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Abstract - ON-OFF control was widely used in older air
conditioning systems due to its simplicity and low cost. However,
choosing an inappropriate temperature fluctuation range can lead to
longer operating times, increased power consumption, frequent
on/off cycles, and reduced lifespan. This paper proposes an
improved control solution that increases the temperature fluctuation
range while maintaining comfort. A mathematical model of room
thermal balance is constructed and used to evaluate the
effectiveness. The results show that the improved control solution
can reduce operating time, reduce the number of starts, and save
energy while maintaining a reasonable temperature fluctuation
range. The proposed method is simple, effective, highly applicable,
and does not require changes to the system hardware.
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1. Introduction

Electricity consumption by residential air conditioning
systems accounts for a significant proportion of the total
electricity consumption of households, particularly in
regions with hot and humid climates. Among the control
methods currently in use, ON—OFF control remains a fairly
common method due to its simple structure, high
reliability, and low investment cost. In this method, the
compressor operates at its rated capacity when the room
temperature exceeds a specified threshold and stops when
the temperature drops below another threshold.

Despite its structural advantages, traditional ON-OFF
control has several limitations, such as long daily
operating time, frequent compressor switching, and low
energy efficiency, especially under part-load conditions.
These limitations not only increase electrical energy
consumption but also affect thermal comfort and
compressor lifespan.

In recent years, many studies have focused on advanced
control methods such as inverter control, fuzzy control, and
control with a cooling anticipator. However, these methods
often require more complex hardware and higher
investment costs. Therefore, improving the ON-OFF
control algorithm to enhance operating efficiency without
increasing cost is a research direction with high practical
significance.

This paper proposes an improved ON—OFF control

Toém tit - Didu khién ON-OFF duoc st dung rdng rai trong cac
hé théng diéu hoa khong khi truée diy do don gian va chi phi
thip. Nhung néu chon bién d¢ dao dong nhiét d6 khong phu hop
¢6 thé din dén thoi gian van hanh dai, tiéu thy dién ting, may
dong ngit nhidu 1dn va tudi tho giam. Bai bao nay dé xuit mot
giai phap diéu khién cai tién, didu chinh ting bién d6 dao dong
nhiét, nhung vin dam béo yéu tb tién nghi. M6t mé hinh toén hoc
can bing nhiét cia phong dugc xdy dung va «dung déanh gid hi¢u
qud lam viéc. Két qua cho thiy giai phap diéu khlen cai tién c6
thé giam thoi gian van hanh, giam so lan khoi dong, tiét kiém dién
nang trong khi van duy tri bién d¢ dao dong nhiét dd hop ly.
Phuong phap dé xuét don gian, hiéu qua va c6 tinh ung dung cao,
khéng doi hoi thay di phan cing cua hé théng.

Tir khéa - diéu khién ON-OFF; diéu hoa khong khi; tiét kiém
nang luong; gidi phap diéu khién; HVAC dan dung.

solution based on a mechanism that increases the hysteresis
band while still ensuring comfort conditions, with the aim
of reducing operating time, decreasing the number of starts,
and saving energy.

2. System description and mathematical model
2.1. Hermal model of the conditioned space

The conditioned space is modeled as a lumped thermal
system with a uniformly distributed temperature. For the
ON-OFF control system, during a day, the air conditioner
alternately operates and stops; therefore, different heat
balance equations are obtained:

- The energy balance equation of the room when the air
conditioner is operating:

d
td(T) = Qi (1) = Qe (D) (1)

- The heat balance equation when the air conditioner is
stopped:

dt (1)
dr
where: C, is the thermal capacity of the room (J/°C);

= Qi (V) )

t:(7) is the indoor air temperature, varying with time (°C);

Q,.c (1) is the heat load, varying with time (W);
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Q. (1) is the cooling capacity of the air conditioner,
varying with time.

Thus, in order for the room temperature to decrease,
Q,(r) must necessarily be greater than Q,,(t), and the

difference between these two values determines the

operating time of the unit.
2.2. Heat load model

The heat load consists of heat transfer through the
building envelope and internal heat gains, and is
determined by the following expression:

Qload (T) = k'F'[tN —tr (T)] + QT (3)
k is the equivalent heat transfer coefficient of the
enclosing structure, W/m?K;
F is the envelope area of the room, m?;

ty(7) is the outdoor air temperature, °C;
t;(t) is the room temperature, °C.
Q. (7) is the internal heat load of the room, W.
2.3. Rule of room temperature variation
Substituting Equation (3) into Equation (1), we obtain:

dt; (v) _

C, == = KF[ ty —t, (1) ]+Qy ~Que (1) @

di(t) =[A, —Bit(v)]dr
(5)

Solving Equation (5), the relationship between room
temperature and time is obtained as follows:

- During the operating process (ON):

A
t(v) = El ~Ce™ (6)
- During the stopping process (OFF):
A
t(r) = EZ—CZG’BT (7)
kFt,+Q, — kFt, +
where: A, = x HQr 7 Qc , A, = x Qs and
C, C,
bk
CP

Based on Equations (6) and (7), the cooling time,
stopping time, and number of stops of the unit can be
determined.

3. Control solution
3.1. Traditional ON-OFF control

In traditional ON-OFF control, the compressor
operates based on a fixed hysteresis band around the
temperature setpoint:

Q,, when t (1) >t, +At

el = 0, when t. (1) <t, —At ®

where:
t, is the room temperature setpoint, °C;

At is the temperature hysteresis, or one half of the
control differential, °C;

Q, is the rated cooling capacity of the air conditioner.

3.2. Proposed improved ON-OFF control solution

In this study, an improved ON—OFF control solution is
proposed by adjusting the hysteresis band according to the
degree of temperature deviation, which indirectly reflects
the heat load condition of the room. The effective
temperature hysteresis is determined as follows:

Aty = Aty +mt (D) -ty )
where:

At . is the minimum temperature hysteresis. It is

recommended that Atmin = 0.3 +0.5 °C, as this range is
suitable for sensors and corresponds to a temperature
variation that humans cannot perceive.

m is the adjustment coefficient. Typically,
m=0.2 + 0.6, and m =0.4 is selected in this study.

In the proposed solution, the control differential is not
a fixed quantity but is dynamically adjusted through the
control algorithm in the digital controller. This differential
value depends on the instantaneous temperature deviation
between the room temperature and the setpoint
temperature, thereby allowing the system to adapt to the
heat load state of the room.

Unlike inverter control, changing the control
differential in this study does not change the instantaneous
power of the compressor but only affects the switching
moments.

The corresponding control law is written as follows:
Q,, when t (1) >t, +At,,

10
0, when t.(1)<t,—At,, (10)

Quc(0)= |:

This mechanism allows the temperature hysteresis to be
expanded under low-load conditions or when thermal
inertia is large, thereby reducing unnecessary compressor
switching while still ensuring that the indoor temperature
difference remains very small.

4. Performance evaluation criteria

The effectiveness of the control solutions is evaluated
through the following quantitative criteria:

4.1. Electrical energy consumption

Q,(v)

E= JW(T) dt= JCOP( o

dr, J (11)

where:

W(7) is the electrical power consumption of the air
conditioner, W

Q, (1) is the instantaneous cooling capacity of the
refrigeration system, W.

COP(7) is the instantaneous cooling efficiency, or
coefficient of performance, of the system.

If the cooling capacity of the compressor and the
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coefficient of performance remain constant throughout the
operating period, the electrical energy consumption is
given by:
E= —Q° T (12)
COopP
When the operating times of the two control methods
are known, their electricity costs can be compared as
follows:
E -E T -T
N = ?.100% =—1—2.100%

2 2

(13)

T: and T, are the daily operating times of the air
conditioner under traditional control and improved control,
respectively.

4.2. Room temperature fluctuation

At (14)

= tma\x - tmin

4.3. Compressor start frequency

Let N, be the number of compressor starts within one
day. We have:
24x60  24x60
N, = = (15)
T T,+7T,

where: t,, T, are the operating time and stopping time of
the unit in one cycle, respectively, (min).

The operating times of the unit under the two control
methods within one day are expressed as:
T, =N_..%,, LL=N

(16)

T,;» T;, are the operating times of the unit under

start start 'TIZ

traditional control and the proposed improved method,
respectively, in one cycle.

5. Simulation results and discussion
5.1. Simulation parameters

The mathematical model presented above is now
applied to simulate a specific case: an office room with
dimensions of 12 m in length, 6 m in width, and 3.5 m in
height. The room parameters are presented in Table 1.

With the values given in Table 1, substituting them into
Equations (6) and (7) gives the following:

- During the operating process, the rule of room
temperature variation over time is:

t(1) = —9.33—C e "0 (17)

- During the stopping process (OFF), the rule of room
temperature variation over time is :

t(t) = 38.29— C, e 000 (18)

In Equations (17) and (18), time t is expressed in
seconds.

To determine the constants C; and C, in the above
equations, the boundary conditions are used:

For the operating process, at t=0, t(0) =t

max

For the stopping process, at =0, t(0) =t .

Table 1. Room parameters

No Parameter Symbol Data
1 Equivalent heat transfer coefficient of] K 3.0
the room W/m?K
2 |The surrounding area of the room F 126 m?
Room heat capacity Ck 9000 kJ/K
4 |Internal heat load of the room Qr 2 kW
5 Rateq _ cooling capacity of the air Qo 18 kKW
conditioner
6 |Set-point temperature of room ta 24 °C
7 |Outdoor temperature N 33°C
] Initial tgmperature, at the time t=0 of] t(0) 24.5°C
the cooling process
Initial temperature, at the time 1=0 of]
5 t(0 0,
? the machine shutdown process. ©) 23.5°C
Temperature hysteresis using the ON- o
10 OFF method At 0.5°C
1 Minimum latency using the improved Aburin 0.5 °C
method
12 Average latency using the improved Athy 0.6 °C
method
13 |Air conditioner cooling coefficient COP 3

The determined coefficients C; and C, together with the
operating and stopping times of the control methods in one
cycle, are shown in Table 2.

Table 2. Results of coefficient determination

Control method C, °C C,,°C
Traditional ON-OFF method -33.83 14.79
Improvement method -33.93 14.89

Based on formulas (17) and (18) with coefficients C1
and C2 in Table 2, the room temperature change pattern
in one cycle is determined, shown in Figure 1 and
Figure 2.

Figure 1 shows the room temperature change pattern
using the ON-OFF control method. From this figure, we
see that a working cycle from the first to the second
machine operation takes 39.7 minutes, the running time is
11.9 minutes, and the stopping time is 27.8 minutes. Thus,
on average, the machine switches on and off 37 times a
day.

While Figure 2 shows the room temperature change
pattern using the improved method. The data shows that a
working cycle is 46.5 minutes, the running time is 13.1
minutes, and the stopping time is 33.4 minutes. Thus, the
machine switches on and off 31 times a day.

Based on the number of working cycles and the running
time in each cycle, the machine's running time in a day can
be determined. With the ON-OFF method, the daily
running time was 7.19 hours, while the improved method
was only 6.76 hours.

The reduced running time resulted in energy savings. If
losses due to startup are taken into account, the efficiency
is even higher.
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Table 3 and Figure 3 show the calculated parameters of 5.3 Discussion

the two options: . .
P The energy savings calculated above are mainly

- Option 1: Traditional ON-OFF control; achieved by reducing the operating time of the unit,

- Option 2: Improved ON-OFF control; without taking into account the losses caused by the

The most important parameters are the running time per starting process. If starting losses are considered, or if the
cycle, the number of cycles (or the number of times the ~teémperature fluctuation amplitude is further increased, the
machine starts per day), the running time per day, and the ~ effectiveness may be higher.

daily electricity consumption for each option. When the room temperature fluctuation amplitude is
Table 3. Calculated parameters for the two control methods increased, the number of cycles decreases, and the actual
. : operating time also decreases accordingly, contributing to
.. |Option|Option . .
Parameter Symbol| Unit 1 ) energy savings. However, both energy efficiency and user
— - comfort need to be considered. When the cycle duration
Runtime in one cycle 1l | Minute | 119 | 13.1 increases, although the fluctuation amplitude is larger, the
The stopping time in one| |\ o oog | 334 temperature rise. rate is very slow, making the indoor
cycle environment still comfortable. Therefore, based on
Time of Cycle T | Minute | 39.7 | 46.5 common practical experience, the fluctuation amplitude is
Average number of machine| Times 37 31 often set at approximately il'.O °C. Another important
starts per day /Day factor is that the thermal inertia of the system may also
Machine oerating fime ber cause the room temperature to increase or decrease beyond
day P & P Ti2 h 7.19 | 6.76 the amplitude set by the control device.

Average electricity] |, wh | 432 | 406 A.lthough the proposed improved ON—.OFF .control
consumption : : solution does not regulate compressor capacity as inverter
Reduction in clectricity N y  eaw fzontrol'does, it still .demon.st'rates clear effectiveness in

consumption E 0 -4 7 | improving the operating efficiency of the system.
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6. Conclusion

This paper has proposed an improved ON—OFF control
solution for residential air conditioners by increasing the
temperature fluctuation amplitude while maintaining it
within a range that remains comfortable for users. The
simulation results show that the proposed solution
significantly reduces the operating time of the unit,
decreases the start frequency, and saves electrical energy
consumption. With its simple structure and no requirement
for hardware modification, this method has high
application potential in existing residential air conditioning
systems.

Future studies will focus on the following aspects:

- Evaluating other modern control methods, such as
inverter control in inverter air conditioners or cooling
anticipators [3, 4, 5], in room temperature control to
contribute to energy savings and user comfort.

- Determining the optimal room temperature
fluctuation amplitude so that energy can be saved while

comfort conditions are still ensured. This is a complex
problem and is affected by many factors, including user
physiology, room thermal inertia, and load level.

- Evaluating energy consumption costs when selecting
the air conditioner capacity with a safety factor relative to
the heat load, and recommending an appropriate selection
range, such as Q, = (1,2-1,4)Qioad.
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