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(57) Abréegée/Abstract:

A method for controlling air volume output by a motor. The method includes: 1) establishing functional relation formulas for air
volume In a low torque interval and a high torque interval; 2) inputting a target air volume into a microprocessor control unit; 3)

starting a motor under a torque to enable the motor to reach a steady state; 4) acquiring an ad]
torque, and calculating the air volume;5) comparing the target air volume with the calculated air vol

Ustment coefficient under the

Ume; 6) re-recording a steady

rotational speed after the motor reaches a new steady state under an increased or reduced torque, and recalculating the air volume
IN the new steady state; and 7) repeating steps 5) and 6) to adjust the torque until the calculated air volume Is equal or equivalent to

the target air volume.
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ABSTRACT

A method for confrolling air volume ouiput by a motor. The method includes: 1)
establishing functional relation formulas for air volume in a low torque interval and a
high torque interval; 2) inputting a target air volume into a microprocessor control unit; 3)
starting a motor under a torque to enable the motor to reach a steady state; 4) acquiring an
adjustment coefficient under the torque, and calculating the air volume;5) comparing the
target air volume with the calculated air volume; 6) re-recording a steady rotational speed
after the motor reaches a new steady state under an increased or reduced torque, and
recalculating the air volume in the new steady state; and 7) tepeating steps 5) and 6) to
adjust the torque until the calculated air volume is equal or equivalent to the target air

volume.
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METHOD FOR CONTROLLING AIR VOLUME

FIELD OF THE INVENTION

[0001] The invention rejates to a method for controlling air volume output by a motor.

BACKGROUND OF THE INVENTION

[0002] In an indoor ventilation duct of a household air-conditioner, static pressure often
changes because of dust deposition in a duct or blockage of a filter. The static pressure 15
often higher than the standard static pressure for a nominal system of a manufacturer
laboratory due to different installations of ducts. Constant air volume control can provide
constant air volume for users under such cases, 50 as to maintain the comfortable

ventilating, cooling or heating effect under broad static pressure conditions.

[0003] To realize the constant ait volume control, an air volume meter is installed, which,
however, increases the cost and the potential risk due to failure of the air volume meter.
Currently, air conditioner manufactures mostly adopt a method for controlling air volume

provided to remain constant without an air volume meter.

[0004] In addition, in some technical schemes, rotational speed is adjusted by monitoring
the changes of static pressure to obtain constant air volume. For example, the United
States patent US 4806833 achieves the purpose of constant ajr volume through adjusting
the rotational speed by detecting static pressure. The United States patent
US201000298993A1 determines the air volurne through directly measuting the external
static pressure, and this requires that the relationship between the static pressure and air
volume ié measured in advance, then the torque of a motor is calculated under the static

pressure corresponding to the specified air volume, and speed adjustment is carried out
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by monitoring the changes of static pressure. Some calculation formulas involve
logarithmic computation or high-order polynomials, and this requires that a

microprocessor control unit (MCU) for a motor controller has stronger calculating ability,

thus the cost 15 further improved.

[0005] Accordingly, the applicant invented a constant air volume control method for a
motor in May, 2012 and applied for patents (see PCT/CN2012/078545 and
PCT/CN2012/078749). The method employs a first-order or second-order function to
describe the system and does not require to measure a real-time static pressure; thereby
simplifying the structure of the fan system and the mathematical model, furthermore, the
requirement of the computing capacity of an MCU (Micro Controller Unit) for the motor
controller is not high, thereby lowering the production cost. However, the method has the
following defects:1) a control accuracy of the method 1s relatively poor in some situations;
2) the method lacks a process for correct an individual air volume, when the overail test
result is good, but accuracy problems exist in some of the operating positions. The

method cannot employ compensating maeans to mnprove the accuracy of these operating

positions on the premise of no affecting other operating positions.

SUMMARY OF THE INVENTION

[0006] In view of the above-described problems, it is one objective of the invention to
provide by a motor. The method has high efficiency, high speed, high contol accuracy,
simple and convenient mathematical model for air volume calculation, and low

implementation cost, and can automatically adapt the wide range of static pressure.

[0007] To achieve the above objective, in accordance with one embodiment of the
invention, there is provideda method for controlling air volume output by a motor, the

method comptising:
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 [0008] 1) determining a low torque interval 0-Tm and a high torque interval
Tm-T0 within a range from 0 to a rated torque TO; testing relationships between.
an air volume and a rotational spced of a motor system under multiple constant
torques within the low torque interval and the high torque interval, respectively;
establishing a functional relation formula Q1 =F1 (T, n, V) for calculating the air
volume within the low torque interval; and establishing a functional relation
formula Q2 = F2 (T, n, V) for calculating the air volume within the high torque
interval; Q representing the air volume, T representing a torque, n representing the
rotational speed, V representing an adjustment coefficient, and each torque section
having a corresponding adjustment coefficient which 1s input into a

microprocessor control unit of a motor controller;

[0009] 2) inputting a target air volume Q¢ into the microprocessor conirol unit of

the motor controller;

[0010] 3) starting the motot by the motor controller under the torque T to enable

the motor to reach a steady state, and recording the rotational speed 1 in the steady

state,

[0011] 4) acquiring the adjustment coefficient V under the torque T through a
table look-up method; determining whether the torque T 1s within the low torque
interval or within the high torque interval; calculating an air volume Q. according
to the functional relation formula Q1 =F1 (T, n, V) if the torque T is within the
low torque interval; and calculating the air volume Q. according to the functional
relation formula Q2 = F2 (T, n, V) if the torque T is within the high torque

interval;

[0012] 5) comparing the target air volume Qrf With the calculated air volume Q.
by the microprocessor control unit of the motor controller, and a) maintaining the

torque to work at the steady state and recording the rotational speed n if the target
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ajr volume Qper is equal or equivalent to the calculated air volume Q.; or b)
increasing the torque T through the motor controller if the target aitr volume Qperis
greater than the calculated air volume Q;, or ¢) decreasing the torque T through
the microprocessor control unit of the motor controller if the targét air volume Qrer

is smaller than the calculated air volume Q;

[0013] 6) re-recording a steady rotational spcéd after the motor reaches a new
steady state under an increased or reduced torque; re-searching the corresponding
adjustment coefficient V through the table look-up method; determining whether
the torque in the steady state is within the low torque interval or within the high
torque interval; and recalculating the air volume Q. according to the

corresponding functional rejation formula; and

[0014] 7) repeating step 5) and step 6) to adjust the torque until the calculated air
volume Q; is equal ot equivalent to the target air volume Qper, and recording the

rotational speed n in the steady state after the motor reaches the steady state.

[0015] In a class of this embodiment, step 7) is followed by step 8), that is, if the
rotational speed and the output air volume change due to the alteration of an external
system, the motor controller compares the new steady rotational speed with the rotational
speed in step 5) or step 7) to acquire the change of output air volume, and then steps 4),
5), 6), and 7) are repeated.

[0016] In a class of this embodiment, step 7) 1s followed by step 9) for recording an
ﬁbnonnal individual air volume, that 1s, carrying out. a practical testing and calibration, 1f
under wotking conditions of a target air volume and a static pressure p, an actual air
volume Qp, is greatly different from the target air volume, setting an abnormal point,
setting the target air volume as an abnormal target air volume Q; recording a torque T1

and a rotational speed nl in a steady state; manually correcting the target air volume

recorded in a program until the actual air volume Qu is equal to the abnormal target air
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volume Q; recording a manvally corrected compensation target air volume Qp, a torque
T2, a rotationa] speed n2 on a new steady state; acquiring an array {Qy, nl, Qp, n2} at
each abnormal point, and storing the array corresponding to each abnormal point in the

microprocessor control unit of the motor controller.

[0017] Step 3) is followed by step 10) for individual air volume correction: the
microprocessor control unit of the motor controller making a judgment through the table
look-up method; adjusting the target air volume Qpr if the target air Volume Qree=the
abnormal taiget air volume Q, the rotational speed n = the rotational speed nl, and the
motor has not yet entered a flow of normally adjusting the air volume; using the manually
corrected compensation target air volume Q,, as a new target air volume; and repeating
steps 4), 5), 6), and 7); the rotational speed in the steady state recorded in the step 7) at
the moment is the rotational speed n2 mentioned in step 9); exiting the individual air
volume correction if in the real-time control, the conditions of “the target air volume Qret
= the abnormal tatget air volume Qy, and the rotational speed n = the rotational speed nl ”
are not met because the status of a temperature controller is corrected by a user, or the
rotational speed n is not equal to the rotation speed n2; restoring an original input target

air volume Qg and repeating steps 4), 5), 6), and 7),

[0018] In a class of this embodiment, a calculation formula for calculating air volume 1s

a8 follows:
IxV TXV 2 Tbascl
= ¢() +clxn,or Ql=c0x +¢lxn+c2xn XW’——";
Ql ) Tbascl Q Tbasel TXV

(T
(2 =c3x% TXV+c4xn,or (2 =c¢3X TxV+c4><n+c5xn2x TT;'

TbﬂSC-z Tmz ,

in which, coefficients 0, ¢1, and c2 ate obtained by a curve fitting method under
different external stafic pressure conditions of 2 base torque Tpaser according to original

data of the rotational speed'and air volume parameters; and coefficients ¢3, c4, and ¢5 are
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obtained by the curve fitting method under different external static pressure conditions of

a base torque T,z according to original data of the rotational speed and air volume

parameters.

[0019] In a class of this embodiment, Tin is a critical torque of the low torque interval
and the high torque interval, and ranges from 30%T0 to 70%T0.

[0020] In a class of this embodiment, Tm = 40%T0, the base torque of the low torque
interval Tpase1 = 20%T0, and the base torque of the high torque interval Tyasez = 50%TO.

[0021] In a class of this embodiment, the adjustment coefficient V changes between 0.1
and 2. Tm has two adjustment coefficient V values corresponding to the high torque

interval and the low torque interval, respectively.

[0022] In a class of this embodiment, the calculated air volurne Q. is equal or equivalent

to the target air volume Qy¢ in step 5) and step 7) means that the calculated air volume Q.
is in the range of “target air volume Qs error window”, and the error window of the

target air volumne Qpsranges from 1% to 2%.

[0023] In a class of this embodiment, increasing or decreasing the torque T through the
motor controller in step 5) means increasing or decreasing the torque T according to step -

length sequence of at least 1% Ty each time, or new torque = current torque X (Qref Qo°.

10024] In a class of this embodiment, the functional relation formulas Q1 = F1(1, n, V),
Q2 =F2(T, n, V) are acquired as follows according to original data of rotational speed
and air volume parameters under a base torque Tpase and other torques and under different
external static pressure:arranging the motor fixed on a wind wheel in an air-conditioning
device;setting the motor to work at the working state of constant torque TO;selecting a
nlurality of torque values comprising the base torque within the range without exceeding
a rated torque;allowing the motor to work under different torques; and changing the

external static pressure of the system in sequence to collect the original data comprising
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the rotational speed and the air volume parameters.
[0025] Advantages of the invention are summarized as follows:

[0026] 1) The motor works at states of constant torque, and a plurality of torque
values comprising the base torque are selected in the range of without exceeding
the rated torque, so that the motor works under different torques, the external
static pressure of the system is changed in sequence for collecting the original date
comprising rotational speed and air volume parameters; the low torque interval
and the high torque interval are established, and the function relation formula Q1
=F1 (T, n, V) for calculating the air volume within the Jow torque interval and the
functional relation formula Q2 = F2 (T, n, V) for calculating the air volume within
the high torque interval are obtained according to the original data of rotational
speed and air volume parameters under different external static pressure
conditions of different torques. The mathematical model for calculating air
volume only has a first-order or second-order function, thus the method is simple
in operation, simplified in calculation high in efficiency, high in response speed,
high in control accuracy, and low in implementation cost. The system is described
by two function formulas corresponding to the low torque interval and high torque
interval, respectively; the error of air volume is controlled in the range of

0.5%-5%, thus the method has a good application prospect.

[0027] 2) The method is practicable at a wide range o static pressure, and the air
volume is calculated through measuring the external static pressure of the system,

so that the structure of the product is simplified, and the cost is reduced.

[0028] 3) when the precision of constant air volume is verified according to the
above steps, it may happen that the overall results is good, but the precision under
one or several working conditions is poor, the method for individual air volume

correction is conducted without affecting the obtained high precision of other
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operating points; that is, the actual testing and calibration is carried out.If the
actual air volume Q) is greatly different from the target air volume under the
working conditions of a target air volume and a static pressure p, abnormal points
are set. The target air volume value recorded in the program under the working
conditions is manually corrected until the actual air volume Qy, is equivalent to
the abnormal target air volume Q;, and the manually correctcd compensated target
air volume Q, the torque T2 and the rotational speed n2 in the new steady state
are recorded; the data of each abnormal point constitutes the array {Q, nl, Qp,
n2}, and the corresponding arrays of a plurality of abnormal points are stored in
the micro controller unit for the motor ¢ontroller.Judging is catried out in the
micro controller unit for the motor ¢ontroller through a table look-up method,
when the target air volume Q= the abnormal target air volume Q, the rotational
speed n = the rotational speed nl, and the motor has not yet entered a flow of
normally adjusting the air volume, the target air volume Qris adjusted, the
manuélly corrected compensated target air volume Q, is used as a new target air
volume, and the steps 4, 5, 6 and 7 are repeated; the steady rotational speed is
ultimately recorded as n2; in the “individual air volume calibration” mode, if the
target air volume Qyeris not equal to the abnormal targef air volume Q, or the
rotational speed n is not equal to the rotational speed n2, the individual air volume

calibration is cancelled, and the control accuracy can be further enhanced through

individual air volume calibration.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] FIG. 1 is a structure diagram of a traditional air-conditioning fan system;

[0030] FIG. 2 is a control flowchart of an air conditioning system in accordance with one
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embodiment of the invention;

[0031] FIG. 3152 functional block diagram of a method for controlling air volume in

accordance with one embodiment of the invention;

[0032] FIG. 4 is a control flowchart of a method for controlling air volume in accordance

with one embodimment of the invention;

[0033] FIG. 5 is a straight line fitting diagram of measured data within a low torque

interval in accordance with one embodiment of the invention; and

[0034] FIG. 6 is a straight line fitting diagram of measured data within a high torque

interval in accordance with one embodiment of the invention.

[0034A] In the drawings, the following reference signs are used: 1. air inlet; 2. motor; 3.

wind wheel; 4. air filter; 5. air outlet; and F: airtiow.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] As shown in FIG. 1, a blower system (e.g., a gas furnace or an air processor,
which are replaced with “motor + wind wheel” in the figure) is installed in a typical air-
conditioning ventilation duct. An air filter is arranged in the duct. Air-blasting is started
when the motor is started. The number of air outlets and air inlets is related to that of
rooms, and there is no unified standard to design ducts. Meanwhile, the filter may have
different pressure drops, and the blower system carrying a traditional single-phase AC

motor (PSC motor) is positioned in a different duct, thus the actual air volume will be

different.

[0036] As shown in FIG. 2, an electronically commutated motor (ECM) 1s employed to
drive the wind wheel to rotate, and comprises a motor controller. The motor controller 1s
connected and communicated with an air-conditioning system controller, for example, the
air-conditioning system controller sends the target air volume to the motor controller, and
the motor controlier controls the motor to drive the wind wheel to rotate, so as to output

the target air volume, equivalently to the control of air volume.
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[0037] As shown in FIG. 3, the air-conditioning system controller inputs a target air
volume Qpsto a microprocessor control unit of the motor controller. The motor controller
comprises a sensot, 4 microprocessor control unit, and a power inverter module, The
sensor inputs a rotational speed signal RPM and a current signal Iy; of the motor to the
microprocessor control unit, A PWM (Pulse-Width Modulation) signal output by the
power inverter module is also sent to the microprocessot control unit for processing.
Every coefficient involved in a functional relation formula Q = F (T, n, V), comprising a
comparison table for corresponding adjustment coefficients V under different working
torques, is input to the microprocessor control unit of the motor controller in advance.
The microprocessor control unit compares the target air volume Qs With the calculated
air volume Q. for adjusting the output signals, and the torque is used as controlled amount
for indirectly controlling air volume. If the target air volume Qs is greater than the
calculated air volume Q., the output torque T is increased through the motor controller; if
the target air volume Qef is smaller than the calculated air volume Q., the output torque T
is reduced through the microprocessor control unit of the motor controller. After the
motor enters a steady state, the steady rotational speed n under the increased or reduced
torque is re-recorded. The motor controller is used for re-searching the ¢orresponding
adjustment coefficients V through a table look-up method. The calculated air volume Q.
is recalculated, and the torque adjustment is stopped until the calculated air volume Qg 1s
equal or equivalent to the target air volume Qs and then the motor enters a steady state,
i.e., the constant air volume state, The target air volume Qres is a fixed value, however, 1n
the microprocessor contro] unit, when the calculated air volume Q. 1s adjusted to the
range of “target air volume Qe % etror window”, it 1 regarded that the requirernént 1s
met, and adjustment is stopped. The advantage 1s that the repeated adjustment due to
small perturbations is avoided to achieve the stable air volume. The error window of the

target air volume Qs generally ranges from 1% to 2%.

10
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[0038] As shown in FIG. 4, a method for controlling air volume output by an air

conditioning fan system, the method comprising:

[0039] 1) determining a low torque interval 0-Tm and a high torque interval
Tm-TO within a range from 0 to a rated torque T0; testing relationships between
an air volume and a rotational speed of a motor system under multiple constant
torques within the low torque interval and the high torque interval, respectively;
establishing a functional relation formula Q1 = F1 (T, n, V) for calculating the air
volume within the low torque interval; and establishing a functional relation
formula Q2 = F2 (T, n, V) for calculating the air volume within the high torque
interval; Q representing the air volume, T representing a torque, n representing the
rotational speed, V representing an adjustment coefficient, and each torque section
having a corresponding adjustment coefficient which is input into a

mictoprocessor control unit of a motor controller,

[0040] 2) inputting a target air volume Qyerinto the microprocessor control vt of

the motor ¢ontroller;

[0041] 3) starting the motor by the motor controller under the torque T to enable
the motor to reach a steady state, and recording the rotational speed n in the steady

state;

[0042] 4) acquiring the adjustment coefficient V under the torque T through a
table look-up method; determining whether the torque T is within the low torque
interval or within the high torque interval; calculating an air volume Q. according
to the functional relation formula Q1 =F1 (T, n, V) if the torque T is within the
low torque interval; and calculating the air volume Q; according to the functional

relation formula Q2 = F2 (T, n, V) if the torque T is within the gh torque

interval;

[0043] 5) comparing the target air volume Qe With the calculated air volurne

1]
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Q.by the microprocessor contro] unit of the motor controller, and a) maintaining
the torque to work at the steady state and recording the rotational speed n if the
target air volume Q¢ is equal or equivalent to the calculated air volume Q,; or b)
increasing the torque T through the motor controller if the target air volume Qrer 18
greater than the calculated air volume Q, or ¢) decreasing the torque T through

the microprocessor control unit of the motor controller if the target air volume Qe

is smaller than the calculated air volume Q;

[0044] 6) re-recording a steady rotational speed after the motor reaches a new
steady state under an increased or reduced torque; re-searching the corresponding
adjustment coefficient V through the table look-up method; determining whether
the torque in the steady state is wathin the low torqué interval or within the high
torque interval; and recalculating the air volume Q. according to the

corresponding functional relation formula; and

[0045] 7) repeating step 5) and step 6) to adjust the torque until the caleulated atr
volume Q is equal or equivalent to the target air volume Qres, and recording the

rotational speed n in the steady state after the motor reaches the steady state.

[0046] Step 7) is followed by step 8), that is, if the rotational speed and the output air
volume ¢hange due to the alteration of an external system, the motor controller compares
the new steady rotational speed with the rotational speed in step 5) or step 7) 10 acquire

the change of output air volume, and then steps 4), 5), 6), and 7) are repeated.

[0047] Step 7) is followed by step 9) for recotding an abnormal individual air volume,
that is, carrying out a practical testing and calibration, if under working conditions of a
target air volume and a static pressure p, an actual air volume Qn is greatly different from
the target air volume, seiting an abnormal point; setting the target air volume as an
abnormal target air volume Q; recording a torque T1 and a rotational speed nl in a steady

state; manually correcting the target air volume recorded in a program until the actual air

12
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volume Qp, is equal to the abnormal target air volume Q; recording a manually corrected
compensation target air volume (), a torque T2, a rotational speed n2 in a2 new steady

state; acquiring an array {Q, nl, Qp, 12} at each abnormal point, and storing the array

corresponding to each abnormal point in the microprocessor control unit of the motor

controller.

[0048] Step 3) is followed by step 10) for individual air volume correction: the
microprocessor control unit of the motor controller making a judgment through the table
look-up method; adjusting the target air volume Qs if the target air volume Q,r= the
abnormal target air volume (), the rotational speed n = the rotational speed nl, and the
motor has not yet entered a flow of normally adjusting the air volume; using the manually
corrected compensation target air volume Q, as a new target air volume; and repeating
steps 4), 5), 6), and 7); the rotational speed in the steady state recorded in the step 7) at
the moment is the rotational speed n2 mentioned in step 9); exiting the individual air
volume ¢orrection if in the real-time control, the conditions of “the target air volume Qof
= the abnormal target air volume Q, and the rotational speed n = the rotational speed ni *
are not met because the status of a temperature controller is corrected by a user, or the
rotational speed n is not equal to the rotation speed n2; restoring an original input target
air volume Qp.¢, and repeating steps 4), 5), 6), and 7). |

[0049] A calculation formula for calculating air volume is as follows:

/T
Ol = c0x Txy+cl><n,or Ol =cOx Txy+clxn+c2xnzx basel .

Tblsel Tbascl TXV ,

T}(V TXV 9 Tbasez
— 2=¢3 +edxn+eixXn’ x ——
02 =¢c3x e +cAxn, or ¢ X T JTXV

in which, coefficients c0, ¢1, and c2 are obtained by a curve fitting method under
different external static pressure conditions of a base torque Thase) according to original

data of the rotational speed and air volume parameters; and coefficients ¢3, ¢4, and c5 are

13
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obtained by the curve fitting method under different external static pressure conditions of
a base torque Tpasez according to original data of the rotational speed and air volume

parameters.

[0050] Tm 15 a critica] torque of the low torque interval and the high torque interval, and
ranges from 30%T0 to 70%TO0.

[0051] Tm = 40%T0, the base torque of the low torque interval Tyqse1 = 20%T0, and the
base torque of the high torque interval Tygse2 = S30%TO.

[0052] In a class of this embodiment, the adjustment coefficient V changes between 0.1
and 2. Tm has two adjustment coefficient V values corresponding to the high torque

interval and the low torque interval, respectively.

[0053] The calculated air volume Q. 1s equal or equivalent to the target air volume Qs in
step 5) and step 7) means that the calculated air volume Q; is in the range of “target air

volume Qs error window”, and the error window of the target air volume Qs ranges

from 1% 1o 2%.

[0054] Increasing or decreasing the torque T through the motor controller in step 5)
means increasing or decreasing the torque T according to step length sequence of at least

1% Ty each time, or new torque = current torque X {Qeet/ Qo).

[0055] The functional relation formulas Q1 =F1(T, n, V), Q2 =F2(T, n, V) are acquired
as follows according to original data of rotational speed and air volume parameters under
a base torque Tbm and other torques and under different external static pressure;
arranging the motor fixed on a wind wheel in an air-conditioning device; setting the
motor to work at the working state of constant torque T0; selecting a plurality of torque
values comprising the base torque within the range without exceeding a rated torque;
allowing the motor to work under different torques; and changing the external static

pressure of the system in sequence to collect the original data comprising the rotational

14
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speed and the air volume parameters.

[0056] The following are the derivation process of the functional relation formulas (Q1 =
F1(T,n, V), and Q2 =F2 (T, n, V)), and the fan law states that under certain conditions:

[0057] the air volume is proportional to the rotational speed, that 1s, 9 o ;

[0058] the external air pressure of the fan is proportional to the square of the

2
rotational speed, that js, 4 [ D ; and
F, \n,

[0059] the output torque of the motot, 1.¢., the input torque of the fan, is

2 2
proportional to the square of the rotational speed, that is, .;:L — (21_] - (_g_l_} ;
s \Ilz 2

[0060] n represents the rotational speed of the motor, Q represents air volume, P
represents the external air pressure rise of the fan, and T represents the output torque of

the motor, i.e., the input torque of the fan.

[0061] For convenient derivation, the relation formula between the air volume and

rotational speed 1s as follows:

Qequiv =c0+c¢clxn

aquiv >

or (if the quadratic polynomial 15 used)

2
Ouuiv = €0+ L X Ny +C2 X Mgy .

1

[0062] From the formula above, by combining the law for the fan, the relationship
between the rotational speed and air volume can be further derived under an arbitrary

torque. To do this, it is needed to derive how the equivalent air volume Qqpuiy and

equivalent rotational] speed n.qare converted mto a new torque under the torque (1=

15
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Tpase1) according to the law for the fan:

zbase
S 1
Nequyy = T1X 1’? :

[0063] If the linear refation formula is used, then

’T ’ ’
Q]-:Qequivx ! =(c0+¢1xnx b‘”l}x 4 =¢c0x 4 +clxn.
T hase] T Tbascl Tbﬂlﬂl

[0064] If the quadratic polynomial is used, then

le-'Qe-quiv>< 4 =(°0+CIXDKJ£§&+02XH2X&“—I X —L
Tbml I T Tbaael

T T

base|
1, basal

+clxn+ce2xn® x

= ¢0 x

[0065] From the experimental results, the device for testing air volume is always used for
dynamically regulating back pressure for controlling the external static pressure, or a
method for controlling the size of an air outlet is adopted for controlling the external
static pressure, and it causes that the fan law is invalid in the whole range of air volume,

thus an adjustment coefficient V is required to be added in the formula above. The

formula after adjustment is as follows.

[0066] If the linear relation formula is used, then

TxV

01 =cOx +¢lxn.

basei

[0067] If the quadratic polynomial 18 used, then

16
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IxV +elxn+c2xnx Lo

1=¢c0x
Q Tham:l TXV

[0068] Similarly, in the high torque interval, we need to derive the functional relation

formula for calculating the air volume under the condition (T = Tpagez)-

[0069] If the linear relation formula 1s used, then

IxV

Lyaser

02 =c¢3x +odxn,

10070] If the quadratic polynomial 15 used, then

()2 =¢3x 514 +c4xn.+05x'nzx1i-ﬁ‘i°3— ,
Timch TX

[0071] The adjustment coefficient V value is changed between 0.1 and 2, the selecting

principle is that the air volume value Calclllated from the formula above is equal or
similar to the actual test value, the coefficients c0, c¢1 and c2 are obtained through a curve
fitting method according to the original data of parameters of the rotational speed and air
volume under the base torque Tpase; in different external static pressures, the co efficients
¢3. o4 and ¢5 are obtained through a curve fitting method according to the original data of

parameters of the rotational speed and air volume under the base torque Tpase in different

external static pressures.

Example 1
The data is a 1/2HP motor carried with a load

[0072] It's assumed that the air volume is calculated with the functional relation formula

TxV

Ol =c0x +clxn inthe low torque interval or calculated with the functional

basel

17
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Ix¥ +c4xn inthe high torque interval, TO = 3.390 Nm

basez

relation formula Q2 =¢3x

(i.e., In the range of 400z-ft), Tm = 1.356 Nm = 40%T0, the torque in the high torque
interval ranges from 1.356 Nm to 3.390 Nm, and the torque in the low torque interval
ranges from 0 Nm to 1.356 Nm. The base torque Tpase; in the low torque interval 1s
20%7T0 (0.678 Nm), and the base torque Thase2 in the high torque interval is 50%T0
(1,695 Nm).

[0073] When the low torque interval is 0-40%T0, the concrete data of the actual
rotational speed n (PRM) and the actual air volume Qp, (CFM) is obtained by
experimentally measuring data, and marked with points plotied in the figure, then the
straight line is fitted, as shown in FIG. 5, ¢l is equal to the slope of the straight line AA,

¢ x =¥

is equal to the value of intersection point between the straight line AA and

basa]

the horizontal axis. When T = Tgase1 = 20%T0, and V = 1, the value of ¢0 can be calculated,;
or the coefficient c0 and other coefficients can be calculated through a least square
method, and the formula for calculating air volume and the values of co and ¢1 are
preliminarily obtained. As shown in Table 1,

Table 1

T=10%T0, V=140

External static | Actual air Actual rotational | Calculated air
pressure P volume Qyp speed (RPM) volume Q,
("H20) (C CEM)

0.2 617.8 655

0.3 _ 738.93 573

R —
R -

“when T = 10%T0, the actual rotational speed n (PRM) and the actual air volume

18
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Qn(CFM) in different external static pressures are obtained, and the actual rotational
speed 11 (PRM) and the actual air volume Qg (CFM) are substituted into the above

calculation formula, and the V value is adjusted until the calculated air volume is

basically equal to the actually measured air volume.

[0074] The V value corresponding to different torques in the low torque interval can be
calculated through the above methods, and see Table 2 for the V values in the low torque

interval; the V value table is stored in the motor controller.

Table 2

TorqueT |10%T0[ .. [20%T0| .. [30%T0| .. [40%T0
Vvae |140 [ .|t | ..los7 [ . (o081

[0075] When the high torque interval is 40%T0-100%TO0, the concrete data of the actual
rotational speed n (PRM) and the actual air volume Qg (CFM) 1s obtained by
experimentally measuring data, and marked with points plotted in the figure, then the

straight line is fitted, as shown in FIG. 6, ¢4 is equal to the slope of the straight line BB,

c3x ’Y; 4 is equal to the value of intersection point between the straight line BB and
based

the horizontal axis, and when T = Teasez = 50%T0, and V = 1, the value of ¢3 can be
calculated; the formula for calculating air volume and the valucs of ¢4 and c3 are
preliminarily obtained, or the coefficient c0 and other coefficients can be calculated
through a least square method. As shown in Table 3, when T = 60%T0, the actual
rotational speed n (PRM) and the actual air volume Qu (CFM) in different external static
pressures are obtained, and the actual rotational speed n (PRM) and the actual air volume
Qn (CEFM) are substituted into the above calculation formula, and the V value 1s adjusted

until the calculated air volume is basically equal to the actually measured air volume.

Table 3
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T=60%T0,V = 097

External static pressure | Actual air f.o::snal » Calculated air
PM) P | volume Q. (CFM)

0.7
0.8 1071
0.9 1035

[0076] The V value corresponding to different torques in the high torque interval can be
calculated through the above methods, and see Table 4 for the V values in the hgh torque

interval; the V value table is stored in the motor controller.

Table 4

40%T0 100%T0
1,07 097 |0.91 0.89 0.83

(0077] In summary, we can establish the functional relation formula (Q1 = F1(T, n, V))

for calculating air volume in the low torque interval, as well as the functional relation
formula (Q2 = F2(T, n, V) for calculating air volume in the high torque interval; in
which, Q represents air volume, T represents torque, n represents rotational speed, V
represents adjustment coefficient, a corresponding adjustment coefficient V is provided
for each torque section, the V value between every two torque sections is obtained
through linear interpolation and input into the micro controller wnit for the motor
controller, and then the operation can be executed according to the process shown in FlG.
4. When the critical torque Tm bas two corresponding V values, two calculation formulas

for high and low torque can be used for calculating the air volume, and then an average 1s

taken. For calculation,the following formula: Q = 1/2(Q1+Q2) is used.
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CLAIMS

1. A method for controlling air volume output by a motor, the method comprising:

1) determining a low torque interval 0-Tm and a high torque interval Tm-
T0 within a range from 0 to a rated torque TO; testing relationships between an air
volume and a rotational speed of a motor system under multiplé constant torques
within the low torque interval and the high torque interval, respectively;
establishing a functional relation formula Q1 =F1 (T, n, V) for calculating the air
volume within the low torque interval; and establishing a functional relation
formula Q2 =F2 (T, n, V) for calculating the air volume within the high torque
interval; Q representing the air volume, T representing a torque, n representing the
rotational speed, V representing an adjustment coefficient, and each torque
section having a corresponding adjustment coefficient which is input into a

MICTOProcessor control unit of @ motor controller:

2) inputting a target air volume Qqr into the microprocessor control unit of

the motor controller;

3) starting the motor by the motor controller under the torque T to enable
the motor to reach a steady state, and recording the rotational speed n in the

steady state;

4) acquiring the adjustment coefficient V under the torque T through a
table look-up method; determining whether the torque T is within the low torque
interval or within the high torque interval; calculating an air volume Q. according
to the functional relation formula Q1 =F1 (T, n, V) if the torque T is within the
low torque interval; and calculating the air volume Q. according to the functional
relation formula Q2 = F2 (T, n, V) if the torque T is within the high torque

Interval;
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5) comparing the target air volutne Qrer with the calculated air volume (e
by the microprocessor control unit of the motor controller, and a) maintaming the
torque to work at the steady state and recording the rotational speed n if the target
air volume Qs 18 equal or equivalent to the caleulated air volume Qc; or b)
increasing the torque T through the motor controller if the target air volume Qref 15
greater than the calculated air volume Q, or ¢) decreasing the torque T through -
the microprocessor control unit of the motor controller if the target air volume Qyet

1$ smaller than the calculated air volume Q;

6) re-recording a steady rotational speed arter the motor reaches a new
steady state under an increased or reduced torque; re-searching the corresponding
adjustment coefficient V through the table look-up method; determining whether
the torque in the steady state is within the low torque interval or within the high
torque interval; and recalculating the air volume Q. according to the

corresponding functional relation forrula; and

7) repeating step 5) and step 6) to adjust the torque until the calculated air
volume Qc is equal or equivalent to the target air volume Qws, and recording the

rotational speed n in the steady state after the motor reaches the steady state.

The method of claim 1, wherein step 7) is followed by step 8): if the rotational

speed and an output air volume change due to the alteration of an external system,

the motor controller compares the new steady rotational speed with the rotational

speed 1n step 5) or step 7) to acquire the change of the output air volume, and then

steps 4), 3), 6), and 7) are repeated.

The method of claim 1, wherein

step 7) 1s followed by step 9) for recording an abnormal individual air
volume: carrying out a practical testing and calibration, if under working
conditions of a target air volume and a static pressure p, an actual air volume Qs

15 greatly different from the target air volume, setting an abnormal point; setting
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the target air volume as an abnormal target éir volume Qy; recording a torque T1
and a rotational speed nl in a steady state; manually correcting the target air
volume recorded in a program until the actual air volume Qn is equivalent to the
abnormal target air volume Q; recording a manually corrected compensation
target alr volume Qp, a torque T2, a rotational speed n2 in a new steady state:
acquiring an array {Q, nl, Qp, n2} at each abnormal point, and storing the array
corresponding to each abnormal point in the microprocessor control unit of the

motor controller; and

step 3) 1s followed by step 10) for an individual air volume correction: the
nucroprocessor control unit of the motor controller making a judgment through
the table look-up method, adjusting the target air volume Qrer if the target air
volume Qrer = the abnormal target air volume Q, the rotational speed n = the
rotational speed nl, and the motor has not yet entered a flow of normally
adjusting the air volume; using the manually corrected compensation target air
volume Qp, as 2 new target air volumne; and repeating steps 4), 5), 6), and 7); the
rotational speed in the steady state recorded in the step 7) at the moment is the
rotational speed n2 mentioned 1n step 9); exiting the individual air volume
correction if 1 the real-time control, the conditions of “the target air volume Qrer
= the abnormal target air volume Q, and the rotational speed n = the rotational
speed nl1” are not met because the sfatus of a temperature controller is corrected
by a user, or the rotational speed n is not equal to the rotation speed n2; restoring

an original input target air volume Qrer;, and repeating steps 4), 5), 6), and 7).

The method of claim 2, wherein

step 7) 18 followed by step 9) for recording an abnormal individual air

volume: carrymng out a practical testing and calibration, if under working
conditions of a target air volume and a static pressure p, an actual air volume Qn

i§- greatly different from the target air volume, setting an abnormal point; setting

the target air volume as an abnormal target air volurne Q; recording a torque T1
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and a rotational speed nl 1n a steady state; manually cone‘c:,ting the target air
volume recorded in a program unti] the actual air volume Qy, is equivalent to the
abnormal target air volume Q; recording a manually corrected compensation
target air volume Qp, a torque T2, a rotational speed n2 in a new steady state;
acquiring an array {Q, nl, Qp, n2} at each abnormal point, and storing the array
corresponding to each abnormal point in the microprocessor control unit of the

motor controller; and

step 3) 1s followed by step 10) for an individual air volume correction: the
microprocessor control unit of the motor controller making a judgment through
the table look-up method; adjusting the target air volume Qqt if the target air
volume Qs = the abnommal target air volume Q, the rotational speed n = the
rotational speed nl, and the motor has not vet entered a flow of normally
adj usting the air volume; using the manually corrected compensation target air
volume Qp, as a new target air volume; and repeating steps 4), 5, 6), and 7); the
rotational speed in the steady state recorded in the step 7) at the moment is the
rotational speed n2 mentioned instep 9); exiting the individual air volume
correction if in the real-time control, the conditions of “the target air volume Qres

= the abnormal target air volume Q:, and the rotational speed n = the rotational

speed n1” are not met because the status of a temperature controller is corrected

by a user, or the rotational speed n is not equal to the rotation speed n2; restoring

an ongimal mput target air volume Q. and repeating steps 4), 5), 6), and 7).

The method of claim 1, wherein a caleulation formula for calculating air volume

1s as follows:

Q]:CO"’- /TXV +clxn, or Zl=cOx hald Lelxn+c2xn’ X Lo ;
\ Tbﬂ$=1 Il;aiel \TxV
V f
()2 =c3x ald +cdxn, or Q2 =c3x L~ Fedxn+cS5xn’ X Lusse .
N Thase: \ Z-Emscz \ TxV
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in which, coefficients c0, c1, and ¢2 are obtained by a curve fitting method
under different external static pressure conditions of a base torque of the low

torque interval Thase: according to original data of the rotational speed and air

volume parameters; and

- coefficients ¢3, ¢4, and ¢5 are obtained by the curve fitting method under

different external static pressure conditions of a base torque of the high torque

mterval Thasez according to original data of the rotational speed and air volume

parameters.

The metbod of claim 4, wherein a calculation formula for calculating air volume

15 as follows:

—_—
Ql=c(}x\/T}‘V+c1><n,or (1 =cOx TXV+clxn+02xn2x L bage :
Tbascl 'v T{':asel M TXV

A e ——— s — |

Q2=03><1/ZXV+04><11,01‘ (2 =c3x TxV+c4><n+cS><nz>< 15’“"2 .
| Lhased ‘\ Tbascz \ T X V

n which, coefficients ¢0, cl, and ¢2 are obtained by a curve fitting method
under different external static pressure conditions of a base torque of the low
torque interval Tpass) according to original data of the rotational speed and air

volume parameters; and

coefhicients ¢3, c4, and c5 are obtained by the curve fitting method under
different external static pressure conditions of a base torque of the high torque

Interval Toese2 according to original data of the rotational speed and air volume

parameters.

The method of ¢laim 1, wherein Tm is a critical torque of the low torque interval

and the high torque interval, and ranges from 30% of TO to 70% of TO.
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The method of claim 4, wherein Tm is a critical torque of the low torque interval

and the high torque interval, and ranges from 30% of TO to 70% of TO.

The method of claim 7, wherein Tm = 40% of TO, the base torque of the low

torque mterval Thase1 = 20% of TO, and the base torque of the high torque interval
Tbasel = 50% of TO.

The method of claim 8, wherein Tm = 40% of T0, the base torque of the low
torque interval Toaset = 20% of T0, and the base torque of the high torque interval

Thasez = 50% of TO.

The method of claim 9, wherein
the adjustment coefficient V changes between 0.1 and 2; and

Tm has two adjustment coefficient V values corresponding to the high

torque interval and the low torque interval, respectively.

The method of claim 10, wherein
the adjustment coefficient V changes between 0.1 and 2; and

T'm has two adjustrnent coefficient V values corresponding to the high

torque interval and the low torque interval, respectively.

The method of claim 11, wherein the calculated air volume Q. is equal or
equivalent to the target air volume Qrer it step 5) and step 7) means that the
caleulated air volume Q¢ 18 1n the range of “target air volume Q¢ error window”,

and the error window of the target air volume Qrr ranges from 1% to 2%.

The method of claim 12, wherein the calculated air volume Q¢ 1s equal or

- equivalent to the target air volume Q¢ in step 5) and step 7) means that the

26



CA 02828118 2016-12-01

caleulated air volume Q¢ is in the range of “target air volume Qrer erTor window”,

and the error window of the target air volume Qrer ranges from 1% to 2%.

15, The method of claim 1, wherein increasing or decreasing the torque T through the
motor controller in step 5) means increasing or decreasing the torque T according

to step length sequence of at least 1% of TO each time, or new torque = current

torque % (Qrer / Qc)*.

16.  The method of claim 4, wherein increasing or decreasing the torque T through the
motor controller in step 5) means increasing or decreasing the torque T according

to step length sequence of at least 1% of TO each time, or new torque = current

torque % (Qrer / Qo).

I7. 'The method of claim 1, wherein the functional relation formulas Q1 = F1(T, n, V),
Q2 =F2(T, n, V) are acquired as follows according to original data of rotational
speed and air volume parameters under a base torque Trase and other torques and

under different external static pressure;
a) arranging the motor fixed on a wind wheel in an air-conditioning device;
b) setting the motor to work at the working state of a constant torque:

¢) selecting a plurality of torque values comprising a base torque within

the range from O to the rated torque TO;

d) allowing the motor to work under different torques; and

e) changing the external static pressure of the system in sequence to
collect the original data comprising the rotational speed and the air volume

parameters.

1. The method of claim 4, wherein the functional relation formulas Q1 = F1(T, n, V),

Q2 =F2(T, n, V) are acquired as follows according to original data of rotational
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speed and air volume parameters undet a base torque Twase and other torques and

under different external static pressure:

a) arranging the motor fixed on a wind wheel in an air-conditioning device;
b) setting the motor to work at the working state of a constant torque;

¢) selecting a plurality of torque values comprising a base torque within

the range from 0 to the rated torque TO;

d) allowing the motor to work under different torques; and

e) changing the external static pressure of the system in sequence to

collect the onginal data comprising the rotational speed and the air volume

Pararmeters.
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