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Figure 6 – Controller-based commutation 

 
1.3 Amplifier Modes 
 
Servo amplifiers can operate in most of the following modes:  

 

AMPLIFIER MODE CONTROLLED VARIABLE FEEDBACK SOURCE 

Open-Loop Mode Motor voltage Duty cycle (internal) 

Voltage Mode Motor voltage Voltage (internal) 

IR Compensation Mode Motor voltage Voltage and current (internal) 

Tachometer Velocity Mode Tachometer 

Hall Velocity Mode Hall sensors 

Encoder Velocity Mode 

Motor speed 

Encoder 

Current (torque) Mode Motor current Current (internal) 

Analog Position Mode Motor position Potentiometer 

 

The “controlled variable” means the physical parameter controlled by the input reference signal (+/-10 VDC). 
 
• Open-Loop Mode 
 
In this mode the input reference signal commands a proportional motor voltage (by changing the duty cycle of the output 
power stage).  This mode is not a closed loop configuration (unlike the other modes described); therefore the average 
output voltage is also a function of the power-supply voltage. 
 
• Voltage Mode 
 
In voltage mode the input reference signal commands a proportional motor voltage regardless of power supply voltage 
variations.  This mode is recommended for velocity control when velocity feedback is unavailable and load variances are 
small. 
 
• IR Compensation Mode 
 
If in voltage mode there is a load torque variation, the motor current will also vary, as torque is proportional to motor 
current.  Hence, the motor terminal voltage will be reduced by the voltage drop over the motor winding resistance (IR), 
resulting in a speed reduction.  Thus, motor speed - which is proportional to motor voltage (terminal voltage minus IR 
drop) - varies with the load torque. 

Analog reference 
signals

FeedbackPosition and commutation feedback

Motor currents

Controller:
Position control
Velocity control
Commutation control

Amplifier Motor
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In order to compensate for the internal motor voltage drop, a voltage proportional to motor current can be added to the 
output voltage.  An internal resistor adjusts the amount of compensation. Use caution when adjusting the IR 
compensation level.  If the feedback voltage is high enough to cause a rise in motor voltage with increased motor current, 
instability occurs.  Such result is due to the fact that increased voltage increases motor speed and thus load current which, 
in turn, increases motor voltage.  If a great deal of motor torque change is anticipated, it may be wise to consider the 
addition of a speed sensor to the motor (e.g. tachometer, encoder, etc.). 
 
• Tachometer Velocity Mode 
 
The addition of a DC tachometer to the motor shaft produces a voltage proportional to speed.  With this addition, the 
tachometer output voltage replaces the motor terminal voltage as the controlled variable.  Since this voltage is 
proportional to the motor speed this operating mode controls motor speed in a closed loop fashion. 
 
• Hall Velocity Mode 
 
The frequency of Hall sensors is proportional to the motor speed.  In most brushless amplifiers an internal circuit decodes 
velocity information from the motor mounted Hall sensors.  This analog signal is available for closed loop velocity control. 
This mode does not provide good velocity control at low speeds (below 300 rpm for a 6-pole motor, 600 rpm for a 4-pole 
motor, or 900 rpm for a 2-pole motor) since the resolution of Hall sensor signals is not very high. 
 
• Encoder Velocity Mode 
 
The frequency of a motor mounted encoder is proportional to the motor speed.  An internal circuit can decode velocity 
information from such encoder feedback.  This analog signal is available for closed loop velocity control.  Since the 
resolution of an encoder is much higher than that of Hall effect sensors, much better low speed regulation can be 
obtained. 
 
• Current (or Torque) Mode 
 
The current mode produces a torque output from the motor proportional to the input reference signal.  Motor output torque 
is proportional to the motor current.  Torque mode is recommended if the servo amplifier is used with a digital position 
controller (under this condition, a movement of the motor shaft from the desired position causes a large correcting torque, 
or "stiffness").  Therefore, this mode may produce a "run away" condition if operated without a digital position controller. 
 
• Analog Position  Mode 
 
In this mode the feedback device is an analog potentiometer mechanically tied to the positioned object, thus providing 
position feedback.  The wiper of the potentiometer is connected to one of the differential input terminals (-REF).  The 
command is an analog signal, which is connected to the other differential input terminal (+REF).  It is recommended to 
use a tachometer to close the velocity loop.  With amplifiers from Advanced Motion Controls, the input reference gain can 
be increased for the analog position mode by ordering the -ANP extension.  Example: 12A8X-ANP.  The following figure is 
a typical wiring diagram of the analog position mode: 

 
Figure 7 – Analog Position Loop Mode 
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2.  COMPONENT SELECTION 
 
2.1 Motor Type 
 
The type of motor used depends on the application characteristics.  Brushed DC motors are cost-effective, simple to use 
and install and provide high power density.  Drawbacks are brush wear and arcing (explosive environments).  Brushless 
motors provide the same advantages as brushed DC motors.  In addition, the absence of brushes reduces maintenance 
and allows them to be used in any type of environment.  Brushless motors may require more wiring due to the 
commutation feedback requirements.  
 
Motor voltage and current requirements are determined based on the maximum required torque and velocity.  These 
requirements can be derived from the application move profiles.  Both maximum torque and RMS (Root Mean Square) 
torque need to be calculated.  RMS torque can be calculated by plotting torque versus time for one move cycle. 
 

 

 
Figure 8 – Torque, velocity and power curves 

 
RMS torque is calculated as follows: 

 
Here Ti is the torque and ti the time during segment i.  In the case of a vertical application make sure to include the 
torque required to overcome gravity.  In general, the motor voltage is proportional to the motor speed and the motor 
current is proportional to the motor shaft torque.  Linear motors exhibit the same behavior except that in their case force is 
proportional to current.  These relationships are described by the following equations: 
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Vt = Im * Rm + E 
E = Ke * Sm 
T  = Kt * Im  for rotary motors or 
F  = Kf * Im for linear motors 

 
With: 

Vt  Terminal Voltage [V] 
Im  Motor Current [A] 
Rm  Motor Winding Resistance [Ω] 
E Back-EMF Voltage [V] 
T   Motor Torque [Nm or lb.-in] 
F  Motor Force [N or lb.] 
Kt  Motor Torque Constant [Nm/A or lb.-in/A] 
Kf  Motor Force Constant [N/A or lb./A] 
Ke  Voltage Constant [V/Krpm or V/m/s] 
Sm  Motor Speed [rpm or m/s] 
 

The motor manufacturer's data sheets contain Kt (or Kf) and Ke constants.  Pay special attention to the units used (metric 
vs. English) and the amplitude specifications (peak-to-peak vs. RMS, phase-to-phase vs. phase-to-neutral). 
 
The maximum motor terminal voltage and current can be calculated from the above equations.  For example, a motor with 
a Ke = 10V/Krpm and required speed of 3000 rpm would require 30V to operate.  In this calculation the IR term (voltage 
drop across motor winding resistance) is disregarded. 
 
Maximum current is maximum torque divided by Kt.  For example, a motor with a Kt = 0.5 Nm/A and maximum torque of 5 
Nm would require 10 Amps of current.  Continuous current is RMS torque divided by Kt. 
 
In the above equations the motor inductance is neglected.  In brushless systems the voltage drop caused by the motor 
inductance can be significant.  This is the case in high-speed applications if motors with high inductance and high pole 
count are used.  Please use the following equation to determine motor terminal voltage (must be interpreted as a vector): 
 

 Vt = (Rm + j * ω * L) * Im  + E 
 
Where:  L phase-to-phase motor inductance [Henry] 
  ω maximum motor current frequency [rad/s] 
 
 
2.2 Amplifier 
 
The amplifier voltage and current ratings are determined from the maximum voltage and the maximum and continuous 
motor current.  It is recommended to select an amplifier with a voltage rating of at least 20% higher than the maximum 
voltage to allow for regenerative operation and power supply variations.  The amplifier peak (and continuous) current 
rating should exceed the maximum (and continuous) motor current requirements. 
 
2.3 Power Supply 
 
It is recommended to select a power supply voltage that is about 10 to 50% higher than the maximum required voltage for 
the application.  This percentage is to account for the variances in Kt, Ke and losses in the system external to the amplifier. 
The selected margin depends on the system parameter variations.  Sometimes a power supply is not available with the 
required voltage.  In these cases it is necessary to choose a higher value.  Make sure not to select a supply voltage that 
could cause a mechanical over-speed in the event of an amplifier malfunction or a runaway condition.  Caution: brushed 
motors may have voltage limitations due to the mechanical commutators.  Consult the motor manufacturer’s data sheets. 
 
The average DC power supply current is not the same as the motor current!  See Figure 9 below. 
 
The power supply current is a pulsed DC current: when the MOSFET switch is on, it equals the motor current; when the 
MOSFET is off it is zero.  Therefore, the power supply current is a function of the PWM duty-cycle and the motor current, 
e.g. 30% duty cycle and 12 Amps motor current will result in 4 amps power supply current.  30% duty cycle also means 
that the average motor voltage is 30% of the DC bus voltage.  Power supply power is approximately equal to amplifier 
output power plus 3 to 5%. 
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Figure 10-Four-quadrant operation 

 

 
 

 
Figure 9 – Unregulated power supply current 

 
 
 
2.4 Four-Quadrant Regenerative Operation 
 
During motor deceleration or a downward motion of the motor 
load, conversion of the system’s mechanical energy (kinetic 
and potential) will be regenerated via the servo amplifier or 
drive back onto the supply bus in the form of electrical energy.   
 
This regenerative process can charge the capacitor in the 
supply bus to potentially dangerous voltages or voltages that 
may cause an amplifier over-voltage shutdown condition. 
Consequently, power supplies should have sufficient 
capacitance to absorb this energy without causing an over-
voltage fault.  For applications with extremely large inertial 
loads, use of a "shunt regulator" may be necessary to dissipate 
the kinetic and potential energy of the load.  The shunt 
regulator is connected to the DC bus to monitor the voltage.  
When a preset trip voltage is reached, a power resistor R is 
connected across the DC bus by the shunt regulator circuit to 
discharge the bus capacitor.  The electric energy, stored in the 
capacitor, is thereby transformed into heat (I2R). 
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The amount of energy stored on the bus can be determined through a simple energy balance equation.  
 

EO=Ef 
 

These energy terms can be broken down into the approximate mechanical and electrical terms.  Note: use the metric (kg-
m-s) system of units for calculation.  
 
Energy stored in a capacitor:  
 

2
2
1 CVEc =  

 
Rotational mechanical energy (kinetic): 
 

2
2
1 ωJEr =  

 
Potential mechanical energy (gravity):  
 

mghE p =  

During regeneration the kinetic and potential energy will be stored in the power supply’s capacitor.  To determine the final 
bus voltage following a regenerative event, the following equation may be used for most requirements (see below for 
variable definitions):  
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Which simplifies to: 
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The above equations are best suited for typical systems during the deceleration (braking).  The following equations are 
more suited for vertical applications (see below for variable definitions):  
 
Determination of bus voltage using numerical integration: 

In order to determine the bus voltage as a function of time, the above equation can be numerically integrated over 
small increments of time (dt).  Keep in mind, however, that any current draw on the voltage supply will reduce the total 
energy as: 

 dtVIdEdEdEdE drawprctot +++=  

Or, for small increments of time, dt: 
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Where: 

 dttt += 12  

Variables: 

E Energy   (joules) 
C Capacitance  (F) 
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V Voltage  (V) 
L Inductance (H) 
I Current  (A) 
J Inertia  (kg-m2) 
ω Angular  (rad/sec) 
 velocity 
m Mass  (kg) 
v Linear velocity (m/s) 
g Gravitational (9.81m/s2) 
 Acceleration 
h Vertical height (m) 
t time  (sec) 
 
Subscripts: 

0  Initial state 
f Final state 
t1 State at time t1 
t2 State at time t2 
nom Nominal 
 
The new bus voltage calculated using either set of equations must be below the power supply capacitance voltage rating 
and the over-voltage limit.  If this is not the case, a shunt regulator is necessary.  A shunt regulator is sized in the same 
way as a motor or amplifier i.e. continuous and RMS power dissipation must be determined.  The power dissipation 
requirements can be calculated from the application move profile (see Figure 8).
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PS300W SERIES POWER SUPPLIES

FEATURES:

• Multiple primary windings:
either 120 VAC or 240 VAC,
50/60 Hz operation

• 24 VDC secondary output
winding taps

• Low cost
• Agency approvals:

BLOCK DIAGRAM:

 ADVANCED MOTION CONTROLS
3629 Vista Mercado, Camarillo, CA 93012 Tel: (805) 389-1935,  Fax: (805) 389-1165
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DESCRIPTION:  The PS300W Series unregulated power supplies have been designed to complement ADVANCED
MOTION CONTROLS' servo amplifiers and to provide the user with a complete solution to single and multi-axes DC
drive applications.  These unregulated DC power sources are an excellent solution for most applications as
ADVANCED MOTION CONTROLS' servo amplifiers compensate for power supply output variations and AC ripple
components.  PS300W Series power supplies are designed to provide the best cost-per-watt value.  They have
multiple primary windings for 120VAC and 240VAC, 50/60 Hz operation.  These power supplies feature four identical
secondary windings that can be connected in series or in parallel for different output voltages and currents.  

MODEL

 MECHANICAL SPECIFICATIONS PS300W

 AC INPUT CONNECTOR * AC cord supplied

 DC OUTPUT CONNECTOR  Flying Leads

 SIZE 8.60 x 4.05 x 5.63* inches 
218.4 x 102.9 x 142.9* mm 

 WEIGHT 10 lb.
4.53 Kg.

*Power cord not available with 240 VAC input.

ORDERING INFORMATION:

AMC PART NUMBER

Input Voltage
(240VAC)

Input voltage
(120VAC)

Output Voltage
(VDC)

Nominal Output
Current (Amps)

PS300H24 PS300W24 24 12

PS300H48 PS300W48 48 6

PS300H72 PS300W72 72 3

PS300H96 PS300W96 96 3

- PS300W170 170 15

*Worst case height dimension. Height varies based on output voltage.  See mounting dimensions for additional
details.  

MOUNTING DIMENSIONS:  See page F-22.
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MODEL GDA23DBB-M200B 
BRUSHLESS MOTOR 

DIAGRAM AND TECHNICAL 
SPECIFICATION 





 
 
 
 
 
 
 
 

ANGLE SENSOR 
DESCRIPTION AND TECHNICAL 

SPECIFICATION 



Non-Contacting
Angle Sensors 

RSC2800-600 Series

Special features
• non-contacting, magnetic
• angle ranges available from 30°
to full 360° in 10° steps
• available with push-on coupling
or marked shaft
• simple mounting
• protection class IP 54 or IP 65 
• long life 
• 5 V-Variant fulfills e1-Standard 
• internal resolution 14-bit, 
output resolution 12-bit
• accuracy to ±1°

The RSC2800 non-contacting
sensor utilizes the orientation 
of a magnetic field for the
determination of the measure-
ment angle. A magnet is attached
to the sensor shaft, while the
magnetic field orientation is
captured with an integrated
circuit. An analog output signal
represents the calculated angle. 

The housing is made of a special
high grade temperature-resistant
plastic material. Elongated slots
allow easy mounting.

The special backlash-free push-
on coupling ensures extremely
quick and simple installation. 
The transducer is not sensitive to
either dirt or dampness. 

Electrical connections are made
via a shielded cable with 4 lead
wires which is sealed into the
housing.



Mechanical Data

Dimensions see dimension drawing

Mounting 2 M4 fillister-head screws and washer

Mechanical travel 360, continuous °

Permitted shaft loading
(axial and radial)
static or dynamic force 20 N

Torque 0.5 (IP 65) 0.15 (IP 54) Ncm 

Maximum operational speed 120 RPM

Weight approx. 50 g

Electrical Data

Power supply voltage Ub 5 ±0.5 VDC
24 ±6 VDC

Ripple Ub = 5 V -> no ripple definable in case
of ratiometric output 
Ub = 24 V/ Output 0...10 V        ≤ 20 %
Ub = 24 V/ Output 0/4...20 mA ≤ 20 %

No-load supply current Ub = 5 V                                  typ. 15 mA
Ub = 24 V/ Output 0...10 V        typ. 20 mA
Ub = 24 V/ Output 0/4...20 A     typ. 20 mA

Protected against wrong polarity Ub = 5 V  no
Ub = 24 V yes

Short circuit protection yes

Measurement range 0...30 up to 0...360 (10° steps) °

Repeatability  ≤ 0.1 of signal range %

Accuracy up to ±1 °

Output signals 5.5...94.5% Ub
(ratiometric of supply voltage 5 V ±0.5 V)    V
load ≥ 470 kΩ
0...10 V (supply voltage 24 V ±6 V) V
load ≥ 20 kΩ
0/4...20 (supply voltage 24 ±6 V, 
load 0...500 Ω)   mA

TC of output signal ≤ 100 ppm/K

RH of output signal ≤ 50                                           ppm/%

Insulation resistance (500 VDC, 1 bar, 2s) ≥ 10 MΩ

Conductor length, bare, tinned approx. 1000 mm

Conductor diameter 0.14 (AWG 25) mm2

Environmental Data

Temperature range -40...+125 (supply voltage 5 V) °C
-40...+85 (supply voltage 24 V) °C

Vibration 5...2000 Hz
Amax = 0.75     mm
amax = 20    g

Life                                                         > 50 million (mechanical) movem.

Protection class DIN 40050 / IEC 529         IP 54 or IP 65 

Non-Contacting
Angle Sensors

RSC2800-600 Series



Recommended accessories
Process-controlled indicators
MAP...with display

Ordering specifications

Novotechnik U.S., Inc.
155 Northboro Road
Southborough, MA 01772

Phone: 508-485-2244
Fax: 508-485-2430
Email: info@novotechnik.com

Subject to changes
© May 2006
Novotechnik U.S., Inc. All rights reserved.

Operating voltage (Ub)
1 Optional: 24 VDC (18 VDC...30 VDC)
2 Standard: 5 VDC (4.5 VDC...5.5 VDC)

SR C 82 0 1 6 3 6 12 1 02 1

Output signal at 24 VDC supply (Ub1)
1 Standard: 0 VDC...10 VDC (only Ub1)
2 Optional: 4 mA...20 mA

Output signal at 5 VDC supply (Ub2)
1 Standard: 5%...95% of Ub2 
2 Optional: 10%...90% of Ub2 

Output characteristics
1 Standard: Positive gradient CW

Electrical connections
201 NT standard cable 4 braids 1 m

Sensor concept
6 Standard: Hall

Electrical angle
10 Option: electrical angle 0°...100°
18 Option: electrical angle 0°...180°
36 Standard: electrical angle 0°...360°

Mech. specifications
2801 6 mm shaft, IP 54
2821 Push-on coupl. IP 54
2831 6 mm shaft, IP 65
2841 Push-on coupl. IP 65

Series



Description

Case high-grade, temperature-resistant plastic

Shaft stainless steel

Bearings glide bearing

Electrical connections shielded cable with lead wires, AWG 25

Cable

Ground brown

Supply voltage green

Current signal white (ver. 121)

Voltage signal yellow (ver. 111 or 241)

Connect shield of connecting cable to ground.

Novotechnik U.S., Inc.
155 Northboro Road
Southborough, MA 01772

Phone: 508-485-2244
Fax: 508-485-2430
Email: info@novotechnik.com

Subject to changes
© May 2006
Novotechnik U.S., Inc. All rights reserved.



 
 
 
 
 
 
 
 

MODEL SR2310 
INSTRUMENT SLIP RING DIAGRAM 
AND TECHNICAL SPECIFICATION 





 
 
 
 
 
 
 
 

MODEL SR2035 
POWER SLIPRING DIAGRAM AND 

TECHNICAL SPECIFICATION 








