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(57) ABSTRACT 

Circuitry for controlling a motor, such as a brushless motor 
(BLM), is disclosed. The circuitry may comprise one or more 
inputs for receiving rotor position signals from one or more 
Hall effect sensors that detect the position of, for example, a 
BLM rotor. The circuitry may also comprise an input for 
receiving a pulse width modulated speed control signal. The 
circuitry generates one or more drive signals, each drive sig 
nal having a plurality of driving intervals. Each drive signal 
may control power Switches during its driving intervals, the 
power switches being coupled to electromagnets of the BLM. 
The circuitry may cause the driving intervals of a first drive 
signal to be temporally spaced from the driving intervals of a 
second drive signal. 
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(A) 2+3 PHASE COMBINED MOTOR 
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FIG. 2B 

(B)2PHASE MOTOR 
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TIME DELAY LOGIC OF MOTOR CONTROL 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12,397,196, filed Mar. 3, 2009, and 
entitled “TIME DELAY LOGIC OF MOTOR CONTROL 
which is a continuation-in-part of U.S. patent application Ser. 
No. 12/041580, filed Mar. 3, 2008, and entitled “A CON 
TROL SYSTEM FOR CONTROLLING MOTORS FOR 
HEATING, VENTILATION AND AIR CONDITIONING 
OR PUMP.” This application claims priority to U.S. Provi 
sional Patent Application 61/059,596, filed Jun. 6, 2008, and 
entitled PHASE LOGICCIRCUITS FOR CONTROLLING 
MOTORS. Each of the foregoing applications is hereby 
incorporated herein by reference in its entirety and is to be 
considered part of this specification. 

BACKGROUND 

0002 1. Technical Field 
0003. The disclosure relates to circuitry for controlling a 
brushless motor (hereinafter referred to as a “BLM). 
0004 2. Description of the Related Art 
0005 Recently, a BLM for driving a blower or a fan for an 
HVAC, or a pump has been widely used. The use of a BLM is 
closely related to home and work environments in daily life, 
including apartments, offices, or factories, etc. A motor for a 
blower or a fan for an HVAC, or a pump has a significant 
amount of electric power consumption, which may range 
from several times to several ten times the amount used in 
different fields such as, e.g., the field of industrial mechanical 
devices or machine tools, etc., due in part because Such a 
motor is required to be operated continuously for typically at 
least several hours or more per day. Therefore, a motor for a 
blower or a fan for an HVAC, or a pump, which requires along 
time or a continuous operation, has a very large amount of 
energy consumption. Particularly, the electric power con 
sumption required for driving a blower or a fan for an HVAC, 
ora pump takes a very large portion in a BLM. Further, the use 
of a BLM affects directly the efficiency and performance of a 
driving system for an HVAC or a pump. 
0006. Accordingly, a motor having high-efficiency for 
saving energy has been required, and a development of an 
intelligent control system capable of controlling a motor hav 
ing high-efficiency conveniently and stably has been 
required. 
0007. In the past, an AC induction motor with an inexpen 
sive and simple structure has been mainly used as a motor 
having high-efficiency. However, there is a problem that 
causes an unnecessary over-speed operation and hence a sig 
nificant loss of electric power because this AC induction 
motor is difficult to control. For example, it is difficult to 
control a speed necessarily required for providing an energy 
saving and convenient operation conditions. Meanwhile, the 
AC induction motor has used a separate inverter in order to 
solve this kind of problem. However, the use of a separate 
inverter causes a noise problem, and has a certain limit in 
providing a program Suitable for various required operation 
conditions, in addition to a speed controlling, due to a low 
operation efficiency in terms of economic efficiency (an 
energy consumption amount compared to costs). 
0008 Further, motors for driving a fan using a BLM oran 
electrically commuted motor (hereinafter referred to “ECM) 
have recently been practiced. However, the motors for driving 
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a fan using an ECM are designed to be used mainly as motors 
for driving simply a compact or low-capacity fan with 100 
Watts or less, and thus have a limit in that they are not suitable 
for an HVAC designed for the use of a high-capacity housing 
or industrial purpose. 
0009. In the meanwhile, technologies relating to an appa 
ratus and a method for controlling an ECMused for an HVAC 
with a housing and industrial purpose are disclosed in U.S. 
Pat. No. 5,592,058 (hereinafter referred to “058 Patent”) 
allowed to William R. Archer, et al. and entitled “Control 
System and Methods for a Multi-parameter Electronically 
Commutated Motor.” However, because the control system 
and methods for a multi-parameter electronically commu 
tated motor disclosed in '058 Patent use AC half waves as 
input signals for various system parameters, use a separate 
programmable memory for storing the various system param 
eters, and use separately a complicated circuit such as ASIC, 
which is used with being connected to a means for sensing a 
position of a rotor and a current control circuit, the '058 Patent 
has a problem in that an overall system and controlling pro 
cesses are complicated. 
0010 Further, in the control system and methods for the 
multi-parameter electronically commutated motor disclosed 
in the 058 Patent, since a microprocessor controls an ECM 
depending on parameter signals pre-stored in the program 
mable memory, it is impossible to respond properly in real 
time when, for example, an abnormal operation condition 
may occur. 
0011 Still further, in the control system and methods for 
the multi-parameter electronically commutated motor dis 
closed in the '058 Patent, the means for sensing the position 
of a rotor may be made in a sensor-less manner. However, in 
case of sensing a position of a rotor using this sensor-less 
manner, there are problems that an unstable transient phe 
nomenon may occur at a startup of the ECM and a high 
possibility of a mal-operation may occur due to a Vulnerabil 
ity to an electromagnetic noise. 
0012. In the meanwhile, conventional control systems of a 
motor do not have means capable of controlling efficiently a 
system for driving various kinds of blowers or fans for an 
HVAC, or a pump. Such as means or functions including a 
non-regulated speed control (NRS) operation function, a 
regulated speed control (RS) operation function, a constant 
torque control function, a constant air flow/constant liquid 
flow control function, a remote communication and monitor 
ing function, a network control means or function capable of 
controlling a drive of multiple fans or pumps using a modbus, 
and a data logging means or function capable of checking 
operation states or records of a control system for an HVAC or 
a pump. 
0013 Moreover, conventional control systems of a motor 
have a problem in that they cannot provide the functions 
described by a single integrated control circuit and program. 
0014. The foregoing discussion is to provide background 
information and does not constitute an admission of prior art. 

SUMMARY 

0015. An electronic circuit for controlling a brushless 
motor (BLM) is disclosed. In some embodiments, the elec 
tronic circuit comprises: an input for receiving a digital posi 
tion signal from a Hall effect sensor, the Hall effect sensor for 
detecting the angular position of a BLM rotor, a second input 
for receiving a digital pulse width modulated speed control 
signal; and first circuitry for generating first and second drive 
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signals based on the digital position signal, the first and sec 
ond drive signals each comprising alternating driving inter 
vals and non-driving intervals, the first and second drive 
signals for driving a BLM electromagnet with current of a 
first polarity during driving intervals of the first drive signal, 
and for driving the BLM electromagnet with current of a 
second, opposite polarity during driving intervals of the sec 
ond drive signal, wherein the driving intervals of the first drive 
signal are temporally spaced from the driving intervals of the 
second drive signal Such that endings of the driving intervals 
of the first drive signal do not coincide with the beginning of 
the driving intervals of the second drive signal. 
0016. In some embodiments, an electronic circuit for con 
trolling a brushless motor (BLM) comprises: first and second 
inputs for receiving first and second digital position signals 
from respective first and second Hall effect sensors, the first 
and second Hall effect sensors for detecting the angular posi 
tion of a BLM rotor; first circuitry for generating first and 
second drive signals based on the first and second digital 
position signals, the first and second drive signals each com 
prising alternating driving intervals and non-driving inter 
vals, the first and second drive signals for driving a BLM 
electromagnet with current of a first polarity during driving 
intervals of the first drive signal, and for driving the BLM 
electromagnet with current of a second, opposite polarity 
during driving intervals of the second drive signal; second 
circuitry for generating the Boolean logical XOR logical 
combination of the first and second digital position signals; a 
first pulse generator for generating transition pulses in 
response to rising edges of the XOR logical combination of 
the first and second digital position signals; and third circuitry 
for generating the Boolean logical AND combination of the 
first position signal with the transition pulses from the first 
pulse generator, and for generating the Boolean logical AND 
combination of the logical complement of the first position 
signal with the transition pulses from the first pulse generator. 
0017. A method for controlling a brushless motor (BLM) 

is disclosed. In some embodiments, the method comprises: 
electronically receiving a digital position signal from a Hall 
effect sensor, the Hall effect sensor for detecting the angular 
position of a BLM rotor, electronically generating first and 
second drive signals based on the digital position signal, the 
first and second drive signals each comprising alternating 
driving intervals and non-driving intervals, the first and sec 
ond drive signals for driving a BLM electromagnet with cur 
rent of a first polarity during driving intervals of the first drive 
signal, and for driving the BLM electromagnet with current of 
a second, opposite polarity during driving intervals of the 
second drive signal; and electronically causing temporal 
spacing between the driving intervals of the first drive signal 
and the driving intervals of the second drive signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a block diagram of a control system for 
controlling a brushless motor according to one embodiment. 
0019 FIG. 2a is a cross-section view of a 2 phase and 3 
phase combined type brushless motor being used in one 
embodiment illustrated in FIG. 1. 

0020 FIG.2b is a cross-section view of a conventional 2 
phase brushless motor being used in one embodiment illus 
trated in FIG. 1. 
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0021 FIG. 3A illustrates a first set of example signal 
waveforms in the phase logic control circuit during various 
phases of rotation of the BLM rotor according to some 
embodiments. 
0022 FIG. 3B illustrates a second set of example signal 
waveforms in the phase logic control circuit during various 
phases of rotation of the BLM rotor according to some 
embodiments. 
0023 FIG. 4A is a view of a first 2 phase logic control 
circuit being used in Some embodiments. 
0024 FIG. 4B illustrates two states of a logic switch used 
to control the direction of rotation of a BLM. 
0025 FIG. 4C is a view of a second 2 phase logic control 
circuit being used in Some embodiments. 
(0026 FIG. 5A is a detailed view of a first power switch 
circuit being used in Some embodiments. 
(0027 FIG. 5B illustrates two states of a full bridge circuit 
used to supply power to the armature windings of a BLM. 
(0028 FIG.5C is a detailed view of a second power switch 
circuit being used in Some embodiments. 
0029 FIG. 6 is a detailed circuit view of a control system 
being used in one embodiment. 

DETAILED DESCRIPTION 

0030. In some embodiments there is a control system for 
controlling a motor for an HVAC or a pump, where a micro 
processor receives multiple control signals for controlling a 
motor for an HVAC or a pump and controls them in real time. 
0031. In some embodiments there is a control system for 
controlling a motor for an HVAC or a pump, which is capable 
of sensing abrupt load variation of a motor and thus procuring 
stability and capable of protecting the motor and the control 
system from a change of an environmental temperature or an 
abnormal temperature change of the motor itself. 
0032. Further, there is a control system for controlling a 
motor for an HVAC or a pump, which has a built-in isolated 
power Supply to be used for a control system for controlling 
external inputs and thus is capable of accessing easily various 
control command signals relating to a master control system 
of the motor for an HVAC or a pump, even without a separate 
external power Supply source. 
0033. Further, in some embodiments there is a control 
system for controlling a motor for an HVAC or a pump having 
an opto-isolated communication means capable of transmit 
ting and receiving various control program data and a means 
where a DC voltage signal (Vdc) or a pulse modulation signal 
to be used as a control signal for controlling a speed of the 
motor can be inputted therein through one input port and 
processed accordingly. 
0034. According to some embodiments, there is a control 
system for controlling a motor for a heating, ventilation and 
air conditioning unit (HVAC) or a pump comprising: an opto 
isolated speed command signal processing interface into 
which a signal for controlling a speed of the motor is inputted 
and which outputs an output signal for controlling the speed 
of the motor being transformed as having a specific single 
frequency; a communication device into which a plurality of 
operation control commands of the motor; an opto-isolated 
interface for isolating the plurality of operation control com 
mands inputted through the communication device and the 
transformed output signal for controlling the speed of the 
motor, respectively; a microprocessor, being connected to the 
opto-isolated interface, for outputting an output signal for 
controlling an operation of the motor depending on the plu 
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rality of operation control commands and the transformed 
output signal for controlling the speed of the motor, a sensor, 
being connected to the motor, for outputting a rotor position 
sensing signal of the motor; a logic control circuit, being 
connected to the opto-isolated interface, the microprocessor, 
and the sensor, respectively, for adding the rotor position 
sensing signal and the output signal for controlling the opera 
tion of the motor; a power Switch circuit being connected to 
feed electric power to the motor; a gate drive circuit, being 
connected to the logic control circuit and the power Switch 
circuit, respectively, for driving the power Switch circuit; and 
a power Supply device being connected to the logic control 
circuit, the power Switch circuit, and the gate drive circuit, 
respectively, for feeding electric power thereto. 
0035 Various features of embodiments provide many 
advantages, including: 
0036 1. Various operation controls required in a motor for 
an HVAC or a pump may be made in real time. 
0037 2. Operation efficiency of a motor for an HVAC or a 
pump is significantly enhanced so that it is possible to operate 
a motor at low consumption of electric power and in a various 
and intelligent manner. 
0038. 3. A control system of a motor for an HVAC or a 
pump may be embodied with a simple configuration. 
0039 4. It is convenient to use a control system of a motor 
for an HVAC or a pump because a separate built-in power 
Supply device for feeding an external power Supply is 
included therein. 
0040 5. It is possible to monitor any troubles, operation 
efficiency, and a condition on a stable operation of an HVAC 
or a pump in real time since various operation data informa 
tion (e.g., operation current, Voltage, speed, and temperature, 
etc. which are processed by a control system of a motor for an 
HVAC or a pump in some embodiments) is possible to be 
transmitted to an external system. 
0041 Further features and advantages can be obviously 
understood with reference to the accompanying drawings 
where same or similar reference numerals indicate same com 
ponents. 
0042. Hereinafter, embodiments are described in more 
detail with reference to the preferred embodiments and 
appended drawings. 
0043 FIG. 1 is a block diagram of a control system for 
controlling a brushless motor according to one embodiment, 
FIG. 2a is a cross-section view of a 2 phase and 3 phase 
combined type brushless motor being used in one embodi 
ment illustrated in FIG.1, and FIG.2b is a cross-section view 
of a conventional 2 phase brushless motor being used in one 
embodiment illustrated in FIG. 1. 
0044) Referring to FIG. 1, a 2 phase and 3 phase combined 
type brushless ECM illustrated in FIG.2a or a conventional 2 
phase brushless ECM illustrated in FIG.2b may be used as a 
motor 2 to be controlled by a control system for an HVAC or 
a pump. The 2 phase and 3 phase combined type brushless 
ECM illustrated in FIG.2a is a motor where a 2 phase arma 
ture and a 3 phase rotor are combined. More specifically, a 
specific structure and operations of the 2 phase and 3 phase 
combined type brushless ECM illustrated in FIG. 2a is dis 
closed in more detail in Korean Patent No. 653434 (herein 
after referred to “434 Patent”) registered on Jan. 27, 2006, 
entitled “Brushless DC motor which was filed on Apr. 29. 
2005 as Korean Patent Application No. 10-2005-0035861 by 
the present inventor and applicant. The disclosure of 434 
Patent is incorporated herein by reference. Because one pur 
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pose of Some embodiments is to provide a control system for 
controlling the 2 phase and 3 phase combined type brushless 
ECM illustrated in FIG.2a or the conventional 2 phase brush 
less ECM illustrated in FIG. 2b and the motors illustrated in 
FIGS. 2a and 2b are all known, the specific structures and 
operations of the 2 phase and 3 phase combined type brush 
less ECM illustrated in FIG.2a and the conventional 2 phase 
brushless ECM illustrated in FIG.2b will not be described in 
detail in the present specification. Moreover, although a con 
trol system according to some embodiments is described to be 
applied to the conventional 2 phase and 3 phase combined 
type brushless ECM and 2 phase brushless ECM in an exem 
plary manner, a skilled person in the art may fully understand 
that a control system according to some embodiments shall be 
used to control a single phase ECM or a typical ECM. 
0045 Referring back to FIG. 1, a motor 2 may be used for 
driving a blower or a fan used for an HVAC, or driving a pump 
(hereinafter“a blower or a fan' and “a pump' may be refereed 
to commonly as “a pump'). A control system for controlling 
a motor 2 for a pump 1 according to some embodiments 
comprises an opto-isolated speed command signal process 
ing interface 14 into which a signal for controlling a speed of 
the motor 2 is inputted and which outputs an output signal for 
controlling the speed of the motor 2 being transformed as 
having a specific single frequency; a communication device 
13 into which a plurality of operation control commands of 
the motor 2; an opto-isolated interface 11 for isolating the 
plurality of operation control commands inputted through the 
communication device 13 and the transformed output signal 
for controlling the speed of the motor 2, respectively; a micro 
processor 10, being connected to the optoisolated interface 
11, for outputting an output signal for controlling an opera 
tion of the motor 2 depending on the plurality of operation 
control commands and the transformed output signal for con 
trolling the speed of the motor 2; a sensor 3, being connected 
to the motor 2, for outputting a rotor position sensing signal of 
the motor 2; a logic control circuit 9, being connected to the 
opto-isolated interface 11, the microprocessor 10, and the 
sensor 3, respectively, for adding the rotor position sensing 
signal and the output signal for controlling the operation of 
the motor 2; a power switch circuit 4 being connected to feed 
electric power to the motor 2; a gate drive circuit 7, being 
connected to the logic control circuit 9 and the power switch 
circuit 4, respectively, for driving the power Switch circuit 4; 
and a power Supply device 5 being connected to the logic 
control circuit 9, the power switch circuit 4, and the gate drive 
circuit 7, respectively, for feeding electric power thereto. 
Herein below, all elements and their cooperative relationships 
of a control system for controlling a motor 2 for a pump 1 
according to some embodiments will be described in more 
detail between the 

0046 First, a control system for a pump 1 according to 
Some embodiments includes an opto-isolated speed com 
mand signal processing interface 14. The opto-isolated speed 
command signal processing interface 14 is connected to a 
central control system 15. Further, the an opto-isolated speed 
command signal processing interface 14 may have a separate 
built-in microprocessor (see reference numeral 146 illus 
trated in FIG. 6) which outputs a pulse width modulation 
(PWM) signal for controlling a speed being transformed to a 
specific single frequency (e.g., 80 Hz frequency according to 
Some embodiments) and maintained the transformed specific 
frequency. Therefore, the opto-isolated speed command sig 
nal processing interface 14 may process a control signal com 
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prised of either a DC voltage signal (0-10Vdc) 151 or a PWM 
signal 151 for controlling a speed of the motor 2, as well as a 
start-up signal and a stop signal, all of which are transmitted 
either from the central control system 15 or manually. Espe 
cially, even if the PWM signal 151 may have a large frequency 
variation width (40 Hz-120 Hz), the PWM signal 151 may 
feed a PWM output signal having a specific single frequency 
(e.g., a constant frequency of 80 HZ), regardless of the large 
frequency variation width (40 Hz-120 Hz). In this case, the 
optoisolated speed command signal processing interface 14 
may transform the PWM signal 151 for controlling a speed 
having a large frequency variation width (40 Hz-120 Hz) to a 
specific single frequency (e.g., 80 Hz, according to some 
embodiments) by using the separate microprocessor 146 (see 
FIG. 6). The opto-isolated speed command signal processing 
interface 14 is connected to the microprocessor 10 through 
the opto-isolated interface 11. Thus, the DC voltage signal 
(0-10Vdc) 151 or the PWM signal 151 for controlling a speed 
of the motor 2 is fed to the microprocessor 10 as a PWM 
signal which is transformed to a specific single frequency 
(e.g., 80 HZ) by the opto-isolated speed command signal 
processing interface 14 (hereinafter referred to “a trans 
formed output signal 151 for controlling a speed of the 
motor). 
0047. Further, a control system for a pump 1 according to 
Some embodiments includes a communication device Such as 
RS485 13. RS48513 is connected to a factory program device 
12 including a pre-determined program which is program 
mable by a user. The factory program device 12 may be 
embodied, for example, by a personal computer (PC). The 
pre-determined program included in the factory program 
device 12 may be a program including at least one or more 
operation control commands consisting of a plurality of 
operation control commands relating to, for example, NRS, 
RS, constant torque, constant air flow/constant liquid flow, 
and a clockwise (CW) rotation/counter-clockwise (CCW) 
rotation of the motor 2. In an alternative embodiment, an 
operation control command relating to a CW/CCW rotation 
of the motor 2 may be inputted through RS485 13, for 
example, by a separate toggle Switch. 
0048. Hereinbelow, specific details of functions and pro 
grams necessary for operating an HVAC and a pump accord 
ing to some embodiments will be described in more detail. 
0049 Referring to FIG. 1 again, an NRS control may be 
performed in an NRS firmware program mode which is pre 
determined in the microprocessor 10. That is, when an NRS 
control command is inputted into the microprocessor 10 
through the RS485.13 and the opto-isolated interface 11, from 
the factory program device 12 which is programmable by a 
user, the microprocessor 10 is switched to an NRS firmware 
program mode which is pre-determined in the microproces 
sor 10. In this NRS firmware program mode, the micropro 
cessor 10 either transforms a PWM output signal to Low or 
Zero (0), or modulates a pulse width of the PWM output signal 
increasingly or decreasingly at a constant rate, and the 
switched or modulated PWM output signal is transmitted to 
the 2 phase logic control circuit 9. This may result in that the 
motor 2 may stop or perform an NRS operation Such as a 
simple speed-variable operation, etc. 
0050 ARS control may be performed in a NRS firmware 
program mode which is pre-determined in the microproces 
sor 10. That is, when a RS control command is inputted into 
the microprocessor 10 through the RS485 13 and the opto 
isolated interface 11, from the factory program device 12 

Sep. 13, 2012 

which is programmable by a user, the microprocessor 10 is 
switched to a RS firmware program mode which is pre-deter 
mined in the microprocessor 10. In this RS firmware program 
mode, the microprocessor 10 compares and calculates the 
transformed output signal 151 for controlling a speed of the 
motor being fed by the opto-isolated speed command signal 
processing interface 14 and an input signal 31a which is 
sensed by the sensor 3 for sensing a rotor position and is 
outputted through the 2 phase logic control circuit 9. There 
after, the microprocessor 10 modulates a pulse width of the 
PWM output signal increasingly or decreasingly correspond 
ing to a comparison and calculation result to maintain a con 
stant speed which is commanded to the motor 2, and the 
modulated PWM output signal is transmitted to the 2 phase 
logic control circuit 9. Thus, it is possible that the motor 2 
performs an RS operation which maintains a constant rota 
tional speed, although a variance in DC voltage 54 fed from a 
power Supply device 5 or a load variance of the pump 1 may 
OCCU. 

0051. A constant torque control may be performed in a 
constant torque firmware program mode which is pre-deter 
mined in the microprocessor 10. That is, when a constant 
torque control command is inputted into the microprocessor 
10 through the RS485 13 and the opto-isolated interface 11, 
from the factory program device 12 which is programmable 
by a user, the microprocessor 10 is Switched to a constant 
torque firmware program mode which is pre-determined in 
the microprocessor 10. In this constant torque firmware pro 
gram mode, the microprocessor 10 modulates a pulse width 
of the PWM output signal increasingly or decreasingly to 
vary the speed of the motor 2 and the modulated PWM output 
signal is transmitted to the 2 phase logic control circuit 9. 
More specifically, the microprocessor 10 compares a pre 
determined current value and a load current value 81 of the 
motor 2 being fed by a current detection circuit 8. Depending 
on the comparison result, the microprocessor 10 increases or 
decreases the pulse width of the PWM output signal for the 
load current value 81 of the motor 2 to maintain the predeter 
mined current value constantly. As a result, the speed of the 
motor increases until the motor 2 reaches at a constant torque 
value when the load current value 81 is decreased, while the 
speed of the motor decreases until the motor 2 reaches at a 
constant torque value when the load current value 81 is 
increased. In this manner, it is possible to perform a constant 
torque operation maintaining a constant torque. 
0.052 A constant airflow/constant liquid flow control may 
be performed in a constant air flow/constant liquid flow con 
trol firmware program mode which is pre-determined in the 
microprocessor 10. That is, when a constant airflow/constant 
liquid flow control command is inputted into the micropro 
cessor 10 through the RS485 13 and the opto-isolated inter 
face 11, from the factory program device 12 which is pro 
grammable by a 16 user, the microprocessor 10 is switched to 
a constant air flow/constant liquid flow firmware program 
mode which is pre-determined in the microprocessor 10. In 
this constant air flow/constant liquid flow firmware program 
mode, the microprocessor 10 modulates the PWM output 
signal calculated as a function value proportional to the speed 
and current of the motor 2 which is necessary for maintaining 
a constant air flow/constant liquid flow, depending on a con 
dition determined by an input of the factory program device 
12 regardless of the transformed output signal 151 for con 
trolling a speed of the motor. The modulated PWM output 
signal is transmitted to the 2 phase logic control circuit 9 so 
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that it is possible to perform a constant air flow/constant 
liquid flow operation. The technologies relating to perform 
ing a constant air flow/constant liquid flow operation control 
is disclosed in more detain in Korean Patent Application No. 
10-2007-0122264, entitled "Apparatus to control a multipro 
grammable constant air flow with speed controllable brush 
less motor which was filed on Nov. 11, 2007 by the present 
applicant. The disclosure of Korean Patent Application No. 
10-2007-0122264 is incorporated herein by reference. 
0053 Meanwhile, a control system for controlling the 
pump 1 according to some embodiments includes the micro 
processor 10. A position signal 31 sensed from the sensor 3 
for sensing a rotor position is inputted into the 2 phase logic 
control circuit 9, and then the 2 phase logic control circuit 9 
outputs an input signal 31a of a rotational speed into the 
microprocessor 10. The microprocessor 10 may calculate an 
RPM of the motor 2 by using the input signal 31a of a 
rotational speed. The microprocessor 10 also receives a load 
current signal of the motor 2 through the power Switching 
circuit 4 and 17 the current detection circuit 8 and calculates 
a load current value of the motor 2. Further, the microproces 
Sor 10 has a control program which makes the motor 2 to 
operate depending on a modulation rate of the transformed 
output signal 151 (typically, 80 Hz) for controlling a speed of 
the motor fed from the an opto-isolated speed command 
signal processing interface 14, in a manner that the motor 2 
stops at the modulation rate of 0-5% and is operated with a 
varying speed at the modulation rate of 5-100%. For this 
purpose, the microprocessor 10 also outputs the PWM output 
signal (frequency: 20 KHZ or more), which may vary the 
speed of the motor 2, to the phase logic control circuit 9. 
Further, the microprocessor 10 may receive a temperature 
signal of the motor 2 detected by a temperature detection 
sensor 16, and makes the motor 2 to stop the operation or 
decrease the speed thereof when the detected temperature 
becomes a constant temperature value or more. Further, the 
microprocessor 10 may receive a DC voltage 54 fed from the 
power supply device 5 and detected by a voltage detection 
circuit 17, and makes the motor 2 to stop the operation or 
makes a warning signal when the received DC voltage 54 
becomes higher or lower thana pre-determined Voltage value. 
Further, the microprocessor 10 may have a firmware program 
which may output a signal for driving a relay Switch 18 to 
make a notice to an external user of an abnormal operation 
condition, in case that the microprocessor 10 decides the 
abnormal operation condition by determining an operation 
speed, current, Voltage, and temperature, etc. of the motor 2. 
separately ort integrally. 
0054 Further, a control system for controlling the pump 1 
according to Some embodiments includes the 2 phase logic 
control circuit 9. The 2 phase logic control circuit 9 is con 
nected to the gate drive circuit 7. The gate 18 drive circuit 7 is 
connected to the power switch 4 and may drive the power 
switch 4. The power switch 4 is connected to the motor 2 and 
feeds the DC voltage 54 fed from the power supply device 5 
to motor coils (OA, OB) (see FIG. 2) in a switching manner. 
The 2 phase logic control circuit 9 adds the rotor position 
sense signal 31 outputted from a Hall sensor 3 for sensing a 
position of the rotor and the PWM output signal having a 
frequency of 20 KHZ or more fed from the microprocessor 10. 
The 2 phase logic control circuit 9 also has a logic Switch 
circuit which may switch the motor coils (OA and OB to 
maintain or switch the rotation direction of the motor 2 
depending on a CW command signal or a CCW command 
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signal being inputted through the opto-isolated interface 11 
so that it is possible to switch the rotation direction of the 
motor 2. 

0055 Still further, a control system for controlling the 
pump 1 according to Some embodiments includes the power 
supply device 5 which feeds electric power. The power supply 
device 5 rectifies an AC voltage inputted from outside and 
feeds the generated DC voltage 54 to the power switch circuit 
4. The power supply device 5 also feeds a gate drive voltage 
53 of DC 12-15V, which is dropped by a built-in DC-DC 
transforming device (not shown) in the power Supply device 
5, to the gate drive circuit 7. Further, the power supply device 
5 feeds a voltage 52 of DC 12-15V to the 2 phase logic control 
circuit 9. In the meanwhile, a control system for controlling 
the pump 1 according to some embodiments may include an 
isolated DC-DC power supply device 6 which is built in 
separately from the input of the AC voltage. A voltage of DC 
12V outputted by the isolated DC-DC power supply device 6 
is used as a power Source for an external main system control 
14 or a 19 communication device such as RS485 through the 
opto-isolated interface 11. This built-in type isolated DC-DC 
power Supply device 6 configures a separate power Supply 
device which is electrically isolated from the power supply 
device 5 used for a control system for controlling the pump 1 
according to Some embodiments. That is, because a built-in 
power supply device such as the isolated DC-DC power sup 
ply device 6 according to some embodiments feeds separate 
electric power isolated from the power supply device 5 used 
for a control system for controlling the pump 1 according to 
Some embodiments, a separate external isolated power Supply 
device to be used for accessing an electric signal of a external 
control device or system is not required. 
0056. Hereinbelow, various advantages will be described 
in more detail in case of using a control system for controlling 
the pump 1 according to some embodiments. 
0057 Equipment of the operation of an HVAC or a pump 
may be used in various indoor or outdoor environments and is 
generally required to be operated stably at a temperature 
approximately with a wide range of -40°C. to 60° C. Further, 
the motor 2 for an HVAC or a pump reaches at an over-heated 
condition, a system should not be stopped by Switching the 
motor 2 to be operated a low speed in a safe mode before a 
break-down of the motor 2 occurs. In order to perform func 
tions to satisfy the requirements described above, a control 
system according to some embodiments includes the micro 
processor 10 having a program with specific algorithms and 
the temperature detection sensor 16 connected to the micro 
processor 10. The temperature value of the motor 2 detected 
by the temperature detection sensor 2016 becomes a pre 
determined stable temperature value or more, the micropro 
cessor 10 reduces the rotation speed or the output of the motor 
2 up to 40 to 50% at its maximum by using the program with 
specific algorithms. Further, when the temperature value of 
the motor 2 detected by the temperature detection sensor 16 
returns to a normal temperature, the microprocessor 10 
increases gradually the rotation speed or the output of the 
motor 2 to its original pre-determined speed or output by 
using the program with specific algorithms. 
0058. Further, in case of driving the pump 1, an abnormal 
condition may occur, including a condition that, for example, 
a pump circulator is clogged abruptly or a body part of a 
human being may be sucked into a pump inlet, etc., especially 
in a Swimming pool. In Such case, a very dangerous abnormal 
condition may result in Such as a break-down of a pump, or 
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damages to body or death. When such kind of an abnormal 
condition occurs, the speed of the motor 2 is reduced while the 
load current of the motor 2 increases abruptly, or the speed of 
the motor 2 is increased while the load current of the motor 2 
decreases significantly. The microprocessor 10 used for a 
control system of Some embodiments receives a detection 
signal of the load current 81, the rotor position signal 31, the 
detected temperature signal of the motor 2 outputted from the 
temperature detection sensor 16, and the Voltage variance 
detection signal of the DC voltage 54 outputted from the 
Voltage detection circuit 17, and compares and calculates 
them and their corresponding predetermined Standard values 
or normal values. Thus, when the operation condition of the 
motor changes abruptly during a normal operation thereof 
(i.e., when an abnormal condition occurs), the microproces 
sor 10 feeds the 21 variable PWM output signal to the 2 phase 
logic control circuit 9 depending on the compared and calcu 
lated values so that the microprocessor 10 may switch the 
motor 2 to stop or to be operated at a minimum operation 
output condition within a quick period of time. 

Phase Logic Control Circuitry 
0059 FIG. 3A illustrates example waveforms of various 
signals in the phase logic control circuit 9 during different 
angular phases of rotation of the BLM rotor illustrated in FIG. 
2A. Several different segments are delineated (by dashed 
vertical lines) for each of the waveforms. Each of the seg 
ments represents a specified amount of angular rotation of the 
rotor of the BLM illustrated in FIG. 2A. For example, the first 
segment (from left to right) of each waveform corresponds to 
the angular rotation from 0°-30° in a clockwise direction 
(e.g., where the position of the rotor in FIG. 2A represents the 
0' starting point). In like fashion, the second segment of each 
waveform corresponds to the angular rotation of the rotor 
from 30°-60° in a clockwise direction, and so on for each of 
the Subsequent delineated segments in 30° increments. 
0060. The signal “p A' is represented by waveform 302. 
(pA is the output of a Hall effect sensor positioned on the BLM 
So as to monitor the rotational position of the rotor and to 
control the excitation of the pA coils in the armature, as 
illustrated in FIG. 2A. For example, in some embodiments, 
this Hall effect sensor is placed in the vicinity of either of the 
(pA coils in the armature, though it may also be positioned 
elsewhere. The signal “qpB' is represented by waveform 306. 
(pB is the output of a Hall effect sensor positioned on the BLM 
So as to monitor the rotational position of the rotor and to 
control the excitation of the pB coils in the armature. For 
example, in Some embodiments, this Hall effect sensor is 
placed in the vicinity of either of the pB coils in the armature, 
though it may also be positioned elsewhere. As illustrated in 
FIG.3A, in some embodiments, the Hall effect sensors output 
digital signals. For example, the Hall effect sensors may 
output a first voltage in the presence of the field from a 
magnetic north pole while outputting a second Voltage in the 
presence of the field from a magnetic South pole. In some 
embodiments, two Hall effect sensors are used to sense the 
position of the rotor. However, in other embodiments, the 
position of the rotor can be detected using a different number 
of Hall effect sensors, or by other means. 
0061. In the BLM embodiment illustrated in FIG. 2A, the 
rotor has six magnetic poles. AS Such, each magnetic north 
pole (N) is separated by 120° from an adjacent magnetic north 
pole, and each magnetic South pole (S) is separated by 120° 
from an adjacent magnetic South pole. The north and South 
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magnetic poles are arranged in alternating fashion Such that 
each magnetic north pole is separated by 60° from an adjacent 
magnetic South pole. By virtue of this arrangement, in some 
embodiments, a rotation of 120° corresponds to one period of 
each of the outputs (p.A and pb from the Hall effect sensors. 
For example, if a magnetic north pole starts off adjacent one 
of the Hall effect sensors, the output of the sensor may be 
“low” or “inactive.” However, during 120° of angular rota 
tion, a magnetic South pole will pass adjacent the sensor, 
during which time its output may transition to “high” or 
“active.” followed by a magnetic north pole that causes the 
output of the sensor to transition back to low. In some embodi 
ments, “active' may also be used in reference to “low” peri 
ods, while inactive is used in reference to “high periods. For 
example, in the case of a digital signal, 'active' and “inac 
tive' periods may simply be used to refer to the alternate 
states of the digital signal. In some cases, “active' periods 
may reference intervals where a signal pulses in coordination 
with the speed control PWM signal 114 (or would pulse in 
coordination with the speed control signal if logically com 
bined with the speed control signal, as described herein), as 
described herein, while “inactive periods may reference 
intervals where a signal does not pulse in coordination with 
the speed control PWM signal 114 (or would not pulse in 
coordination with the speed control signal if logically com 
bined with the speed control signal, as described herein). 
0062. As can be seen in FIG. 3A, in some embodiments, 
the pA and (pB signals are shifted in phase relative to one 
another by 90°, which corresponds to 30° of angular rotor 
rotation. In some embodiments, the Hall effect sensors output 
a “high, or “active value in the presence of a magnetic north 
pole and a “low” or “inactive.” value in the presence of a 
magnetic South pole, though the converse can also be true. 
Other configurations are also possible depending, for 
example, upon the type of Hall effect sensors used. In addi 
tion, the high and low values can be reversed. 
0063. In FIG. 3A, a series of schematic representations 
310,312,314,316, and 318 of the rotor and stator of the BLM 
are shown below the signal waveforms (pA302 and p3306. 
Each of these schematics represents the state of the BLM 
during one of the delineated rotational phases. For example, 
schematic 310 represents the state of the BLM as the rotor 
rotates from 0°-30°. Each of the magnetic poles of the rotor is 
represented by a boldface “N' for a magnetic north pole or a 
bold face “S” for a magnetic south pole. The states of the 
electromagnets in the stator are represented in a similar man 
ner (but are not in boldface), where p A1 and cpA2 are the first 
and second electromagnets of the pA grouping, and pB1 and 
(pB2 are the first and second electromagnets of the pB group 
ing. Schematics 312,314,316, and 318 represent the state of 
the BLM during subsequent 30° angular phases of rotation. 
0064. As illustrated by schematics 310 and 312, magnetic 
pole (pA1 of the stator is energized as a magnetic north pole 
during the rotation of the rotor from 0°-60°. After 60° of 
rotation, the current through magnetic pole (pA1 is reversed so 
as to create a magnetic South pole. A similar pattern can be 
noted for each of the electromagnets in the stator wherein the 
polarity of each of the electromagnets is reversed every 60° of 
rotation. It can be seen from the schematics 310, 312, 314, 
316, and 318 that this pattern according to which the electro 
magnets in the stator are energized creates magnetic fields 
that interact with the magnets of the rotor to cause a rotational 
force. Again, the transitions of the pA and (pB coils are offset 
by 90°, which corresponds to 30° of angular rotor rotation. 
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The direction of this offset, whether forward or backward in 
time, determines whether the rotor rotates in a clockwise 
fashion or a counterclockwise fashion. 

0065. The phase logic circuit 9 receives the pA and p3 
outputs from the Hall effect sensors as inputs. In general, the 
phase logic circuit 9 creates output signals, based on these 
inputs, which are used to properly phase the timing and direc 
tion of energizing current through the stator electromagnets 
(i.e., p.A1, p.A2, (pB1, and (pB2) So as to achieve rotor rotation. 
For example, for the BLM illustrated in FIG. 2A, the phase 
logic circuit 9 energizes one of the pA electromagnets to serve 
as a north magnetic pole while the other is energized as a 
South magnetic pole (e.g., by oppositely wrapping the two pA 
electromagnets) for 60° of angular rotation of the rotor. Simi 
larly, the phase logic circuit 9 energizes one of the p3 elec 
tromagnets to serve as a north magnetic pole while the other 
is energized as a South magnetic pole (e.g., by oppositely 
wrapping the two pB electromagnets) for a period of 60° of 
angular rotation, but a 60° period of angular rotation that is 
90° out of phase (which corresponds to 30° of angular rota 
tion of the rotor) with the signals to the pA electromagnets. 
This can be seen by reference to the schematics 310,312,314, 
316, and 318 in FIG. 3A. After each 60° period of angular 
rotation, the magnetic polarity of the pA electromagnets is 
Switched, as is the magnetic polarity of the pB electromag 
netS. 

0066. The phase logic circuit 9 also receives a PWM speed 
control input from the microprocessor 10. In some embodi 
ments, The PWM input signal is used to create a train of 
pulses that energize each of the electromagnets of the stator. 
The duty cycle of the pulses that energize the electromagnets 
can be varied so as to change the average current through each 
of electromagnets thereby varying the rotational force 
applied by each electromagnet and, thus, the speed of rotation 
of the rotor. As described herein, the microprocessor 10 can 
control the duty cycle of the PWM signal 320 based on inputs 
related to, for example, the speed, the torque, or the tempera 
ture of the BLM. 

0067 FIG. 4A is a view of a phase logic control circuit 9 
used in some embodiments. The illustrated phase logic con 
trol circuit can be used, for example, to control BLMs such as 
the 2+3 motor of FIG. 2A (a 2 phase armature combined with 
a 3 phase rotor) and the 2 phase motor of FIG. 2B. Referring 
to FIG. 4A, the phase logic control circuit 9 receives inputs 
from two Hall effect sensors (H1, H2). These inputs from the 
Hall effect sensors are (p A and pB, which are illustrated as 
waveforms 302 and 306, respectively, in FIG.3A. The cpA and 
(pB signals are each passed through an inverter, resulting in 
waveforms fop A and /opB, which are the logical complements 
of cpA and p3 and are represented by waveforms 304 and 308, 
respectively. In particular, cpA is passed through inverter 118 
to create /cpA, while the original (pA signal is passed through 
the series combination of inverters 116 and 117 with no net 
change in the digital (pA signal. In a like manner, the pB signal 
is transformed to a pB signal and its complement, a fopB 
signal, via inverters 119, 120, and 121. In some embodiments, 
inverters 116, 117, 119, and 120 may be dispensed with. 
Moreover, in some embodiments the complements of the cpA 
and (pB signals may be obtained in a different fashion, or may 
be sensed directly from the BLM with one or more additional 
Hall effect sensors positioned on the BLM. 
0068. In some embodiments, the pA, ?cpA, pFB, and /qpB 
signals are logically combined with the PWM speed control 
signal 114. For example, in some embodiments, a Boolean 
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logical operation is performed to combine each of the pA, 
?cp.A. (pB, and ?opB signals, whether separately or collectively, 
with the PWM speed control signal 114. Such a Boolean 
logical operation can be formed using, for example, logical 
AND, OR, NOR, NAND, and/or XOR gates, or combinations 
thereof. In the embodiment illustrated in FIG. 4A, the cpA. 
?cp.A. (pB, and f(pB signals are inputted into first input ports of 
logical AND gates 124-127. The second input port of each of 
the AND gates 124-127 receives the PWM speed control 
signal that is inputted to the phase logic control circuit 9 at 
port 114 from the microprocessor 10. The PWM signal is 
represented by waveform 320 in FIG. 3A. The microproces 
sor 10 can vary the duty cycle of the PWM signal in order to 
vary the rotational speed of the BLM in response to input 
signals described herein. In some embodiments, the fre 
quency of the PWM signal is 20 kHz or greater. However, in 
other embodiments the frequency of the PWM signal may be 
less than 20 kHz. It should be understood that FIG. 3A is not 
intended to specify any particular frequency of the PWM 
signal 320 relative to the pA signal 302 and the pB signal 306 
from the Hall effect sensors. 

(0069. The outputs from the AND gates 124-127 are sig 
nals A, A, B, and B, respectively. Signal A is represented by 
waveform 322 in FIG. 3A. As illustrated, signal A is “high 
whenever both the pA and the PWM signals are “high.” 
Signals A, B, and B are similarly represented by waveforms 
324, 326, and 328, respectively. 
0070. Each of the signals A, A, B, and B is inputted into a 
four-row logic switch 128. The four-row logic switch 128 
may be embodied by, e.g., the 74HC241 IC available from 
Philips Semiconductors. The four-row logic switch 128 has 
two states which are controlled by the F/R CTRL signal from 
the microprocessor 10. As discussed herein, the F/R CTRL 
signal controls whether the rotor of the BLM rotates in a 
clockwise or a counterclockwise fashion. The two states of 
the four-row logic switch 128 are illustrated in FIG. 4B. FIG. 
4B illustrates one half of the logic switch 128 while in the first 
state and while in the second state. In the first state, the upper 
input of the top half of the logic switch (i.e., the input tied to 
the output of AND gate 124) is coupled to the upper output, 
while the lower input of the top half of the logic switch (i.e., 
the input tied to the output of AND gate 125) is coupled to the 
lower output. As described herein, the outputs of the logic 
switch are used to control gate drive circuitry 7 and power 
switches 4, which in turn drive the armature coils of the BLM 
StatOr. 

(0071. When the F/R CTRL signal is operated to place the 
logic switch 128 in the second state, the upper input of the top 
half of the logic switch (i.e., the input tied to the output of 
AND gate 124) is coupled to the lower output, while the lower 
input of the top half of the logic switch (i.e., the input tied to 
the output of AND gate 125) is coupled to the upper output. 
This reversal causes the phase offset between the pA and the 
(pB windings of the armature to be reversed, resulting in the 
reversal of the direction of rotation of the rotor. 

0072 Signals A, A, B, and B are outputted from the phase 
logic control circuit 9. The complements of each of these 
signals are formed by a second group of inverter gates 129 
132 and are also outputted. Thus, the outputs of the phase 
logic circuit 9 are A, A, B, and B, and their complements/A, 
/A, B, and /B. These signals are then passed to gate drive 
circuitry 7. Further, in some embodiments, the phase logic 
control circuit 9 has an output signal M SENSE A at port 93, 
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and an output signal M SENSE B at port 94. The signals 
correspond to outputs from the Hall effect sensors 3 and may 
be used by the microprocessor 10 to obtain the rotational 
speed of the rotor of the BLM. In other embodiments, these 
signals are inputted to the microprocessor 10 directly from 
the Hall effect sensors. Also, in some embodiments other 
means may be used to obtain the rotational speed of the rotor 
of the BLM. 

0073 FIG. 4C illustrates a second embodiment of the 
phase logic control circuitry 9, which includes time delay 
logic. In FIG. 4C, as in FIG. 4A, the phase logic control circuit 
9 receives inputs from first and second Hall effect sensors 3. 
The phase logic control circuit 9 also includes inverters 116 
121, the PWM signal 114, logical AND Gates 124-127, and 
the four-row logic switch 128. Each of these components has 
a function in the phase logic control circuit 9 illustrated in 
FIG. 4C that is similar to what is described herein with ref 
erence to FIG. 4A. In addition, the phase logic control circuit 
9 of FIG. 4C includes a logical XOR gate 115, pulse genera 
tors 122, 123, and logical AND Gates 151-154. 
0074 The logical XOR gate 115 receives the signals (pA 
and pB from the Hall effect sensors as inputs. The output of 
the logical XOR gate 115 is tied to inputs of pulse generators 
122, 123. In some embodiments, the output of the XOR gate 
115 is a frequency-doubled, and possibly phase-shifted, ver 
sion of the pA and pB rotor position signals. The pulse gen 
erators 122, 123 can be embodied by the 74HC123 IC avail 
able from Philips Semiconductors. The output of the first 
pulse generator 122 is tied to an input of each of the logical 
AND gates 151,152. Likewise, the output of the second pulse 
generator 123 is tied to an input of each of the logical AND 
gates 153,154. The outputs of the logical AND gates 151-154 
are tied to the inputs of the four-row logic switch 128, whose 
outputs are each ANDed with the PWM signal 114 by the 
logical AND gates 124-127. 
0075 FIG.3B illustrates a set of example waveforms from 
the phase logic control circuitry 9 illustrated in FIG. 4C. 
Waveforms 91 and 92 represent the Hall effect sensor signal 
inputs (pA and (pB, respectively. As described herein, in some 
embodiments the cpA and pB signals are 90° (which corre 
sponds to 30° of angular rotation of the rotor of the 2+3 BLM 
of FIG. 2A) out of phase with one another. The EXOR signal 
113 is high whenever either the cpA or the pB is high but not 
both. The EXOR signal 113 is inputted to the pulse generators 
122, 123, which have outputs Q1 133 and Q2 134, respec 
tively. As illustrated in FIG. 3B, in some embodiments, the 
pulse generators 122, 123 generate either a high or low pulse 
in response to the transition edges of the EXOR signal 113. 
For example, the first pulse generator 122 generates low 
pulses in response to the positive transitions, or rising edges, 
of the EXOR signal 113, and the second pulse generator 123 
generates low pulses in response to the negative transitions, or 
falling edges, of the EXOR signal 113. In some embodiments, 
the time duration of the low pulses generated by the first and 
second pulse generators 122, 123 is in the range from 
approximately 200 us to approximately 600 us, though other 
durations are also possible and may be advantageous in some 
embodiments. In some embodiments, the parameters of the 
pulse generators 122, 123 can be varied so as to control the 
width of the transition period. One purpose of the pulses 
generated by the pulse generators 122, 123 is to create a 
transition period between the signals that control the first and 
second full bridge configurations of Switches So as to reduce 
back EMF and back torque caused by the prior rise-up and 
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prior fall-down of the motors rotating magnetic field. In addi 
tion, the transition period helps to avoid a short circuit fault 
condition in the full bridges, as described herein. The transi 
tion period may also improve forward EMF and/or avoid a 
magnetic deep loss point. While FIG. 4C illustrates one 
embodiment of circuitry for performing these functions, they 
can also be performed by different circuitry, at a different 
location in the signal flow of the circuit, or both. In some 
embodiments, the length of the pulses generated by the first 
and second pulse generators 122, 123 is less than about 4 of 
a period of the EXOR signal 113, or less than about/s, or less 
than about /16 of a period of the EXOR signal 113. In some 
embodiments, the transition period is appreciably longer than 
settling times of power switches that are used to drive the 
electromagnets of the BLM. 
0076. The outputs of the first and second pulse generators 
122, 123 are ANDed together with the pA, ?cpA, pB, and/cpB 
signals using the logical AND gates 151-154, as illustrated in 
FIG. 4C. the outputs of the logical AND gates 151-154 are the 
A signal 99, the A signal 100, the B' signal 101, and the B' 
signal 102. The A signal 99 corresponds generally to the cpA 
signal 91 but with active periods that have been shortened by 
the width of the pulse generated by pulse generator 122. The 
A signal 100 corresponds generally to the ?opA signal 96 but, 
again, with active periods that have been shortened by the 
width of the pulse generated by the pulse generator 122. The 
same is true regarding the B' signal 101, and the B' signal 102 
with respect to the pB signal 92 and in the ?pB signal 98. As 
illustrated in FIG.3B, the XOR gate 115, the pulse generators 
122,123, and the AND gates 151-154 temporally space active 
periods of, for example, the rotor position signal (p.A and its 
logical complement. The same is true with regard to tempo 
rally spacing active periods of the rotor position signal (pBand 
its logical complement. This results in temporal spacing of 
forward polarity and reverse polarity drive pulses in the sig 
nals of FIG. 3B labeled 41-42 (PWM) and 43-44(PWM), as 
described herein. 

10077. The A'signal 99, the A signal 100, the B'signal 101, 
and the B'signal 102 are transmitted to the logical AND gates 
124-127 by way of the four-row logic switch 128. The PWM 
signal 114 is then ANDed with each of these signals by the 
logical AND gates 124-127 in order to create pulse trains, as 
described herein. Ultimately, these signals control the first 
and second configurations of full bridge Switches (i.e., 
F1-F8), which drive the electromagnets of the BLM, as 
described herein. 

(0078 While FIGS. 4A and 4C each show that the speed 
control PWM signal 114 is logically combined with the BLM 
rotor position signals (p.A and (pB with logical AND gates 
(e.g., 124-127), other types of logic gates can also be used. 
For example, in some embodiments, the logical AND gates 
124-127 of FIGS. 4A and 4C can be replaced with logical 
NOR gates. In these embodiments, for example, signals A and 
B consist of positive pulses that correspond to the PWM 
signal 114 whenever signals (pA and pB are respectively low, 
and signals A and B are low whenever signals (p.A and pB are 
respectively high. In addition, in Some embodiments, the 
logical AND gates 124-127 can be replaced with logical OR 
gates or with logical NAND gates. In these embodiments, for 
example, signals A and B consist of intervals of negative 
pulses that correspond to the PWM signal 114. These inter 
vals of pulses are separated by high signal intervals instead of 
low signal intervals, as in the case where AND gates or NOR 
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gates are used. Other types and/or combinations of logic gates 
can be used to combine the rotor position signals (pA and pB 
with the speed control PWM signal 114. 
0079. Depending upon the particular logic gates used in a 
given embodiment, the gate drive circuitry (e.g., gate-dedi 
cated ICS 71-74) may require modification (e.g., to compen 
sate for intervals of pulses separated by high intervals instead 
of low intervals, as in the illustrated embodiments of FIGS. 
4A and 4C) to appropriately control the power Switches using 
the drive signals that result from the logical combination of 
the rotor position signals and the speed control PWM signal. 
However, these modifications can be performed by a person 
having ordinary skill in the art based on the disclosure pro 
vided herein. 
0080. In some embodiments, the phase logic control cir 
cuitry 9 is implemented as a single integrated circuit, or chip, 
such as an Application Specific Integrated Circuit (ASIC). 
For example, all of the circuitry illustrated in FIG. 4C may be 
embodied in a single integrated circuit. In some embodi 
ments, the phase logic control circuitry 9, excluding the four 
row logic switch 128 and/or the pulse generators 122, 123 is 
implemented as a single integrated circuit, or chip. Such as an 
Application Specific Integrated Circuit (ASIC). In some 
embodiments of the BLM circuitry, the phase logic control 
circuitry and the gate drive circuitry are implemented as a 
single integrated circuit, or chip. Such as an Application Spe 
cific Integrated Circuit (ASIC). 

Gate Drive Circuitry 

10081. The outputs A, A. B, and B. and their complements 
/A, 7A, 7B, and /B. from the phase logic circuit 9 are passed to 
gate drive circuitry 7, which interfaces between the phase 
logic circuit 9 and two separate full bridge configurations of 
power switches 4 that drive the pa and pb electromagnets of 
the BLM. Although the signals A, A, B, and B, and their 
complements /A, (A, B, and /B, are those that are physically 
passed to the gate drive circuitry 7 and can be considered drive 
signals, the signals at various different points in FIGS. 4A and 
4C can likewise be considered as drive signals. The gate drive 
circuitry 7 and the power switches 4 are illustrated in FIG.5A. 
Referring to FIGS. 4A and 5A, the outputs 105,106,107, and 
108 of the 2 phase logic control circuit 9 are respectively 
connected to first gate-dedicated ICs 71, 73 for driving full 
bridge switches F1, F2, F3, and F4 which power the cpA 
electromagnets (e.g., those illustrated in FIG. 2A), while the 
outputs 109, 110, 111, and 112 are connected to second 
gate-dedicated ICs 72, 74 for driving full bridge circuits F5. 
F6, F7, and F8 of the pB electromagnets (e.g., those illus 
trated in FIG. 2A). The gate-dedicated ICs may be embodied 
by, e.g., the IRS2106 IC available from International Recti 
fier. 

0082 In some embodiments, each of F1-F8 is a field effect 
transistor (FET). However, other types of switching devices, 
Such as insulated-gate bipolar transistors, for example, may 
also be used. Switches F1-F4 are arranged in a first full bridge 
configuration that drives the pA electromagnets, while Switch 
is F5-F8 are arranged in a second full bridge configuration 
that drives the pB electromagnets. In other embodiments, half 
bridge configurations of Switches may be used. The outputs 
105, 106, 107, and 108 of the phase logic control circuit 9 
switch the first full bridge (F1-F4) and the outputs 109, 110, 
111, and 112 of the phase logic control circuit 9 switch the 
second full bridge (F5-F8). The outputs 41, 42 are fed to the 
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(pAarmature windings, while the outputs 43,44 are fed to the 
(pBarmature windings. These outputs drive the BLM in the 
manner described herein. The BLM may be embodied by a 2 
phase and 3 phase combined type brushless BLM (FIG. 2A) 
or a conventional 2 phase brushless BLM (FIG. 2B). 
0083 FIG. 5B illustrates two states of one of the full 
bridge circuits used to Supply power to the armature windings 
of a BLM. For example, as illustrated in FIG. 5B, the signals 
A, A, (A, and /A control the full bridge arrangement of 
switches that includes F1-F4 (by way of gate drive circuitry 
7). Signals A and A are illustrated in FIG.3 as waveforms 322 
and 324. While signals /A and/A are not explicitly illustrated 
in FIG. 3, they are the complements of signals A and A and 
can be easily derived from waveforms 322 and 324. Signals 
A, A, (A, and /A are coupled to the gate drive circuitry 7 and 
the power Switches 4 in Such a manner as to alternate the first 
full bridge of switches F1-F4 between the two states illus 
trated in FIG. 5B. For example, while in the first state, the full 
bridge allows current to flow from a power source through the 
(pA electromagnets in a first direction. Conversely, current is 
permitted to flow from a power source to the pA electromag 
nets in a second direction when the full bridge F1-F4 is in the 
second state. This reversal of the direction of current reverses 
the magnetic polarity of the pA electromagnets in the stator. 
Signals B, B, 7B, and /B control the second full bridge of 
switches F5-F8 in a similar manner. 

0084 As described herein, in some embodiments of the 
BLM illustrated in FIG. 2A, the magnetic polarity of the cpA 
electromagnets is switched every 60° of angular rotation of 
the rotor. The same is true of the pB electromagnets but at a 
timing 90° out of phase with the cpA electromagnets (which 
corresponds to 30° of angular rotation of the rotor). It should 
be understood, however, that the phase control logic 9, the 
gate drive circuitry 7, and the power switches 4 illustrated in 
FIGS. 4A, 4C, 5A, and 5C can also be used with different 
BLMs, such as, for example, the two phase motor illustrated 
in FIG.2B. When used with the two phase motor illustrated in 
FIG. 2B, the input signals from the Hall effect sensors would 
be somewhat altered (e.g., their frequencies, phase relation 
ships, etc.) owing to the different angular relationships 
between the magnetic poles of the rotor, which would affect 
the excitation of the cpA and the pB electromagnets. However, 
the circuitry itself for controlling the BLM of FIG. 2B can be 
substantially the same as the circuitry that has been described 
for controlling the BLM of FIG. 2A. 
I0085. In some embodiments, each of signals A, A. /A, /A, 
B, B, 7B, and /B consists of a train of pulses. The duty cycles 
of these pulses varies according to the duty cycle of the PWM 
signal 320. As described herein, the duty cycles of these 
pulses can be varied to change the average current through the 
armature windings of the BLM as a means to control the 
rotational speed of the rotor. 
I0086 FIG.5C illustrates the gate drive circuitry 7 and the 
power Switches 4 that are controlled by the phase logic con 
trol circuit 9 of FIG.4C. The gate-dedicated ICs 71-74 and the 
power switches F1-F8 operates similarly to what is described 
herein with respect to FIG. 5A. FIG.3B illustrates the output 
of the first full bridge configuration of switches, which is 
waveform 41-42(PWM). The signal is made up of a train of 
positive Voltage pulses which energize the electromagnets of 
the BLM with current in a first direction. The positive pulses 
are followed by a low Voltage (e.g., Zero Voltage) transition 
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period, which is created using the pulse generator 122. In 
Some embodiments, the transition period is appreciably 
longer than the settling times of the power Switches So as to 
provide a sufficient safety margin between the switching off 
of one pair of switches in the full bridge and the switching on 
of the other pair of switches. The safety margin avoids a fault 
condition where a direct path from the positive voltage power 
Supply to the negative Voltage power Supply could exist. The 
transition period is then followed by a train of negative volt 
age pulses which energize the electromagnets of the BLM 
with a current in a second direction, opposite from the first. 
These negative pulses are followed by another transition 
period and another train of positive pulses, etc. The output of 
the second full bridge configuration of switches (F5-F8) is 
similarly illustrated in FIG. 3B as waveform 43-44(PWM). 
As described herein, in some embodiments, the output of the 
second full bridge configuration of switches is 90° out of 
phase with the output of the first full bridge configuration of 
switches (which corresponds to 30° of angular rotation of the 
rotor of the BLM). 
0087 FIG. 6 is a detailed circuit view of a control system 
being used in Some embodiments. 
0088 Referring to FIGS. 1 and 6, pre-determined data of a 
plurality of operation control commands from the factory 
program device 12, where the pre-determined data are stored, 
are inputted into RS485 13 of some embodiments. RS485 13 
includes RS485 communication IC chip 131 having a trans 
mitting line 12T and a receiving line 12R capable of commu 
nicating with the factory program device 12. The transmitting 
and receiving outputs of RS485 13 and the signal control 
(CTR) outputs are respectively inputted into the micropro 
cessor 10 through opto-isolation couplers 13T, 13R, and 
13CTR. A switch 103S is a means for changing a rotational 
direction of the motor 2 by simple on-off operation and is 
connected to ground. A High (H) or Low (L) signal 1031 by 
this switch 103S is inputted into the microprocessor 10 
through an opto-isolation coupler 11b. The Hor L signal 1031 
is inputted during an operation, the microprocessor 10 waits 
for a certain period of time until it identifies that the rotation 
of the motor 2 almost stops. Thereafter, the microprocessor 
10 transmits a control signal for Switching a rotational direc 
tion, as a Switching input 103, to the 2 phase logic control 
circuit 9. 

0089. In the meantime, a DC voltage +Vm applied to the 
motor 2 is divided by resistance 171 and resistance 172 in the 
Voltage detection circuit 17. A divided Voltage is again 
smoothened by a condenser 173 and the smoothened voltage 
is inputted into the microprocessor 10. Resistance 83 is 24 
connected to between the power Switch circuit 4 and ground 
voltage-Vim. A voltage across both ends of the resistance 83. 
which is proportional to a current value flowed in the power 
switch 4, passes througha integral filter circuits 84,85, and 86 
and is inputted into a Voltage comparison amplifier 81. The 
output of the Voltage comparison amplifier81 is inputted into 
the microprocessor 10 and then the microprocessor 10 calcu 
lates a load current value of the motor 2. 

0090 The temperature detection sensor 16, which may be 
embodied by a transistor or a thermistor for outputting a 
Voltage signal proportional to a temperature, may be mounted 
on a case or an armature of the motor 2. The output signal of 
the temperature detection sensor 16 is inputted into the micro 
processor 10, and the microprocessor 10 may transmit a sig 
nal for indicating an abnormal condition of the motor 2 to the 
relay switch 18. The relay switch 18 may be embodied by a 
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Switch where a contact point of a circuit is Switched in an 
on-offmanner. The microprocessor 10 also transmits a rota 
tion speed data signal 11c of the motor 2 to a connection port 
152 of the central control system 15 through the opto-isola 
tion coupler 11a. 
0091. In some embodiments, anyone of the DC voltage 
signal (0-10Vdc) 151 or the PWM signal 151 for controlling 
the speed of the motor 2 from the central control system 15 is 
inputted into the opto-isolated speed command signal pro 
cessing interface 14 through one port. In case that the DC 
voltage signal (0-10Vdc) 151 for controlling the speed of the 
motor 2 is inputted, the DC voltage signal (0-10Vdc) 151 for 
controlling the speed of the motor 2 is transmitted to an input 
PB2 of the microprocessor 10 through a linear amplifier 141. 
In case that the PWM signal 151 for controlling the speed 25 
of the motor 2 is inputted, the PWM signal 151 for controlling 
the speed of the motor 2 is outputted through a transistor 142 
and then passes through a differential circuits 142,143, and 
144, each of which is comprised of a condenser 143 and 
resistance 144, and then is transmitted to an input PB1 of a 
second microprocessor 146. Therefore, the opto-isolated 
speed command signal processing interface 14 of some 
embodiments may process the DC voltage signal (0-10Vdc) 
151 and the PWM signal 151 for controlling the speed of the 
motor 2, respectively. For this purpose, the second micropro 
cessor 146 includes a program having algorithms, which out 
puts a PWM output signal where a width of the PWM output 
signal with a specific frequency (e.g., 80 HZ) is exactly modu 
lated in proportion to a rate (0-100%) of voltage with a range 
of 0 to 10Vdc in case of the DC voltage signal (0-10Vdc) 151 
for controlling the speed of the motor 2, while outputs a PWM 
output signal where a width of the PWM output signal with a 
specific frequency (e.g., 80 Hz) is exactly modulated in pro 
portion to a pulse width modulation rate (0-100%) in case of 
the PWM signal 151 for controlling the speed of the motor 2. 
The output of the second microprocessor 146 is connected to 
the input 80 Hz, PWM IN of the microprocessor 10 through 
the opto-isolation coupler 145. 
0092. In the microprocessor 10 and the logic control cir 
cuit 9 being used in a control system of a motor for the pump 
2 according to some embodiments, not only various opera 
tions, which are required when controlling the motor 2, may 
be selected as described in detail above, but also data infor 
mation relating to operation current, Voltage, speed, and tem 
perature which are processed by the microprocessor 10 is 
possible to be transmitted to 26 an external system (e.g., a 
monitor, a personal computer, or a data recording device, etc.) 
through either RS485 13 connected to the microprocessor 10 
or a separate communication device. As a result, logging the 
operation-related data information described above is avail 
able so that it is possible to monitor any troubles, operation 
efficiency, and a condition on a stable operation of an HVAC 
or a pump in real time by analyzing the operation conditions 
through 24 hours. 
0093. As various modifications could be made in the con 
structions and method herein described and illustrated with 
out departing from the scope of the invention, it is intended 
that all matter contained in the foregoing description or 
shown in the accompanying drawings shall be interpreted as 
illustrative rather than limiting. Thus, the breadth and scope 
of the invention should not be limited by any of the above 
described exemplary embodiments, but should be defined 
only in accordance with the following claims appended 
hereto and their equivalents. 
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What is claimed is: 

1. An electronic circuit for controlling a brushless motor 
(BLM), the electronic circuit comprising: 

an input for receiving a digital position signal from a Hall 
effect sensor, the Hall effect sensor for detecting the 
angular position of a BLM rotor; 

a second input for receiving a digital pulse width modu 
lated speed control signal; and 

first circuitry for generating first and second drive signals 
based on the digital position signal, the first and second 
drive signals each comprising alternating driving inter 
vals and non-driving intervals, the first and second drive 
signals for driving a BLM electromagnet with current of 
a first polarity during driving intervals of the first drive 
signal, and for driving the BLM electromagnet with 
current of a second, opposite polarity during driving 
intervals of the second drive signal, 

wherein the driving intervals of the first drive signal are 
temporally spaced from the driving intervals of the sec 
ond drive signal Such that endings of the driving inter 
vals of the first drive signal do not coincide with the 
beginning of the driving intervals of the second drive 
signal. 

2. The electronic circuit of claim 1, wherein the first drive 
signal comprises a Boolean combination of the digital posi 
tion signal with the pulse width modulated speed control 
signal. 

3. The electronic circuit of claim 2, wherein the second 
drive signal comprises a Boolean combination of the logical 
complement of the digital position signal with the pulse width 
modulated speed control signal. 

4. The electronic circuit of claim 3, wherein the driving 
intervals of the first drive signal correspond to active intervals 
of the digital position signal, and wherein the driving intervals 
of the second drive signal correspond to active intervals of the 
logical complement of the digital position signal. 

5. The electronic circuit of claim 4, wherein the driving 
intervals of the first drive signal are shorter than the corre 
sponding active periods of the digital position signal. 

6. The electronic circuit of claim 1, wherein the temporal 
spacing between the respective driving intervals of the first 
and second drive signals is effective to reduce back EMF and 
back torque in the BLM. 

7. The electronic circuit of claim 1, wherein the duration of 
temporal spacing between the respective driving intervals of 
the first and second drive signals is between approximately 
200 us and 600 us. 

8. An electronic circuit for controlling a brushless motor 
(BLM), the electronic circuit comprising: 

first and second inputs for receiving first and second digital 
position signals from respective first and second Hall 
effect sensors, the first and second Hall effect sensors for 
detecting the angular position of a BLM rotor; 

first circuitry for generating first and second drive signals 
based on the first and second digital position signals, the 
first and second drive signals each comprising alternat 
ing driving intervals and non-driving intervals, the first 
and second drive signals for driving a BLM electromag 
net with current of a first polarity during driving inter 
vals of the first drive signal, and for driving the BLM 
electromagnet with current of a second, opposite polar 
ity during driving intervals of the second drive signal; 
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second circuitry for generating the Boolean logical XOR 
logical combination of the first and second digital posi 
tion signals; 

a first pulse generator for generating transition pulses in 
response to rising edges of the XOR logical combination 
of the first and second digital position signals; and 

third circuitry for generating the Boolean logical AND 
combination of the first position signal with the transi 
tion pulses from the first pulse generator, and for gener 
ating the Boolean logical AND combination of the logi 
cal complement of the first position signal with the 
transition pulses from the first pulse generator. 

9. The electronic circuit of claim 8, further comprising: 
a second pulse generator for generating transition pulses in 

response to falling edges of the XOR logical combina 
tion of the first and second digital position signals; and 

fourth circuitry for generating the Boolean logical AND 
combination of the second position signal with the tran 
sition pulses from the second pulse generator, and for 
generating the Boolean logical AND combination of the 
logical complement of the second position signal with 
the transition pulses from the second pulse generator. 

10. The electronic circuit of claim 9, wherein the second 
circuitry comprises a logical XOR gate. 

11. The electronic circuit of claim 9, wherein the third 
circuitry and the fourth circuitry each comprise a plurality of 
logical AND gates. 

12. The electronic circuit of claim 8, further comprising a 
full bridge configuration of power switches communicatively 
coupled to a BLM electromagnet, wherein the electronic cir 
cuit drives the full bridge and the BLM electromagnet with 
current of a first polarity during a first set of intervals, and 
with current of a second, opposite polarity during a second set 
of intervals. 

13. The electronic circuit of claim8, wherein the transition 
pulses generated by the first pulse generator are between 
approximately 200 us and 600 us wide. 

14. A method for controlling a brushless motor (BLM), the 
method comprising: 

electronically receiving a digital position signal from a 
Hall effect sensor, the Hall effect sensor for detecting the 
angular position of a BLM rotor; 

electronically generating first and second drive signals 
based on the digital position signal, the first and second 
drive signals each comprising alternating driving inter 
vals and non-driving intervals, the first and second drive 
signals for driving a BLM electromagnet with current of 
a first polarity during driving intervals of the first drive 
signal, and for driving the BLM electromagnet with 
current of a second, opposite polarity during driving 
intervals of the second drive signal; and 

electronically causing temporal spacing between the driv 
ing intervals of the first drive signal and the driving 
intervals of the second drive signal. 

15. The electronic circuit of claim 14, further comprising 
electronically receiving a digital pulse width modulated 
speed control signal, wherein the first drive signal comprises 
a Boolean combination of the digital position signal with the 
pulse width modulated speed control signal. 

16. The electronic circuit of claim 15, wherein the second 
drive signal comprises a Boolean combination of the logical 
complement of the digital position signal with the pulse width 
modulated speed control signal. 
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17. The electronic circuit of claim 14, wherein the driving 
intervals of the first drive signal correspond to active intervals 
of the digital position signal, and wherein the driving intervals 
of the second drive signal correspond to active intervals of the 
logical complement of the digital position signal. 

18. The electronic circuit of claim 17, wherein the driving 
intervals of the first drive signal are shorter than the corre 
sponding active periods of the digital position signal. 

19. The electronic circuit of claim 14, further comprising 
electronically controlling current flow through a full bridge 
configuration of power Switches, said full bridge configura 
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tion of switches being communicatively coupled to the BLM 
electromagnet, wherein the temporal spacing between the 
respective driving intervals of the first and second drive sig 
nals provides an effective safety margin to avoid an electrical 
fault condition in the full bridge configuration of power 
Switches. 

20. The electronic circuit of claim 14, wherein the duration 
of temporal spacing between the respective driving intervals 
of the first and second drive signals is between approximately 
200 us and 600 us. 


