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TESTING TO FIND COEFFICIENT OF PERFORMANCE
AT VARIOUS RELATIVE HUMIDITY

IN RECIRCULATING AIR CONDITIONING TRAINER

Mr. Weerapan Sripong 48010853
Mr. Weerawong Khamratsamee 48010856
Mr. Sakonrit Thadtapong 48010922
Dr. Unnat Pinsopon, Asst.Prof  Advisor

Abstract

This project to study and develops humidity control system in the recirculating air conditioning
trainer. For testing to find coefficient of performance (COP) at various relative humidity. At first this
trainer measures humidity by bringing dry bulb and wet bulb plot in psychrometrics chart. And it cans
change relatives humidity by adjusting heaters for three levels. It makes limit to simulate air
condition. We have an idea to study and design humidity control system that cans change for various
relatives humidity. We use sensors to measure relatives humidity before evaporator inlet. Sensors will
send the data to microcontroller for processing. We can specify humidity into program on computer.
To control solenoid valve releases steam into system. When humidity is more than specific value.
Microcontroller will order to close solenoid valve. But if less than will be opened. Until humidity in
system close to setting value and stable in this condition. And then we will calculate COP at steady
state. From experiment we have an error about +3%RH for maximum fan speed and +2%RH for
medium fan speed. Increasing of relative humidity will makes COP increase also. And COP when

uses maximum fan speed is more than medium fan speed.
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4.2 ﬂTiTQﬁNﬁﬂNﬂﬂ'ﬁ‘ﬂﬂﬂBQ

H a § o o ¢ o w a4 <
A13197 4-1 LAAIHAMINATOVNANITANUFUTUINT 40 % laslaRaaunaNuTIgIEa

% 4. gamgiifiga 3 (°0) Anusufien | gamgiifiga 2(°C) anf3anas
ANNYUTio I - — - - —  1eumsdl )
nm i , g
| memwwved qamg | qamgx mmmugn s QMg fign 2 Tlm
o) asznhe | msznhs | Mlasamdn | assnhe | asenhe fga 2
(RH) \ p N (Btwh) )
um itun N9 3 (%RH) uma itan (ft /ib)
0 58.6 25.6 20.0 60.4 25.4 21.3 34.3 13.9
2 49.4 27.7 20.4 52.1 248 18.2 29.8 13.7
4 455 27.2 19.4 48.6 23.2 16.7 27.8 13.6
6 43.3 25.4 17.3 44.8 221 16.2 271 13.6
8 42.6 25.3 17.1 43.9 21.6 15.8 26.7 13.6
10 41.4 25.1 17.2 45,2 21.5 15.4 26.3 13.5
12 40.8 24.7 16.7 44 .4 20.7 14,9 25.6 13.5
14 417 24.9 16.7 43.6 19.9 14.4 25.1 13.5
16 40.4 24.7 16.6 43.4 19.4 14.2 24.7 13.4
18 39.6 23.9 15.8 42.7 19.6 14.1 24.6 13.4
20 417 o 235 15.4 421 19.0 136 2441 13.4
22 41.2 233 151 41.2 18.2 133 244 134
24 412 234 15.2 413 18:2 13.3 23.7 134
26 397 234 15.3 422 184 13.2 234 134
28 | 412 232 _'L 151 41.7 17.9 12.8 23:2 134
30 ] 9.1 227 ] 14.6 41.2 17.4 12.7 23.1 133
qamgiiniga 5(°C) 3 sanmsina HOA Y | dszfinBam | JazdnEam
leuMma
ne | gamgll | gamgl o Tanaa el mashem VoI I vaan1IM
@) | psznhe | sszthe :mb veseun | figazuazqes | anudeu A ALY
i filun Bt/b) (b/min) (Btu/b) x10°(Btwh) CcoP 1 COP2
0 253 21.2 34.3 0 0 0 0 0
2 22.9 14.9 25.6 26.0 419 6.55 3.48 2.85
4 22.0 13.9 24.5 26.2 3.32 5.22 2.77 2.27
6 20.9 13.3 23.8 26.2 3.38 5.32 2.82 2.31
8 20.1 12.8 23.2 26.2 3.45 5.43 2.88 2.36
10 19.9 12.4 22.7 26.4 3.53 5.60 2.97 2.43
12 19.3 11.8 22.1 26.4 3.46 5.49 2.91 2.39
14 18.6 11.4 21.7 26.4 3.40 5.39 2.86 2.34
16 18.0 11.1 21.4 26.6 3.37 5.38 2.86 2.34
18 18.0 10.8 21.0 26.6 3.58 5.72 3.04 2.49
20 17.6 104 20.6 26.6 3.47 5.54 2.94 241
22 16.9 + 106 209 26.6 3.56 5.69 3.02 2.47 __l
24 16:7 9.94 202 26.6 3:54 5.65 3.00 2.46°
26 16.8 9.67. _—i— 19.9 26.6 3.53 5.89 2:99 245 .
28 16 4 2939 19.6- 26.6 3.53 5.64 299 245
30 16.3'_" 933 |- 19.6 26.8 3.46 5.57 002,96 242

wnume  Aufiusi fe ‘ﬁmam‘ﬁmmﬁyuﬁuﬁwﬁ'ﬂjmmmﬁ‘ﬁ'a'mmﬂuwugﬁ"l,cﬂﬂnm?nﬁaﬂmm‘ﬁ
amui§aunie = 1230 fmin
Rufnthae = 029 72
§751n13 ta IeeSua 5990106 (cfm) = 357 £t /min
anumadnd lwih =230 v
nszua fhaoumwsoaes =3 A

nszua lWihweay =0.53 A
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AH' ~ 4’!’ v w d a a ~ ]
A1I NN 4-2 UTAINANTTINATOUNTN1ITAIUTUTUNAND 40 % IﬂﬂlﬂﬂWﬂﬁNﬂﬂﬁTlﬂﬁ?ﬂTuﬂﬁ'N

4. gamgiifign 3(°C) anuduiiens | qumgiliiga2 cc) | , mfnns
ANUTUTIEIY — — - — —{ Aneumail .
na ] , v
+ | mMemmused quMg | qemag i Rumgal | qung fign2 Tlm
() nsznhe | nsznhe | Talasaedn | aszahe | naenhe Ny 2
(%RH) A Btwib) .
u¥a iton A 3 (%RH) usa iion (f°/b)
0 63.2 24 .1 19.3 64.4 23.8 20.0 32.4 13.8
2 44.2 26.9 18.9 46.9 23.1 17.5 28.9 13.7
4 40.8 28.2 19.3 43.6 22.2 16.1 271 13.6
6 39.9 26.6 17.9 42.7 20.7 15.2 26.0 13.5
8 39.6 26.4 17.6 41.4 20.2 147 25.3 13.5
10 39.3 26.6 17.5 40.5 20.0 14:1 247 13.5
12 40.2 259 16.9 40.4 19.2 13.6 24.2 135
14 382 25.4 16.4 398 18.5 13.5 24.0 13.4
16 39.9 245 16.3 42.7 18.8 13.4 24.0 13.4
18 37.9 24.3 16:0 419 18.2 13.0 23.4 13.4
20 40.8 241 15.8 41.8 17.8 12.9 23.4 13.4
22 40.4 24.0 15.6 40.8 18.3 13.1 23.5 13.4
24 38.8 23.7 15.6 42.1 18.6 12.9 23.3 13.4
26 38.0 23.5 15.4 42.5 17.8 12.7 23.1 13.3
28 40.3 23.8 15.8 42.9 18.3 13.1 235 13.4
30 38.3 23.8 15.4 41.1 19.1 13.3 23.7 13.4
qangiliiga 5(°C) 3 aninTlna g RN dszinBam | dssinBam
1BUMA
na | gamgh | gamgh doo s Taouaa eumadl nITEm 48INM I ¥8In1TM
@) | psznhe | nsznhe :lnb wveen | figa2uazqas | anudew ANEu A
L) Won Brule) (Ib/min) (Btwlb) x10° (Btwh) CoP1 COP2
0 23.8 20.0 32.4 0 0 0 0 0
2 21.6 14.5 25.1 18.1 3.75 4.08 2.16 1.86
4 20.4 13.1 23.5 18.3 3.62 3.96 2.10 1.80
6 19.0 12.1 22.4 18.4 3.56 3.93 2.09 1.79
8 18.2 11.3 21.6 18.4 3.72 4.10 2.18 1.87
10 17:6 10.7 21.0 18.4 375 4.14 2.20 1.88
12 16.9 10.2 205 18.4 3.73 412 2.18 1.87
14 16.4 10.0 20.3 185 373 415 2.20 1.89
16 16.6 9.71 20:0 185 3.74 416 2.21 1.89
18 16.3 943 19.7 18.5 3.72 413 > 2.20 1.88
20 15.9 9.34 19.6 18:5 377 419 2.22 1.91
22 16:3 9.31 195 185 3.78 4:20 223 1.91
24 16.4 9.13 19.3 18.5 3.97 4.41 2.34 2.01
26 16.2 9.22 19.4 18.7 3.68 412 2.19 1.88
28 16.8 9.41 19.7 18.5 3.84 4.27 2.27 1.94
30 17.2 9.43 19.7 18.5 4.03 4.48 2.38 2.04

9 v ’ 9 v v
wleme  Nufinsio fe enmianududuinivesemafiouninusugil le Tasmainliamazad

= e
AU INURAY = 856 ft/min

b T
NuURUIde = 0.29 £

da31ms Waleed5ua590901M4 (cfim) = 248 ft /min

anuemednd Wi =230 v

aszua IWihaoumsmees =3 A

aszua Wi waan =0.40 A
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3 ~ 4 v o o a) @ P <
ﬂ']f]\ﬁ:l 4-3 uﬁﬂqwaﬂ'ﬁmﬂﬁﬂﬂ‘ﬂﬁﬂ'l'Jgﬂ'J'lﬂJ%uﬁ?JWVl‘ﬁ 50 %IﬂﬂlﬂﬂWﬂﬁNﬂﬂ?’lﬂJﬁ?Q’QQ’ﬂ

x 2, | wwngligas(cc) | mwduiigm | gamgliigaz(ec) | | AnfFanns
AU — — - — —  fneunal .
1M InUNUGH . s
L | homaged | TN | R0MOY Q_ RamgH | qamgl fign2 Tlm
o) niznhe | nsznhe | leleawedn | assahe | esonhe nyA 2
(%RH) 4 (Btwb) )
um iilen n9a 3 (%RH) uka filun (ft'/b)
0 79.5 25.3 23.3 85.0 249 227 36.5 13.9
2 63.3 27.7 22.6 65.3 245 20.2 32.6 13.8
4 55.4 26.7 21.7 57.4 234 18.4 301 - 13.7
6 52.0 26.4 19.3 54.8 224 17.9 29.5 13.6
8 52.0 25.4 18.5 53.6 217 16.8 28.0 13.6
10 52.2 25.8 19.0 53.3 22.0 17.3 28.7 13.6
12 50.3 26.1 19.3 52.9 221 16.9 28.1 13.6
14 49.4 25.3 18.3 51.4 21.4 16.5 27.6 13.6
16 48.2 24.7 17.9 51.8 20.7 15.9 26.8 13.5
18 48.0 25.3 18.2 50.7 20.6 16.2 27.2 13.5
20 48.2 252 181 49.9 20.9 159 26.8 | 13:5
22 50:4 24.8 175 50.8 204 15.7: . 265 13.5
!_?4 50.1 230 16.3 51.2 19.4 15.6 264 | 135 |
26 51.5 24.0 17.3 51.6 20.0 157 26.4 135
.28 49.0 242 17.4 51.6 201 156 262 ‘ 135
E 30 48.6 243 17.2 49.7 201 153 261 | 135
qungiifiga 5 (°C) 5 samTine NBAN HEIT N dazindam | dszimBam
UM
nm | gungll | qangi doo s Tanann ieumail mstem | veamah | wveimsh
o) | paznhy | asznhe :mb wesema | fiqazuevges | anudeu amuiy aMuiu
una itlen (Beib) (b/min) (Btw/b) x10°Btwh) | COP1 COP2
0 24.9 22.6 36.5 0 0 0 0
2 227 16.4 27.5 26.0 4.1 6.41 3.40 2.79
4 22.4 15.5 26.3 26.2 3.76 5.90 3.13 2.57
6 216 14.9 25.6 26.4 3.90 6.17 3.27 2.68
8 20.6 13.9 24.4 26.4 3.60 5.69 3.02 2.48
10 20.8 14.2 24.7 26.4 3.93 6.21 3.30 2.70
12 20.9 13.8 243 26.4 3.87 6.12 3.25 2.66
14 20.3 13.4 23.8 26.4 3.74 5.91 3.14 2.57
16 19.4 12.8 23.2 26.6 3.60 5.74 3.05 2.49
18 19.4 13.0 23.4 26.6 3.76 5.99 3.18 2.60
20 19.6 12.6 23.0 26.6 3.81 6.07 322 2.64
22 19.2 124 22.7 26.6 3.81 6.07 322 264
24 18.8 123 22.6 26.6 3.80 :6.05 321 ‘ 263
I 26 18.8 12.3 226 266 3.83 6.10 324 265
.28 1941 o | 22.4 26.6 3.84 6.12 325 2.66
E30 18.8 119 223 26.6 3.83 6.10 324 265

3 { ] a g @ a d { 1 a a i
HueMg  Audiusa Ae snmianusuduinivesomanemnnunugil Iy aswaSnllamazash

AMUS1aRAY = 1236 f/min

v 1
NuNvThan = 0.29 fi°

99313 Walaelsuasve301mMe (cfm) = 358 fi'/min

anuesdng W =230 v

nszua Wihaoumwsares =3 A

nszua Wihwaay =0.53 A
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i Y § o o @ o o a 4
9“'51\174] 4-4 Mﬁﬂ\'iWﬁﬂ’]ﬁﬂﬂﬁﬂﬂﬁﬁﬂ’ngﬂqqu%uﬁMWﬂﬁ 50 % IﬂULﬂﬂWﬂﬁMﬂﬂTﬁJﬁ')ﬂ’]uﬂﬁ’N

X4, Ramgiiiign 3(°C) Aoy | qumgitfign 2 ccy | . anf3nas
ANUTUASIY — — R — —  Anoumsl .
nm , o
- | Mmmnwwres Rungil | qamqu | WNERQH | qamgil | qamg fign 2 1:'111!1
() nsznhe | nsznhe | Telasedn | aszahe | aszahe Ny 2
(%RHE) 4 (Btu/b) X
ua filan 1197 3 (%RH) nt ilan (ft'/b)
0 77.3 26.4 23.6 78.9 26.3 24.4 39.5 14.0
2 65.1 30.7 259 68.5 26.3 21.1 34.0 13.9
4 50.2 30.5 22.3 53.2 24.7 19.7 31.9 13.8
6 48.9 30.1 221 50.9 244 --19.0 311 13.8
8 49.0 29.6 21.5 50.5 244 18:3 30.0: 13.7
10 48.8 291 21.3 50.1 231 17.7 294 13.7
12 49.8 28.7 21.2 51.4 22:9 17.6 29.0 137
14 47.9 28.0 20.2 49:3 229 [:18.5 275 13.6
16 50:2 27.6 20.2 51.1 1218 ? 16.6: - 28.0 13.6
18 49.5 27.3 20.0 51.4 217 16.6 27.8 136
20 47.6 27.6 19.7 50.3 22.1 16.7 27.8 13.6
22 47.2 27.3 19.4 49.6 21.7 16.4 27.4 13.6
24 48.7 27.2 19.7 50.1 21.7 16.5 27.6 13.6
26 49.7 271 19.8 50.9 22.2 16.6 27.6 13.6
28 48.0 26.9 19.7 51.1 21.7 16.3 27.3 13.6
30 50.3 26.7 19.6 51.9 217 16.6 27.7 13.6
Quingiifign 5(°C) 3 dasn13lvn NaA W thizimEam | JsztinBom
1DUNE
e | qamgil | gang do o Taguan lounadl masem Ypam I YpIn13M
@) | nsznhe | nserhe :mb wesema | figa2unzgas | anwdew i A
U ilean @by (Ib/min) (Btu/b) x10° (Btwh) CcorP1 COP 2
0 26.3 24.4 39.5 0 0 0 0 0
2 25.1 18.1 29.6 18.0 4.42 477 2.53 217
4 23.7 16.7 27.8 18.1 4.03 4.38 2.33 1.99
6 229 15.9 26.8 18.1 4.22 4.59 244 209
8 22.8 15.1 25.8 18.2 421 4.61 245 210
10 247 14.6 25.2 18.2 4.22 462 2.45 210
A2 215 14.2 248 18.2 419 459 2:44 209
14 209 12.9 23.3 18.4 4.20 4.63 246 211
16 20:3 13.3 23.8 18.4 423 467 2.48 212
18 201 13.2 23.6 18.4 421 4.64 247 2:11
20 204 13.1 23.5 18.4 4.33 4,78 2.54 217
22 20.5 13.1 23.5 18.4 3.98 4.39 2.33 2.00
24 20.2 13.1 23.5 18.4 412 4.54 2.41 2.07
26 20.5 12.9 23.3 18.4 4.31 475 2.52 2.16
28 204 12.9 23.3 18.4 4.02 443 2.35 2.02
30 20.3 13.2 23.6 18.4 413 4.55 2.42 2.07

2 d . o ! o o g { - - 4
vanome  Auhusn fs renafinnusuduinivessimansunnunugll v Inswasnlianraeh

A5 I8N AY = 862 fimin

3 ¥
AUNNINGA = 0.29

da351mM3 Wa laglSu1asve901018 (cfm) = 250 f'/min

anuseFnd Wit = 230 v

nszualihaoumsmzes =3 A

nszua lfwaay =040 A
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H { 3y o w = 1 { <
A13197 4-5 LAAINANINATDLNAN1IZANUFUTUINNS 60 % laaillaRaaunanusigga

1 4. | wemgiiigas(cc) | mmduiiom | qungiiigaz(ec) | | anfinas
ANNYUTE I — — R — —  Aneumnl .
nm , o
| Momesued MG Ramgd mmmuq:l g | qamg figa 2 Tlm
onm) niznhy | nsnh: | Teleswedn | aszahz | nszahe figa2
(%RE) P (BruA) X
ui Wen 719A 3 (%RH) uma ion (ft /b)
0 72.0 25.7 22.6 75.4 25.5 22.7 36.5 13.9
2 60.0 29.5 23.8 62.8 26.2 21.7 35.0 13.9
4 61.0 29.3 23.6 62.2 25.8 20.9 33.7 13.9
6 60.0 28.8 23.1 61.9 25.2 20.8 33.5 13.8
8 58.4 28.6 23.1 62.7 25.2 20.7 33.4 13.8
10 57.3 28.7 23.1 62.1 25.4 20.7 33.4 13.8
12 58.0 29.3 231 59.6 25.2 203 132:8 13.8
14 58.3 281 22:3 60.7 24.6 20:0 324 13.8
16 60.3 2279 22.2 616 24.0 '19.6 31.7 137
18 58.1 27.9 22.5 63.2 241 19.7 31.9 13.8
20 58.0 281 22.3 60.7 24.2 194 315 13.8
22 56.9 28.2 221 59:1 23.7 19.0 31.0 137
24 60.6 27.3 21.8 1623 23.0 18.7 30.5 137
26 59.9 271 21.6 61.9 22.7 18.6 30.4 13.7
28 58.7 26.9 21.3 61.1 22.8 18.3 30.0 13.7
30 57.5 26.8 20.9 59.3 22.7 18.1 29.6 13.7
qungiifiyn 5 (°C) 3 tasmsinn HaAa i tlyzdnBamn | JizimBam
UM
nel | gamgi | gamgi o Tauana ieumail magham Y83 ¥8an13M
ant) | nsznhe | nvenhs v yosemn | figazuazqes | aneu AN AN
tuib
¥ Wan ® ) (Ib/min) (Btulb) x10’ (Btu/h) COoP1 COP 2
0 255 22.7 36.5 0 0 0 0 0
2 25.4 19.1 31.0 26.2 3.99 6.27 3.33 2.73
4 25.3 18.3 30.0 26.2 3.71 5.83 3.10 2.54
6 24.8 18.3 29.9 26.4 3.62 573 3.04 2.49
8 24.6 18.1 29.7 26.4 3.76 5.95 3.16 2.59
10 24.6 17.9 29.4 26.4 4.06 6.43 3.41 2.80
12 24.5 17.6 28.9 264 4.02 6.:37 3.38 277
14 23.9 172 285 26.4 4.07 6.45 3.42 2.80
16 23:3 16.8 279 26.6 4.05 6.46 343 2:81
18 231 16.8 28.0 26.4 4.08 6.46 3.43 2.81
20 23.2 16.5 27.6 26.4 4.04 6.40 3.40 278
22 22.8 16.2 27:1 26.6 4.06 648 344 2.82
24 221 15.8 26.7 26.6 4:03 6.43 341 2.80
26 21.7 15.6 26.5 26.6 3.93 6.27 3.33 2.73
28 21.8 15.3 26.1 26.6 3.99 6.36 3.38 2.77
30 21.6 15.1 25.8 26.6 3.94 6.29 3.34 2.73
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A5 IAURAY = 1256 f/min

L 4 9o 2
WUNHUIA = 0.29 ft

da31ms a laedS1asve99IN# (cfm) = 364 f /min

Anuedng Wi =230 v

nszue lifhaoumsases =3 A

nszua ihiaay =053 A
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1 ~ g v v = @ ~ g
ﬂ’l‘n\‘lﬁ 4-6 Llﬁﬂ\3Naﬂ']'i'ﬂﬂﬁ@ﬂﬂﬁﬂT')Zﬂ'ﬂN%uﬁﬂJWﬂﬁ 60 % Iﬂﬂ!ﬂﬂWﬂaN'ﬂﬂ'ﬂﬂJLi')ﬂ"I‘Llﬂa'N

14, qungliiiga3(°C) | anudwilen | qungiiigaz(ec) | | fnf3anms
ANFUTie M — — - — — Auoumail .
nm , e
- | moneued Mgy | Qg mmmuq:: qaMgs | qomgy figa2 Tlm
(vm) nsznhe | nswnhe | lalaswedn | asenhe | nznhe nga2
(%RH) v 4 v (Btu/ib) 3
1A iilan YA 3 (%RH) usa itlun (ft /1b)
0 68.5 25.3 22.0 75.4 25.2 21.7 34.9 13.9
2 65.8 29.3 24.6 68.6 25.0 19.1 31.1 13.8
4 60.2 27.5 221 62.9 23.6 19.0 30.9 13.7
6 58.6 28.0 22.3 61.3 23.2 18.5 30.2 13.7
8 59:3 28:1 22.6 62.3 23.3 20.4 30.1 13.7
10 61.2 274 21.5 61.3 22.3 17.4 28.9 13.6
12 60.8 27.3 21.8 62.2 21.8 17.4 28.5 13.6
14 ~58:3 26.9 21.3 61.4 221 17.3 28.7 136
16 58.0 27.2 21.3 59.6 216 16.7 27.9 “13.60
18 58.8 26.6 211 61.5 20.9 . :16.8 281 13.60
20 62.3 26.4 21.1 62.8 21.3 16.9 28.0 13.6
22 58.0 975 21.6 59.6 21.7 16.8 28.0 136 =
24 58.6 25.6 20.4 62.9 20.8 16.3 27.4 13.5
26 57.1 25.8 20.4 62.0 20.8 16.4 27.4 13.5
28 56.6 26.7 20.9 60.2 21.5 16.8 27.9 13.6
30 57.3 26.1 20.6 60.8 21.0 16.5 27.6 13.6
qungiifiga 5 (°C) 4 tasimsine Haf1 Wi ssimBam | YszimEam
euma
ne | qung® | qangh oo Tauana eumail Msehem Ysam I Y8an13mh
o) | nsznhe | asenhs :‘nb vesema | figa2uazqas | anudeu AU ANy
e iun @ ) (1b/min) (Btu/b) x10’ (Btu/h) Ccor 1 COP 2
0 25.2 21.7 34.9 0 0 0 0 0
2 23.6 16.3 27.3 20.1 3.79 4.56 2.42 2.08
4 22.6 16.2 27.2 20.2 3.7 4.50 2.39 2.05
6 21.9 15.6 26.4 20.2 3.84 4.66 2.47 2.12
8 21.8 1535 261 20.2 3:94 4.78 2.54 217
10 20:9 14.7 ‘ 253 204 3.91 4.78 254 2147
12 204 14.3 24.9 20.4 3.95 4.83 2.56 2.20
14 205 140 | 245 20.4 3.92 4.79 2.54 218
16 20:1 136 240 204 3:94 4.81 256 2249
18 19.6 13.6 241 20.4 3:95 483 2.56 2.20
20 19.8 | 135 240 20.4 3.96 4.84 2.57 2.20
22 20.2 135 24.0 204 4.01 4.90 2.60 2:23
24 19.6 14.8 25.5 20.5 3.91 4.81 2.56 2.19
26 19.6 13.1 23.5 20.5 3.92 4.83 2.56 2.20
28 20.1 13.4 23.8 20.4 4.10 5.01 2.66 2.28
30 19.9 13.3 23.7 20.4 3.87 4,73 2.51 2.15

! 4 t 4 g @ w o = - a o i
Huneme  Huflusia Ae Hwafinnududuinsvesenenemnnuaugi ls Insweiadiamizadh

AMUIS1aUNAY = 955 f/min

b4 1
Hunnihda = 0.29 £

8915173 1a laedSua 598901 (cfm) = 277 f'/min

anuaedng i =230 v
nseua Ifhneumwsmaes =3 A

nszue Wi Waaw =0.40 A
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: P g v o d oy @ ~ <
M3 47 LdmanansnageUiansANNFUFUINg 70 % lTaoidlawanuiinnus1qega

i

%4, qangiifiga 3 (°c) AT qamgiiiign 2 (°C) , MfSnny
ANNYURIY - Aneumail .
nm Y i NUAUY ] Y] : H
| onaey | T | R0MOY " qﬂ REmgs | qumgy fign2 Tlm
o) pizthe | nsznhe | lalesmeSn | asznhs | nsznhe figa 2
(%RH) 4 ., Btuib) X
uha ilon 1i9R 3 (%RH) i iton (it /1b)
0 79.7 253 23.0 82.3 - 24 .9 22.9 37.0 13.9
2 73.4 28.3 24.8 75.6 24.8 21.7 35.0 13.8
4 72.0 27.1 23.6 74.5 247 21.7 35.0 13.8
6 70.0 278 23.8 72.3 25.2 22.0 35.7 13.9
8 68.2 27.3 232 70:9 24.5 20.9 33.9 13:8
10 69.3 28.7 245 71:6 252 21.6 348 13.9
12 70.1 . 28.6 246 721 25.0 21.2 34.8 13.8
14 69.4 29:1 24.9 712 254 21.6 34:8 13.9
16 68:0 29.2 247 69.6 217 21.2 342 13.7
18 68.4 284 24 .1 702 232 20:4 334 13.7
20 70.0 27:9 23.8: 71.8 23.6 20.2 32.8 13.8
22 66.6 28.0 23.6 69.2 24 4 20.7 33.4 13.8
24 67.5 27.8 23.3 68.4 23.7 18.2 29.8 13.7
26 70.1 27.6 23.5 71.3 23.6 19.8 32.0 13.7
28 71.1 27.2 23.3 72.3 23.4 20.2 32.6 13.7
30 68.5 271 23.3 73.1 23.6 20.3 32.9 13.8
qumgiifign 5(°C) 3 AN NOAN W dszimBam | dazdmBam
UM
RN | qamgll | qamgdl i Tnalaeuin ieumall Maeem YBIM I Yaam i
o) | pyznhe | asznhe v weeInA | figAuazqas anuen AN AU
tu/lb
ua fun ®tb) (Ib/min) (Btu/b) x10° (Btu/h) CcoP1 COP 2
0 249 22.9 37.0 0 0 0 0 0
2 24.2 19.0 30.9 26.6 4.08 6.50 3.45 2.83
4 243 19.1 31.0 26.6 4.00 6.37 3.38 2,77
6 24.9 19.4 31.5 264 4.27 6.76 3.59 2:94
8 23.9 18.1 29.7 26.6 4.21 6.71 3:56 292
10 24.6 18.7 30.5 264 429 6.79 3.60 2:95
12 243 187 305 | 266 | 429 6.84 3.63 2.97
14 248 187 30:5 264 4.29 6.79 3.60 2.95
16 24.4 18.3 29.9 26.8 4.27 6.85 364 2:98
18 221 17.7 29:1 26.8 4.24 6.81 3.61 2.96
20 22.9 17.2 28.5 —I_ 26:6 4.26 6.79 3.60 2:95
22 23.7 17.7 292 26.6 428 6.82 3.62 2.97
24 26.1 16.9 28.0 26.8 4.24 6.81 3.61 2.96
26 22.9 16.9 28.1 26.8 3.98 6.39 3.39 2.78
28 22.7 17.2 28.5 26.8 412 6.61 3.51 2.88
30 23.0 17.3 28.6 26.6 4.29 6.84 3.63 2.97
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3 =
ANULTIAURAY = 1264 ft/min

9 3
Nunnthda = 0.29 f*

8a31M3 MalagdSuiasveaome (cfm) = 367 f'/min

anueedng I = 230 v

nszua IWihnouwsmaes =3 A

nszua Wi Winay =053 A




wnashdusenasnasnulidusumsidnusianmsansivhiiu bdeyanalfiinldlddssleosieiwmsd
lainsailas visdw dnvisinudl lidawlasiitomuwazdessnsdsnsidrvesianarsnnasendmsiinbyls



46

4 i 3§ v o d a) @ P <
ﬂ‘lfNﬁ 4-8 LLfWNNaﬂ’l5Wﬂﬁﬂﬂﬁﬁﬂ13$ﬂ31ﬂ‘dﬁuﬁﬂ‘7‘lﬂﬁ 70 % IﬂULﬂﬂWﬂﬁN‘V]ﬂ'ﬂNlﬁ?ﬂTuﬂﬁ’N

2 2. | wmgliigas(ec) | aamduiiem | qamgiifiga2(oc) | | anfhnns
ANNYUNEM — — - - —  sueumail .
nal INNUAY, , e
monumed | e | R0MGH | ramgil | qamgd fign2 Tlm
(i) niznhs | nssnhe | lalasamdn | pszahes | nsznhe ngn 2
(%RHE) p ®Btub) )
ua iilen 19A 3 (%RH) um filun (ft/b)
0 75.6 26.2 23.2 "~ 823 26.1 22.1 35.5 13.9
2 73.2 26.7 24 .1 75.4 26.9 23.2 37.4 14.0
4 72.1 28.2 24.5 74.2 25.4 21.6 34.8 13.9
6 71.3 30.0 26.1 73.9 25.4 21.1 34.0 13.8
8 71.9 30.8 26.7 72.5 25.3 20.5 33.1 13.8
10 71.2 30.1 25.7 73.1 242 20.1 32.5 13.7
12 70.2 29.6 25.4 72.6 24.4 20.2 32.6 13.8
14 68.5 +:30.0 25.5 70.1 23.9 19.6 31.9 13.7
16 69.6 29.0 24.8 71.2 23.4 19.4 317 137
18 684 294 24.9 70.4 23.8 19.4 315 . 13.7
20 69.7 28.6 24.3 71.2 23.1 19.1 31.2 13.7
22 702 28.3 241 721 23.1 19.2 312 213.7
24 70.0 28.2 23.8 71.4 23.5 191 311 137
26 715 279 238 73.2 22.6 17.7 311 = 13.6
28 69.0 - 27.7 234 69.9 224 17.0 284 13.6
30 -68.7 256 2216 70.5 22.3 18.2 29:8 13.7
qungiifign 5(°C) 3 M Hafa e | JszinBam | JizimEam
leunm
M | gamgil | qung o Iwalasuin umall M3nem Y1l | weamsvh
o) | nsznhe | nsenhs :Inb wpaeImA | figa2unzqes | admdeu PRt AN
usa flon (Beub) (Ib/min) (Btulb) x10° (Btu/h) CoP1 COP2
0 26.1 22.1 35.5 0.0 0.00 0.00 0.00 0.00
2 26.0 19.9 32.2 20.4 5.24 6.41 3.41 2.92
4 24.7 19.0 30.9 20.6 3.90 4.81 2.55 2.19
6 24.3 18.3 30.0 20.7 4.04 5.02 2.66 2.28
8 241 17.6 28.9 20.7 4.16 517 2.74 2.35
10 23.1 17.3 28.6 20.9 3.95 4.94 2.62 2.25
12 23.2 17.1 28.3 20.7 425 5.28 2.80 2.40
14 227 16.6 27.6 20.9 4.38 5.48 2.91 2.49
16 222 +16.3 274 20.9 4.32 5.40 2:87 2.46
18 223 16.2 271 209 4.33 5.42 2.88 2.47
20 22.0 16.0 26.9 209 4.37 5.47 2:90 2.49
22 218 | 160 269 20.9 433 5.42 2388 247
24 221 15.8 26.7 20.9 4.34 543 2.88 2.47
26 21 .7_'__ 15.7 26.5 21.0 4.34 5.47 2:90 2.49
28 20.8 137 24 .1 21.0 4.37 5.51 2:92 2:51
30 210 14.8 25.5 20.9 4.34 5.43 2.88 2.47

k4 1 ¥ 3y ] v
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3 - .
ANULTIAUNAY = 985 ft/min

¥ v
Wusinhda = 0.29 f*

#0315 lrialaellsunsvese1ma (cfm) = 286 f'/min

anuaednd Wi =230 v

nszualWfhaoumsawed =3 A

nszua Il Waay = 0.40 A
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fiu SHT15 Taondgygia SCK Lilidedvaniuddiga
. o vog @ ' T Y £
(2) Serial Data (Data) (uaedsdoyasudeszninglulnsaouInsamesAUSHTLS Havg
finnudumu 10 Alalevu de 10 Alalewu de pull up 13

o o d

X
MIINYUNYUUASA NN UTUNNS

9 =1

(1) Tumsdeaids ezdesdinnuaeandoenuszniie SCK U DATA lasfidaans

@

a =3 4 v ' T - T
DATA szuldonlilfreiiodyana SCK aglurrsveuvassusrveuniuae i

aag

pata T\ ,Jf_

31 3 uaasirdald SHT1S ndoufissinau

@) mdel SHTIS audeyaiNonniousziraulng

Trangmission|Start

3N 4 uarasirdald SHT15 avdeyarvefindourziharuln
' E4 I H ¥ t
3) Mdeiagunglinazanuiu die SHT1S wiounsgiauudusiannsaiezdadid

o a A gy y v a yw Yy 1
’mqmﬂgmmzﬂ’sm‘lmllﬂ Iﬂﬂﬁ\ﬁ]ﬂua 8 Us vlﬂﬂ’]llﬂ’]i’mil’ma’m



59

M1 1 UAAITHaAES 8 1

Command Code Description

Reserved 0000x Reserved

Measure Temperature 00011 Temperature measurement

Measure Humidity 00101 Humidity measurement

Status Register Read 00111 Read access to the status register (see application note)

Status Register Write 00110 Write access to the status register (see application note)

Reserved 0101x-1110x Reserved

Soft reset 11110 resets the chip, clears the status register to default values wait
11ms before next command

A =

¥ oy
iodayanal SCK clock 59ATeN 8 SHT15 szdadayanar DATA Jafidailu o ludyanm

[
F4

SCK clock AS971 9 9UDIUBVUAIUBS SCK clock Fayanss DATA Jaiiieuilu 1
@ < Qy v o W o o a1
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a aa 1 a o 4 @ o
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s i a Y Jo
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@ a 4 oA o a 2 o w 1
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~ = 4 1 = z = 4 3
Yoyamilaz 8 Ua luTasnouInsamesdvsdadoyaiia 0 1110 SCK clock AFeh 9 iiNeIanIN
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= 1 oA Y ) o ) o a
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Tinear
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Taen
SO, t, t,
12 bit 0.01 0.0405
8 bit 0.01 0.648

@) msulasudoyagungii

Temperature = d1 + d2 » SO,

Taofi
SO, d, d,
14 bit 0.01 0.018
12 bit 0.04 0.072
wag
v, 4,0) )
5V -40.00 -40.00
4v -39.75 -39.50
35V -39.66 -39.35
3V -39.60 -39.28
25V -39.55 -39.23
FaeddlumsSannusuduing

g for & bit
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o2
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A9 1491nn1539 “0000 1001 0011 0001 “BudravguFusiicy 2353 unuluaums

RH, = (Tc25) « (t, +t,+SO,,) + RH,_ 7579 %RH

linear
nanfaendeya Digital
1. msilaondoya Digital ifiudoya Temperature

Arvosdioya Temperature TdnvaziluGadummsoinaldlaoldgns
Temperature  =d, +d,*SO,

Lﬁ'ﬂ SO, = Serial Output Temperature

dl, d2 = snefigad
15 81udo1ya Digital ¥u1a 14 Bit 14 SO, = 011010 111111118 = 06911 dec T 9d1 5 V.
iiodoemssiuaniiuerh Celsius 92 18A1 di = 40, 42 = 0.01
WONIATUI Temperature = 29.11 °C
2. msAeudeyn Digital Wludoyn Humidity

Myostoya Humidity Tenpae hifluSadu sunsadunaldamutuneussi

A% RH-Linear lagldgns

RH ... =C, + C,* SO, + C, * (SO,,)’
(i RH = Serial Output Humidity U1V Linear liag C1, C2, C3 tauily

Ci=-4  C,=00405 C,=-28*10° for 12 bit SO,

C,=-4 C,=0.648  C,=-72%10° for 8bitSO,,
o1dm RH,,, 40z T, (@10 8.1) &2 M1 RH truc Taoldgns

RH, = (Tc-25) « (t, +t,+ SO,,,) + RH,, .

t1= 0.01, 2 =0.00008, t2 = 0.00128 for 8 bit SO,
191 ©1WA03ya Digital Y119 12 bit 14 RH-linear = 0110 11111111B = 1791 dec
s 5 V. 81U T, =29.11C (910 3.3.1) GioA0In1511AY Humidity 92 1#A1 C1 = -4,
C2 = 0.0405, C3 = -0.0000028

NON3A1IN Humidity = 60.18 %
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Tilsunsunl¥lunisnaaes (Source Code)

#include "reg52.h"

3 ~ 9. o o J ¥
. . . HEFIYE] ‘D’ﬂﬁﬂ‘h’uﬂ"lﬁ 1111‘]5\31‘14
#include "absacc.h” 1 L

#include "Function.c"

#include "LCD.c"

sbit DAT = P372;

1 a L' 1 d' o 1 J ) LRl )
) Msan1n IWaen1Ndumuan q 1wy Idea
sbit SCK = P343; R !

r=1 r=1 =y
DATA Anesaf 3 119 2 1fudu

sbit Solinoid = P374;

float Humidity,Temp,TempC,Humi,RH25C; } waa1a1e q IlmAuau T

unsigned char Step = 0, Level = 0,Load; Tuiidsmualfiauthuavneadon
bit RFlag= 0,Flag=0; /e DA uAUN1SUYES RFlag 182 Flag 1whiy 0
void SHT15 Write(unsigned char Value) iluitersudald sHT1S e
{
unsigned char i; JRvuaA i a1
for (i=0;i<8;i++) i i Sianun 8 T

] ¥
{ ifl(Value & 0x80)==0x80){ DAT = 1;} //$1av3fuNacheckIReugungiiviennudu
else { DAT = 0;}

SCK = 1; Wait(10); —

clsth k1 o & 1 v 4 Yy A o
. 371 €CK IUMHINDUNRUIULGIN T DS BN
SCK = 0; Wait(10); ]

dlﬂ' L ¥ A r
ATUNTIAIND €} AUUN

Value = Value << 1;

}
DAT=1; ) R N
yanmiaunzihmdeneun Tasmsaa clock
_1- M . >—
SCK = 1;Wait(10); 1%9Qﬂ
SCK = 0;Wait(10); _
}

/***** reads a byte form the I2C-bus and gives an acknowledge in case of "ack=1" *****/
unsigned char SHT15_Read(unsigned char Ack) /Aduilafidueiuainin SHT15
{

. . -3 LY Q' Y
unsigned char i,Value=0; /1 Mvuas1a s uau

DAT=1; / v uamdanalsisudu

for(i=0;i<8;i++)

72
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{ Value = Value << I; /3178 value mnﬁwé'h write 4111191 value 111y
SCK=1; Wait(10); //check 31 SCKufi1 1 ¥50' 14 1250 10 ms
if(DAT == 1){Value = Value + 1;} // check 31 DATAM1NY 1 M50 1 5}1=1 T¥ivvaluelvy
SCK=0; Wait(10); /181 SCK=0 THi50 10 ms

}

DAT = Ack; Wait(10);

SCK=1: Wait(10); wzfian1 DATA iie SCK iilu 1 winiu

SCK =0; Wait(10);

DAT=1;

return Value; /MER9a value N 1§00NUN

}

[*¥¥¥% oenerates a transmission start **¥**/

void SHT15_Start(void) ardudamld SHT15 Fusheundinniimsresetudn
{

DAT =1; SCK = 0; Wait(10); ~ . :

SCK = 1; Wait(10); iSudenians 9 maridn1d 1% SHT15

DAT = 0; Wait(10);

SCK = 0; Wait(10); >

SCK = 1; Wait(10);

DAT =1; Wait(10);

SCK = 0; Wait(10); /
}

/*** communication reset: DATA-line=1 and at least 9 SCK cycles followed by transstart ***/
void SHT15_Reset(void) /iU FUIUNS reset A1ds 9 Aifa0gnoUIITY start

{unsigned char i;

DAT =1;
SCK =0, //nitial state
for(i=0;i<9;i++) //9 SCK cycles

{ SCK=1;Wait(10);
SCK=0;Wait(10);



}
SHT15_Start();

}

/¥¥** makes a measurement (humidity/temperature) without checksum ***#*/

unsigned int SHT15 Command(unsigned char Mode)//#4 AfudsnuldfusaTIS N ldihesls

{
. o o 2 g Y
unsigned error=0; /imuadndsisudu 14 emor=0

unsigned int i,Value;

3

SHT15 Start();  /dal¥iflasdu SHT15 Start e PBnounihilsuieu

ifitMode==1){SHT15_Write(0x03);} /T eudi 03 “],ﬁ'ﬁnmﬁiﬂmﬁlﬁamsémﬂﬁqmﬁnﬁ

o
3

ifltMode==2){SHT15_Write(0x05);} /BB 05 1w Tnuafizaemssusn s

DAT=1;

Assuumsti e seld SHT15 suaudss
for (i=0;i<100;i++) ' a2 L.
ADULAIINITUADUDUAD
{if(DAT==0){i=101;}

Delay(10);
}
Value = SHT15 Read(0); //éwu%'ayaﬁ"lﬁ'm;ﬁu"l’a’“ludw value
Value = (Value << 8) + SHT15_Read(1); /AU value 8 bit
retum(Value); //MEA9A1 value ﬁﬁ"lunlﬁl
}
void Show_Temp(float Temp,unsigned char x,unsigned char y) /AN e mf;mﬁgﬁ
{
Goto XY (x,y); /191989 wmYs x Ay y

CountToLCD(Temp*100);  //1#ugaslu LCD

Wr_Char(BufDisp|[3]); /merasdoyafifiy 131y ButDisp Sunsiedt 3
Wr_Char(BufDisp[2]); /nrasdioyaiiiiiy 131y BufDisp Sruntiedi 2
Wr_Char('."); /anagansiioy

Wr_Char(BufDisp|[11); /msnsdeyafifiu 131y ButDisp Aumsd 1
Wr_Char(BufDisp[0]); /ierasdoyafiiiu 130 BufDisp $runsiadi 0
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void Show_ Humidity(float Humid,unsigned char x,unsigned char y) W RIS, AININIINBU
{
Goto_ XY(x,y); /81adasuls x fuy

CountToLCD(Humid*100);  /1#uanslu LeD

Wr_Char(BufDisp[3]); imyermadioyaiifiy'13lu BumDisp duwwisdi 3
Wr_Char(BufDisp[2]); imisrasdoyaiifiu131u BufDisp fumiiadt 2
Wr_Char('."); //uﬁ’ﬂ\iﬂqﬂ‘iflﬁflﬂil
Wr_Char(BufDisp[1]); imiarasteyadifiul 31y BuDisp fumiad 1
Wr_Char(BufDisp[0]); imermadioyaiifiy13lu BufDisp Srumsi 0

}

A — T O  F—— /I

void Serial_Int(void) interrupt 4 /AFANURNWIZVOA serial port

{ unsigned char Ch;

if(RI==1)

{ Ch=Rx_Byte();
if{Level==0)
{ iflCh =="){Level = 1;}else
if(Ch == ">"){Level = 3;}
Jelse
if(Level==1)
{if(Ch =="R"){Level = 2;}

else {Level = 0;}

telse
if(Level==2)
{Level =0;

if(Ch==13 ){Flag = 1;}
telse
if(Level==3)
{ if(Ch =="S"){Level = 4;}
else {Level = 0;}
}else

iflLevel==4)



{ Level =5;
Load =Ch;
telse
iflLevel==5)
{ Level = 0;
iflCh == 13 ){RFlag = 1;}
}//else{Level = 0;}

}
}
/! 1
[f~=mmmmmmmm *%* Main Program *** -----eoeeeemr 1/
I 1

v
voidmain()  /Aedduilag lusimsdeandn Uil sulansn

{ Sound();
Light = 1;
Init LCDO;  /A%AMISUAUYBILCD
Init_Serial(96); //BAR7 bit rate = 9600 bits/sec
Wr String("Temp = ",1); //udaasmiulvua 1 Gluﬁﬁyﬁaqquﬁﬁ'mm
Wr_String("Humidity = ",2); //uanenlulvua 2 lufindeanuiuiiues
Level = 0;
while(1)
{
SHT15 Reset(); /1&91% SHT15%15 reset f1eg 9 NOU

Temp = SHT15_Command(1); /d41dgwsvesInua 1(gamngh)

SHT15_Reset(); /917 SHT15%15 reset 619 9 AOU

Humidity = SHT15_Command(2); /dal#ema1vealvua 2 (anuiu)

TempC = (0.01*Temp) - 40.0; /Mimsiszunana lasmsuasnvgruaesiumvgiudy

Show_ Temp(TempC,1,12);

RH25C = -4.0 +(0.0405*Humidity)-(0.0000028 *Humidity*Humidity);

76



77

Humi = (TempC - 25.0)*(0.01+0.00008*Humidity)+RH25C;

Show Humidity(Humi,2,12);
ifFlag==1)  /Aseuluduansiiluese waai Flag=1 811284939 Flag=0

Tx_Byte(':");

CountToLCD(Humi*100);
Tx_Byte(BufDisp[3]);
Tx_Byte(BufDisp[2]);
Tx_Byte('.D;
Tx_Byte(BufDisp[1]);
Tx_Byte(BufDisp[0]);

Tx_Byte(',);

CountToLCD(TempC*100);
Tx_Byte(BufDisp[3]);
Tx_Byte(BufDisp[2]);
Tx Byte(.);
Tx_Byte(BufDisp[1]);
Tx_Byte(BufDisp[0]);

Tx_Byte(13);

Flag = 0;

}
if(RFlag = 1) /91 Flag=1 9291 3check 1 load #iD
{if(Load=="1"){Solinoid = 0;} //@1checkload=11 1030 0 T lvAuosand)

if(Load=='0"){Solinoid = 1;} //f"checkmload=01#dsaedn 1 T lafuvedndr

Tx Byte('0');Tx_Byte('K');Tx_Byte(13);

RFlag = 0;
}
}
}
BORLAND Delphi7 -

Tdsunsunldlumsnaan (Source Code)



unit Huminity1;
interface
uses
Windows, Messages, SysUltils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, VrFormShape, VaClasses, VaComm, StdCtrls, VrEdit, VrControls,
VrMatrix, XPMan, Buttons, ExtCtrls, ComCtrls, VrLed, TeeProcs, TeEngine,
Chart, Series;
type
TForml = class(TForm)
XPManifestl: TXPManifest;
VaComml: TVaComm;
GroupBox1: TGroupBox;
VrMatrix2: TVrMatrix;
Shapel: TShape;
VrStrEditl: TVrStrEdit;
VrMatrix1: TVrMatrix;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel,
Label5: TLabel;
Label6: TLabel;
Label7: TLabel,
Label8: TLabel;
ComboBox1: TComboBox;
SpeedButton3: TSpeedButton;
BitBtnl: TBitBtn;
BitBtn2: TBitBtn;
Timerl: TTimer;
Label9: TLabel;
StatusBarl: TStatusBar;

Label10: TLabel;



Labelll: TLabel;
VrClockl: TVrClock;
SpeédButtonl: TSpeedButton;
SpeedButton2: TSpeedButton;
VrClock2: TVrClock;
Label12: TLabel;
Chartl: TChart;
Seriesl: TLineSeries;
Series2: TLineSeries;
procedure ComboBox1Change(Sender: TObject);
procedure SpeedButton3Click(Sender: TObject);
procedure BitBtn2Click(Sender: TObject);
procedure BitBtn1Click(Sender: TObject);
procedure Timerl Timer(Sender: TObject);
procedure VaComm1RxChar(Sender: TObject; Count: Integer);
procedure FormCreate(Sender: TObject);
procedure SpeedButton1Click(Sender: TObject);
procedure SpeedButton2Click(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end;
sitesFurounthil lusunswasBomnldidel o
var //f‘imuﬂﬁmﬂmazgmmumaaﬁmﬂﬁﬁ"uq
Forml: TForml;
Buf : String;
Count : Integer;
Step,Index : Integer; -
Measured1,Setl : Array[1..1000]of String;

implementation
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{$R *.dfm}

procedure TForm1.ComboBox1Change(Sender: TObject),

begin
VaComml.Close;
VaComml.PortNum := ComboBox1.ItemIndex + 1;

end;

procedure TForm1.SpeedButton3Click(Sender: TObject)

begin
VaComm]1.Open;
StatusBarl.Panels[0].Text :=' Open Port ';

end;

procedure TForm1.BitBtn2Click(Sender: TObject);
begin

Timerl.Enabled := True;
StatusBarl.Panels[1].Text ;="' Start ;

end;

procedure TForm1.BitBtn1Click(Sender: TObject);
begin

Timerl.Enabled := False;
StatusBarl.Panels[1].Text :=' Stop ';

end;

procedure TForm1.Timer] Timer(Sender: TObject);
begin

VaComml.ReadText;
VaComml.WriteText(":R'+#13);
begin

Index :=0; R ATV AT YT
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/reatastart”

/ftimer] (SURIULDNA start

/ftimer] ¥gAYINEIBNA stop

) 1 by
Jaiatimerl 15U IO U A BTN -
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Step := Step+1; /Amuansudumsiy

81

Measured1[Step] := ViMatrix1.Text; //ﬁwhﬁ&u‘lﬁ”lﬂ;ﬁu"l"ﬁsﬂ ua Iy

Set1[Step] := VrStrEdit]. Text; /ihansvua iy 13dluming

Chart1.Series{0]. Add(StrToFloat(Measured1[Step]),IntToStr(Step)); /i ininldldwdealu

ns1uaas Piduseries 0 (duisn)

Chartl.Series[1]. Add(StrToFloat(Set1[Step]),IntToStr(Step)); /i Insin 18 luwaea luns

vy N y A
uaras P& useries 1 (dunaoq)

End;

end;

procedure TForm1.VaComm1RxChar(Sender: TObject; Count: Integer); //ﬂaff%’u%’ VAN
mouuUan
Var St : String; /lsgmaaauilsaig o
Size : Integer;
Humidity : real,
Begin J5uRmsTum
St := VaComml.Readtext;
Buf := Buf + St;
Size := length(Buf);
if(Buf[Size] = #13) Then
Begin
if(Buf[1] ="")And(Buf[13] = #13)Then
Begin
VrMatrix1.Text := Copy(Buf,2,5); T
VrMatrix2.Text := Copy(Buf,8,5); //uaﬂwhqmwgﬁ
Humidity := StrToFloat(Copy(Buf,2,5));
if(VrStrEditl. Text <> ") then
begin
if Humidity < StrToFloat(VrStrEditl.Text) Then /& amé’uﬁﬁ'ﬂ'lﬁ%ﬁﬁmuﬂ

Begin VaComml.WriteText('">S1'+#13); /¥ietan 1990 11§microcontroller



Shapel.Brush.Color := Clred,; Juanaranantiuduag
End else
Begin /danusunialasnimua

VaComm1.WriteText(">S0'+#13);
Shape1.Brush.Color := cIBlack; /maaarenauiluda
End;
End;
End;
Buf:=";
End;

end;

procedure TForm1.FormCreate(Sender: TObject);

begin

Index := 0; i munlfdwalsiausudu

Step == 0;

Buf:=";

StatusBar].Panels[0].Text := ' Close Port; initesuTsunsuld port Ta

StatusBarl.Panels[1].Text := ' Stop ';

VrClock2.Active = True; iz Tdsunsnlfuananains
end;

procedure TForm1.SpeedButton1Click(Sender: TObject);

begin

VrClock1.Active = True; /il aﬂﬂﬂuﬁy‘lﬁ Susunm

end;

procedure TForm1.SpeedButton2Click(Sender: TObject);

begin

VrClockl1.Active := False; //Lﬁ@ﬂﬂﬂﬂﬁi%ﬂgﬂﬂﬁ%m’sm
end;

end.
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s uaaamsUiumeungamgiligndes (Calibrate) figa T, (DB)

Qaingi qaIngil qaingil qaingil qaingi -
I gamgiio de qamgiio de qamgiieda de qaingiiod 10 . quugiioRa
femAon newAwn newAwn newmon Newan

¢ a4 O ¢ a s O i a4 O ‘ ‘ O i a4 O
modueiiined DB (°C) meinelined DB (°C) meiueined DB (°C) medueilned DB (°C) medueilined DB (°C)
0 -0.69 21 20.2 42 41.1 63 62.1 84 83.0
1 0.31 22 21.2 43 42.1 64 63.1 85 84.0
2 1.30 23 22.2 44 43.1 65 64.1 86 85.0
3 2.30 24 23.2 45 44.1 66 65.1 87 86.0
4 3.29 25 24.2 46 45.1 67 66.0 88 .87.0
5 4.29 26 25.2 47 46.1 68 67.0 89 88.0
6 5.29 27 26.2 48 471 69 68.0 90 89.0
7 6.28 28 27.2 49 48.1 70 69.0 91 90.0
8 7.28 29 28.2 50 49.1 7 70.0 92 90.9
9 8.27 30 29.2 51 50.1 72 71.0 93 91.9
10 9.27 31 30.2 52 51.1 73 72.0 94 92.9
11 10.3 32 31.2 53 52.1 74 73.0 95 93.9
12 11.3 33 32.2 54 53.1 75 74.0 96 94.9
13 12.3 34 33.2 55 541 76 75.0 97 95.9
14 13.3 35 34.2 56 55.1 77 76.0 98 96.9
15 14.3 36 35.2 57 56.1 78 77.0 99 97.9
16 156.3 37 36.2 58 571 79 78.0 100 98.9
17 16.2° 38 37.2 59 58.1 80 79.0
18 17.2 39 38.2 60 59.1 81 80.0
19 18.2 40 39.2 61 60.1 82 81.0
20 19.2 41 40.2 62 61.1 83 82.0




mmaaImsdiumeumgamgiligndes (Calibrate) Hign T, (WB)

Qg qaungil Qangi QaIngil Qaungil - a
I qungileds A . qaungiiod dr . qaungaleR de qamgieds ir N
nomn fiewaon NewAon fiewmon feur19n

. . 0 ‘e 4] . . Q) . . Q) ‘a4 0
meiueilinesDB (°C) mojueiiines DB (°C) mesueilines DB (°C) medueilines DB (°C) mo3ueiines DB (°C)
0 -0.59 21 20.3 42 41.2 63 62.2 84 83.1
1 0.41 22 21.3 43 42.2 64 63.2 85 84.1
2 1.40 23 22.3 44 43.2 65 64.2 86 85.1
3 2.40 24 23.3 45 44.2 66 65.2 87 86.1
4 3.39 25 243 46 45.2 67 66.1 88 87.1
5 4.39 26 253 47 46.2 68 67.1 89 88.1
6 5.39 27 26.3 48 47.2 69 68.1 90 89.1
7 6.38 28 27.3 49 48.2 70 69.1 91 90.1
8 7.38 29 28.3 50 49.2 71 70.1 92 91.0
9 8.37 30 29.3 51 50.2 72 71.1 93 92.0
10 9.37 31 303 52 51.2 73 72.1 94 93.0
1 10.4 32 31.3 53 52.2 74 73.1 95 94.0
12 11.4 33 32.3 54 53.2 75 74.1 96 95.0
13 12.4 34 33.3 55 54.2 76 75.1 97 96.0
14 13.4 35 343 56 55.2 77 76.1 98 97.0
15 14.4 36 35.3 57 56.2 78 77.1 99 98.0
16 15.4 37 36.3 58 57.2 79 78.1 100 99.0
17 16.3 38 37.3 59 58.2 80 79.1
18 17.3 39 38.3 60 59.2 81 80.1
19 18.3 40 39.3 61 60.2 82 81.1
20 19.3 41 40.3 62 61.2 83 82.1




myueaImMsUiuneungangiiliignédes (Calibrate) figa T, (DB)

qaungdl

Qaungil

qaungl

qaungil

qangil

I qaungiiod i1 qaungiloda I qangilada dr qaungiioR d0 . LI EDES
figuromn fiowunon figumon NeuArom newAn
‘ ‘ 0 Y, 0 Y, 0 ‘ ‘ 0 ¢ o g 0
moeiueiiined DB (°C) mojueiines DB (°C) moiueiines DB (°C) moiueilines DB (°C) moinelinesiDB (°C)
0 -0.49 21 20.5 42 41.4 63 62.4 84 83.3
1 0.51 22 21.5 43 42.4 64 63.4 85 84.3
2 1.51 23 22.5 44 43.4 65 64.4 86 85.3
3 2.50 24 23.5 45 44.4 66 65.4 87 86.3
4 3.50 25 24.5 46 454 67 66.4 88 87.3
5 4.50 26 25.5 47 46.4 68 67.4 89 88.3
6 5.50 27 26.5 48 47.4 69 68.4 90 89.3
7 6.50 28 27.5 49 48.4 70 69.4 91 90.3
8 7.49 29 28.5 50 49.4 71 70.4 92 91.3
9 8.49 30 29.5 51 50.4 72 71.4 93 92.3
10 9.49 31 30.5 52 51.4 73 72.4 94 93.3
11 10.5 32 31.5 53 52.4 74 73.4 95 94.3
12 11.5 33 324 54 53.4 75 74.4 96 95.3
13 12.5 34 33.4 55 54.4 76 75.4 97 96.3
14 13.5 35 34.4 56 55.4 77 76.4 98 97.3
15 14.5 36 354 57 56.4 78 77.4 99 98.3
16 156.5 37 36.4 58 57.4 79 78.4 100 99.3
17 16.5 38 37.4 59 58.4 80 79.4
18 17.5 39 38.4 60 59.4 81 80.4
19 18.5 40 39.4 61 60.4 82 81.4
20 19.5 41 40.4 62 61.4 83 82.3




mInuraImsliumneaumeamgillvignded (Calibrate) fign T, (WB)

qaungil qungdl qungil - Qaungll QuUngal
I . Nl L qaungiioda I qaungieda ir . quungiiods ir QN i
figwron figumoin figuaon figmA0n figwaon
¢ a4 0 J ‘ 0 ‘ ‘ (§®) ¢ a4 0 ¢ a4 0
meduediines DB (°C) mesueiiines DB (°C) mojuelines DB (°C) mejueiined DB (°C) mesueiinei DB (°C) |
0 -0.80 21 20.2 42 41.2 63 62.1 84 83.1
1 0.20 22 21.2 43 42.2 64 63.1 85 84.1
2 1.20 23 22.2 44 43.2 65 64.1 86 85.1
3 2.20 24 23.2 45 44.2 66 65.1 87 86.1
4 3.20 25 24.2 46 45.2 67 66.1 88 87.1
5 4.20 26 25.2 47 - 46.2 68 67.1 89 88.1
6 5.20 27 26.2 48 47.2 69 68.1 90 89.1
7 6.19 28 27.2 49 48.2 70 69.1 91 90.1
8 7.19 29 28.2 50 49.2 71 70.1 92 91.1
9 8.19 30 29.2 51 50.2 72 711 93 92.1
10 9.19 31 30.2 52 51.2 73 72.1 94 93.1
11 10.2 32 31.2 53 52.2 74 73.1 95 94.1
12 11.2 33 32.2 54 53.2 75 74.1 96 95.1
13 12.2 34 33.2 55 54.2 76 75.1 97 96.1
14 13.2 35 34.2 56 55.2 77 76.1 98 97.1
15 14.2 36 35.2 57 56.1 78 771 99 98.1
16 15.2 37 36.2 58 57.1 79 78.1 100 99.1
17 16.2 38 37.2 59 58.1 80 79.1
18 17.2 39 38.2 60 59.1 81 80.1
19 18.2 40 39.2 61 60.1 82 81.1
20 19.2 41 40.2 62 61.1 83 82.1




mInuaasmIliuneumgamgiiliigndes (Calibrate)ign T, (DB)

Qungi qaungil qungil qaungil QaunQil -
i . qamngiied de . qamgiled 1 . qungied i . qangiieda dr . qungeda
nemn0n fisuAon figumon figmon fisuron

y ‘ O ¢ a4 O ‘ ‘ O Y O ¢ a4 O
moesueilines DB (°C) mesueiiines DB (°C) mesuoiines DB (°C) mojueilines DB (°C) mo3uoiitne s DB (°C)
0 -0.90 21 20.1 42 41.1 63 62.0 84 83.0
1 0.10 22 21.1 43 42.1 64 63.0 85 84.0
2 1.10 23 22.1 44 43.1 65 64.0 86 85.0
3 2.10 24 23.1 45 441 66 65.0 87 86.0
4 3.10 25 241 46 45.1 67 66.0 88 87.0
5 4.10 26 25.1 47 46.1 68 67.0 89 88.0
6 5.10 27 26.1 48 47.1 69 68.0 90 89.0
7 6.09 28 271 49 48.1 70 69.0 91 90.0
8 7.09 29 28.1 50 49.1 71 70.0 92 91.0
9 8.09 30 29.1 51 50.1 72 71.0 93 92.0
10 9.09 31 30.1 52 51.1 73 72.0 94 93.0
11 10.1 32 31.1 53 52.1 74 73.0 95 94.0
12 11.1 33 32.1 54 53.1 75 74.0 96 95.0
13 12.1 34 33.1 55 54.1 76 75.0 97 96.0
14 13.1 35 34.1 56 55.1 77 76.0 98 97.0
156 14.1 36 35.1 57 56.0 78 77.0 99 98.0
16 15.1 37 36.1 58 57.0 79 78.0 100 99.0
17 16.1 38 37.1 59 58.0 80 79.0
18 17.1 39 38.1 60 59.0 81 80.0
19 18.1 40 39.1 61 60.0 82 81.0
20 19.1 41 40.1 62 61.0 83 82.0




muEaInsiiuneungamgiilvigndes (Calibrate) fign T, (WB)

qungil qangil qaungil qungi - qangil -
I. . qaungiioda I qangilada Iv qangiiods I . qangileds I gaungileds
fiowron fiewmann figuaon fiswAon fiewron
‘ ‘ 0 Y, 0 Y, 0 Y, 0 Y, 0
mesxueilines DB (°C) mosueilined DB (°C) medueilined DB (°C) me3iueiiines DB (°C) meiueiiines DB (°C)

0 -0.60 21 20.3 42 41.3 63 62.2 84 83.2
1 0.40 22 21.3 43 42.3 64 63.2 85 84.2
2 1.40 23 22.3 44 43.3 65 64.2 86 85.2
3 2.39 24 23.3 45 44.3 66 65.2 87 86.1
4 3.39 25 243 46 45.3 67 66.2 88 87.1
5 4.39 26 25.3 47 46.3 68 67.2 89 88.1
6 5.39 27 26.3 48 47.3 69 68.2 90 89.1
7 6.38 28 27.3 49 48.3 70 69.2 91 90.1
8 7.38 29 28.3 50 49.3 71 70.2 92 91.1
9 8.38 30 29.3 51 50.3 72 71.2 93 92.1
10 9.37 31 30.3 52 51.3 73 72.2 94 93.1
11 104 32 31.3 53 52.2 74 73.2 95 94.1
12 11.4 33 32.3 54 53.2 75 74.2 96 95.1
13 12.4 34 33.3 55 54.2 76 75.2 97 96.1
14 13.4 35 34.3 56 55.2 77 76.2 98 97.1
15 14.4 36 35.3 57 56.2 78 77.2 99 98.1
16 15.4 37 36.3 58 57.2 79 78.2 100 99.1
17 16.4 38 37.3 59 58.2 80 79.2
18 17.4 39 38.3 60 59.2 81 80.2
19 18.4 40 39.3 61 60.2 82 81.2
20 19.3 41 40.3 62 61.2 83 82.2




MARNHIN .



wnasitidutenarsnasubidusomsldnmiemsdnsishiiu tdewaneldildldysslosaidnwmsén
laihnsatlas vivdw dnvisrhud lidawlasiieintazdessrsdetsnvaseenarsnnassndnsiinbylls



|

1

Datasheet SHT1x

Sensor Performance

Relative Humidity Temperature
Eirameter Condition min- | typ | max | Units Parameter Condition min | typ | max | Units
0, o
Resolution ! 04 | 0.05|0.05 ABH Resolutio ! 0.04 | 0.01 | 0.01 C
| 8 12 | 12 bit 12 | 14 14 | bit
* |Accuracy 2 typical 4.5 %RH Accuracy 2 typical 0.5 °C
SHT10 maximal see Figure 2 SHT10 maximal see Figure 3
Aq;curacy 2 typical | +3.0 I %RH Accuracy 2 typical f +0.4 ‘ °C
ﬂ'ﬂ“ maximal see Figure 2 SHT11 maximal see Figure 3
Accuracy?  |typical | +20 | %RH Accuracy? |typical | +0.3 | °C
SHT15 maximal see Figure 2 SHT16 maximal see Figure 3
Repeatability | +0.1 | %RH Repeatability | £0.1 | °C
Replacement fully interchangeable Replacement fully interchangeable
Hysteresis 11 %RH . -40 1238 °C
— Operating Range
N !nlinearity raw data +3 %RH -40 2549| °F
J linearized <<1 %RH Response Time € |1 (63%) 5 30 s
Response time 3 |7 (63%) 8 s Long term drift <0.04 °Clyr
Operating Range 0 100 | %RH
Long term drift4 [normal <05 %RH/yr
£10 £30
i8d | | £25 | S
H \5
-z c20 [N\ 7
2|8 : S SHT11
=2 O = ;
< \ SHT10 115 N / ‘
1 x +4 4 = \\
13 . SHT14 / <10 ~ // /
27 SHT15 £05 \&,ﬁ HT15
/ +0 T T T T T T T T +0.0 T V T T T T
0 10 20 30 40 50 60 70 80 90 100 40 -20 0 20 40 60 80 100
Relative Humidity (%RH) Temperature (°C)
Figure 2: Maximal RH-accuracy at 25°C per sensor type. Figure 3: Maximal T-accuracy per sensor type.
Electrical and General ltems Packaging Information
Parameter Condition .| min- | typ | max | Units Sensor Type | Packaging | Quantity | Order Number
Soyrce Voltage 24 | 33 | 55 v SHT10 Tape & Reel 2000 1-100218-04
Power sleep 2 5 pW Tape & Reel 100 1-100051-04
Consumption 5 measuring 3 mw SHT11 Tape & Reel 400 1-100098-04
o average 150 pW Tape & Reel 2000 1-100524-04
\Communication |digital 2-wire interface, see Communication SHT15 Tape & Reel 100 1-100085-04
Storage 10 -50°C (0 — 125°C peak), 20 - 60%RH Tape & Reel 400 1-100093-04
4 Value may be higher in environments with high contents of volatile organic

1T e default measurement resolution of is 14bit for temperature and 12bit for compounds. See Section 1.3 of Users Guide. .

humidity. It can be reduced to 12/8bit by command to status register. 5 Values for VDD=5.5V at 25°C, average value at one 12bit measurement
2 Agcuracies  are tested at Qutgoing Quality Control at 25°C (77°F) and 3.3V, per second.
Values exclude hysteresis and non-linearity. & Response time depends on heat capacity of and thermal resistance to
<3 T‘me for reaching 63%:of a step function, valid at 25°C and'1 mis dirflow. sensor substrate.

!
_
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"Users Guide SHT1x

-

1 Application Information

1.1 Operating Conditions

Sensor works stable within recommended normal range ~
see Figure 4. Long term exposures to conditions outside
n%;mal range, especially at humidity >80%RH, may
temporarily offset the RH signal (+3 %RH after 60h). After
re{um to normal range it will slowly return towards
calibration state by itself. See Section 1.4. “Reconditioning
Procedure” to accelerate eliminating the offset. Prolonged
exposure to extreme conditions may accelerate ageing.

X = Q)

Ny
(=]

|

—~ 100

} i

-~ :

2%

g 60 é ‘Normal
T 40 % Range
£,|=

&

(=]

40 -20 O 20 40 60 80 100 120
Temperature (°C)

Figure 4: Operating Conditions

1.2 Soldering instructions

For soldering SHT1x standard reflow soldering ovens may
be| used. The sensor is qualified to withstand soldering
profile according to IPC/JEDEC J-STD-020C with peak
temperatures at 260°C during up to 40sec including Pb-
free assembly in IR/Convection reflow ovens.

A

Te > |etp

2

B

& | Ts(max)
o

E

(3]

e

- «——preheating—> a—critical zone—» i

Time

Figure 5: Soldering profile according to JEDEC standard. Tp <=
260°C and tp < 40sec for Pb-free assembly. T. < 220°C and t. <
150sec. Ramp-up/down speeds shall be < 5°C/sec.

For soldering in Vapor Phase Reflow (VPR) ovens the
peak conditions are limited to Tp < 233°C during tp <
60sec and ramp-up/down speeds shall be limited to
10°C/sec. For manual soldering contact time must be
limited to 5 seconds at up to 350°C7.

7 283°C = 451°F, 260°C = 500°F, 350°C = 662°F

IMPORTANT: After soldering the devices should be stored
at >75%RH for at least 12h to allow the polymer to re-
hydrate. Otherwise the sensor may read an offset that
slowly disappears if exposed to ambient conditions.

In no case, neither after manual nor reflow soldering, a
board wash shall be applied. Therefore it is strongly
recommended to use “no-clean” solder paste. In case of
application with exposure of the sensor to corrosive gases
the soldering pads shall be sealed to prevent loose
contacts or short cuts.

For the design of the SHT1x footprint it is recommended to
use dimensions according to Figure 7. Sensor pads are
coated with 35um Cu, S5um Ni and 0.1um Au.

747

Figure 7: Recommended footprint for SHT1x. Values in mm.

1.3  Storage Conditions and Handling Instructions

It is of great importance to understand that a humidity
sensor is not a normal electronic component and needs to
be handled with care. Chemical vapors at high
concentration in combination with long exposure times
may offset the sensor reading.

For these reasons it is recommended to store the sensors
in original packaging- including the sealed ESD bag at
following conditions: Temperature shall be in the range of
10°C - 50°C (0 — 125°C for limited time) and humidity at
20'='60%RH- (sensors' that are ‘not stored in ESD bags).

i
—_—
f
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For sensors that have been removed from the original
packaging we recommend to stored them in ESD bags
rqade of PE-HD?.

IH manufacturing and transport the sensors shall be
prevented of high concentration of chemical solvents and
long exposure times. Out-gassing of glues, adhesive tapes
and stickers or out-gassing packaging material such as
bubble foils, foams, etc. shall be avoided. Manufacturing
area shall be well ventilated.

For more detailed information please consult the
document “Handling Instructions” or contact Sensirion.

1.4 Reconditioning Procedure

As stated above extreme conditions or exposure to solvent
vapors may offset the sensor. The following reconditioning
procedure may bring the sensor back to calibration state:

Baking: 100 -105°C at < 5%RH for 10h
Re-Hydration: 20~ 30°C at~ 75%RH for 12h 9.

1.5  Temperature Effects

Rllative humidity reading strongly depends on
te;nperature. Therefore, it is essential to keep humidity
sensors at the same temperature as the air of which the
refative humidity is to be measured. In case of testing or
qualification the reference sensor and test sensor must
show equal temperature to allow for comparing humidity
readings.

If the SHT1x shares a PCB with electronic components
that produce heat it should be mounted in a way that
prevents heat transfer or keeps it as low as possible.
Measures to reduce heat transfer can be ventilation,
reduction of copper layers between the SHT1x and the
rest of the PCB or milling a slit into the PCB around the
sensor (see Figure 8).

Figure 8: Top view of example of mounted SHT1x with slits
mlll}:d into PCB to minimize heat transfer.

Furthermore, there - are self-heating effects in case the

me?surement frequency is too high. Please refer to

Section 3.3 for detailed information.

or example, 3M antistatic bag, product *1910” with zipper .

F
75%RH | can |, conveniently | be- generated  with ~saturated - NaCH ‘solition,
100 -105°C comespond to 212 — 221°F, 20 - 30°C comespond to 68 — 86°F

© ™

1.6  Light

The SHT1x is not light sensitive. Prolonged direct
exposure to sunshine or strong UV radiation may age the
housing. '

1.7 Membranes

SHT1x does not contain a membrane at the sensor
opening. However, a membrane may be added to prevent
dirt and droplets from entering the housing and to protect
the sensor. It will also reduce peak concentrations of
chemical vapors. For optimal response times the air
volume behind the membrane must be kept minimal.
Sensirion recommends and supplies the SF1 filter cap for
optimal IP54 protection (for higher protection - i.e. IP67 -
SF1 must be sealed to the PCB with epoxy). Please
compare Figure 9.

Vs membrane ,— 0-fing

Melted plastic pin

Figure 9:Side view of SF1 filter cap mounted between PCB and
housing wall. Volume below membrane is kept minimal.

1.8  Materials Used for Sealing / Mounting

Many materials absorb humidity and will act as a buffer
increasing response times and hysteresis. Materials in the
vicinity of the sensor must therefore be carefully chosen.
Recommended materials are: Any metals, LCP, POM
(Delrin), PTFE (Teflon), PE, PEEK, PP, PB, PPS, PSU,
PVDF, PVF.

For sealing and gluing (use sparingly): High filled epoxy for
electronic packaging (e.g. glob top, underfill), and Silicone.
Out-gassing of these materials may also contaminate the
SHT1x (see Section 1.3). Therefore try to add the sensor
as a last manufacturing step to the assembly, store the
assembly well ventilated after manufacturing or bake at
>50°C for 24h to outgas contaminants before packing.

1.9  Wiring Considerations and Signal Integrity

Carrying the SCK and DATA signal parallel and in close
proximity (e.g. in wires) for more than 10¢m may result in
cross talk and loss of communication. This may be
resolved by routing VDD and/or GND between the two
data signals andfor using shielded cables. Furthermore,
slowing down SCK frequency will possibly improve signal
integrity.- Power supply, pins, (VDD, GND) must be
decoupled with a 100nF capacitor if wires are used.

Wwly.sensirion.com

Version 4.1 — September 2008 4111



!

Datasheet SHT1x

Capacitor should be placed as close to the sensor as
possible. Please see the Application Note “ESD, Latchup
and EMC" for more information.

140 ESD (Electrostatic Discharge)

ESD immunity is qualified according to MIL STD 883E,
method 3015 (Human Body Model at +2 kV).

thch-up immunity is provided at a force current of
+100mA with Tamy = 80°C according to JEDEC78A. See
Application Note “ESD, Latchup and EMC" for more

information.
|

i

2 Interface Specifications

Pin | Name Comment NG |
1 | GND |Ground 7
2 | DATA |Serial Data, bidirectional | 2,
3 | SCK [Serial Clock, inputonly | 3
4 | VDD (Source Voltage 4.'
NC| NC |Must be left unconnected

Taple 1: SHT1x pin assignment, NC remain floating.

21 Power Pins (VDD, GND)

The supply voltage of SHT1x must be in the range of 2.4 -
5.5V, recommended supply voltage is 3.3V. Power supply
pins Supply Voltage (VDD) and Ground (GND) must be
decoupled with a 100 nF capacitor — see Figure 10.

The serial interface of the SHT1x is optimized for sensor
readout and effective power consumption. The sensor
cannot be addressed by [2C protocol, however, the sensor
can be connected to an I2C bus without interference with
o:t’jer devices connected to the bus. The controller must
s

itch between the protocols.
VDD GND

2 L
>
=

DATA

SHT1x

(Slave)
24-55V GND

Figure 10: Typical application circuit, including pull up resistor
Re and decoupling of VDD and GND by a capacitor.

2.2  Serial clock input (SCK)

SCK is used to synchronize the communication between
migrocontroller and SHT1x. Since the interface consists of
fully static logic there is no minimum SCK frequency.

2.3  Serial data (DATA)

The DATA tri-state pin is used to transfer data in and out
of the sensor. For sending a command to the sensor,
DATA is valid on the rising edge of the serial clock (SCK)
and must remain stable while SCK is high. After the falling
edge of SCK DATA may be changed. For safe
communication DATA valid shall be extended Tsy and Tho
before the rising and after the falling edge of SCK,
respectively — see Figure 11. For reading data from the
sensor, DATA is valid Ty after SCK has gone low and
remains valid until the next falling edge of SCK.

To avoid signal contention the microcontroller must only
drive DATA low. An external pull-up resistor (e.g. 10kQ) is
required to pull the signal high - it should be noted that
pull-up resistors may be included in /O circuits of
microcontrollers. See Table 2 for detailed 1/O characteristic
of the sensor.

2.4 Electrical Characteristics

The electrical characteristics such as power consumption,
low and high level, input and output voltages depend on
the supply voltage. Table 2 gives electrical characteristics
of SHT1x with the assumption of 5V supply voltage if not
stated otherwise. For proper communication with the
sensor it is essential to make sure that signal design is
strictly within the limits given in Table 3 and Figure 11.

Parameter Conditions min | typ | max |Units
Power supply DC'0 24 | 33 155 |V
measuring 055| 1 | mA
Supply current average!! 2 28 HA
sleep 03 | 1.5 | pA
bgl‘:’a'ge;’e' output |, <4 maA 0 250 | mv
a'j’t’;;"e' ouPut lpa<25kn | 90% 100% | VDD
l\;gltv; S‘;’el input Negative going | 0% 20% | VDD
:'C'J?t';;‘;"e' Input oositive going | 80% 100% | VDD
Input current on
pads 1 WA
Output current on. 4 | mA
Tri-stated (off) 10 | 20 | pA

Table 2: SHT1x DC characteristics. Rp stands for pull up
resistor, while loL is low level output current,

10 Recommended voltage supply for highest accuracy is 3.3V, due to sensor
calibration.

1 Minimum valug with one measurement of 8 bit.accuracy without OTP reload
per 'second, typical value with one"measurement’ of 12bit accuracy per
second. ’

f
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Qure 11: Timing Diagram, abbreviations are explained in

Table 3. Bold DATA line is controlled by the sensor, plain DATA
lme is controlled by the micro-controller. Both valid times refer to
the left SCK toggle.

Conditions | min | typ | max | Units
VDD>45V| 0 |01 5 [MHz
‘ VDD<45V| 0 [01] 1 |MHz
Tsckx |SCK hiflow time 100 ns

Tr/Tr |SCK rise/fall time 1 1200 * | ns
‘ OL=5pF 35|10 | 20 | ns
OL=100pF | 30 | 40 [ 200 | ns

Parameter

Fécx SCK Frequency

Tro |DATA fall time

Tro |DATA rise time ™™ 1 ons
Ty |DATA valid time 200 (250 | ** | ns
Tsu |DATA setup time 100 | 150 | *** | ns
Tvo |DATA hold time 10 | 15 | ™* | ns

TR_max + Te_max= (Fscx} — Tscxn — Tscxe
- Tro is determined by the Re*Cus time-constant at DATA line

Tv_max and Tsy_mex depend on external pull-up resistor (Re) and total bus
line capacitance (Cbus) at DATA line

THo_max < Tv—max (Tro, Tro}

I S

Table 3: SHT1x /O signal characteristics, OL stands for Output
Load, entities are displayed in Figure 11.

3 | Communication with Sensor

3.1) Start up Sensor

As ja first step the sensor is powered up to chosen supply
voltage VDD. The slew rate during power up shall not fall
below 1V/ms. After power-up the sensor needs 11ms to
. get to Sleep State. No commands must be sent before
that time.

- 3.2 Sending a Command

To initiate a transmission, a Transmission Start sequence
has to be issued. It consists of a lowering of the DATA line
= while SCK is high, followed by a low pulse on SCK and
raising DATA again while SCKis still high — see Figure 12,

o ————f -

1 ]
Figure 12: "Transmission Start" sequence

The subsequent command consists of three address bits
(only ‘000" is supported) and five command bits. The
SHT1x indicates the proper reception of a command by
pulling the DATA pin low (ACK bit) after the falling edge of
the 8th SCK clock. The DATA line is released (and goes
high) after the falling edge of the 9th SCK clock.

Command - Code
Reserved 0000x
Measure Temperature 00011
Measure Relative Humidity 00101

Read Status Register 00111

Write Status Register 00110
Reserved 0101x-1110x
Soft reset, resets the interface, clears the 11110
status register to default values. Wait minimum

11 ms before next command

Table 4: SHT1x list of commands

3.3 MeasurementofRHand T

After issuing a measurement command (‘00000101" for
relative humidity, ‘00000011’ for temperature) the
controller has to wait for the measurement to complete.
This takes a maximum of 20/80/320 ms for a 8/12/14bit
measurement. The time varies with the speed of the
internal oscillator and can be lower by up to 30%. To
signal the completion of a measurement, the SHT1x pulls
data line low and enters Idle Mode. The controller must
wait for this Data Ready signal before restarting SCK to
readout the data. Measurement data is stored until
readout, therefore the controller can continue with other
tasks and readout at its convenience.

Two bytes of measurement data and one byte of CRC
checksum (optional) will then be transmitted. The micro
controller must acknowledge each byte by pulling the
DATA line low. All values are MSB first, right justified (e.g.
the 5" SCK is MSB for a 12bit value, for a 8b|t result the
first byte is not used).

Communication terminates after the acknowledge bit of
the CRC data. If CRC-8 checksum is not used the
controller may terminate the communication after the
measurement data LSB by keeping ACK high. The device
automatically, retums to Sleep Mode after measurement
and communication are completed.

q
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Iﬂpoﬂant: To keep self heating below 0.1°C, SHT1x
should not be active for more than 10% of the time - e.g.
maximum one measurement per second at 12bit accuracy
shall be made.

3.4 Connection reset sequence

If communication with the device is lost the following signal
sequence will reset the serial interface: While leaving
D/ﬁTA high, toggle SCK nine or more times — see Figure

This must be foliowed by a Transmission Start
next command. This sequence
The status register preserves its

13.
sequence preceding the
resets the interface only.
cantent.

Figure 13: Connection Reset Sequence

3.5 CRC-8 Checksum calculation

The whole digital transmission is secured by an 8bit
checksum. It ensures that any wrong data can be detected
and eliminated. As described above this is an additional
feature of which may be used or abandoned.

Plgase consult Applicaton Note “CRC-8 Checksum
Calculation” for information on how to calculate the CRC.

Status Register

Some of the advanced functions of the SHT1x such as
selecting measurement resolution, end of battery notice or
using the heater may be activated by sending a command
to the status register. The following section gives a brief
overview of these features. A more detailed description is
available in the Application Note “Status Register”.

After the command Status Register Read or Status
Register Write — see Table 4 - the content of 8 bits of the
status register may be read out or written. For the
communication compare Figures 16 and 17 - the
assignation of the bits is displayed in Table 5.

Status Register é

2(ofofofojo(1(1(o

ACK
Bit 7

Figure 14: Status Register Write
I TTTT1 NERRA
2lolofolofo]|1]1]1]S|z &|Z| Checksum |$

Status Register
HEENE

LI

Figure 15: Status Register Read

Examples of full communication cycle are displayed in
Figures 15 and 16.

[T - FET T

n Wait for x

210{0{0| Command DATAreadyOO MSB g
LI LLl1d
[THITT FTTHTT

LSB B|S|  Chedsum |
LILELd] MEEEEE

Figure 16: Overview of Measurement Sequence. TS = Trans-
mission Start, MSB = Most Significant Byte, LSB = Last
Significant Byte, LSb = Last Significant Bit.

Transmission Start

A2 A1 AD|| C4

’ Address = 000’ H

Command = ‘00101’
C3

c2

Measurement (80ms for 12bit) |
1

Co l ACK

Sensor pulls DATA'line fow after
completionof measurement —/->\.

Skip ACK to end trans-
mission (if no CRC is used)

CK ,
Ak e\
Idle Bits MSb 12bit Humidity Data LSh
14 13 12111 10 ACK 7 6 0
$CK '

7 6 5 4 3 2 1 0

| MSh CRC-8 Checksum LSb

)
N
[F =
1
§

ACK l

Sleep (wait for next
measurement)

Transmission Start |

CBATA

Skip ACK to end transmission

« Figjure 17:. Example RH measurement. sequence for value “0000'1001“0011°0001" = 2353 = 75.79 %RH (without temperature

conppensation). DATA valid times are given and referenced in boxes on DATA line. Bold DATA lines are controlled by sensor while plain

line}s are ‘controlled by the micro-controller.
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—B_it Type |Description Default
1 reserved 0
End of Battery (low voltage No default value,
6 R detection) N bit is only updated
' ‘0’ for VDD > 2.47 after a
‘1" for VDD < 2.47 measurement
5 reserved 0
4 reserved 0
3 For Testing only, do notuse | 0
2 |[R'W |Heater 0 |off
+ |R/W |noreload from OTP 0 {reload
'"1"= 8bit RH / 12bit Temp.
' resolution 12bit RH
0 |RW o= 12bit RH / 14bit Temp. | © [14bit Temp.
resolution

TanIe 5: Status Register Bits

Measurement resolution: The default measurement
regolution of 14bit (temperature) and 12bit (humidity) can
be! reduced to 12 and 8bit. This is especially useful in high
speed or extreme low power applications.

End of Battery function detects and notifies VDD voltages
below 2.47 V. Accuracy is +0.05 V.

Heater: An on chip heating element can be addressed by
writing a command into status register. The heater may
ingrease the temperature of the sensor by 5 - 10°C"2
- beyond ambient temperature. The heater draws roughly
8mA @ 5V supply voltage.

For example the heater can be helpful for functionality
anglysis: Humidity and temperature readings before and
after applying the heater are compared. Temperature shall
ingrease while relative humidity decreases at the same
tinge. Dew point shall remain the same.

Plgase note: The temperature reading will display the
temperature of the heated sensor element and not
ambient temperature. Furthermore, the sensor is not
qualified for continuous application of the heater.

[t

4 | Conversion of Signal Output

4.1 Relative Humidity

For compensating non-linearity of the humidity sensor -
see Figure 18 — and for obtaining the full accuracy of the
se(nbsor it is recommended to convert the humidity readout
(SOrn) with the following formula with coefficients given in
Table 6:

RHjpear =€ +C, -SOgy +C; -SOgy” (%RH)

1

12 Gomesponds to 9 — 18°F

SOrH C1 C2 C3
12 bit -2.0468 0.0367 -1.5955E-6
8 bit -2.0468 0.5872 -4.0845E-4

Table 6: Optimized V4 humidity conversion coefficients

The values given in Table 6 are newly introduced and
provide optimized accuracy for V4 sensors along the full
measurement range. The parameter set c.*, which has
been proposed in earlier datasheets, which was optimized
for V3 sensors, still applies to V4 sensors and is given in
Table 7 for reference.

SOrH cr* ¢! c3*
12 bit -4,0000 0.0405 -2.8000E-6
8 bit -4.0000 0.6480 -7.2000E-4

Table 7: V3 humidity conversion coefficients, which also apply
to V4.

For simplified, less computation intense conversion
formulas see Application Note “RH and Temperature Non-
Linearity Compensation”. Values higher than 99% RH
indicate fully saturated air and must be processed and
displayed as 100%RH". Please note that the humidity
sensor has no significant voltage dependency.

100%
80% — /
60% - / :

40%

20% P
0% ; ; :

0 500 1000 1500 2000 2500 3000 3500
SOgy sensor readout (12bit)

Relative Humidity

Figure 18: Conversion from SOru to relative humidity

4.2 Temperature compensation of Humidity Signal

For temperatures significantly different from 25°C (~77°F)
the humidity signal requires a temperature compensation.
The temperature correction corresponds roughly to
0.12%RH/°C @ 50%RH. Coefficients for the temperature
compensation are given in Table 8.

RH, . = (Tt,C —25)~(t1 +1, -SORH)+RH

true linear

SOrH e o
12 bit 0.01 0.00008
8 bit .0 0.00128

Table 8: Temperature compensation coefficients4

13 |f wetted excessively (strong condensation of water on sensor surface),
sensor output signal can drop below 100%RH (even below 0%RH in some
cases), but the sensor will recover completely when water droplets
evaporate! The sensor is not damaged by waterimmersion or condensation!

14 Coefficients apply both to V3 as welf as to V4 sensors.

T1

www.sensirion.com

Version 4.1 — September 2008 811



Datasheet SHT1x

43 Temperature

The band-gap PTAT (Proportional To Absolute
Tgmperature) temperature sensor is very linear by design.
Use the following formula to convert digital readout (SOr)
to temperature value, with coefficients given in Table 9:

Ti=d,+d,-S0;

VDD | di(°C) | di(°F) | [SOr | d2(°C) | d2(°F)
sv | -401 | 402 | [14btt | 001 | 0018
4 | -398 | -396 | [12bit | 0.04 | 0.072
35V | -397 | -39.5
3V | -396 | -39.3
25V | -394 | -389

4, Dew Point

SHT1x is not measuring dew point directly, however dew
point can be derived from humidity and temperature
readings. Since humidity and temperature are both
measured on the same monolithic chip, the SHT1x allows
superb dew point measurements.

Tafle 9: Temperature conversion coefficients?s,

Far dew point (Tq) calculations there are various formulas
to|be applied, most of them quite complicated. For the
temperature range of 40 - 50°C the following
approximation provides good accuracy with parameters
given in Table 10:

RHY m-T
7 '”1%7 T
T,(RH,T)=T, - 7

RH m-T
| m—In -
100%) T, +T
Temperature Range Tn (°C) m
Above water, 0-50°C 24312 17.62
Aboveice, -40-0°C 272.62 22.46

Tal;)Ie 10: Parameters for dew point (Tq) calculation.

Please note that “In(...)" denotes the natural logarithm. For
RH and T the lineanzed and compensated values for
relative humidity and temperature shall be applied.

. For more information on dew point calculation see
Application Note “Dew point calculation”.

15 Temperature coefficients have slightly been adjusted compared to datashest
SHTxx version 3.01. Coefficients apply.to V3 as well as V4 sensors.

3

5 Environmental Stability

If sensors are qualified for assemblies or devices, please
make sure that they experience same conditions as the
reference sensor. It should be taken into account that
response times in assemblies may be longer, hence
enough dwell time for the measurement shall be granted.
For detailed information please consult Application Note
“Qualification Guide”.

The SHT1x sensor series were tested according to AEC-
Q100 Rev. F qualificaton test method. Sensor
specifications are tested to prevail under the AEC-Q100
temperature grade 2 test conditions listed in Table 117,
Sensor performance under other test conditions cannot be
guaranteed and is not part of the sensor specifications.
Especially, no guarantee can be given for sensor
performance in the field or for customer's specific
application.

Please contact Sensirion for detailed information.

Environment [Standard Results?’
HTSL 125°C, 1000 hours Within
specifications
TC -50°C - 125°C, 1000 cycles  |Within
Acc. JESD22-A104-C specifications
UHST 130°C / 85%RH, 96h Within
specifications
THU 85°C/ 85%RH, 1000h Within
specifications
ESD immunity [MIL STD 883E, method 3015 |Qualified
(Human Body Model at £2kV)
Latch-up force current of £100mA with | Qualified
Tamb = 80°C, acc. JEDEC 17

Table 11: Qualification tests: HTSL = High Temperature Storage
Lifetime, TC = Temperature Cycles, UHST = Unbiased Highly
accelerated temperature and humidity Test, THU = Temperature
humidity unbiased

6 Packaging

6.1 Packaging type

SHT1x are supplied in a surface mountable LCC
(Leadless Chip Carrier) type package. The sensor housing
consists of a Liquid Crystal Polymer (LCP) cap with epoxy
glob top on a standard 0.8mm FR4 substrate. The device

- is fully RoHS and WEEE compliant - it is free of of Pb, Cd,

Hg, Cr(6+), PBB and PBDE.

16-Sensor operation temperature range is -40 to 105°C according to AEC-Q100
temperature grade 2.

17 According to accuracy and long term drift specification given on Page 2,

wwiv.sensirion.com
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Device size is 7.47 x 4.93 x 2.5 mm (0.29 x 0.19 x 0.1
inch), see Figure 1, weightis 100 mg.

6.2 Traceability Information

All SHT1x are marked with an alphanumeric, three digit
cade on the chip cap (for reference: V3 sensors were
labeled with numenc codes) - see “A5Z" on Figure 1. The
lot numbers allow full traceability through production,
cdlibration and testing. No information can be derived from
the code directly, respective data is stored at Sensirion
an:d is provided upon request.

Labels on the reels are displayed in Figures 19 and 20,
they both give traceability information.

( \
Lot No.: XX0-04-YRRRRTTTT
Quantity: RRRR
ROHS : Compliant

6.3  Shipping Package

SHT1x are shipped in 12mm tape at 100pcs, 400pcs and
2000pcs - for details see Figure 21 and Table 12. Reels
are individually labeled with barcode and human readable
labels.

Sensor Type Packaging - |. Quantity | Order Number
SHT10 Tape & Reel 2000 1-100218-04
Tape & Reel 100 1-100051-04
SHT11 Tape & Reel 400 1-100098-04
Tape & Reel 2000 1-100524-04
SHT15 Tape & Reel 100 1-100085-04
Tape & Reel 400 1-100093-04

Lot No.

N O

Figure 19: First label on reel: XX = Sensor Type (11 for SHT11),
04|= Chip Version (V4), Y = last digit of year, RRRR = number of
sensors on reel, TTTT = Traceability Code.

(SENSIRION A

THE SENSOR COMPANY

Device Type: 1-100PPP-04

Description: Humidity & Temperature Sensor
SHTxx

Part Order No.  1-100PPP-04 or Customer Number

Date of Delivery: DD.MM.YYYY

Order Code: 45CCCC/0

/

Figure 20: Second label on reel: For Device Type and Part
Orger Number please refer to Table 12, Delivery Date (also
DaTe‘ Code) is date of packaging of sensors (DD = day, MM =
mopth, YYYY = year), CCCC = Sensirion order number.

Table 12: Packaging types per sensor type.

Dimensions of packaging tape is given in Figure 21. All
tapes have a minimum of 480mm empty leader tape (first
pockets of the tape) and a minimum of 300mm empty
trailer tape (last pockets of the tape).

2.00 £0.05 —»} je—
—»i  la—100

0.30 + 0.054>"«

[

R0.3 MAX
X Er
ok J
. _v\ )
L
2.80 J L

Figure 21: Tape configuration and unit orientation within tape,
dimensions in mm (1mm = 0.03%nch). The leader tape is at the
right side of the figure while the trailer tape is to the left
(direction of unreeling).
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Revision History

R

Warning, Personal Injury

Do not use this product as safety or emergency stop devices or in
any other application where failure of the product could result in
personal injury. Do not use this product for applications other
than its intended and authorized use. Before installing, handling,
using or servicing this product, please consult the data sheet and
application notes. Failure to comply with these instructions could
result in death or serious injury.

If Fhe Buyer shall purchase or use SENSIRION products for any
unintended or unauthorized application, Buyer shall defend, indemnify
and hold harmless SENSIRION and its officers, employees,
subsidiaries, affiliates and distributors against all claims, costs,
damages and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated
with such unintended or unauthorized use, even if SENSIRION shall be
allegedly negligent with respect to the design or the manufacture of the
proguct.

ESl Precautions

The inherent design of this component causes it {0 be sensitive to
electrostatic discharge (ESD). To prevent ESD-induced damage and/or
degradation, take customary and statutory ESD precautions when
handling this product.

See application note "ESD, Latchup and EMC” for more information.

Warranty

SENSIRION warrants solely to the original purchaser of this product for
a period-of 12 months (one year) from the date of delivery that this
product shall be of the quality, material and workmanship defined in
SEI*IJSIRION’S published specifications of the product. Within such
period, if proven to be defective, SENSIRION shall repair and/or
replace this product, in SENSIRION's discretion, free of charge to the
Buygr, provided that:

e | notice in writing describing the defects shall be given to

SENSIRION within fourteen (14) days after their appearance;

Date Version Page(s) |Changes :

March 2007 3.0 1-10 Data sheet valid for SHTxx-V4 and SHTxx-V3

August 2007 3.01 1-10 Electrical characteristics added, measurement time corrected

July 2008 4.0 1-11 New release, rework of datasheet

September 2008 41 3,4 Adjustment of normal operating range and recommendation for antistatic bag
Important Notices

e such defects shall be found, to SENSIRION's reasonable
satisfaction, to have arisen from SENSIRION's faulty design,
material, or workmanship;

e the defective product shall be returned to SENSIRION's factory at
the Buyer's expense; and

e the warranty period for any repaired or replaced product shall be
limited to the unexpired portion of the original period.

This warranty does not apply to any equipment which has not been
installed and used within the specifications recommended by
SENSIRION for the intended and proper use of the equipment.
EXCEPT FOR THE WARRANTIES EXPRESSLY SET FORTH
HEREIN, SENSIRION MAKES NO WARRANTIES, EITHER EXPRESS
OR IMPLIED, WITH RESPECT TO THE PRODUCT. ANY AND ALL
WARRANTIES, INCLUDING WITHOUT LIMITATION, WARRANTIES
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, ARE EXPRESSLY EXCLUDED AND DECLINED.
SENSIRION is only liable for defects of this product arising under the
conditions of operation provided for in the data sheet and proper use of
the goods. SENSIRION explicitly disclaims all warranties, express or
implied, for any period during which the goods are operated or stored
not in accordance with the technical specifications.
SENSIRION does not assume any liability arising out of any application
or use of any product or circuit and specifically disclaims any and all
liability, including without limitation consequential or incidental
damages. All operating parameters, including without limitation
recommended parameters, must be validated for each customer's
applications by customer's technical experts. Recommended
parameters can and do vary in different applications.

SENSIRION reserves the right, without further notice, (i) to change the

product specifications and/or the information in this document and (ii) to

improve reliability, functions and design of this product.

Copyright® 2007, SENSIRION.
CMOSens®is a frademark of Sensirion

All rights reserved

Heladquarter and Sales Offices

Hea‘dquarter
SEN§IRION AG Phone: +41 (0)44 306 40 00
Laubisruetistr. 50 Fax: +41 (0)44 306 40 30

info@sensirion.com

SwiTerland htp://www sensirion.com/
Sales Office Korea:

SENSIRION KOREA Co. Ltd. Phone: 031440 9925~27
#1414, Anyang Construction Tower BD, Fax: 031 440 9927
1112+, Bisan-dong, Anyang-Gity info@sensirion.co.kr

Gyennggi-Province
South Korea

http:/fwww.sensirion.co.kr

Find| your local representative at: hitp://www.sensirion.com/reps

Sales Office USA:

SENSIRION Inc. Phone: 805 409 4900

2801 Townsgate Rd., Suite 240 Fax: 805 435 0467
Westlake Village, CA 91361 michael.karst@sensirion.com
USA http://www.sensirion.com/
Sales Office Japan:

SENSIRION JAPAN Co. Ltd. Phone: 03 3444 4940
Postal Code: 108-0074 Fax: 03 3444 4939

Shinagawa Station Bldg. 7F,
4-23-5, Takanawa, Minato-ku
Tokyo, Japan

info@sensirion.co.jp
hitp://www.sensirion.co.ip

|
ww@nsirion.com

Version 4.1 - September 2008 11711



fududoyanaulaivasunenunas Bryaniwus e
www kmitl.info P2.02.2551

UneMailsznaLic 01054025 Project 2 MAEEMA2/2551 Fudunshi 16 Awan 2552

‘ » o i - [ 4 1]
manasauniuyssRnsanssausmshansiufienadudainion

Tum‘%mmﬂmzuuﬂ%’u'lmﬁ Llﬂﬂ\l‘lm B!

VNS FIm?, Taaed f3ei?, anufont Samewad?, wel a3 guiie Aolanns®

X, ¥ ' 5 : y £
| Tosamibihnsfnmuareenuuussuumunuensiubieiamesanssuusumme o iavaseundnyssBntaussnuy
vy Wannsduduinizasmmeuanshaiu wafimsiaesdndimivasomeame buesamesauiivildlasmehengnmnd

nsshubanuasnsshaislumanuannilalasimedn usslfauasmaudaiviaasamelaanssueainenindon (Heaten) lu
|
| 4

washiflalahldasydy mbfimadialimsdaaemissasome angdiardefisnanafafisaanuussuumunuanaiud

!

f“nminLﬂf‘é‘wuﬂmmm%ué‘mﬁwﬂé’wmu@h Tnemslimwzaslunsieranssuduivinowdnieiassume (Evaporator) wédsdaya il

%IﬂsaaﬂmaLaaétﬁaﬂszmawa mmminn’mum@h@mN%uﬁmﬁwﬁﬁél'aqmsaxmuquaﬂﬂﬂumsmmuqmuwﬁmaﬂauﬂqma?l@’f o
Fhemaudaniniarin iehnenfisrvua Tlrseoulnsainasasislindlnauandilloaddon lovhdrgsvoy Samadudaindien
Findiisrimmaly lleseaulmaneiasddindlnaeudln aunssieamsdudimsliscuasetudfiimauaze aﬂ'sluam';zm‘?;
Tnuamhmsd il Rnismsa e nsanmaaBamanAsu MR Ae st I s AudE +3 %
Lﬁﬂ%’mmﬁfmmqm uarenaidiint £2 % Wellenadanshunm Susviaussnumsenaudusiaisdudaniadu

SvssI M ara NS NN

Abstract

This project to study and develops humidity control system in the recirculating air conditioning trainer. For testing to find coefficient
f performance (COP) at various relative humidity. At first this trainer measures humidity by bringing dry bulb and wet bulb plot in
sychrometrics chart. And it cans change relatives humidity by adjusting heaters for three levels. It makes limit to simulate air condition. We
ave an idea to study and design humidity control system that cans change for various relatives humidity. We use sensors to measure
slatives humidity before evaporator inlet. Sensors will send the data to microcontroller for processing. We can specify humidity into
rogram on computer. To control solenoid valve releases steam into system. When humidity is more than specific value. Microcontroller
ill order to close solenoid valve. But if less than will be opened. Until humidity in system close to setting value and stable in this condition.
nd then we will calculate COP at steady state. From experiment we have an error about +3%RH for maximum fan speed and +2%RH for
edium fan speed. Increasing of relative humidity will makes COP increase also. And COP when uses maximum fan speed is more than
edium fan speed.
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