=2 2024-19-16 |

H 19 H 3% 20244 6¥ 123

Al &8 oloj7d o] 2= Alo] & 93 Hal d|5 7|HE
2914 2 o|F Alo]
(Heat Load Estimation-Based Switching Explicit Model Predictive
Temperature Control for VRF Systems)

72l = of

AT o,

(Jun-Yeong Kim, S.M

0l

& g
L

ee)

Abstract : This paper proposes an EMPC (Explicit Model Predictive Controller) for temperature tracking control based

on heat load prediction by an ESO (Extended State Observer) for a variable cooling circulation system with multiple

indoor units connected to one outdoor unit. In this system, heat transfer and heat loss relative to the input

temperature are modeled using system dynamics. Using this model, we design an EMPC based on an ESO that is

robust to temperature changes and depends on airflow. To determine the stability of both the controller and the

observer, asymptotic stability is verified through Lyapunov stability analysis. Finally, to validate the performance of the

proposed controller, simulations are conducted under three scenarios with varying airflow, set temperature, and heat

load.

Keywords : HVAC system, Lumped Model, Explicit Model predictive controller, External Disturbance, Extended State

Observer
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Table 1. The VRF system model variables
.. System
Parameters Description .
variables
T Space temperature State
Py Pipe out temperature 1 State
P Pipe out temperature 2 State
P, Pipe in temperature 1 Input
P, Pipe in temperature 2 Input
Ty Output temperature 1 Input
Ty Output temperature 2 Input
T, Wall temperature Disturbance
T, Outside temperature Disturbance
H, body temperature Disturbance
Qr Heat load Disturbance
geol g AYHES sn mde A mHRE Y
13} 2}, 7b 22 Zox A Ask= stebuEel] gk Ae
¥ L AAE dojAd - F7F 2= md ¥l #3759
o2 EUZ odzE-vdEd (Multi-Input Multi-Output;
MIMO) Al2=¥l 29 MAE 7Agstiet. P, o sdshs
AR e 24 e g
d'P' an’ C) in."i out,j
LU_ : (})in.jifjout.j) J = (1)
dt C: Q’E)im*

T2 (DY ¢ & Folx o EAste @ dES 9]
gk om, ok ¢ = ol EZS] Tl o= Yo f4 Ul
2719 MG NESE Aol m P, - P, )
T EEVelA Yoz Wuje] dho]xzel £%7F S7|E At
74, fo]z Ob‘% e @A m&E] A A g RS
Sulget b, P, A% sl sholxel LA Fu
71¢] sfolx o}% LFJJ}Z] ot} ojl A A3 3
Gehs R, TEHE EUZ st olFaua 9 &



st XﬂoiElt %—{} 2o #gshe 19 F54
& 4 @ gt

ar_mG

dt = (})(Hl.fj ﬂ d.j

23( 5) — (1)  30(97]1e%) — (T)
(R) AR,)

rlo
1
u r
o
EY
el
X orle
ot

_OH
o
E
=)
i
E
8 _s_: il
il
ol
%
i
i)
M o 48 oo @ o L P

24
ol
e
rlr
 of
N
N
o
K
ul
re
o>
2
s}
i
N,
o

rfo offt

FOr e 0

ol r
lo,
o
i)
m

ol
o)
2
2

s

ot

mR F—Ti
o

=
o

E)— +30(917l E)*T%
oA A= HALET €7]
Sdale cre AXAA @A F ke 7
g golt}y, H, 2 ARl 9fs dAsHE
X3t e % o o F ejgorA %
Ao 23(¥ew) - I+30(L)7es) - T+H, & F
AR 2= F3 QF Aol ESOE T3 FA3oF
%

(
4

[e

)
Hr o2 2L
ot

EO

ol
-

fr oo 2 B 2 mo o 2L omY ux Mo

N,
)
r
1% r}o

o

ofr

o

ol

g‘ﬂ
rir
rlo
1
Hz
g‘ﬂ
fr
oXl
1o
(o
.ﬂ
o
i
N
o,

(o3
fitl
ol

o
[>
do
o,

- 'Tj(k) = [T R}ltt.j]To]ﬂ,
EMPC A|o]7]5 Ea) A& o %'_Z_} % W go|Z o}
(e}

SEA Aol A gt Ao 9Es EdE AojHe 3
GElol e A2 =4 )% 2
z;(k+1) = A, (m))a; (k) + Bu,; (k) + Q. (k), "
y;(k) = Cz;(k), i€ (1,2, 3], j= [1, 2],
-mCp 1 1 m,; Cp
| ¢ ¢r cr, c
Aj (mi) - 0 —m, C’Pi 1 ’
C:’ Q’Rﬁf’l)ﬂ.
G
TndC’P 0 L
b= 0 m,Cp 1 O= (0 1)~
C:’ Q’R’»f’l)ﬂ.
gl weh Aols= ALE cloje] el o
3 deuEHEe g m= o 1 F 2. A= dlojd
B3 2= BEl shehu el 7]

=

%— el Adi7] 2di7t At HAPs o F
m, (i=1,23) o o} v AzE ool - F
= ‘EHHJZM% 8 ZdET E Al2"ofA ays)
ZHo] A7) 16252 miolw, ¥ B £ 9 9] &
¢ Wk Fethe 7oA AlEdE A HE

Waheln,

ol

T+ d

A

i oX okl r}o

=
=

rﬁ

H 19 H 3% 20244 6¥ 125

H 2 AI2H oo - 7 2= 29 m2tolH
Table 2. Parameters of the VRF system

Parameters Description Value
c, Specific heat of air 14k]/G
C Thermal mass of a space 1760.26 F
C, Thermal mass of P,, 1000F
Thermal resistance between
R 0.5 Ohm
P, ;and P,,
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R 09756 Ohm
T,and T
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R 34272 Ohm
T, and T
m, Supply airflow (1) 47.62 m®/min
my Supply airflow (2) 52.62 m®/min
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Supply airflow from o
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evaporator
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