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Abstract

The most important pickup for vibration shock and gene-
ral purpose absolute motion measurement is the accelerometer.
Motors and engines effects cause the acceleration of machine, that
generally has any level which could be measured and stored.
For consider the variation of acceleration level or frequency
made we know the trouble on machine.This accelerometer interfaces
‘with microcomputer to store data and clearly show variable acce-

leration graph.
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e a ar ar y
audutinisainn g dwmduTagifivanaziuid ¢ (srdNnTaRwIN
usedunivoondemiig il d MU barium titanate ¢dd1  Q=12%10"3 (V/m)

(N/m2) uagidu 50%10-3 awfumoend fsd1eidu  winAenduur 0.1

AIT417 0.88 V/(1b/in2) szudaaafiifivitdusefunivesnuinvazfidaiiu
tHuiRua 1 §ntlow

usefignidtuasdetfitAnuseginih d uaae1diail

dz3 = Ussqﬁtﬁﬂ%uﬁuﬂﬁan 3 = 0

nsefadrufdnne 3 fi

geruninfusdendas  dz;  drwnsoawaatiienn g3 Hr¥aaed
1adianninveeidg 94

c =€w T
t
g33 = guruind = _eowl = _esC = Q = ~Q33_
A1 Hu tf €f; €f; €
d33 = €833

aaeitad lanndnvoeaiandyuseursimniy 4.06%10°11 F/m  wazdwm¥y

Barium titanate fi9 1.250%10"11 g wSuairendaz1d



_11_
di; = gy11 = (4.06%¥10711)(50%1073) = 2.03 pc/N

(fMafteuifu 11 twsrzdrlundend NITUYIYDONYONAITNNUITL DY I U
unundnitSuniouny 1)Uﬁaﬂ%qﬁaqnw7uaﬂqﬁ1usqﬁuw?aUssgan R SR Y
v99n151fluv 1uuvevntana t%n%quﬁnws1ﬁu§Uxﬁu1w@1ﬁlﬁﬂussg t51Hevgan
modulus ¥84ANdANuI LMY 8.6%1011 N/m2 amFuntend uar  12%1010
dM5U Barium titanate

&9 ntiuLs19E 11 7Re 1 san qunsdisa8 18nedn  (Hunsuvhaived
N5e9n ( displacement transducer ) aUssasdAudnfatauseiu  nasdu
A1u1de whisrefrsanns uRounuasanunie e fuusedin  9m Sufoefensan
W nsrusiives ,aroundgena (cable) uazuonUAWIod ( amplifier ) tfiu
1 wire A 8ufuuaudueenstuafia igedinuintuaedaigeuin  drunsuuswiod iy
Tasundeilafid BufuaudgevsrdamiuiBulivined (buffer) winndn  Smsrvuie
0199 Uniez ¥ 9rduenudwiud ( charge amplifier ) faIugini
Yo d udgygrailal Tudfguan imu1awwzﬂﬁuuﬁﬁmmwmﬁﬁﬂvwnuﬂamaqaﬁuuﬁnﬂ
amSufiinsudd vt 1ituag fn #1805 1 due i uung static Xi i1Andunazdq
Aoy usefuat ez gnnl iunndy udvzdnisgy fuyszqeaniyinunaend
A28 un1 U2 ua (leakage resistance ) Y94 NS 1uwf11v8s 1$ufiarudiu
Mudatva Taofrtuudrezddrunn (1011 Jodu) nasgyBuasdrunn waredl fiu
Msvenfinouduevfinafin ( quasi-static ) fouitan

0d1915fimy 1 Hoqunsdauseiiunouentit Suduaudniaidndn pnin
Pifiunsuafa tred useyiwiiezgnudessenniegiesini§r  (fledeefunns i fug
twumeafin  filldrdufuaudge  Taufatuudres 1dfun s Sauvnadn  seuufing
TunenIs e § ﬂiﬁumﬁﬁl%aquUﬂﬁamﬁﬁﬁﬁﬂﬂ?ﬁ”ﬁﬂﬂﬂﬁﬂ%ﬁﬂﬂﬂﬂﬁﬂﬁﬂ dziina
saumuEr umuienn 1014 Sety %qaznﬁﬂﬁﬁnws?Q1Ma%ﬁqadweﬂUsgﬁn%n1w
Tunrsianuy ada

[} o 2
Rarsangy 2.2 uszyfifianndnudaetdeed
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q = KqX1
1o Kq = C cm
X; = mMsiflvaivu, cem

'y TGl T o

. ¥ % {: . e,
”f— Y —7 o O=p=e=O
"_ _____ r
Crystal Amplifier
(o)
Amplifier input
current assumed zero
—_—
. ; i >
Charge “_ i
generator &
o Kq” A’lcgl ’I\Ccr /]}:uhln”\cnmd ﬂumpl
{5)
¢ 5 o+
 Current _|_T" ir}
generator 1 c £ &
ler=Ka 5 Yer T
2 -0 -
Romol Aack
p o Fame et

'eampl h '?Ioui
C & Gt Ceovte* Compl

{e)

FUf 2.2 995duyadese piezoelectric transducer

A1 R uagdl C Tugy 2.2(b)  dwrsauwnsIntifegy
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dt dt R
£o (D) = \ LB W Al
X4 TD + 1
1o K = au = Kqg V/cm
C
T = time constant RC,sec
£
oA~ AAAT-0 —o
Crystal Coble ¢o| Amplifier
A
. AN N O+
J_ Rumol &
/[(Cg,'cuhln)

{Rreor 0nd Comol assumed negligible)

re B ()

ré (A’um,ﬂ *Py)c
Cg. C;r"‘(mblc

time constance
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2.2 1afeeiamrududs 1fou ( Accelerometer )

Accelerometer ﬁa1ﬂ§aaﬂam71%€mﬂaﬁnguazxﬁautﬁuéqaﬁﬁmﬁqm
yoan1s  ifiy? aﬂw¥unﬂsfﬂnﬂsLﬂéauﬁauysﬁmaq ﬂﬁigu(Vibration), NS
tadoufi¥iva (shock) tﬂ?aQQaﬁvﬁgnﬂ%adﬂqn¥1qmaﬂqn1Qﬂ17ﬁ1 twszilvann
waﬂuuuuuazﬁaqnﬁﬂqwaﬂuﬁaqnunwsﬁ%smauauaqﬂ1ﬁuﬁaqn1sﬂuﬂwsU7zqnéﬁ¥01u
A1 i _

Fnwae fnmn i Sufauradsedoudl

1.05neuduaemINd  13u9n 70’ aufedrgegafiandaly nsduae
(ounedl (a aef)darunsaTntd ( oni¥u ns1usda 1vesRsadi§nnsn )

2.115 1 VAT UIYANTEUENIQ wagaui§rarusaldf N ad194189
Taun1sduinsameinih Sefindn diffentiation

3.ms¥aveenisiafeuiidavae  arursatisrundroniinisTasesrng
wiona1n1§

4. usefiteafifinninifumuenendesdnsna  Sasunfiuda9zfuades

fUAIINISY ¥INNTISzaENIN uazalIuL§)

Accelerometer @ursouteifiooniiu 2 sllaudnfe
1.Deflection type accelerometer %Qﬂ%ﬁﬁw§Uﬂ1$7ﬂ ﬂ?ﬂuguﬁg
tflou uaz 1afoufidrva
2.Null balance type accelerometer 991¥amfunisin fiffes

n1saugniaguing
Deflection Type accelerometer

Accelerometer N¥sginsuiniidnvazniugy Sasfisrvazifoauanang

. e

futfloeifntion  19uimgiadifiuduse nnsiafouddufiutuos nsusha ivod Serd

¥
A1 Suyn 1Ju x; 19579z Tuuaunas1dedl
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Xo (D) = x4 (D) = K (2.1)
D2x; X3 D2WE /23D iy, +1
xﬂa K = 1/(4)2n cm/(cm/s2)
fuseAuniIeeen o = KeKo 3z L Jus Mdd 2 urnduev

rsusfaives misiadoufl  dunis 2.1 egluguubuves msaudived Werfdu
voumuisefiuusedu  1519s 1 fiutdidn e Tamuduar i flon 1fuiadecdedifu
QUAStaAuAeY (second order) ﬁqﬁuqﬂuﬁwqqﬁhnnﬂﬁumﬂﬁwqﬁu1Uﬁwuisnuﬁ1u
useyndrderutdiiul  nasmevdussniuti funindusindr o eudefusznovdes
viedives %q%uaqﬁuﬁnﬂaﬂugnﬁGQﬁﬁaqnns HAENITMUINNITNITRBUAUBN
anuligesrfoadinns ivduudnninuts k = 1/ w2,

tafaeianiaudude  fouRiod 1 nadn gnadedianirevaredmiunisdu
nag 1 adoutii v savunduXiduas 1ndtdn tendun @ wfunasduas (Roudifaanu
1%Qﬂqﬁ1wswzzﬁu@mﬁuﬁaﬁugﬂumaqniwumﬁvLmaétﬂﬁauﬁuuuﬁﬁmﬁtﬁﬂm%n uhuve
NIRAUSIFunIvoonlaun ndud Huuraveensrusdi tses tnuazarursania il

)
&l

) a [ . : a @, A < 1 .
pndsssuyfgennn S fuamiunisiniadouiitovne  9xadidnfgniev1nd

-

nIsudeAI I umheium sggifoaiudeuili Sudag Avafinasgoy fonderu 1

HaINNISHTEMTINISMIIY ( damping ratio ) #dw1ng wdfidarursosousutl

A 3 Qs & o X
tHevandA s ssusIfge nsudiwed Weddu fudail

eo(D) = [ Kq/CW2, 1 D

X; (TD+1) (D2/ W2,+28D/ W, +1)

[} LY o va a )
nsnovduasiintudrugnaviaiae ga@uidvesRivd 1fnasn  ansfinns
' o, g e [] & .24
MoUAUDIMNAGNYNIINATAL L TTvuuudi89na das1artumian 1afeetaniududs

touizd i &nasn  Tasunfudrvvtdnvuaun Taefwdnudaivisonifiiin o 1k
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amfunsideuiaodaning  Araraugnfesvesdieniiud  ansTaniuduaz feu
g .|‘ ) )

(5% Medrumandigauazanuidn ) e 3 < < 0.2 ; nIsReVANENAINDNN
|} ) i A a

ifinmugniies  Nleenisaunn aearnrsonsenfinu1di2a i nanenudniod

AldduRuauduing useo 9159 usnudnrud

l

’ S =4 =N
3§§“§§E s 34 77 ?E

(;') (o)

S: Spring M: Mass P: Piezoelectric element B: Base C: Cable

§Uﬁ 2.4 ANYULNISOBNUVVYN Piezoeiectric accelerometer
(a) Peripheral-mounted compression design

(b) Center-mounted compression design

(c) Inverted center-mounted compression design

(d) Shear design
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NN9e0NUULTILAL LBuavan  1aFesTaniududs 1 feudioRTed 1 §nndn
dun5ouus 1Uduwtlumunis 1dendnoe t Hudnenzdauln awmsunisutuldenu
ramrzudazednetutdgunuy i fleeedn a1 Aea il e eamiugnantunisd quil 2.4
ndaea i fiuntsesnuuuituandiefuaingndni fuesiuidod - AN500NKULN S NATARY
g% ugy 2.4a 1ﬂuﬁnymzﬁdﬁuﬁQmuaswuwuﬁQﬂ uazﬁau€qﬂanaaﬁﬁ4ﬂ uoiffoq
31047 iA59d%79 (housing) fin1gia L Hus Sudrudud i nsnvessruvaude/aaa
ﬂﬁﬁﬂ11u1%qﬁaﬁ16uwnﬁuuanuaau ( noise base bending Hazduinulindn )
base bending ﬂawuxﬁuﬁﬁuﬁaxﬁuxwgﬂﬁxﬁm n15i8eefitaveensAnss

nﬁsamnnimauauaqﬁaﬁﬂ5uwnﬁuUaﬂuaau%u dru1501¥n1sTafvane
frutflua (single-ended compression) #§9n1598NUVY counter-mounted
fagU  2.4b  N1599NUVLIAMIZUENAIINIHUIIN  base-bending tFulfiuInugy
2.44d

199581 8nnsefnvunmidn  deeenuuul  1adevTaninuduas feudy
fedifnadn  Selende uenudwiud 71nagﬁaunwuquiﬂsqa¥1qmaqxﬂéaqﬁaﬁu
droundggnaiies 2 Faun Sedrunsodetdfienndseste  uasdggnafiiatdneiy
1adeele  Mudeundedrofifnszuansed $1ﬂzﬂﬁﬁﬂﬁmmﬁmnﬁqaanszﬁu@a ( high-
level) 1ygvooddiadiny (oscilloscope) 5o Lﬂ%ﬂxﬁ’?&ﬂi’wv‘!ﬁmm’\m signal
analyzer n1s¥auuuil gana A ar1utageunnt i fiutafeenai ududy (feu il
ﬂ?ﬁnéﬁﬁ,ﬁﬂuﬂﬂlﬁﬂ AANANTENUINNEI U UIF Y MLALNISANAAIINEIL ,iazlisiran
gn %a%ﬁLU?uuﬁuanﬁunﬂsamﬁaqqmwgﬁ 29958 18nnsefinvurnidn (microcir
cuit electronic) gnofngampininniti 1afeeiamndudzifion  wawnis
u¥udgan alurdrudrudugfesndn uauuﬁwwuéﬁgnﬁ%qu1w§auﬁu%u 91938 00N
1inrsusui e intlounioiiay)

LafoeTanruduas 1 ReuBrofgad 1 §nndn In191%ed19ntr9ea191u
AIULANIEEI NITRBLAUDIAIINERDAI N1 TuRs U ngIuLIL L amE Ay 1 Sy
tadosinniududs (fouvevnisinfoulidrume  0199:847 0.004 pC/g uazAIY
d555u¥R 250,000 Hz  waifimiig (unit) ﬁgnaanuunuﬂaﬂw¥unﬂs¥mssﬁuﬁﬁ

(low-level) ifiu 1000 pc/g iy 7000 Hz wiiufli&nfiga (1fleanarulawaIn
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Y94 mass-loading IUNITIAUUIASIAY AT mInIuY )  Jeurauszuis 3%x3 mm

Feflura 0.5 g (savaruudaanadan)

Electrode

Spacer

Seismic
element

Spacer

Electrode

y ] * a d
Ui 2.5 nasesnuuufIaluLfuysegueviafevinnianduds 1 flou
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2.3 29951 UAsudganaeurasntuldmea ( A to D Converter )

szuun1sTudoya ( Data Aquisition ) awnqunséauwaanxﬁauﬁuw
UsENIANATY aﬁtﬁuﬁaqﬂﬁnqsﬁunnaéLwaaqa$Luﬁuuﬁmmwmauﬁaantﬂuﬁﬁmaa
Lot udsunvaedggnaninnsushatsed 1 Favdeuinndn 1 fudgan s uguveadd
noa %qazﬁaouUsznauﬁﬁﬁﬁmﬁﬁqqﬁqﬁ uaNUAWI8d,219395duuazANAY ( Sample
and Hold circuit ), Yadiwanives uasaqasLuﬁuuﬁmwwmauﬁaanxﬁuﬁﬁmaa
( Analog to Digital Converter %8 ADC )

w>

~ S T e o g s - - -
3 - T Torpr g e P e ——

e T

C T
«
- ’

Transd >t Amplifi > Fi N e X1 Digital |
ransducer plifier : ilter T S/H ADC \ output -

pe L. o - iy

sUfl 2.6 ulon1AOLUNTUYBISEUY Data Aquisition
ar1udunussendtedunnuaz 11

asuvasdggraourasntJuddnoa i Junrsnerunundasidiu  eunaen

duwn v

; s ivfounvasBuidvdou X Saontsiudoufloufuusefugiede v au

Uil 2.7 uaasfiveruduiiutdendta famsieiynifiu o Da szhuadivaz 1Bua

voviodumaz i 20 adwaz i fuavesdadngaos 1 fiu

Q = LSB = FS
21’1
Q fo frareudy LsB fe dalsddgdga

FS flo A7 Full Scale n fo 3 mudln
suit 5.1b udaemudufiudiunas iuAsunuasdtaes  ADC wuia 3 Dn
9uIn LSB 10U 1/8 w99 FS d781501UAuuuvUavd1dann o - 7/8 ¥89 FS #ifn

t911iwn 111 wuazvzifindrAawatat1¥ + 1/2 LsSB
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x

Code -

m

|-—
t

110
101 +

O @l &l @i nl=' Bl &l ol

Vi—>l  ADC D
Digital
" output

100 |-
oIt

ADC output —»

010 -

. "

Output = x = V_n 001
. P ':u.'o“i I

© 5 7 Quantized—-0 | %

" levels | ! . ] s

Sao w7 Analoginput = T L i

e e ——— —

mR

e —— e —t

1

4

At e
—‘——————-——'—-—-——A—-—— ——

!
!
i
i
1
]
|
I.

fab £

i 1, 5
i1

3
8.y 8 8

S Ly Ve,

s 8 (b) A, 27 .’::

o L, 4
oy Vi - " o iy > ¢ ")
——— - 14 B I R RN e, A L ARTERE S . X N - |

Ui 2.7 msudsunvasdggnaeurasni Juiinea
(a) faruduriuduoedunnuaziodiyn

(b) gududfvas ADC yura 3 Oa
aAawaraittinannis tudsunyaedagra -

#1191 it e a1 fanis i fosiuutdifeRensanann AInsrud i wos
Hadduwogiondyn  deszaanaiadousindrdurmiugaund ( Ideal Input ) u
Juit 2.8a (AneawIEn (offset) W58 Zero error AIINAIAFUYIL NIIUA (WO S
Faddu vzfszoemeaindrdunmiugauad  suf 2.8b udaedle Gain error

ADC 1uifeemaininufiatuaes eowidn uay gain error afifosninds
arursonadatifisnisufunee  wazuenainiidedartufanatatyuidedudndos
CLRRED ﬂuzuﬁ 2.8c Integral linearity error %qxﬁunwstﬁuqtuuQQﬁqQ

< a . . . .
Y99 N ud i WesWeriYy  uazjufl 2.8d Differential linearity error
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ADC output——>

S

ADC output —>"

.. Analog input —

A_nalog'input-—-v- *
: % by neon - o

‘(a,“ .4 Yot L N -(b) »: \;: ~

i
"4
{

:

A

#
»
>
¢

JRORPS AU SO VY

P

E

ADC output et

4 = : €
—— L
~ Missing cos2

{ _(001)

Non-ideal
quantum n
- 10
F

Analog input —» Analog input —»-

(c} $99 2 24 {(d)

-~

sufl 2.8 AINRANAIARINNNS LUAsunYadggnn

N1S§NUasnITANAT (sample and hold)

ae%sxanﬁﬁaQﬂwsLaaﬂﬂunﬂsuuaaﬁmmﬁmwfaﬁn€Uﬂdﬁ conversion
time  ifle1vdoudggnaezwrasn fudgaaddneadiunnzay  Erdggnmezuraend
N5 LUABUIYANIUSENINNE$291731A1 TUYAN LaﬁﬁwmmaqaqasLuﬁuuﬁmmwmawmlﬁﬂ
aaufawara  Jedevdniseefufirsavasduuasasddygn
LﬁaﬂﬁﬁuﬁmmﬂmazuﬂaanﬁqﬂtéumaqnﬂiLuﬁuuﬁmmwm a1 furtruda i Buyseqse

1 ) k74 o
wired2917a1015u0ae wavaninasiyduudgonoauasedu Jedudggraezurasndn

. “ ¥ , ¥ oo
wmnn vt 8nas e duidulinenty 1 9edintdinu hurvasduuaz e fggnausing

giulIeasLaydidue
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195 uvasdganseurasnt utdneauvutrénisuszunann

(Successive Approximation A/D Converter)

‘aqastanﬁuuuﬁ Yorhiufoumefiruaiinazi8on  iwsnzalnaz1un
8 Da druisonmuatfanndggnanifng o gn fMedrvidu 19vsuvaveuia 8 In
fseniswadveedggroauifnt 1 Aee 8gn Tuvae fuuurdivasiufesidwadde 256 gn
1999 SA (Successive Approximation) Uaav1¥Nzuil 2.10 H1eveavasfe

o k2
SAR (successive approximation register) %ﬂﬂﬂﬂinﬁﬂﬂuﬂﬂﬁaiﬁﬂ

:
|

;7’ o -wmmumsuum {E0O)
vss 1ss_fm -

e
oye
LRLUTY

LATCHES
415374

i1 j1& [ fe o ki

. 15V NSB LS8 lv_w) ’Lu
(2
i] 141 D/A
(€] Vee Vi
> 2] 3t | asf asf 18 ml
LM7at
Q1 uF NC
S0oF 2.5k
-5V -5V 25

+8V =15V T -5V
Varr }

sufl 2.10 1995 1UAvudgan Al oyYAnyy successive approximation

tferduminis iufsudgnna Wadgnusnagnanisdedaiffvandageqaiy

dafigie IAs SAR zveddgmnaeinives1ufuulfivy Fannsngrvdoudniondun

vee1vasiptananniiviefiesnitusefuduyn vy, #riendyaveivasivioui oy

fisgdiy "high" 1ondwevesfiyiededinin vy, sar aznmasifivdaillvandy

gean1¥d Eriendwmeovisasiufouifonifusediy "low"  te1dymvesfipiadanin

nd1 vy, SAR 019§ Laadafidil fivaniggagaiin
fiadgndeun flagneruidurfvaiu  Saudaiiidfe Dafilivamfdgsevacun

v [} o \ -
sAR  wrruspuitysudedaififioaafganga  usardarédgenauriny i fiuegnifien
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5

Analog S/H

input, v, . | output, v,
I ] '
I Ch
| .

1 |

i .

1
S/H ’ i
control . 1

“{a)

S Settling Droop _,
time L

Yo ]

N - )

e i~ Feedthrough }
Acquisition \ 4 54 " )
ST time o e ¥ AT VRS v ~ -

E [ I T pi |l Aperture. B o :

p PRI T ime \ )

o

- H
oW
(O Y-

. =HOLD | SAMPLE I HOLD -
T START 'l ¥/ 20l
2 [N

FUR 2.9 1M3TNITdNNAENITANAD

(a) FUUAANINITAISEUUBLNISANAD

(b) sundnedoou

Nsdutmes IWaNUINIASSUS Lyd L yos

a ar %’, A 1 '
N1sduimes INATU L aYAuY  MuSasSus tadivesininf 3 edaq edn
usnfiedeifiiegfisummisuvacdggna edefidesfie  msiadevamazeesvdoya

(#78 DATA READY)3und1n151ulvudganans 1a§oiuaq drusdregaiirofie dr1ude

a ! A
yaduyai i Buddaoa 1 nsdeeruwtuTasius vd tvedEudioe 1 #iing s nen uanu

ansivuardaunatfitnnzavamiuiopilunazfaifae



~24-

1fonsunndauds sar finnsdedggnm EOC (end of conversion) 890"y

dggne goc 1fudvenindarsdggrau e dynilvun uiuungn i dulldeyad

I}
A ~

Inoavesdggnaduymasuiiuuds  Hrdygna eoc  gnaetudeduwaiiifugaifunas

1

<

L sudggnanis uduudggn afes L Anduagede 1 fov uana1nil ADC Hedrusod
tondynAdneauvuaynsuidindae 5ua§ﬁun1$ﬂ1uqumaa SAR .

199ugud 2. 10 1¥usqﬁuﬁumeQ§ﬂ +5 9784 Suyauuutinduves
aaUuauﬂﬁnﬁnﬁwﬁtuﬁuunssuaxﬁuusQﬁu(current to voltage converter)®
iy -sTradunuiiesfeasnsiad (funrsunseduusefuesurasnann -siaad aq
+5 978 unu o fle 10 97ad dggnaiwadugurisidedrurisnoTnons et ¥y
Sunnve Loy g

v . [}
wasuvavieyivilattldaiiuifage  warmitwazifuage v ifurvasitun

o [}
v diued1sunsvane
.Analog Analog
input, v, ' , reference, V,
L\ DAC
Digital
output
| {SAR) Successive
approximation
Clock register and control
(a)
FS
Analog input
1
,—- 111
Rr—— I:_——- 110 < ™~ 10
' ]
; : \ 101 —r 101
| ) DAC output — 100 100
o on 7"
!
: ! I SAR output 010 7 o0
e o L
0 I 1 1 ™~ 000
Time

U 2.11 udavudeatnorunsuueeavesiapuuurdnisuseuaann



2.4 nsdedeyauuvaynsy

n1sdedeyasinivasuvasdggraeurasni Fuidnoatude aoufa imesd fu
ﬁaqﬂﬁuaqainﬁqq1ﬁa$u%agauuumu1u%ﬁntanﬁ w¥ardvoanu tiuwuveynsuifeds
1ugensuil Lnas 1q%7ﬂ3uQu1uiﬂsaq1u§ﬂ%ﬁ1 1MIATIUS Lod 189 51(MCS51)
tues 8031 fiusimrugu

B v
8031 fudwiumszga Mcss1(1Roeudtidmizoaitnannistlui i)
nﬂsﬁal§auunuaqnsn

wosmoynsuifiunuy full Duplex drwrsofiezSunasdendoniutd Sav
i i Juiwivedna 9y mnufienednarnnsafier futudiides deufidausnazgniy
1U91n$dd i nodda sy ad1vtsfimutuddiusnazdovgndnutludouisavinanas
[ v 4 a A ar '
Futuddifidovazduga Daglwtvddiusneggndeunazgamiu1u1flune s noynsy
$¥dinedifunaidear i fiefindedu  #153a1m0s SBUF 14 SFR <special
N 3 ' " ¢ ¥ s )
function register> uﬁvﬁnﬁqiﬂsqa¥w¢?%atmaswqaaqasuunnuaqﬁmﬁn
¢ 2 4% -
HOTABYNSUYBY MCSS1 &INNgnlfennaiutfasuun udluiitlasndrafl

druilng fife
SN NIUTAUA 1 : Standard 8-bit UART

iJunsdedoyavurn 10 Dadausenmie  TxD weduidrudiu RXD
Tavgunvudasyyseneufis 1 D start (fu co’ wuadadeyarseifusiusniisy
uazda%ayaﬁ wagdn 1 90 stop 41 "1’ n1sfuda stop azulvifufide RBS
v89 SFR §3d1mad swN dasffemuusiutéarunisaedauiian

foyasuiu 10 In Arusenme TxD (nfefurau RXD Aufiterndnade
nisdvirufeyaifiveedvifer) usenoudiy start Da Yoya 8 D uasda

a LY a g«u
stop MY n1s5udn  stop 9zdetdr RBS 1uffdimed swN arseedasaden
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. e iy s g ooy e e
Idie State LT T
1 * S
™ %
b <1 2 3 4. 5 L o6l pryivg B
! r k]
St -~ Data Bits R T
3 — = + iF £t .on
P it b ——— ::
NN O SO SOOI S, e ) S N Sk me £ SEE

FUA 2.13 n15d969nNYS 8bit UUY asynchronous

auifrveelonvruusiutd  ufduiian 1 Uil ndasfenmisrderutuineg 1
wiounuunugdunugdirardmiunisdenas$u : |

n1sdvarifuerudroandefiié  sBur uddainedfudoya  Foanm
"write to sbuf" fiazussyn '1’ ¥ twruanded 9 1uddinodnig i feudy
uazunanIuMIBAIVRUANTEN  (tx control block) ﬁazuaﬂqnﬁsgn¥aqma%ﬁ
dedoyanisdy %ayaaeéqﬁ%aq sipl ¥997g9nsunydu uazvearubirodndideus
MW avesdggran i fnsiis 16 gaefisaiy  defu uhazdnazgniaed
#run9ms 16 veefluIsdggnn "write to sbuf”

n15d99z 15udrun15d9  active Yoot send nazl1ddn start 1414
TXD $Iv13a78u 1 On dugnodeyafive active $4ffr enable nrsdednoon
nfidined s idoudesantuseen  Txp WadideudiDausnes i Andundeiian
mMIn w1 da

va fifoya 1 fousanmieann  dn ro wrgnididimedre  1fe MsB
vosdoya 1 tudegfianusiue 1eviun vewsdainasFa iAo vnefudn 110 vg1dy
gt dumumte it i o/p  wdeendt Mss pndeiyuaz ynanumie Jegnde iy
wéar fiuderufdained fiudorusdainesnisidousyifin ‘0’ wun donuzunanly
WIUAIURNNISAN  (tx control wunit) ﬁ%zxﬁauxﬁuﬁvqﬂﬁﬁu nazdadoyy

a -4 a X 3 ! 2
send Adioidauaznisidn  t1 ezifindu $29gnfi 10 weemIIMST 16 uda

M sdNdyg s strobe "write to SBUF"
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dnsfen

5 . . 4 a X
oasfeniuivnn 1 gnamuatdKiud1dnsn overflow fifiadu 91n

nsnmuafiIusddined TH1 1uda¥rednsdon
74 7 . o g ar ar
90917084 10150AUIUIIN - OMST overflow Hifndulufiiduiian 1

v
naga1dniu smop 1fusail

dnsflan

(_28mod x §ms1 overflow ¥9NHIFUIZ8Y 1 )

32

(_2smod ) « ( ayqufloeddaiaines )

32 12%(256-TH1)

sﬁuas159ﬂuaq€ﬁﬁtﬂaéﬁwdwqqﬁxﬁuuﬁaqﬁunﬁsdQﬂayaagnsu
Accumulator
acc  flvwn g D Guwenfifiiainesd 2§ Sufinanedronen
fayarunishndefivquasdnisuen 10
Port 1
§da1mos P1 maQﬂ§u€6aLma€ﬁqfuﬁxﬂy (SFR) 1Tus48anosfuand
fvoenasn 1 valderusedy A\D |
Port 3
v ¥ dedeyarrueannie p3 Mudle Rs 232
Program Status Word :53dimasudmsdorususunsy

iugda i ned fudnenafirdudaannnisidandamie o uaz1¥ 1 funduifon

mMsnNIuvesiidinesnduineyg fisrgaz1dun Mamndas

(0)'¢ AC FO RS1 RSO ov - P

A1s19A 2.1 Psw Program Status Word (PSW)



CY

AC

FO

RS1

RSO

ov

PSW7

'PSW6

PSWS

PSW4

PSW3

PSW2

PSW1

PSWO
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uvaniing ztan uietndusdiversaursniovoniund sy -

winenadnindenisrdandeameatndians  wie assnardnsds
TRITTERT

UWANGINAUDN Auxilary d¢i9n wisindusdivandaurdnde

gowuad  srwitemisvinuazay  fudaswadrnnisnandedy
indait 3 wee acc

uwan 0 aziwa el adudfruvenud SRg14nmuadorus9n
uraniiio

$3dimediinivuqgunas tfenuuedfiodl RS1 nar RSO

wian wdeindsdiisvowmnd e ifonnduitainodnmeuiy
Qs X or
udazuuvdIasUFudIIN  RS1  uaz Rso 1#Swrifanquinyoe

N5 1 8onuuediedetud

RS1 RSO  (fenuusd AUonLASH
0 0 HUQR 0 00H-07H
0 1 HUNA 1 08H-OFH
1 0 HUNA 2 10H-17H
1 1 Hued 3 18H-1FH

UWan overflow 3196 wioi1adusdrvarsaurdseuiaenisad

andefiudnafianis i fadnuoe overflow MeaAlmAI AN
fpanses  ezlddmisoian wieiafusHaufrdiwsnedanses
1Tausufadag

szion wielafuddivendaundlundas Tpdnsands udaedei

1avdn 71 lundazdevoe Accumulator

Serial Data Buffer

n1sdy

iwinesdoyaoynsuutveanifusdsines 2 v HiusniSuiiwived

hd o g A s a
wagdnda (Duliwinesnis¥y  lledioyadivinidn  sBUF  Huerdnwidiiw

o o o
ivednsded i fudidanisdedioyas nuveynsy
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Control register

ngn sFrR fiiflu 1E,TMOD,TCON,SCON uag PCON azusenoudisdad

1run1sarven wazudadniuzvan1siFeruluszuuduinedSnd H1Juian /il

azndl1ldedoy

#IVU 1287 /A1 (Timer/Counter)

Mcs 51 §1 16 Ja fdutaan /6ty 2 dafle

Timer/Counter

nmuatiineaui dudafuiaa1iaenis i ade$¥id1nes T™MoOD Tundu SFR
T ATUY9N Timer #133a1nadaz ifndrynaTginsunsduysenovdiae 12 Aruves
Oscillator 8nsinisfivudazadesefiuitaiifiu  1/12 vesnrnd oscillator
(@onnewiE 4 Ivua Keud 0-3 15114 Tuua 2

a2 dnrsneautaonisntmuatiidiafiv 8 Daves TL1 unTwamtug
1ﬂ05m1uﬁﬁnn1wﬂpnﬂ%q t#88n115 overflow 910 TLI fegy Ml Roeud TF1

ar [ [ n'(g
wysuifiu 1 ud TL1 9zgninaainudnsulfionndrfine1¥iu TH1

osc -
. c/=e N ™ ™ wreRUeT
o)

= ™
QATE ~ o)

suit 2.14 HFU1981 1 NUIUTINA 2 KpUTHAAIWY 8 Da
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GATE Cc/T M1 MO GATE Cc/T M1 - MO

C/T

M1

TF1

'Mﬁfﬂﬁﬂ 2.2 TMOD .: .Timer/Counter Mode Control Regiter

—————— Timer Rl---------><-=--~~--Timer RO-------=->

ar

auquinn 1detamifiue 1oz i dudunida  Faduian ity v
fvn INTx Hd0Iugge Uaz¥IAIVAN TRx M TCON vspniamifiu 17
4 o o 1 4 A '
tNefalivauiugniadedifidurida 1letsfinuiidanivey TRx gniwm
1w

- o (YR, @ ar a1
tdonnisnunuuiiduiaiviedailiy drfu vo0 ezifenneruifiy

fdrduian (T Edggraui Moo Budggnan 18198989 )81 Bu 1

g 1funrsnrunuudi fy nazSudggnandrfien Tx

MO NISNNIY
0 NIIUUVYFEITU L9790 MCS-519% TLx tDudiaifloudadn 5 da
1 ns1EMmdutian /Aty sum 16 Dm 9% THx uar TLx 9u

Mty 198 Prescaler

ar

0 nsivanuurn 8 Dasaudaiulididiivuasfi19v11a790818 THx

1
8 oA

Ly . & W/
Lyt ine1fuazazdro 1 d11uf TLx Imiynasefiifin overflow
flo Tix gniuifiu *0’ wue

1 f24U1787 0 N NIu AUt TLO waz THO (Hufitivuenfy

TF1 TR1 TFO TRO IEO IT1 IEO ITO

199N 2.3 TCON : Timer/Counter Control Register
o Q AA
TCON.7 #MJuiaa1 1 uwanidu ’1° (Jeifin overflow gniwmifiu
4 o o [
uileBrugrsauaéniedggno 1UoMIdui3a1 /9y Overflow

nagaztndesdrtovitVodutnodSwiduuga



TR1

TFO

TRO

IE1

IT1

IEO

ITO

TCON.6

«TCON.5

TCON. 4

TCON. 3

TCON. 2

TCON.1

TCON.O
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frduiaan 1 dudiaruquiatfiidunnern ez ivanieafus
frggendursfazuiniadl saduitan iy 1 1Sundouyanas
N"NIY
Q L% ‘ L)
faduiaan 0 uwanidu 1’ 1leifia overflow gniwniiiu
A * b - hd Qs
witafrugndaursmedggrmi lodiduiian /faully  Overflow
tadodiiaiovidoduined Fudtuuda
faduiaan o 1iudiarvgudatitisunaern iz 1vandoadud
Hruzonduisfaguinaniifiaduiian /daiiy
A Y &
Suimesswd 1 1 Juuwanveudogratandiersauad i Todganm
vaun15duinedFndusIngiirfter INT1 waziadedidenisnn
A svo (¥
uduines Sndduga
duwimasinwd 1 gunuunrsaIvguda A taauieafusHivvond
2§ Aoz 1 fudinmuatiinasnssfudurnes Swdonarsusnitvey
- . @ a (37
1aanfoseAvusIAuAm Sasdr ITI=1 zAIUquiuLNET I
Kruvouwnas uazdr 1T=0 caruquiireduinesTwdszAuus
AUA™
Suimasswd o 1fuuwanveudygnasndrsgrsauad fodgnn
ar 4
Youn158uLnasSndusangi¥1fan INTO uaziadudifonignn
a ¢ o 4
M uduL nos TwAduga
duinesswd o 1fususuunisarugudesr taauie i afus1bidiau

gowdur 4oy 1 fusianmuaitinasnsefuduinadfudarnatvuen

(Husvuvsuuraans ot Tulvus e AULS I HURT

SMO

SM1 SM2 REN TB8 RBS8 TI RI

M15197 2.4 SCON : 153d1MASAILYUNDSROYNTY



e

iy sMo,sM1 tHudinmuanisidsuuadieqvaewosneynsy el

SMO  SM1  Su¥A  ANEMENITYNINIU dwnsaiea

0 0 0 1douisddinad fosc/12

0 1 1 8-0m UART HWUSAUTHRIUNTS LABNAITU L8
1 0 2 9-0a UART fosc/64 M50 foqo/32

1 1 3 9-1A UART HUSHY

* UART : Universal Asynchroous Receiver/Tranceiver

sm2 ugudunida nsadsus iadiveduaneitunisdedrsdeiunazfu  au
Twue 2 waz 3 € sm2 tamifiu 1 Kefu R sxdestiubafiv g1dnns
fubailifn nndide res Hifiu o N
Twinun 1 81 sMz tamifu 1 detiu RI sxtsubafivin sTop Datdgn
FUluInuA 0 sM2 msdar iy o

REN #18unidooynsunisdy cwaifin’ 1 &roSusunsutunasidendun i fanns
Funaz iu’ o drususunsy 1Herfiifiudaiofa

B8 1futioyadinflifrdvazgnaetuimwn 2 uar 3 SesznmidiBur1vfe o
1H8nIsTUsUNSY

RBS uinua 2 uay 3 deyadaflifrgniuty
Tinun 1 §1 sM2=0 RBS vznatuifiu sTop Dafigniuiy
Tuivun 0 RB8 1014

T1  1JuuvwanduinedSndnisdeisndrvadauadfefidagrauarudieiiarves
dafupaiuivun o wiefignifulivveedn STOP TuTuuadu Tunisdenuy
oynsuveINNIMUAIz o i afu$DntiHi o Tusunsundenisde

RI  fuuwanduinedSndnissuiandissrdauadfedggrafivarudieirarve
fafluuntuimun o wiefigansanvevdieda sTor Iuimuaduluns ¥y
uvvoyunsy sntfunsing sm2 sxfeviafuddnfrotusunsundenisfu

g

N150ULMBSSWARITUIIaY 0 uazfIduilal 1 e Inlddludives

1
~

Uwan TFO uaz TF1 Miwmifu 1 Lﬁaﬁﬂﬂutsﬁatma€m00535Ut1a1/ﬁaﬁugnxwu

4 a y a s a % . g
nuivnuannanate cfugudwuapnda  (n1saeduinedSndeuevdifuiaan o v
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vineruduinasswidiltd  Eraiineruluinua 3 wdN9nnas LAnduL mas Swdd Sy

tiaruwaniendaszgniadesiiiiy o 1desndaurduudui v wlususuns s

N1sU9INIsiuL pasSudf1duL1auin

dyganyd auniedn

i

EA

ET2

ES

ET1

EX1

ETO

EXO0

EA

ET2 ES ET1 EX1 ETO EXO0

a15199 2.5 153 1nednsdutmesInddunida ¢ IE

IE.7

IE.6

IE.S

IE.4

IE.3

IE.2

IE.1

IE.O

Haridu
swhdtoifan1sduined Inddianua &1 Ea=0 sx 19801981 nod
SwArunrsmeusy &1 Ea=1 awuﬂsnﬁasﬁutma§¥wﬁ1ﬁ Sauun
azunﬁqﬁuzmaé?wﬁasﬁﬁaseﬂunﬂsmengatﬂﬁuéﬂﬁﬁuﬁLﬁauﬁ
azdndould
d1504
vwdurifaviendiatfaduinoddnd overfiow voediduiaan
2 €1 ET=0 n158uimodsndiaduiaan 2 exfdioida
azﬁuﬂ15aw?aﬁaxaLﬁaﬁutma§§wéwaémagnsu 81 Es=0 s
SuimodSwinosnaynsuaziaio i fa

¢ @

v v @ P
zduriDovSofdiatdaduinosSud overflow woeiiiduilan
a é o ar Qs " -4
1 81 ET1=0 n1sduimasswiddiduiian 1 azhdieiida
v v o .
zduridaniofadiotDaduinasSndarnmouen 1 81 EX1i=0
A ar k74
nsduinasswdonnmousen 1 9¢fdio1da
o 2 - A X ¢ O ar ar
dzduriDaniofatatDaduinosswd overflow vavdIduiian
a 5y @  a a X
0 €7 ET0=0 nisduinasswddaduiian o vzfdiaida
gduriDanioddteidaduimosSnwionnisuen o0 &1 EX0=0

o o ¥
nMsdutnasSwidainaouen 0 (INTO) azfdioida
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SMOD| - - - GF1 GFO PD IDL

.mﬁ$1ﬁﬁ 2.6 PCON : Power Control Register
smop  pcoN.7 ifiunrsfednsafioni§aifudeeinn  ideramifu 1 Fasfen
sgifiu deeim i fenednoynsugnidivaeufisuun 1,2,4503
- PCON.6  @"1584
- PCON.5 #1504
- PCON.4 #1589
GF1 PcoN.3 ¥ ifiuunaninmiuqauseaqdiiay

GFO pcoN.2  Adifluunandamiugauszacdiaty

PD PCON.1  Dannsidenniverumn ﬂmﬁgﬂtmmlﬁa1ﬁannﬁq1uﬂuiunﬂ
W UHN

IDL PCON.0  flmnrsidenuvugannd ﬂmﬁgn:mm;ﬂoxﬁannﬁqwuﬂuiwuﬂ
gAuAR

dwmsuidainesiatlisnaddmniflun @ smoD &1 SMOD ="0" #1 K=1
1 sMoD="1" @1 K=2 1¥awSunisaura dmsafien F¥d1metitarvasotrdan

- ¥ am
&9 SETB 1fiwsneazuuliee1difnis or (Set)ufo AND (Clear)
Tusunsunsdedayafitunasaeynsy

tBunrsnmuadia Mcs 51 ¥wedmoynsudedeyadaudnsni§a 9600
flon fin11ud oscillator 11.0592 MHz TAuSUsTAneaudardoyaiidevsifutaya
vurn 8 Da

13ufuan (An1sdeyiuTuNA 1 8 D UART SMO,SM1=01 hdieida
n1ssudieya REN=0

fadui1a1 1 segnIvsunsuifuiuy  auto-reload i#e1M1H 9600

fom #7114 TH1=FAH(250)
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TH1 = 256-(_K * Osc Freq )

348 % baud rate
%1  sMoD=0, K=1

87 sMoD=1, K=2

18 TH1 1My FAH wfe 250 1i#ev91n14 smop (fu 1 A1 K 1 fiy 2

dns1fon = _( 2SMod % §ns1 overflow ¥94MITVIREY 1 )
32
= ( 2s8mod ) & ( grqufieeddaiaines )
35 12*%(256-TH1)
UNURIAIe L1 1ufe SMOD = 1
aIutieeddatatnes = 11.592 MHz
TH1 = 250

szikons ot 9600 Neanafl
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kkkkkkkkkkkkkkkkkkkkkkRk Rk kkkkkkkkRRkkkk

H SERIAL PORT INTERFACING OF MCS 51 SERIES

H BY: BUNDIT
H VINAI

3 WIYADA

RRkRKkREkR KR kF Rk kR Rkkkkkkkokkkkkkkkkkkkkx

PROJECT ACCELEROMETER
THARANAMAI 321156
KORNTRAKOONKARN 321302
WONGANUSORN 321305
org 0000H ;Power on and Reset
--- Constant -—==-=-—-rm-c-—tm
equ 9600 ;Bit/sec
equ 2 ; SMOD =80H
equ 110000000 ;XTAL Fregq
equ 250 ; #FAH
jmp 0033h
org 0033h ;0rigin of program

¥ e e = - - -

INIT_REG:

IN_SERIAL:

mov
mov
mov
mov
clr
orl
mov

mov

Initial Register—-—--————-—==---——mooo———

A, #00H
PSW, #10H
RO,#100D

R1,#10D

;Clear Accumulator

;Choose Bank 2

Initial Serial Port ------—---------co---

EA
PCON, #80H
TMOD, #20H

SCON, #50H

sDisable Interrupt
;K = 2

;8 bit reload
;Serial 8 bit

sand receive



mov TH1,#0FAH ;Set Baud Rate = 9600
setb TR1 ;start Timerl

T e e Generate Clock Pulse  ————-cmee__

. STROBE: clr INTO ;Start strobe pulse
nop ;yno operation '
nop
set INTO ;End strobe pulse
call DELAY
Jjmp ADC_P1

—————————————————————————————— Delay ===-—--— e
DELAY: djnz RO,DELAY ;Waiting
mov RO,#100D
DELAY1: djnz R1,DELAY
mov R1,#10D
ret

e e Receive Data From POrtl --—--—-emmme___

ADC_Pl: mov A,P1 ;Save 1 byte
mov B,A -
et Main Progfam P i e e L

BEGIN_MAIN: acall RX1BYTE
mov A,B
acall TX1BYTE
pop ACC
pPop ACC
jmp STROBE

jmp END_PG
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—————————————————— Receive 1 byte from serial port —=-—-=——c——eeee—-_

RX1BYTE: jnb RI,$ ;Wait until RI="1"'
mov A, SBUF
clr RI
ret

---------------------- Transmit 1 byte to serial port —---—-—-—=——a-o

TX1BYTE: clr TI
mov SBUF, A
jnb TI,$ ;wait until TI=1
ret

——————————————————————— End Of Program -----——=cc-ccmmmm

88U uSUsunsY

P05 d9d999TUSUNSY  SERIAL PORT INTERFACING ilfie Fudayasin
ADC %Qlﬂuﬁﬁﬁfﬂﬂﬁﬂﬁﬂ Piezoelectric sensor sﬁaﬂﬁnﬁsdq%ayaﬁﬂﬁﬁﬂuﬁq
pc ifousezuiana

1¥msdedioyaunveunsudiunienednounsuves  MCs-519n81¥n15d9%u
Tuun 1 Tavdoyadigndetifourn s D Yaufstart bit 1 Dauazstop bit 1 I

L3ausn az&éuﬁ?wqﬁmmﬁm strobe 9iMudisable #lvn INTO 1#ods
fygImnis WRITE uag READ iy apc 1#ennnisiudeuuuasdoya ourasn 1
Admea uazdrudeyavos anc 141 1¥fiwedn 1 udruniui Fu1Rsiaines B uay
sgsofudoya 11udenn pc doya 1 1uﬁﬁ1ﬁu%ayaﬂm q i#efezuon1ii¥dn i fude

Yoya1d
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wivonfifsudoya 1 ud Mnnesmoynsuudr Mcs-s1fazundoyad
ifur¥iudlained B desanmianed moynsuifededoyatudy pc navvzaundyty
a§19dygnm strobe 1Ho¥udoyasnn apc warnnrsduasFudoyadety
uﬂqaantﬁudauq fradl

druifudu  (Hudauiduveetusunsy  1fenn1s  Reset ude Power
on fiaz13ususunsuid

daudined Lﬁunwsnﬁwumﬁﬁﬂqﬁﬁwaq rdeenisnmundined  f14#

daufiry

daui Suduvavcry 1fiunrsnsesant fodrunmuuieva Interrupt Ao

uaa1u;éuﬁuiusun$uﬁuaﬂtﬂsﬁﬁ 0033H

dur¥ian 1 Sudu LﬁunwsﬂﬁﬁwLéuﬁumaq€%atma§ﬁ1qq nagiinnsi1danad

Bank 2 voN33d1masudavaniuz 1M 0a2189 00 uLan L AT 00H-17H

dawritdn 1 Suduvesnedmoynsy  1ffunisnmundidia i fiadessisay

1ﬁum1ﬁ@ﬁnquﬁ

drud¥ 1989 iSTROBE tiunsa¥redgane WRITE uaz READ 1% ADC

& X a
W8 ADC nmisuvasdggnmeurasn 310 sensor i Tufagnafdnos  wardiudn
310 ADC w1 danesa 1

! 1 a ] t'i [} :
daudavilan Lﬁunaqxaa1Ussu1m 3 ms.ﬁauﬂﬁﬂwssUﬂwLwaﬂﬁuuﬂaaw

ﬁﬁﬁ%nt%nuwﬁugﬂﬁaq

daudhedoya 1unvsdredeyasinnedn 1 1uifiu1¥#s9aines B

drufvdoya (Bunrsfudeya 1 twdenn  pc HIUMIane s naunsy
Tavszseudioyaing (e unisuonafidin i udedoyats

daudeboya iflunsdedoyailifut¥1usdained B eentuiie pc A
NN ABYNST N

uasxﬁaﬂﬁnﬁ41uﬂsuunﬁquuﬁa wunduIUENd ua¥19dggns  STROBE

& o, 4 ] 1 1 &
8N 1 HEN NS 1 VAU UIYANAYA 91N sensor nagdruarur tivifednede o



ANNUAATIUE N L oD

‘\y

ARUARTHIRTUNI SR IN VYD YT

-

rod J

#5198y STROBE

DELAY >0

YES

alle '
e

U

pyasan PORT 1

defoya 1 ud
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N1589NUUNLUALHANNISN NI U

3.1 ﬁdﬁntﬂ1101ﬁuaﬁu1ﬂ?aqfﬂﬂ11uﬁuaz1ﬁau

ﬁqﬁ1%néﬁau11uunﬁauwﬁ1u%adwnﬂsfmﬂOﬁuﬁuﬁzlﬂauﬁu drusaura
msintfifudesuvufio Yagasau uazfﬂilﬂngﬁdwﬁﬂawuﬁﬂWQﬂﬁu TUTASINIY
ﬁﬂﬁ?m1ﬁuﬁﬂsauLﬁawﬁszﬁUﬂoﬁuéuazLﬁauiﬂusvu

ﬁvadnqﬂunﬁi?ﬂﬂawuﬁuﬁs1ﬂauﬁasuﬂqaanlﬁuaaQUsglnnﬁa RN
n1sdude 1 fouftide o 2z 1hindud vne LﬁunﬂsﬁuazLﬁaumaqn1$tﬁﬂuNuﬁu1w1
FeidovaviafoefioTain Seismograph  vzfleannisinegmasaiian (fodeinm
UagnsI3douNI T INANAUANIY 71u%qian1aﬁag1ﬁﬂuﬂuﬁu1waﬁnﬁau a819fideq
tfiunsduae  foudse 1 fovan=i aue 5u1ﬁudnws§uﬁsxﬂaumaaxﬂ?aqﬁnsﬂﬁqq
nMsinnudude 1 louruuse  andl dnsa¥aifiogiisefuniuduas 1 foni derafiik
Wfevnoynsaivdeunaeniia  dediviadesdesause tanilfeo vibration Meter
Ud¥ Accelerometer

¥ a ! & a
TuTaseulazndlafenisyanirududs L founvude 1 e uazifiunisya

ar v Qs [} ) ar a 4 1 y o, k%
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Frequency Response 5% Hz .07-*
(with 1 meg load & 10 Vpp)

Input/Output Coupling ' AC

Output Characteristics

Full Scale Signal Voltage Vpp 20

Current mA -

Impedance 100 in series

w/ 47 XF

DC output offset v -

Noise vrms -

Power

Source external
24-32 V DC
4 mA

Physical

Size LxHxW in 3.8x1.7x1.1

Weight g 65

Connectors

Input BNC (neg)

Output BNC (pos)

Power banana jacks

Front Panel Meter no

Enviromental

Operating temperature Ooc 0 to 50
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void init_port(port,code)
int port;

unsigned char code;

{
union REGS r1;
r.x.dx = port; /% MNNULRUNDS MOUNTY %/
r.h.ah = 0; /% 1duneddunnioiay o nwmiih i asundnue oy
r.h.al = code; /% iﬁﬁ%dﬂnﬂugtéuﬁu */
int86(0x14,&r,&1);
}
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void sport(port,ch)

int port;
char ch;
{

union REGS r;

r.x.dx = port; /% NIMUANUNY LAUNDS A */
r.h.al = ch; /% fadnusiifioenisde x/
d’ )
r.h.ah = 1; /* Wandummneiay 1 i fidedeys 1 1ud x/

int86(0x14,&r,&r);
if(r.h.ah & 128) { /* nsaglait 7 %/
printf("send error in serial port");

exit(1);
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readport(port)

int port; /% MUY LAYNOSTH */

{

union REGS r;

/% S09UNT11HSUMIONYS */

while(!(check_stat(port)&256))

if(kbhit()) { /% unidnifefinsnafid «/
getch();
exitd4 )
}
r.x.dx = port; /% N IMUAKNIY LAYNOS A%/
r.h.ah = 2; /% Wedduvuigtay 2 i fis udi dnus %/

int86(0x14,&r,&);
printf("read error");

geturn r.h.al;
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/*
VA
/*
/¥
/¥
/¥

gdefine TWO_PI

PROJECT 4J INSTRUMENTATION KMITL
By BUNDIT THARANAMAT 321156
VINAI KORNTRAKOONKARN 321302
WIYADA WONGANUSORN 321305
Adviser

VIDHAYA THIPSUWANPORN

6.283185307

gdefine MAX_PTS 256

g¢define F_SPC 4
£define BASE 350
£define PORT 0 /% PORT 0 is

COM1

*/
*/
*/
*/
*/
*/

/¥ ‘edefine code 227 or OxE3 : buad 9600 : 1 start bit
/% 8 data bit : 1 stop bit : total 10 bit UART */

£include<conio.h>
£include<dos.h>
£include<graphics.h>
£include<math.h>
£include<stdio.h>
£include<stdlib.h>
£include<string.h>
£include<time.h>
£include<bios.h>

struct typePoint{

char name[20];
char set[20];
char date[20];
struct {
unsigned int number;

get[302];

}point[2];

int graphdriver=DETECT, graphmode,
int errorcode;

char *driverpath=

" :

/¥ initial port serial port */

void port_init(port,code)

¥

int port ;
unsigned char code ;

union REGS r;

r.x.dx = port; /*%¥ port number */
r.h.ah = 0; /*¥ use function 0 to init port */
r.h.al = code; /¥ code of init port */

int86(0x14,&r,&r);

/* send a byte to serial port X/

void sport(port,c)

int port;
char c¢;

union REGS r;
r.x.dx = port; /%¥ port number ¥/

*/

no parity bit



r.h.al = c; /¥ char to send %/

%

r.h.ah = 1; /%¥ use function 1 to send char */

int86(0x14,&r,&r);
if(r.h.ah & 128) {
printf("Send error detected in serial port ")
exit(1l);
}

/%¥ receive data from serial port */

rport(port)

{

}
/%

int port;

union REGS r;
/¥ wait till receive a char *x/
while(!(check_stat{PORT)&256))

if(kbhit()) { /* cancle when keyboard hitted */
getch();
exit(1);
}
r.x.dx = port; /¥ port number ¥/
r.h.ah = 2; /¥ use function 2 to receive char */

int86{(0x14,&r,&r);
if(r.h.ah & 128)

printf("Read error detected in serial port");
return r.h.al;

check status of port */

check_stat(port)

{

¥

/%
A
/¥
A

int port; 4

union REGS r;

r.x.dx = port; /* port number %/
r.h.ah = 3; /*¥ use function 3 to check port status %/
int86(0x14,&r,&r);
return r.x.ax;
This program use serial port to send and receive data *x/

If want to simulate data you can use random data follow comment */
By take comment over using function sport(PORT,d); and function */

rport (PORT) ;

and remove comment from using function random() */

/% function save file */

struct

{
FILE *fp;
int x;

typePoint get_in_file(void)

char namep[8],keep[12];

clrscr();
gotoxy(10,4);
gotoxy(10,5);

printf("UBB8ﬂﬂ8060DBDD8DODDUBBDDEBBDOBBQBDUDBSGDBDDBU"
printf("U u"



R N

gotoxy(lO,S);
gotoxy(10,7);
gotoxy(10,8);
gotoxy(37,6);

}

printf("U Enter your file name : u"y;

printf("U ) U")‘
printf("ﬂﬂaﬂﬂ668ﬂaﬂﬂﬂDDﬂﬂﬂBDOﬂBBSBOBBEODGUBEOGBBOGBGN")

scanf("%s" ,namep);

sprintf(keep, "%s.acc",namep);

fp = fopen(keep,"wb");
fprintf(fp,"%s ",point[0].date);
fprintf(fp,"%s ",point[0].name);
fprintf(fp,"%s ",point[0].set);
for (x=0;x<=300;x++)

fprintf(fp,"%d ",point[0].get[x].number);

fclose(fp);
gotoxy(10,22); printf("Data save ready.");

getch();

/¥ function read data from file *x/

struct

FILE *fp;
int x;

typePoint outfile(void)

char temp[3],fname[30],name[30];

clrscr();
gotoxy(10,4);
gotoxy(10,5);

" gotoxy(10,6);

gotoxy(10,7);
gotoxy(10,8);
gotoxy(45,6);

printf("Baaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaau")
printf("u u")
printf("U Please enter your file name : y")
printf("u u")
printf("ﬂaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaau )

"

scanf("%s",name);sprintf(fname, "%s.acc",name);
if((fp=fopen(fname,"rb"))==NULL) {
gotoxy(10,10); printf("Can’t open file or file error");

getch();
exit(0);

fscanf(fp,"%s",point[0].date);
fscanf(fp,"%s",point[0].name);
fscanf(fp,"%s",point{0].set);
for (x=0;x<=300;x++) {
fscanf (fp,"%s",temp);
point[0].get[x].number = atoi(temp);

}
fclose(fp);

gotoxy(10,10);
gotoxy(10,11);
gotoxy(10,12);
gotoxy(10,13);
gotoxy(10,14);
gotoxy(10,15);
gotoxy(10,16);
gotoxy(10,17);
gotoxy(10,18);
gotoxy(53,16);
getch();

}

printf("UOO880ﬂ0608ﬂa8DDDDBBDﬂDDDSDDOﬂOUDGBGOGDBDDDDGU")

printf("U u")
printf("V DATE : %20s u",point[0].date);
printf("U u")
printf("V MACHINE NAME : %20s U",point[0].name);
printf("Uu u")
printf("u MEASURE POINT : %20s U",point{0].set);
printf("U u")

printf("ﬂﬂﬂBBDDDBDDDDDDDBDBBBBUBBDBBG8800080803009806”")



/% SELECTION IS 1.) DO THIS FUNCTION */

menuone ( )

{

int X3
char d=’a’,ch;
clrscr();

textmode(3);
gotoxy(10,2);
gotoxy(10,3);
gotoxy(10,4);
gotoxy(10,5);
gotoxy(10,86);
gotoxy(10,7);
gotoxy(10,8);
gotoxy(10,9);
gotoxy(10,10);
gotoxy(10,11);
gotoxy(10,12);
gotoxy(10,13);
gotoxy(10,14);
gotoxy(10,15);
gotoxy(34,9);

printf("BGDDBEGSQBDDGGDDDD8068BDDDGBDBDDBGDBDﬂGOBDBBU")

"

printf("u u")
printf("u Enter data of measurement um)
printf("u u")
printf("ﬁaﬂDﬂD080ﬂ600008000388000000088008QDBDOBBQGGN")
printf("HﬂﬂﬂaﬂﬂDBﬂﬂDOﬂDODBﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂaﬂﬂﬂﬂﬂﬂﬂﬂDﬂﬂﬂﬂU")
printf("u u")
printf("y Date : u")
printf("U u")
printf("U Machine’s name u")
printf("U u")
printf("U Measure point u")
printf("U u")
printf("ﬂaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaw")

scanf("%s",point[0].date);

gotoxy(34,11);

scanf("%s",point[0].name);

gotoxy(34,13);

scanf("%s",point[0].set);

gotoxy(25,18);
getch();
gotoxy(23,20);
for ( x = 0; x
sport (PORT,d);

printf("Press any key!");

printf("Wait for data ... \a");
< 305 ;x++) {

point[0].get[x].number = rport(PORT);

delay(10);
}

/*randomize();

for ( x =0; x<305 ; x++) {

point[0].

}*/.
gotoxy(25,22);
gotoxy(25,23);
getch();
graph(point);
gotoxy(10,7);
gotoxy(10,8);
gotoxy(10,9);
gotoxy(10,10);
gotoxy(10,11);
gotoxy(10,12);
gotoxy(10,13);
gotoxy(10,14);
gotoxy(10,15);
gotoxy(10,16);
gotoxy(10,17);
gotoxy(45,15);
ch = getch();
switch(ch)

get[x].number = random(55);

printf(" Data ready ... \n");
printf(" Press any key. \a\n");

printf("Baaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaau")
printf("U u")
printf("u Do you want to save data ? un)
printf("V u")
printf("yu y : save u'")
printf("u n : not save A
printf("Waaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaau"]
printf("U u")
printf("V Your selection is (y/n): u"
printf("U u"
printf("ﬁaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaw"j



}

) ’ {

A
get_in_file();
main();

break;
case 'n’:
gotoxy(25,23); printf("Return to menu. \a");
main();
break;
default:
gotoxy(25,23); printf("Wrong selection \a");
break;

case

/%* SELECTION IS 2.) DO THIS FUNCTION */

menutwo ()

{

char ch,driverpath="'",text[20];

float dataavg;

int c,x=0,graphdriver=DETECT,graphmode;
unsigned int dat[256];

clrscr();
textmode(3);

gotoxy(10,2); printf("HDDGBSDBDGEBDDDDDDQDDDDﬂﬂﬂﬂﬂaaﬂaﬂﬂﬂﬂﬂﬂﬂaﬁﬂﬁa

gotoxy(10,3); printf("u
gotoxy(10,4); printf("U
gotoxy(10,5); printf("u

gotoxy(10,6); printf("ﬂﬂﬂﬂﬂBDOBO96088806808000QDBDDDODDGBBODOODBOB
gotoxy(10,7); printf("UODGDBﬂﬂaﬂﬂﬂBBBGDUBDDDDDDDBQBUDBQDBBBODDBDBS

gotoxy(10,8); printf("u

gotoxy(10,9); printf("u Date
gotoxy(10,10); printf("U

gotoxy(10,11); printf("U Machine’s name
gotoxy(10,12); printf("u

gotoxy(10,13); printf("u Measure point

gotoxy(10,14); printf("U

gotoxy(10,15); printf("Ao00D0000000000DDDDDDDDDDDDVDDDDDDDDDPODBDDD

gotoxy(34,9);

scanf("%s",point[0].date);

gotoxy(34,11); ,

scanf("%s",point[0].name);

gotoxy(34,13);

scanf("%s",point[0].set); :

gotoxy(25,18); printf("Press any key!");

getch();
detectgraph(&graphdriver,&graphmode);
initgraph(&graphdriver,&graphmode,driverpath);
setbkcolor(WHITE);
setcolor(MAGENTA);
rectangle(1,1,638,330);
setcolor(RED);
rectangle(24,43,626,301);
Settextstyle(TRIPLEX‘FONT,HORIZ_DIR,2);
outtextxy(235,15, "ACCELEROMETER");
setcolor(GREEN) ;
rectangle(1,332,638,478);

Enter data of measurement

!
1
1
"
n
"
1"

t
t
"
"
1
L

U
U
U
u
H
U
u
U
U
U
U
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H
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)
)
)
)
)
)
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)
)
)
)
)
)



setcolor(YELLOW);
line(25,94,625,94);
line(25,145,625,145);
line(25,196,625,196);
line(25,247,625,247);
setcolor(CYAN);
outtextxy(425,420,"INSTRUMENTATION");
outtextxy(470,438,"ENGINEER" ) ;
outtextxy(465,456,"K M I T L");
setcolor {DARKGRAY);
settextstyle(DEFAULT_ FONT,HORIZ_DIR,Z);
outtextxy(15,23,"g");
outtextxy(590,315,"t");
settextstyle(DEFAULT_FONT,HORIZ_DIR,1);
outtextxy(610,320,"(S)");
setcolor(LIGHTBLUE);
outtextxy(3,45,"50");
outtextxy(3,96,"40");
outtextxy(3,147,"30");
outtextxy(3,198,"20");
outtextxy(3,249,"10");
outtextxy(6,305,"0");
outtextxy(127,305,"1");
outtextxy(248,305,"2");
outtextxy(369,305,"3");
outtextxy(490,305,"4");
outtextxy(610,305,"5");
setcolor(BLUE);
sprintf(text," %s",point[0]. date),
outtextxy(380,350,"Date ")
outtextxy(510,350,text);
sprintf(text," %s",p01nt[0] name ) ;
outtextxy (380,370, "Machine v LA
outtextxy(510,370,text);
sprintf(text," %s",point[O].set);
. outtextxy(380,390,"Measure point : ");
outtextxy(510,390,text);
setcolor(LIGHTBLUE) ;

sport(PORT,’a’);

dat[x] = rport(PORT);
/*dat[{x] = random(100);*/
moveto(25,300-datx]);
while (!kbhit())

{
sport(PORT, ’a’);
dat{x] = rport(PORT);
/¥dat[x] = random(100);*/
lineto(((2*%x)+25),300-dat{x]);
dataavg = (dat[x]}/5.1);
sprintf(text,"%5.2f",dataavg); .
outtextxy(100,390, "Level ")
bar{(195,390,250, 405)
outtextxy(195 390 text),
moveto(((z*x)+25) 300 dat[x]);
delay(6);
X++;
if (X==301) {

x=0;



sport(PORT, 'a’);

dat[x] = rport(PORT);

/*dat([x]

= random(100);*/

bar(25,44,625,300);
setcolor(YELLOW);

line(25,
line(25,
line(25,
line(25,

94,625,94);

145,625,145);
196,625,196);
247,625,247);

setcolor(LIGHTBLUE);
moveto(25,300-dat[x]);

}

}

getch();
getch();
closegraph(
main();

}

)3

/% SELECTION IS 3.) DO THIS FUNCTION */

menuthree()

{
clrscr();
textmode(3);
outfile();
graph(point);
dftl(point);
main();

b

/* SELECTION IS 4.) DO THIS FUNCTION */

menufour()

{

char ch,driverpath=’

char text[ZO] tempd[3] fname[30], name[30],

double total;

float avgl,ang,maxil,maxiZ,minil,miniZ;

FILE *fp; -
int x,tenp,c,i;
int graphdriver=DETECT, graphmode;

clrscr();
textmode(3);
gotoxy(10,4);
gotoxy(10,5);
gotoxy(10,6);
gotoxy(10,7);
gotoxy(10,8);
tgotoxy(45,6);

printf("HDBOBDUODDB0080008086880DODOGBBDDBDDBGUOUDDDDU"

)
printf("u u")
printf("U Enter first file name : Uy
printf("u u")
prlntf("ﬁﬂDﬂﬂﬂﬂﬂaﬂBDDBaﬂDDBDBDDGQDQDBDGBBDQUDDDUBOQDDN")

scanf ("%s" ,name);sprintf(fname,"%s.acc",name);
if((fp= fopen(fname,"rb"))==NULL) {

gotoxy(10,
getch();
exit(0);

10); printf("Can’t open file or file error");

}
fscanf(fp,"%s",point[0].date);

fscanf(fp,"%s

", point{0].name);



fscanf(fp,"%s",point{0].set);
for (x=0;x<=300;x++) {
fscanf(fp,"%s",tempd);
point[0].get[x].number = atoi(tempd);

}

fclose(fp);
gétoxy(lO,lO); Printf("BGQQDUDDBDBBQODSGDDBBBDBDGDUODBDOUGGUHUDﬂﬂﬂﬂaﬂ");
gotoxy(10,11); printf("U u"):
gotoxy(10,12); printf("U DATE ¢ %20s U",point{[0].date);
gotoxy(10,13); printf("y u"):
ggtoxy(10,14); printf("u MACHINE NAME : %20s U",point[0].name);
gotoxy(10,15); printf("U u")
gotoxy(10,16); printf("U MEASURE POINT : %20s u",point[0].set);
gotoxy(10,17); printf("U u")

gotoxy(10,18); printf("ﬂﬂﬂﬂﬂﬂﬂﬂaaaﬂBOHDDSBDOODBDBBBDBBOHOOGUOQDDDBDBN")
gotoxy(53,16);
getch();

clrscr();

gotoxy(10,4); Printf("UDDBBSBODDDGDﬂaODBDﬂﬂﬂBGOSODDOODDBDGDUDGDSGGOU");
gotoxy(10,5); printf("U u");
gotoxy(10,6); printf("U Enter second file name u");
gotoxy(10,7); printf("U u");
gotoxy(10,8); printf("ﬂaOOBﬂD0ﬂﬂBaﬂﬂﬂﬂﬂBDDﬂ80EGDGEQDDGEDUGBBUDQBDUGN");
gotoxy(45,6);
scanf("%s",name);sprintf(fname,"%s.acc",name);
if((fp=fopen(fname,"rb"))==NULL) {
gotoxy(10,10); printf("Can’t open file or file error");
getch();
exit(0);
fscanf(fp,"%s",point[1].date);
fscanf(fp,"%s",point[1].name);
fscanf (fp,"%s",point[1].set);
for (x=0;x<=300;x+¥) {
fscanf(fp,"%s",tempd);
point[1l].get[x].number = atoi(tempd);
}
fclose(fp);
gotoxy(lO,lO); printf("uaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaau")
gotoxy(10,11); printf("U : u")
gotoxy(10,12); printf("u DATE ‘ : %20s U",point(1].date);
gotoxy(10,13); printf("V : u"
gotoxy(10,14); printf("U MACHINE NAME : %20s U",point[1].name);
gotoxy(10,15); printf("U , u")
gotoxy(10,16); printf("U MEASURE POINT : %20s U",point[1].set);
gotoxy(10,17); printf("U u"

gotoxy(10,18); printf("ﬂaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaw")
gotoxy(53,16);
getch();

detectgraph(&graphdriver,&graphmode);
initgraph(&graphdriver,&graphmode,driverpath);
setbkcolor(WHITE);

setcolor(MAGENTA);

rectangle(1,1,638,330);

setcolor(RED);

rectangle(22,43,626,301);
settextstyle(TRIPLEX_FONT,HORIZ_DIR,2);



setcolor(GREEN);
rectangle(1,332,638,478);
setcolor{YELLOW);
line(23,94,624,94);
line(23,145,624,145);
line(23,196,624,196);
line(23,247,624,247);
setcolor(DARKGRAY);
settextstyle(DEFAULT_FONT,HORIZ_DIR,2);
outtextxy(15,23,"g");
outtextxy(590,315,"t");
settextstyle(DEFAULT_FONT,HORIZ_DIR,1);
outtextxy(610,320,"(S)");
setcolor(LIGHTBLUE);
outtextxy(3,45,"50");
outtextxy(3,96,"40");
outtextxy(3,147,"30");
outtextxy(3,198,"20");
outtextxy(3,249,"10");
outtextxy(6,305,"0");
outtextxy(127,305,"1");
outtextxy(248,305,"2");
outtextxy(369,305,"3");
duttextxy(490,305,"4");
outtextxy(610,305,"5");

/*¥ Find average first data */

outtextxy(235,15,

total = 0;
for ( i = 0; i <=300; i++) |
total = total + point[0].get[il].number;

}
avgl = (total)/(300%5.1);

/%¥ Find maximum first data x/
tenp = 03
for ( i = 0; i <=300; i++) {
c = point[0].get[i].number;
if( temp <= c )
temp = C;
}

maxil = temp/5.1;

/*¥ Find minimum first data */
temp = 255;
for ( i = 0; 1 <=300; i++) {
c = point[0].get[i].number;
if( temp >= ¢ )
temp = Cj;

minil = temp/5.1;

/% Find average second data X/

total = 0;
for ( i = 0; i <=300; i++) {
total = total + point[1]l.getl[il.number;

}
avg2 = (total)/(300%5.1);

"ACCELERO}



temp = 0;
for ( i = 0; i <=300; i++) {
c = poin t[ 1. get[1] number;
if( temp <= )
temp = c;
}

maxi2 = temp/5.1;

/% Find minimum second data %/
temp = 255;
for (i = 0; i <=300; i++) {
¢ = point[1l].get{i].number;
if( temp >= c )
temp = c;

mini2 = temp/5.1;

sprintf(text," %4.2f",maxil);
outtextxy(100,410, "Maximum
outtextxy(230,410,text);
sprintf(text,” %4.2f",minil);
outtextxy(100,430,"Minimum
outtextxy(230,430,text);
sprintf(text," %4.2f",avgl);
outtextxy(100,450,"Average
outtextxy(230,450,text);

sprlntf(text," %s " p01nt[0] date),

outtextxy (100, 350,"Date
outtextxy(230,350,text);

sprintf(text," %s",point[O].name);

outtextxy(100,370,"Machine name
outtextxy(230,370,text);
sprintf(text," %s",point[0].set);
outtextxy(100,390, "Measure point

. outtextxy(230,390,text);

setcolor(LIGHTRED) ;
sprintf(text," %4.2f",maxi2);
outtextxy(380,410, "Maximum
outtextxy(510,410,text);
sprintf(text," %4.2f",mini2);
outtextxy(380,430,"Minimum
outtextxy(510,430,text);
sprintf(text," %4.2f",avg2);
outtextxy(380,450,"Average
outtextxy(510,450,text);

sprlntf(text," %s",p01nt[1] date),

outtextxy(380,350,"Date
outtextxy(510,350,text);
sprintf(text," %s"
outtextxy(380,370,"Machine name
outtextxy(510,370,text);
sprintf(text," %s",point[l].set);
outtextxy(380,390, "Measure point
outtextxy(510,390,text);
setcolor(LIGHTBLUE);
for(x=0;x<=300;x++) {

,point[1].name);

/% Find maximum second data */

")

")

");

N

n),
’

")

llne(((Z*x)+23) 300-point(0].get[x].number, ((2*%x)+25),



500—point[0].get[x+1].number);

i

}

delay(10);

}
setcolor(LIGHTRED);
for(x=0;x<=300;x++) {
line(((2*x)+23),300—point[1].get[x].number,((z*x)+25),
300-point[1].get[x+1].number);
delay(10);
}
getch();
closegraph();
gqtoxy(lO,lO);printf("Do you want to continue(y/n)?");
ch = getch();
switch(ch)

{
case 'y':
dft2(point);
break;
default:
break;
main();

/% Discrete Fourier Transform with graphics output */

dftl()

char driverpath=’',ch,text[20];
double a,q,2;
float temp,c,maxi,mini;

int k,m,n,i,ampli;

int graphdriver=DETECT,graphmode;

static double xt[MAX;PTS],fX[MAX_PTS],fy[MAX_PTS],xf[MAX_PTS];
clrscr();

gotoxy(10,10);printf(" Enter the number of sample points: ");
gotoxy(10,12);printf(": The number is multiple of 2 only : ");
gotoxy(10,14);printf(": Number 8,16,32,64,128,256 only! : ");

gotoxy(SO,lO);scanf("%d",&n);
detectgraph(&graphdriver,&graphmode);
initgraph(&graphdriver,&graphmode,driverpath);
cleardevice();

setbkcolor(WHITE);

setcolor{RED);

rectangle(2,2,638,478);
Settextstyle(TRIPLEX_FONT,HORIZ_DIR,2);
outtextxy(235,8, "FOURIER ANALYSIS");

/*¥ define the function here */
for (m =0 ; m < n ; m+t+ )
{
xt[m] = point[0].get[m].number/5;

}
setcolor(CYAN);
Settextstyle(DEFAULT_FONT,HORIZ_DIR,1);
outtextxy(585,342,"order");
outtextxy(10,20,"Amplitude"”);



setcolor(LIGHTMAGENTA);

outtextxy(65,355,"0");
outtextxy(185,355,"64");
outtextxy(310,355,"128");
outtextxy(430,355,"192");
outtextxy(555,355,"256");

setcolor(BLUE);
sprlntf(text," %s" ,point[0].date);
outtextxy(100,400,"Date ")

outtextxy(220,400,text);

sprintf(text," %s ",p01nt[0] name ) ;
outtextxy(100,420,"Machine : ")
outtextxy(220,420,text);

sprintf(text,"” %s",point[O].set);
outtextxy(100,440, "Measure point : ")
outtextxy(220,440,text);
setcolor{GREEN);
rectangle(60,30,580,352);
setcolor(LIGHTBLUE);

/%¥ Compute DFT */
for ( k = 0 ; k < n/2 ; k++ )

{
a = TWO_PI/n;

fx[k] = 0.0;
fy[k] = 0.0; -
z = 1.0/n;
q = a¥k;
for (m =0 ; m < n ; m+t)

{

fx[k] = fx[k] + xt[m]*cos(m*q);

" fylk] = fylk] + xt[m]l*sin(m*q);

}

xf[k] = sart(fx{k]*fx[k] + fylkl*fylk])*z;

ampli = BASE~(imt)(200%xf[k]);
if ( ampli < 31)

{

ampli = 31;

}
line(F_SPC*k+65,BASE,F_SPC*k+65,ampli);
}

/% find maximum data and minimum data */
setcolor(BLUE);

temp = 0;

for ( k = 0 ; k < n/2 ; kt+ )

{

c = xflk];

if ( temp <= c )

temp = c;

}
maxi = temp;
sprintf(text,"%5.2f" ,maxi);
outtextxy(350,400,"Max amplitude : ");
outtextxy(510,400,text);
temp = 10000;
for ( k = 0 ; k < n/2 ; ktt+ )

{

c

= xflk];



if ( temp >= c )

temp = c; N
}
mini = temp;
sprintf(text,"%5.2f",mini);
outtextxy(350,420,"Min amplitude : ");
outtextxy(510,420,text);
getch(); - /* wait for keypress before exit */
closegraph();
}
dft2()
{
char driverpath='’,ch,text[20];

double a,q,;2z;

float temp,c,maxi,mini;

int k,m,n=256,1i,ampli;

int graphdriver=DETECT,graphmode;

static double xt[MAX_PTS],fx[MAX_PTS],fy[MAX_PTS],xf[MAX_PTS];

clrscr();
detectgraph(&graphdriver,&graphmode);
initgraph(&graphdriver,&graphmode,driverpath);
cleardevice();

setbkcolor(WHITE);

setcolor (MAGENTA);
rectangle(2,2,638,478);

settextstyle (TRIPLEX_FONT,HORIZ_DIR,2);
outtextxy(235,8, "FOURIER ANALYSIS");
setcolor(GREEN);
rectangle(60,30,580,352);

/¥ define the first function here */
for (m =0 ; m < n-; m++ )

{

xt[{m] = point[0].get[m].number/5;

}
setcolor(CYAN);
Settextstyle(DEFAULTMFONT,HORIZ_DIR,1);
outtextxy(585,342,"order");
outtextxy(10,20,"Amplitude”);
setcolor(LIGHTMAGENTA) ;
outtextxy(65,355,"0");
outtextxy(185,355,"64");
outtextxy(310,355,"128");
outtextxy(430,355,"192");
outtextxy(565,355,"256");
setcolor(BLUE);
sprintf(text," %s",point[0].date);
outtextxy(100,400,"Date :
outtextxy(220,400,text);
sprintf(text," %s" ,point[0].name);
outtextxy(100,420,"Machine ")
outtextxy(220,420,text);
sprintf(text," %s",point[0].set);
outtextxy(100,440,"Measure point : "3
outtextxy(220,440,text);
setcolor(LIGHTBLUE);

");



/* Compute DFT */
for ( k = 0 ; k < n/2 ; kt+ )

{
a = TWO_PI/n;
fx[k] = 0.0;
fy[{k] = 0.0;
z = 1.0/n;
q = a¥k;
for (m =0 3 m < n ; mt+)
{
fx[{k] = fx[k] + xt[{m]*cos(m*q);
fy(k] = fylk] + xt[{m]l*sin{m*q);
}
xf{k] = sart(fx[kl*fx[k] + fylkl*fylk])*z;
ampli = BASE-(int)(200*xf([k]);
if ( ampli < 30)
{
ampli = 31;
}
line(F_SPC*k+65,BASE,F_SPC*k+65,ampli);
}
/*¥ find maximum data and minimum data */
setcolor(BLUE);
temp = O;

for ¢ k = 0 ; k < n/2 ; k++t )

{

c = xflkl;

if ( temp <= c )
temp = ¢}

}
maxi = temp;
sprintf(text,"%S.Zf",maxi);
outtextxy (350,50, "Max amplitude : ANS

outtextxy(480,50,text);

temp = 10000;

for ( k = 0 ; k < n/2 ; kit )
{
c = xflkl;

if ( temp >= ¢ )
temp = C;
}
mini = temp;
sprintf(text,"%S.Zf",mini);
outtextxy(350,70,"Min amplitude : ")
outtextxy(480,70,text);
getch(); /¥ wait for keypress before plot second data */

/% define the second function here */
for (m =0 ; m < n ; m++ )

xt[m] = point{1l].get[m].number/5;

}
setcolor(GREEN);
sprintf(text," %s",point[1].date);
outtextxy (350,400, "Date ")
outtextxy(500,400,text);
sprintf(text," %s" ,point{1].name);



outtextxyf350,420,"Machine

outtextxy(500,420,text);
sprintf(text," %s",point[1].set); "
outtextxy(350,440, "Measure point : ")

outtextxy(500,440,text);
setcolor(GREEN);

/¥ Compute DFT */
for ( k = 0 ; k < n/2 ; k++ )

{
a = TWO_PI/n;

fx[k] = 0.0;
fy[k] = 0.0;
z = 1.0/n;
q = a¥k;
for (m =0 ; m < n ; mt+)
{
fx[k] = fx[k] + xt[m]*cos(m¥q);
fy[k] = fylk] + xtim]*sin(m*q);
}
xf[k] = sart(fx[kl1*fx[k] + fyl[kl*fylk])*z;
ampli = BASE-(int)(200%xfl[k]);
if ( ampli < 30)
{ .
ampli = 31;

}
line(F_SPC*k+67,BASE,F_SPC*k+67,ampli);
3

/*%¥ find maximum data and minimum data */
setcolor(GREEN);

temp = 0}

for ( k = 0 ; k < n/2 ; kt++ )

{

c = xf[k];

if ( temp <= c )
temp = c;

}
maxi = temp;
; sprintf(text,"%S.Zf",maxi);
outtextxy(350,90,"Max amplitude : ")

outtextxy(480,90,text);
temp = 10000;

for ( k = 0 ; k < n/2 ; k++ )
{
c = xflk];
if ( temp >= c )
temp = C;
}
mini = temp;

sprintf(text,"%S.Zf“,mini);
outtextxy(350,110,"Min amplitude : "y
outtextxy(480,110,text);

getch(); /* wait for keypress before exit */
closegraph();

}
/* FUNCTION GRAPH */



graph()

char ch,driverpath="",text[20];
double total;

float avg,maxi,mini;

int graphdriver=DETECT,graphmode;
int c¢,i,x,temp;

clrscr();
detectgraph(&graphdriver,&graphmode);
initgraph(&graphdriver,&graphmode,driverpath);
setbkcolor(WHITE);

setcolor{MAGENTA);
rectangle(1,1,638,330);

setcolor(RED);
rectangle(24,43,626,301);
Settextstyle(TRIPLEX_FONT,HORIZ_DIR,2);
outtextxy(235,15, "ACCELEROMETER");
setcolor(GREEN) ;
rectangle(1,332,638,478);
setcolor(YELLOW);

line(25,94,625,94);
line(25,145,625,145);
line(25,196,625,196);
line(25,247,625,247);

setcolor(CYAN);
outtextxy(425,420,"INSTRUMENTATION");
outtextxy(470,438,"ENGINEER");
outtextxy(465,456,"K M I T L");
setcolor (DARKGRAY);
Settextstyle(DEFAULT_FONT,HORIZ_DIR,2);
outtextxy(15,23,"g");
outtextxy(590,315,"t");
Settextstyle(DEFAULT_FONT,HORIZ_DIR,1);
outtextxy(610,320,"(S)");

. setcolor(LIGHTBLUE);
outtextxy(3,45,"50");
outtextxy(3,96,"40");
outtextxy(3,147,"30");
outtextxy(3,198,"20");
outtextxy(3,249,"10");
outtextxy(6,305,"0");
outtextxy(127,305,"1");
outtextxy(248,305,"2");
outtextxy(369,305,"3");
outtextxy(490,305,"4");
outtextxy(610,305,"5");

setcolor(BLUE);
/¥ find average,maximum,minimum x/
temp = 0;
for (i =0 ; i < 300 ; i++ ) {
c = point[0].get{i].number;
if ( temp <= c )
. temp = c;
}

maxi = (temp/5.1);
sprintf(text," %4.2f",maxi); |
outtextxy(100,350, "Maximum Y



{

}

}
. getch();

temp = 255; T
for ( i =0 ; i < 300 ; i++ ) {
¢ = point[0].get[i].number;
if ( temp >= c )
temp = C;

mini = (temp/5.1);
sprintf(text," %4.2f",mini);

outtextxy(100,370,"Minimum : ")
outtextxy(195,370,text);
total = 0;

for ( i = 0 ; i < 300 ; i++ ) {
total = total + point[0].get[i].number;
}

avg = (total/(300%5.1));

sprintf(text," %4.2f",avg);
outtextxy(100,390,"Average A
outtextxy(195,390,text);

sprintf(text," %s i p01nt[O] date),
outtextxy(380,350, "Date Y
outtextxy(510, 350 text);

sprlntf(text," %s",point[0].name);
outtextxy(380,370,"Machine b
outtextxy(510,370,text);

sprintf(text," %s",point[O].set);
outtextxy(380,390,"Measure point : ");
outtextxy(510,390,text);

setcolor(LIGHTBLUE) ;
for{x=0;x<300;x++) {
line(((2%x)+25),300-point[0].get[x].number, ((2¥x)+27),
300-point[0].get[x+1].number);
delay(15);

closegraph();

/¥ FUNCTION INITIAL GRAPH */

void initial()

}

graphdriver=DETECT;
initgraph(&graphdriver,&graphmode, driverpath);
errorcode=graphresult();

if (errorcode != grOk) /¥ an error occurred %/
{ closegraph();
printf("Graphics error: %s\n", grapherrormsg(errorcode));
printf("Press any key to halt:");
getch();
exit(1); /* return with error code */

}
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/* THESE FUNCTION USE FOR DRAW MENU */

void boxl(int startx,int starty,int endx,int endy,char color)

{

outtextxy(195,350, text!

N



setcolor(color);
line(startx,starty,startx,endy);
line(startx,starty,endx,starty);
line(startx,endy,endx,endy);
line(endx,starty,endx,endy);

}

void box2(int startx,int starty,int endx,int endy,char col,char co?2)

{
setlinestyle(SOLID_LINE,O,THICK_WIDTH);
setcolor{col);
line(startx,starty,startx,endy);
line(startx,starty,endx,starty);
setcolor(co2);
line(startx,endy,endx,endy);
line(endx,starty,endx,endy);
setfillstyle(SOLID_FILL,CYAN);
bar(startx+2,starty+2,endx-2,endy-2);

}

void button{char col,char co2)

{
box2(400,70,580,100,col,co02);
box2(400,170,580,200,col,c02);
box2(400,220,580,250,col,002);
box2(400,270,580,300,col,co2);
box2(400,120,580,150,qol,coZ);
boxl(370,320,610,429{RED);
}

fchioce(int y)
{
setlinestyle(SOLID_LINE,0,3);
switch(y) {
case
case
case
case
case

box1(397,67,583,103,LIGHTMAGENTA) ; break;
box1(397,117,583,153,LIGHTMAGENTA);break;
box1(397,167,583,203,LIGHTMAGENTA);break;
box1(397,217,583,253,LIGHTMAGENTA);break;
box1(397,267,583,303,LIGHTMAGENTA);break;

=W N O

}
}

fdelete(int y)

switch(y) {
case 0: box1(397,117,583,153,WHITE);
box1(397,167,583,203,WHITE);
box1(397,217,583,253,WHITE);
box1(397,267,583,303,WHITE);break;

case 1: box1(397,67,583,103,WHITE);
box1(397,167,583,203,WHITE);
box1(397,217,583,253,WHITE);
box1(397,267,583,303,WHITE) ; break;

case 2: box1(397,67,583,103,WHITE);
b0x1(397,117,583,153,WHITE);
' box1(397,217,583,253,WHITE);
box1(397,2§23583,3Q§,WHITE);break;' .

=



(»1,67,583,103,WHITE) ;

)

box1(397,117,583,153,WHITE);
box1(397,167,583,203,WHITE);
box1(397,267,583,303,WHITE);break;

case 4: box1(397,67,583,103,WHITE);
box1(397,117,583,153,WHITE);
box1(397,167,583,203,WHITE);
box1(397,217,583,253,WHITE) ; break;

}

old (char color)

{

}

button(YELLOW,RED);
Setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(371,321,609,428);
box1(374,324,606,425,WHITE);
setcolor(color);
outtextxy(450,85,"[ RECEIVE 1");
outtextxy(450,135,"[ CONTINUE ]");
outtextxy(450,185," [ LOAD 1");
outtextxy(450,235,"[ COMPARE ]");
outtextxy(450,285," [ EXIT ]");

void Putpixel()

{

int x,r,y,i,h,w,color;

w=348-52;

h=427-102;

randomize();

for(i=0;i<2000;++1i) -~

{

x=52+random(w-1);
y=102+random(h-1);
r=getmaxcolor();
color=random(r);
setcolor(color);
line(x,y,x+color,y=5);
line(x,y,x-5,y+color);
color=random(r);
line(x-color,y-5,%x,¥);

}

/% MAIN FUNCTION OF PROGRAM */

main()

{

int h,w=5000,y=0;

port_init (PORT,227);

initial();
Setfillstyle(SOLID_FILL,WHITE/*LIGHTCYAN*/);
bar(20,20,619,450);
box1(10,10,629,460,WHITE);

case 3: bo



box1(13,13,626,457,WHITE);
0ld(WHITE);
boxl(397,67,583,103,LIGHTMAGENTA);
box1(50,100,350,429,RED);
settextstyle(DEFAULT_FONT,HORIZ_DIR,3);
setcolor(LIGHTRED);
outtextxy(46,50,"ACCELEROMETER");
setlinestyle(SOLID_LINE,0,1);
1line(30,60,372,60);
setcolor(GREEN);
line(30,65,372,65);
line(30,55,372,55);
setfillstyle(SOLID_FILL,WHITE);
bar(52,102,348,427);
Putpixel();
settextstyle (DEFAULT_FONT,HORIZ_DIR,1);
for(;;)

union k {
char c[2];.
int i;

}key;
Setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(371,321,609,428);
setlinestyle(SOLID_LINE,O0,1);
box1(374,324,606,425,WHITE);
setcolor(LIGHTGREEN);
if(y==0) { ;

' outtextxy( 400,350," RECEIVE LOT DATA ")
outtextxy( 400,370," SHOW GRAPH AND SAVE" ) ;
} .
if(y==1) {
outtextxy( 400,350," CONTINUE RECEIVE DATA ");
outtextxy( 400,370," AND SHOW GRAPH ");
} L3
Dif(y==2) |
outtextxy( 400,350," LOAD OLD FILE "); .-
outtextxy( 400,370," AND SHOW GRAPH ");

}

if(y==3) {
outtextxy( 400,350," LOAD 2 FILES " );
outtextxy( 400,370," TO COMPARE GRAPH ') ;

}
if(y==4) outtextxy( 400,350," OUT OF PROGRAM ")
key.i = bioskey(0);
if(lkey.c[0]) switch(key.1)
{

case 18432 : w=w--; y=abs(5+w)%5; break;
case 20480 : w=w++; y=abs(w)%5; break;

fchioce(y);
fdelete ( ¥y );
if( key.i == 7181 ) {
switch(y) {

case 0: box2(400,70,580,100,CYAN,CYAN);
delay(100);
box2(400,70,580,100,RED,YELLOW);



buttextxy(450,85,"[ RECEIVE ]");
delay(50); old(BLUE);delay(500);
menuone( ) ; ‘
break;

case 1: box2(400,120,580,150,CYAN,CYAN);
delay(100);
box2(400,120,580,150,RED,YELLOW) ;
outtextxy(450,135,"[ CONTINUE ]");
delay(50); old(BLUE);delay(500);
menutwo();
break;

case 2: box2(400,170,580,200,CYAN,CYAN);

delay(100);
box2(400,170,580,200,RED,YELLOW) ;
outtextxy(450,185," [ LOAD ]1");

delay(50); old(BLUE);delay(500);
menuthree();
break;

case 3: box2(400,220,580,250,CYAN,CYAN);
delay(100);
box2(400,220,580,250,RED,YELLOW) ;
outtextxy(450,235,"[ COMPARE 1");
delay(50); old(BLUE);delay(500);
menufour();
break;

case 4: box2(400,270,580,300,CYAN,CYAN);
delay(100);
box2(400,270,580,300,RED,YELLOW) ;
outtextxy(450,285," [ EXIT ]1");
- delay(50); old(BLUE);delay(500);
closegraph();
exit(0);

closegraph();
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8.8630 8.90 1.2
PiezoBEAM®-Beschleunigungsaufnehmer Type
Accélérométre PiezoBEAM®
PlezoBEAM® Accelerometer 8630B5, 8630B50

.

Hochempfindlicher  Beschleunigungsaufneh-
mer mit eingebautem Ladungsverstrker und
niederohmigem Spannungsausgang. Haupt-
einsatzgebiet des Aufnehmers ist die Modal-
analyse. :

Trotz leichter Bauweise (<5g) hohe Empfind-
lichkeit (100, 1000 mV/g). Der masseisolierte

uinenmer wwa dire Messobijekt auf-
geklebt. Kompatibel zu allen im Programm ste-

Accélérometre avec sensibilité élevée, amplifi-
cateur de charge intégré et tension de sorlie &
basse impédance. Ulilisation principale en
analyse modale.

Sensibilité élevée (100, 1000 mV/g), malgré -

construction légére (<59). Le capteur isolé par
rapport & la masse est collé directement sur
l'objet & mesurer. Compatible avec tous le cou-
pieurs-disponibles.

Accelerometer with high sensitivity, built-in
charge amplifier and low-impedance voltage
output. Main application field is modal analysis. ,

High sensitivity {100, 1000mV/g) despite light-
weight construction (<5g). The ground isolated
transducer is glued directly onto the object to
be measured. Compatible with all couplers
available in the program.

henden Kupplern.

10-32UNF

. < T
9/16” Hex. & mi

S
y ) i
Tl :
Technische Daten Données techniques Technical Data
Typ Type Type 8630B5 8630B50 .
Bereich Gamme Range g 5 +50 l
Uberlast Vibration Surcharge Vibration Overload Vibration g 8 . 180 ;'
Schock (0,2 ms) Choc (50,2 ms) Shock (0,2 ms) g 7000 10 000 !
Empfindlichkeit Sensibilité Sensitlvity mV/g 1000 100 :
+5 % bei 100 Hz, 3 g;mg 15 % 4 100 Hz, 3 gms %5 % at 100 Hz, 3 gmg i
Ansprechschweille, nom. Seuil de réponse, nomn. Threshold, nom. RGrms 120 1000 X
Linearitat, nom. Linéarité, nom. Linearity, nom. % +1 +1 j
Zeitkonstante, nom. Constante de temps, nom. Time constant, nomn. s 1 1
- Resonanzfrequenz (montiert) Fréquence de résonance (monté) Resonant frequency (mounted)  kHz =9 - =22
Frequenzbereich (x5 %) Gamme de fréquence (+5 %) Frequency range (£5 %) Hz 05..2k 05...5k i
Phasehverschiebung Déphasage Phase shift
4 ... 2000 Hz (4 ... 5000 Hz) 4 ... 2000 Hz (4 ... 5000 Hz) 4...2000 Hz (4 ... 5000 Hz) Z° <5 (<5) .
Y Seltenempfindlicheit Sensibilité latérate Transverse sensitivity % <1 <1 !
Basisdehnungsempiindlichkelt Sensibilité de sollicitation & I'extension Base strain sensitivity gine <0,001 <0,001, 1
bei 250 pe 4250 pe at 250 pe
Betriebstemperaturbereich Gamme de temperature d'utillsation Operating temperature range °C 0..865 0..65 ‘
Lagerungstemperaturbereich ~ Gamme de temperature de stockage Storage temperature range °C ~23...93 -23...93 !
Temperaturkoeffizient Coefficlent de température Temperature coefficient %[°C -0,01 +0,02 !
der Empfindlichkeit de la sensibilit¢ ° of sensitivity {
Speisestrom Courant d'alimentation Supply current mA 2..18 2..18 i
Spelsespannung Tenslon d'alimentation Supply voltage vDC 20...30 20...30 !
Ausgangsruhespannung Tension de repos Output bias voltage vDC 1113 1143
Ausgangsimpedanz Impédance de sortle Output impedance Q <500 <100 .
Elngangsimpedanz Impédance d'entrée Input impedance kQ >100 >100 |
Ausgangsspannung,Vollbereich Tension de sortie, pleine gamme Output voltage, full scale \ 5 5 !
Ausgangsstrom Courant de sortie Output current mA 2 2 i
bei 4 mA-Speisung avec alimentation 4 mA at 4 mA supply [
Empfindlichkeitsdnderung Changement de la sensibilité Sensitivity change % xi +1 }
in Abhangigkeit des en fonction du courant in funclion of the supply
Speisestroms, 2 ... 8 MA, typ. d'alimentation, 2 ... 8 mA, typ. current, 2 ... 8 mA, typ. ,
Masse Masse Mass g 4,5 45 . |
Masseisolation Isolation par rapport & la masse Ground insulation MQ 10 10 |
Gehldusewerkstoff Matériau du boitier Housing material Aluminium, hard.anodized
19=9.80865m:s-2, 1m-s-2=0,1019... g: 1inch = 25,4 mm; 1 Nm = 0,73756... Ibft; 1 g = 0,03527... 0z )

Kistler Instrument Corp., Amherst, NY 14228-2171, USA, Phone (716) 621-5100
o

Kistler Instrumante AG, CH-8408 Winterthur, Switzerland, Tel. (052) 83 11 11
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Beschreibung
Der PiezoBEAM®-Beschleunigungsaufnehmer

-pesteht im wesentlichen aus dem Aufnehmer-

gehause aus hart eloxiertem Aluminium, einem
piezoelektrischen Messelement und einem ein-
gebauten Ladungsverstarker.

Am Ausgang des hochempfindlichen Aufneh-
mers steht wie bei allen Piezotron®-Beschleuni-
gungsauinehmern ein niederohmiges Span-
nungssignal zur Verfagung, das proportional
zur Beschleunigung ist.

Fur die Speisung und Signalaufbereitung kon-
nen alle im Programm befindlichen Kuppler
erden.

Der Aufnefmer “kani~mit—einem_ normalen

Description

L'accélérometre PiezoBEAM® est composé
principalement du boitier en aluminium anodisé
dur, de I'élément de mesure piézoélectrique et
d'un amplificateur de charge incorpore.

Tout comme pour les accélérométres &
Piezotron®, un signal de tension & basse impé-
dance, proportionnel & I'accélération, est dis-
ponible & la sortie de cel accélérometre trés
sensible.

Tous les coupleurs du programme peuvent étre
utilisés pour l'alimentation et le traitement des
signaux.

Le capteur peut eltre branché a l'aide d'un
cable coaxial normal, p.ex. type 1761A.... Des

Koaxialkabel, 2.B. Typ 1761A...fangeschigssen- —cables spéciaux & isolement élevé-et & faible

werden. Spezielle hochisolierende und rausch-
arme Anschlusskabel sind nicht notwendig.

Anwendung

Wegen seines leichten Gewichts, seinen kiei-
nen Abmessungen und seiner hohen Empfind-
lichkeit eignet sich der PiezoBEAM®-Beschleu-

—~ ~-pigungsaufnehmer besonders gut far Vibrati-

R e e

ons- und Schwingungsuntersuchungen an
Strukturen sowle fur die Modalanalyse.
Montage'

Der Aufnehmer wird mittels Petro-Wachs direkt
auf das Prifobjekt aufgekiebt.

Zubehdr

Petro-Wachs: Typ 8432

bruit e sont pas nécessaires.

-

Application

A cause de son poids réduit, de ses dimen-
sions réduites et de sa sensibilité élevée, 'ac-
célérometre PiezoBEAM® est tout spéciale-
ment recommandé pour Investigations de vi-
brations et d'oscillations dans structures méca-
niques ainsi que pour l'analyse modale.

Montage . .
L'accélérometre est collé directement sur I'ob-
jet & mesurer en utilisant la cire Petrowax.

Accessoires

Cire Petrowax: type 8432

Description

The PiezoBEAM® accelerometer consists of
the transducer housing made f hard anodized
aluminium, a piezoelectric measuring element
and a built-in charge ampilifier. ’

As with all Piezolron® accelerometers, a low-
impedance voltage signal, proportional to the
applied acceleration, is available at the output
of this highly sensitive accelerometer.

All couplers available in the program can be
used for power supply and signal processing.

The transducer can be connected by means of
a normal coaxial cable, e.g. Type 1761A... .
Special highly insulating and a low-noise con-
necting cables are not raquired.

Application

Because of its low weight, low profile and high
sensitivity, the PiezoBEAM® accelerometer Is
especially well suited for investigations of vi-
brations and oscillations in mechanical struc-
tures as well as for modal analysis.

Mounting

The accelerometer is directly glued to the ob-
ject to be tested by means of Petro wax.
Accessories

Petro wax: Type 8432




PIEZOTRON-KUPPLER
COUPLEURS PIEZOTRON
PIEZOTRON COUPLERS

12.021
Type

5108, 5112, 5116, 5120

Kuppler zur Speisung von Piezotron-Aufnehmern
mit Konstantstrom und zur Signalaufbereitung
{Zweileiter-System). Vier Typen fir verschiedene
. en. Ausfiihrungen fir externe Spei-
sting, Batterie- und Netzspeisung,_sowie mit Fil-
tern und einstelibarer Verstarkung. Widgtichkeit
zur Uberwachung des Aufnehmerstromkreises.

Piezotron® ist ein -eingetragenes Warenzeichen
der Kistler Instrumente AG, Winterthur.

Type 5108

——

Coupleurs pour ['alimentation de capteurs Piézo-
tron avec un courant constant et pour la conver-
sion du signal (systéme a deux conducteurs).
Quatre modéles pour des exigences différentes
sont disponibles. Il existe des coupleurs pour une
alimentation extérieure, une alimentation assurée
par les-batteries ou par le réseau ainsi qu‘avec des
filtres et un amplificateur réglable. Possibilité de
surveillance du circuit du capteur.

Piézotron® est une marque déposée de Kistler
Instrumente AG, Winterthur.

Type 5112

Piezotron couplers serve to power Piezotrg
transducers with a constant current and perfor:
signal conditioning (two-wire system). Piezotro
couplers come in four models to meet a wic
range of requirements. They are either externall
battery or mains powered, incorporate plug-in f
ters {(depending on model) and an adjustable an
plifier feature. Monitoring of the transducer powv
er circuit is also possible. -

Piezotron® is the registered trademark of Kistl
Instrumente AG, Winterthur.
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. TECHNISCHE DATEN DONNEES TECHNIQUES TECHNICAL DAT/
Speisestrom Verstarkung Frequenzbereich | Filter Ausgangs- Spannungs- Abmessungen Masse
{£5%) impedanz versorgung
Courant 4 Gain Gamme de Filtre Impédance de Alimentation Dimensions Masse
fréquence sortie
(15%)
Current Gain Frequency range | Filter Qutput Power supply Dimensions Mass
{+5%) impedance
Type mA - Hz...kHz - Q v mm g
5108 4 1 0,07...>200 - 100 b) 24...32= ¢} 100 x 45 x 30 65
5112 2 1 0,07...2>200 - 100 b) 3x9V= d} 120 x 65 x 55 300
5116 2...18 1 0,07...200 a) a) 20 220/110= 150 x 75 % 85 585
5120 2...18 0,5...5 0...180 a) a) 20 220/110= 150 x 75 x 85 585
Betriebstemperaturbereich °C0...50 Température d’utilisation °C0...50 Operating temperature range °C0...50
a) ohne Filter, fir Filter siehe «ZUBEHOR» a) sans filtre, pour filtres voir «kxACCESSOIRES» a) without filter, for filters see tACCESSORIES»
b} in Serie mit 47 uF b) en série avec 47 uF b)in series with 47 uF
c) durch externe Spannungsqucile c) alimentation externo ¢) external power supply
d) Typ IEC 6F22 (Transistorbatterie) d) type IEC 6F22 (pile transistor) d) type IEC 6F22 {transistor battery)

Kistler Instrumente AG, CH-8408 Winterthur, Stvitzerland, Tel. (052) 83 11 11

Kistler Instrument Corp., Amherst, NY 14120, USA, Phone (716) 691-510
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Type 5108
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Type 5112

BAYTERY TEST

A 22057
NPUT
- :: JxPV Battery 200
LA -
4.3V
. \5 .
———_ i .
= —
fad ——— 3 Y
- —
Type 5116 “Type 5120 ~
220110V 50 .. 80 M2
= mf‘w 50 .. 60 My Y
e [ ] oo [ = |
p , neur atF Propin Fiter
T om.r . P In Filrer AN LN | {F i) ¢ N 200 o«m’ur’)
—{}—0 gg ac \
oMs NS oc Goin
& 9145 VOLTS ) 260
s sus vours VY
KUPPLER TYP 5108 COUPLEUR TYPE 5108 COUPLEI':! MODEL 5108

Dieser Kuppler benétigt’ eine externe Speisung,
die nicht stabilisiert zu werden braucht, d.h. es
konnen z.B. einfache Netzteile oder Fahrzeugbat-
terien eingesetzt werden. Der Kuppler ist mit ei-
nem Verpolschutz ausgestattet.

Das Instrument kann dank seiner geringen Ab-
messungen direkt auf ein Anzeigegerit, 2.B. ein
Oszilloskop aufgesteckt werden. Da Wechsel-
spannungskopplung: verwendet wird, ist die Auf-
nehmerruhespannung dem Ausgangssignal nicht
(berlagert.

KUPPLER TYP 5112

Fur die Speisung dieses Kupplers werden drei 9V-
Batterien bendtigt. Um deren Lebensdauer zu
vergrossern, wird ein Speisestrom von nur 2mA
verwendet. Mit dem eingebauten Zeigerinstru-
ment kann der Aufnehmerkreis auf Kurzschluss
und Unterbrechung berwacht sowie ein Batte-
rietest durchgefihrt werden. Da Wechseispan-
nungskopplung verwendet wird, .ist die Aufneh-
merruhespahnung dem Ausgangssignal nicht
Giberlagert.

KUPPLER TYP 5116

Dieser Kuppler ist netzgespeist, verfigt tiber eine
einstelibare Konstantstromquelle und kann mit
verschiedenen Filtern ausgeriistet werden. Mit
dem eingebauten Zeigerinstrument kann der Auf-
‘nehmerkreis auf Kurzschluss und Unterbrechung
Gberwacht werden. Da Wechselspannungskopp-
lung verwendet wird, ist die Aufnehmerruhespan-
nung dem Ausgangssignal nicht Gberiagert.

KUPPLER TYP 5120

Dieser Kuppler entspricht in seinen Eigenschaften
dem Typ 5116, bietet jedoch folgende Vorteile:
Der Typ 5120 kann sowohl mit Wechsel- als auch
mit Gleichspannungskopplung betrieben werden,
was besonders fiir Aufnehmer mit langer Zeitkon-
stante geeignet ist. Der Nullpunkt ist dabei zwi-
schen 2,5V einstelibar.

Zusatzlich ist die Verstarkung des Kupplers zwi-
schen 0,5 und 5 einstelibar.

Ce coupleur requiert une alimentation extérieure
qui peut &tre nonstabilisée: il peut s'agir, par
exemple, de simple alimentations électriques ou
de batteries de voiture. Le coupleur est muni
d'une sécurité contre l'inversion des péles.
Grice A ses dimensions compactes, I'instrument
peut étre monté directement sur un indicateur,
par exemple sur un oscilloscope. Comme le cou-
plage s'effectue avec une tension alternative, la
tension de repos du capteur ne se superpose pas
au signal de sortie.

COUPLEUR TYPE 6112

L alimentation de ce coupleur requiert trois batte-
ries de 9V. Pour prolonger leur durée, un courant
Slectrique de seulement 2mA est utilisé. L"afficha-
ge incorporé permet de surveiller tout court-
circuit et toute interruption dans le circuit du cap-
teur et de contrdler la batterie. Comme le coupla-
ge s’effectue avec une tension alternative, la ten-
sion de repos du capteur ne se superpose pas au
signal de sortie.

COUPLEUR TYPE 5116

Ce coupleur est alimenté par le réseau, dispose
d’une source de courant constant réglable et peut
étre muni de différents filtres. L'affichage incor-
poré permet de surveiller tout court-circuit et tou-
te interruption dans le circuit du capteur. Comme
le couplage s‘effectue avec une tension alternati-
ve, la tension de repos du capteur ne se superpo-
se pas au signal de sortie.

COUPLEUR TYPE 5120

Ce coupleur posséde les mémes qualités que le
type 5116 mais présente les avantages suivants: le
type 5120 fonctionne avec un couplage par ten-
sion alternative ou par tension continue, ce qui
convient surtout aux capteurs a longue constante
de temps. La position zéro est réglable entre
+2.,5V.

En outre, I'amplification du coupleur est réglable
entre 0,5 et 5.

Power for this coupler is derived externally and
does not need stabilising, i.e. it can be supplied
by car batteries or from the mains, for example.
Internal protection is provided to prevent damage
due to false polarity cortections.

The instrument’s small size and compact shape
permit easy, direct attachment to indicating in-
struments, eg. an oscilloscope. The Type 5108 is
AC coupled, thereby eliminating the transducer
bias voitage from the measured signal.

COUPLER MODEL 5112

Three 9-volt batteries power this coupler. To ex-
tend the life of the batteries, the coupler operates
at a current of only 2mA. A pointer meter is incor-
porated in the coupler, indicating the integrity of
the transducer circuit and the battery condition.
The Type 5112 is AC coupled, thereby eliminating
the transducer bias voltage from the measured
signal.

COUPLER MODEL 5116

The Type 5116 coupler is a line powered coupler
equipped with an adjustable constant current
source and may be equipped with various filters.
A pointer meter is incorporated in the coupler, in-
dicating the integrity of the transducer circuit.
The Type 5116 is AC coupled, thereby eliminating
the transducer bias voltage from the measured
signal.

COUPLER MODEL 5120

The Type 5120 coupler incorporates all the fea-
tures of the Type 5116, and offers the following
advantages: The Type 5120 can be either AC or
DC coupled, which is particularly suitable for
transducers with a long time constant. The zero
point is adjustable between +2,5V.
Furthermore, the coupler's amplification can be
set between 0,5 and 5.
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FUNKTIONSBESCHREIBUNG

Alle Kuppler besitzen Stromquelle'n. Diese ist bei
den Typen 5116 und 5120 einstelibar. Der Strom
dient der Energieversorgung des Impedanzwand-
lers im Piezotron-Aufnehmer. Dieser ist liber ein
gewdhnliches, zweiadriges Kabel anschliessbar,
tiber welches auch das Messignal zum Kuppler
gelangt {Zweileiter-System).

Die wechselspannungsgekoppelten Typen 5108,
5112 und 5116 entfernen den meist unerwiinsch-
ten Gleichspannungsanteil des Messignals, der
von der Gleichstromversorgung des Aufnehmers
stammt. Der Typ 5120 lisst sowoh! Gleich- als
auch Wechselspannungskopplung zu.

Wechselspannungskopplung {AC) wird fiir dyna-
mische Messungen verwendet, Gleichspannungs-

kODDlung..(D_C)..edaubt eine quaswtatlsche Kali-
briefing &iniger Piezotror-Aafnehmer.

DESCRIPTION DU FONCTIONNEMENT

Tous les coupleurs possédent une source de cou-
rant. Pour les types 5116 et 5120, elle est réglable.
Le courant sert & I'approvisionnement énergéti-
que du convertisseur d'impédance dans le cap-
teur Piézotron. Celui-ci peut étre raccordé a un
céble ordinaire 3 deux conducteurs par lequel le
signal parvient aussi au coupleur {systéme & deux
conducteurs).

Les coupleurs types 5108, 5112 et 5116 avec un
couplage par tension alternative suppriment la
tension continue du signal qui provient de I'appro-
visionnement en courant continu du capteur. Le
coupleur type 5120 permet un couplage par ten-
sion continue ou par tension alternative.

Le couplage par tension alternative (AC) est utili-
sé pour les mesures dynamiques; le couplage par
tension continue (DC) permet un étalonnage

Die Typen 5116 und 5120 kénnen mit Tiefpasstif— ~—auasistatique de quelques capteurs Piézotron.

tern ausgestattet werden, siche «ZUBEHOR».

BETRIEB

Den Kuppler mit Betriebsenergie versorgen, siehe
«TECHNISCHE DATEN». Die netzgespeisten
Kuppler sind auf die auf der Unterseite angegebe-
ne Spannung eingestellt. Zur Umstellung dieser
Spannung sowie zum Sicherungstausch ist das
Gerit von der Unterseite her zu 6ffnen (Achtung:
spannungsfihrende Teile).

Anschluss des Piezotron-Aufnehmers an die
Buchse /nput mit beliebigem Kabel, z.B. Typ
1761A..., sieche «ZUBEHOR». Hochisolierende
und rauscharme Kabel sind nicht notwendig.

Anschluss eines Verbindungskabels zwischen der
Buchse Output und einem Anzeige- oder Regi-
striergerat, z.B. mit dem Kabel Typ 1601B... Der
Typ 5108 kann direkt auf ein Anzeigegerdt ge-
steckt werden. Soll an diesen Kuppler dennoch
ein Kabel angeschlossen werden, kann dafir z.B.
das Kabel Typ 1603B... verwendet werden.

Beim Typ 5120 kann der Nullpunkt des Ausgangs-
signals mit dem Potentiometer Zero Adjust einge-
stelit und in der Stellung Zero des Schalters ange-
zeigt werden.

EINGANGSKREISOBERWACHUNG

Die Eingangskreisiiberwachung erfolgt durch
Messen des Gleichspannungsanteils des Aufneh-
mersignals durch ein Voltmeter. Wird der Typ
5108 verwendet, muss ein Voltmeter dem Auf-
nehmer parallel geschaltet werden. Bei den restli-
chen Kupplern kann das eingebaute Instrument
verwendet werden. Beim Typ 5120 ist auf Bias zu
schalten.

Eine Anzeige zwischen 0 und 3V bzw. Gber 20V
(rote Felder) bedeutet Kurzschiuss bzw. Unter-
brechung des Aufnehmerkreises, eine Anzeige
zwischen 3 und 20V {griines Feld) bedeutet nor-
malen Betrieb.

KOPPLUNG

Die Typen 5108, 5112 und 5116 sind wechselspan-
nungsgekoppelt (AC). Der Typ 5120 ist je nach
Stellung des Schalters wechselspannungs- bzw.
gleichspannungsgekoppelt AC bzw. DC.

EINSTELLUNG DER VERSTARKUNG

Die Kuppler Typ 5108, 5112 und 5116 haben die
fixe Verstarkung 1. Der Typ 5120 ist werksseitig
ebenfalls auf Verstarkung 1 eingestellt, doch kann
diese im Bereich 0,5...5 geédndert werden. Dazu
ist die Rickwand abzunehmen (Achtung: span-
nungsfihrende Teile} und das sich ganz links
oben befindliche Potentiometer zu justieren. Zur
Bestimmung der Verstirkung wird ein Generator
1V/1000 Hz an den Eingang /nput angeschlossen
und die Spannung am Ausgang Output gemes-
sen.

Les coupleu?s type 5116 et 5120 peuvent étre
munis de filtres passe-bas, cf. tACCESSOIRES».

FONCTIONNEMENT

Alimenter le coupleur en courant électrique, cf.
«DONNEES TECHNIQUES». Les coupleurs ali-
mentés par le réseau sont réglés sur la tension in-
diquée a la partie inférieure. Le changement de
cette tension et des fusibles doit s’effectuer en
ouvrant I'appareil par la partie inférieure. (Atten-
tion: piéces sous tension).

Raccordement du capteur Piézotron 3 la douille
Input par un céble ordinaire, par exemple le type
1716A..., cf. c<ACCESSOIRES». Les cables avec
une grande isolation et traitement contre le bruit
de fond ne sont pas nécessaires.

Raccordement d’un céble de connexion entre la
douille Qutput et un indicateur ou enregistreur,
par exemple par le cable type 1601B...Le cou-
pleur type 5108 peut étre monté directement sur

un indicateur. Si un céble doit étre raccordé a ce
coupleur, il faut employer, par exemple, le céble
type 16038B..

Pour le coupleur type 5120, le point Zero du signal
de sortie peut étre réglé avec le potentiométre
Zero Adjust et indiqué a la position Zero du com-
mutateur.,

SURVEILLANCE DU CIRCUIT DE L'ENTREE

La surveillance du circuit de I’entrée s'effectue en
mesurant avec un voltmeétre la tension continu du
signal du capteur. Sile coupleur type 5108 est uti-
lisé, un voitmetre doit &tre branché parallélement
au capteur. Quant aux autres coupleurs, I'instru-
ment intégré peut étre utilisé. Pour le coupleur ty-
pe 5120, il faut commuter sur Bias.

Une indication située entre 0 et 3V, respective-
ment & plus de 20V (zones rouges) signifie un
court-circuit, respectivement une interruption du
circuit du capteur; une indication située entre 3 et
20V {zone verte) signifie un fonctionnement nor-
mal.

COUPLAGE

Les coupleurs types 5108, 5112 et 5116 sont cou-
plés par une tension alternative (AC). Le coupleur
5120 est couplé par une tension alternative ou
continue en fonction de la position AC ou DC du
commutateur.

REGLAGE DE L"AMPLIFICATION

Les coupleurs types 5108, 5112 et 5116 ont une
amplification fixe réglée sur 1. Le coupleur type
5120 comprend aussi une amplification réglée 3
"'usine sur 1, mais elle peut étre variée entre 0,5 et
5. Dans ce but, il faut enlever le dos de I'appareil
{attention: piéces sous tension) et ajuster le po-
tentiomeétre situé en haut tout & gauche. Pour dé-
terminer l'amplification, un générateur de
1V/1000 Hz est raccordé a I'entrée /nput et la ten-
sion est mesurée A la sortie Output.

12.021 12.82 3

DESCRIPTION OF FUNCTION

All couplers have constant currents which are ad-
justable in the case of the Types 5116 and 6120 .
The current powers the impedance converter in
the Piezotron transducer. The transducer can be
connected via a conventional 2-lead cable, which
is also used to transmit the measured signal to the
coupler {two-wire system).

The AC coupled models Type 5108, 5112 and 5116
eliminate the -in most cases undesirable - DC vol-
tage from the measured signal originating from
the transducer’s DC power supply. The Type 5120
can be either AC or DC coupled.

AC coupling is used for dynamic measurements,
whereas DC coupling allows quasistatic calibra-
tion of some Piezotron transducers.

The Types 5116 and 5120 may be equipped with
low-pass filters, see kACCESSORIES».

OPERATION

Apply power to the coupler, see «TECHNICAL
DATA». The mains powered couplers are to be
set at the voltage indicated on their bottom. Open
the instrument from the bottom to change the
voltage or replace the fuses. {Caution: live con-
ductorst) .

Connect the Piezotron transducer to the /nput
socket with any cable, e.g. type 1761A..., see
«ACCESSORIESs. Highly insulated and low-
noise cables are not essential.

Attach a connecting cable between the Quiput
socket and an indicating or recording instrument,
e.g. with a Type 1601B cable. The Type 5108 can
be connected directly to an indicating instrument.
Should, however, a cable be connected to this
coupler, use the cable Type 1603B..., for ex-
ample.

On the Type 5120, the zero point of the measured
signal can be set by means of the Zero Adjust po-
tentiometer and is indicated in the Zero switch po-
sition.

INPUT CIRCUIT MONITORING

The input circuit is monitored by determining the
DC voltage of the transducer signal through a
voltmeter. When using a Type 5108 coupler, con-
nect the voltmeter parallel to the transducer. In
the case of the other couplers, use the incorpora-
ted meter. When using the Type 5120 coupler,
switch to Bias.

A reading of between 0 and 3V or above 20V (red
sector) indicates that the input circuit is shortcut
or open, a reading of between 3V and 20V (green
sector) indicates normal operation.

COUPLING

The Types 5108, 5112 and 5116 are AC coupled.
Depending on the switch setting, the 5120 cou-
pler can be either AC or DC coupled.

SETTING THE AMPLIFICATION

The couplers Types 5108, 5112 and 5116 have a
fixed amplification factor of 1. The model 5120 is
factory set at 1, but the amplification factor may
subsequently be altered between 0,5 and 5. For
altering the amplification, remove the back panel
{caution: live connectors), and adjust the poten-
tiometer located in the top left-hand corner. A ge-
nerator 1V/1000 Hz is connected to the /nput end
and the voltage at the Quiput end is measured to
determine the amplification.
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STELLUNG DER STROMQUELLE

Kuppler Typ 5108 und 5112 haben eine fix ein-
elite Stromquelle von 4 mA bzw. 2 mA, Die
en 5116 und 5120 sind werksseitig ebenfalls
4 mA eingestellt, doch kann dies im Bereich
18 mA geandert werden. Eine Erhéhung des
fisestroms ist nur bei Auftreten von hochfre-
nten Sighalen und gleichzeitig tangen Kabeln
wendig. Dazu ist die Riickwand abzunehmen
htung: spannungsfiihrende Teile) und das sich
jer linken unteren Ecke befindliche Potentio-
er zu justieren. Dazu ist ein Amperemeter zwi-
en den Eingang /nput und die Elektronikmasse
.chalten. Falls Piezotron-Aufnehmer mit Stro-
2 von mehr als 4 mA betrieben werden, muss
» Einschrankung ihres Betriebstemperaturbe-
hs in Kauf genommen werden.

folgende Tabelle gibt die héchste brauchbare

nalfrequenz in Abhangigkeit von Speisestrom
| Kabeliinge (Kabelkapazitét) an:

14.04 i
SETTING THE CURRENT SOURCE

The coupler Types 5108 and 5112 have a current
source factory set at 4 mA and 2 mA respectively.
The Types 5116 and 5120 are also powered by
4 mA, but this can be altered in the range of
2...18 mA. Increasing the current is only neces-
sary when high-frequency signals are transmitted
via long cables. When altering the current, remo-
ve the back panel (caution: live conductors), and
set the potentiometer located in the bottom left-
hand corner. In addition, connect an ammeter
between the /nput and electronics ground.
Should Piezotron transducers need to be pow-
ered by a current higher than 4 mA, the operating
temperature range is reduced. :
The following table indicates the highest useful
signal frequency as a function of current and
cable length (cable capacity).

REGLAGE DE LA SOURCE DU COURANT

Les coupleurs types 5108 et 5112 ont une source
de courant réglée A 'usine 8 4 mA respectivement
2 mA. Les coupleurs 5116 et 5120 ont aussi un
courant de 4 mA, mais celui-ci peut étre réglé
entre 2 et 18 mA. Une augmentation du courant
d'alimentation est seulement nécessaire si des
signaux de haute fréquence apparaissent et en
méme temps avec des longs cébles. Dans ce but,
il faut enlever le dos de I'appareil (attention: pie-
ces sous tension) et ajuster le potentiométre situé
en bas dans le coin gauche. En outre, il faut bran-
cher un ampéremétre entre l'entrée Input et la
masse de |'électronique. Au cas ou les capteurs
Piézotron fonctionnent evec un courant dépas-
sant 4 mA, il faut tenir compte d'un abaissement
de leur température de fonctionnement.

Le tableau suivant indique la fréquence de signal
maximale utilisable en fonction du courant d‘ali-
mentation et de la longueur (capacité) de cable.

Fréquence du signal maximale Maximum Signal Frequency

ximale Signalfrequenz

- T T——————

2m/200pF 5m/500pF 10m/InF [ 20my 2nF——t—_50m/5nF 100m/10nF 200m/20nF 500m/50nF 1000m/100nF
'mA| 320 kHz 130 65 30 137" 65 3 1,3 0,6
 mA 960 kHz 380 190 100 38 20 10 3,8 2
 mA| 2250 kHz 900 450 225 90 45 20 9 4,5
 mA| 5500 kHz 2200 1100 550 220 110 55 2 17
BEHOR ACCESSOIRES ACCESSORIES
bel Céables Cables
y 1761A2 = 2m Type 1761A2 I= 2m Type 1761A2 I=2m
y 1761A5 I= 5m Type 1761A5 I=5m Type 1761A5 I= 5m
y 1761A10 =10 m Type 1761A10 1=10 m Type 1761A10 I=10m
» 1761Asp...m  I=...m Type 1761Asp...m |=...m Type 1761Asp...m |=...m

yfpassfilter (auf Anfrage}

Filtres passe-bas {(selon demandei

Low-pass Filters (on request}

] Typ/Type —1dB bei/a/at —3.dB bei/a/at —20 dB bei/a/at
! '5316 96 kHz +20% 180 kHz £10% 470 kHz £20%
| 5316A... a) 0,64-fc+20% fc =10% 2,6-fc =20%
5318A... b} 0,54-fc +20% fc £10% 2,6-fc £20% )
a) fc selon série E6: 1 kHz...220 kHz a) fc according to series E6: 1 kHz...220 kHz‘

fc gemass Reihe E6: 1 kHz...220 kHz
fc gemass Reihe E6: 10 Hz...680 Hz

rbfilter
ndsperrfilter) 8dB/Oktave {auf Anfrage}

b) fc selon série E6: 10 Hz...680 Hz

Filtre d’encoches
6dB/octave (selon demande)

b} fc according to series E6: 10 Hz...680 Hz

Notch filters
6dB/octave (on request)

Typ/Type Sperrfrequenz Eiir Aufnehmer --3 dB bei

Fréquence de blocage Pour capteur —3dBa

Notch frequency For transducer —3dB-at
5320A1 540+30 kHz 6038 26010 kHz
\ 5320A2 160+ 5 kHz 601A 67+ 5kHz
5320A3 42+ 2kHz 8002 (808A) 17+ 2kHz
5320A4 60+ 3 kHz 8044 (805A) 26+ 3kHz
5320A8 100410 kHz 606A 50+ 5kHz
5320A9 316415 kHz 602A, 6018 125410 kHz

EFERFORMEN UND LIEFERUMFANG

'p 5108 Piezotron-Kuppler fir Fremdspeisung -
(24...32 v DC)

2p 5112 Piezotron-Kuppler mit Batterie-
speisung

+p 5116 Piezotron-Kuppler mit Netzspeisung,
Filter einsetzbar

/p 5120 Piezotron-Kuppler mit Netzspeisung,
einstellbare Verstirkung, Filter ein-
setzbar

-eferumfang: Siehe Angaben auf Preisliste.

COMMANDE ET FOURNITURE

Type 5108 Coupleur Piezotron, alimentation
externe {24...32 V DC)
Type 5112 Coupleur Piezotron, alimentation par

piles

Type 5116 Coupleur Piezotron, alimenté par
réseau, filtre & insérer

Type 5120 Coupleur Piezotron, alimenté par
réseau, gain ajustable, filtre 3 insérer

Etendu de !a fourniture: selon prix-courant,

SUPPLY FORMS AND SCOPE OF DELIVERY

Type 5108 Piezotron Coupler, externally powe-
red {24..32 V DC)
Type 5112 Piezotron Coupler, battery powered

Type 5116 Piezotron Coupler, line powered,
filter to be inserted

Type 5120 Piezotron Coupler, line powered,
adjustable gain, filter to be inserted

Scope of delivery: see data on the price list.

‘istler Instrumente AG, CH-8408 Winterthur, Switzerland, Tel. (C52) 83 11 11

1

Kistler Instrument Corp., Amherst, NY 14120, USA, Phone (716) 691-5100
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ADC0801/ADC0802/ADC0803
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Corporation

General Description

The ADCOB01, ADC0802, ADCO0803, ADC0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter-
~ facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voitage refarence input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

ADC0801, ADC0802, ADC0803, ADC0804,
ADCO0805 8-Bit uP Compatible A/D Converters

& Differential analog voltage inputs

m Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

® Works with 2.5V (LM336) voltage reference

B On-chip clock generator

| 0V to SV analog input voltage range with single 5V
supply

8 No zero adjust required

& 0.37 standard width 20-pin DIP package

& 20-pin molded chip carrier or small outline package

8 Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reference

Key Specifications
Features B Resolution 8 bits
m Compatible with 8080 P derivatives—no interfacing M Total err'or ) % LSB, +% LSBand +1LSB
logic needed - access time - 135 ns ® Conversion time 100 us
W Easy interface to all microprocessors, or operates
“stand alone”
Typical Applications
v
8 i
L—-»;c 41 Veo <
p————eeee O] R 4 TRANSDUCER
4——-——|:c IRTR FH -y { | ruracsorumion
oe? < QVER ANY DESIRED
w 12 »< | ANALOG INPUT
any Sle oss Vi L8 | € | voLTaGE Range
s 21 A " T SEE SECTION 240
le LU POV Vin-} jos
5 lon A w0 LD
” AL P s samany 1 L
L o VREF pomemO) 3£ SECTION T =
10 1
< ose DGO ?
TL/H/S6T1-1
8080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
*9 Part :c‘i:. VRer/2=2.500 Vpe | VRer/2=No Connection
(1]
e e} Number Adjusted (No Adjustments) (No Adjustments)
m P w ADC0801| +1,LSB
e,
eTe. Lxﬁ INTR ADC0802 +*1, LS8
<: ADC0803 | +14LSB
° DATA
ADC0804 +1LSB
ADCO0805 +118B
TUL/H/S871-31
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ADC0801/ADC0802/ ADC0803/ADC0804/ADC0805

TRI-STATE Test Circuits and Waveforms

Output Enable and Reset INTR
INTR RESET

) #arsL
OATA (
CUTPUTE ™ ™= == = == v o | e ndl ——
e |—
v—llm-'an

TRI-STATE ¥
——

Note: Read strobe must occur 8 clock Periods (8/1c k) atter asserton of Interrupt to guarantee reset of INTH,

tin i, CL=10 pF ton ton, CL=10pF
Vi Vi
Vee . cc e
T
- Vee T -
Ll DATA b
3 | ouTRUT Gho 1o
T AB = DATA
QUTPUT
& 100 Vou 0% A v
OATA o 0ATA
auTPUTS ouTPuTS
= = = = ON) ——— vou 1o%
i = = =
=20 ns =20 ns TUH/5671-3
X
1
Tlmlng Dlag F&8MS (All timing is measured from the 50% voltage points)
START
CONVERSION
" \ /
m h—]
—l
— RN [ “BUSY"
DATA IS VALID IN
‘":"‘T“’;,:,"s"::':,": “NOT BUSY" OUTPUT LATCHES
CONVERTER
—— 170 8x 1M ! INTEANAL T¢
{LAST DATA WAS READ)
(LAST DATA WAS NOT READ) 71
— SNt READ

INT ASSEATED
’__ V2 Tex

TL/H/5671-4
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

AC Electrical Characteristics (continued)
The following specifications apply for Voo = 5Vpc and Tmin < Ta < Tumax. unless otherwise specified.

6k p i o o . o«

Symbol | Parameter I Conditions l Min ] Typ l Max l Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore spacified separately]

VIN Q) Logical 0" Input Voltage Vee=4.75Vpe 0.8 Voc
{Except Pin 4 CLK IN)

hn (1) Logical 1" Input Current Vin=5Vpc 0.005 1 rApC
(All Inputs)

Iin (0) Logical 0" Input Current Vin=0Vpc -1 —0.005 nApc
(Al Inputs) .

CLOCK IN AND CLOCK R

Vr+ CLK IN (Pin 4) Positive Going 27 31 3.5 Voe
Threshold Voltage

{2t CLK IN (Pin 4) Negative 1.5 1.8 2.1 Voc
Golng Threshold Voltage

VH CLK IN (Pin 4) Hysteresis. 0.6 1.3 2.0 Voe
(Vr+)—-(V1-)

Vout (0) Logical “0" CLK R Output lo=2360 uA 0.4 Voe
Voltage Vec=4.75Vpg

Vout (1) Logical *“1” CLK R Output lo= —360 pA 24 Voc
Voltage Vec=4.75Vpc

DATA OUTPUTS AND INTR

Vour (0) Logical 0 Output Voitage
Data Outputs louT=1.6mA,Vcc=4.75Vpc 0.4 Voc
INTR Qutput loutr=1.0 mA, Vcc=4.75 Vpg 0.4 Voc

Vour (1) Logical “1”” Output Voltage lo= —360 A, Voc=4.75Vpe 24 Voc

Yout (1) Logical 1" Qutput Voitage lo=—10 pA,Vcc=4.75Vpc 4.5 Voo

lour TRI-STATE Disabled Output Vour=0Vpc -3 rApG
Leakage (All Data Buffers) Voutr=5Voc 3 rApc

Isource Vour Short to Gnd, To=25°C 4.5 mApG

ISINK Vour Shortto Vg, TA=25"C 8.0 16 mApc

POWER SUPPLY

lcc Supply Current (includes foLk =640 kHz,
{_adder Current) Vrer/2=NC, Tp=25C

and CS=5v

ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO804LCN/LCV/LCWM 1.9 25 mA

Note 1: Absolute Maximum Ratings limits beyond which damage to the device may occur. DC and AC alectrical specifications do not apply when operating

the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode exists, internally, from Vg to Gnd and has a typical breakdown voltage of 7 Vpc.

Note 4: For Vjn(—)2 Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tled to each analog input (see block diagram) which will forward
conduct for gnalog input voltages one diode drop below ground or one diode drop greater than the Vg supply. Be careful, during testing at low Vg levels (4.5V),
as high levet analog inputs (5V) can cause this input diode to y at , and cause errors for analog inputs near full-scale. The
spec allows 560 mV forward bias of either diode. This means that as long as the analog ViN does not exceed tho supply voltage by more than 50 mV, the output
cods will be correct. To achieve an absotute O Vog to § Vpg input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature
variations, initial tolerance and loading.

Note 5: Accuracy is guaranteed at foy g = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be
extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start puise, up to 8 clock periods may be required before the intemal clock phases are proper to start the conversion process. The
start request is internally latched, see Figure 2 and section 2.0.

Note 7: The TS input is assumed to bracket the WH strobe input and thersfore timing is dependent on the WR pulse width. An arbitrarity wide pulse width will hold
the conventer in a reset mode and the start of conversion is initiated by the low o high transition of the WR pulse (see timing diagrams).
Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voitages see section 2.5 and Figure 5.

Note 9: The Vger/2 pin is the center point of a two resistor divider connected from Vg to ground. Each resistor is 2.2k, except for the ADC0804LCJ where each
resistor is 16k, Total ladder input resistance is the sum of the two equal resistors.

Note 10: Human body model, 100 pF discharged through a 1.5 ki1 resistor,
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Typical Performance Characteristics
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Absolute Maximum Ratings (Notes 182
It Military/Aerospace specified devices are required,

Storage Temperature Range ~-85°Cto +150°C

contact the National Semiconductor Sales Office/ Package Dissipation at T = 25°C 875 mw
Distributors for availability and specifications. ESD Susceptibility (Note 10) 800V
Supply Voltage (Voc) (Note 3) 6.5V .
Voltage .
Logic Control Inputs —-0.3Vto +18V Operatlng Ratings (Notes 142)
At Other Input and Outputs ~0.3V to (Voo +0.3V) Temperature Range TMINSTASTaX
Lead Temp. (Soldering, 10 seconds) ADC0801/02LJ —55°C<Ta< +1 25:C
DuaHn-Line Package (plastic) zsooc ADCOBO1 /02/03/04LCJ - 40‘0 STA <+ 85.0
. Dual-In-Line Package (ceramic) 300°C ADC0801/02/03/05.CN —40°CsTa< +85°C
5 Surface Mount Pack ADC0804LCN 0°C<TA< +70°C
= ”V ace Pr‘]’”" sa(;: age 4 HEC ADC0802/03/04LCV 0'C<Tp< +70°C
3 apor Phase (60 seconds) ADC0802/03/04LCWM 0'CSTAS +70°C
55,! Infrared (15 seconds) _ 220°C Range of Voo 4.5Vpc10 6.3 Vpe
7 Electrical Characteristics
%ﬁ The following specifications apply for Vec=5 Vpc, TMINSTAS Tmax and fork == 640 kHz unless otherwise specified.
;':{ Parameter Conditions Min Typ Max Units
.‘ ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. Y, LS8
& (See Section 2.5.2) “
- ADCO0802: Total Unadjusted Error (Note 8) VRep/2=2.500 Vpc % LSB
[~ k ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. £, LSB
- (See Section 2.5.2) 2
53 ADC0804: Total Unadjusted Error (Note 8) | Vgpgr/2=2.500 Vpe %1 LSB
1 ADC0805: Total Unadjusted Error (Note 8) -VRrer/2-No Connection +1 LSB
%
5 VRrer/2 Input Resistance (Pin 9). ADC0801/02/03/05 25 8.0 kQ
S ADCO0804 (Note 9) 0.75 1.1 kN
- Analog Input Voltage Range {Note 4) V(+) or V(-) Gnd-0.05 Voo +0.05 Voo
DC Common-Mode Error Over Analog Input Voltage + Ve E37A LSB
Range
Power Supply Sensitivity Vec=5 Vpc £10% Over + Ve E37A Ls8
Allowed Vin(+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Voc=5 Vpg and T4 =25°C unless otherwise specified. -
' ] Symbol Parameter Conditions Min Typ | Max Units
’3 1 Tc Conversion Time fork = 640 kHz (Note 6) 103 114 us
Te Conversion Time {Note 5, 6) 66 73 1/fcik
.
. foLk Clock Frequency Vee=5V, {Note 5) 100 640 1460 kHz
v Clock Duty Cycle (Note 5) 40 60 %
i CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
' Mode C3=0 Vpo, foLk =640 kHz
WAL Width of WR [nput (Start Pulse Width) CS=0Vpc (Note 7) 100 ns
tacc Access Time (Delay from Falling C. =100 pF 135 '| 200 ns
Edge of AD to Qutput Data Valid)
t1H, ton TRI-STATE Control (Delay C =10 pF, Ry = 10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
5 Hi-Z State) Circuits)
twi. R Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 75 pF
Control Inputs
Cout TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately)
Vin (1) Logical “1" Input Voltage Vee=5.25 Vpg 20 15 Voe
(Except Pin 4 CLKIN)
317




MOTOROLA LM117

m SEMICONDUCTOR e LM217
TECHNICAL DATA LM317

. THREE-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATORS

THREE-TERMINAL ADJUSTABLE

OUTPUT POSITIVE VOLTAGE REGULATORS SILICON MONOLITHIC

INTEGRATED CIRCUIT

The LM117/217/317 are adjustable 3-terminal positive voltage
regulators capable of supplying in excess of 1.5 A over an output

voltage range of 1.2 V to 37 V. These voltage regulators are ex- K SUFFIX
ceptionally easy to use and require only two external resistors to METAL PACKAGE
set the output voltage. Further, they employ internal current lim- CASE 1

iting, thermal shutdown and safe area compensation, making
them essentially biow-out proof.

The LM117 series serve a wide variety of applications including
local, on card regulation. This device can also be used to make
a programmable output regulator, or by connec'ting a fixed resis-

{Bottom View)

tor between the adjustment and output, the LM117 series can be CASE
used as a precision current regulator. IS QUTPUT
® Qutput Current in Excess of 1.5 Ampere in K and T Suffix Pins 1 and 2 slectrically isolated from case,
Packages Case i3 third electrical connection,
® Output Current in Excess of 0.5 Ampere in H Suffix Package
® Qutput Adjustable between 1.2 V and 37 V T SUFFIX
¢ Internal Thermal Overload Protectiion PLASTIC PACKAGE
¢ Internal Short-Circuit Current Limiting Constant with CASE 221A
Temperature
® Output Transistor Safe-Area Compensation
* Floating Operation for High Voltage Applications PIN 1. ADJUST
® Standard 3-lead Transistor Packages ;: z;‘"

¢ Eliminates Stocking Many Fixed Voitages

Heatsink surtacs connected
to Pin 2

STANDARD APPLICATION

Vin Vout H SUFFIX
METAL PACKAGE
. CASE 79 ' 3

{Bottom View}

CASE
IS QUTPUT
PIN 1, Vip
2, ADJUST
3 3. Vout
29
ORDERING INFORMATION
Tested Opesating
Device Temperature Range Package
— LM117H Metal Can
= Ty = -55'Cto ~150°C

* = Cjp is required if regulator is located an appreciable distance from power LM117K Metal Power

supply filter, LM217H Ty = -25%C 10 +150°C Metal Can
** = Cq is not needed for stability, however it does improve transient LM217K Metal Power

response. LM317H Meta! Can
R LM317K Ty = 0°Cto +125°C Metal Power
Vout = 1.25V (1 + —8) + lagj R2 LM317T Plastic Power
Rq LM317BT# | T = -40°Cto +125°C | Plastic Power

Since Iagj is controlled to less than 100 uA, the error associated with this A - " e range sel are aval

term is negligible in most applications. with special test conditions and additional tests.
Contact your local Motorola sales office for information.
* MOTOROLA LINEAR/INTERFACE DEVICES
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LM117, LM217, LM317
MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential VI-Vo 40 Vdc
Power Dissipation Pp internatly
Limited

Operating Junction Temperature Range T °C

LM117 ~55t0 +150

LM217 * ~25to +150

LM317 Oto +150
Storage Temperature Range Tstq —65to +150 °C

ELECTRICAL CHARACTERISTICS (V|-Vp = 5.0 V; Ig = 0.5 A for K and T packages; I = 0.1 A for H package;
TJ = Tiow to Thigh [see Note 1); Imax and Pmax per Note 2; uniess otherwise specified.)

LM1172/217 tM317
Characteristic Figure] Symbol | Min | ‘Typ Max Min Typ Max Unit .
Line Regulation (Note 3} 1 Regline - 0.01 0.02 —_ 0.01 0.04 %V
TA = 25°C, 3.0V s Vj-Vg < 40 V
Load Regulation (Note 3) 2 Regload
TA = 26°C, 10 mA < 0 < Imax
Vo €50V -_— 5.0 15 -— 5.0 25 mv
Vo =50V — 0.1 0.3 — 0.1 05 | %Vo
Thermal Regulation (Tp = +25°C) - — 0.02 | 0.07 - 0.03 | 0.07 %/W
20 ms Pulse
Adjustment Pin Current 3 1Adj —_ 50 100 —_ 50 100 uA
Adjustment Pin Current Change 1,2 Aladj -— 0.2 5.0 —_ 0.2 5.0 nA

25VsV-Vg=s40V

10 mA < I < Imax, PD < Pmax
Reference Voltage (Note 4) 3 Vref 1.2 1.25 1.3 1.2 1.25 13 v

30V=sVIVp =40V

10 mA < 10 = Imax. PD < Pmax

Line Regulation (Note 3) 1 Regline -— 0.02 | 0.05 - 0.02 | 0.07 %NV
30V=sV|Vog =40V A
Load Regulation {Note 3) o] Regload
10 mMA s 10 < Imax
Vo=<50V - 20 50 - 20 70 mV
Vo =50V - 0.3 1.0 - 0.3 1.5 %NQ
Temperature Stability (Tiow = Tj = Thigh! 3 Ts —_ 0.7 —_ —_ 0.7 - %NQ
Minimum Load Current to 3 ILmin - 35 5.0 - 35 10 mA
Maintain Regulation {V|-Vg = 40 V)
. Maximum Output Current 3 Imax A
VI-Vo.< 15V, Pp < Pmax
K and T Packages 1.5 2.2 —_ 1.5 2.2 —_
H Package 0.5 0.8 - 0.5 0.8 -
VI-VQ = 40V, Pp = Ppay, TA = 25°C
K and T Packages 0.25 0.4 —_ 0.15 04 -
H Package - 0.07 - — 0.07 —_
RMS Noise, % of Vo — N - 0.003 —_ - 0.003 - %NQ
TA = 25°C, 10 Hz < f < 10 kHz
Ripple Rejection, Vg = 10V, f = 120 Hz 4 RR ds
{Note 5)
Without Cadj _ 65 — - 65 —_
Cadj = 10 uF 66 80 — 66 80 - !
Long-Term Stability, Tj = Thigh {Note &) 3 S - 0.3 1.0 — 0.3 1.0 | %10k
Ta = 25°C for Endpoint Measurements Hrs,
Thermal Resistance Junction to Case - Rasc CW
H Package - 12 i5 —_ 12 15
K Package —_ 23 3.0 — |" 23 3.0
T Package -— —_ — — 5.0 —
NOTES: (1) Tjow = —55°C for LM117 Tpjgh = +150°C for LM117 be taken into account separately. Pulse testing with low
= ~25°C for LM217 = +150°C for LM217 duty cycle is used.
= 0°Cfor LM317 = +125°C for LM317 (4) Selected dovices with tightened tolarance reference voitage
{2) imax = 1.5 A for K and T Packages available.
= 0.5 A for H Package {5} CapJ. when used, is d b ) the adj pin and
Pmax = 20 W for K Package ground.
= 20 W for T Package (8} Since Long-Term Stability cannot be measured on each device
= 2.0 W for H Package before ship , this § ion is an i ing esti of
(3] Load and line reguiation are specified at constant junction average stability from lot to lot.

temperature. Changes. in Vg due to heating effects must

MOTOROLA LINEAR/INTERFACE DEVICES
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LM117, LM217, LM317

SCHEMATIC DIAGRAM

' 0 Vin
310 2 310 23‘0)5 12:7} } 5.6 K
83v
™~
CIN N 170
Z ¢
X 12 160
oo 5pF
v < 200 13K
<
9 “:} ~ 6.8 K.
- - 6.3V
>
2 o |otrfaan
\x'f ! — 108
¥
$ 190 adasl - 126 K
my oy "~ o ? 4
|
4 i 10.1‘
4 —O Vout
—0O Adjust
FIGURE 1 - LINE REGULATION AND AlAdilLlNE TEST CIRCUIT
Vece

Vou oV
Line Regutation (3%/v) = —2H _"OL 1450
VoL

Vot
-
-

240

v R

1% § L
. .
p
Co A~ 1 4F

* Pulte Testing Required:
1% Duty Cycle
is suggested.’

MOTOROLA LINEAR/INTERFACE DEVICES
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LM117, LM217, LM317

FIGURE 2 - LOAD REGULATION AND Aladj/LOAD TEST CIRCUIT

Losd Aegulstion (mV) = Vg (min, Losd) = VO (max. Load)

VO {min. Load) ~ VO (max. Losd)

X 100 VO (min. Losd}

Load F

(%vg)=

Vo (min. Losd)

Vo (max. Losd)

Vout
o

Cin == 0.1 uF

4

I
A d
Co 7~ 1 BF ———j

Ry
(max. Load)

‘o

(min, Load)

* Pulse Testing Required:
1% Duty Cycle is suggested. T

FIGURE 3 - STANDARD TEST CIRCUIT

Vin

LM117

Vout

— 9

Cin >~ 0.1 uF

Q Adjust

R
@ 1 \'s

Sh

CoZR 1 HF

,
()

Pulse Testing Required:
1% ODuty Cycle is suggested. *

To Calculate Ry:
= Vo = lggT Rg + 1.250 V
Assume lgeT * 5.25 mA

FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT

24 v-.-./.\/
18V Vin

t=120Hz O——@§——O——

Cin 3T 0.1 uF

Vout

Vo=10V

LM11?7

Dy*

Adjust
A1 S g%

165K e
o -l
CapyiiI10pF
1

1%

i
é
-

1N4002 Ry

+
Co 1 MF 69

bl
.||—<»—'v:’/\,——<

*D, Discharges A if Output is Shorted to Ground.
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&V, OUTPUT VOLTAGE CHANGE (%}

Vo1, REFERENCE VOLTAGE (v}

1ad). ADJUSTMENT PIN CURRENT (uA)

LM117, LM217, LM317

FIGURE 5 — LOAD REGULATION

04
0.2
0 IL205A
A SN Ry Y
-0.2
fLv15A
04 ™~
r Vi=15V
06 Vp=10V
-0.8
-1.0
-15 50 -25 0 25 0 IS 100 125 150
), JUNCTION TEMPERATURE (9C)
FIGURE 7 — ADJUSTMENT PIN CURRENT
70
65 -
60 -
I
55 S
|1
50
5 //
40
EH)
-5 .80 .25 0 25 80 75 00 125 150
T). JUNCTION TEMPERATURE (°C)
FIGURE 9 - TEMPERATURE STABILITY
1.260 [ T
1.250 - -~
]
‘/ \ :
~
1.240
1.230
1.220
Z75 50 28 0 25 50 25 100 125 150

T, JUNCTION TEMPERATURE (°C)

ig. OUTPUT CURRENT (A}

QF
T l

Vo.INPUT  OUTPUT VOLTAGE DIFFERENTIAL {Vdc)

Ig. QUIESCENT CURRENT (mA}

FIGURE 6 —~ CURRENT LIMIT

P o -

10 20 30 a0
V| - V. INPUT - QUTPYT VOLTAGE DIFFERENTIAL (Vde)

FIGYRE 8 — DROPOUT VOLTAGE

30
avg =100 mv
25
\-\ ILa15A
™~ I =104
Py — ‘\\ ,
T —
\b\\._\ I *500 mA
\
15 B \\'t
’ I, = 200mA
L
\\ P\
ll-fOM
19
75 50 -5 0 25 88 75 100 125 150

T), JUNCTION TEMPERATURE (9C)

FIGURE 10 — MINIMUM OPERATING CURRENT

I

Ty=-55%C

1
27Ty

-
z
T T« 150°C —

o -
n o
—

0 20 30 40
Vi ~ Vg, INPUT — QUTPUT VOLTAGE DIFFERENTIAL (Vde)
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FGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE

RR, AIPPLE AEJECTION {dB)

AR, RIPPLE AEJECTION (dB)

4Vp, OUTPUT VOLTAGE
DEVIATION (V)

AV, INPUT VOLTAGE
CHANGE (V)

LM117, LM217, LM317

FIGURE 12 — RIPPLE REJECTION versus OUTPUT CURRENT

100 T T
c s 10 uf
ADJ
120
80 _
I 20
[ —] WITHOUT €5, § 1] Capy 10
60 £ LU d
E | M
L
" Vy-Voe§V g 50 i WITHOUT €0,
e = w A
9 o« Vg=10V
20 T,=25% z =120 Hz
0 7,228
0 . LI
] 5 w15 D 0 3 0.0 01 1 10
V. OUTPUT VOLTAGE (V) 15. OUTPUT CURRENT (A}
FIGURE 13 — RIPPLE REJECTION versus FREQUENCY FIGURE 14 — OUTPUT IMPEDANCE
100 l 10}
{ V=15V T
1, «500 mA Vg0V
@ < V- 1sv 4 i) 500 mA
/ Yo 10V ER = 255C =
/ Ty =25% g o =
60 S —
/ X . I
e WITHOUT Cpgy
40 ; i 3. 1 I’ y’
Qe
N iR (P)) £ S
TR 2 107 Cany * 104F
20 WITHOUT Cpg - o
] \_ 3
0 l l i 103 T
0100 1K 10K 100K 1M oM w0 100 K 10K 100K ™
1, FREQUENCY (H2) 1, FREQUENCY (H2)
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE
3 ,
T
& I~ | oW / 1N
15 g 2 — — / \
10 S5 1 p SLt TuRCagy e 10uF —\;
CL = TuF.Cagy = 104F &z / N
08 =2 0 ¥
0 A \ §§ ' \ /|
T s & g
)\ oy ~ v =SV
.05 vg =10V / >;,° 2 \ l Cp * B:WITHOUT Cp) e V:] AN
6 =50 mA /\ a \l Iny =50 mA
-1.0 1’3 = 260¢C \ -3 {j". 259¢ L
e d pa
-1.8 = 0:WITHOUT - 4
) ¢ 'o 0UT Cagy ph z 1% / t
10 t 2 PR 3
v, Sz / |
05 1 e 05
\ L 2, |
[) 10 0 3 « [) 0 20 30 @
+, TIME (ug) t, TIME ()
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LM117, LM217, LM317

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION
The LM117 is a 3-terminal floating regulator. In opera-
tion, the LM117 develops and maintains a nominal 1.25

volt reference (Vref) between its output and adjustment

terminals. This reference voltage is converted to a pro-
gramming current {IpROG) by R1 (see Figure 17}, and
this constant current flows through R2 to ground. The
regulated output voltage is given by:

R
Vout = Vet (1 +R—f) +1agj R2

Since the current from the adjustment terminal { lagj)
represents an error term in the equation, the LM117 was
designed to control 1adj to less than 100 A and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will rise.

Since the LM117 is a floating regulator, it is 6nly the
voltage differential across the circuit which is important
to performance, and operation at high. voltages with
respect to ground is possible.

FIGURE 17 - BASIC CIRCUIT CONFIGURATION

Vin

O— LM11?

Adjust

fad

Vit = 1.25 V TYPICAL

LOAD REGULATION

The LM117 is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming resistor (R1) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading reguiation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation,

EXTERNAL CAPACITORS

A 0.1 uF disc or 1 uF tantalum input bypass capacitor
{Cin) is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (CApy) prevents
ripple from being amplified as the output voltage is
increased. A 10 uF capacitor should improve ripple
rejection about 15dB at 120 Hz in a 10 volt application.

Although the LM117 is stable with no output capaci-
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output capaci-
tance (Co) in the form of a 1 uF tantalum or 25 uF
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any |.C. regu-
lator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator, .

Figure 18 shows the LM117 with the recommended
protection diodes for output voitages in excess of 25 V or
high capacitance values (Co > 25 uF, Capy > 10 uF).
Diode D4 prevents Co from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor CApy 'discharging through the |.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Caopy from discharging through the [.C.
during an input short circuit.

FIGURE 18 ~ VOLTAGE REGULATOR WITH
PROTECTION DIODES

3}
F
1N4002
\ﬁn——f— LME17
Cin ;'\ g

Adjust

MOTOROLA LINEAR/INTERFACE DEVICES
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LM117, LM217, LM317

FIGURE 19 — “LABORATORY" POWER SUPPLY WITH ADJUSTABLE
CURRENT LIMIT AND OUTPUT VOLTAGE

Dg

——

1N4002

Vout1 Rge Vin2
ViN LM117

32w40vV Vin1 () O
0.1 uf
Ty
Adjust 1 1N4001

Adjust 2
1N4001
Current K ° Voltage 10 uF
Limat 2 4 Adjust
A
drust 1N4001 = -
Q4 D3
2N3822 —
4 D4 OUTPUT RANGE:
0SS v <28V
! [~
<0V a, 1N4001 0<IoC1.2A
Diodes D4 ana D3 and transistor 02 are added to ailow adjustment 2N5640
of output voltage to O volts,
Dg protecis both LM117'¢ during an input short circurt.
-10v
FIGURE 20 - ADJUSTABLE CURRENT LIMITER FIGURE 21 -~ 5V ELECTRONIC SHUT DOWN REGULATOR
By
+25 Vv Vout Ry vo I’
-— o
O] LM117 ——-O—"\AN—¢ 1N4002
Vin 1.25 Vin Vout
tm1? e
=35 -
Adjust R . i 1zo§ AR 1.0uF
22 1N4001 I ou
** Yo provide current hmitng ot 1y 100 D2 Adjust pm
10 the system grounda, the source of ot
the FET must be nied to a negative 1N4001 &7 MPS2222 _—
voltage betow -1 25 Vv
Vret 720 '1 'K' < Controt
B2 15ss 2N$640
v
Ry e ret
1omax * 'DsS == Minimum v, e 125V
1O BVoss PRt /

Lmin — Ipgg =) . [ 1
Avthown 8% 10 €1 A Vss Oy nrotects the aevice during an nout snort circut
FIGURE 22 - SLOW TURN-ON REGULATOR FIGURE 23 - CURRENT.REGULATOR

 EEE— 1
Via Vout Vin Vour Ry Sur >
O—— LM117 '—_0—'\/\/\/-—?—“.
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TECHNICAL DATA

THREE-AMPERE POSITIVE VOLTAGE REGULATORS

This family of fixed voltage regulators are monolithic integrated
circuits capable of driving loads in excess of 3.0 amperes. These
three-terminal regulators employ internal current limiting, ther-
mal shutdown, and safe-area compensation. Devices are available
with improved specifications, including a 2% output voltage tol-
erance, on AC-suffix 5.0, 12 and 15 volt device types.

Although designed primarily as a fixed voltage regulator, these
devices can be used with externai components to obtain adjust-
able voltages and currents. This series of devices can be used
with a series-pass transistor to supply up to 15 amperes at the

nominal output voltage.
o Qutput Current in Excess of 3.0 Amperes

® Power Dissipation: 30 W (K-Suffix), 25 W {T-Suffix)

¢ No External Components Required

® Output Voltage Offered in 2% and 4% Tolerance*

® Thermal Regulation is Specified
® Internal Thermal Overload Protection
¢ Internal Short-Circuit Current Limiting

® Output Transistor Safe-Area Compensation

MAXIMUM RATINGS (TA = +25°C unless otherwise noted.)

MC78T00
Series

THREE-AMPERE
POSITIVE FIXED
VOLTAGE REGULATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Rating Symbol Value Unit
Input Voltage {5.0 V-12 V) Vin 35 Vdc
(15 V) 40

Power Dissipation and Thermal
Characteristics
Plastic Package (Note 1)

K SUFFIX
METAL PACKAGE
CASE

tnput Output

{Bottom View)

T SUFFIX
PLASTIC PACKAGE
CASE 221A
1
2 {Heatsink surface
PIN 1. INPUT 3 connected to
2.GROUND . Pin 2)
3. OUTPUT

ORDERING INFORMATION

MC78T00C, AC

Ta = +25°C Pp internally Limited
Thermal Resistance, Junction to Air Rysa 65 W
Tc = +25°C Pp Internally Limited
Thermal Resistance, Junction to Case Rayc 2.5 Cw
Metal Package {Note 1)
Ta = +25°C Pp Internally Limited
Thermal Resistance, Junction to Air Rgsa 35 ‘oW
Tc = +25°C Pp Internally Limited
Thermal Resistance, Junction to Case ReJc 2.5 W
Storage Junction Temperature Range Tstq ~65to +150 °C
Operating Junction Temperature Range Ty Qto -~ 150 C

NOTE:

1. Although power dissipation is internally limited, specifications apply only for PO = Pmax
Pmax = 30 W for K package

Pmax = 25 W for T package.

Tested
Output Operating
Voitage Junction
Davice Tolerance | Temp. Range | Package
MC78TXXCK a% Metal
MC78TXXACK 2%"* Power
y 0to +125°C

MC78TXXCT 4% Plastic
MC78TXXACT 2%* Power
MC78TXXBT# 4% ~40to0 Ptastic
MC78TXXABT# 2%"* +125°C Power

TYPE NO./VOLTAGE

MC78T0S
MC78T08

5.0 Volts
8.0 Volits

MC78T12
MC78T15

12 Volts
15 Volts

XX Indicates nominal voitage

* 2% regulators are available in §, 12 and 15 volt
devices.

#Automotive tempetature range selections are
available with special test conditions and additions!
tests. Contact your local Motorola sales office for
information.
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MC78T00 Series

MC78TO05AC, C

ELECTRICAL CHARACTERISTICS (Vin = 10V, lp = 3.0 A, 0°C = T} < 125°C, PQ S Ppmax [Note 1], unless otherwise noted.)

MC78T05AC ‘MC78T05C
Characteristic Symbol Min | Typ | Max | Min | Typ | Max Unit

Output Voltage Vo Vde
(5.0mA <€lg<30A, Ty = +25C) as | 50 | 5.1 48 | 50 | s2
(5.0 mA =g = 3.0A; 48 5.0 5.2 4.75 5.0 5.25
5.0 mA < 1o < 2.0 A, 7.3 Vdc < Vi < 20 Vdc)

Line Regulation (Note 2) Regline — 3.0 25 - 3.0 25 mv
(7.2 Vde = Vip s 35 Vde, 10 = 5.0 mA, Ty = +25°C; :
7.2Vde S Vip € 35Vde. g = 1.0A, Ty = +25°C;
8.0Vde < Vi 12 Vdc. lg =~ 3.0A, Ty = +25°C;

7.5 Vdc < Vip s 20 Vdc, 1o = 1.0 A)

Load Regulation (Note 2) Regload mV
8.0mA =I5 s30A, Ty = +25C) - 10 30 - 10 30
(5.0 mA < lg < 3.0 A) — 15 80 - 15 80

Thermal Regulation Regtherm — 0.001 | 0.01 - 0.002 | 0.03 | %Vo/W
{Pulse = 10 ms,P = 20W, T4 = +25°C)

Quiescent Current I} mA
(B.OMA 19 <3.0A Ty = +25C) - 3.5 5.0 - 35 5.0
(5.0 mA = Ig < 3.0 A) - 4.0 6.0 . 4.0 6.0

Quiescent Current Change alg — 0.3 1.0 - 0.3 1.0 mA

(7.2 Vdc = Vi = 35 Vde, Ig = 5.0 mA, Ty = +25°C;
5.0mASsIg=<30A T)= +25C;
7.5 Vde € Vi, < 20 Vde, Ig = 1.0 A) i

Ripple Rejection RR 62 75 — 62 75 —_ dB
(8.0 Vdc = Vjp < 18 Vdc, f = 120 Hz,
10 = 20A, Ty = 25°C)

Dropout Voltage (Ilg = 3.0 A, T = +25°C) Vin=Vo — 2.2 2.5 - 2.2 2.5 vde
Output Noise Voltage Vi — 10 - — 10 - uVNo
{10 Hz < f < 100 kHz, Ty = +25°C)
Output Resistance {f = 1.0 kHz) Ro - 2.0 - —_ 2.0 - mQ
Short Circuit Current Limit Isc - 15 - —_ 1.8 - A
{Vin = 35Vde, Ty = +25°C)
Peak Qutput Current (Ty = ~25°C) Imax - 5.0 - — 5.0 = A
Average Temperature Coefficient of Output Voltage TCVo - 0.2 —_ - 0.2 -_ mvrC
{lg = 5.0 mA)
NOTES:
1. Although power dissipation ss internally limited, specifications apply aniy for PO = Pmax-
Pmax = 30 W for K package Pmax = 25 W for T package

2. Line and load reg are at j temperature. Changes in Vg due to heating effects must be taken into account
separately, Pulse testing with low duty cycle is used.
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MC78T00 Series

SCHEMATIC DIAGRAM

i: o 5‘ o L JJ Input
[e}]
I — Boz s 5 e
022X 1rv
18k
l Q24 H)Or]t:o25
a9 10k
0 S“ LAMZ(” 928~ q27
a3’ 336k aos 10oF
4 Q18 R g3y
san sex f 300 ‘
as {Q,o Qe 13 oz
-1
f
520 l e 200 Output
40
[S1F) of 2
26580-15 Vo'paandrB17018L- L £
$ e o 80N
56Vg !
20% 319k i
Faos ar g J
ot | Q13 Lt ars o
80k B4 ’}Zﬂk Gna
VOLTAGE REGULATOR PERFORMANCE voltage change per watt. The change in dissipated
The performance of a voltage regulator is specified power can be caused by a change in either the input
by its immunity to changes in load, input voltage, power voltage or the load current. Thermal regulation is a func-
dissipation, and temperature. Line and load regulation tion of 1.C. layout and die attach techniques, and usually
are tested with a pulse of short duration (< 100 us) and occurs within 10 ms of a change in power dissipation.
are strictly a function of electrical gain. However, puise After 10 ms, additional changes in the output voltage
widths of longer duration (> 1.0 ms) are sufficient to are due to the temperature coefficient of the device.
affect temperature gradients across the die. These tem- Figure | shows the line and thermal regulation
perature gradients can cause a change in the output response of a typical MC78TOSAC to a 20 watt input
voitage, in addition to changes caused by line and load pulse. The variation of the output voltage due to line
reguiation. Longer pulse widths and thermal gradients regulation is labeled (D and the thermal regulation com-
make it desirable to specify thermal regulation. ponent is labeled @. Figure 2 shows the load and ther-
Thermal regulation is defined as the change in output mal regulation response of a typical MC78TOSAC to a
voltage caused by a change in dissipated power for a 20 watt load pulse. The output voitage variation due to
specified time, and is expressed as a percentage output load regulation is labeled (D and the thermal regulation
component is labeled @.
FIGURE 1 — LINE AND THERMAL REGULATION FIGURE 2 — LOAD AND THERMAL REGULATION
3 =
8 3
= 53
5% . i 5%
EoE gsz
382 @ 3z% |
o532 oS €
a8« 283 @
! ;
-2 20
28 53
£2 S
£8 sov 3&
35 0
20
1, TIME (2.0 my/div.) 1, TIME (2.0 ms.div.)
MC78T0SAC MC73T05AC
Vg = 50V Vg = 50V
Vin = 80V— 1BV —~ 80V (D = Regling = 24mV Vi = 15 @ = Regigaq = 44mV
lout = 20A = Regiherm = 0.0015%VQW lout = 0A—=20A—0A = Regtherm = 0.0015%VQW
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MC78T00 Series

FIGURE 3 — TEMPERATURE STABILITY FIGURE 4 — OUTPUT IMPEDANCE
102 100
] Vin-Vo = 50V =
< el & 191
! lout = 100 A =10 Vo = 50V
Ft 2 L Viq =75V ]
2 S lot = 10A /
3\ =T N £ 02— Co=0 y
= Ty =25°C
a \‘ g ___ J /
3
S 10-3
=
0.58 10-4
-% -5 -1 30 0 Mo 150 190 10 10 10 10k 10k 100k  1.0M  10M  100M
T, JUNCTION TEMPERATURE (°C) f, FREQUENCY (H2)
FIGURE 6 — RIPPLE REJECTION versus
FIGURE 5 — RIPPLE REJECTION versus FREQUENCY OUTPUT CURRENT
100 100 i l [
lout = 50 mA | 14
g w £ g | i
=2 R — 2 8
z = I A
g ’Z \‘ S | !
8 fout = 30A 2 T :
& & t W Vo = 50V !l l
u | \ w6 —<’» Vin = 10V 4 L
£ Vo = 50V 3 leg=0 | | l
g 4 Vin = 10V e f=120H b T
Co=0 \ Tj = 25°C =
Ty = 25°C 40 Fa | N i R -y :
b
20 I \ 30 l [ I l h xt ! i ! l
10 10 100 10k 10k 100k 10M  10M  100M o0 0. 10 10
f, FREQUENCY {Hz) Igut. OUTPUT CURRENT (A}
FIGURE 7 — QUIESCENT CURRENT versus FIGURE 8 — QUIESCENT CURRENT versus
INPUT VOLTAGE OUTPUT CURRENT
40 50
Ty = 0°C | [T 1
. = ! Ty=0C
- T, =
L [4 Wt z w0 Al
£ 30 7 - = E :ﬁ
E T) = 125°C = ET) = BCH,
H & £ ‘
] e N
5w ; Ty = 125
wd
2 Vo = 50V 8 20
§ tot = 20A &
& 10 '{_’,’
- =Ty =0 £ 10 Vip-Yo = 50V
Ty = 25°C - Ly
=T = e ) LI
K 10 20 3 ) 00 0 10 10
Vip, INPUT VOLTAGE {Vde) lout. OUTPUT CURRENT (A}
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Vin-Vo. INPUT T0 OUTPUT
VOLTAGE DIFFERENTIAL (Vdc)

AV, OUTPUT VOLTAGE

DEVIATION (V)

AViq, INPUT
VOLTAGE CHANGE (V)

PpjAv). MAXIMUM AVERAGE POWER DISSIPATION (W)

MC78T00 Series

FIGURE 9 — DROPOUT VOLTAGE

5 {
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: I~ I~
\\L‘ [~
lout = 05A [~
1.0
AVQ = 50m!
P
05 !
-9 -5 -1 30 70 10 150 19
Ty, JUNCTION TEMPERATURE (°C)
FIGURE 11 — LINE TRANSIENT RESPONSE
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out = 150 m
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05
0

20
t, TIME (ps)

30

FIGURE 13 — MAXIMUM AVERAGE POWER
DISSIPATION FOR MC78TO00CK, ACK
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FIGURE 10 — PEAK OUTPUT CURRENT
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FIGURE 12 — LOAD TRANSIENT RESPONSE
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FIGURE 14 — MAXIMUM AVERAGE POWER
DISSIPATION FOR MC78TO0OCT, ACT
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MC78T00 Series

APPLICATIONS INFORMATION

DESIGN CONSIDERATIONS

The MC78T00,A Series of fixed voltage regulators are
designed with Thermal Overload Protection that shuts
down the circuit when subjected to 8n excessive power
overload condition, Internal Short-Circuit Protection
that limits the maximum current the circuit will pass,
and Output Transistor Safe-Area Compensation that
reduces the output short circuit current as the voltage
across the pass transistor is increased.

In many low current applications, compensation
capacitors are not required. However, it is recom-
mended that the regulator input be bypassed with a

capacitor if the regulator is connected to the power sup-
ply filter with long wire lengths, or if the output load
capacitance is large. An input bypass capacitor should
be selected to provide good high frequency character-
istics to insure stable operation under all load condi-
tions. A 0.33 uF or larger tantalum, mylar, or other
capacitor having low internal impedance at high fre-
quencies should be chosen. The bypass capacitor
should be mounted with the shortest possible leads
directly across the regulator’s input terminals. Normally
good construction techniques should be used to mini-
mize ground !oops and lead resistance drops since the
regulator has no external sense lead.

FIGURE 15 — CURRENT REGULATOR

Input MC78T05.A

0.33 uf
® I Constant

= - Current to

Io Grounded Load

The MC78T05 regulator can aiso be used as a current
source when connected as above. In order to minimize
dissipation, the MC78705 is chosen in this application.
Resistor R determines the current as follows:

5.0V
lg = "R g

A lg 2= 0.7 mA over line, load and temperature changes
Ig = 3.5 mA

For example, a 2-ampere current source would require R
to be a 2.5 ohm, 15 W resistor and the output voltage
compliance would be the input voltage less 7.5 volts.

FIGURE 16 — ADJUSTABLE OUTPUT REGULATOR

Output
. MC78T05 o .
Input

Vo.80Vio20V
Vin-Vo 225V
The addition of an operational amplifier allows adjust-
ment to higher or intermediate values while retaining
regulation characteristics. The minimum voltage obtain-
able with this arrangement is 3.0 volts greater than the
reguiator voltage.

FIGURE 17 — CURRENT BOOST REGULATOR

2N4398 or Equiv
Input @—

MC78TXX.A o Qutput

1.0 ,;F;E i— ;[0.1 uF

XX = 2 digits of type number indicating voltage.

The MC78700,A series can be current boosted with a PNP
transistor. The 2N4398 provides current to 15 amperes.
Resistor R in conjunction with the Vgg of the PNP deter-
mines when the pass transistor begins conducting; this
circuit is not short-circuit proof. Input-output differential
voltage minimum is increased by the Vgg of the pass
transistor.

FIGURE 18 — CURRENT BOOST WITH
SHORT-CIRCUIT PROTECTION

2N4398
Input Rse or Equiv
MJ2855
R or quiv
MC78TXX.A
Qutput

1.0 ;AF:—E i

XX = 2 digits of type number indicating voltage.

The circuit of Figure 17 can be modified to pravide supply
protaction against short circuits by adding a short-circuit
sense resistor, Rgc, and an additional PNP transistor. The
current sensing PNP must be able to handle the short-
circuit current of the three-terminal regulator. Therefore,
an eight-ampere power transistor is specified.

FIGURE 19 — STANDARD APPLICATION

Input MC78TXX T Qutput
Cin* I e
0.33 uF o

A common ground is required between the input and
the output voltages. The input voltage must remain typ-
ically 2.2 V above the output voltage even during the low
point on the input ripple voltage.

XX = these two digits of the type number indicate
voltage.

* = Cjp is required if regulator is located an appreciable
distance from power supply fiiter. {See Applica-
tions Information for details.}

** = Co is not needed for stability; however, it does
improve transient response.
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