






 
Figure  3-22: CANopen Connection Diagram 

 
 

Caution: 
When installing CANopen 

communications, ensure that 

each servo drive is allocated 

a unique ID. Otherwise, the 

CANopen network may hang. 
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3.13 Powering Up 

After the cables have been connected to their devices, the Trio is ready to be powered up. 
 
  

  
 

 

Caution: 
1. Before applying power, ensure that the AC/DC supply are both isolated and 

within the specified range.  
2. When using a DC supply, ensure that the proper plus-minus connections are 

in order. 

3.14 Initializing the System 

After the Trio has been connected and mounted, the system must be set up and initialized. 
This is accomplished using the Composer, Elmo’s Windows-based software application. 
Install the application and then perform setup and initialization according to the directions 
in the Composer Software Manual. 
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Appendix A: Technical Specifications 

A.1 Features  

• Operating power 

o AC power supply: 8.5 - 62 VAC source 

• DC BUS  

o Rectified AC voltage: 12 – 88 VDC 

• Control supply 

o A separate DC power supply serves as both the auxiliary 
supply and the backup supply (Option) 

• Operating modes 

o Current, velocity and position 

• Commutation alternatives 

o Sinusoidal vector control 

o Trapezoidal 

o DC brush 

• Feedback alternatives 

o Incremental encoder + digital Halls 

o Incremental encoder only 

o Digital Halls 

o Resolver 

o Sin/Cos 

o Analog Halls 

o Tacho 

o Potentiometer 

• Communication 

o Simultaneous operation of RS-232 and CANopen DS 402 
User programming 

• User Programming 

o Third-generation programming environment (language and 
Elmo Studio) 

• Encoder Inputs 

o One 
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• Event capturing inputs 

• Event triggered programming structure 

• Analog inputs 

o 1 differential inputs with 12-bit resolution 

• Enable input, limit switches and emergency stop handling 

• Smart multi-purpose inputs 

o Programmable as Enable, Forward and  Reverse Limit 
Switches, Home, Capture 

• Uncommitted programmable inputs 

o 6 inputs sharing one single common 

• Uncommitted, programmable outputs 

o 2 separated outputs 

• Storage memory 

o Large, non-volatile storage of controller parameters and user 
programs 

• Setup, startup and tuning software 

o Windows-based Composer 

• Automatic analysis of kinematics 

• Status indication 

o Bi-color LED 

• Automatic procedures 

o Commutation alignment 
o Phase sequencing 
o Current loop offset adjustment 
o Current loop gain tuning 
o Current gain scheduling 
o Velocity loop offset adjustment 
o Velocity gain tuning 
o Velocity gain scheduling 
o Position gain tuning 

• Motion modes 

o Point-to-point (PTP) 

o Jogging 

o Position-Velocity-Time (PVT) 

o Position-Time (PT) 

o Pulse-and-direction 
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A.2 Built-In Protection 

• Software error handling 

o Software-based 

• Status reporting 

o Available for a large number of fault conditions 

• Protection against: 

o Short circuit between motor power outputs 

o Short circuit between each motor power output and DC bus 
return 

o Failure of internal power supply 

o Heatsink over-temperature 

o Under/over voltage 

o Loss of commutation signals 

o Loss of velocity feedback 

o “Bad” commutation 

o Communication error 
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A.3 Trio Dimensions 
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A.4 Power Ratings  

Feature Unit 1/60 2.5/60 5/60 10/60 1/100 2.5/100 5/100 10/100 

Minimum supply voltage VAC 5.5 8.5 

Nominal supply voltage VAC 34 60 

Maximum supply voltage VDC 48 88 

Max. output power from 
the drive without heatsink W 50 120 240 480 75 180 400 500 

Efficiency at rate power % > 99 

Output Voltage % > 95% of supply VDC at f=22 kHz 

DC  and Trapezoidal 
Commutation Continuous 
Current Limit (Ic) 

A 1 2.5 5 10 1 2.5 5 10 

Sinusoidal Commutation 
Continuous RMS Current 
Limit (Ic) 

A 0.7 1.8 3.6 7 0.7 1.8 3.6 7 

Peak current limit (RMS) A 2 x Ic 

PWM Switching 
Frequency kHz 22 +/-5% default on the motor 

Switching Method Advanced Unipolar PWM 
Digital In/Digital Out /Analog 
In 6 / 2 / 1 

 Note: 

 Current rating: The current ratings of the Trio are given in units of DC 
Amperes (ratings that are used for trapezoidal commutation or DC 
motors). The RMS (sinusoidal commutation) value is the DC value 
divided by 1.41. 
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A.5 Control Specifications 

A.5.1 Current Loop 

Feature Details 

Controller type Vector, digital 

Current sampling time 70 - 100 μsec 

Current loop bandwidth 1400 - 2500 Hz 

Compensation for bus voltage 
variations 

Gain scheduling 

Motor types  AC brushless (sinusoidal) 
 DC brushless (trapezoidal) 
 DC brush 

Current control  Fully digital 
 Sinusoidal with vector control 
 Programmable PI control filter based on a pair of 

PI controls of AC current signals and constant 
power at high speed 

Current loop step 
response 
(including settling 
time) 

300 - 400 μsec 

Current rise time 150 - 200 μsec 
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A.5.2 Velocity Loop 

Feature Details 

Controller type PI 

Speed sampling time 140 - 200 μsec ( x2 current loop sample time) 

Velocity loop bandwidth  

Velocity control  Fully digital 
 Programmable PI and FFW 

control filters 
 On-the-fly gain scheduling 
 Automatic, manual and 

advanced manual tuning 

Velocity and position feedback 
options 

 Incremental encoder + digital 
Halls 

 Incremental encoder only 
 Digital Halls 
 Resolver 
 Sin/Cos 
 Analog Halls 
 Tacho 
 Potentiometer 

Note: With all feedback options, 1/T with 
automatic mode switching is activated (gap, 
frequency and derivative). 

Velocity command options  Analog 
 Internally calculated by either 

jogging or step 

Note: All software-calculated profiles support 
on-the-fly changes. 

A.5.3 Position Loop 

Feature Details 

Controller type 124 PIP 

Position sampling time 280 - 400 μsec ( x 4 current loop sample time) 

Analog input command 
resolution 

12-bit inputs 

PWM resolution 12-bit 

PWM switching frequency on  
the load 

2/ Ts (factory default 22 kHz on the motor) 

Control inputs PLC or +5V level  
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A.6 Feedbacks 

A.6.1 Incremental Encoder 

Feature Details 

Encoder format  A, B and Index 
 Differential 
 Quadrature 

Interface:  RS-422 

Input resistance: Differential: 120 Ω 

Maximum incremental encoder 
frequency: 

Maximum absolute: 5 MHz single, 
20 MHz quadrature  

Minimum quadrature input 
period (PIN) 

112 nsec  

Minimum quadrature input 
high/low period (PHL) 

56 nsec  

Minimum quadrature phase 
period (PPH) 

28 nsec  

Maximum encoder input voltage 
range 

Common mode: ±7 V 
Differential mode: ±7 V 

A.6.2    Feedback Supply Voltage 

Feature Details 

Encoder/Hall supply voltage 5 V +5% 

Maximum encoder supply current  200 mA (For the main encoder only)  
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A.6.3 Digital Halls 

Feature Details 

Halls inputs  HA, HB, HC. 
 Single ended inputs 
 Built in hysteresis for noise immunity. 

Input voltage Nominal operating range: 0 V < VIn_Hall < 5 V 
Maximum absolute: -1 V < VIn_Hall < 15 V  
High level input voltage: V InHigh > 2.5 V 
Low level input voltage: V InLow < 1 V  

Input current Sink current (when input pulled to the 
common): 3 mA 

Source current: 1.5 mA (designed to also 
support open collector Halls)  

Maximum frequency fMAX : 2 kHz 

A.6.4 Interpolated Analog Encoder (Sine/Cosine) 

Feature Details 

Analog encoder format Sine and Cosine signals 

Analog input signal level   Offset voltage: 2.2 V – 2.8 V 
      Differential, 1 V peak to peak 

Input resistance Differential 120 Ω 

Maximum analog signal frequency fMAX : 250 kHz 

Interpolation multipliers Programmable: x4 to x4096 

Maximum “counts” frequency 80 mega-counts/sec "internally" 

Automatic errors correction Signal amplitudes mismatch  

Signal phase shift 

Signal offsets 
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A.6.5 Resolver 

Feature Details 

Resolver format  Sine/Cosine 
 Differential 

Input resistance Differential 2.49 kΩ 

Resolution Programmable: 10 ~ 15 bits 

Maximum electrical frequency  (RPS) 512 revolutions/sec 

Resolver transfer ratio 0.5 

Reference frequency 1/Ts (Ts = sample time in seconds)  

Reference voltage Supplied by the Whistle 

Reference current Up to ±50 mA 

A.6.6 Tachometer* 

Feature Details 

Tachometer format Differential 

Maximum operating differential 
voltage for TAC1+, TAC1- 

±20 V 

Maximum absolute differential input 
voltage for TAC1+, TAC1- 

±25 V 

Maximum operating differential 
voltage for TAC2+, TAC2- 

±50 V 

Maximum absolute differential input 
voltage for TAC2+, TAC2- 

±60 V 

Input resistance for TAC1+, TAC1- 46 kΩ 

Input resistance for TAC2+, TAC2- 100 kΩ 

Resolution 14 bit 

* Only one Tachometer port can be used at a time (either TAC1+/TAC1- or TAC2+/TAC2-). 
TAC1+/TAC1- is used in applications with having a Tachometer of less than 20 V.  
TAC2+/TAC2- is used in applications with having a Tachometer of between 20 V and 50 V. 
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A.6.7 Potentiometer 

Feature Details 

Potentiometer Format Single-ended 

Operating Voltage Range 0 ~ 5 V supplied by the Whistle 

Potentiometer Resistance 100 Ω ~ 1 kΩ … above this range, linearity is 
affected detrimentally 

Input Resistance 100 kΩ 

Resolution 14 bit 

A.7 I/Os 

A.7.1 Digital Input Interface 

Feature Details Connector Location 

Type of input  Optically isolated 
 All six inputs share one signal return line 

Input current 
for all inputs  Iin = 2.4 mA @ Vin = 5 V 

High-level 
input voltage 2.5 V < Vin < 10 V, 5 V typical 

Low-level 
input voltage 

 0 V < Vin < 1 V 

Minimum 
pulse width  

> 4 x TS, where TS is sampling time 

Execution time 
(all inputs): 
the time from 
application of 
voltage on 
input until 
execution is 
complete 

If input is set to one of the built-in functions — 
Home, Inhibit, Hard Stop, Soft Stop, Hard and Soft 
Stop, Forward Limit, Reverse Limit or Begin — 
execution is immediate upon detection: 0<T<4xTS 

If input is set to General input, execution depends 
on program. Typical execution time: ≅ 0.5 msec. 

High-speed 
inputs – 5 & 6 
minimum pulse 
width, in high-
speed mode 

T < 5 μsec 

Notes: 
 Home mode is high-speed mode and can be 
used for fast capture and precise homing. 

 High speed input has a digital filter set to same 
value as digital filter (EF) of main encoder. 

 Highest speed is achieved when turning on 
optocouplers. 

 

1.43K

 
Digital Input 

Schematic 

The Default Digital Input Level is 5 V. 24 V Level is also available. 

Trio Installation Guide Technical Specifications 
MAN-TRWIG (Ver. 1.0) 

 

A-11 



A.7.2 Digital Output Interface 

Feature Details Connector Location 

Type of output  Optically isolated 
 Open collector and open emitter 

Maximum supply output 
(Vcc) 

30 V 

Max. output current  
Iout (max)  (Vout = Low) 

Iout (max) ≤ 10 mA 

VOL at maximum output 
voltage (low level) 

Vout (on) ≤ 0.3 V  

RL External resistor RL must be 
selected to limit output current to 
no more than 10 mA. 

(max)Io
VOLVccRL

−
=  

Executable time If output is set to one of the built-
in functions — Home flag, Brake 
or AOK — execution is immediate 
upon detection:  
0 < T < 4 x TS 

If output is set to General output 
and is executed from a program, 
the typical time is approximately 
0.5 msec. 

    

 
Digital Output Schematic 

A.7.3 Analog Inputs 

Feature Details 

Analog input - maximum 
differential mode voltage 

+ 20 V  

Analog input - maximum 
common mode voltage  

+ 10 V  

Input resistance  3.74 kΩ 
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A.8 Mechanical Specifications 

Feature Details 

Mounting  The Trio will be designed for two standard 
mounting options: 

 “Wall Mount” along the back (can 
also be mounted horizontally on a 
metal surface) 

 “Book Shelf” along the side 

 

Overall dimensions 220 x 140 x 30 mm 

Weight  ~ 815 g 

A.9 Environmental Conditions 

Feature Details 

Ambient operating temperature 0 °C to +40 ° C (32 °F to 40 °F) 

Storage temperature -20 °C to +85 °C (-4 °F to 185 °F) 

Humidity 90% maximum non-condensing  

Maximum Operating Altitude 10,000m (30,000 feet) 

Protection level IP20 

A.10 Compliance Standards 

Specification Details 

ISO9001 Quality Assurance 

A.10.1 Design 

Specification Details 

MIL-HDBK- 217F Reliability prediction of electronic equipment 
(rating, de-rating, stress and so on) 

 IPC-D-275 
 IPC-SM-782 
 IPC-CM-770 
 UL508c 
 UL840 

Printed wiring for electronic equipment 
(clearance, creepage, spacing, conductor 
sizing and so on) 

In compliance with VDE0160 -7 Type testing 
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A.10.2 Safety 

Specification Details 

Recognized UL508c Power conversion equipment 

In compliance with UL840 Insulation coordination, including clearance 
and creepage distances of electrical 
equipment  

In compliance with UL60950 Safety of information technology equipment, 
including electrical business equipment 

In compliance with EN60204-1 Low voltage directive, 73/23/EEC 

A.10.3 EMC 

Specification Details 

In compliance with IEC 1800-3,  
Part 3: 1996  
(Adjustable speed electrical 
power-drive systems - EMC 
products standard, including 
specific test methods) 

Electromagnetic compatibility (EMC) 
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Appendix B: Cables (Optional) 

B.1 Cable Photos 

 
Main Feedback: CBL- HDRFB-001 

 

Pulse and Direction: CBL- HDRPD-001 

 

I/O: CBL- HDRIO-001 

 

RS-232 Com.: CBL-RJ452321 
 

CAN Com.: CBL-RJ45CAN1 
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B.2 Cable Kits 

The cables are all 2 m in length. Each set contains the cables listed below. Additional cable 
kits and individual cables (individually or in multiples of 10 each) are available from Elmo. 

Cable Application Cable Part. No. QTY  

Main Feedback CBL-HDRFB-001 3 

Pulse and Direction CBL-HDRPD-001 3 

  I/O  CBL-HDRIO-001 3 

RS-232 Communications CBL-RJ452321 1 

CAN Communications CBL-RJ45CAN1 1 
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B.3 Main Feedback Cable (CBL-HDRFB-001) 

The Main Feedback cable (CBL-HDRFB-001) is made of a 24-AWG shielded cable with a         
12-pin Molex Header socket. It connects to the FEEDBACK port on the Trio. It is open on 
its other side so that it can be connected to customer-specific controller connectors. 

 
Pin 
No. Color Pairs  

1 Brown 

2 White 
pair 

3 Cyan 

4 Orange 
pair 

5  Purple 

6  Black 
pair 

7 Red 

8 Blue 
pair 

9 Green 

10 Yellow 
pair 

11 Pink 

12 Drain wire 
pair 

 

 

 

  

 

 

Figure A-1: Single-sided Main Feedback Cable (Part No. CBL-HDRFB-001) 

 

 

 

 

 

 

12 pin Molex Header Socket 
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B.4 Pulse and Direction (CBL-HDRPD-001) 

The Pulse and Direction cable (CBL-HDRPD-001) is made of a 24-AWG shielded cable with 
an   8-pin Molex Header socket. It connects to the Pulse and Direction port on the Trio.  

 
Pin 
No. Color Pairs 

 

1 Green 

2 Yellow 
pair 

3 Pink 

4 Gray 
pair 

5 Red 

6 Blue 
pair 

7 Brown 

8 White 

pair 

 

 

 

 

 

Figure A-2: Single-sided Pulse and Direction Cable (Part No. CBL-HDRPD-001) 

 

 

 

 

 

 

 

 

8 pin Molex 
Header Socket 
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B.5 I/O (CBL-HDRIO-001) 

The I/O cable (CBL-HDRIO-001) is made of a 24-AWG shielded cable with a 14-pin Molex 
Header socket. It connects to the I/O port on the Trio.  

 
Pin 
No. Color Pairs  

1 Orange 

2 Cyan 
pair 

3  Black 

4  Purple 
pair 

5 Brown 

6 White 
pair 

7 Green 

8 Yellow 
pair 

9 Gray 

10 Pink 
pair 

11 Blue 

12 Red 
pair 

13 White-Black 

14 White-Red 
pair 

 

 

 

 

 

 

Figure A-2: Single-sided I/O Cable (Part No. CBL-HDRIO-001) 

 

 

 

 

 

14 pin Molex Header Socket 
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B.6 Communication Cables  

The communication cables use 26-AWG twisted pair shielded cable. They are connected 
using an 8-pin RJ-45 plug. Elmo drives can communicate using the following options: 

 RS-232 full duplex 

 CANopen 

B.6.1 RS-232 Option (CBL-RJ452321) 

RJ45 
Pin 
No. 

 
 

Color 

D-type 
Female 
Pin No. 

 
 

Signal 

 
 

Description 
 

3 Brown 2 Tx RS-232 transmit 

5 White 5 COMRET Communication 
return 

6 Green 3 Rx RS-232 receive 

body Drain 
Wire body shield cable shield 

1
 

 The shields of the RJ-45 and D-type plugs are connected to each other through the 
cable braid. 

 

Figure A-4: RS-232 Communications Cable (Part No. CBL-RJ452321) 
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B.6.2 CAN Option (CBL-RJ45CAN1) 
RJ45 
Pin 
No. 

 
 

Color 

D-type 
Female 
Pin No. 

 
 

Signal 

 
 

Description 

 

1 Green 7 CAN-H CAN_H bus line 
2 Yellow 2 CAN_L CAN_L bus line 
3 White 3 CAN_GND CAN ground 
4 — — — — 

5 — — — — 

7 — — — — 

8 — — — — 

body Drain 
Wire body shield cable shield 

1
 

 The shields of the RJ-45 and D-type plugs are connected to each other through the 
cable braid. 

 

Figure A-5: CAN Cable (Part No. CBL-RJ45CAN1) 
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B.7 Guidelines for Making Your Own Cables  

Proper wiring, grounding and shielding are essential for ensuring safe, immune and 
optimal servo performance of the Trio. If you do not plan to use cables provided by Elmo, 
follow the instructions below carefully.  

 

 
Follow these instructions to ensure safe and proper wiring: 

 Use twisted pair shielded cables for control, feedback and communication 
connections. For best results, the cable should have an aluminum foil shield 
covered by a copper braid and should contain a drain wire. 

The drain wire is a non-insulated wire that is in contact with parts of the cable, 
usually the shield. It is used to terminate the shield and as a grounding connection. 

 The impedance of the wire must be as low as possible. The size of the wire must be 
thicker than actually required by the carrying current. A 24, 26 or 28 AWG wire for 
control and feedback cables is satisfactory although 24 AWG is recommended. 

 Use shielded wires for motor connections as well. If the wires are long, ensure that 
the capacitance between the wires is not too high: C < 30 nF is satisfactory for most 
applications. 

 Keep all wires and cables as short as possible. 
 Keep the motor wires as far away as possible from the feedback, control and 

communication cables. 
 Ensure that in normal operating conditions, the shielded wires and drain carry no 

current. The only time these conductors carry current is under abnormal conditions, 
when electrical equipment has become a potential shock or fire hazard while 
conducting external EMI interferences directly to ground, in order to prevent them 
from affecting the drive. Failing to meet this requirement can result in 
drive/controller/host failure. 

 After completing the wiring, carefully inspect all wires to ensure tightness, good 
solder joints and general safety. 

B.7.1 Recommended Wire Cross Sections 

Function Connection Details 

Motor PE, M1, M2, M3 14 AWG 

Feedback and Control Main FEEDBACK  

PULSE & DIRECTION 

 I/O 

24 AWG twisted pair shielded 
cables  

Communications RS-232  

CANopen 

26 AWG twisted pair shielded 
cables  
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