 and consequently driving the points to the
left.  At the instant 8D-1C opens (full left), a second electronic switch completes a snubbing resistor
path around F1 and the armature, quickly stopping the motor.  In a similar manner, the machine
operates in the opposite direction with the reversal of WR-NWR.

A special circuit within the EBNC monitors the product of current and time, and if a pre-set threshold
of ampere-seconds is reached, as would occur with a stalled machine, the motor circuit is opened.  It
remains open until the control polarity is reversed to drive the machine in the opposite direction.  
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9.8 to 33 VDC

7

5
F1

F2

Motor Power (+)

Motor Power (-)
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EBNC

Motor
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Figure 2-1  -  Connection of the EBNC to a Switch Machine
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2.2. Specifications

Control voltage
9.8* to 33 VDC   (9.8 VDC is the minimum operating voltage anticipating a battery
discharging from a higher voltage; 10 VDC is required for initial activation)

Operating current 
@ 10 VDC = 0.23 amperes
@ 33 VDC = 0.16 amperes

Lightning Protection
Built In (No external devices required)

Temperature range

-40 to +70 °C  (A heater is not required)

Low Voltage EBNC (P/N N40904101 or N40904103)

Maximum motor voltage 36 VDC

Overload Protection

Current (amps) Time (sec)*
15 34

20 26

22 <3

* At less than 20 amperes the time equals 520 divided by the current

High Voltage EBNC (P/N N40904102 or N40904104)

Maximum motor voltage 140 VDC

Overload Protection 

Current (amps) Time (sec)*
10 17

13 13

16 <3

*At less than 13 amperes the time equals 169 divided by the current



Installation

SM-9270, Original, November 2004 3-1

Section 3. Installation 
The US&S Biased Neutral Controller is easily installed in GRS switch machines.  To install the
Biased Neutral Controller proceed as follows:

WARNING

Disable all power to the switch machine before installing the
controller.  Failure to do so could result in serious personal
injury or loss of life.

NOTE
Ensure that the controller is properly configured for the
application it is being installed in. Refer to Table 1-1.

1. Remove the switch machine from service and remove power to the switch machine.

2. Remove the cover from the circuit controller compartment of GRS switch machines.

3. Remove the wires from the terminals of the existing controller.  The wires should be tagged.

4. Remove the nuts and washers that secure the circuit controller to the body of the switch
machine.  There are 4 of them – one in each corner of the controller. Remove the controller
from the circuit controller compartment.

5. Carefully position the new PCB over the mounting studs in the GRS switch machine and lower
it on to the studs.

6. Secure the Biased Neutral Controller with the 4 nuts and washers removed in Step 4.

7. Connect the wires that were disconnected in Step 3 to the proper terminals on the Biased Neutral
Controller. The nomenclature on the terminals of the new PCB corresponds to the wire tags in
the compartment for easy connection. Figure 3-1 shows a properly installed EBNC in the circuit
controller compartment.

8. Once the wires are secured on the terminals and it is verified that the Biased Neutral Controller
is working properly, replace the controller compartment door and secure the switch machine.

9. Restore power to the switch machine and place it back in service.
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Figure 3-1  -  EBNC Shown Mounted In a GRS Model 5 Machine
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Section 4. Technical Support
The Rapid Action Information Link (RAIL) Team is comprised of a group of experienced product and
application engineers ready to assist and resolve any technical issues concerning any US&S product. 

Any questions regarding the contents of this Service Manual can be
answered by contacting the RAIL Team toll free at 800-652-7276 or
via Internet e-mail: railteam@switch.com.
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