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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 pres-
sure 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 bal-
ancing 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 wind-
ings. This can be done with resistors, inductors, trans-
formers or solid state speed controls. Decreasing the
voltage reduces the starting and full-load torque, increas-
es 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 main-
tain 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 systems at that
time because of their ability to recapture plenum heat.
With increasing energy costs, the demand for higher effi-
ciency 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.

Front of VCU

ECM
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The energy savings for the ECM motor can be quite significant. Depending on energy cost for a given area, the pay-
back 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 pro-
vided. 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. 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)

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.

Energy Savings
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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

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 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 within + or – 5% of the set value.

Table 1

Figure 1
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ECM Flow Index

AC_H06B AC_H07C AC_H08D AC_H10E AC_H12F AC_H14G AC_H16G

Max CFM 400 600 1000 1500 2100 3100 3800

Min CFM 150 350 550 900 1400 2000 2700

Flow Index Fan CFM Fan CFM Fan CFM Fan CFM Fan CFM Fan CFM Fan CFM
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ECM Flow Index

AC_H06B AC_H07C AC_H08D AC_H10E AC_H12F AC_H14G AC_H16G

Max CFM 400 600 1000 1500 2100 3100 3800

Min CFM 150 350 550 900 1400 2000 2700

Flow Index Fan CFM Fan CFM Fan CFM Fan CFM Fan CFM Fan CFM Fan CFM

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 to 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

Figure 2

Back of VCU control unit

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 %/°F
Operating 0°F to 130°F (-18°C to 55°C) Environment 10-80% rh
Connections 1/4 Tabs

6



General Information

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 con-
trol 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 repre-
sent the tens digit, and short flashes represent the units digit. A flow index of 23%, flashes two longs and three shorts.

Figure 3
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Recommended Specifications - Fan Powered Terminal Units ECM

General
Furnish and install Carnes Constant Volume Fan
Terminal Units of the size, capacity, and performance as
shown on the plans.

Performance
The air pressure drop through the terminal units shall not
exceed values tabulated on the job schedule. Sound lev-
els of the terminal unit shall be ARI Certified and rated
in accordance with Standard 880-98. An ARI Label shall
be attached to each unit prior to shipment.

Construction
The valve assembly is to be constructed from galvanized
steel with the damper mechanically fastened to a 3/8”
shaft and isolated from the casing to eliminate the possi-
bility of damper binding due to shipping or handling dam-
age. The damper shaft is to rotate in oil impregnated sin-
tered bronze bearings at three points for support and
long life. Shaft shall be clearly marked on the end to indi-
cate damper position. The terminal unit casing is to be 22
gauge galvanized steel.

Control Valve
The valve shall be sealed for minimum leakage. The
throttling damper is to be of a sandwich design incorpo-
rating a solid sheet of Volara®, type A gasket material
sandwiched between two halves of reinforced galvanized
steel [18 gauge]. The average valve leakage of all unit
sizes combined shall not exceed 1% at 3” inlet static
pressure. Control valves shall be (Normally open)
(Normally closed) as required.

Insulation
Insulation for fan terminal units ACF, ACW and ACE shall
be 1” thick. All insulation shall be 1.5 lb./cu. ft. dual den-
sity fiberglass liner. The surface of the insulation shall
conform to UL Test 181 for erosion resistance. The insu-
lation must be UL listed and meet NFPA 90A require-
ments for 250°F continuous temperature.

Foil Coated Insulation
The foil faced insulation shall be 1” thick dual density
fiberglass with a .001”, fiber reinforced aluminum foil on
the matted face. The insulation must be UL listed con-
forming to UL Test 181 for erosion resistance and must
meet NFPA 90A requirements for 250°F continuous tem-
perature.

Pneumatic control
Pneumatic actuators shall be furnished and mounted by
the terminal unit manufacturer. The actuators shall be
pivoted to protect against side forces throughout the full
stroke. Provide pressure independent pneumatic vol-
ume control to maintain constant air volume regardless of
duct pressure changes at air flows from minimum to max-
imum required by the zone. This action is to be instanta-
neous rather than having to wait for the thermostat to
respond. External controls permit field adjustment of air

volume. As a standard, the Carnes reset volume con-
troller is offered for use with reverse or direct acting ther-
mostat and a normally open or a normally closed
damper.

Compressed consumption of the control shall not exceed
30 SCIM (0.017 SCFM) at 20 P. S. I.

Electronic Control (Analog)
Provide pressure independent analog electronic con-
trol to maintain constant air volume regardless of duct
static pressure changes at all air flows from minimum to
maximum required by the zone thermostat. Air flows shall
be factory set and be field adjustable. Controls shall be
provided with optional morning warm-up, dual minimum
setpoints, and fan/reheat staging. Thermostat with inte-
gral maximum and minimum air flow setpoints shall be
provided by the terminal unit manufacturer. A line voltage
to 24 volt transformer shall be provided by the terminal
unit manufacturer or by others [field mounted].

DDC Electronic Controller
The DDC control supplier must coordinate with the VAV
manufacturer and will send the control devices to the
VAV manufacturer to be factory mounted and wired.
Calibration of DDC controls by control supplier.

Controls Enclosure
Provide a galvanized steel enclosure with a removable
cover for protection of control components.

Balancing
Terminal units shall have flow taps and calibration chart
for the purpose of measuring air flow.

Hot Water Coil
Hot water coil shall be Slip and Drive connected as an
integral part of the terminal unit. If insulation is required,
it must be field supplied and installed. One and two row
coils shall be constructed using 1/2” O. D. copper tubes,
1-1/4” x 1.08” (per row) rippled aluminum fins 0.005”
thick. Fin spacing shall be 10 F. P. I. Coil connections
shall be either right or left hand. All hot water coils to be
pre-tested under water at 350 P. S. I.

Electric Heaters
Each electric heater will have an integral air flow inter-
lock, automatic reset primary thermal cutout, resetable
secondary thermal cutout, door interlocking disconnect
switch, 80/20 Ni-Ch element wire. P/E switches shall be
included with pneumatic controls. De-energizing magnet-
ic contactors and a 24 volt control transformer shall be
included with electronic controls. The electric heater will
be available with 1 or 2 stage heaters for the electronic
controlled fan powered units and 1, 2 or 3 stage heaters
for all pneumatic or DDC units.

Fan Terminal Unit Motors
Fan terminal unit motors shall be ECM in 120, 220, 240,
or 277 volt, single phase.
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Fan Terminal Units - Constant Volume (Series Flow), Standard Design ECM

Models ACF w/o Coil
ACW w/Hot Water Coil
ACE w/Electric Coil

The Carnes constant volume fan terminal unit provides constant air
volume to the space while retaining the advantages of a variable air
volume system.
The primary air control assembly operates in the same manner as a
standard throttling control valve when cooling loads are high. As
cooling loads diminish the integral blower(s) induces warm ceiling
plenum air to maintain constant air volume.

Features Include:
• Air flow capacities to 3800 CFM.
• Durable 22 gauge galvanized steel casing construction.
• Bottom access panel for internal components.
• Flange or slip and drive discharge connections.
• Forward curved centrifugal type fan assemblies with thermally protected, ECM 120, 220, 240, or 277 volt, single 

phase, motors.
• Adjustable fan speed control.
• Fan/motor assemblies are isolated from the casing using rubber isolators to minimize vibration transmission.
• Low leakage primary air damper design.
• Secondary air filter rack.
• Performance data based on tests conducted in accordance with ARI Standard 880-98.
• Field adjustable P/E switch with pneumatic controls.
• Averaging type velocity sensor and calibration chart for measuring air flow through the primary air damper.
• Insulation is 1” thick, 1-1/2 lb. dual density fiberglass with surface treated to prevent air erosion, UL listed and meets

NFPA 90A requirements.
• Damper controls and fan controls are located in one enclosure.
• ARI listed.
• Optional ETL listing.
• Optional secondary air sound baffle. Sound baffle is factory attached to secondary air inlet. (Contact Carnes)
• Optional one or two row hot water coils (Model ACW). Coil is factory attached to the unit discharge.
• Optional one, two or three stage electric reheat coils (Model ACE). Coil is factory attached to unit discharge or 

shipped separately for field mounting.
• Optional secondary air filters, Class I (re-usable) or Class II (throw away).
• Optional non-fused or fused fan disconnect switch.
• Optional foil coated insulation (Hospital, Laboratory, etc. applications).

Available Modules:
• Basic control unit — Model ACF.
• Basic control unit with hot water coil — Model ACW.
• Basic control unit with electric coil — Model ACE.

IAQ
Foil Faced Insulation

Available
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Fan Terminal Units - Constant Volume (Series Flow), Standard Design

Thermally Insulated
Inlet Collar

Calibration Chart for Flow
measuring and balancing

ECM motor

Sturdy 22 gauge galvanized
steel construction 

UL Listed 1” insulation conforms to
UL Test 181 and NFPA 90A.

INSIDE CONTROLS ENCLOSURE

Damper/fan control
enclosure (Standard)

Transformer (Optional)

Fan speed 
control (Standard)

Toggle
disconnect 
(Optional)

Electronic damper controls shown
(Pneumatic Available)

Flow measuring and
balancing taps

3/8” damper shaft rotates in three oil
impregnated sintered bronze bearings.
Slot in damper shaft to indicate
damper position

Multipoint averaging inlet sensor amplifies
velocity pressure signals for air flow
measuring and pressure independent
flow control. (Cross Flow Sensor Optional)

Casing has removable
bottom access panel for
servicing internal parts Plenum Air Filter Rack

(Filter Optional)

OPTIONAL ETL LISTING
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Unit Selection Procedure - Standard Fan Terminal Units ECM

Selection Procedure
•  From the job specification or schedule, determine the

Max and Min primary CFM requirement for each zone.
•  Refer to the fan curves located under the Performance

Data Section of this catalog. 
•  Select a fan size from these curves, making sure that

the fan selected can deliver the maximum primary CFM
at a given downstream external static pressure [ESP].
Downstream ESP consists of ductwork, flex, coils etc.
NOTE: For proper operation, it is recommended that the
downstream ESP be at least 0.20” WG. 

•  Units must be selected to operate within the minimum
and maximum range of the fan curves. Fan speed con-
trollers are provided as standard to allow airflow adjust-
ments and balancing.

•  Inlet size is predetermined according to the Fan Size
selected for constant volume units [i.e.: Fan size B = 6”
inlet, C = 7” etc.]. See Quick Selection Table A. 

*See Note 2.
NOTES: 1. Rated CFM is based on a maximum inlet velocity of approximately 3000 FPM.

2. Minimum CFM selection below this value (except ø) with pressure independent control may provide less than optimum control characteristics. 
(Minimum CFM values for the ACE units will vary with a change in electric coil KW. See Electric Coil Section to calculate minimum air flow).

3. CFM selections out of the recommended maximum or minimum ranges shown may result in less than optimum control.
4. Minimum CFM selection is recommended to be 40% of maximum rated CFM or less.
5. Maximum CFM selection is recommended to be 60% of maximum rated CFM or more.

Full Load Full Load Maximum Min. Primary Min. Primary Maximum
Unit Fan Inlet Motor Amps Amps Primary Air Flow Air Flow Fan CFM
Type Size Size (In.) HP 120 V 277V Air Flow (Pneumatic) (Electronic) 0.25”wg

B 6 1/3 1.7 0.8 400 0 or 110 0 or 65 400
C 7 1/3 2.7 1.1 600 0 or 140 0 or 85 600
D 8 1/3 5.0 2.2 1000 0 or 185 0 or 105 1000

AC_H E 10 1 6.2 2.7 1500 0 or 300 0 or 155 1500
F 12 1 9.3 4.0 2100 0 or 430 0 or 225 2100
G 14 1 (2) 14.0 6.0 3100 0 or 600 0 or 335 3100
H 16 1 (2) 18.0 9.0 3800 0 or 780 0 or 465 3800

•  After a Fan Size is selected, refer to the Primary Air
Inlet Parameter chart Table B. Make sure that the
Minimum primary CFM is within the ranges shown for
Pneumatic or Electronic controls.

•  Sound Level: Refer to the sound section of this catalog
to determine if the unit selected meets the required NC
or Db levels specified.

•  Pressure Drop: Refer to the performance section of this
catalog to determine the air differential pressure [DPs].
DPs is the static pressure difference from the inlet to
discharge and doesn’t include hot water or electric coils. 

•  Heating Coils: For units that require hot water or electric
heat refer to the appropriate sections of the Carnes
Mega Catalog for performance data.

•  Controls: See Control Section of the Carnes Mega
Catalog for Terminal Unit Controls and the sequence of
operation as specified.

Table A – Constant Volume Fan Terminals
QUICK SELECTION TABLE

Table B – Primary Air Inlet CFM Ratings
Inlet Rated Pneumatic Minimum Electronic Minimum Maximum

Diameter CFM CFM Range CFM Range CFM Range
6” 500 ø or *110-200 ø or *65-200 300-500
7” 700 ø or *140-280 ø or *85-280 420-700
8” 1000 ø or *185-400 ø or *105-400 600-1000

10” 1500 ø or *300-600 ø or *155-600 900-1500
12” 2300 ø or *430-920 ø or *225-920 1380-2300
14” 3100 ø or *600-1240 ø or *335-1240 1860-3100
16” 4200 ø or *780-1680 ø or *465-1680 2520-4200
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