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Introduction 
The Model 314 and 315 amplifiers are high power, second-generation products designed 
for low cost and high performance. They can be mounted flat on chassis plates, or 
edgewise using optional mounting feet. They operate from 24-160 volt single-output DC 
power supplies. 

A wide range of inductive loads can be driven: 0.13-40mH depending on supply voltage. 

Both models feature fully differential inputs for the control, or reference voltage. Enable 
inputs for control of the outputs, and status signal and current monitor output, ease system 
interfacing. 

The 22 kHz. PWM switching frequency eliminates audible noise from motor windings 
and fast rise and fall times give high efficiency. 

The amplifiers are protected against over temperature, over and under voltage, and 
short-circuits between outputs, and from outputs to ground. 

They are typically  used as voltage-to-current converters. A ±10V reference signal will 
drive the amplifier's peak rated current to the load in the 'flat-gain' mode. If a tachometer 
is used, the amplifier is still operated as a voltage to current converter, but DIP switch 
settings are changed to increase the gain of the servo preamplifier. 

Voltage-mode operation with IR-compensation is also supported and is switch selectable. 

The power supply can be supplied by the user, or ordered from Copley Controls along 
with the amplifier to create a complete amplifier subsystem. Loads are usually motors, but 
magnet coils, inductors, or other non-motor loads can also be driven. 

Getting Started 
To install the amplifier you will need a control, or reference voltage, a power supply, and 
a load. The reference voltage can be from something as simple as a potentiometer, or the 
analog output of a microprocessor control system. 

First you must determine the mode of operation, and then connect the amplifier to the 
power supply, load, and control system. Once installed, you will next power-up and check 
that motor, tachometer (optional)   and control system polarities are correct (does the 
motor 'run-away'?). The final operation is tuning, the process of adjusting amplifier gain, 
control system parameters, etc. to achieve the desired performance of the system. 
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Chassis Layout 
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Connectors: Signals and Pinouts 
Motor and power connections are made via a four terminal screw connector (P2). 
Signal connections are made via a 15-pin single-row Molex connector (P1). 
See appendix for listing of connector part numbers. 
 
Types of signals are listed after the pin number or letter. 

P Passive Power and ground 
I Input Analog or digital signal inputs 
O Output Signal, logic, and power-stage outputs 

4 Pin power connector 
Pin Type Signal 
1 O Out+, or positive output 
2 O Out- , or negative output 
3 P Ground and +HV power return 
4 P +HV, the high-voltage DC power input 

15 Pin signal connector 
The number is the actual connector-pin number on the cable header that connects to the 
amplifier. 
 
Pin Type Signal 
1 P +12V output, 10mA max. 
2 I /Enable input 
3 I /Neg enable input 
4 I /Pos enable input 
5 I /Reset input 
6 O Normal output 
7 O Overcurrent output 
8 O Current monitor output 
9 I Aux input 

10 P Ground 
11 I Ref(-) input 
12 I Ref(+) input 
13 P Ground 
14 I Tachometer input 
15 P -12V output, 10mA max. 

                         _____ 
Note: /Enable = Enable as printed on the amplifier case, and in functional diagram. 
 The same rule applies to the Pos & Neg Enable, and Reset inputs. 



314,315 AMPLIFIER USER GUIDE 
 

 

8 

Operating Modes Explained 
A mode is simply the way that the amplifier is used. Because the amplifier is one of 
several components comprising a system, the operating mode frequently depends on the 
other components in the system. 
A tachometer is the most important option in determining the operating mode. If you use 
a tachometer, the amplifier will be operating in the velocity mode. If no tachometer is 
used, typically you will be operating in the current mode. In both of these modes, the 
amplifier is operating as a current-source, the difference between them is in the setup of 
the servo preamplifier, the section between the PWM power stage, and the input 
differential amplifier. 
The amplifier can also be operated as a voltage source. In this fashion, a given reference 
voltage will produce an output voltage that will remain constant over a range of output 
currents.  

Current Mode 
Commonly used with microprocessor controls that use encoders for motion feedback and 
don't use tachometers. The amplifier acts as a wide bandwidth current source that puts out 
its peak current rating in response to a +/-10V reference voltage input. In this mode the 
servo preamplifier operates at low gain, and the PWM stage operates as a current source, 
changing the output voltage in order to maintain a constant output current. 

Velocity Mode 
Used with a tachometer, this mode changes the gain of the servo preamplifier to a higher 
value because it is now amplifying the difference between the tachometer signal, and the 
reference input signal. The PWM stage again operates as a current source to 
accelerate/decelerate the motor to produce an RPM which makes the tachometer signal 
equal to the reference signal. 

Voltage Mode 
This mode is used less frequently because it produces lower performance from the motor. 
As a voltage amplifier, an input voltage will produce an output voltage, which will remain 
relatively constant over a range of output currents. The servo preamplifier now amplifies 
the difference between the reference voltage, and a scaled down (1/25) sample of the 
output voltage. 

Voltage Mode with IR-Comp 
This is a variation of voltage-mode operation in which the servo preamplifier sees not 
only the reference and output voltages, but also the output current. Because the armature 
voltage of the motor (the voltage which produces the motor speed, or RPM) is the 
difference between the motor terminal voltage, and the internal voltage drop across the 
armature resistance, it will decrease if greater loads produce higher currents. This current 
produces an 'IR' drop (current X resistance = voltage) which subtracts from the terminal 
voltage from the amplifier. IR-comp mode increases the amplifier output voltage when 
the load current increases. When adjusted correctly, the increase will just offset, or 
compensate, for the IR drop across the armature resistance and the motor speed will 
remain constant without a tachometer. The actual regulation will not be as good as a 
tachometer feedback system, but is is frequently adequate for many situations, and is 
simpler and cheaper than using a tachometer. 
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Trimpots and DIP Switches 

Trimpots 

Feedback 
Sets the gain of the servo preamplifier. Usually set to minimum (fully CW) in current-
mode operation for maximum bandwidth. When using tachometers, turn this pot CCW 
until oscillation begins, and then back off 1-2 turns for stable operation. Adjustment of 
this pot affects the response of the amplifier to a step-input. 

Balance 
Used to 'null' the output of the amplifier when the reference inputs are at 0V. Adjust the 
pot for zero-current (or zero-volts measured between Out+ and Out-) when the input to 
the amplifier is zero. 

Peak I Limit 
Controls the peak current that the amplifier can output to the load. Fully CW the amplifier 
will drive the rated peak current. As this is turned CCW, the maximum current will 
gradually decrease. Useful for protecting mechanical parts when the maximum current 
required by the load is less than that of the amplifier's peak rating. 

Continuous I Limit 
Controls the continuous current that the amplifier can output to the load. Fully CW the 
amplifier will drive the rated peak current. As this is turned CCW, the continuous current 
will gradually decrease. Useful for protecting motors such as printed-circuit and basket-
wound that have high peak ratings for rapid acceleration, but low continuous current 
ratings. 

IR Comp 
Used in voltage-feedback mode with S3 and S7 ON. Adjusts the amount of positive-
feedback from the current-sense circuit. This feedback increases the output voltage when 
drawing higher currents in the load. Because this is positive feedback, too much of it can 
cause severe oscillation. When adjusted correctly the motor speed will remain constant 
within several percent as the load changes without using a tachometer. 

Tach Gain 
Adjusts the scaling of the tachometer signal. Fully CW, a 10V signal at the reference 
inputs will demand 10V from the tachometer. As this is adjusted CCW, the motor speed 
will increase. Use this to set the basic RPM-out vs. reference volts-in factor of the 
amplifier. 

Ref Gain 
Attenuates the output of the reference signal differential amplifier. Fully CW will send the 
full reference signal to the servo preamplifier stage. CCW rotation will result in less 
reference signal sent to the preamp. This adjustment acts like an overall 'volume' control 
for the amplifier, controlling the unit-gain, amps-out per volt-in. 
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DIP Switches 
See Functional Diagram for further information on function of these switches. 

S1,2: Load Inductance Selector 
Set these two switches based on the inductance of your load, and the supply voltage. Note 
that the range of inductance's is lower at lower supply voltages. 

  Model 314  Model 315  
S1 S2 80V 160V 80V 160V 
On On 0.19 to 1.1 mH 0.37 to 2.2 mH 0.13 to 0.75 mH 0.25 to 1.5 mH 
Off On 1.2 to 7.5 mH 2.3 to 15 mH 0.8 to 5 mH 1.6 to 10 mH 
Off Off 7.6 to 30 mH 15.1 to 60 mH 5.1 to 20 mH 10.1 to 40 mH 

S3: Voltage Feedback 
No effect when OFF, this switch substitutes the output voltage divided by 25 in place of a 
tachometer, converting the 315 into a voltage amplifier instead of a current amplifier. If 
the minimum gain of 25 is too high, use the Ref Gain trimpot to reduce the overall gain 
further. 

S4: Alt Comp 
Typically the Ref Gain pot will be set fully CCW when using this feature. This switch 
connects the output of the reference differential amplifier to the Aux input internally. This 
permits you to use components RH4, CH5, and RH6 to customize the servo preamplifier 
gain for special applications.  

S5,6: Gain Setting 
Set these switches according to the chart below. These adjust the gain of the servo 
preamplifier. 

S5 S6 Gain Mode 
On On Current-mode 
Off Off Velocity mode 

S7: IR Comp 
Enables feedback from the current monitor when ON. This mode is an option when 
operating in the voltage mode. IR compensation increases the output voltage to 
compensate for voltage drop ("IR" drop) across the motors' armature resistance. Normally 
this drop would decrease the motor RPM under changing load conditions. IR 
compensation permits relatively constant velocity operation without a tachometer. 

S8: Norm Polarity 
This switch changes the logic of the Normal output. With S8 OFF, a normal condition 
will turn the Normal output ON (current sinking). When ON, the logic is reversed so that 
a Fault (NOT normal) condition turns this output ON. 
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Connecting the 315: Current-Mode (No Tachometer) 
Use this checklist for applications that don't use a tachometer. These include 

microprocessor control systems that get position feedback from an encoder on the 
motor, as well as non-motor applications such as magnet-coil, solenoid, or other loads 
that require a set current from the amplifier in response to a control-voltage at the 
inputs. The components on the header come from the factory preset for this operating 
mode. 

1. Connect DC power supply to amplifier +HV and GND. 
2. Ground amplifier to chassis at P2-3. 
3. Connect motor or load between OUT+ and OUT-. Do not ground load! 
4. Connect reference voltage source to REF+ and REF- inputs. 
5. Ground ENABLE,POS ENABLE, NEG ENABLE to amplifier logic ground (P1-10). 
6. Set DIP switches S1,S2 for motor inductance 
7. Set DIP switches S3,S4,S7 OFF, set S5,S6 ON. 
8. Set REF GAIN pot to full CW. 
9. Set FEEDBACK pot to full CCW. 
10. Set CURRENT LIMIT pot to full CW. 
11. Set VREF to 0V 
12. Turn power on 
13. Check for green LED indicating Normal operation. 
14. Adjust BALANCE trimpot for 0.0V between OUT+ and OUT- 
15. Momentarily increase Reference voltage (±10V max). 
16. Check motor direction: is it OK? 

YES: continue 
NO:  remove power, reverse connections to Ref+ and Ref-. 

17. Set Reference voltage to maximum value (+/-10V) 
18. Check load current at CURRENT MONITOR output 
19. Adjust CURRENT LIMIT trimpots for desired maximum and continuous 

currents. 

Amplifier Connections 

2
4
3
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GND

+

-

16-160V
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OUT+

OUT-

MOTOR

4
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Connecting the 315: Velocity-Mode (with Tachometer) 
Use this configuration when a velocity loop is required. Tachometer feedback means that 

a voltage at the Ref inputs will produce a particular velocity at the motor. 

1. Connect DC power supply to amplifier +HV and GND. 
2. Ground amplifier to chassis at P2-3.  
3. Connect motor or load between OUT+ and OUT-. Do not ground load! 
4. Connect reference voltage source to REF+ and REF- inputs. 
5. Connect Tachometer between tach input and signal ground. 
6. Ground ENABLE,POS ENABLE, NEG ENABLE to amplifier logic ground (P1-10). 
7. Set DIP switches S1,S2 for motor inductance 
8. Set DIP switches S3,S4,S5,S6,S7 OFF. 
9. Set REF GAIN pot to full CW. 
10. Set TACH GAIN pot to full CW. 
11. Set FEEDBACK pot to full CCW. 
12. Set CURRENT LIMIT pot to full CW. 
13.Set VREF to 0V 
14. Turn power on 
15. Does the motor run away?: 

YES: remove power, reverse tachometer leads 
NO: continue 

16. Check for green LED indicating Normal operation. 
17. Adjust BALANCE trimpot for 0.0V between OUT+ and OUT- 
18. Momentarily increase Reference voltage (±10V max). 
19. Check motor direction: is it OK? 

YES: continue 
NO:  remove power, reverse connections to Ref+ and Ref-. 

20. Set Reference voltage to maximum value (+/-10V) 
21. Check load current at CURRENT MONITOR output 
22. Adjust CURRENT LIMIT trimpot for desired maximum current. 
23. Set Reference voltage to zero, turn feedback trimpot CCW until oscillation begins 

(audible squeal or noise). Back-off two turns CW or until oscillation stops. 
24. Apply step or square-wave signal to Ref-inputs, adjust FEEDBACK CCW for best 

response with no oscillation. 
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Amplifier Connections 
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Power Supply and Wiring Considerations 
•  Determine the maximum voltage required to drive your motor or load at peak current 

and peak RPM (in the case of a motor). Add Vsat for  losses in the amplifier (see 
technical specs: Output Voltage). Add an extra 5-10% for power supply ripple. Use this 
value, and the amplifier's continuous current rating as your nominal power supply 
specification at normal line voltage. 

•  Peak currents of 2-2.5X the continuous current rating can usually be tolerated by off-
the-shelf transformer-rectifier-capacitor power supplies.  

•  A rule-of-thumb for sizing the power-supply filter capacitor is that 7000mF will give 1 
volt of ripple for 1 amp. of current to the amplifier. Consider this ripple as subtracting 
from the DC supply voltage when considering the output voltage swing under different 
load conditions. To decrease ripple, increase capacitance. E.g., doubling the size of the 
capacitor will cut the ripple voltage in half, and so on. More capacitance may also be 
required to compensate for regenerative energy coming from the motor during fast 
deceleration. Consult the factory for further assistance, if needed, to size your power-
supply for your application. 

•  If the load has a high inertia, you may need a model 121 regenerative energy dissipater, 
or larger filter capacitors. When a heavy load is decelerated, the amplifier will transfer 
energy from the motor to the power supply. This will 'pump-up' the buss voltage, and 
can cause either an overvoltage shutdown, or damage the amplifier.  If you see the 
Normal LED go out when the load is decelerated, it is a sign that the buss if pumping-
up, and you will have to take measures as suggested above, lower the buss voltage, or 
decelerate the load more slowly. 

•  Use the current monitor output to check for clipping when your system is up and 
running. This could be an indication that there is insufficient buss voltage to drive the 
commanded current through the load. 

•  When operating at lower supply voltages, such as 24V or less, check the Normal LED. 
If it goes out occasionally, this could mean that the buss voltage 'sags' during periods of 
high current demand, and is lowering the buss voltage below the under voltage cutoff 
point (<20V). If this occurs, consider using a larger filter capacitor, or raising the 
supply voltage. 

•  When multiple amplifiers are connected to the same power supply, use a 'star' wiring 
configuration. Don't 'daisy-chain' amplifiers by connecting one to the next, and so on. 
Make connections between each individual amplifier and the power supply, and ground 
each amplifier at pin P2-3, leaving the (-) terminal of the filter capacitor disconnected 
from ground. Doing this will keep the reference and logic inputs of the amplifiers 
referenced to ground, while the voltage at the negative terminal of the filter capacitor 
changes in response to the current drawn through the amplifier wiring. 

•  Use wire of at least AWG 16 to connect amplifiers to the power supply. AWG 14 is 
recommended for connecting transformer secondaries to rectifier bridges. Motor 
connections should be made with AWG 16, twisted together to minimize radiated noise 
from the PWM outputs. In noise-sensitive applications, use twisted, shielded-pair for 
motor connections. If using tachometers, use shielded, twisted pair for the tachometer 
connections, too. Due to the lower current, AWG 22-18 would be adequate for this 
purpose. 

•  Keep connections between power supplies and amplifiers as short as possible.  
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Multiple Amplifier Power Connections 

Load Inductance 
See section on DIP switches for the table of load inductance's and DIP switch settings. 
These switch settings compensate the amplifier for different load inductance's. For higher 
inductance's, consult the factory. Lower inductance's, e.g. pancake motors, require 
external inductors. 

Bandwidth 
The bandwidth of an amplifier is the frequency at which the amplitude of the output drops 
to 70% ( or -3dB) of the value at a much lower frequency. The effect of bandwidth is to 
either limit the frequency of a sine-wave signal that can be amplified, or to limit the 
risetime of a step-input signal. The type of load will also have an effect on the bandwidth, 
particularly as the inductance increases. 
The bandwidth of the 314 & 315 is 3 kHz and defined for small-signal operation. As the 
amplitude of the signal increases the bandwidth will eventually be limited by the power-
supply voltage. The factor V/L, where V = output voltage and L = load inductance, is the 
maximum rate-of-change of current through any inductor. The output voltage is also 
reduced by the IR drop across the load resistance.  
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POWER
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-
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Enable Inputs 
Selective enabling, or shutdown of the amplifier's outputs can be controlled with the 
Positive and Negative enable inputs, and the amplifier can be completely disabled with 
the Enable input. 
Selective output control is usually used on motion control systems that use travel-limit 
switches. If a moving member hits one of these switches, it is supposed to disable the 
amplifier, preventing further travel into a mechanical stop. At the same time, it should be 
possible to reverse the direction of the motor to 'back-out' of the limit. Positive and 
Negative enable inputs are provided for this function. This shutdown the output in one 
direction while keeping the amplifier enabled so that it outputs power in the opposite 
polarity. 
For a shutdown of the entire amplifier (both outputs off), use the Enable input. This signal 
will also cause the Normal LED to turn red, and the Normal output to go false.  
The enable inputs use +5V logic signals, external dry-contact relays, or NPN current-
sinking drivers. Ground is the level required to make the function logically true, and +5V 
(or open-circuit) will make the function false (true = enabled, false = disabled). 

The Positive and Negative Enable inputs must always be grounded to enable the 
respective outputs. 

Normal Output 
This is an open-drain MOSFET output which can be used to drive optocouplers, lamps or 
LEDs, or relays. It can sink 100mA. through loads operating to 50VDC. 
The ON/OFF state of this output depends on the state of the amplifier (Normal or Fault) 
and the setting of DIP switch S8. 
The table below shows the condition of the output under all conditions: 

Condition S8 Normal Output 
Normal OFF ON, current sinking 

Fault OFF OFF, open circuit 
Normal ON OFF, open circuit 

Fault ON ON, current sinking 

If driving relays with this output, you must install a 'flyback' diode across the relay 
winding to protect the Normal output from the voltage produced by interrupting the 
current through an inductor (the relay coil). Wire the diode across the relay coil so that is 
does not conduct when the relay is ON. 

Reset Input 
A +5V CMOS logic input which is normally pulled-up to +5V by an internal 100K 
resistor. Ground this signal momentarily to reset a fault condition caused by overtemp, or 
output short-circuit. 
Do not ground this input continuously if a short circuit exists, as this could cause 
overheating of the output stage of the amplifier. If you want to shutdown the amplifier, 
use the Enable input. 
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Normal LED 
This is a two-color LED that indicates normal and fault conditions. 
It will be Green when operation is Normal:  

Buss voltage is within normal limits 
Enable input is true. (See above for details on Enables) Chassis temperature is 
<83°C.No short circuits between outputs, or between outputs and ground. 

It will be Red during a fault (NOT normal) condition: 
Buss voltage is over or under normal limits. 
Enable input is false. 
Chassis temperature is >83°C. 
A short-circuit has occurred at the outputs. 

The short-circuit, and overtemp faults are latching type, that is, they will disable the 
amplifier until power is cycled off and on, or until the Reset input is toggled. 

 
Note: The Positive and Negative enable inputs will not affect the status of the Normal 

LED or Normal output. 

Current Monitor 
This is an analog signal that is proportional to the output current of the amplifier. 
The scale factor is 5 amps/volt. The monitor signal will output +/-6V when the amplifier 
is outputting its' +/-peak rated current. 

Current Limiting 
Two trimpots are provided for control of peak, and continuous current limits. These limits 
take effect when the reference inputs demand a current that is greater than the setting of 
the two trimpots. The peak current limit should be set to a value that permits acceleration 
of the motor, and the continuous limit should be set to a value that protects the motor. In 
both cases, remember that when the limits are reached, changes in the reference inputs 
will not change the current to the load, in other words, the system has now gone into non-
linear operation. For this reason, these limits should be set slightly above the normal 
operating range of the system, and are used to protect the mechanical parts, and the motor 
winding. 

Overcurrent 
This signal will be logic HI (+5V in series with 1kΩ) if an output short-circuit, or 
heatplate over-temperature condition has occurred. When true, the normal LED will go 
out, and the condition must be reset by either turning power off and back on, or by 
grounding the /Reset input. 

Output Voltage Swing 
The 314 & 315 amplifiers use MOSFET transistors in their output stage. These have no 
inherent 'saturation' voltage like bipolar transistors. Instead, they look like low-value 
resistors in series with the power supply.  

Vout Vbuss Iout= − ×0 18.� � Model 314 

Vout Vbuss Iout= − ×0 12.� � Model 315 
Thus, at the peak output current, the output voltage swing will be the buss voltage, minus 
the IR drop across these resistors: 
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±12VDC Power Outputs 
All internal supply voltages are derived from the high-voltage supply. 
+/-12V outputs are provided for two of these supplies. Up to 10mA can be drawn from 
each output (1200 ohm load minimum). 
Shorting these outputs will not damage the amplifier, but it will shutdown and power will 
have to be cycled OFF and ON again to reset this condition. 

Cooling & Heatsinks 
Both the 314 and 315 can be ordered with optional heatsinks. 
Depending on the mounting conditions, air circulation, and output power these heatsinks 
may be required. 
Forced-air (fan) cooling is required if operation at the maximum continuous current is 
anticipated. At higher ambient temperatures (50°C) forced-air plus heatsink may also be 
required. 
At current-levels below the maximum continuous level, the user must evaluate the 
installation to check that the amplifier chassis temperature remains below the over-
temperature cutoff point (83°C). 
Mounting on flat surfaces, or convection cooling with a heatsink can frequently provide 
adequate cooling. At lower current levels, edgewise mounting with convection cooling 
may be sufficient. 

Heatsink Mounting 
The optional heatsink can be mounted in two positions that orient the cooling fins in the 
direction that give the best cooling. 
In the standard mounting position, the fins are parallel with the front panel of the 
amplifier (the side with the switches and connectors). In this position they will receive the 
best cooling when the amplifier is mounted either vertically on the wall of an enclosure, 
or when the amplifier is mounted on a plate along with fans for forced-air cooling. 
The alternate mounting position orients the fins perpendicular to the front panel. This 
position might be useful if the amplifier is mounted on the floor of an enclosure where it 
would be convection-cooled. 
In either case, the optional mounting feet are recommended when using the heatsink, as 
these support the amplifier with heatsink attached. 

Amplifier Mounting 

Bulkhead Mounting 
The chassis can be mounted to flat surfaces with four #6 screws (provided) that go 
through holes in the amplifier chassis. The mounting surface may provide adequate heat-
sinking, or the amplifier can be ordered with a heatsink (-H option). (See section above 
on cooling) 

Edgewise Mounting 
This mounting position requires the optional mounting feet kit. 
A drilling template is supplied at the back of this manual to assist you in drilling a 
mounting surface to accept these. 
The mounting feet permit the amplifier to be mounted on any of the four side surfaces and 
are compatible with the optional heatsink. 
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Tuning and Adjustments 
Here we describe the basic operation of the trimpots. Next are more detailed sections on 
particular subjects such as tachometer scaling, voltage-gain, and so on. For more detailed 
theory and practice, a list of references is included in the appendix. 
In current mode operation, the amplifier functions as a single-input, single-output 
transducer that converts an input voltage to an output current. Use of a tachometer is 
optional. 
When no tachometer is used, the amplifier is operated in the flat gain mode. This 
configuration gives the maximum bandwidth. When driving motors, it is usually preferred 
over voltage-mode operation because it makes the motor respond faster. A large signal, 
Vref, is sent to the servo preamplifier, so the gain of the servo preamplifier is set to a low 
value. The overall gain of the amplifier is typically Ipeak / 10V, and remains relatively 
constant over the amplifiers bandwidth. 
Using a tachometer means that the servo preamplifier now must amplify the difference 
between the reference input signal, and the signal from the tachometer. Since this is a 
much smaller signal, the servo preamplifier is operated at a much higher gain. This gain 
must also change with frequency, to compensate for the characteristics of the 
motor-tachometer combination. 

Tachometer Scaling 
As delivered, a +/-10V reference signal will drive the motor to a speed at which the 
tachometer produces a -/+10V signal, regardless of RPM. Tachometer scaling refers to 
the adjustment of the Tach Gain trimpot so that a particular signal at the reference inputs 
will drive a motor to a particular RPM. Before you begin, you must know the RPM of the 
motor when your control system is delivering its' maximum signal to the amplifier. In 
addition, you must know the voltage coefficient of the tachometer (usually in volts per 
thousand RPM or V/KRPM) and the amplitude of the signal the control system puts out at 
maximum. 
Adjust the Tach Gain  trimpot so that the motor speed matches the desired RPM that your 
control system is demanding. Once this is complete, adjust the feedback trimpot until 
tachometer oscillation begins (the motor will emit a high-pitched squeal, or noise). When 
you reach this point, back off the trimpot until the squealing stops, and then a little more. 
This point will be the maximum gain at which that the servo preamplifier can be set. Next, 
apply a step-signal to the inputs and adjust the Feedback pot further to give the best step-
response without overshoot. 

Voltage-Mode Gain 
A voltage-sensing circuit attenuates the amplifier's output voltage by a factor of 25. This 
voltage is then fed-back into the Tach input. Setting the voltage-gain then is similar to 
setting-up a system with a tachometer. 
Notice the similarities between the circuit below, and the one shown above for a 
tachometer-feedback system: 

REF
INPUTS TO

PWM 
STAGE

SERVO
PREAMP

X1
GAIN

-

+

1
25

Vout
Tach Gain Trimpot

49.9K

49.9K
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IR-Comp 

Setup Procedure 
Two methods are presented here. Use the one that seems to be the most appropriate to 
your installation, and equipment available. 

First, remember that IR-comp is used in the voltage mode. Set the DIP switch as follows: 

S1,2 : set for motor inductance 
S3,7 ON (voltage feedback and IR comp enabled). 
S4,5,6 OFF (alt comp, low gain, and flat gain OFF). 

Next set the trimpots as follows: 

Ref gain pot =  Max CW ; Maximum Ref gain 
Feedback pot  = Max CCW ; Minimum loop gain 
Tach gain pot  = Max CW ; Lowest voltage gain 
IR Comp pot  = Max CW ; Zero IR comp 
Peak I Limit pot  = Max CW ; Maximum current 
Cont I Limit pot  = Max CW ; Maximum current 
Balance pot  = Centered ; Minimum offset 

Static Setup Method 
Equipment required: Voltmeter, DC source (A 1.5V battery and a switch will do) 

 
1. Adjust the Feedback pot CCW until oscillation appears (squealing sound). Turn pot 2 turns CW. 

Oscillation should cease. 
2. Find motor armature resistance from datasheet. Add to this the motor brush resistance to find 

total resistance seen by amplifier. 
3. Adjust Reference voltage for a test current that is about 20% of full value. Check current 

monitor to confirm this current. I.e., the current monitor shows 6.0V at amplifier peak current. 
Adjust Vref for a monitor output of 1 volt. 

4. Compute the test current as follows: 

Iarm Vmon Ipeak
V

= ×
6

 

Iarm = Motor armature current 

Vmonitor =  Current monitor voltage 
Ipeak =  Amplifier peak current rating 

5. .Lock the motor shaft to prevent rotation, and with the test current flowing through the load, 
adjust the IR Comp pot (R51) such that the output voltage increases by an amount Vdiff: 
Vdiff = Iarm X Rarm ( Output voltage increase ) 
  Iarm  = Armature current 
  Rarm  = Armature resistance 

6. Monitor the motor for overheating while performing this procedure. Apply the test voltage in an 
on-adjust-off fashion. Note that the motor must be stationary while making this adjustment. 
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Dynamic Setup Method 
Equipment required: Oscilloscope, signal generator (square wave, 1 Hz.) 

 
1. Adjust the Feedback pot CCW until oscillation appears (squealing sound). Turn pot 2 turns 

CW. Oscillation should cease. 
2. Apply square wave to Reference voltage inputs. Monitor current monitor test point (TP2) with 

oscilloscope. 
3. Adjust IR comp pot (R51) CCW while monitoring waveform on the oscilloscope. 
4. Response time of current to square wave should gradually decrease. Stop turning R51 when 

waveform begins to show  overshoot. 
 

Notes on IR Compensation 
IR compensation works as a form of positive feedback that increases the amplifier output 
voltage to compensate for the voltage lost across the motors' internal resistance. If this 
compensation is increased too much, the system will oscillate. Correct compensation will 
be found as the point where the motor load can be increased, and the motor speed will be 
maintained at a relatively constant value. If motor speed increases when a load is applied, 
there is too much IR comp, and R51 should be turned CW until speed remains constant 
under load. On the other hand, if motor speed decreases too much under load, turn R51 
more CCW until speed is held constant. 
 
If you are in a situation where you cannot apply either of the two methods described 
above, you can still adjust IR comp relatively well by simply setting the pots as described 
above, and then turning R51 (IR comp) gradually CCW while operating the motor under 
changing load conditions. By noting that IR comp is too much, or too little you can find a 
setting that compensates best without oscillation and overshoot, or slowing down under 
load. 
 
If you have to change the speed of the motor in response to the reference voltage (i.e., the 
voltage-gain) this is done by setting R31 (Voltage feedback pot) with R51 at the fully CW 
setting. Once the speed is set correctly, begin adjusting R51 (IR comp) to its best setting. 
These two pots will interact, so it is important to set the speed first, and then adjust the IR 
comp pot next 
 
When adjustment is complete, continue to cycle the motor under varying load conditions 
to confirm the pot settings under all of the anticipated load conditions. 



314,315 AMPLIFIER USER GUIDE 
 

 

22 

Appendix 

Connector Part Numbers 
Here are the Copley Controls Corp.(CCC), and Molex part numbers for the signal 
connector used with the 315 amplifier: 
86-0011 P1 Connector Kit (15-pin signal connector) 

P1 connector kit (housing + pins) 
CCC No. 86-0011 

P1 connector housing 
CCC No. 47-0006 (Molex 22-01-2157) 

P1 connector contacts 
CCC No. 46-0000 (Molex 08-50-0114, crimp-tool 11-01-0037) 

References 
1. Electrocraft Corp., DC Motors, Speed Controls, Servo Systems, ( Electrocraft Corp., 

1980) 
2. Benjamin C. Kuo, Automatic Control Systems, (Englewood Cliffs, NJ:  Prentice-

Hall, Inc., 1982) 
3. Jacob Tal, Motion Control Applications, (Palo Alto, CA: Galil Motion Control, 

1989) 
4. Richard C. Dorf, Modern Control Systems, (Reading, MA: Addison-Wesley 

Publishing Company, 1980) 
5. Richard W. Miller, Servomechanisms: Devices & Fundamentals, (Preston, 1977) 

Standard  Power Supplies 
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Ordering Guide 
Model 314 160V @ 20A peak 10A continuous 
Model 315 160V @ 30A peak 15A continuous 
 

Examples: 
Model 315 315 amplifier with no mounting feet or heatsink. 
Model 314C 314 amplifier with standup mounting kit included. 
Model 315CH 315 amplifier with heatsink attached in standard mounting position and 

mounting feet kit included. 

Custom Mounting Configurations 
Consult factory for plate-mounted subsystems which incorporate multiple amplifiers, 

regenerative energy dissipaters, rectifiers, and filter capacitors 

Connectors and Mounting Hardware Part Numbers 
86-0013 Flat plate mounting kit 
86-0012 Standup mounting kit (Mounting feet and hardware) 
97-0027 Drilling guide drawing 

Model XXX  X X

Amplifier

Mounting
Feet

Heatsink
314
315 (Blank) No Heatsink

H, Heatsink in standard mounting position

(Blank) No mounting feet
C, Mounting feet kit supplied (User attaches feet)

HA, Heatsink in alternate mounting position
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Component Header 

Header Component Functions 
RH1 : Tachometer lead network resistor 
CH2 : Tachometer lead network capacitor 
RH3 : Tachometer scaling 
RH4 : Auxiliary input lead network resistor 
CH5 : Auxiliary input lead network capacitor 
RH6 : Auxiliary input scaling resistor 
CH7 : Preamp high frequency break capacitor 
RH8 : Preamp mid-frequency gain setting 
CH9 : Preamp low frequency pole, mid frequency zero 
RH10 : Preamp low frequency gain setting 
RH11 : Ref gain scaling 

Additional information about the function of these components will be found in other sections of the manual. 

111

12 22

RH1
CH2

RH3
RH4

CH5
RH6

CH7
RH8

CH9
RH10

RH11

HEADER LOCATION
(COVER REMOVED)

P1

P2

NOTES:
1. COMPONENTS IN DOTTED LINES ARE NOT INSTALLED AT FACTORY
2. FACTORY INSTALLED COMPONENTS ARE: RH3 : 49.9 K

RH6 : 49.9 K
CH7 : 330 PF
RH8 : 499 K
CH9 : 10 NF
RH10 : 10 MEG
RH11 : 49.9 K
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