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ABSTRACT

The air flow speed measurement system is developed employing the relationship between
the air flow speed and air pressure by mean of Bernoulli’s equation. The completed measurement
set includes a pressure sensor model MPXV5004G7U CASE 482B-03, supported circuit and
display unit. The system was applied to measure the air flow speed. During test, air flow is
directed to impinge on the pressure sensor causing the pressure difference and the sensor
consequently generates the electrical voltage. The faster of air flow causes the increment of
output voltage. The calibration between output voltage, pressure difference and air flow speed

was done and the output data is displayed on the display unit.



naanssulszme

LY

;o a 1 'Y - A g} 4 1| 9/ LY ;
Tasanuiidi59a2918a208 iasdrganueyaszininnaterhoatenudal

- o & 7
fiamrsa uazgnases Al Temalignldzsunilalumanshn
3 o

awazannngalulan

371, 95,39 TN RIS nu $rumio uazuuzimanau
- o o 4 ¥ ' 4y a
Foud Baszuanans uay asafoudlinusiomdeaumsidou
o w o a o
ININUT MyuAnAaI Tasunsu

' 4 o o
UsINA U 182 - woudouveia luTasneuInsanes
» ad a a o a a o
saulise Tovia A IdaulolumsfnundeWand

] []
9 o = A

T & a oJn A4l I Y YR &
ﬂ1UVIE‘JﬂN“lIE)‘1JE]1Jﬂm Wﬁﬂﬁj‘]ﬂ'ﬂﬂqllﬁmﬂ'ﬂ‘]Glﬂﬂ'JQEQQﬂ"J-]na PHAZANTINIIIN

a

14 ¥
Sl luenanit uagvi I Tanluiivagu

= é = = =
wwtoniia QLT TG

ANy Poudiong



CARRILAY

UnAageNIN1 N
UNAAIDNYIDINGY
AaAnsIuY LN
a151%y
M5UQYAITN
REAIL:Il
Ui 1y
=] =
1.1 Anuiluuvea InsauAey
ar 4
1.2 Ingiszaen
1.3 YDLIAUBINITIDY
¥ =)
1.4 YUADUYDINITIVLALIBMTANTUIIY
f:: 1 ar
1.5 UszTominaanegldsu
d' = o
UNA 2 NOURIATHANMS
2.1 naraasvaslua
2.2 ANUAU MU UAZANUD WU
2.3 anuauluveslva
d'. - [ o
2.4 19799103ANNAU
2.5 AUN13AIINADIIIDY (Equation of Continuity)
d =2 . .
2.6 qUN1IHVIYD (Benoulli’s Equation)
o d
2.7 M5 5TYNAANMIVONVTY]
2.7.1 mﬂsnug’% (Venturi meter)
2.7.2 uswnldilninseaiiv
o s s
2.8 Qﬂﬂ‘iiﬂﬂi’?’\]’)ﬂﬂ’ﬂﬂﬂu (Pressure sensor)
- r'd o ar
2.9 mailanmsadagunslasvianuay

@» ° 4 o o o oA s oA
2.10 nanmsiamvesgnitiasndannuausiiaile Tasawny

=

2.11 fudszansile lataninevonazdudssansdlo lasaindaiuung

o a La S 1A o
2.12 anuAunaz dullszansdle Tasaw iy ludduniy

2.13 2995ma lauSad

10
11
12
13

15
16



a3 Y (AD)

un#i 3 FBnmsAuiiums
3.1 MINADB
3.1.1 ATINATDUAIASINIAANUAN
3.1.2 MSNATOUNANNITUIASIINGS
3.2 MIIAABATISINS Inovesemsuseoud
3.3 msiFeureyaiasasu3ns Tnavesemmshiuga Tl Insaow Insoines
3.4 LA TUTAINSTRINYBIsZI IRBAT IS M3 Innvsasims
Ui 4 HANIINATE
4.1 HONINATBUAIATIVIANNVAU
4.2 womsiamdasudans Inavesoimauusosus
43 HomsiFoudeyaiasasudnt Tnavesemendiy
“qalulnsnoulnsames
unit 5 agUnansnAaBaRsdelTBLLE
5.1 agUwansmAneIdIns 9 innmAY
5.2 aqUrannATeUMANNISNASIINGS
5.3 aplwamsinsidasniins Inavesoimeuusooua
5.4 lgmimuazdaruenvs
(BNENTDOND

IMARUIN

18
18
18
21
23
24
25
27
27
37
39

40
40
41
41
41
42



AT 9N 2.1

A15197 4.1

A1519N 4.2

A1519 4.3

AT 1N 4.4

A1519N 4.5

A9 4.6

A1519N 4.7

A1519% 4.8

ATUYMTN

[]
=

HAAIA NUMLLL LB T LY TiaNguTYll 0 °C
LASAMUAY 1 UTTINIA

] [ YY) LY o o [ W
warnanaA1enIuAUR UL e MunveIdIns e Janudy
Py Y1 AmAAA 3 o &
WoldneRignlvinadurugudnan 1.5 1ia

] @ o o I's ar LY Y]
uerAIHAANANUAUALNS I TR Ie My nUBIRIAT 19 TR LAY
A V1 AdaAa 3 ] o &
e lyvs AN IVINATUAIUUENDE 2.5 T2

1 a  gs Y] '3 LY Qs o
uernarannuAuiuus i i uemiwnuesdansanianudy
A LT AdA aa } ) 1] o n"
e lgneRIFNNVIAdUATIUINA1 3.0 110
uanswan e NuAuiusau e viwnyesdinsieiannusy
A ¥ AdA aa 3 v o g
WalymoRITNUVIIAGUAIUEUENA1E 4.0 12

1 Y] s [] o ' 1
Lmmwnmammaunm’ﬁumuqummwmmﬁ%«%mﬂmqq
Auseau IWihouwn 105 v

] [V [] o [] a 1
LAAIHARANANUAUADIFUHIUEUINA1UBINBRITYUIAANA
fussau Wi Bunn 125 v

[] o o Y 1 o 1 A t
HARIHDANA NUAUAUITUAIUGUINIVBINDRITUUIAAIE
Muzeau IWhdumnm 145 v

w 1w o
llﬂﬂQWaﬂ'lﬁ'Jﬂﬂ']aﬂﬁ']ﬁ'JﬂTﬁvlﬁﬁ‘ﬂﬂ@ﬂ'lﬂ'lﬁﬂuiﬂﬂuﬁ

27

29

30

32

33

34

35

37



2an
=h.
ing
i

EaN
=h.
e
[\S]

=
=n.
e
w

€an

=
=0.
g
n

€an

=0.
g
th

2o

=
=h.
g
(=%

San

2un
=h.
N
“

eon
=h.
N
o0

ean
=h.
I
(=)

&an
=h.
N
=
(¥}

&
=n.
N
Dk
w

&ay
=i.
w

ean
=0
w
[g*]

[ ]
=n.
w
W

gan
=n.
'

woow

&an
=.
th

ean
=b.
w
=

CRRNT TSl

LAAININAY 1 3aA 1 9 Tuves Inadingails
LRI NUAUNMIBUTUTI§ATg T 19een
= d = =
ueilmeirialaiuila
o I'd
S TRE R G GRS IR IbI R LY |
waraams lnavesvod lva
uanans mavesves lualusanalaq
MATINTI

waaans lravssomausnailnesosiu

9
10

o @ o a o= = . .
(M gUnsaimsvdannudusiaillo 1933WNY (Piezoresistive Pressure Sensor) 11

r'd w s ad ..
() gUnsainsIvIanuAuLLLA1 15N (Capacitive Pressure Sensor)
'd as [ = o d
(n) grinsalasdviannuauriaielasadndvnagamanuuian
« a a s oA A4 A a a
(v) gunsainsnndannuausiadle laiaWndvnaganmiauuwisar
frmsveausafimnszynutaaidssnouda
(1)) HIIAIAINOTD () I
Anvazmsnadaduniuuy leosursy
[=) = 4
23953 TauUs AL
(1) AIM5293AFU MPXVS004G7U CASE 482B-03
(¥) 1T MTVAINTIVIANTINAU
@ nsmuaasn 111 (Sensitivity) ¥998295193AANUAY
A " ar 9 Y] 1 FY
wisathauuazddumuyfuala
1 Adda ¥ v ¢ Py
() NORITVNATURINGUINA 4.0 12
a o o ] t ] o a’
(1) MnsvianegmelureRiFuiaduruguinans 4.0 1
r o ‘H' | ot ] -r-r- ] Qy
ganaaesiipsniahaadinuneRIGvunaduruguinei 4.0 ih
VINTIUYT
[ -V V- | ] o -:y a1 @ ]
(M vofdzvmnaduruguina 2.0 indedudensanyuia
(W) pmdumivesdnsviafiognlunei3d

[V e 2
"Uu'lﬂlﬂuﬁ'luﬂ'HUﬂﬁ'N 20U

11
12
12
15

15
16
18
18
18
19
20
20
20
21
22
22



&un
=5a.
w
a

2an
=a.
w

€

=,
wot
o =™

2%
=h.
w
—

eun
=n.
w
-
—_

|l
=h.
w
%

L]

&an
=h.
w
=
w

2an
=b.
>
Rl

2aq
=h.

€an
=h.

€
=b.

&un
=n.

=h.

cant

€t
=h.

CARN T G))

(M) AIdundavedInsaviniiegniolunedis
Y o 4
YNAFUFUFUENTNS 2.0 17
YANADOININTIVIA LUVWIATIIUDS
] EA f
23NARsIMuluNaDa
¥
AnAIAIAI9 IR LUNAINITODUA
g Y o o o o
gagUnsaii 19indnswiims Inavesomavundnsoous
o
ga luTnsnou Insames
[T o A vV w o
szUPIABATITINS Inavssoimedeudeiuys lulnsnouInsames
[ @ o o
HAUATHLTAINITIIUYBITTULIABATUTINS 1MAYBI0IN A
@ w o 1 a =
nsmludaInuduRUisznI s sdu I duwm
o d a d
ORI UTINS IHAUDIBINFIDUS AL IMA UDYINN
' saada ¥ o &
YasNaNIFNIVAFURNIUFUINDIS 1.5 T2
o w o ) ar =
nsmuaaInUAYRNETZH N IR INHhBuYm
[ o a 4
o333 Inavesomauazussdu I ne iy
) daada ¢ o &
YoanBRITNTVIIAITURINUENAN 2.5 117
o w & ' o =
NI AR NUAURU Tz AU I H DU
o o o o
8ATUTINS IMavpIoINIALazus L IR e 1iYm
1 A A ¥ o P 4
ypanofITnvwIAdurINAUINA1e 3.0 19
@ @ o 1 s Py
nsmuaasnNuduRuTIzHNas s hauwn
o d Y '
8A939M3 Inavesenruazusadn T ue niny
| AmaAda 1 o &
yoaoRIFNNVIAEUNIUgUENTS 4.0 19
w o d ' [y o w
nsiuaasnnuAuRUTsn sy I ueminn dasuiamislna
' o \ dad 4 o -
YBIBIN AL YUIATUHIUEUONA199DRIT Nusaau IWHEunn 105 v
o o o ' o d o o
nsmugasnuFuRus Iz nwsdy IMHue i asusimisIna
9 ] o | dda A or o o
Yoo Meaz v IAEUEIUgUINa oA 3T Nuseau T dunn 125 v
w w d 1 o d o o
ns i NuFuRUTTE TN en I winm 6asu5ams Iva

) 1 o | cdaa = o =
maqmmﬁuammmﬂumuﬂuunmawaww wuﬁmuLMWmuvm 145V



J1UN 4.8
Jun 4.9

jin 4.10

CRENTGTRM (1)

@ w d ' o L4
nuaaInMuFuRUTIEn I en WA e viym
oo o 1
Auoas159ms Inavesoimatumuae ms

@ w d 1 @ 3/ o
nsMugasn Mudunusszn s san Wl uevinn

-] '
VN5 Iavesemaluniae km/hr

¥ o
wihveuaasweya lwlnsaou Insames

38

38

39



a
UNn 1

VNN

1.1 aasuihanaeslassnuiiay

ludlegiuiinisifindesdetasasidanis nalugaamns sunanoilszinn eriieu
Tugamunssunannoums aITe3 gaaATIUAITTY Qmﬁmmimﬁmﬁuﬁw Wl Tavh
WinsRaszyumsTasassims naie 19l ugaamnisuag 18etaazaanuazi
Uszansmngaga

v 9/ ar - = = Q o [y o a
AU F;l‘i)ﬂ‘Yl'lTﬂ5QQWNWIHHQQULLNQﬂﬂ1uﬂ1ﬁu'lﬂﬁﬂﬂ'ﬁ‘UBQﬂﬂ'i'lL'i'Jﬂ'l'iulﬂﬁ ‘lJiSﬂ‘Hj
A o ow d

Hugaiauniesiiefasasuims Inavesoima Tavarnsshld1dau1deie hwdems

I nunazlidszaninmnaae Tt

[ d
1.2 Ingulszean
A A o -] i as A @ o -]
1. iefnmguisanidans inafimnnsnlszgndlunisimuuniesiagaiuiansg
Tnavesormnled
2. ez vuindamslumsoenuuuszun i ldan1die 1fesaaslilssansnmna
A [T Y] A d Yw a '
3. ielioudanvazauntlussuuuaziindinsemilym
4 a a 4 - a 4 -~
4. ovmuwaziunsoaliondszav] Tlldaulass
5. e Idnn Tassauiimy ldszgnd 19 umsihanluouina
1.3 YBUIVAUBINIT I
a’ I3 A o LYY o [
1. luTpssnmiiszyhnsdnymguiifeafudasuianis na 1ay1d Pressure Sensor
d LY al Y A A ° T W o 1
dudnsaeinnnudu ioheziir llgasiadasusims mavesenmisae 1

2. dmguiadnu ldszdudidhuniesiadasuiims Inaveseninldeds

1.4 VUADUVYDINTIIIVHLDL IBNITA U U
3 = o [y o o o s/

1. fnsundmauuazndnmsuesdasusims maninedes

[ 9 A A o w =1 [ - ° [

2. AnwuazAundunsoaile Iadnsnsans Inameg ez 1y

o v o o W =
3. AnwmduadmsanlFlumsiasasusinms lvavesoime



4 o e -]
4. E]E]ﬂll‘l]'Ul.l'ﬂ:ﬁ%"Nlﬂ%E]Qﬁﬂ')ﬂﬂﬂ'ﬂﬁ'ﬂﬂ_ﬁvlﬁﬁ“ll'ﬂﬁﬂ_lﬂ']ﬁ

5. agUHaNINAaBa

P [ Y]
1.5 dszloyunmanez 185y
3o g b o [ ] o o s <
1. ) ﬂﬂUﬂfl']H'l“U'éJ'i;!ﬁ 'YTﬁ'I‘lJﬁ'ﬁﬂﬂ'lﬁﬂN"]Ll.ﬂZ'.ll,ﬂﬁ'l:ﬂNﬂﬂﬂi'llﬁ')ﬂ'lﬁllﬂﬂ
3 £l = | Y A W o d - ° ¥
2. fT'Ill'I'J'ﬂﬁ‘i'Nl.ﬂ‘ii‘NiJE]L!ﬁSWﬁNu‘llﬂ'iﬂ\i'mﬂﬂ‘i'lli'lﬂ'ﬁ"lﬁﬂ"U‘ENE]'Iﬂ'Iﬂ LW?]H'IlJﬂ‘UQ'IH
3 o
1A93q
3 o o 1A Y 1 A o
3. 3snmsvhnuedudiszuuazamnsoudlalyn Idedlindnnsuazimawa

4. wsmhnnuifldnn Tasaaufien lildszyad 19 lumsshanluewina



UNT 2

NQUHUATHANNIS

2.1 nasmanivedlva

-~ o A ~ @ 1 = t v
ﬂlﬂ\'ivl'ﬂﬁ e ﬂ155'Jllﬂ'lﬂﬂqjll!af!ﬁﬂllﬂ']ﬁlﬁﬂﬁﬂ'lllﬂﬂqnuﬁ:NLL?Qﬂﬂuiz'ﬁT]\Tilllaflﬂ
3 a - ] [Y g Y ' o A 1
ﬂ'JUﬂulH58531’1'JTQT’JLﬁfJﬁﬂ'UWHN'Jﬂ'ITUg‘Uiﬁ? IFUHADIUHDULIDSNIY ﬂ'lﬁﬁﬂ']el'l‘ilaqvlﬂaﬂﬂg

A A ' a 4 . . - Aa & A a ] o
TN ﬁﬂﬂﬁ‘lﬁﬂﬁmaQﬂaq‘lHa (Fluid statics) MITANYINUNITIADDUN LTUNTIT NOFIETAS

193904 11 (Fluid dynamics)

2.2 ANUHHIMHHUAZANND NI

[} o ' A 1) ar
ANUNUIMUUY BQ’JGI‘Q‘H&I'IUﬁQ H?ﬁﬂﬂﬂﬂﬂﬂﬂ?ﬂﬂ?ﬂ'lﬂﬂ]ﬂﬁ’mq

p=2
14 2.1)

AMUARTUNITVBIAGUNILET BATIEIUIININANUHLLUYEsTRg £ doanu

1 %’ p
HUMHUYDIUT ™

p,=-"—
P 2.2)



M15190 2.1 UAAINNUMUUHUVBITIT LT HANQUUQI 0 °C HRZAINAY 1 VITHIMA

b AU UL s AMUHUILUY
(kg/m’) - (kg/m’)
V84U YPUNA?

N4 19.3 X 10’ son 13.6 X 10°
Az 11.3 X 10° vmeia 1.024 X 10°
man 7.8 X 10° 1h 4°0) 1.000 X 10’

pzgiiloy 27X 10’ iofindanosed 0.79 X 10°

i 2.4-28 X 10° shshunud 0.68 X 10’

ABUNIA 23X 10° una
v 0.917 X 10° 8117t 1.21

s 0.3-09 X 10’ EGEH 0.179

Tvly 0.10 X 10’ miveu'lagensa 1.98

2.3 anueuluvedlva

Ql \ 3 A LY 1 T o @ j { 5
AL o 9aa 9 Tuves nafingaiis mldnindanaiussninussausunuieg

¥
RINAVLUIIAUUY

2.3
py 2.3)

o ] o) o e
aMuAUDUIuEY S uANaT vSethania ( IN/m’= 1 Pa)




dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



H o ] :, T [ Y 4
9IngUR 2.5 dutlums Imasdreaaiuaue Tusawim 4r oy wiavesveslvaf

v 4 4 ' < & A oA
Tnadiiud A, sgiinuuiavesveslvah lvaseninivui A, nande
pAvAt = pA,v,At

Ay =4,

Av = constant
AUMIN (2.8) Fon auNIsANUABIIBY (Equation of continuity)

[ ]
2.6 TUNIUVIYD

(2.8)

#nsanms Inandeunnngah 1 Tudsgad 2 Tugaanar Jrvivu Wunasveslva

4 4 i v A ar o
findeunaingah 1 Tdagah 2 Hauminu

As,
e
Asl 1
>
A] i——> V] v,
:
)

31 2.6 uamams Inavesves naluwasam A
Volume = A,4s, = 4,45,
a & a A
Nugnudves nahinsan fe

Work = p AAs, - p, A, As, =(p,— p)V

glo  As fo szeziued Ivamdouin tdlugana Ar

2.9)

(2.10)



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



13

[Y) a d LY (¥ A A o = =
2.10 vanmynuvesednssnsiaaanuiusiiaileles3 svind
msiasuannuaumuisoda lddremsianamuniuns el la53viy awmsy
N . e . = [J 1 9 1 o o ¥ : o
INY (piezoresistive strain guage) 1 719VUAMNUIATUDULRY IaBzudsy TaoRdaduniuilv
NSRS Ieganay uazldsunseanuuulninissiua1eenuIN1a99s Wy Snalau

U3ng (Wheatstone Bridge)

v v
~ & =]

A A Y] o o - Y A

Welanuamdm ludigunsalirn lnesurdsuazlinis Inedunfoufivurieas e
] " a o 1 ~ - = o 9 9 = =] ] g 9
vavenNBusIuInsemee lasaWideei ivanwmawd sy Savhidaauduniu

= [ g = o a4 14 w o o [
wasuuasmu laéde aaiunmsuleunlasnnuduvosile ol aWiddunusnuus ey
t a LY 3 @ o a £ = =t R - .

(P-P,) nANMALIa szl siuuasanudul seansilo Ta3 3w (piezoresistive coefficient

o i - v w &
: T0) vouTaguaku lnezunsy TaolinruduWusauaunis (2.16)

v

out

oC AR oCx(P-P) (2.16)

’ [
= LX) = a2 o

2.11 Fulszansilolasdnnvaum maz dudssansitlolasadndmnuna
L4 =

4 = 0w (.Y [ 3 @ = -3 [
dediusalanuinsziinudaquinihiiiaguuiianuduiaiu wodauInii

(E) ssinnudunusnuanuvuiunszud @) uasanudy (o) faaunisi (2.17)
E=p/+no (2.17)

- l 3
e p fle amwarudunu
@ a £a A 14 s
x e dulszdnsileTamaWAlmues
o o’ d‘ = 13 = 4 = d'
dmdyaui I ins v iudamialag lulaswdn Wennisannnaunish (2.17)
»
szmansn@eu 1daadl

E=pJtm p,J,0, (2.18)

A A ¥ £y
uo P Ao TATHAITUATUNTUITUAY

=]

T, Ao dulseansidlelaTdwininen (longitudinal piezoresitive

coefTicient)



14

= s

L4 ) w o td
vinngueslany guldfezlianuduiuiduaninariuduniunasainu

VUIUUNSSUAAIAUNITA (2.19)

E=oJ (2.19)

Weunuaaun1sh (2.18) aaluaumsy (2.19) 92181

Py = pod, + 70010 (2.20)
139
Py = Py T P00, (2.21)
L e (2.22)
Py
%— =7,0, (2.23)
Po

[] o o A o 4 & o a £a A o
Muoudunuilefmuald 7, Ao duilszansDolaTawndawens (ransverse

. . . v ¥ a = ul R
piezoresistive coefficient) ASUUNINANNITN (2.18) D4 (2.23) 92 laMN

A
2P _ T,0 (2.24)

Po

d‘ 1 g Y =) 4’:!
INAUNITH 223) uag  (2.24) nunnaduilszanitlolasanidaiveruaz

o/ a La A A né’d’d o o o ¥ o YV a 95

ﬁiJﬂiSﬂVlﬁLﬂUI“ﬁﬁ‘]f'ﬂYl‘r‘lﬂ'lllil’)'l\i Lﬂﬂ‘l]l.!!.llﬂlluﬁﬁlﬂﬂizﬂWﬂU’Jﬁﬁ]ua’J‘ﬂ'11Tﬂ.ﬂﬂﬂ'ﬂil!.ﬂu‘vu
a w o W = 9 a & 3

IﬂU’chl‘W‘N'ﬁﬂ?J'ﬂﬂ‘i'IL'?IJ'ﬂU‘LILL‘l]ﬁ\WﬂQﬁﬂ']Wﬂ’J'IiJGI1H7HN1H’JfTﬂ WQﬂNBUﬂ‘U'ﬂﬁ'ﬂNﬂJBQLlN )

u

q
t:i ] o = d’d 5 d’ o P
'Vl'l.l'lﬂ'l'S'Vl'lIﬂUﬁll'lJ‘iS 'Vlﬁl“lJUT“]f'i“]I'Vdﬂ‘lJﬂ’liJU'l')Hﬁlzlﬂﬂ‘ﬂuLUBULLSQM'Iﬂ'iJY’I'Iﬂ‘U')ﬂﬂ Aas1

9
o

=n.

. a Lo
2.11(n) auFudseansi) HolatanflamynsssRaiioiusmuvaiannseyitusas anazy

]
=

N 2.11(%v)



15

-

F CoE
I vV — < -y -

F

)] Q1))

o = o 0w o P ¥ =] ]
s 21 AANIUBAUTINUINTEMAUTAR U TENBVAIL(N) UTIAIATNETI (V) UTIPIMNYIN

[
2.12 anndunaz fndssansielaiarnfludidiemy
1 ¥ r v
mafvunlasmanudumun 4 douleezursugidmasuiaiaesdsznouly
¥
Fumamuniuuiviuvey laszudsn 267 R, R, uazdamumuluunininin 2 47 R,
. d 4 d : " 7 2 2
R, swaaaluzdd 2.12 dansdeudasdinnudmununslunsuesnnaminvus
1Y o o a =] w o f ¥ o a 3 ar a da oa

Tarwautulaezunsnilvziianuduiuitunnudunfeyu nagdudseanstula5am

i Aaerunish (2.25)

>

Ry

Ui 2.12 dwaiznsnedad o laezudsy



16

AR
— |= 7m0, + 7m0 (2.25)
R
4 AR ] s 1 = 1 b4
1o = fe  danaanvsInsuasuulasmanudiumu
7, fo  duilssandidlelasavhidaiue
4
7, Ao dudssinsidlysadnlainyns
=] ¥

o, Ap  ATAUA LY
o Ao anuAuMLYNg

= = d

2.13 295Inalanu3ag
=) L . . . ° o o = o o
1995 TAUUTAT (Wheatstone Bridge circuit) 9zgmimldilunsua@iyes Ja

o =S

amduie 19 umsud saronauiu ldgdyaaus st Tz Iannsonsuis
Pnunuduindoulasly Tasfiosan idnndmans s Wi fiiatu seesinals
uiitnasiamaswiueesiiszneudredadiumu 4 Maesudugudagdi 2.13 Faile
ansyiategluaasaugaussduMiueiyn v, ezfinunidu o Toad uazezild

BRI IAIMANUTIUNIY AITUNITA (2.26)

R _& (2.26)
R, R,

+0

i<

0|

7Uf 2.13 295 Tauriad



hulnmomyanon nissauinfimanaziiy 17

A & a da sl s X a o '
deanumumulursssuiasifiantsulfountaauiviiunieanas 19ssuiadezeyly
) -3 =\ o) ) 5 4 o s c;
an1e laugaki ififausduanasouomn v, Ju dsannsofmuium v, lddsaumsi

(2.27)

Vo=V o (2.27)
R

81585



18

UNN 3

FENITAUTUMS

3.1 MINAand
3.1.1 MINATBUAINTIDIAANINAY
o o or 1 o ={ 1 Y o d‘ ] ar q'.
NATOUAINTINIANINAY TAorD3e5A3UN 3.1 uazaediiumsoahanagilng.2
d‘ [ (%) Qs [] J ::d 9 ] 4
mammmauiugﬂmmuﬁﬂu"lv‘l% FIUNBNNVATUHINEUEINE13 1.5 2.5 3.04Az 4.0

s
I

U1

+5V

T OUTPUT
. Vout

J. l ’ e N
10 “FI 0.0 ;LFI GND A109F

()
50
| TRANSFER FURCTION:
Vo = VS (0.2°P) + 0.2+ 2.5% Vigg
40 [ Vg=50V+E25Vde
~ | TEMP=10t0860°C
= AN
% 30 Typical
Kax \;1,
20 "
10
2P 4 kPa
200 mm 4,0 500 mm H,0

() .
3 3.1 (7) Am3avdagu MPXV5004G7U CASE 482B-03
(¥) WIITHMTUAMITITAANUAY

() n3MLeRIn Y 12 (Sensitivity) V03RRIV IAANUAY



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



26

nanugRIzAUREINUMIA pgy, uaz pgy, dawmdu ldaumsiisdues 1dh
1, 1,
Pl+§,ovl =Pz+§pv2 3.1

1 [
= ]

@ [~ o3 o 1 a v ow
Tauhigad 2 9zfidns15ams Inadlugud il Epvf tawnnugudne a4

1
}’1+§PV12=P2
~pv =P -A

1,

1 14
1InaunIsh (3.2) wnudl AP 1 ldnindesivia Mildaunseniary, 18 91n

qunNIe

v, = |— (3.3)

¥
Taglunisnaaseil 1A lFmanuruiui (o) vesematauiifiy 1.2 (kg/m)



27

L

UNN 4

Han13INaod

4.1 HAMINATOUAINTIVIANNIUAH

Y o

NANSNATOUAINTIYIAANUAN Nakhiuassuthay inedanaaannuaulugy

ar 9k « | AAAAA 9 v L4 ay .e‘l
yoaus s I o mnn voaeWITNRVIAEUAINAUINANN 1.5 2.5 3.0 uaz 4.0 W ifle

v ay 4 K
USulhasasnhauussu (v,)

4 r @ o as 4 ar 9 Y 4 ] Asa
M15190 4.1 LansnaneaNuANAULs L T oy vasdamsstannuauile 1dve A%

da Yyt '3 ey
W:Jﬂlu‘]ﬂlﬂuﬂﬂluﬂuﬂﬂaﬂlq 1.51U7

¥o 1.5 112
V. WV [V, AP®Pa) | v(s) | v (km/hr)
65.00 1.07 68.00 10.65 38.32
75.00 1.09 90.00 12.25 44.09
85.00 1.12 117.00 | 13.96 50.27
95.00 1.15 146.00 | 15.60 56.16
105.00 1.17 173.00 | 1698 61.13
115.00 1.19 193.00 | 17.94 64.57
125.00 1.21 212.00 | 18.80 67.67
135.00 1.25 248.00 20.33 73.19
145.00 1.27 27100 | 21.25 76.51
155.00 1.30 30000 | 2236 80.50




28

1.35 ; g T T | ' T T T T 24
- 22
130 - . O
A
0 — 20
1.25 A O
| A - 18
< A o
2 1.20
3 a m - 16
> ] n
1.15 A u] - 14
- D r
A _ 12
1.10 A _ b Vout(V)
] A A v {m/s)
o ~- 10
1.05 T T | T T T T T T T
60 80 100 120 140 160
Vin (V)
517 4.1 nsmiuansnNuFuRuT sz aus iy I Buwn sas15ams Inavessinmiaz

An A 3

[ o 1A -
usaﬂu"lw%’hmmwm YBINDWIBNUUYUIAL

1

. 2
UHINENENE19 1.5 17

]
Ly

3

- P (=) 1 o g a &
21n3UN 4.1 uaz 715199 4.1 NeRITNRVWIAdUAIUgUINaIuAnNgARS 1.5 19

9 v ar 9| o 1 Qs s < E
"l]&’"lﬂ ﬂ‘ll!iﬁﬂuulﬂﬂ'ua'lﬂwﬂ HARNANUAU Llagaﬁi‘lﬁﬁﬂ‘liqﬂﬂﬂlﬂﬁE)‘Iﬂ'lﬁﬂJ‘lﬂ“ﬂi:fﬂ LHagl

o a 4 VoW ) o
auunsiau T duwn snnsuaaaldimuidsdsdeduiinnuduius

AMMLUITUTY

o

@

ITIRILISIE,

¥
Y

HU

Wi

Y

(syw) A



29

:; ] ar o LY ¢ Y ) @ A 3 s
AT NN 4.2 lLﬁﬂ\iWﬁﬂTQﬂjT’JﬂUﬂUlli\?ﬂuvlﬁﬂ'uﬂ']ﬂﬂﬂ ‘Uﬂ\iﬂjﬂijﬂjﬂﬂﬁ']ﬂﬂULNBCLGD'T]BW'J“B

] ¥
Pllumadusuguinai 2.5 1

' &
no 2.5 Ul
VoW VWD AP®a) | v(s) | v(km/h)
65.00 1.06 55.00 8.57 3447
75.00 1.07 71.00 10.88 39.16
85.00 1.10 95.00 12.58 45.30
65.00 1.11 113.00 13.72 49.40
105.00 1.13 125.00 14.66 52.79
115.00 1.15 152.00 1592 57.30
125.00 1.17 173.00 16.98 61.13
135.00 1.19 188.00 17.70 63.72
145.00 1.21 206.00 18.53 66.71
155.00 1.24 237.00 19.87 71.55
1.26 T T T T T T T 4
1.24 - 'Y - 20
1.22 A
] a - 18
1.20
] A a
118 1 PO - 16
S 118 1 A <
E 1.14 A - 14 %
1.12 a
4 a ~ 12
1.10 o
1 A
1.08
- 10
1 a 0 ©  Vout{V)
1.06 1 o s v(mis)
1.04 T ] 1 1 T M 1 8
. 60 80 100 120 140 160
Vin (V)

4 o ' Y = [y -]
51 4.2 nsluaasnnuduiusszndas WU Wi uwn dasuiams Inavssenistiag

U

" [y I's ! daada ' o 2
LLﬁQﬂuule1101ﬂwﬂ ﬂl@ﬁﬂ@ﬂ‘)cﬁﬂuﬂm‘!ﬂ!ﬁumug{uUﬂﬁN 2.5 U7



30

g 4.2 uaz M13197 4.2 VeRIERIvInAd U gUinas 2.5 T duez1d i
usaduIWieninn nadsanudu uaz sassams navesenie JeonveRIBnivng
durugudnma 1.5 61 ms1eierfu Tidusugudnaiifivualugini aundnues
aumsnmRaiiies uaznsiamuduit sty sfus G ady
3197 4.3 usasHadnNNsutuLs Iy IWiie iy vesdansaefannuaudieliveia

s 1 o g
ftlunaduriugudnaia 3.0 47

€

19 3.0 47
VoW [V D1 AP (®Pa) | viws) | v (kavhr)
6500 | 1.0 51.00 | 922 | 3319
7500 | 1.06 6200 | 1017 | 36.60
85.00 | 1.08 83.00 | 1176 | 42.34
9500 | 1.10 95.00 | 1258 | 45.30
105.00 | 111 11000 | 13.54 | 48.74
11500 | 132 | 12200 | 1426 | 5133
12500 | 114 | 14100 | 1533 | s5.19
13500 | 115 14900 | 1576 | 56.73
14500 | 117 | 16800 | 1673 | 60.24
15500 | 119 | 193.00 | 1794 | 6457




V out (V)

t—‘.; o
31U 4.3 nausrasnnudy

31

1§ T 1 ) 1

1.20 +

4 A - 18
1.18 4 i

] #
1.16 a - 16

i A ]
1.14 [u]

: 4 L 14
1.12 ,§

- a (w] ;UT’
1.10 0 10
1.08 4 u}

) A
1.06 a] - 10

1 o Vout({V)
1.04 4 vy (m/s)

T T T 4 T ' i ' I 8
60 80 100 120 140 160
Vin {V)
Y ' 1Y) P & o 51
wuﬁizmmmﬂu"lﬂvhauvm amm:;m‘s"lﬂammmmmmx

a ¥ s | adada Y r o+ £
usaau I e iy vesvieRaanlvinadurIuguina 19 3.0 12

At oA ¥

i i ’ ' C4 & ¥ '
910319 4.3 uaz m13190 4.3 VeRIFNHvwAaduRIUgUENa19 3.0 12 Uue 14 i

o ) s ' o o d o Il amada
Llﬂﬂu"lﬂﬂniﬂﬂwﬂ HAATNAITUAU meﬁlﬂ‘in‘i’sﬂﬁl’lﬁaﬂjENmmﬁ ATNITNONITNUVU A

T 2 v o 4 1 1 o
@uriuguinais 1.5 uaz 2.5 92 mselidudugudnatsifvuiainanii awvdnues

' 4 v o ar =
ﬂumsmmmmﬁm uaxﬂﬂﬂﬁmmanwumuuuﬂiNummmwmﬁ’u



32

4’ 1 @ W Y] Y IS s (Y] [ ﬂ' 3 1 A
M3197 4.4 paaaraan NuauAULs U Wi e minm vesdasedaanuduilie l9nen

s 1 4 .«.—?
PlvudurIugUINa1 4.0 117

' 2
N9 4.0 U2
V. V|V V| AP (Pa) | v (m/s) | v (km/hr)
65.00 1.05 46.00 8.76 31.52
75.00 1.06 58.00 9.83 35.39
85.00 1.07 68.00 | 10.65 38.32
95.00 1.07 71.00 | 10.88 39.16
105.00 1.08 75.00 | 11.18 40.25
115.00 1.09 93.00 12.45 44 82
125.00 1.10 100.00 | 12.91 46.48
135.00 1.11 105.00 | 13.23 47.62
145.00 1.13 125.00 | 14.43 51.96
155.00 1.13 127.00 | 14.55 52.38
T 1 1 T 1 16
1.14 4
X
1.12 4 -4
. &
g 1.10 A a | <
3 : 5
> A o
1.08 A O
A
R ] [w} L 10
1061 7 5V out (V)
a A v (m/s)
1.04 T T T T T T 8
60 80 100 120 140 160
Vin (V)

i @ @ o 1 ar
51 4.4 psvluanannuduiusszrnhausaiu Wi

=

(Y]

o

[ By s 1 Ao S 5t ] o &
us 9o I oMW Yoo NITATVIIATUAIUAUINDIS 4.0 U

UNN DRI us'gms"lwammmmmm:



33

= a ' adeeAa 3 1 o E a
iﬂﬂg‘ﬂ"n 4.4 HRTA1I NN 4.4 T]E)W’J“]I‘Vlilsuummumuﬂuﬂﬂiﬂﬂ 4.0 WY HUBIZUA

[ 3/, J v @ o o o =t ' aalda
llﬁﬂﬂu.lﬂ‘ﬂ'l!'ﬂTﬂ'V!‘ﬂ HAANNAITUAU LBS ﬂﬂﬁ1L5'Jﬂ15vl'ﬂﬁ’1l'0\1'fﬂﬂ1ﬁﬁ1‘ﬂq¢l IATIENDNITU

]
L

v o Y 1 4 = o w
vwaduiiuguinatsingiige aundnvssrunisanusaiiswazasviinamdunug

S 1L R T G Rk

a a a = =1 L [
100157199 4.1 T3m15199 4.4 uazgili 4.1 DagUd 4.4, szwin1lddan vinadunu

Y

o ' v ow & ' @ -]

¥ g o o o 1
quinarsvesvsduualsdudrdddmilsiiinoaednsuiinis lnovesermeanaz

o

@ 1 A = o A o Y a o [
AuANYeeInIAn e luve wSalswilumsuazns W Allausedu I Bunnai 3 a1

1 } 4
Youlvdruwes ooy laqadl

o ) o @ Y 4 VoA ' o @ 3
MF1aN 4.5 “ﬂﬂqwﬂﬂ']\jﬂ'ni]ﬂuﬂﬂ!ﬁuN’]uﬂ’uﬂﬂﬂ1\3%]@\17]8“')‘]5””1?19”\1"] ‘vm:i\ﬂﬂullﬂﬂ1

BUNN 105 V

A% = 105V
iduriuguena1svesie (inch) Vo, VIAP (Pa)ly (m/s)|y (kmvhr)
1.50 1.17 | 173.00]116.98 | 61.13
2.50 1.13 1129.00]14.66| 52.79
3.00 1.11 | 110.00 ]| 13.54| 48.74
4.00 1.08 | 75.00 {11.18 | 40.25
Vin =105V
1.18 r . . 18
1.16 "
18
1.14 o
> " Lo S
3 1.12 - %
S &
1.10 - 12
o Vout(V)
* v {mi/s) *
.08 + - o
T T T 10
1 2 3 4 5
D (inch)

1 v o d J o o @ -]
510 4.5 nsluaasanuduRU T sz s n IWHhemum 8as15ims Tnavesenme uag

G4
]

3 ’ ) o [ = o b =
yiadurugUEnn1aoRId Museau Iii18unwn 105 v



34

i 1 o [ [ o (- Y-P-1 v A LY
A1519 4,6 LAAINAAIANUAUADFUAIUgUINa NYDINERIBYUIAAI Nuseau TWih

BUNN 125 V

vV, =125V
Wurhuguinatsvesne (inch) Vo, (VAP (Pa)|v (mv/s)|v (kemvhr)
1.50 121 | 212.00 | 18.80 | 67.67
2.50 1.17 | 173.00 | 1698 | 61.13
3.00 1.14 | 141.00 | 1533 | 55.19
4.00 1.10 | 100.00 | 12.91 | 46.48
Vin=125V
1.22 : : : : : : 20
a
1.20 *
18
1.18 -
®
S 1161 <
:>_7 -16 <
3 * )
> 1.14 S D ~—
1124 - 14
= Vout (V) .
1.10 - * v (m/s) o
T i T 12
1 2 3 4 5
D (inch)

a o o ) o Y ¢ o d
31."“ 4.6 ﬂi'W\'LLﬁﬂdﬂ'JTJJﬁiJW‘LIﬁ‘iEH'JNLLNﬂHVMThL'EJ'IﬂV!‘ﬂ ﬂﬂ'i'll‘i'JﬂTiblﬁﬁﬂJ’ﬂQ@WﬂWﬁ g

LR o toade o @ Y a
VAT UATURUENA19ORIF Nusadn TWihBuyn 105 v



35

1 J LY. v o 1 SAaa 1 = a
MINR 4.7 HAAINAATIATINAUAUFURIUGUENA 1B IBRITVIAA1 Ausaau T

BUWN 145 V

V., =145V
duruguina1aveanie (inch) |V, (V)| AP (Pa) |v (m/s) | v (km/hr)
1.50 127 | 271.00 | 2125 | 76.51
2.50 121 | 206.00 | 18.53 | 66.71
3.00 1.17 | 168.00 | 1673 | 60.24
4.00 113 | 125.00 | 14.43 | 51.96
Vin=145V
. - . : . - 2
128 -
*
: Q
1.26 -
_ 20
124 -
122 *
< 1 o - 18
<
S <
g 1 * a
S 18- D)
1 n] - 16
116 -
1144 [ = Vout (V) .
. C - 14
*
112 - v (m/s)
— T y T y T T
1 2 3 4 5
D (inch)

H w w o ' o 9/ o o d
514 4.7 nsluamsanmduiussznhaus sy Tihiewinn sasusoms lvavesonia uas

9} 1 o | oAaes A [ Y a
VAT HFIUGUINATINDNIY ﬂllidﬂuklﬂﬂ'lﬁ)u’v!’ﬂ 105V



36

ot ) a o < - v d v w '
1INAIT1EN 4.5 Da13190 4.7 waz 39 4.5 DagUR 4.7 uaaeddirueisdanun
[ v o J -?a P= ] a kY o o ]
VadurIuguinanesouuiinade usaau Ao mMwnnazsasusns Tnaveseinis
] - o w o ] L4 P oA w '
amvluvie Taslinnwduius fie Svwaduiugudnarsresviolinig useau Tifuewiny
as o a1 :: 1 1 o = ::
1az851159n15 Inavesornimezinia uad1vuimduriuguinalsvaavialifn e

ar 9 s ar o = 1
usanu IWeinmuazens1u5Ims InavsseimaszNaig

Bnwamsnageunannsinasiaugs sedunaldnmilfnanisiinsemiivld
aumdnnsveanasugiese Aediesnsuians Inadisrgs manuduazd uagiisasiia
ms lnafisd snnuduizgs viservnan ldhanudunlsundususasuiinms lna
shues Fashulamanns® 2.13) uaiemndeyaluaissthadumanudih duanly

3 o w & 0 d ¥ - 2 Y v e o
Eﬂﬂlaqp{aﬂ1\3ﬂj1”ﬂu ﬂquuﬂ']'ﬂhlﬂﬂﬂﬂu'] ‘D\iﬂL'Hll’f)u!klhNuﬂ’luﬂuaﬂiﬁuﬁ')n’l'jqﬂa



4.2 HAMIIAMIDAIUSINS IHAVIDINAVUIDBUG

37

4 o o r YY) w ar a ar a
Walionaniisns 15013 nar1udidias1aTan1udu §2a319 38083718970

' o z‘l [ I Lo
Aunazsuanimeoanutluglueasau ifie iy vimiwhnsulassinnusadu i

o o ] LY 3/ g a Y e !
iy I umasiinnuauldannsuaasnnulvesdansanta udahnsulasaien

1 o o) o d v Y [
Nﬁﬂ']\iﬂ’:l"lllﬂuul‘l]l‘l]"u'EJSFI'S1!53ﬂ151ﬁﬁﬂ]@401ﬂ’1ﬁ11«!ﬁu’30 m/s A% km/hr  9INUUNING

=1 LY o s A ) & :Y o X
lﬁUUL“UUﬂﬂﬂﬂﬁuﬁ’Jﬂ'ﬂ\‘lﬁﬂﬂu@ HWOAAILADINIADD Y ﬁ]iﬂﬂﬂﬁﬂﬁ'ﬂﬂﬁmﬂw

3 @ 1w d 4
ﬂ1'§]\3ﬁ 4.8 llﬂﬂ\?ﬂaﬂ'ﬁjﬂﬂ’]ﬂﬂﬁ’]ﬁ?ﬂ'ﬁvlﬁﬁql'f.]qa‘lﬂ'lﬁﬂuﬁﬂﬂuﬁ

SERATER ST T
- Ap v v VOL500UA | vosInoud | AnuAmAndew
V) (Pa) (nvs) | (km/hr) (nvs) (km/hr) (%)
1.17 170.00 15.06 54.20 11.11 40.00 35.50
1.19 190.00 15.92 57.30 13.89 50.00 14.60
1.23 230.00 17.51 63.04 16.67 60.00 5.07
1.28 280.00 19.32 69.56 19.44 70.00 0.63
1.43 430.00 23.94 86.20 22.22 80.00 7.75
1.53 530.00 26.58 95.70 25.00 90.00 6.33
1.55 550.00 27.08 97.49 27.78 100.00 2.51
1.51 510.00 26.08 93.88 30.56 110.00 14.66
1.56 560.00 2733 98.37 3333 120.00 18.02




38

30
A |
25 - ®
A
®
3
20
< * . .
A #N357979
A
®
A
15 ® N1INATDI
10
1.1 1.2 L3 yout 4 1.5 1.6

4 o a 1 Y 4 o a
51 4.8 nsluaasanuduiutsznnussiu e viunsudasuimnis navesermealu

a9

WU m/s
100
A
90 ®
A
80
—~
E 70 4
\; o ar
A A 77937974
- 60 L
A
® 115NABDY
50 ®
40

1 @ w o 1 o 4 o =1
51 49 nsluammuduiuEsEn s sy e miyniugasiinms navesemealy

Y178 km/hr



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



40

=
Unns

arlnamInaasaaz vorauauuz

X g A s o [T o o
Tnunilumsagduanismaass ihmswauiszuuiadasusins Inavesomed

J a o o o ¢ A )
UszgnAanndInsaviaaudy Tasldmannisuazaunsveswniydidunge ssuuezgn

] 4
AILAN MuIsuazuaaInadioya lulnsnouInsames

5.1 agUNaMINATBUAINTIVIAATINGY
as as a :;I ¥ ow d.l " A [
NNNaMINAgUMATWIanNNAUNAa A UATBhay thodanuaulugiues

ar 'V dadda 1 o < 2
LL‘Nﬂﬂ"l“v‘vlﬂ‘lLB'lﬁ‘V!ﬂ "'UEN'VIE]W’J‘]iﬂll‘l]u1ﬂlﬁuﬂ1u§mﬂﬂﬁﬂ 1.5 2.5 3.0u82 4.0 UIUU 9%

]
A aA

1w g a o " Ao 1
WU18A 3159073 Inavesernanusaau Iy veaneiFAlivuiaduny

]

d =

o & ] a " a a
AUENNY 1.5 1anzlifinuinfiga gegeie 22.36 nsaoduiuaz 1.30 Taan Iuvaziinaves
o

o o o o 9 4 1 AnAAA 9 ]
ammamﬁ"lﬁavmmmﬁﬂuuseﬂu"Mﬂ'lmmvm VINDWIANNVUIATURIUGUINDN 4.0
& a
HIATUA
r ¥ &
MU Y

a & T o | - 1 a =1
Moshga Heilf18As 151015 Inagagaiios 14.55 wasasdui uay 1.13 Tav

o i ] 4 <
atu llmuaunisn (2.8) vSeaumsanuaales uAe

Av = constant

& = ; A ¥ o ' 2
19 A A9 WUNHUIAAUDIND (m')

L) [~}
y D OATUTINS WA (m/s)

4 Y1 dd 4 9 oo w Y d At 1 a
I.‘Wﬂ:il:uuﬂ1n15ﬂﬂ§ﬂ1ﬂ’nﬂ‘wu'ﬂﬁuW‘Iﬂuﬂﬂ aﬂs']l'j')ﬂ']i.lﬁﬂ5]3Nﬂ'mJ']ﬂ TIUN

LY 1Y

4 Iy [y o a1 - 1 [V ) o @ o
HUHNHUUIOANIN E)G]S'ILS’Dﬂ'I‘iLIHﬁi)SZJﬂ'IHE]U Hﬁf]'il'ﬁ]ﬂ'ﬁ'l')llﬂ’ﬂﬂﬂi']Li’.]ﬂ'lﬁvlﬁﬂllﬂﬁWﬂNuﬂ‘U

3
HUA

=he =Dy
=h.

U



41

5.2 aglHamsnaaeUHANMITINATIINGS
» 4 ]
NINWANMINATIUAINNTNMININTINGT TnemsnaRuiniidafives inaluaru

' Adada ' 3 < g Y dAdada 1 &
vinveAdBHvuIaduRIugUInats 4.0 Tufluveddhtliuaduriugudnats 2.0 1 Tae
T4 dpavanvuia Modannuauiga v, uaz v, auuuumasnugiiy 1dwanimaasei
o Qs a & oA A o ; o o a 1 -
whuldaumdannisveanasongiese Aolenudud 6asu513 navziinuin dwi

ar a o Aoy = v [y [~ .Y
ANUAUGE 83593 Inaziianios vieorana lddasuiims naudswadurunay

aunuee A lmuaunisy 2.13)

1 1
P1+EPV12 =5 +5PV22

5.3 anlwamsYamansuiims lnavesmimavusesun

INAT3 197 4.8 LARIHANIT TAMISAT1IEIMS IMATDI8IMALUS NOUALEIINNS
fMuradas1sIns Iravesomeuds sznuNoesuiims Tnavesemeaiia lndifeady
5308500 Maluming mis nazmiae kvhr Aauanslugyld 4.9 unzgulit 4.10 3of

AIANUARIANDDUIYA 35.50%

5.4 Yyminunozdoauanus

= ) 2 [ o

¥ 1
‘iﬂﬂﬂ'liﬂﬂﬁﬂﬂﬂ\iﬂﬂﬂﬁ'll]'liﬂﬂ?ﬂllﬁ”ﬂ N15Y2ANTINSDINDNITWAUITZUY

]

o [~ gd VoA A o A A2 wa 9/ E
E]ﬂ‘ﬂli'.lﬂﬁ'l“r‘iﬂ"U'EN'E]']ﬂ‘]ﬁHUﬂQTNHTL%ﬂﬂﬂqmuizﬂUﬁuﬁ Fagald v uazva@auonush

o

¥
A5 1 Al

a

@l ar : s j dy =1 [:] r =
1. sevuiaons3ims Inavssemanwauniunil faiildesiialuriinveswsslva
- o a ~ o o [ W 9 d’l o o yf;
Hzyhinisia winves Inafirouziduveamarszvhinisda g wiesnindanseianldiu
' =2 g
linsoungudseslvaniiluveunan
d:l o [ 9 At 9 ar a w o A
2. anuamamdoulunsiaiinauvinussan Wi lddudinseda wude 1y
P g o A o 9 @ o A
nslln IFuumness mnuumamessoauszyh IdmsIaRamsamamdou
3. e nuuautvessUUIRgesu5In1s Inaveseimed Aasvimsae sy

4 4
I1703HDUINTIFIU



42

Y oA
1B3NA1391984

- www.rmutphysics.com

- www.kmitl.ac.th/~kswichit

- http://en.wikipedia.org/wiki/Bulk _micromachining

- http://en.wikipedia.org/wiki/Surface_micromachining

- Karoon Saejok. 2007. Study of Poly-Si and a-Si Film Resistance after Implantation Process
for Pressure Sensor.

- Ranjit Singh, Low Lee Ngo, Ho Soon Seng, Frederick Neo Chwee Mok, "A Silicon
Piezoresistive Pressure Sensor," delta, p. 181, The First IEEE International Workshop on

Electronic Design, Test and Applications {DELTA '02), 2002



MANUIN



Freescale Semicondctor |
Technical Data

Integrated Silicon Pressure Sensor
On-Chip Signal Conditioned,
Temperature Compensated and
Calibrated

The MPXV5004G series piezoresistive transducer is a state-of-the-art
monolithic silicon pressure sensor designed for a wide range of applications, but
particutarly those employing a microcontroller or microprocessorwith A/D inputs.
This sensor combines a highly sensitive implanted sirain gauge with advanced
micromachining techniques, thinfilm metallization, and bipolar processing 1o
provide an accurate, high jevel analog output signal that is proportional to the
applied pressure.

Features

+ Temperature Compensated over 10° to 60°C

» Available in Gauge Surface Mount (SMT) or Through-Hole (DiP)
Configurations

» Durable Themmoplastic (PPS) Package

Typical Applications
« Washing Machine Water Level
» ldeally Suited for Microprocessor or Microcontroller-Based Systems

ORDERING INFORMATION

Device Case MPXV Seties Packing Device

Type No. Order No. Options Marking
Trrough- 46008 MPXV5004G7U Rails MPXV5004G
Hole 482C | MPXV5004GC7U Rails MPXV5004G
Surface am MPXV5004G6U Rais MPXV5004G
Mount 482 MPXV5004G6T1 | Tape&Reel | MPXV5004G
482A | MPXV5004GCEU Rails MPXVS004G
482A | MPXVS004GC6T1| Tape&Reel | MPXV5004G
1351 MPXV5004DP Trays MPXV5004G
1368 MPXV5004GVP Trays MPXV5004G
1369 MPXVS004GP Trays MPXV5004G

1. MPXV5004G series pressure sensors are available in the basic element package or
with a pressure port. Two packing aplions are offered for the surface mount
configuration.

SMALL OUTLINE PACKAGES
SURFACE MOUNT

MPXV5004GC8U
CASE 482A-01

MPXV5004DP
CASE 1351-01

© Freescale Semiconductor, Inc., 2007. All rights reserved.

MPXV5004G
Rev 10, 01/2007

MPXV5004G
SERIES

INTEGRATED
PRESSURE SENSOR
070 3.92 kPA
{0 TO 400 mm H,0)
1.0 TO 4.9 V OUTPUT

SMALL QUTLINE PACKAGES
THROUGH-HOLE '

PIN NUMBERS()
1 N/C 5 N/IC
2 Vs ] NC
3 GND 7 N/C
4 Vour 8 Ne

1. Pins 1,5, 6, 7, and 8 are intemal device
connections. Do not connect to external
circuitry or ground. Pin 1 is noted by the
notch in the lead.

MPXV35004GP
CASE 1369-01

>,

Z“freescale
semiconductor
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Figure 1. Fully Integrated Pressure Sensor Schematic
Table 1. Maximum Ratings("

Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Puax 16 kPa
Storage Temperature Tsto —30 to +100 °C
Operating Temperature Ta 0to +85 °C

t. Exposure beyond the specified fimits may cause permanent damage or degradation to the device.

Table 2. Operating Characteristics (Vg = 5.0 Vp¢, T4 = 25°C unless otherwise noted, P1 > P2)

Charactexistic Symbol Min Typ Max Units
Pressure Range Pop 0 — 3.92 kPa
400 mm H,0
Supply Voltage(" Ve 475 50 5.25 Voo
Supply Current Is — — 10 mAdc
Span at 306 mm HO (3 kPa)@ Vess — 30 — v
Offset™ Vorr 0.75 1.0 1.25 v
Sensitivity VP - 1.0 — VikPa
9.8 mv/mm H,0
Accuracy® ©® 0 to 100 mm H,0 (10 to 60°C) — — — £1.5 %Vegs
100 1o 400 mm H,0 (10 to 60°C) — — — £25 %Vegs

1. Device is ratiometric within this specified excitation range.
2. Span is defined as the algebraic difference between the output voltage at specified pressure and the output voltage at the minimum rated
pressure.
3. Offset (V,q) is defined as the output voltage at the minimum rated pressure.
4. Aceuracy {error budget) consists of the following:
« Linearity: Output deviation from a straight line relationship with pressure over the specified pressure range.
» Temperature Hysteresis:Output deviation at any terperature within the operating temperature range, after the temperature is cycled to
arxd from the minimum of maximum operating temperature points, with zero differential pressure applied.
« Pressure Hysteresis:  Output deviation at any pressure within the spedified range, when this pressure is cycled to and from the
minimum of maximum rated pressure, 2 25°C.

» Offset Stability: Output deviation, after 1000 temperature cycles, —30 to 100°C, and 1.5 million pressure cycles, with minimum
rated pressure applied.

« TcSpan: Output deviation over the temperature range of 10 to 60°C, relative to 25°C.

+ TcOffset: Output deviation with minimum rated pressure applied, over the temperature range of 10 to 60°C, refative 10 25°C.

* Variation from Nominal: The vanation from nominal values, for Ofiset or Full Scale Span, as a percent of Vigg, at 25°C.

5. Auto Zero at Factory Installation: Due to the sensitivity of the MPXV5004G, external mechanical stresses and mounting position can affect
the zero pressure output reading. Autozeroing is defined as storing the zero pressure output reading and subtracting this from the device's
output duning normal operations. Reference AN1636 for speahs information. The specified accuracy assumes a maximum temperature
change of £ 5°C between autozero and measurement

MPXV5004G

Sensors
2 Freescale Semiconductor



ON-CHIP TEMPERATURE COMPENSATION, CALIBRATION AND SIGNAL CONDITIONING

The performance over temperature is achieved by
integrating the shear-stress strain gauge, temperature
compensation, calibration and signal conditioning circuitry
onto a single monolithic chip.

Figure 2 illustrates the gauge configuration in the basic
chip carrier (Case 482). A flucrosilicone gel isolates the die
surface and wire bonds from the environment, while allowing

the pressure signal to be transmitted to the silicon diaphragm.

The MPXV5004G series sensor operating characteristics
are based on use of dry air as pressure media. Media, other
than dry air, may have adverse effects on sensor
performance and long-term reliability. Intemal reliability and
qualification test for dry air, and other media, are available

Fluorcsiicone

from the factory. Contact the factory for information regarding
media folerance in your appfication.

Figure 3 shows the recommended decoupling circuit for
interfacing the output of the MPXV5004G to the A/D input of
the microprocessor or microcontroller. Proper decoupling of
the power supply is recormmended.

Figure 4 shows the sensor output signal relative to
pressure input Typical, minimum and maximum output
curves are shown for operation over a temperature range of
10°C to 60°C using the decoupling circuit shown in Figure 3
The output will sahurate outside of the specified pressure
range.

Gel Die Coat Die

/R
Diffesential Sensing
Element

VR,

\ Die Bond

Figure 2. Cross-Sectional Diagram (Not to Scale)

Y
T Vot OUTPU
vs

“TiopF ] ootpF GND 470 pF

v v

Figure 3. Recommended Power Supply Decoupling and
Output Filtering.
(For additional output filtering, please refer to Application
Note AN1646.)

50 r r r . . .
| TRANSFER FUNCTION: I
Vou = Vs T02'P) + 0.2 £ 25% Vige
40 F V=50V +£025Vde
~{ TEMP =101 60°C
= AN
e}
Mk N\
29 Min
1.0
2kPa 4 kPa
200mmH,0 400 m H0

Figure 4. Output versus Pressure Differential
at+2.5% VFSS
(See Note 5 in Operating Characteristics)

MPXV5004G

Sensors .
Freescale Semiconductor



PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE

Freescale Semiconductor designates the two sides of the Freescale Semiconductor pressure sensor is designed to
pressure sensor as the Pressure (P1) side and the Vacuum operate with positive differentiai pressure applied, P1 > P2,
(P2) side. The Pressure (P1) side is the side containing The Pressure (P1) side may be identified by using the
silicone gel which isolates the die from the environment. The table below.

Part Number Case Type Pressure (P1) Side ldentifier
MPXVS004GCBUT1 4A82A Side with Port Attached
MPXV5004G6UT 1 482 Stainless Stee] Cap
MPXV5004GC7U 482C Side with Port Attached
MPXVS004G7TU 4828 Stainless Steel Cap
MPXV5004GP 1369 Side with Port Attached
MPXV5004DP 1351 Side with Port Marking
MPXVS004GVP 1368 Stainless Steel Cap

INFORMATION FOR USING THE SMALL OUTLINE PACKAGE (CASE 482)

MINIMUM RECOMMENDED FOOTPRINT FOR SURFACE between the board and the package. With the correct

MOUNTED APPLICATIONS footprint, the packages will self align when subjected to a
Surface mount board layout is a critical portion of the total solder reflow process. It is always recommended o design

design. The footprint for the surface mount packages must be boards with a solder mask layer to avoid bridging and

the correct size to ensure proper solder connection interface shorting between sclder pads.
_ 0.A00TYPEX
0.650 254
1676
0.060 TYP 8X I
152 ] (—— o
] (. &
(.
L_ 0.100 TYP BX inch
- 254 mm  SCALE 211

Figure 5. SOP Footprint (Case 482)

MPXV5004G
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PACKAGE DIMENSIONS

DarL
4__{!$]025 o1 @ 1] 8 ®[ 2B

DIMENSION:
3. DAMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.
4. MAXISUM MOLD PROTRUSION 0.15 (0.006).
SURFACES 5 DRAFT.

n 5. ALLVERTICAL
_l INCHES MILLIMETERS
S o | N | BAX | MM | MAX
A | 0415 {0425 | 1054 | 10.79
B | o415 [ o425 | 1054 | 1079
— N—> o T o oo | om 107
G| 0108BSC 254 BSC
} # | o002 J0010 ] 005 | 035
¢ H x Tam foon T im im0
E ___J I [-F| ul o 7 0 7
r / %\ N [ 0405 [0415 | 1029 | 1054
_JKL__ " PIN 1 IDENTIFIER SE‘TWG' iy S }omo 6725 | 1801 | 1841

CASE 482-01
ISSUE O
SMALL OUTLINE PACKAGE
SURFACE MOUNT

A DsPL
T scn:/ ‘m4_£[${o.zs(o.ow)®ﬁ[ 8 ®[AB]
©

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSH
Y14.5M, 1982,
2. GONTROLLNG DIMENSION: SNGH.

N E'I uamm | 1 DXMENSON A AND £ DO MOT INGLUDE HOLD
.. ~JE—J- a n mmmmmmso%mm
1 1“ ': A_ : % ALl VERTICAL SURFACESS DAYFT
| WCHES | MELMETERS
. l W | ke | N | mAx
— W e ; &3? g;:g :gg :o:;:
¢ | 0500 |ose0 | 1270 | 13z
¥ ) N BT T
v ¥ | ooz [ ooto | 605 | 0% |
3 [ os Joon [ o33 | o8
ol < Foafogr i
l l I N 0434 1 0448 | N8 1128
H v oae tose 163 o
{ri i /? { \m Wieus lows | 7o | ag
-JKL " PIN 7 IDENTIFEER w
CASE 482A-01
ISSUE A
SMALL OUTLINE PACKAGE
SURFACE MOUNT

MPXV5004G
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Features

* Compatible with MCS-51° Products

* 4K Bytes of In-System Programmable (ISP) Flash Memory
— Endurance: 1000 Write/Erase Cycles

4.0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-level Program Memory Lock

128 x 8-bit inmternal RAM

32 Programmable VO Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Full Duplex UART Serial Channe!

Low-power Idie and Power-down Modes

Interrupt Recovery from Power-down Mode

Watchdog Timer

Duai Data Pointer

Power-off Flag

Fast Programming Time

Flexible ISP Programming (Byte and Page Mode)

Description

The AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
bytes of in-system programmable Flash memory. The device is manufactured using
Almel’s high-density nonvolatile memery technology and is compatible with the indus-
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventiona! nonvolatile memory pro-
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on a
monolithic chip, the Atme] AT89S51 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT8Y9S51 provides the following standard features: 4K bytes of Flash, 128 bytes of
RAM, 32 /O lines, Watchdog timer, two data pointers, fwo 16-bit timer/counters, a five-
vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and
clock cireuitry. In addition, the AT89S51 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system to continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling all other chip functions until the next external
interrupt or hardware reset.
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Block Diagram
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Pin Description

vCC
GND

Port 0

Port 1

Port 2

Port 3

AlNEL

Supply voltage.
Ground.

Port 0 is an 8-bit open drain bidirectional YO port. As an oulput port, each pin can sink eight
TTL inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance
inputs.

Port 0 can also be configured to be the multiplexed low-order address/data bus during
accesses ta external program and data memory. In this mode, PG has internal puli-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code bytes
during program verification. External pull-ups are required during program verification.

Port 1 is an 8-bit bidirecticnal ¥O port with internal pull-ups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the
internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being
puiled low will source current (1, ) because of the internal pull-ups.

Port 1 also receives the low-order address bytes during Flash programming and verification.

Port Pin Alternate Functions

P1.5 MOSI {used for In-System Programming)
P1.6 MISO (used for In-System Programming)
P1.7 SCK (used for in-System Programming)

Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 2 output buffers can
sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the
intemal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being
pulied low will source current (I, } because of the intemal pull-ups.

Port 2 emits the high-order address byte during fetches from external program memory and
during accesses to external data memory that use 16-bit addresses (MOVX @ DPTR). In this
application, Port 2 uses strong internal pull-ups when emitting 1s. During accesses to external
data memory that use 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-order address bits and some controf signafs during Ftash pro-
gramming and verification.

Port 3 is an 8-bit bidirectional /O port with internal pull-ups. The Port 3 output buffers can
sinkfsource four TTL inputs. When 1s are written to Port 3 pins, they are pulled high by the
internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally bemg
puiled fow will source current {l,, } because of the pull-ups.

Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S51, as shown in the
fotlowing table. .

4 AT89S51 messe—————————————————————
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RST

ALE/PROG

PSEN

EAVPP

XTAL1

XTAL2

2487A—10/01

Port Pin Altemate Functions

P3.0 RXD (serial input port)

P3.1 TXD {serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 {external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P37 RD (externat data memory read strobe)

Reset input. A high on this pin for two machine cydes while the oscillator is running resets the
device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS-
RTQ bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state
of bit DISRTO, the RESET HIGH out feature is enabled.

Address Latch Enable (ALE) is an output puise for latching the low byte of the address during
accesses to external memory. This pin is also the program pulse input (PROG) during Flash
programming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and may
be used for external timing or clocking purposes. Note, however, that one ALE pulse is
skipped during each access to external data memory.

if desired, ALE operation can be disabied by setting bit 0 of SFR location BEH. With the bit set,
ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled
high. Setting the ALE-disable bit has no effect if the microcontroller is in extemal execution
mode.

Program Store Enable (PSEN) is the read sircbe to external program memory.

When the AT89S51 is executing code from external program memory, PSEN is activated
twice each machine cydle, except that two PSEN activations are skipped during each access
to external data memory.

External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from extemal program memory locations starting at 0000H up to FFFFH. Note, however,
that if tock bit 1 is programmed, EA will be intemnally latched on reset.

EA should be strapped to V. for internal program executions.

This pin also receives the 12-voit programming enable voltage (Vpp) during Flash
programming.

input to the inverting oscillator ampilifier and input to the internal clock operating circuit

Output from the inverting oscillator amplifier

AIMEL ;



#define BUSY 0x80

xdata char LCD_command_write _at  0x0000;
xdata char LCD_data_write _at_ 0x0001;
xdata char LCD_cornmand_read _at_ 0x0002;
xdata char LCD_data_read _at_ 0x0003;
LedReady()

{

while(LCD_command_read&BUSY)
continue; // wait until busy flag =0

}void clr_screen(void)

{

LcdReady(;

LCD command write=0x01;

H

goto_xy(char x,char y)

{

LedReady();

switch(y){

case 0 : LCD_command_write=0x8(Hx; break;
case I : LCD_command_write=(xC0+x; break;
case 2 : LCD command write=0x94+x; break;
case 3 : LCD command write=0xd4+x; break;
}

}

Initlcd(veid)

{

LedReadyQ,

LCD_command_write=0x38;

LcdReady();

LCD command write=0x0c;



clr_screen();
goto_xy(0,0);

}

char *Puts(char *str)

{

unsigned char i;

for (i=0; strfi] 1= "0'; i++){
LcdReady();

LCD data_write=str{il;
}

return str;

}

void putch_led(char ch)
{

LedReady();
LCD_data_write=ch;

}

#include <reg52 h>

#include <stdic.h>



#include <math h>

// function prototype declaration
InitLcd(void);

void goto_xy{char x,char y);
char *Puts(char* str);

float read_volt_out(void) ;
float read._volt vec(void) ;
float read_pressure(void) ;

float read_velocity(void) ;

// global variables
sbit Data = P1"1;
sbit CLK = P1"2;
sbit CS = P1°3;
float xyz;

int timer3;

char cputick;
char buffer{20];

float read ADC{char n)
{

intk;
char i.channel;

k=0;

CS=0;

iflo==0) channel= 0x0d;



else channel= 0x0f;

/* send config nibble dummy read NULL bit after config
nibble */

for(i=0; i<4; i++)

{
CLK = 0;
ifichannel&8) Data = 1;
else Data = Q:
CLK=1;
channel <<=1;

3

Data = 1; // enable internal pullup

CLK =0,

// now read 12-bit data

for(i=0; i<12; i++)

{
k<<=1;
CLK =1
CLK =0
ifiData) k |=1;
elsek &=~1;
;

CS =1, // shutdown ADC
return k&=0xfiT;

void timerQint (void) interrupt 1 using 1



THO |= Oxdc; // reload timer 0 with ODCOOH
cputick++;
j
void print ADCQ
{
if(++timer3>100) // print ADC every 100ms
{
timer3 =0,
/*
sprintf{buffer,"%.0f %.0f",read_ADC(0),read ADC(1));
goto_xy(0,1);
Puts(buffer);
printf{"n%s" buffer); // debug on screen  */

sprintf(buffer,” Vout Vec ");
goto_xy(0,0);

Puts(buffer);

//printR"Mn%s",buffer); // debug on screen

sprintf{buffer,"%.3fY %.2f "read_volt_out(Q,read_voit vec();
goto_xy(0,1);

Puts(buffer);

printf{(™n%s" buffer); // debug on screen

sprintf{buffer," Pres Speed ");
goto_xy(~4,2);

Puts(buffer);

printﬁ"\-n%s",buffer); // debug on screen



sprintRbuffer,"%.2f Pa %.2fm/s ",read_pressureQ)read velocityQ);
goto_xy(~4.3);

Puts(buffer);

printf{™n%s",buffer); // debug on screen

float read_volt_out(void)

{
return{((xyz*5)/4096)-.23) ;

float read_volt_vec(void)

{
return({4096* 5)/4096) ;
}
float read pressure(void)
{
return{((read_volt_owt(-1)*1000)) ;
}

float read_velocity(void)
{
return(sqrt(read_pressure(y*(2/1.2))) ;



void main()

{

InitLcd();

EA=1;

ETO = 1. // set bit EA and Timer0 enable
TMOD |= 0x01; // timer0 16 bit counter
TRO = L; // run timer

¢putick = 0;
while(l)
{
while(!cputick)
continue;
cputick = 0;

xyz=read_ADC(0);
/1 following tasks will be executed every 10ms
print ADC();
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