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How well do you know your industry?
 Brand recognition due to acquisition.

 Evolution of ECM technology.

 Effects of industry regulation.

HVAC ECM – Evolution and Industry Regulations
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What is the Genteq® Brand?
 Regal Beloit acquired General Electric’s 

HVAC Motor business in 2004.

 Products offered by Regal Beloit after this 
acquisition (formerly offered by GE) were 
branded “GE ECM by Regal Beloit” for 
several years.

 In 2009, Regal Beloit announced the 
rebranding of this product line under the 
name, “Genteq”. 

 Regal Beloit Corporation is a US publicly 
traded company (NYSE) headquartered 
in Beloit, Wisconsin.

Beloit, Wisconsin

Global 
Operations

HVAC ECM – Evolution and Industry Regulations
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What does the Genteq® brand represent?
 30 years of ECM technology and innovation

– ECM technology was introduced in 1987
 The leading brand in ECM technology in OEM applications and 

retrofit motors

HVAC ECM – Evolution and Industry Regulations
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 1987 CONSTANT AIRFLOW ECM introduced to HVAC 
 2006 SEER 13 Regulation
 2019 Fan Energy Rating (FER) Regulation

– Indoor blower & motor efficiency standard for furnaces
– Electrical Efficiency Requirement (Regulates 

Watts/CFM)
– Does not specify ECM to meet standard
– Does not restrict the use of PSC
– Lab testing suggests ECM will be needed to meet the 

standard
– Effective Date July 1, 2019

HVAC ECM – Evolution and Industry Regulations

ECM Integration Overview
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 OEM HVAC Indoor Blower 
Motors in 1986

– Furnace, Air Handler and 
Package Unit 
applications

• 100% PSC Motors
– Direct drive

HVAC ECM – Evolution and Industry Regulations

ECM Integration Overview
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 OEM HVAC Indoor Blower 
Motors in 2005

– Furnace, Air Handler and 
Package Unit applications

• 85% PSC Motors

• 15% Constant Airflow 
(Variable Speed) ECM 
Motors

Industry shift due to 
technology evolution
(Constant Airflow ECM 
introduced in 1987) 

HVAC ECM – Evolution and Industry Regulations

ECM Integration Overview

1987-1992 1992-1998 1998-2013
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 OEM HVAC Indoor Blower Motors in 2006

– 45% PSC Motors 
• Furnace

– 40% Constant Torque ECM Motors
• Air Handler and Package Unit

– 15% Constant Airflow (Variable Speed) 
ECM Motors

• Furnace, Air Handler and Package Unit

HVAC ECM – Evolution and Industry Regulations

ECM Integration Overview Industry shift due to 
SEER 13 Regulation 
(Constant Torque 
ECM introduced 
same year)
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 OEM HVAC Indoor Blower Motors in 2018

– 45% PSC Motors 
• Furnace

– 40% Constant Torque ECM Motors
• Air Handler and Package Unit

– 15% Constant Airflow (Variable Speed) 
ECM Motors

• Furnace, Air Handler and Package Unit

HVAC ECM – Evolution and Industry Regulations

ECM Integration Overview

2013 2007            

ECM Evolution (Next 
generation 16-pin 
and new 4-pin 
Constant Airflow 
motors) 
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 OEM HVAC Indoor Blower Motors in 2019

– 45% Constant Torque ECM Motors 
• Furnace

– 40% Constant Torque ECM Motors
• Air Handler and Package Unit

– 15% Constant Airflow (Variable Speed) 
ECM Motors

• Furnace, Air Handler and Package Unit

HVAC ECM – Evolution and Industry Regulations

ECM Integration Overview Expected industry 
shift due to FER 
Regulation 

New design 
from Genteq®

Separate line 
and 24vac input 
plugs
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HVAC ECM Educational Needs 
 ECM applications and 

operation
 ECM diagnostics
 ECM replacement

 Retrofit ECM
– Motor manufacturer’s 

literature

Resources –
- HVAC OEM literature
- Industry text books

HVAC ECM – Eduction



Constant Airflow ECM 



Constant Airflow ECM
• Applications

– HVAC Indoor Blower 
– Premium Systems

• Communicated
– Output adjusted at OEM 

controls using OEM literature
– Airflow values programmed by 

OEM unique to each HVAC 
system.

Constant Airflow  / OEM HVAC / Indoor Blower



Communicated ECM
• Unique communication between OEM 

control board and ECM control
• Determines airflow and comfort settings

Constant Airflow  / OEM HVAC / Indoor Blower

5-pin Line 
Voltage Input 

Plug

16-pin 
Communication 

Input Plug

4-pin 
Communication 

Input Plug



Installation Set-up
• Cooling Airflow

• Heating Airflow

• Trim/Adjust Multipliers

• Climate (delay) Profiles

• Humidistat Option

• Continuous Fan
OEM

Operational issues and component failure can be directly 
related to improper system configuration.

Constant Airflow  / OEM HVAC / Indoor Blower



User
Interface

OEM
 Control
Board

Furnace/Air Handler/
Package System

2nd Stage

CFM 1 2 3 4 5 6 7 8
A 800 0 0
B 1000 1 0
C 1200 0 1
D 1400 1 1

Dip Switch Number
Cooling Airflow Selection

2nd Stage

CFM 1 2 3 4 5 6 7 8 Rise (°F)
A 550 0 0 51
B 600 1 0 47
C 650 0 1 43
D 700 1 1 40

Heating Airflow Selection

Dip Switch Number
Temp Rise Range (30 - 60°F)

CFM 1 2 3 4 5 6 7 8
A Norm 0 0
B +10% 1 0
C -10% 0 1
D N/A 1 1

Dip Switch Number
Tirm/Adjust Airflow Selection

1 2 3 4 5 6 7 8
A 0 0
B 1 0
C 0 1
D 1 1

Dip Switch Number
Climate/Delay Profile Selection

OEM

Constant Airflow  / OEM HVAC / Indoor Blower
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																Cooling Airflow Selection

																2nd Stage		Dip Switch Number

																CFM		1		2		3		4		5		6		7		8

														A		800		0		0

														B		1000		1		0

														C		1200		0		1

														D		1400		1		1
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																Heating Airflow Selection

																Temp Rise Range (30 - 60°F)

																2nd Stage		Dip Switch Number

																CFM		1		2		3		4		5		6		7		8		Rise (°F)

														A		550						0		0										51

														B		600						1		0										47

														C		650						0		1										43

														D		700						1		1										40
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																Tirm/Adjust Airflow Selection

																		Dip Switch Number

																CFM		1		2		3		4		5		6		7		8

														A		Norm										0		0

														B		+10%										1		0

														C		-10%										0		1

														D		N/A										1		1
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																Climate/Delay Profile Selection

																		Dip Switch Number

																		1		2		3		4		5		6		7		8

																A														0		0

																B														1		0

																C														0		1

																D														1		1





Sheet2

		





Sheet3

		







Airflow (Why TESP is so important)

• Airflow remains constant within OEM guidelines
– Typical guidelines (0.1 – 1.0 TESP)
– OEM airflow characterization

• Above maximum TESP airflow will decrease

• Higher TESP = Higher energy consumption

• Continuous high TESP = Decreased Motor life

Constant Airflow  / OEM HVAC / Indoor Blower



PSC vs. Constant Airflow

Data is from lab testing 
on one particular unit. 
Numbers may vary from 
one unit to another.

Constant Airflow  / OEM HVAC / Indoor Blower



ECM Motors are not the cure for bad ductwork!

Constant Airflow  / OEM HVAC / Indoor Blower



ECM Motors are not the cure for negligence!

Constant Airflow  / OEM HVAC / Indoor Blower



Servicing Constant Airflow 
(Variable Speed -
Communicated) 

Indoor Blower ECM 

Constant Airflow  / OEM HVAC / Indoor Blower



Diagnostics 
• Control Diagnostics

– Line Voltage
– Communication

• Motor Diagnostics
– Ohms

All Genteq OEM ECM Indoor Blower Motor diagnostics are 
covered in the ECM Service Guide. 
- Free download or order hard copy TheDealerToolbBOX.com
- Included in free app TheDealerToolBELT

Constant Airflow  / OEM HVAC / Indoor Blower



• Line Voltage Input

Constant Airflow  / OEM HVAC / Indoor Blower



• Communication Input
• Communication inputs can be 

diagnosed with OEM literature. 
• Required OEM literature must be 

obtained directed from each OEM 
for each individual unit.

Constant Airflow  / OEM HVAC / Indoor Blower



• Run test with TECINspect – Genteq Motors

Constant Airflow  / OEM HVAC / Indoor Blower



Diagnostics – Genteq Motors
• If ECM operates with TECINspect

– Diagnose OEM board with OEM manual

Constant Airflow  / OEM HVAC / Indoor Blower



Diagnostics – Genteq Motors
• If ECM does not operate with TECINspect

– Replace entire ECM (motor and control) if
• OEM specified
• Motor fails Ohm tests (ECM Service Guide)
• Does not rotate freely by hand

– Replace ECM control only if:
• Available from OEM
• Motor passes Ohm tests (ECM Service Guide)
• Rotates freely by hand

Constant Airflow  / OEM HVAC / Indoor Blower



Motor Diagnostics 

• Warning: Disconnect AC power 
from the HVAC system and wait 5 
minutes before opening motor to 
avoid electrical shock from the 
motors capacitors.

Constant Airflow  / OEM HVAC / Indoor Blower



Motor Diagnostics 
Step 1 – Unplug the 16-pin 
connector and the 5-pin 
connector from the motor control.
Step 2 – Remove the blower 
assembly from the HVAC system. 

Step 3 – Remove the two (2) 
hex-head screws from the back 
of the control.

Step 4 - Unplug the 3-pin 
connector from inside the control 
by squeezing the latch and gently 
pulling on the connector.

Constant Airflow  / OEM HVAC / Indoor Blower



Motor Module Tests
Test A – measure the 

resistance between each of 
the 3 motor leads to the 
unpainted part of the end 
shield (models 2.0, 2.3 & 2.5) 
or the X brace (models Eon 
& 3.0). 

Constant Airflow  / OEM HVAC / Indoor Blower



Motor Module 
Test A (Winding 

to Ground 
Resistance) 

Lead 1 to Ground
Pass

Lead 2 to Ground
Pass

Lead 3 to Ground 
Pass

1. The resistance from each winding lead to 
ground must be > than 100K ohms. 

I∞
Ohms

ComΩ

Constant Airflow  / OEM HVAC / Indoor Blower



Motor Module Tests
Test B – measure the motor phase-to-phase resistance by
checking these combinations of the 3-pin motor 

connector with an ohmmeter. For the purpose of this 
test, start at either end of the connector as Lead 1. 

• Lead 1 to Lead 2
• Lead 1 to Lead 3
• Lead 2 to Lead 3

1. The lead to lead resistance across any 
two leads should be less than 20 ohms.

2.   Each lead to lead resistance should be 
the same within ± 10%.

Constant Airflow  / OEM HVAC / Indoor Blower



Motor Module 
Test B (Phase to 

Phase 
Resistance) 

5.1
Ohms

ComΩ

5.3
Ohms

ComΩ

5.5
Ohms

ComΩ

Lead 1 to Lead 2
Pass

Lead 1 to Lead 3
Pass

Lead 2 to Lead 3
Pass

1. The lead to lead resistance across any two 
leads should be less than 20 ohms.

2.     Each lead to lead resistance should be the 
same within ± 10%.

Constant Airflow  / OEM HVAC / Indoor Blower



• If the motor module fails either 
test or is difficult to rotate by 
hand:
– Replace both the motor control 

and the motor
• If the motor module passes both 

tests and is easy to rotate by 
hand:
– Replace the motor control only

Constant Airflow  / OEM HVAC / Indoor Blower



Constant Airflow ECM Wrap-Up
• Two tools

– Volt/Ohm Meter
– Genteq TECINspect

• Test the ECM Motor
• Four checks
• Accurate
• Saves Time
• Saves Parts Change-out
• Easily diagnose motor control and motor

Constant Airflow  / OEM HVAC / Indoor Blower



Compatibility
• TECINspect

• Genteq Models 2.0, 2.3, 
Eon, 3.0

• Genteq Tool

2.0              2.3            Eon           3.0

Constant Airflow  / OEM HVAC / Indoor Blower



Genteq Model 2.5
• ECM Motor Simulator

• Not compatible 
w/TECINspect

• Early model 
Infinity/Evolution

• Carrier/Bryant Tool

KGBSD0301FMS

2.5

Constant Airflow  / OEM HVAC / Indoor Blower



Repair
• Programs are specific to HVAC OEM, model and 

size unit
– Replacement parts with the correct OEM program must 

come from HVAC OEM
• NOT FIELD REPAIRABLE

– Using the wrong motor voids all warranties
• May produce unexpected results

– Follow all instructions with replacement parts
– Current generation products are backward compatible
– Generic retrofit options are in the near future

Constant Airflow  / OEM HVAC / Indoor Blower



Repair 
• Prevent repeat failures

– Most fatal damage caused by:
• Water damage

• Voltage Spikes
– Add surge protection to homes in high risk areas

• Operation at high Total External Static Pressure
– Measure and correct if needed

Constant Airflow  / OEM HVAC / Indoor Blower



Constant Torque ECM 



Constant Torque ECM
• Applications

– HVAC Indoor Blower 
– Mid-tier systems

• Multi-tap
– Output adjusted at the motor by 

selecting tap values

– Tap values (torque) programmed by 
OEM to match unit specifications

Constant Torque  / OEM HVAC / Indoor Blower



Multi-tap ECM
• Tap selection determines output

– Similar to PSC motors

• Line voltage power supplied 
continuously 

• Tap inputs provide on/off 
command and output (airflow) 
selection

Constant Torque  / OEM HVAC / Indoor Blower



Installation set-up
• Select taps recommended 

by OEM
– OEM manuals
– Tap configuration unit 

schematic

• Confirm airflow with TR or 
CFM measurement

OEM

Constant Torque  / OEM HVAC / Indoor Blower



Constant Torque  / OEM HVAC / Indoor Blower

Constant Torque 
OEM ECM

• OEM Programming 
examples



Constant Torque  / OEM HVAC / Indoor Blower

Constant Torque 
OEM ECM

• OEM Programming 
examples



Constant Torque  / OEM HVAC / Indoor Blower

Constant Torque 
OEM ECM

• OEM Programming 
examples



Airflow (Why TESP is so important) 

• Airflow is dictated by TESP
– Similar to PSC
– Factory default speed is not correct for all 

installations

• Higher TESP = Higher energy consumption & LESS 
AIRFLOW

• Continuous high TESP = Decreased Motor life

Constant Torque  / OEM HVAC / Indoor Blower



This information is not found on the unit label
Constant Torque  / OEM HVAC / Indoor Blower



Data is from lab testing on one particular unit. Numbers may vary from one unit to another.

ECM Products and Applications (Overview)



Servicing Constant Torque 
(multi-tap) Indoor Blower ECM

Constant Torque  / OEM HVAC / Indoor Blower



Diagnostics 
• Control Diagnostics

– Line Voltage
– Tap Voltage

• Motor Diagnostics
– Ohms

All Genteq OEM ECM Indoor Blower Motor diagnostics are covered in the Genteq 
ECM Service Guide. 
- Free download or order hard copy TheDealerToolbBOX.com
- TheDealerToolBELT app 

- Includes Genteq ECM Service Guide
- Includes operation, diagnostic and replacement videos

Constant Torque  / OEM HVAC / Indoor Blower



Heat

Cool 

Common

C L G N

1 2 3 4 5

Cool 2 Ton

No Program

Heat

OEM Circuit 
Board

N G

N G L1

Main 
Disconnect

L1

R
W
Y
G
C

Thermostat

RWYG

Cool 3 Ton

Heat

24
AC Volts

ComV
~

115
AC Volts

ComV
~

Voltage checks with individual wires.

Constant Torque  / OEM HVAC / Indoor Blower



Diagnostics
• If the motor does not operate with proper line 

voltage and communication voltage to a 
programmed tap:
– Replace the motor control and motor if the motor 

fails either ohm test or does not rotate easily by 
hand

• Or if OEM only provides motor control and 
motor as one part

– Replace motor control only if motor passes ohm 
tests and rotates easily by hand

Constant Torque  / OEM HVAC / Indoor Blower



• If the motor does not operate with 
proper inputs:
– Disconnect power to HVAC system
– Wait 5 minutes
– Remove motor control

Constant Torque  / OEM HVAC / Indoor Blower



• If the motor does not operate with 
proper inputs:
– Perform ohm checks on motor

• Same as Constant Airflow (Variable Speed) 
motor

Constant Torque  / OEM HVAC / Indoor Blower



Motor Module Tests
Test A – measure the 

resistance between each of 
the 3 motor leads to the X 
brace. 

Constant Torque  / OEM HVAC / Indoor Blower



Motor Module 
Test A (Winding 

to Ground 
Resistance) 

Lead 1 to Ground
Pass

Lead 2 to Ground
Pass

Lead 3 to Ground 
Pass

1. The resistance from each winding lead to 
ground must be > than 100K ohms. 

Constant Torque  / OEM HVAC / Indoor Blower



Motor Module Tests
Test B – measure the motor phase-to-phase resistance by
checking these combinations of the 3-pin motor 

connector with an ohmmeter. For the purpose of this 
test, start at either end of the connector as Lead 1. 

• Lead 1 to Lead 2
• Lead 1 to Lead 3
• Lead 2 to Lead 3

1. The lead to lead resistance across any 
two leads should be less than 20 ohms.

2.   Each lead to lead resistance should be 
the same within ± 10%.

Constant Torque  / OEM HVAC / Indoor Blower



Motor Module 
Test B (Phase to 

Phase 
Resistance) 

Lead 1 to Lead 2
Pass

Lead 1 to Lead 3
Pass

Lead 2 to Lead 3
Pass

1. The lead to lead resistance across any two 
leads should be less than 20 ohms.

2.     Each lead to lead resistance should be the 
same within ± 10%.

Constant Torque  / OEM HVAC / Indoor Blower



• If the motor module fails either 
test or is difficult to rotate by 
hand:
– Replace both the motor control 

and the motor
• If the motor module passes both 

tests and is easy to rotate by 
hand:
– Replace the motor control only

Constant Torque  / OEM HVAC / Indoor Blower



Constant Torque ECM Wrap-Up
• One tool

– Volt/Ohm Meter
• Test the ECM Motor

• Four checks
• Accurate
• Saves Time
• Saves Parts Change-out
• Easily diagnose motor control and motor

Constant Torque  / OEM HVAC / Indoor Blower



Repair
• Programs are specific to HVAC OEM, model and 

size unit
– Replacement parts with the exact OEM program must 

come from HVAC OEM
– Control replacement available
– NOT FIELD REPAIRABLE
– Using the wrong motor may void warranties

• May produce unexpected results
– Follow all instructions with replacement parts
– Generic replacements are available

• Genteq Evergreen EM

Constant Torque  / OEM HVAC / Indoor Blower



Repair 
• Prevent repeat failures

– Most fatal damage caused by:
• Water damage

• Voltage Spikes
– Add surge protection to homes in high risk areas

• Operation at high Total External Static Pressure
– Measure and correct if needed

Constant Torque  / OEM HVAC / Indoor Blower



Constant Speed ECM
HVAC 

HVAC/R 
curriculum



Constant Speed ECM
• Applications

– HVAC Outdoor Fan
– Premium systems, 15+ SEER

• Multi-tap or communicated
– OEM configured, no adjustments

– Speed values programmed by OEM to 
match unit specifications

Constant Speed  / OEM HVAC / Outdoor Fan



• Unique Application

– Remotely located motor control

Constant Speed / OEM HVAC / Outdoor Fan



• Operation
– 208-230vac continuous line voltage

– A/C or DC communication
• OEM specific
• Speed per demand by OEM program

– Constant Speed

– Hardwired at motor
• No plugs at the motor
• Wire colors OEM specific

Constant Speed / OEM HVAC / Outdoor Fan



• Operation
– Two stage system – Two Speed
– 208-230vac continuous line voltage

• Operates internal electronics and drives the motor
– A/C communication

• Speed selection by demand
• 6 wires

Constant Speed / OEM HVAC / Outdoor Fan



• Operation
– Single stage system – Single Speed
– 208-230vac continuous line voltage

• Operates internal electronics and drives the motor
– A/C communication

• 5 wires

Constant Speed / OEM HVAC / Outdoor Fan



• Operation
– One or Two stage system - Communicated
– 208-230vac continuous line voltage

• Operates internal electronics and drives the motor
– D/C communication (PWM signals)

• Speed selection by demand
• OEM Manual 
• 5 wires

Constant Speed / OEM HVAC / Outdoor Fan



• Installation/Set-up
– Typically no set up
– See OEM manuals

• Troubleshooting
– Line voltage continuously powered

• Voltage within ±10% acceptable
– Communication voltage by demand

• OEM specific
• Use OEM manual and/or schematic to confirm voltage

Constant Speed / OEM HVAC / Outdoor Fan



Constant Speed / OEM HVAC / Outdoor Fan



Repair
• Programs are specific to HVAC OEM, model and 

size unit
– Replacement only available as motor and motor control
– Replacement parts must come from HVAC OEM
– No universal replacement parts, NOT FIELD REPARIABLE
– Using the wrong motor voids all warranties

• May produce unexpected results
– Follow all instructions with replacement parts

Constant Speed / OEM HVAC / Outdoor Fan



Evergreen Overview
Aftermarket ECM

HVAC/R 
curriculum



ECM Products and Applications (Overview)

(Genteq models 142 
& 142R)



Education Support

HVAC/R 
curriculum



Thumb Drive

Education Support



Remember that the happiest people are 
not those getting more, but those giving 
more.     

- H. Jackson Brown Jr

Thank you for your dedication to 
education!

Closing Thoughts
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