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ECM General Information 

 
  
Fan powered constant volume terminal units are designed to deliver a constant volume of 
air to a given space. Currently a PSC motor with an SCR is used to turn a blower wheel at 
a constant rate.  As primary air from the air handler is increased the amount of air 
induced from the conditioned space is decreased. Because there are multiple variable air 
volume units in a system, the duct static pressure may increase or decrease depending on 
the total load. As the static pressure in the duct system changes the typical PSC motor 
blower combination can not adjust itself and therefore the CFM delivered to an area will 
vary. This makes initial balancing difficult and provides a less than ideal flow of air to 
the conditioned space. 
 
The ideal speed at which an induction motor can turn is fixed by the frequency of the 
voltage applied and the number of poles it contains.  The motor’s speed can be reduced 
by altering the voltage applied across its windings.  This can be done with resistors, 
inductors, transformers or solid state speed controls. Decreasing the voltage reduces the 
starting and full- load torque, increases the rotors slip and decreases the motors 
efficiency.  The further the motor operates from its ideal speed, the greater the energy 
loss and running temperature of the motor.  The lack of torque control prevents precise 
airflow control and the low frequency noise may increase. 
 
In response to the need for a high efficiency motor in which speed can be set and 
maintained, GE developed an Electronically Commutated Motor or ECM. It is an ultra 
high efficiency brushless DC motor with a built in inverter. The electronics package, 
included with the GE ECM motor serves two purposes.  One, it switches the DC 
magnetic fields which allow the motor to operate.  Two, it controls torque and speed so 
that the airflow is maintained despite the pressure seen by the fan.  The ECM can be 
programmed in the factory to set maximum and minimum values which can then be 
adjusted in the field to the desired CFM.  Once set, the motor will maintain constant 
airflow within + or – 5%.  
 
In 1974 the first fan powered variable air volume boxes were introduced to the market. 
They provided significant energy savings compared to standard system at that time 
because of their ability to recapture plenum heat. With increasing energy costs, the 
demand for higher efficiency motors has increased.  Through testing, the Carnes 
Company has shown that the ECM has proven true to its reputation for using less energy.  
The following chart shows the wattage used at various air flows over the range of units 
provided by Carnes. 



 

CARNES ECM TECHNICAL GUIDE – FORM 20009-B  
Page 4 

 

 
Energy Savings  

 
 
 
The energy savings for the ECM motor can be quite significant.  Depending on energy 
cost for a given area, the payback for the ECM motor can be seen in as little as two years.  
 
One of the unique features of the ECM motor is that it can be controlled by a 0-10V dc 
signal from the building automation system.  The fan speed can now be increased in 
cooling mode and decreased for heating mode.  This allows the design engineer to further 
optimize performance. 
 
ECM Motor Control 
 
ECM Motor Taps 
The ECM motor was originally designed for the residential HVAC market.  Because of 
the need to provide a different air flow rate for heating versus cooling, two different tap 
positions were provided.  In addition two more tap wires are provided. One is to adjust 
the flow rate, for example in an application where humidity control was a concern.  The 
other provided a way to delay the start of the fan according to a desired delay profile.  
The ECM motor tap connections are provided via the ECM control connection pictured 
below.  Additional taps are provided as a way for the thermostat to send a control signal 
to the ECM motor.  All of these tap positions are available when the ECM motor is 
programmed for the TSTAT mode. (See figure 1, table 1) 
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Variable Speed Control 
When applying the ECM to use with a Variable air volume box it is more desirable to be  
able to provide a variable speed control.  This allows the ECM to operate over a range of 
CFM values.  The maximum and minimum air flow rates are programmed into the motor 
at the factory. The speed of the motor is then set by Pulse width modulated (PWM) signal 
sent to the ECM motor via a special controller provided by Carnes.  The ECM tap 
positions are all given below.  The positions used by Carnes for the Variable air volume 
application are out lined in blue. 
 

Figure 1 
  
PIN DESCRIPTION 
1 C1 
2 W/W1 
3 C2 (GREEN WIRE) COMMON 
4 DELAY 
5 COOL 
6 Y1 
7 ADJUST 
8 OUT – (GREEN WIRE) 
9 O 
10 PK/PWM (RED) CONTROLS 

SPEED OF MOTOR 
11 HEAT 
12 R 
13 EM/W2 
14 Y/Y2 
15 G (WHITE WIRE) MOTOR 

ON/OFF – GROUND 
16 OUT+( BLACK) - TACHOMETER 
Table 1 
 
The GE ECM motor is unique in that it is turned off and on via a 24 V control signal.  
Power should not be disrupted to the motor as a means to control the motor.  In fact doing 
so will reduce the life span of the motor. 
 
Carnes Control Options 
Carnes is working together with Evolution Controls to provide three control options with 
the ECM motor.  The standard electronic control is the VCU.  It has a digital number 
readout, which allows the user to see the RPM output of the motor as well as the flow 

9 10 11  12 13 14 15 16 

1   2   3  4  5   6   7   8 
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index.  The flow index is a range of flow from 0-100.  A flow index of zero marks the 
minimum flow of the VAV box.   A flow index of 100 is the maximum air flow of the 
VAV box.  Refer to table 2 which is a listing of the expected CFM (within + or – 10%) 
for the various size units.  Once a flow rate is set on the VAV unit, the ECM will 
maintain the airflow with in + or – 5% of the set value. 
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Table 2 
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Visual Control Unit (VCU) 

The EVO/ECM-VCU control allows accurate manual adjustment and monitor of fans using 
General Electric’s ECM Motor. (See figure 2) 

The EVO/ECM-VCU features a 4 digit LED numerical display to allow easy reading in dark 
spaces. Watch the display and set the flow index with a screwdriver adjust. Twenty seconds later, 
the display shows the motor RPM. Then, the display periodically alternates between the flow 
index and motor RPM. 

The EVO/ECM-VCU may also be used where automation systems only turn the fan on or off. 
 
 
 

  
Front of VCU      Back of VCU control unit. 
Figure 2 
 
Specifications 
Power NEC Class II Only 

24 Vac ± 20% 50/60 Hz 
4 W, 6 VA 

Flow Index 
Adjustment 270° rotation F Off-0-100 
RPM 0-2000 RPM ± 2% 

Outputs 
Go & Vspd 24 Vdc @ 20 mA 
ECM 2.3 Set for Vspd Operation 

Set Status Flag (7) to RPM Thermal 
Stability >0.01 %/oF 
Operating 0oF to 130oF (-18oC to 55oC) Environment 10-80% Rh 
Connections 1/4 Tabs 
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Automatic Control Unit (ACU+) 
If digital controls are being used on the project it is possible to control the speed of the 
ECM motor with a 0-10V control signal using the EVO ACU+ unit. (See figure 3) The 
on/off signal is provided at a 24V input.  Another option is to turn the motor on/off with a 
0-1V signal and to use the 2-10V for speed control. 

The EVO/ECM-ACU+ allows remote adjustment of the output from 0% to 100% of the 
programmed control range. A LED on the control continuously flashes out the flow index 
(percent of the programmed control range), so instruments are not required to read the value. 
The "P" version provides ON/OFF control by switching the motor's "GO" control when the input 
signal drops below the 2 volt (4 mA) operating point. 
 
                                                                                         

 
 

The green LED continuously indicates the flow index. After a pause, the LED 
flashes out the tens digit, then the units digit of a number (percent) between 1 and 
99. Two extra long flashes indicate a flow index of 0%. Long flashes represent the 
tens digit, and short flashes represent the units digit. A flow index of 23%, flashes 
two longs and three shorts. 

 
 
 
Control Test Procedure 

 
Warning: These tests are to be performed by qualified personnel who are familiar with the 

CARNES VAV box, where the EVO/ECM, series control and connected motor is installed. All 
mechanical, electrical and other applicable safety practices must be observed when performing 
these tests. While the EVO/ECM series controls are low voltage devices, they are often installed 
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in or near high voltage cabinets and wiring. And they are connected to electrically isolated 
connections on the ECM motor. Wiring and device faults can occur. Always test for high voltage 
before starting these tests! 
 
High Voltage Fault Test- Perform this test in addition to all tests and practices prescribed by the 
equipment manufacturer and your professional training. 
 

1. Remove the VAV box control  cover to gain access to the component side of the 
EVO/ECM series control.  Leave everything connected. 

2. If you removed power to gain access, re-power the equipment as necessary to 
troubleshoot the equipment. 

3. Set the multi-meter to measure AC Volts. 
4. Connect the BLACK lead to electrical earth. 
5. Touch the RED lead to the EVO/ECM series connection marked 24VAC.  The meter 

should read about 30 volts AC.  If the meter reads a voltage above 48 volts AC 
immediately disconnect the VAV box.  There is a high voltage fault somewhere in the 
system. 

6. Touch the RED lead to the other connectors on the board.  If the meter reads a voltage 
above 48 Volts AC, immediately disconnect the VAV box.  There is a high voltage fault 
somewhere in the system. 

7. Touch the RED lead to the metal wire grippers (top of connectors) for each of the 4 motor 
wires. (See Figure 2)  If the meter reads a voltage above 48 Volts AC, immediately 
disconnect the machine.  There is a high voltage fault somewhere in the system. 

 
 
 
 
 
Motor Connection 
 
                                              Figure 2 
 
 
 
White – Motor On/Off 0-24V  
Black – Tachometer 
Green – Common 
Red – Speed 0 – min speed, 22 VDC max. speed   Figure 3 
 
A quick test: 

If the motor is not running and you want to determine if the EVO/ECM series control is calling for 
the motor to run, just measure the DC voltage between the Green and White wires on the motor 
control cable. If this voltage is greater than 10VDC, the motor should be running. 

If you have an instance where the motor stops intermittently, and it restarts when power is 
removed then restored, perform this test before removing power. It will tell you if the intermittent 
part is the EVO/ECM series control. 
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Trouble Shooting Guide  

Problem: The ECM motor will not run. 

1. Check to make sure the power and control cables are securely 
fastened to both the ECM motor.  Check the control connection to 
make sure it is secure. 

2. Verify there is power to the unit. 
3. Set the multi-meter to read 24VDC. 
4. Touch the black lead to the motor 0n/Off (White) wire on the 4 pin 

motor connector. 
5. Touch the red lead to the Motor On/Off (White) wire on the 4 pin 

motor connector. 
6. If the DC voltage is 22VDC, the motor should run.   
7. If the motor does not run, the cable may be defective. 
8. Go to the control connector on the motor.  
9. Insert the black meter lead into the connector shell hole containing 

the single green wire (See figure 3). 
10. Insert the red meter lead into the connector shell hole containing 

the white wire.  The DC voltage should be 22VDC.  If it is not, the 
cable is defective.  If the voltage is greater than 10VDC and motor 
does not run, contact CARNES CO. for further instructions. 

Problem: The motor runs but the speed does not change. 

1. Start the motor running. 
2. Set the multi-meter to read 24 VDC. 
3. Touch the black lead to the common (Green) wire on the 4 pin 

motor connector. 
4. Touch the red lead to the speed (RED) wire on the 4 pin motor 

connector. 
5. Set the EVO/ECM series controller to full speed. 
6. The DC voltage should be equal to the voltage on the white wire 

(24VDC).  The motor should run at full speed. 
7. If the motor does not run at full speed, the cable may be defective. 
8. Go to the control connector on the motor. 
9. Insert the black meter lead into the connector shell hole containing 

the single green wire. 
10.Insert the red meter lead into the connector shell hole containing 

the RED wire.  The DC voltage should equal the voltage on the 
white wire (22VDC).  If it is not the control cable is defective.  If the 
voltage is 22VDC and the motor does not run at full speed, contact 
CARNES CO. 
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Problem: The VAV box does not run with in the expected speed range. 

1. Verify the variable speed control is working correctly. 
2. Verify the correct unit is installed in the space. 
3. Contact CARNES CO. 

Problem: The Automation System can not turn the motor off. 

1. Turn the ECM motor off using the Automation System. 
2. Touch the black lead to the common (Green) wire on the 4 pin 

motor connector. 
3. Touch the red lead to the Tachometer (Black) wire on the 4 pin 

motor connector. 
4. The DC voltage should be less than 3Vdc. 
5. If the voltage is too high, the Automation Control is leaking current 

through its On/Off switching device. 

Problem: The speed control does not provide the RPM.  

Set the multi-meter to read 5Vdc. 

1. Touch the black lead to the common (Green) wire on the 4 pin 
motor connector. 

2. Touch the red lead to the Tachometer (Black) wire on the 4 pin 
motor connector. 

3. You should read about 5Vdc. 
4. Go to the control connector on the motor. 
5. Insert the black meter lead into the connector shell hole containing 

the single green wire. 
6. Insert the red meter lead into the connector shell hole containing 

the Black wire. The DC voltage should about 5Vdc. If it is not, the 
control cable is defective. Swap the EVO/ECM series control with a 
known good control to determine if the problem is with the 
EVO/ECM series control. If the problem persists, contact CARNES 
CO. for further details.  
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INSPECT UNIT

UNPACKING AND INSPECTION
1. Open shipping carton or crate and check for concealed 

shipping damage. Report damage immediately to the 
carrier that delivered the shipment.

2. Inspect the unit for loose or missing components.
3. Optional accessories may be packed within the unit or

in the same shipping carton or crate.

INSTALLATION

CAUTION: Completely Read All Instructions Prior To
Attempting To Assemble, Install, Operate,
Or Repair This Product!

CAUTION: This Product Includes Vibration Producing
Components. When Supporting Or 
Suspending Units, Use Good Industry 
Practice and Materials Suitable For 
Vibration Producing Equipment.

CAUTION: All Sources Of Supply Power Must Be 
Disconnected Before Working On This 
Equipment. More Than One Disconnect 
May Be Required To De-Energize 
Equipment.

GENERAL

1. Units are to be supported in a horizontal and level 
position. For convenience, it is suggested that units be
installed prior to installation of the ceiling tile grid 
system.

2. Sufficient working space must be provided as per 
paragraph 110-16 of N. E. C.

3. Allow sufficient space for the removal of air filters and
for the efficient flow of air into the secondary air inlet.

4. Avoid abrupt transitions or duct turns at the inlet of the
unit that would alter the inlet cross-sectional area.

5. It is preferred that the installer attempt to obtain a mini-
mum of three (3) inlet diameters of straight duct ahead
of the terminal unit inlet to achieve optimum control
accuracy.

DUCT CONNECTIONS

1. Units are provided with either slip and drive or flanged
discharge duct connections depending upon model
type.

2. It is suggested that discharge ductwork be lined with a
minimum of 1/2” thick, 1-1/2 lb. density fiberglass insu-
lation with an erosion resistant surface in accordance
with NFPA 90A (non-residential type air conditioning
and ventilating systems) to provide both thermal and
acoustical insulation.

3. Sealing of ductwork to preclude air leaks should be
done according to the job specifications.

4. It is recommended that units be supported from
underneath using trapeze hangers and vibration 
isolators. Flexible connections are recommended for all
connecting ductwork and electrical conduit to preclude
the transmission of vibration noise.

5. It is recommended that flexible ductwork connected to
the primary air inlet be secured using a compression
band. Rigid duct should be slipped over the unit inlet,
secured in place with sheet metal screws, and sealed
according to the job specifications.

ELECTRICAL INSTALLATION

1. Follow the wiring/piping diagram found on the inside of
the fan unit control enclosure cover.

2. Supply connections must be made using wires rated 
for 75OC minimum. DO NO USE ALUMINUM 
CONDUCTORS.

3. If supply connections are for 250 volts or greater, all
wiring must be insulated for 600V.
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CAUTION: Severe Electrical Shock May Occur.  
Disconnect All Sources Of Supply Power 
Before Working On This Equipment. More 
Than One Disconnect May Be Required 
To De-Energize Equipment For Servicing.

4. Size supply conductors for 125% of rated combined
load (fan motor FLA + heater current).

For electric heater use:
Single phase KW x 1000
Line Current = Voltage
Three phase  KW x 1000
Line Current = 1.73 x Voltage

5. The following table shows the maximum current for
75°C Copper wire in conduit. Values are based on the
1984 N.E.C. Table 310-16 including note 8.

COMBINED LOAD MAXIMUM MINIMUM WIRE SIZES 
UNIT AMPERAGE AWG/MCM

1 — 3 4 — 6
conductors conductors

12.0 9.6 14
16.0 12.8 12
24.0 19.2 10
40.0 32.0 8
48.0 38.4 6
- - 48.0 4

6. If not supplied as part of this unit, install a line discon-
nect and fusing or a circuit breaker in accordance with
N. E. C.

7. The following table shows the maximum over current
rating for wire servicing unit.

MAXIMUM MAXIMUM OVERCURRENT
SUPPLY UNIT AMPERAGE RATING

12 15
16 20
20 25
24 30
28 35
32 40
36 45
40 50
48 60

8. All field and factory made connections should be
checked for tightness before operation.

9. The unit must be wired so as to provide a fan relay
interlock to preclude heater operation unless air is flow-
ing over the heater. An interlock is factory wired if
heaters are factory attached.

FAN UNIT CONTROLS (See Figure 1)
The following is a list of components located in the fan unit
control panel. The figure at the right is to aid in component
identification. Not all components are required for every
control option and unit type.
1.  Air Flow Switch. (Constant Volume Units)
2.  Control Transformer. (Electronic/DDC Units)
3.  Fan Motor Capacitor(s).
4.  SCR Fan Speed Control.
5.  Fan Motor Relay.
6.  Fan Motor Disconnect Switch.
7.  Pressure/Electric Switch. (Pneumatic Units)
8.  Ground Lug.
Contact your local Carnes Representative for replacement
parts.

1 2 3
4

5

6

8

7

FAN UNIT CONTROL PANEL
Figure 1
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COMPANY

448 South Main Street
P. O. Box 930040
Verona, WI 53593-0040

Phone: 608/845-6411
Fax:   608/845-6504

carnes@carnes.com
www.carnes.com

REMOVE (6) KEPS NUTS
FROM MOUNTING ANGLE
STUDS

SLIDE FAN/MOTOR
TOWARD FRONT OF
UNIT AND DOWN

Figure 2

Figure 3

BALANCING AND MAINTENANCE
DANGER: Severe Electrical Shock May Occur. Disconnect All Sources

Of Supply Power Before Working On This Equipment. More
Than One Disconnect May Be Required To De-Energize 
Equipment For Servicing.

SETTING SECONDARY (HEATING) AIR
FLOW
CONSTANT VOLUME (AC UNITS)
1. Adjust room thermostat to call for full cool. (Damper

should open to the maximum CFM setting of the 
controller).

2. Remove secondary air filter if provided.
3. Tape a piece of cardboard onto the secondary air inlet.

Size the cardboard 1/2” less than the height and 1/2”
less than the width of the secondary inlet opening allow
it to swing freely when taped in place. (Figure 2)

4. Adjust fan speed control (SCR) until the cardboard
taped onto the secondary inlet hangs vertically indicat-
ing a balance between primary inlet air and discharge
air CFM.

5. Remove the cardboard from secondary inlet. Replace
filter if provided.

6. Fan CFM MUST NOT BE LESS than the maximum
cooling CFM. Overloading the fan could cause motor
damage and primary air to be forced out of the 
secondary inlet.

ROUTINE MAINTENANCE (To be done at least once a
year)

1. Check all field and factory made electrical and 
pneumatic connections for tightness.

2. Clean all air filters. Throw-away air filters may be
ordered through your local Carnes Representative.
Aluminum mesh air filters may be washed in warm
soapy water.

3. Check compressed air supply for clean, dry and oil free
compressed air.

FAN/MOTOR REMOVAL

1. Remove screws holding access panel in place.
2. Remove keps nuts from the mounting angle studs

located on either side of the fan housing. 
(See Figure 3)

3. Disconnect fan motor wires from inside of the fan unit
control panel.

4. Slide the fan/motor sub-assembly out through the
access opening.

5. Reverse procedure for re-installation.

TAPE CARDBOARD OVER
SECONDARY AIR INLET
ALLOW TO SWING FREELY

REMOVE ACCESS PANEL

4. Fan motors are permanently lubricated not requiring
annual service. If a fan wheel becomes out of balance
due to dust or debris or if the fan motor should need
replacing, follow the procedure outlined below.

INTERMITTENT VOLUME (AS UNITS)

1. Adjust room thermostat to call for full heat. (Damper
should close to minimum CFM setting on the 
controller).

2. Adjust fan speed control (SCR) to design CFM as 
measured at the diffusers.


