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Figure 1. HVAC System
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Figure 2. Automatic Recirculation System
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Figure 3. Brushed DC Flap Actuator with Sensor
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Figure 4. Unipolar Stepper Flap Actuator
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Figure 5. Unipolar Stepper Flap Actuator
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Table 1. SUMMARY OF ACTUATOR TECHNOLOGIES

Actuator Characteristic Brush DC
Unipolar
Stepper

Bipolar
Stepper Comment

Wear-Out & Durability − ++ ++ No Brushes in Stepper

Audible Noise − + ++ Microstepping in Bipolar Stepper

EMC − + + Commutation Sparks in Brushed Motor

Holding Torque − ++ ++ Hold-current in Stepper

Sensorless Operation + ++ ++ BDC Requires Pulse-count if Sensorless

Cost of Control Circuit + ++ − Unipolar Requires only 4 Low-side Switches

Cost of Motor ++ − ++ Unipolar Stepper has 2× Cu vs. Bipolar

Number of Wires 2 to 5 5 4

Stall Detection ++ − ++ Recently Developed for Bipolar Stepper

High-speed Flap Closing ++ − ++ Recently Developed for Bipolar Stepper
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Figure 6. Bipolar Stepper Motor Driver IC (NCV70501) − Block Diagram

CLK

CSB

DI

DO

NXT

DIR

RHB

ERRB

MOTXP

MOTXN

MOTYP

MOTYN

TST GND

VBB

SPI

Timebase

Logic
&

Registers

Internal Voltage
Regulator 3.3 V

STALL

TSD

Open/
Short

OTP

POR

Bandgap

Tr
an

sl
at

or

EMC

I−sense

EMC

I−sense

P
W

M
P

W
M

NCV70501

PQ

�������������JQGR\J�y�
+�BC�¯Ó¦&'(��GH+�������
�����3�
��	�6/1�	�� !"�
���,����J&�5(�/>DC3��	��
 !"���`�.�/	0�12	3��	��
 !"���°¦$t�â������7�{�+

���7�$;�+P��&'(��.�/	0�
12	3��	���,���=/���þ
'#
½��Ü������������+������
{'-�����5Ål!�>ÉO,��
J
&'(



TND416/D

http://onsemi.com
9

RSTU

[1] Thomas E. J. Heckenberger, Peter Kroner, Marcus
Weinbrenner, Ralf Manski, Andreas Kemle and John
Tepas: “Contribution of the Air Conditioning System
to Reduced Power Consumption in Cars”,
Convergence 2008, Detroit, Michigan, October
2022, 2008.

[2] Bart De Cock: “LIN Mechatronics Applied to HVAC
Expansion Valves”, European Mechatronics Meeting,
Paris, France, June 24 & 25 2009.

[3] Christiam Gasparini and Johannes Vorenholt:
“Stepper Motor Resonance Measurement Setup with
the AMIS-3052x/NCV7052x Evaluation Kit”,
www.onsemi.com, AND8371/D, Feb-2009.

�VW

HVAC{ n�����QGR��
(Heating, Ventilation and Air-Conditioning)

IAQ{ �4���"(Interior Air Quality)

IC{ ��·M(Integrated Circuit)

ECU{ $�I�`�1�(Electronic Control Unit)

UV{ �6�¸(Ultraviolet (light))

LED{ y¸¾�]�=(Light Emitting Diode)

BDC{ �/>nJ»73��
(Brush(ed) Direct Current (motor))

EMC{: $ËyÓ�(Electro-Magnetic Compatibility)

AC{ �7(Alternating Current)

BEMF{:q+$�(Back-Electro-Mechanical Force)

SPI{ >l��	�l6º/�	�O�6º�0
(Serial Peripheral Interface)

EXV{ -fg(Expansion Valve)

LP{ ��(Low Pressure)

HP{ ��(High Pressure)
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