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Components/Software used

1 Components/Software used
Type/Name Version Software/Firmware Date of manufacture
CMMS-ST General 2014
CMMO-ST General 2014

Table 1.1: Components/Software used
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Application description

2 Application description

This application note gives you an overview, how to choose the correct current rating of the power supplies used
for the motor controllers CMMO-ST or CMMS-ST.

Both motor controllers, CMMS-ST and CMMO-ST, provide separate connections for:
Logic Supply, 24 V DC

Power Stage Supply
CMMO-ST: 24V DC
CMMS-ST: 24 V DC or 48 V DC (both are possible)

Both controllers use 24V DC for their internal logic supply, for the external 1/0 and for the motor brake.

9 Note

On CMMO-ST the motor brake current is part of the load circuit. This is important if two separate
power supplies are used for control voltage and load Voltage.

CMMS-ST: The necessary current to drive the motor brake needs to be provided from the
Logic Supply.

CMMO-ST: The necessary current to drive the motor brake needs to be provided from the
Power Stage supply.

To determine the required power rating for the Power supplies for the logic supply and for the Power stage sup-
ply one need to calculate as follows:

Logic Power Supply:

1. Calculate the necessary logic Supply current for each CMMS-ST / CMMO-ST in the system
(chapter 3)

2. Sum up the supply current for all CMMS-ST / CMMO-ST in the system
Provide at least 30% safety margin
4. Select the appropriate 24 V Logic power supply

Power Stage Power Supply:

1. Calculate the necessary Power Stage Supply current for each CMMS-ST / CMMO-ST in the system
(chapter 5)

2. Sum up the supply current for all CMMS-ST / CMMO-ST in the system
3. Provide at least 30% safety margin
4. Select the appropriate 24 V or 48 V Power Stage supply
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How to calculate Logic Supply Current of CMMS-ST and CMMO-ST

3 How to calculate Logic Supply Current of CMMS-ST and CMMO-ST

3.1 Logic Supply: Estimated current Consumption for CMMS-ST

Estimated current Consumption CMMS-ST
CMMS-ST Controller logic consumption approx. 0.3 A
External I/Os fully loaded upto 0.4A
Motor brake max. 0.7A
Sum: 1.4A

Table 3.1:

Example Estimated Current from Logic Supply:
CMMS-ST + EMMS-ST-57-5-SB (motor with brake 0.3 A), outputs loaded with 0.1 A in total:
lLogic =03A+01A +034=074

3.2 Logic Supply: Estimated current Consumption for CMMO-ST

Estimated current Consumption CMMO-ST
CMMO-ST Controller logic consumption approx. 0.3 A
External I/O upto 1.1A
Motor brake Part of Power Stage supply
Sum: 1.4A
Table 3.2:

Example Estimated Current from Logic Supply:

CMMO-ST + EMMS-ST-57-5S-SB (motor with brake 0.3 A), outputs loaded with 0.8 A in total:
Inogic =03A+08A4=114

(current for the brake is not part of the logic supply!)
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List of supported motor types and motor brake current

4 List of supported motor types and motor brake current

41 24 VDC motor brake current EMMS-ST

Motor type Brake Brake current
EMMS-ST-28-L 24VDC/8 W approx. 0.3 A
EMMS-ST-42-S 24VDC/8 W approx. 0.3 A
EMMS-ST-57-S 24VDC/8 W approx. 0.3 A
EMMS-ST-57-M 24VDC/10W approx. 0.42 A
EMMS-ST-87-S 24VDC/11 W approx. 0.46 A
EMMS-ST-87-M 24VDC/11W approx. 0.46 A
EMMS-ST-87-L 24VDC/11W approx. 0.46 A
Table 4.1:

4.2 24 VDC motor brake current EPCO motor

Motor type Brake Brake current
EMMS-ST-28-L 24VDC/8W approx. 0.3 A
EMMS-ST-42-SS 24VDC/8W approx. 0.3 A
EMMS-ST-57-SS 24VDC/8 W approx. 0.3 A

Table 4.2:

Page 8 of 18
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How to calculate Power Stage current using CMMS-ST and CMMO-ST

5 How to calculate Power Stage current using CMMS-ST and CMMO-ST

5.1 A little mathematics

The required current of the power supply depends on the motor current, cable length, motor speed, motor effi-
ciency, temperature of the motor and more. Additional there must be considered a controller power loss from
approx. 5%. Because it is nearly impossible to know all exact parameters of the system, there is a simplified cal-
culation for stepper motor applications, based on the fact, that the output power of the power stage is limited in
voltage and current.

In literature you will find a calculation factor (0.7 ... 0.8) between motor phase current and DC current in the in-
termediate circuit.

ILoaa,pc = Iphase * (0.7 ...0.8)

Here comes an explanation, how this factor has to be calculated for the CMMS-ST and CMMO-ST, which are us-
ing pulse-width modulation (PWM) with an over modulation technique. The expected current in the intermediate
circuit is calculated as follows:

Effective Output voltage at Motor output:

Upers = UPZ'DC * % * 1.2 (1.2=factor overmodulation)

Effective Output current at motor output:

IAeff = Iphase

Calculated maximum output power:
Pioad = Uneff * Lness * 2 * cos(¢) (Sum of Motor phases A and B)

The output power plus the power losses in the power stage (factor 1.05) needs to be delivered from the power
supply:

Pload UPS DC 1
I = 105=2x——%—x1.2x] cos 1.05
PS,DC Ups ne * * * 2 * * Iphase * (p) = 5D *

With cos(¢) =~ 0.9 (which is already an optimistic high value) it results:

Ipspc = Iphase * 0.80
Use Ips pc = Ipnase * 0.80 to calculate the needed current for the power stage supply.
If using CMMS-ST / CMMO-ST in open loop mode, use the rated current for calculation.

If using CMMO-ST in closed loop mode, use the rated current for calculation.
If using CMMS-ST in closed loop mode you have to calculate with the boost current.
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How to calculate Power Stage current using CMMS-ST and CMMO-ST

5.2 List of supported motor types and rated motor current in open loop and closed loop
mode
CMMS-ST
Motor type Rated current (open loop) Boost current (closed loop)
EMMS-ST-28-L 1.4 A 1.8A
EMMS-ST-42-S 1.8A 2.2A
EMMS-ST-57-S 5A 5.4 A
EMMS-ST-57-M 5A 5.4 A
EMMS-ST-87-S 8A 8.4 A
EMMS-ST-87-M 8A 8.4 A
EMMS-ST-87-L 8A 8.4 A
Table 5.1:

If using CMMO-ST there are different rated current values. Controller has a limit of 5.7 A

Motor type Rated current
EMMS-ST-28-L 1.4 A
EMMS-ST-42-S 1.8A
EMMS-ST-42-SS (EPCO) 3.0A
EMMS-ST-57-S 5.0A
EMMS-ST-57-SS (EPCO) 4.2A
EMMS-ST-57-M 5.0A
EMMS-ST-87-S 5.7 A
EMMS-ST-87-M 5.7A
EMMS-ST-87-L 5.7A
Table 5.2:

If you use CMMO-ST, please add the current needed for the motor brake.

Page 10 of 18
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How to calculate Power Stage current using CMMS-ST and CMMO-ST

5.3 Power Stage Supply: Estimated current Consumption for CMMS-ST

Example 1: CMMS-ST + EMMS-ST-42-S in closed loop
Igoost = 2.2 A

Ipspc =0.8+22A~1.84

Example 2: CMMS-ST + EMMS-ST-87-L in open loop
Iratea = 8.0 4

Ipspc =0.8+8.0A~6.4 A

5.4 Power Stage Supply: Estimated current Consumption for CMMO-ST

Example 1: CMMO-ST + EMMS-ST-57-SS in closed loop
IRated = 4.2 A

IMotorBrake =034
(Current for motor brake will be delivered from Power Stage Supply at CMMO-ST!)

Ipspc =08%42A+03A~37A
Example 2: CMMO-ST + EMMS-ST-87-L in open loop

Ipatea = 5.7 A
IPS,DC = 0.8 * 5.7A ~4.6 A
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Real application — measured currents and proof of calculation

6 Real application — measured currents and proof of calculation

6.1 CMMS-ST with Power Stage supply 48 V

6.1.1 Equipment

- CMMS-ST-(C8-7-G2

- EMMS-ST-87-S-5-G2

- Power stage Supply 48 V DC

- Open loop

Calculated load current (see example 2, chapter 5.3) Ips,pc = 6.4 A

6.1.2 Measurement

Starting with motor running at constant speed.

Load torque increasing with constant slew rate over time

After approx. 5.5 s the load torque is higher than the peak torque of the stepper motor and the speed reversals.
The peak current at highest load, respectively highest output power reaches approx. 6.5 A

v= -1510.41 Upm
[Upm] I: 1= 42726 A
[A]
3000 - 7-
2500 6
2000 51
1500 - 4-
1000 3
500 2- |i I
0- 1
=500 4 04
-1000 - -1 _J
- ‘] 5|:||:| - -2 T+
-2000 - -3
0 2 4 6 8 10
t[e]: t=4.07s

Fig. 6.1:  Graph
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Real application — measured currents and proof of calculation

6.2 CMMS-ST with Power Stage supply 24 V

6.2.1 Equipment

- CMMS-ST-(C8-7-G2

- EMMS-ST-87-S-5-G2

- Power stage Supply 24 V DC

- Open loop

Calculated load current (see example 2, chapter 5.3) Ips,pc = 6.4 A

6.2.2 Measurement

Starting with motor running at constant speed.

Load torque increasing with constant slew rate over time

After approx. 5 s the load torque is higher than the peak torque of the stepper motor and the speed reversals
The peak current at highest load, respectively highest output power reaches approx. 6.3 A

v : v =-505.12 Upm
[Upm] I 1= 45008 A
[A]
2000 - 8+
n
1500 4 6 MM{W s s \
c
|
1000 44 wwww f L Ih WM{/
vt ‘
e |
«%WMWMMWVWMWWM J L
500 - 2" | APV
0 0 JJ\] ﬂ’ MJ u TNy
\
-1000 - -4+
-1500 - 6
0 2 4 6 8 10
t[s]:t=3.78s

Fig. 6.2:  Graph
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Real application — measured currents and proof of calculation

6.3

6.3.1

- CMMO-ST-C5-1-DIO

CMMO-ST with Power Stage supply 24 V

Equipment

- Power stage Supply 24 V DC
- Open loop

Calculated load current (see example 2, chapter 5.4)

6.3.2

The peak current at highest load, respectively highest output power reaches approx. 4.6 A

[Upm]
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600

400 -

200

-200 -

-400

-600 -

-800 -

-1000 -

Fig. 6.3:

Measurement

Starting with motor running at constant speed.

Load torque increasing with constant slew rate over time
After approx. 5.5 s the load torque is higher than the peak torque of the stepper motor and the speed reversals.
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Further hints / comments

7 Further hints / comments

7.1 Using CMMS-ST and CMMO-ST in open loop mode

If you are using CMMS-ST and CMMO-ST in open loop mode, you need to calculate with the full rated current of
the motor.

7.2 Using CMMS-ST and CMMO-ST in closed loop mode

If you are using CMMS-ST and CMMO-ST in closed loop mode, the motor current will be determined by the load.
The calculation in chapter 5 is a worst case calculation. Depending on the application, a smaller power supply
might be sufficient, if the load current does not reach the rated current.

Maybe it is possible to reduce the setting of the rated current in your application, and then you should re-calcu-
late according to chapter 5.

7.3 Initial sequence to find the right encoder angle offset for commutation
The Controllers have to find the right encoder offset angle each time the power stage is enabled.

CMMS-ST and CMMO-ST detect the encoder angle with the first “Controller enable” after power on. For this func-
tion the CMMS-ST uses the boost current. The CMMO-ST uses the rated current. Make sure the used power sup-
ply can provide the boost current*0.8 in case of CMMS-ST and rated current *0.8 in case of CMMO-ST.

7.4 Current peak at power stage enable

Each time you enable the power stage of the controller, a small current peak might occur. If this current peak
triggers the overload circuit of your power supply do the following: If you are using several Controllers in one
machine it is useful to enable the controllers one by one or in groups with a small time delay.

300ms for CMMS-ST
800ms for CMMO-ST.

7.4.1 Example CMMO-ST
Machine with 16 axes. The load current of one axis is 1 A, but the rated current is 4.2 A.

During the run is approximately 16 A load current necessary, but if all controllers get the “Controller enable” at
the same time, the current can rise up to 16* 4.2 A* 0.8 =53.76 A

7.5 CMMS-ST with 24 VDC load voltage

Make sure you have the right settings if only one Power supply 24 VDC is used for control voltage and load volt-
age, because there may occur higher regenerative voltages during operation.

These voltages are limited via the internal brake chopper.

Therefore, it is absolutely necessary to parameterize the proper load voltage in the

FCT project. (page “configuration”)

An incorrect setting may cause damage to the controller.

Drive Confi guration Change... | Delete
Controller
Controller Type: CMMS-ST-C8-7-G2 .'_ &
P
Opion Slot: Empty i
Load Voltage: 24V é 3 o
b

Fig.7.1:  Screenshot

7.6 Inrush current peaks

Because of capacities in the intermediate circuit and the logic cuircut there will be an inrush current peak during
power on. This current peaks will occur by switching on the 24 VDC logic supply and by switching on the load
voltage.
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Further hints / comments

This current peaks will be limited by the used Festo power supply due to current limitation.
e Make sure your power supply has a current limitation and is short circuit proofed.

e Do not use any power supplys with fold back characteristic or immediate current shut of at peak current con-
dition.

e Only use power supplies, which are capable to deliver the inrush currents without switching of.

Agilent Technologies Tue dun D3 082406, 2014

0.0s 2000/ Stopp E 1.004

Agilent
ria

+0.04
10.0:1 | DC

80.008 20.00L/ Stopp E 1.064

Agilent

Fig. 7.3:  Example: CMMO-ST logic 24 VDC power on with Festo 5 A power supply

Agilent Technologies Tue dun D3 08:38:39 2014
2 200,08/ Stopp  # 1 1.004

Agilent

+0.04

10.0:1 | DC

Fig. 7.4:  Example: CMMS-ST load voltage 48 VDC power on with Festo 10 A power supply
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Technical appendix

A Technical appendix

A.1 Technical data

A11 General
A Warning
Type and source of danger if personal damage.
Result if disregarded.
Action to avoid danger.
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