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ABSTRACT

Performances of thermoelectric materials and systems become more interesting in the
technology and potential for new markets. They have been interested for application of
temperature and humidity controlled system in the environmental controlled chamber for
industries, a small chamber. Over the past ten years, fuzzy logic control has been widely applied
for handling the system which has uncertainty or high robust system.

This research presents the development of Fuzzy logic control systems to control
temperature and humidity for Electronic Equipment. Using thermoelectric materials generated
heat or absorbs moisture with silica gel in the controlled system. In this system control the
temperature is regulated by the supplied to current the thermoelectric materials and the air
supply flow rate to the chamber is use to regulated the air humidity in the chamber. This work
using the Lab VIEW software is used for the fuzzy logic control and measurement of
temperature and humidity using sensor model SHT15. The nine order of temperature and
humidity mathematical model can be expressed experimentally for the openloop control
chamber. The experimental results show that the offset in temperature and humidity of the
temperature and humidity control system for electronic equipment are +0.3°C and +02 %RH

respectively.
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2.7.1 nq‘ua Max-Min (Mamdani’s Minimum)
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ad ] o oF o = & o o
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o ' i a H & = 14
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IF xis Al and y is Bl then z is C1

IF x 1s A2 and y is B2 then z is C2

110314 2.9 e 19MquHves Mamdani’s  Minimum  wadwsn 180 1nidenlv Ain
o a da 1 A 4 4 ' @
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Al 11 ci
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A A2 Al 82 /\L.z o
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X ye Y win i

3UM 2.9 1AAININNIINIUYDI NOBE Max - Min

2.2 'nqsfj Max-Dot (Larsen’s Product)
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2.8.3 Center of Sums COS Method
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wail for data ready
A
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A% 11118 L MEB e g BBy A8 Preksym
Command
1 4.4 Tugmsviau
Ms19f 4.1 frdalod SHTIS

Command Code 1

Reserved 0000x
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Measure Humidity 00101

Read Status Register 00111

Write Status Register 00110 i

Reserved 0101x-1110x |

Soft reset, resets the interface, clears the | 11110

status register to default values

veait minimum 11ms before next command |

Trarsmissior Stan Adcress= 000 Commang = 00191 - Bold = SHT1x controls DATA line
) _Plain = 1€ cortrals BATA line
RATA, R oo — et o / \ j Measurement
2 s | o= ..,\ 4 o ~55ms for 12 bj
sck / \,/ / \_/ \_/ / '\Jf U’ \J ~11ms for & bit
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RH, ., =c¢ +c,980;, +¢,¢80,,°

linear

Tav SO, Aumienwldnnruses

c,=-4 ¢, = 0.0405 ¢, =-2.8%10 dmiv 121in SO,,
c,=-4 ¢, = 0.648 ¢, =-1.2*10" dmiv 8 1ia SO,
100% ~ - T . = -
1977 N

* DU ‘800 2000 2
SOrH sensor readout (12bit)
310 4.6 SO, Mo Tdnnues

g1l 4.6 uasn I mdniuTveImmWAAUm SO, Aisnlnnmume]
dmsugungifuanaai 25°C (lszanm 77°F) mdulsranivonnusuannse
wvsanlaiiu
RH,, =(T,. —25)e (11 +120SOy,)+ RH

linear

Tau 1, =0.01 ; 1, = 0.00008 ; 7, =0.00128 A M3V 8 1in SO,

4.2.1.2 msmdasmadnemilugamail

MM INH Iannmesis s aulasauilugumgiildnnaunsan i

Temperature = d, + d, » SO,
Taumduilszanivosauns d,uaz d, 189 mna131a9 4.2

=

715199 4.2 dulszamsmanlavunlasgungn

voD| difec] | diren sor | daf°c] | d20°M)
5V | 40.00 | 4000 1abit | 001 | 0078
av | 3975 | 3950 [12bit_| 004 | 0072

3.5V| -3965 -39.35
3V -39.60 -39.28
2.5V]| -39.55 -39.23
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4.4 ua%’ﬂmuau Servo Motor
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o 1D srtun PRIOCT =3 f @ e 3 B irm
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o @2fau PDIP 28 41 111 8 bits AVR microcontroller 1183 ATmega8
o AMWADINTG IWIALY 4.5-5.5V
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T¥munuiivziudyim Wadiauon (PWM) 100 TTL Level szdunssduiiaiolis

(aﬂy 1l L] = o :3 L") e o " o v A
voimosHazegluranlszum 4 fa 6 Taan IuogiuguauiAveamomosidazdi dedvos
& e < uw o a a o
yoInps wiiatinao srdvinaamimiing, MWusebags, Auwdsnudes uas awnso
o a 4 g ' o ' ) : i

Ay Monsaauaeinmiu TTL 18Tavasahisuiludoredavsdu(Driver) due msaz
VaInD3 WAL I993MIVANDIIY Pnwluegudy sawomeswiiatiannsondugulivyu
Tl dmiia wie figmisesmnaeanis 1a Tavededauauniunieiad niloulsd

o
UoIADI

° o 7 o v o £ O 4
NMSAIVAUMSMNUVBIFBS Iuones 1118 las mitlouduyyrunniuniaiad

oo
¥

' % ° v = o 5 " as
TN 10103 FIAMMUINAZRANIINS MYUYBINDINDS HILTUDYNVVUIAYD AN

W
@ ar

swadiua Tav udmnundrvesdya aiadeziigalidreds 3 9a dasy 4.10
o V. e ol 3/ o 2 v i
- dygrunundeiadunn 1.5 ms  szauguldises Tavemesmyulilogi

. s 4
ALY 0 DA Y30 YANINAILBIADS

v
=

o v w Y o o (]
- dggraunnunaiaduis 1ms  szalugulviaes luemes vyulileghn

Amaiasgm — 90 3N 3o Tudiamannnduuin



32

v Y o o Y] o & vt
- dyguAunINRadua 2 ms  azaduguliaes luomesvyulileghn
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MUY UL +90 DA 13 a“luwﬁmqmuwumwm
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m— Dulpur Shatt

Gear Four
lab Swop
Ouipul Giear

Guear Thiee
Motor Drive —=

Ciear Porcntncicr Shall

Cioar fwar ~— Seno Case

— Bonem Pl

o PRie Screws

7*% ]ﬂ-— ——— 1.8ms-2.0 ms
vdd (5 v} J H
vz (0 v}
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F L~ ~J
RN |
P neutral, .T seno at0?
.

J_._-- j______w__ri -pmsew-w-;lr 1 8ms
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-—_| Servo at-60°
I l J77 Pulse Width 1 Dme

s Bk oo
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- Pulse Wit 2 0ms
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0 0
20 1.09
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31 4.13 wes Tawemes n 1¥arugumstonszua IWih iaay

P o o 9/ a o
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a d
4.6 ynownoIvla (Interface)
) o o @ LY 8 n ¢ A LY "
dmiugunsnisudyyiuingaeuiuneiivodszuiona nazdadyyiueenly

NaMIAN iden1¥ msadnazalszunanadyanuiyu PCI-6034E

31 4.15 namamsasunazilszananadyaugu PCI-6034E

1 o

minsunazdszanadyyiuiy PCI-6034E Aanmaaluglit 4.15 2 143uiy

4 V@ ' & a 4 ' @ a ' o
wesAIFouADAYY MU BNC-2110 Failvpaudouannundus miudigital VO 8 ¥oadanaa

»
L o

Tu31/# 4.16 Analog input 16 bit 5935 UM3 VAITYYIN NUVVOINADALAZAIADA

UM 4.16 namanosmFouRedRyINTU BNC-2110
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4.7 m‘ﬁuﬁlﬁﬂﬂ?ﬂ(Thermoelectric)

317 417 gUnsaimes Tudianain

10317 4.17 naasginsaimes Tudianainiil¥lumsnanes 3u TEC1-12706 3

YUIA 4 x 4 x 3.8 1WUAAT 12V DC, 3A 01gm3 19971 200,000 2 T1s9

4.7.1 MsMNiudome3s1udIana3n (Thermoelectric Refrigeration)
Tl ne. 1821 AININOIANEAT ¥ 1100317 Thomas  Seebeck 1IN AN NI NI
Y Ao 9 " a  a A ' : Yy 9 o 5 '
vanaaTans 2 iduinidslanzanstiamunivoudedariadeuindroiu dnlawyade
» v .
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(@) nsaunaou IWihiGona “FinTanne”

(b

(n) (v)
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4.7.2 nanmaMmavveamesludianain
- oo = A 2 o o
o3 ludianainTuga (Thermoelectric  module) #3190 sAadNI Tneldmanns

Mamveailunnudou nanadazali 4.20
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semiconductor i i 3
v . semiconductor

e SOURECE
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.—.-4' 4'| 4' o o : 4:5 & o S 8 a [ 4 & o o
npdouNINNAIUIEAUA lumsRadnhnud grasuszauga lumsiadnihnudy
" = - o =1 o =
dana IinanubuNA MDY (Heat absorbed at cold side) nazluvmzduriufinanis
=Y H 4 d‘ ar o A o o L] ar o
gﬂnﬁmjmmﬁnmﬂuﬁmﬁaummwmami:ﬂuqﬂum‘inammtmmﬁu O GEFRITEELNY]
- 4 o . a0 v a 3 a4y @ :
Mmlumsnadnimuui dawaliiianudoundmiou (Heat rejected at  hot  side)
'Q J E;d Al = o )
Uingmsaininatuiizoninlsngmisalveunariios (Peltier effect) vivllgmsilszynald
¥ o » < ¥y ¥ 4 a 4 & o T
amuoulunmsiinnumbunazauieumnavuluvazinmduszgaszuionalviy

VITIMAIAADY
4.7.2.1 MINVNMANUTOUNAMEY (Heat Pumped at cold Surface, Q)
2
Q, =(0UT, —05"R—K,AT) (4.1)

~ o d o o
Tmm Q ﬁf) m‘smmmwuﬁﬁmwu (W)

a

o Ap dnlseAnsuoadmiin (0.0444 VK') [13]
1 fo nszua v (A)

] - g =] o ad a
A9 QUUYLIATUYDANDS TUBIANATN (K)

-

R fo anudmumu ihveanes Tudidnasn
(2.545 Q) [13]
-~ L ° 9 o a d a
K Ao ManMinMuiouveANDS 1NDIANASH

(0.495 WK [13]
AT o wansznINguugisuiouarguugia i (K)

4.7.2.2 Uszansmmilumsmninndu (COP)

Q
cop=—"% (4.2)

Taon P. fio masIihatleulimes ludidnasn (w)
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Qc,P (W) COP
400 [~ 2.8
360
300 - 1.60
250 e
200 100 -~ G
150 —=— COP
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T T T T T T

o 05 10 15 20 25 30 0

CURRENT ( amps )
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11 4.21 manfvuiendasimsvimnuou masTlihidlow uaz cop dien/aeumlas

msownszua 1nvh[15]
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aniudamh ldinamsazauanuiouimisaanulasuanuiou 391148 Cop fimanas
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LUBDATINTITNMANUEUINIVY

) 24 d a g = = A
4.7.3 wanmavenuuuuazidenguniaimesudidnainlumsnugugamgiinazanuyy
P A
doulvdermualunmisnaana
da o = o o v - v ¥ = Y
1. ginssiniannselinduargnsainegieg lunassnruguiins ldmdasnu sow
2. QuMiiuIsmIMANoUNNaBInIURNHIMIUMINAneey lusrsgungilszinm
25°C
= n; P 3 o ar da d a o " [
3. gumgiuazanusuidesmsdmivszuuginsadiannsetind lunaesniugued
3TN 15°C - 25 °C uaz 45%RH — 60%RH
3 [
4. AINABINIVANYUNYHHAZANVILIINNINGZAT AR naziy Imiedumsaiom
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314 4.22 AnUUZYINADINIVAN ANWHIIVDINADINIVAMIALRUIY

nﬁaamuﬂuqmwgﬁuazmmﬂﬁu iundesniuguiiiivuianiuniig 10 i Ay
01210 i wazqe 4 inindoozaiannun 4 Tadwns sazdunun Idunu 2 1dudnns
W1 6 #u

ﬁamfumm%’auﬁn'“lmm’hfjnfimﬂ'mammm5mmﬂmuuﬂmwiazé’hwaanﬁm
AILAUITAIRITUMIT (4.3), (4.4)

0= (EZ;P (4.3)
DR, = LY e (4.4)
" At‘ kl,r‘ kZ.J

a 9 o 9 1

NQ0,= AnuisuRmuMmIgnaoInIugy
R, = anudmmumainnuion
i s " 9 2
i =wWiwdazau m
k, =mmsihanudeuvesivy =034 W/mK [34)
k, =mmsinnuiouvesoznian =0.12 W/ mK [34]
L, =anunu1veanuiuInu Polyethylene = 2 cm

L, = ANUYUIV0302A 00 = 0.3 cm
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mamnuieutumdigndesnunuimidmmthnassnaug
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3
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3 ¥
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b4 v
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NNAUNITN (4.3) uaz (4.4)
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G (25-15)
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Abstract

Performances of thermoelectric materials and systems that
utilize them became more interesting in the technology and
potential new markets. This paper presents the development of a
temperature and humidity control system specially for high
humidity environmental conditions using thermoelectric devices.

The system consists of multiple cooling andlor heating
thermoelectric devices and a steam generator in order to be able
to control both temperature and humidity. The feedback control
was proposed for performance enhancement and energy saving.

It is very suitable for temperature and humidity control system

that has time delay. The implementation of control approach to
optimize the overall control and detain an enhanced and robust
performance. The performance analysis and experimental results
show the practicability of the proposed system and its viability in
the real temperature and humidity control system using
thermoelectric devices
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Abstract— Performances of thermoelectric materials and
systems that utilize them became more interesting in the
technology and potential new markets. This paper presents
the development of a temperature and humidity control
system specially for high humidity environmental conditions
using thermoelectric devices.

The system consists of multiple cooling and/or heating
thermoelectric devices and a steam generator in order to be
able to control both temperature and humidity. The
supervisory feedback control was proposed for performance
enhancement and energy saving. It is very suitable for
temperature and humidity control system that has time
delay; the supervisory svstem implements control approach
selection to optimize the overall control and detain an
enhanced and robust performance. The performance
analysis and experimental results show the practicability of
the proposed system and its viability in the real temperature
and humidity control system using thermoelectric devices

Keywords— Thermoelectric device, temperature and
humidity, control system, system identification and control,
experiment analysis

I. INTRODUCTION

For the past decade, thermoelectric device have
shown great promise because of the obvious advantages
from potential uses of solid-state technology for cooling,
heating and power generation. Some devices are more
enabled by the technology include sensor coolers,
portable coolers, automotive seat cooler/heaters and
remotely operated power generators. The development of
an automotive heating ventilation and air conditioning
system using thermoelectric device are reported [1]

Models existed [1, 2, 3, 4] allow accurate
prediction of thermoelectric performances. Models have
been developed and used to simulate thermoelectric
system performances that incorporate the effect of an
increase in ZT, where ZT is a direct measure of material
capability and efficiency.

Figure 1 shows the projected performance for an
automotive heating ventilation and air conditioning
system using these models as well as measured available
input parameters. The benefits of the combined
thermoelectric technologies are evident. The horizontal
axis is ZT, and the vertical axis is cooling efficiency (that
is COP, the Coefficient of performance of an air
conditioner). Vertical lines indicate particular values of
ZT; for example, present materials have ZT values
between 0.7 and 1.0 and new materials are from 1.6 to
2.4. The lower curve is for conventional thermoelectric
cycle and the upper curve is for the thermodynamic cycle
for new material (BSST).

The dashed horizontal lines labeled “R134A
System™ bound the limits of today’s automotive heating
ventilation and air conditioning system performance. A
range performance for R134A is shown since under
various automotive conditions, the performance and
thermoelectric of a specified ZT of R134A do not match
precisely but result in the performance band shown. It is
evident from Figure 1 that with existing commercial
materials (ZT of 0.7 to 1.0) and prior thermodynamic
cycle, thermoelectric system performance is far off the
mark. However, at ZT of 1.8 and above, with new
material cycle (BSST,) solid-state thermoelectric systems
are projected to be competitive with today’s heating
ventilation and air conditioning systems.

The Figure indicates the potential impact of
research now underway that targets still higher values of
ZT, so that with time, there is a prospect of continued
improvements in the performance of heating ventilation
and air conditioning thermoelectric system. Should such
further improvements occur, the competitive advantage of
the solid-state systems would widen over that of today’s
systems

In this research work, a mathematical model of
the temperature and humidity control system is obtained
experimentally as a first order with time delay. The
supervisory control of the multi-input multi-output system
is proposed for the temperature and humidity control
problem to enhance control performance. The system is a
small chamber covered with insulator to minimize heat
loss. The supervisory control is implemented to
incorporate with the temperature and humidity control
system. Experimental results show a potential of a
temperature and humidity control system using
thermoelectric devices.
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Fig 1. Real-time dynamic control of the temperature and
humidity control system



I1. TEMPERATURE AND HUMIDITY CONTROL
SYSTEM

The  experimental systems  consist  of
thermoelectric devices, and a steam generator and a
computer which provide real-time dynamic control of the
temperature and humidity control system as shown in
Figure 1. The temperature and humidity of air in the
environmental control chamber are driven to desired
values by cooling and dehumidifying or heating and
humidifying are controlled by regulated thermoelectric
driver and steam flow rate from the boiler.

111. MATHEMATICAL MODEL

Mathematical model of the multi-input multi-
output temperature and humidity control system can be
described by a set of differential equations that were
obtained experimentally. The response of inside air
temperature with step input and the response of inside air
humidity with step input for open loop control system
were modeled as first order elements with time delay. The
open loop transfer function of the control system can be
expressed in equation (1). The transfer function of the
elements in the system can be written in equation(2) to
equation (5) as:

{T(s)}:{g,. g,{HV(s}} "
RH (s) &n &xn Q)

W g 2917 (—0.0333+]J @)
1+213s\ 0.0335+1
1595.259 ( — 0.0055 +1
g, = (3)
1+298s \ 0.005s +1
7.08 (—0.0335+1
&x 1+315s( 0.033s +1 ] !
3874.2( —0.005s +1
B = [ C))
1+33s\ 0.0055+]1

IV. CONTROL SYSTEM DESCRIPTION

The diagram of the proposed supervisory control for a
temperature and humidity control system is shown in
Figure 3. The supervisory system for the proposed control
system is shown in Figure 4. The outside air temperature
and humidity and the control parameter are stored in the
supervisory system database. By story corresponding
enthalpy values in the controller before hand; the
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supervisory system can implement the control parameter
selection based on the measured mathematical model and
current enthalpy of outside air as shown in Figure 4.

Fig 2. Temperature and humidity control chamber

vl Vales i

Fig 3. The proposed supervisory control for a temperature
and humidity control system
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Fig 4. Supervisory System

In the supervisory system, a large number of
experiments are curried out before hand to get the
characteristic temperature humidity enthalpy charts and
corresponding control approaches of every operation
mode. Since the database is established based and the
practical datum, the adoption of the supervisory system
results in an enhanced performance.

The optimized parameters of the controller can be
selected as



G.(s)=K_(1+ i +7,8) (6)
8

I

Since the supervisory control system is obviously
a nonlinear controller, the whole system is a nonlinear
system. The controller parameters were calculated to
follow the stability criterion.

A standard proportional — integral — derivative
(PID) controller is used to regulate the input voltage of
the thermoelectric and steam flow rate to maintain the
temperature and humidity of the system in following form

1 d:
u(t) = Kc[e(z) + o _.'e(r)dt +T; %J (7

r

where K_, 7, and 7, are controller parameters, 2(f)

c?
and e(t) are control signal to the thermoelectric driver
and to the control valve, respectively.

V. EXPERIMENTAL RESULTS

Experiments were carried out to assess the
performance of the proposed temperature and humidity
control system. Our objective is to demonstrate that the
proposed design and development of the control system
which is able to maintain inside air temperature and
humidity according to the set point. Figure 5 demonstrates
the temperature and humidity responses of the control
system with set point at 10°C and 80% RH. The initial
temperature and humidity values are 25°C and 75% RH.
The response time for temperature and humidity to reach
steady-state are 1572 and 69 seconds, respectively. The
response time of temperature is very slow to reach steady-
state due to low cooling capacity of the thermoelectric
devices. The maximum steady-state errors are +0.1°C and
+0.35% RH. For the set points at high temperature and
high humidity conditions, the responses of temperature
and humidity are shown in Figure 6 to 8. With the initial
temperature and humidity of 28°C and 65% RH, the
amount of time to reach steady-state for temperature and
humidity are 665 and 39 seconds, respectively, as shown
in Figure 6. The maximum steady-state errors are +0.2°C
and £0.7% RH. For initial conditions of 25°C and 75%
RH, the response time to steady-state of the temperature
and humidity are 1260 and 127 seconds as shown in
Figure 7. The maximum steady-state errors are +0.1°C
and +0.7% RH. For initial conditions of 30°C and 55%
RH, the response time to steady-state of the temperature
and humidity are 378 and 48 seconds with the set point at
55°C and 85% RH as shown in Figure 8. The maximum
steady state errors are +0.45°C and +£0.5% RH.
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Fig 5. Responses of temperature and humidity under set
point at 10°C and 80% RH
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Fig 6. Responses of temperature and humidity under set
point at 50°C and 80% RH
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Fig 7. Responses of temperature and humidity under set
point at 60°C and 80% RH
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Fig 8. Responses of temperature and humidity under set
point at 55°C and 85% RH



V1. CONCLUSION

A supervisory control has been proposed to

control the temperature and humidity control system of
archive establishment. It uses controllers for basic control

and an

expert supervisory system for performance

enhancement. The performance analysis and experimental
results show that the proposed system is practical in the
real archive establishment environment.

VII. NOMENCLATURE

T(s) = Temperature output
RH (s) = Humidity output

1k = Temperature set point
RH; = Humidity set point
¥(s) = Control signal to regulate the driver voltage
0(s) = Control signal to regulate the steam flow
Rate
K, = Proportional Gain
T = Integral Gain
T, = Derivative Gain
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