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ABSTRACT

This thesis presents design of Capping Specimen Tube Machine including Covers and
Tubes Arranging Machine. They are designed to be moved easily with suitable size. The system
can work with home electrical system that instead-'of using pneumatic or hydraulics. They can
work automatically. - detect position of covers and tubes with infrared sensors. Each process is
controlled with Microcontroller.  Therefore; specimen tubes are not touchced by-human. This

machine can make absolute tube-at least twenty tubes perminute .



faanssulszma

a a ¢ o Aﬁyo < YY A Y 4 A
ﬂimﬂlﬂuﬂuﬁﬂﬁﬂuﬁﬂﬁﬂﬂﬂ’mﬂ HIIBUIBNINVYDUNWISHRMU 0191380 BIND

LY FY A ' Aq Yo = Y a aa
wunvhie  owsdnilSamedngs  AldmlSevunomadunsudilym anuAasisy

= Y a = o aw § 1 o a a =2
aaoavumsinrulddiaisulinnudausalumsiiiseldediailse@ninm 3IW0IM3
<2 Vv 9 T ° ° Vv o [ y T
gounwdIANNAIMINed NIl NI mldgusuhauedlissuuuaz 1natedel
Uszdnsnm

a S a o P Yo 0o Al w A
YDUBUAMNUBANT IATYN N NIvA UG AAS s aznasa
ad A deiq Y9 ¥ C4 A A
Yoy LAMRNYNBanNIond Nl lsguaseliazinTolion1an ve gy
o & a e dy y P o Qo ]
Yovaunud IuasipdAner auzirmnssumaasnweitedounlumsiisouazifiy
ny o t < o < o 4 ¥ =]
¥ua ansnrusiuadanuazaIn IindieusnansarSyaniwusduduss
] ¥y b4
YoUo LN NININIFINITUsTUBAILAN AlMoMaiunuluntstiide
uazMeNgavenTTUVOLNIERDL AuND e Msnuazmsw Naivayuldlona
VY A Y 1A 2w ay A = L2 p=1 Yo w o =
undwou lam s guaudaTuiianonatunons A uazriesnnaunaesiniidels Anlsnwn
v 1l v
wuzth uazidlusidalelvidasfimaman suansmhieieg iiasuuniusanlSaaiinus
&Y dy v o ny o
avuil s duauy s

4
o/

1 da A at =y o s A 9 ' Yt
AuAMazYss lemidumilnnlsaaninusaiudfouveus ugadiins g unn

[

vy o
AMzAIA
« )
weguned  yasd
UNAIBATA  ATTRAANUNINZ

a a o
WUBBNANTG IAIYNN

1)



a191iey

i

DTRAEBITHTINE ....oooooooeeeeeeeeeeeeeeeseeeeeeseeesee et ssssssmssmsamessassssssssssesssssssssens I
UNAABBATHIBINGY ..ceoorrrrrersersseseesrssressessessssssssssseseserssssssssssssssssssssssesssssssssssssssssssessessss 11
T e E V1 £ 12 1L TR OO I
BEVTIIR ©.oooooooeeceeeemsmses e eseesss st v
DVTURN N coccereceoovevvsevssesmsessssmsssammmsssses s ess s sssssssssssssssss st eecesre VI
TVTURIMVTIY ceorreeveeenreneeere s lossnsssi T sensssesssssssnsssessesesss T oossass Sitpgssssnssssnsssesssssssssssssassssenes X
YN T UM A eSO L e N e 1
1.1 anundusiuoeanudwaunsdIg .. e s 1
111 Specimen TUDE coo i e it e iier e iiias e st eisnetensaesenb ssumnssssessonsessbistborsassessossns 1

1.1,1.3 AN 00T UONAY (ROIAET) et s oborssdhisemmssssesssesteediensars 1

W 702 A AT TN EY A FAC I = s N | W 2

1113 waamﬁuﬁmdnﬁﬂﬂqn;mmﬁ (evacuated tube).cui..vviunniteiennnns 2

1.2 ANMNINBURE TS A AYBIMIIANMT,. Lol e o et 4

1.3 dounfamsaoindllh & aommmctaeeh 2. Al e L. 4
T DR T Tk A SO A1 F | e A 5
2.1 A0 ARITIR . G g N M) G el ... 5
2.1.1 4 BarTghkage . Sl S i AR Lo s iaee Xl einnans 5

2.12 seduBaselunsinAouil (Degree OFFreedom)..... ool sl 8

y R T TR iy AU I RPN WD o 10

214 AT URT IV AT o stressmeessesssssiiEE st reeerreresesssseessessesessesssmeesens 11

215 AT AT IR DI e eeeemeeeeeesesssssessssssesssesessensesssesesmensseesseeesessesssnes 14

216 MNTHUATIEFIT ceereeeessseseseeessnesessseneesessesssssseessessessessesssesssessssseesseses 17

2,17 QATBUNTOUR .o eeesensesssmsee e ssmses st esssesssessssssssssossssssssssss e 18

2,18 IWBY neeeeesssssseeeeeseeseamemessssssessssssss s esssessssesmssesssssssssesssssmasesssessssessessreres 22

2,19 PN oo eeeeeseeeseeses s eessssssseseessessesssema s eeesess s 23

2,110 MITUAoreeevveevessssssssmsssasssssssessseeesessssssssssssssssssssssssssssssssssssesssssessssssssssssssses 24

2.2 HBADT oo oeeeeeees oo esseeeeesee e ssseseessssessseeressseessrsseesessssssemneesrens 25
2.2.1 UDIADT THT UITEUTAT oo eenssessesseessnnssssessssssseesesssssssnssens 25



mstiey (Ae)

26

} 4
222 aeflwewes

2.3 1UY03 UNTUTA

37

2.3.1 9uNsUsA LED (Infrared LED)

38

2.3.2 1¥sMATuvessuuduns A

23.3 InssadrvesluTnsaoulnsames (PIC)

39
43

P ° Y
UNN 3 MIMUIVUALNITTIN

47

3.1 ﬂ'liﬂﬂﬂll‘l.mﬂﬂ1ﬂﬂ1iﬂﬂltﬁ3ﬂ1iﬁ1t50~1..

47

3.1.1 MUdudsIviasa

47

3.1.2 uduaseh. ..

3.1 galnnslr Bl <[ 25 8\ 20N ]S, P

.47
.48

3.1.4 0N UUSIAMSHIHY oo e B i

49

3.1.5 SINAHINADA ......es AT ]

.......

.51

3.2 NMITDOAMUN IATIRTA o L i

.52

.......

53

3.2.1 Msdenieg

uni 4 NINaasacHanIINaae ...

.54

4.1 naaavvMiausIn 1 lunmsia.....e

54

55

4.2 NARBINTVU AN N 19 1unsTlA

4.3 naasamisiouasauasadi

56

58

P a 4
uni 5 unInsasazagl

5.1 winstladh

58

5.2 1nTeenAiS oI

58

MARNIN At iasaing
Mann v lilsunsumaugumaniam
<4 ek a s
MARNIN A NeaziBaaglnsalilsluanids (DATA SHEET)

Y. a
PNA1T9NIBY



MSUYMN

s %

11 O T LTI S DN TEUBATU oereoeeeeoeeeeeeveeeeeee e esesssssessssessseseseesessssseesesssssenesse 1
] =}

1.2 LUTTRIUULIDIZEADR coeoreeeeeeeeeeoeoeeeeeeeeeeoeeeeeesseesseseessesesssssesssssesessmeesesssseessssesesssmseesssassssenee 2

1.3 LTRSS VDR eeeeeeererrseeeererssessseeesessesesssssssssssssssassassasesssassasesesssastassasessnessssassassane 2

1.4 (n) dnyazehindgsluila

(U) ANHUEHINITARD oo eeeeeeesseeeeeeesereseessessseessessesssssesssseseessssssssrese 3
2.1 MSADADUTHILIL CranK-ROCKET i oseooseeseeesss e eenesateeesesssseeeereesssseesesessssaeneee 5
2.2 MTIAADUNLLL DOUDIE ROCKET Siursiomtsoiebs bkl oslodleoniiersreessesseess S aresesssseseesemsesensneees 5
2.3 MTANOUNUUNUL DIAEEANK oo b ceroenbrremsteitrrrrreeeeesmeeses Rae haesseeseeenmssee 6
Y ]
2.4 FUAD ToINUANY USUUL FOur bar HAKAGE .....oou. s Ll srons e obis sevanssssessesestiestasmsescensnne 6
£
2.5 ANYUTAINC) YDIFUAD TIIPUNGUDI Gashof CHHIETION :.5us.io beres hiFsssanseeeeeesbestiesssceee 8
1 v 3 v
2.6 ANUAULMIAOUABIAZIZAUTAISTUNSINADUNUBIFUAB TG 1. o bt 9
B VTS (T2 K o PR (TUTY W Ny of 240 IR o (XETHIDR AT oot 1 T 10
9 P4 @ a < g
2.8 M5 19PGUIN T IV AN RN NIUT IVBINA TN iieomeeresrers 12
=y (-4 g ey a a s
2.9 MTIATIEHANIUIET TATIBADIATIATIZI oo i 13
* 2,10 AT RIS IR DT et s oebo et et Bt oot 14
¥
2.11 AIUITL COriolis VYDIHUAD T8I0, ol e satterreend o b assetoresisiissstinesessesedSsumnendiondneeessens 16
212 ATHULASIATZITNI ..o oeer 20 smmsn easisstns sttt b mrnthomsesenssedibueseathenthoneessessnne 23
2.13 N0IAD3 IR IS ST AT IIUUOYNT e st sssessnsses 25
2.14 OIS I NS ST U VTN 00t e et eeeetf oo eeeseeseeseeeeseessssennees 26
2.15 LD IV NN S T U U e ettt oo eeeeeeeeoeeeseeeeseessssesessesssssmene 26
9y
2.16 AAUTOUBINDF AZOTIHINU oo seeseesessmessee 27
§ ¢ as 1 o )
2.17 awltlenemas 4 e uuugild INA13 (Uni-polar stepper MOtor) .......eversueeeeeeeceeerres 27
v
218 TP T TUBIABTHTIA 4 W oo s e eeeeeesesssessssssessssmmeseee 28
b
[y d o
2.19 AU IUUBIAAUTIUBIADTUIA 4 I cevereeeeeeeeeeeeeeeeeeeeeeeesse s eeeessesneees 28
¥
2.20 upuRe e TN YOI UTUBIABTHTIA 4 T oo 29
¥ d o
2.21 Y029 UTIUOINDTUA 2 WA AL 4 W oo 29

» [] v
2.22 youneuazanasosu lannae I 8 ifudmivaalils

TDADTUTIA A IO ittt rionsoes st eeeseeseseomssmsmsseensoesstestosesssssesssioebisbosiessiasiasesms o 30

Vi



15Uy NN (#10)

311?; wih
2.23 yar03 ez Idag Inanase @y 8 1du mAe 5 150 618U e 30
2.24 ydoudeunzmfiaunsnsw iRanmeln s uie 6 iuves

AUTIUBIABTHTIA 4 IHE 1ot 31
225 SrdunsdlouiadiftodummToemosuiia 4 mama ) 32
226 SRUTUTUN SRR UAE TOWA...eeerrrsrsrssrsssssssssss 32
227 ussliavesmatDewemesi iBesdintgetuidonmiaiunsudn. ... 34
2.28 Fans298uiag e Tl Tageg AT RBINNT oo e s 36
229 #3708 o Inney lUATIUITADINT Lo BN 36
2,30 M5 FAN ST YOIOABALTOGAM i s s 37
2.31 Tnsead19meTuao TR TR TaRa L L it ks e bt anee 38
P RYRGNET ' CTOW ool —— W 2 VA (GRY A N I —— T SPTUA 1 WO 39
2.33 SN TR U TN AL e oot beebes oot e oot 39
2.34 Foyana Inuvedieenain TXD AT 350 0l i b 40

)
@ a o 1= (4
2.35 ugastuapumsinndayana Inudsaa

o ) s 4
(Mdyanusnooddaames ARz N 38KHz

A o o g [} s 9 o a o
(iohaygaNguIr iU IATRE IMETTIN . ol e, 40
2.36 2I0TAVTIDUI TUTA ..o sttt o rerssnnessssasmmses s sotrt et cmneleesessensnemnssndbendbesesensrsens 41
o A 9/ '3 Qy @ o
2.37 dgyqaud 1AVINLINNAYDI0L TATARAR FHLTIONDS ...ooosge et snsblrnrenererrssnen 41
£
2.38 LLEIASI905 DL EAUTONAR 1ULITINOS 38 KHZ oot i oermmmsssiteonetlommmssssseseesssssesemmassee 42
o @ d ¥ H
2.39 N INHAAIA NN TUNUTUDIATRADTE CHAZATIUD e sessssesessaesssens 42
2.40 LA AT 19 LU AT AU TN AADT oo eeeeseessesssseee 44
3.1 UAAITTUS URGIHADA «oeeoeeeeeeeeeeeeeeee e eeseeseeess e ssesssessssees s eesesssseseesesssesessesssssessaees 47
3.2 UAADIUETABIHY oo ees et ees s seseeesseessessesessees s seesssaneseeesaees s sessseesnnens 47
3.3 LEIATTIIUR oo ee e eesseees s eesesesssessess e ee s ssaees e s et sassseeessseessesasss eseenssens 48
¥
= o o o
3ol LT U AR O LI BUAIDT covereoeeeeeeeeeeeeeseeeee s ees s sesseeseesessessessesssssesssessssssseesee s sees 48
3.5 LU AIDIAART 1eeeeeeeeeeee s eeessseesvessesseessesessssseesese s seessassses s sarssnesssase e s e seeseaeesmessaneas 50
© =3
3.6 WAAINITA MR Lo eeeeee e ssseeess e s sssees s s eesseseeesessesrsmsnees 50
3.7 AR NHUEU DIV ADAUNY ..ieiirreercieresonesesbeesessesssbsostasssiestossosssessssbartastesieesintbncsmseianees 51

vl



M5y (D)

i wih

3.8 UAAIANHUSYNE N Y oo eeeeseeessssssasmsssssssssesssss e sssssesesesssssssssasssssssssssssssssssnssssssas 52

3.9 LLOYAIDIRAUTHIVIDBA ooeeeeeeeeereeeeeeseesesseeeseesssssesesssesesesssessesesessesssessesssssessseeseseeeeessess 52

R Ut RN G e R L b R0 £ R TSSO 53
=

4.1 UAAIMINAADIIIUUIAUTINTFTR oo see s srsesenees 54

VHI



MIVYMIN

a v
M519N HIN
11 UAAIATINHINSUDZANITNIUTTYUBIHIARIIY oo seennessssnnesssssssssssessessnne 3

a o L4 1
2.1 UEAINIININNAYAGUINAIUBIFUNTIAN oo seassenessressssssssssssssss e 19
9 [} y L4
2.2 uaasmsnssgu Ui Yol danenes. ... 35
4
4.1 yaeIMINAaBIMIVUIAUTINIFIUNITTAMY oo, 54
4.2 LAAINISNADBUABNUBIABIN AT TUAITTIAMY oo 55
4.3.1 HEAINISNAABINITS BT UAETT ST I 1S, 56
4.3.2 UAAININAABINTITOIAZAUTOINY ITUIU 20T oo e 56
4.3.3 wanansnanainmsisoaasd oo $1431 30 W 57

IX



1.1 anuilnuazanudnyvesym

Tuilagiiu Specimen whe Iddunfiummunnlugnisunnd waoasiiaiivziunasn
fedaildiudoudeaniomsianmiasldmanmsgaamalumsgamsuaziionin
tﬁuﬁaaaﬁlﬁuﬁmdumsmnéaﬁ%?an‘%aﬁﬂﬂmwaauunﬁ%’uqmﬂuﬁﬁn‘%'ﬂwqﬁmm

ANABANAZDIA

A reImIaledetidludealinszuIunisa

=
UaNNAY

21U

-
oA

510 1.1 namsdwiunSenszuoniu

- q‘ v o [ £ dl =2 3 ! 2 o ¥ ¢ v v
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly




1.1.1.2 1931 (needle)

Funzdudeniaeannde  dufuilddmiumsmedudenniufvaudaia
(disposable needle) anyaziieniisanndunzdudealaowa ) Aedud 2 aw hen
Tanzilnennaiiy wasu¥alau Tlhwaa@nasounuay ﬂﬁﬂ{j?fﬂ 2 dneaedhanilaves
dulddmsumsnzddidudend: dmodiiszinnduiinmnn dmiuumediimis
dhgiduioamidmlawindmilsdddmsvunangdguaoagayanne Yawiaeaves
&y FoudoidhdaeiuTasdauiidend b eldnusdhunder Wdmiuiudhudui

nIeNIZUONI

1.1.1.3 1 Hie

g 15910IN

sodalime M38 ST UAaR YO AR DALAY

uc 3

2

; #calc LT &
(o

uaztlaanumsimg (\ﬁ,&ﬂ A B 1 AUTINULIA DA
nen 1% ANy ¢ /)
LYW DIND clotted bleo ullﬂ'l'il.ﬂ additive 1ol ‘H / 77U clotted blood
1483 muwaaﬂm miﬂﬁl&,’@w AINY1 WANTIAY

@oaudariindne  mudpans ST mqﬁuﬁ’qﬁnﬁwﬁﬂﬁaﬂﬁﬁﬁmﬂ
4
naAnIoNIANAIY

314 1.3 uaasdnumzvaon

- q‘ v o [ £ dl =2 3 ! 2 o ¥ ¢ v v
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly



uaaﬂqmﬂpmﬂmrhﬁ’ wainvumsh ddlugyapne vazvinumsilviaen
Fodomseuiad nnaaqq;mmmmiu’f fimswanseninlunaionng fusuig 2 i 30
gmnAfauAnas udvadiionldfutos fo vina 10 gnunAtisuAgT waoagaINA
YAMADA Y2QARTINAIYNNAIAAN (stopper) Fa0Tumssnan g aniildiunaea
auanmrzianuaziien e liduamnsonzqim 18 unzuanmm‘i’qnﬁaﬁﬁﬁuq CYLAY

o A & A v A gy - ) @ 1 A o
ﬂulf\ﬂﬂlﬂl\?“'ﬂisiﬂq lﬂa1"ﬂ17mﬂﬂ1‘“ﬂﬂﬁﬂﬂﬂa1‘] uﬁ‘]1lmzﬂ’1ﬂ?°f‘lﬂi'm§1‘§

M3IN 1.1 uaaannummonasmsnuisguesrhiaieg

Color Additive
Grey Oxalate (Na or K)
\Fluoride (Na)
Black - itrate (Na)
h
-
Blue Na)
iRS
P
y 4 AL IRAAY ¥
Margept f‘\ fD
RSE i -
: =
Red
Green in

(" (v)
i 1.4 () dnwaigrhiida e () dnvagrhiitaud

- q' ¥ o U £ d' = & 1 Y o £ 8% £
wnanstluenansnanulidmsunisidnumenis@nwivingy ldeugnlviluldusslewisunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly




aw ] d o aw P
e lduiseenilu 3 szoz  TaggailseasAndnvessisoluszezit 1 Huas
ponuusazRannautar sazh 2 dumsesnuuudiudasesh wazszoshn 3 uns

L] [ Y-} é d' = = av A e ]
panuUuUdIUAAGeevan Feluszesh 3 aziimsanyiuazddeluilnmsdnuise i

[y [
1.2 amnjarinanazinglszasnveamsfnmn

= a g a d o Setq
1. Anyesannsetinduaz I sunsumugumsiauseaemesnldlunszuiuns
2. senuunseslarhvaea ldifes 19lilssAnsnmgenieldtou lvvesvinanngiiasa
wagiNMInIUANLLLDR TuNA

3. ponuuasovdarmasaldifen i hisdams ldauamnesauuyl3

1.3 YOUUAMIANY

1. ¥szuuIddhinumslassun telasanusesznuilaman  lasld Wfavina
220 Thad Fadluanalnti

2. duninfanaoanazritla Tagdn ludn

3. usnilae 1820 vasa / WM pazmnsatuuuvaoanlan 1d



UNN 2

NUJUazHanns

2.1 nalnmsila
2.1.1 4 Bar Linkage

v 1 [
Tunszvrumstlasmaen Specimen tube Tududu lddnuusena lnuaziniosinsna

]
& ° L

[ 9 [ . (% Y=
el wtludeyadmiumsesnuuunalnnistarviasa Specimen tube HAIDINIAANH1

U
3 M

=) A [ )% P @ - o kY o
509 nalnuaziniesdnsnauds szilumseenuuunalamsila @eniagiihwiadie whims
aduaunupn ldaa’ll gaielsznetiaos uaziinisnaaosiled1masn Specimen tube
1 ) ¥ ¥ ¥ v

anuaeMsnastnvossuasloslussunaeTeuy 4 Fuid aunsonazutisonn ia

il 3 vuualedy Ao
d‘ay 1 bl LY =} o v
1. WUY Crank-Rocker 1iuszavina lnfiduse Jead s -wse input. Jdnvmznis
d‘ d‘ v P! ) | Qy v Y ] &

wABUNIUY crank NE1IR dIsanyllA 360 pIAT sBUFAVNY dauune losarudavie
output UN5LADBUNLLIY rocker UIOLUVN IANN I (oscillate) ABIWATINLMITANOUNUDIN

9 v
Taniuseoud durmagluziin 2.1

31 2.1 015 ABUNUUY Crank-Rocker
4 d' 3 Qy 1 9 ar 9 1 1
2. WY Double “Rocker uszunna lneFise losdmistuazduds luainse
9 ay v :4’ = 4' o o [ [] q’/’
uyn1d 360 09 sEUYANYY TunalgmieaesesiintinaeuNUUUNIALAD (rocker) AT

aaaaalugilin 2.2

51 2.2 mswdeuuyy Double Rocker



v ¥V ¥
3. WUU Drag Link @uszvunalnivesude lssdwsuuasdudelidnumzms
2 = P v o o ~ \llslv 2
mABUNUYY crank (@Bnsanyuld 360 sensougansyy) Aaiyluiiemsserason ldiuily

1411 Double Crank Aananslugiua 2.3

\
I 7z ~
Vs N o
0 D "k\
I TN AR
N » v
) / \ Yo
[ J Link 1fixed 4/ /
oA / 1 ]
B LT
AN ! ’
1 \ ! /
\ \ o
A ~ /I,
\ AN e
N\ ~
N "~ —— ,«7/

e -

5UM 2.3 1590 ouNUVUGYIY Drag Link

rd ¥, 9
lumsi¥aunalames UeensenaziimseenuuulivuneTeed sy Ginput link) §u
A P 4 @ q’: 2 o & 4w slay ' Vv o
HSABTMSIARBUNIINYOLADS astudsln NusutiunAeseentuyiiiuae Tosdusy
] H 9 v
awsonagvila 360 osmr | 1shozeeniulvna loliFuse loanuyuldnsusen 360
3 3 A 9 ¥ e . ' A
a1 souyavil- suiluNesdesoenuuusLutiae losa - Grashof | criterion. nNa1IAe
k4 v B v t ]
“ WALINYBININIIVDITHAR TasdunduiiganumngINge 9zavavasnivieninny
WADINUDIN 1N IVOIBUAD To9Dn 2 Aufimde »
70 Grashof criterion Tapiidied1alugiii 24 Ysensuitasnindivualn a duanw
b4 (= v 9y ¥ v 1
e1vesFuAD loandunga vaosuanlen I ey b Wluanuvessuasloghonige vie
2 3 1o o ns/‘ ry
Fusio los 2 v ldnun il idsaisdususufoha rb<e=d, 2a+b>c+d,
é - Q" U v d‘ v e 9 P 4 . T
uag 3)a+b=c+d mﬂ1ﬂmaﬂﬂmmimﬂgﬂummm mu'l1luda (59 inversion $114¢]) %

dwanarsiuoonlife

b
2
[} ] J ¢
y 4
d .-
d' Q’I 1 Ao o
31N 2.4 Fure TuaNlanYULUU Four bar linkage



1) #§M5unsdl a+b<c=d
k1

& Qy 1 ro Ao 2o s v Qy ) P P A E
minidendusie losagiun iusude leshaeagiusude losndunga (AeFude 1o 2
k4

£ R {o &

w50 4) 92 1A53VUUVY Crank-Rocker FuilunalnfiFude Toshidunigaannsonyuld 360

v q" v =t ¢=’l 4 A 5 g 1o d" IS A t:' o J
par  daufude lesdnsunilsideegiugavyuidaegiuiulinsmaounuuuniaunda
[ 1 = vy A : J .:3 ~ ay 1 T A +4 v
furulugiii 21 uadmnidensude losiiduiiga diusudeTosegiun sz 1dszuvseTles

& q‘ay 1 & Qy 4 v

DY Double-Crank Fuilunalniizude losynsuGmtssuiouds) aunsanyuldsouga

] v Ed b4 v v
viyu 360 oaen ausulugii 2.3 dmsvszuuniisuaslosfiogasstuiususe loshdungea

~

g a o 2 a2 4 Vo e A
FluFuneddun 92Dn13%19741Y Grashof Double-Rocker #uiuna lnnFurounominiun

Y

14 E v [] b
aunsonyuld 360 e drufune lesdndossuiinoagiugaryuiioasgiuiuaziing

4‘ d’ Qo 1 L4 1 d’
wdounuuunIaund ausuluginse
2) AWsuNIM a+b>c+d
. B v & lday ' a
NN inversions vz1iluTE VAR T3 Double-Rocker ¥4 iifiFuan lolmasianunsa
v IdsouAnIl 360 Dagn
3) MTuNsW a+ b=cd
N9 inversions 7111399192411 Double-Crank #38 Crank-Rocker 4saziiganlagu
. 5 a é' 4 g ' ay i Y (Y = d’l
(changing points) (Aa¥K IdeBIATIAENNY 1 50UNIHyHVRIBUABTasdIMSY o gaideuil
Ay 1 Q’l’ ~ Al o Y a L RERY) Y ﬂ 9/ (] Y A et
Fude loanemunaduhimaseunla  wnemsiufuatinduduese i ldmsadounly
% 4 = L] ] 4? = 9 1 ::5 d'
dnvazae libiaawTdniteudv | < msrlinamdh i ldedasuvisgyumnsonez
o 4 = £ 4 P P
Al 18500 2.5 Taohgi)2.56) namsvaiy vilsnaufinshgailfowsal 2.56 Huvasiissuy
agludwmiiganldsy  daigy 2.5y sag-2:5d) v 2 sliunenssgmlfeuiszuy
annsavzdluhlle
a A0 pi ' o o q %
winszuuna lnleansanagei)asuaulaTuszn st S mszezilinig
° 3 a 1 Y .3 v o 9 by @ q’/l 2 o 1:_(, P
Muvssszvudufannliiuuandy . paz iguwnsaih ldldouwla  duiudsuilun
v [ 14 k4
rhoenandomsfaan)dsuduliszvaismseiisnm- Taserslimshidanmsnyuvesduse
v ' 1o v a 1 2 ' :
Teedusu M lildnyudhddumisinaganlfouiy - uSeenmazmuszuuwiud liieId
= & o a 1 d'sl @ @ 1
naus uReetsyuurgaosnvinyalasudggluuuvesnalnidesms  dedaednelugl

2.5(e)



Hiwiolyvinidy

<
Brsioly winigy

r
z
r
(4
r
s
[3
»
s
3

-----

7@\ /
4 ’

.....

P ity XN
Sehll Ll
v

-
s
’
-
4
-
-
e
-
N,
N
.
~
L
S,
',
N
N

.
. o “a, g
R P Sa, V™

o LYy LS Y -nd

08

-~ -
. -
Shnaneme?

(e)

v 9
3N 2.5 Gnumzaie vaesusie Toanung¥ee Grashof criterion

2.1.2 sgaudaszlumamasu (Degree of Freedom)
v a A a A A 2 a &

seaudasy lumMIINaeuR (Degree of Freedom) tHndanysuonnsaaselumsinaon
A S A - ég Aa o o a A 2 o b 1 v P ~
1711 Joasz lumsindeunianuaniame wazsautludshiventsdnrudoyasdaiosigan
Y A A ) ] Y & o 1 54 Aq Y
ApeMstoNIzUBNDIRINMUUBITAg TuvnznaImiLa fog1updtayan 14 lunisusn
Auniavesingfo srozN1IeIngasduta (origin) Tunuwmi X;Y, n5e Z uazyuiaiion

fluuAu X, Y, 50 Z

v
a @

o [ P ' a 4 A 3 ~ @ a
dwmsuiagm l)idaesInilidass lumsindeunediaduh ssemisoiiseaudaselu

4 { 9 4 [ - a T t o =Y Y
mandeu lagangamiiu 6 szdu nafe szezneseniegaiuiiauazing lumuaunu

X, UAU Y, uag unu Z



(a) (b)

a o A v a A 4 2
31]71 2.6 anBAULMSFaNABILALIEAUDATL IUNMTINAUNYBITUAD 189

v 3/ ] ]
3 2.6(2) uaasderudelealiussmnuiazivass lumamasuiluszuldeos

v
% A

g & o O o= 4 A o A d 4 4

@uh faduealisass lumamasuniaua 3 536 Ao 1) naouilutuiuny X, 2) ndeumn
b4 k4

Tunwannu v, 3) nydaadugr o feusuuni X (Mie umry) msengiuFude losdase

=}

v 3 v 3 Y ¥
Tuszwnu 1 ¥4 92l 3 seaudasziumaaaoud  uadinshsuselodasslussuiy 2 Fun
1 b 4 ‘é 7 { o Qs Y 3 Qy r
AanudNyayganils daaailugti 26m) | nswamagaudaszvewisdessunou
o 1 o & - ] 3 Q’l T o ar 1 4 { Q’l 1
deny FUMTININFUINY 6. 5281 Na1Ae 1) SeasuiluLLny X 1095UAe
o A A B A ~ v B -
Toan 1, 2) mapaeuitluuuaunu Y v035unelean 1,.3) msnyunfnm - veaguse log
i A . 4 A 4 = 2
71, 4 mMswdeun lumnnny X v935uneleen 2, |5) Manaoun Muuunl Y 1035uae
d' Qs o Qy 1 I A =y o v 3 ] A
Toain 2, tag 6) MINYUAIIYN- 4 vesruaelodn 2 wvasiied 4 5sAUeIUY na1Ine
v v v v 9 v
mamaouRluuay X uamsinaoun usaauny Y vasruas Tean 2 azvigly msz
A a4l A SARENS & voamaa & &4 A 4
M3nARUNN 2 wun vz ITuBgRuFude TosTt puni aaane Jihduselosil 1 sznioud
v 3 [} v
Tunwaunu X naguay ¥ ee 15 Suaslos 2 suiludeamasunaludeeaue iieaniniiga
1 QI 1] l&
HYUIIWTUDYIARII
a 3 7 Qy ] [ Qy = @ 4’ - ]
antuenailidnsideluslussuuaazsusdl 3 szanpdse lumsinfouiiug
'y Qy 1 = Q’l " 4 2 ° )
myihduneaedasslusen 2.4y naenudRyanyuganu et ldszdvaasslums
) v 8
wdounmielil 2 s2du Mnvdnmsnssaesmusdtaunsdmsusaszaueaszlums

waoun  veaszuuae lealuszuny ldanuaunisves Gruebler 31

dof =3(n—1)—2j  (Gruebler’s Equation)

Iao  dof fo  seaudaszlumsindoun (degree of freedom) ¥YDITLUL
14 9
n A UIUFUAL 1IN IMUAVDITEUY
v
j an  Swduganyunerualuszuy



2.

o Y v o : § :1‘ [~ 9 Y ay ] A 1w
mmummummu%uﬂ'eﬂmuu ‘Vi'lﬂ!ﬂuﬁ$‘1J'Uﬁ'E]Iﬂﬁ!iﬁ?iﬁuﬂ“}fﬂﬂﬂiﬂﬂﬂﬂﬂﬂﬂﬂ

v

] ¥
Aot ' w

14
(fixed) Aaoterue daumsiuimauganyy madluganyuiiiuae loannnd 2 Fuindef
¥ 9/ 1 v v
Ty ganyuduiulinwidi Suruiuse lesfinneiigaiuaudie 1 minszaudaszim
[ 4 A o 3 raa A P A A Y & A [}
sfugud vielianduauuds szoveelilidaselumsindoun wiedmisnilede szunl
¥ b4
aunsanvdudialdios  wazewwznanldn  szuvdeloaiu  Tlddluszuunaln
(mechanism) i Tasead1s (structure)
2.1.3 yaIUiNG]
o o’/‘ A a @ 9/ 'Qy 4 4 os <
Tumsiravesszunaladu  delimsfloundsaunaliunsudeTosdmiy ez
= ] 1 Q dy [-% ay v 9/ [] [ Qy 4' T é @ d‘ v 1
damsdanundsnunai lufFude Tosduds  Taeodosuronds  Fawdsaunanivun
Fd (4
zuufl dnezdeinulifluglvesisemiousda uandsnunanzude losaudeldsunazds
3 os/l ~ a A =1 W {0 w w £ v ay
ao Uiy e1vezfidsz@nsnmuinnSetioonld  lagaiuilshidngenuilee yuszriegy
) ¥
IFouABLaLTUAD lO9A1UE w%uummuﬁwﬁa (transmission angle)
d’ 1 ' o W A 1 Qy y v Qy T
13U 27 yu g ssdlundeiudde Sadhupsenhediudouns (2) uaziude
¥ ' 9 e 0w = P - Y ' o '
Toanuas (3) MmNy B UNAWNIAL 90 pIfN dziNAuIINANTUAD TeamuaNiga ua
SNy B A winy 6 89 g lulinns dewuns ibe leme wseennnainlan ssuvan
' o ' [ 3 3 91 r o @ dy 3 a A A 2
pg IUAWNLY §a618 (dead center) A9 HAZAY 1A, yudskumasil Wludwiieniavenda
1o o = Y ¥ o Y
gan anwusudilumsiiy e oo weg dunuessszuunalnld Taens luds
deuliszvudigudedias Gualsaldouldseninemssiin asenas 40 g fa 120
pam  ieldiAanshauiswGounesilse@nsom 1nanduLINIes Inaidia 157
9 v v ¥
aunsadnumgedruna e mndamdevesiiae leais 4, lagyunFude log

v
@ A

9 ’
musunszinudusalesegiunasuaalugln 2.7




2,24 .2

m?=rf+r; 2r]r20050
2 2 2 _

m*=r;+r, 2r3r4cos9

2.2 2 .2
v +ry =1 —r, +2nr, cos@
cos =0T TN T 1

2nr,

¥
aQa

& @ v o d ~ 4” o 9 _-a [] ]
FarananuduRusmees Inadal  anseth )15 lumsmyuigsude Teaey

o é [ 7 1 Yt £
asemFanuaziuluvmzaeg ladnde

2.1.4 MIAATIZHANNE)
3 ™ ' 4 o P
anusa T ldernisoenddili 2 Uszan_fe. anuSiduysel (absolute

. g oo . J g  a o o
velocity) 1ag ANMSIFUNNT (relative. velocity) /Jasnnusrduysaivesiaglan nueds

< % - 3 @ A o Ay ! = =) A 1 <
ANUTeTAgHIegatY Sty Tanviogenvigauslindeonlna  dauanuiso

a

@ w [~ < Y A e = o o a o = A =t &£ & o
ﬁlJW‘VIﬁﬂgLﬂuﬂ')"ﬂlﬁﬂﬂl@ﬁ')ﬁq‘l’ﬁ@i}ﬂiﬂﬂ AANYUDVINGDNIWAYHUINVTDYIABDNIATI U UIIAY

a 9

(4 T

A 2 o a4 Ara A Sy A o < -
n3egail 91WIMIINRBUNNITOHIA IR NTIMSTUNNT321INANUT1UDNIA 2 30 15D
Vv v
9 2 FUTUIBI
=S o = q’:’ 1 F ad M
M3 AT RNT I Tuani o 18 2 35de
1. 35017y U VYUY

ada d < A ala d
2. ’)ﬁ’)mi'l%ﬁﬂ’)'lillilé’ﬁﬂ?ﬁﬂmﬂjlﬂi'ﬁiﬁ

2.1.4.1 T501F8 AN IS
A & a A P E - L v
Tuvazduas loslimsadeun - Fueo Toaszin 1 HyusoUenyUIAYITHIAIITUD

=] cz‘ v 3 ~ ) g Y P
Lmzﬂ’nmswmnﬂq ﬂﬂvu‘numiﬂquu%x “mm’mﬂ‘wNmﬂ1ﬂmJLi§r'ummmﬂmﬂ§ﬂwyu
[ 3 3 - & A’l v 3 Qy A v g = Y A ' o
HIYIYAUDIAITNLIIUY cmmn%umiﬂauut‘ﬂuﬂmwaum ﬂﬂT]ﬂ'E]vliJ'lﬂﬂfﬂiJ@ﬂﬂ‘U?ﬂﬁlqlu
] ¥

T as A (] = o v 4
nagnNun %ﬂﬁiguﬂlﬂﬂﬂfuL‘B’E]il@@ﬂ“llzl‘ﬂﬁﬂuﬂ'lllﬁuﬂll‘ljﬁﬂﬂ"]

Q

v
Y J

Qy v AQ,I o3 ~ S @ o & ' le 1 qy v
ANUIVNT s T ITuaeles 2 Fu WugananuEidurnszneruaeles 2 Fulim

Y @ o ' A 4 ~ o g o Ay 1 Q’, =4
mMnNuUgue ﬂ?ﬂﬂﬁ??jﬂﬂ'ﬂﬂuﬂﬂuﬂ M NYANYUFIVUS mm&iaﬁuy‘imﬂum%umaim 2 ¥UY

a

LY

AUNINY
o  w o 2, - o iy
FmFuMInIganyuTIVUZYIFUAD 169t ANTONINN © JANYUFIVULVDITY

) v Y v )

eNADIZOY ™ i}ﬂ@ﬂsumsﬁ'um'5aﬁmﬂﬁamﬂﬁmmawﬂmammﬁwmqﬂuuﬂfug%ma”

A ¥ & y g a < 2 4 "V ny

mmﬁ"lﬂfgﬂﬁyummmmm Ao uuananen s o rlaquuduvendsld lay

¥

< - & o ] ! & o 2
mmsiwm@ﬂmaui% ﬂzmmﬂﬂmﬁ'ummmﬂﬁw’m@ﬂwyummmmngwauhnwu

& '
[FaUND



' 3 ' 2 A ' o
AWMIMINTI09ARIY  uuFudendo  annianszih dTaserdonauiGo
3 J ' 0
1%3331 (angular velocity) NFUITOUADNIUBYITDUIANYUTIVUL
TuraoAnI356H 19 Kennedy (England) 12 Aronhold (Germany) #1af 1dAuWY
a L4 &4 ' ' - w - A Ao o dw '
nauRyegudnaaiuga ¥1ldnan 199 « Silfageurundounduimiiueguuszu w

o o & w 3 @
Usingyaguinaeivasduriniauga uazganaamwezeg lunuadeanu”

v 0 ] . bl
tiliag n Buadeunoguusziy SuYAgudna T IvaITIIMUAsT AN 1A

NNYAT

INTUNIT (g

\‘TTW‘“\\\\‘“‘I

i 2.8 nisldaguinasdnuas lumsinazimanuswesnaln

- =i ¥ o [ £ - =2 & 1 2 o ¥ ¢ v v
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly



13

=] A a '
2.14.2 ﬂ'ﬁalﬂi13ﬁﬂ311|i5'31ﬂ5%§ﬂmﬁ71ﬂ113"

Four bar Pin Jointed Linkage

v
W

N3N 2.9

= bo, (=5 +cosp, K@\“
o Q)
ANLE

nmihnsionasdlss 3?1@&1%1&%\\
e _

cw, cosf, = aw, cosb, + bw, cosb,

¥ »
NNITIEINIONAANMINIA0INT O, uaz O, (1513Awes 0, O, O, 1)

_am, sin(0, - 06,)
b sin(6,-6,)
_ 8%, sin(6, —0,)
¢ sin(d, -6,

4

- =i ¥ o [ £ - =2 O 1 2 o ¥ ¢ v v
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisualuly



'
2.1.5 MIUNTILHANUITY

I - ) = < g e "
ﬂTllll'J'\‘ll‘lﬁlﬁuﬂﬂﬂﬂ'J"iﬂ'ITHJﬁﬂullﬂ'ﬂﬂ'ﬂﬂ@nﬂlﬂﬂiﬂ'ﬂﬂﬁ']ﬁﬂﬂuiﬂu'ml’]'ﬂ’l

auaniaveuiuduSinunnmesuazasomIdnneyiuivesnnimesanuidi

a=—
dt

v s o 5 o - 3 & 1
AL Ql’lﬂl{ﬂﬂﬁi'Iﬂ'lill]ﬁﬂullﬂﬁﬂilﬂﬂnﬂlﬂﬂiﬂ’]'}ﬂli miaquﬂaﬂuwu’wnm
e o = o =3
ﬂmﬁuumamuLﬁuﬂsmmnﬂma'ﬂms ﬁ'lll'liﬁ“11ﬁﬂ1ﬂﬂqﬂuﬁ"\lﬂinﬂlﬂ8;ﬂTllll‘i')l%upl

- do _a do
a-df 'Hii)a—dt

wewsannsaiuidluvaumsanadimagiusznyusounnu z vy

=pa(—sin6’ i +cos@ j)—pa)

ap =a},+a}",

wituinnuiaiiga P aunsanenssnlsznousenIdiilu 2 fimmsdefirmavagye
o o 3 o '
AUINANMINILAA A) uazfigmedminiunandugguinaig

- =i ¥ o [ £ - =2 & 1 2 o ¥ ¢ v v
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagiadu dnvievnuilvidaulasilent wazdasadadudvesenarsynasandnisunluly



2.1.5.1 ANUE LI n (a")
[ a ‘3' [ Qy v P A d'sl = =Y 1 &
AN luund o wineduduFudo losniimsmaoundreanuS AFUAIMINITOY
yaryudedslag yanils (Seganyusivar) vuavesanusaluuud n sxlineuauns
v d’l 4 =3 @ o d 1 ) n, & S a 9 <
@011 Fuaasdaanudunussenig anuseluuu n @) fuanus aFudu uazanusn
TRV

2
2oV
r

= < ' Y a 4 a
Taof r uszozneningaunsnnmuss feganyudieds, @ duanuiuFayuves
Qy v 9 a 3 = FY; - 1 =
Fuao lossouganyudreds waz ¥ ifluanusugaduiignvesnnuss Tas fAamsves ¥
4
hd ‘é o Qo
uaz r azAemIndeiuuaz e
9 Y [ 91 = v o Jd 9 v ) Qy ]
nnauMstdu azannsadunaldn win @ Nawheaigududs (nane sude
T A d‘ Qy T 14 ' & v = o é 9
Toelifimsnfouiiutiyvyw) suselosay hilinnuis sl n niemena1dnionile 1A
v v v 1
@ winwniuguliauedmsy sude loghlimanletfiuuniduns s
= o fh A2 T U == s =P Y v v
annsdinanuae Teeos itianuEaluina. a fto psfin « Inwamihgeriua
. 4 S e W gt 4 W = A A ¥ -
(Infinity) ¥an30i 9N NABINE TuAB loalimsn AoURUDVITURSS BRI
¥ v ' ] t4
mygasiu awisaal 184 windiuse Toslinsmasuiutuduaswd) Fuse
Tosog lutianusslunun n nSed) Tawhdugus s

(] 9 =y

E
AMNANNVDY @ 1 U A INGAUBIN NG U TIRAYH BB TN D

Q

2.1.52 AN i t a)

anuse s 1.4 Sufo s R TR I Ao TiveegaueInNIse A
oaeliiameaniSedumedufinvesmsnfounald | na1fo. S19adeaANIsiIMs
indoufinuuduaswasdinauigaline Qmmmmw'mfuﬁ%zﬁmmn’a“luum ¢ fntuly

v W WA o ' = 4 P
unaduasaiuAudufirmesnuwi? - uatningavesn s diimsindeuiiuuuidu s

t

~ oA = g [y S A ) g = g
wazlinnus uFaunauilsznoudua U IR gavesnnmsaivegll o' fHevuly

£ 4
v -

E4 Y
Arnesemntuduassfiainnngavesnnus uingganyy wieamndu o' uaziifianig

Ll

o o

= oA ' =] @ Y 1A
AUNAVDINITULTUBIYY  TIUVUINUD a NITTUAUDNUVYUIAVDIANIUTILTIYY a ey

GEURF]



2.1.5.3 A21133 Coriolis (a°)

' 'V o w daa .; " cf [ g q'a’ '
A727139 Coriolis lﬂuﬂ'ﬂﬂﬁiﬂﬂ“ﬂﬁﬂlﬂﬁ”ui:“'J'N'lf‘llﬂaiﬂﬁ 2 ¥U IﬁUﬂWﬂﬂTUQ

l: 2 Ao ﬂ - | Ao o A 6" ' = ﬂ' &£ e o ﬁ
FUHUINONHUSL uﬂ')lﬂﬂu1ﬂﬂ'ﬂﬂ1ﬁﬂlnﬂu1ﬂﬂﬂuWﬂﬂ‘ﬂwlﬂﬂm“'IJQ NUANHUSIUUITN
~ do o d a &4 o 9/ U a’ ' J A -
@ounmamyudtoanus uFawsouanyuganiia Asgdian sudwalamesnaoun
2 da A A A a o & o ¥ a '
‘U“‘B‘Nﬁﬁuﬂu5'N“Uﬂ.lﬂ'l'ﬂﬂﬁﬁu“uﬂﬂ"l{uiuﬂﬂlgna'HSU'Jﬂ'N ‘lfﬂilzﬂ11“lﬂﬂﬂ11ﬂliw1

Coriolis ¥04@ P (A4, )

Peohols

- =i ¥ o [ £ - =2 & 1 2 o ¥ ¢ v v
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly



hilmemanan nzeoninfiomnse 7

a o
2.1.6 MIUATIZYINTS
A [y o ] Y
usenmeItuMsHauveIszuunaln srauue1dllu 2 dsznn
a . 3| A a zg (Y 1 1 A

1. usaada ( static forces ) 1HunsINAavUIUTzUURD 189 Tas lusIuusudooazuss
~ £ o 4 = dy o d’g 1 v g (R v
@oanuauuus 981 ( dynamic forces ) tssardatiseituus inFuno losunns FudIHIUAD
[ q‘ Qy 1 Y Y [] ] o \ Qo Qy a‘ 1 [] d‘ - Qy J
M Teesuanduse lesdusuasuussadnne 1damuseunoniee Fegq ldauderude
Toadua

L4 . g s a ¥ o A P a
2. 459984 ( dynamic forces ) WuussNnanInszuuae leslimsnaouiuazing
v ) ] Y o qy ] < 0 Y a A dg’
AT WonNuTalsenoudndurIaveetuae Joe oz lTNALS ANBIUY  UBN NI
di :5 = g Y A‘ =t A' A a d? d' = 4%‘ a J @ o~ A d?
MOUTNAVULAT (WBTTUVUMSTIADUMAAYY NHYANIONUNIAE SIUNALTATIANTUYY
y o & ~ g p
AY VLS UNDYLAZLT UTYANILUN 1 HIT I
a ¢ A 4 L g ; o gl 4 9 o a a
My anatuluguse Toenieg vewmna lniudusnitedosin Ao Wau
¥ 9 S/ v F
Free-body Diagram 404%uanloudazsi Inovdosaninausenanuannssinuduse los
u’/‘ 09/' dyo [ =t ::' o lar le ] ] = r'd
HU  YUADUUAINYUIN sIsa Mg Innsznuguaeloglinsuudd Pisinsisiee
3

=y @ p=% (] Y o
Aanaa lviua (Mannsmey Free-body Diagram agiutﬁ@wwmwmaﬁmm)

Aacta 4 ~ e (oL s o

ARSI a1e35 e nlaiu Taawa lde

1. 9% Superposition

asa L4
2. IBUATIEHT LY

IS s = & .,
2.1.6.1 AR IEHANTIIAOTE Superposition (Force Analysis by Supcrposition)
ac & a0 e v A a 3 = S (Y v d
A% Superposition ANENIT WABWTIMNUNATUILHA U LNAT INVDINATNTIDEGS)
~ o a s a ot A A Y
na lnhgnnsezilnoiianatons ggnims e Taewaninsiziiasusensofiazilsean uda
o Ay v a o :Jl @ 9 @ cslal ad Ag Y Py r'd
ihwad lannmsimsgnyans ansawdi agldnadnsamuidosns Banldlumsinsizy
utradiu 2 35 Ae Analytic a5 Graphic
o 8 Ania 4 . ..
2.1.62 MIUATIZHUTILABIB AN 1N 5 59~ (Force Analysis by Combining all
Forces)
AaAna o S A = I'4 P vy a da A A
BRI laemIsauuganie M5 aAsey leeh ludesendmsiciiazusansoh
e ¢ Y Q q’/’ = A a d? = et o
azilszion  wadwszrndenduldafufenns  foymiifetufemsfidusenseimares
E 0 § Yo ¢ 1 Aw vy 4 0o q YV yam 9 A & '
ussluvudelos e liimszrmmidesms Wendy  Mlddeddsudnudy  wu
v £
1nALVYY Free-body Diagram ¥09¥use lyaufivsdumen uath luamnioudilymldetses
P 3 d . Qy v le Qy £ o Y [}
dour)asriudon Free-body Diagram vasBusolosapsdunioadwiu  Fevzdlnaalid
° £% Y A 1% J =t @ ] A
arduas wazamnsoudilgm 1l wieonldmsmluwuaiiouduyanien Wesae

il dudy

83109



4
2.1.7 AEUNITOUA
A slny [ v s o k4 A P w Ao v 4
e ldzudiuamenvena lnnmsalinnuauga  szAsusouasiundwmnmang
3 ¥ v ] v
unag¥u  TavliFuduntenanuuewmesniansausilugldai - Sedeamdumisgaay
1 Vv b
nseosunsiag  AumlsgaunIosRvesFulszney Nduneumsmina ldasil
v ] v ] ]
Jupeun 1 deninalarFulseneuimmnzauiuveuvaveInnNAINISNI 1Y
Ao o = Qv o @ 4
AAAUDIYATUNTBER  MINAIHRUIUANIIAT AITNNTZVURTARUAULAUTULIAS  1HDaR
MIRIUINAY
& - sdq ao o & ¢
Tupoud 2 wiszezvodTuwudnldlumsmiSius  Fuiluszozvssgamunsond
Qy QSII L) v g 1 Sy )
YoIFUIZNoY INTURITNMIA dL, dA M58 dV 1AsIUBINUNAYDINN uazHIAI L,
A 1130 V 409mMuNIdeen1s NI 1WRsunsoos
o’/l - 1 o 3 o a o Jda
JupouNl 3 _iAguaunms luda. | | wisunadmuaveman sl WuENgndes
o’/’ o o o 4 oo 4
nntduhmsnnlsRusiiemniauoAIEUN S 00A
F4 L4
2.1.7.1 Aunounsniswelamunsovaveszuilizned
° - a £ slay I a3
Muning y - lasiansainan- (v)  aahon dynlsenenuwamanilunavenly
[ 14
U2 1aBi A = bh', dA=bdy Mag (y, '~ y A9y

L4
AUNIT LN UATOULUNL-X

A;=fyl.dA
h 2
o Y |h
bhy = [ybdy = b>—
Y (I)y Y AT e
2
=
bhy=b—
i 3
2
b
azld }:-L:ﬁ
bh & 2

° a - a &£ A SIQ" 3 o
Auing x  lasinsannm (A Fudenldduilsznevvinadndiusovedlu
v v 4
WHIAY 18N A =bh, dA ~hdx Uaz x, ~ x AU

o
FUNS IUNUATOLUNY y

Ax = fxidA
_ b 2
bhx = [xbdx =0
0 2
52

bhx = h-—
2



v A 1 [~ PP 3 ~ vr-g' [] ~ ¢§ @
gannanuutunmsmyamunsosasalanyuzdusisnntin  uaFuauouny

3 =) [ [ dy
yowadilus 31da muummﬂ%mimﬂm«numﬂﬂmmmamﬂrﬂau fail

¥
o

2.1.7.2 SU‘HGI’E]‘L!ﬂ'Ii‘H1ﬂWl’f)‘l]i]ﬂL“HUﬂiﬂﬂﬂ‘il?N’Mﬂl"BQﬂiuﬂﬂﬂ
¥

ke

Fupoudl 1 s 1enmuansnisueniagifalszneusenifiuingzinssiugiuvats

g [

il wmﬁiwsﬂﬁ'umaamﬂumqgﬂmaﬁ?ugmﬁ"lu'mmasmﬁmmqgﬂmqﬁugmﬁﬂu
Tnswafivinadiumay  (avfionuuaeie-—imin wa n3pvIAYeIing ﬁuacjﬁu
Uszinnvesgaguinarsidosnissiig )

Funoud 2 ﬁmuﬂsﬁumu'wmfgﬂgmf’fnmwaﬁmqgﬂmqﬁugm Tago 1oAY
egudnaNNmNed 2.1 miniaglalsenoyldnpeEainnas Adndagnszuy Wfa

NULAUFUINASINDAANT A1 DAS

4 = o v
MI1N 2.1 HARINTHINAATAFUINA1UD 93103 30199)

T 4 %
Ix—gz(Do-Dl)
DS =D}
bhz 7 =__JT_ O 1
y 1 I, = = i p Sy D,
) bh? XA AX
X AKX | Zx* D24 D2
] h 6 R = [o] 1
7 ' h 24 x - 16
A4 | x= T2 i
T 4 4
2 \, /s Dg J =— (DS~ D3)
b WSR2 FvBoniAte) s2f g
4 4
72 ps- v3 |
X276 7D, |
nbh?
xD* Ix 64
x = %4 . _ mbh?
z _aD? X" Ta2
X" 32
k __11- k _E
Kk, =2 X747 4
X" 4
aD* _}L 2 2
I== J== {(h?+b*)
n? 2 . . -
Z ="15 20 = 20 R ensunasiin
1
A = nbh/4




20

o’/l 4 0 a v o @ a v y
Fuaoud 3 MuruRtavesyaguinatswesiagdulszneumuaums ae il
- WX, + WX, +...+W,X,

W +w, +w,

Qo a © 7} = o A = ' ' o
1’7WﬂQWQL‘INﬂ5$ﬂﬂﬂﬂ1%1ﬂ?ﬁﬂ%uﬂlaﬂﬂﬂu FIVAJTWHUNIGIT AU UUUUYDIING

a s o ° 9 o o 4 3| b4
Falsznoviiminedy  wihlfasglaunsiinuifevesguinaeiaiiuyarunsoss 14

P @ <3| g Vo aa o a o Y
Tagnlaeudunls m il L -4 -wSo V- auegrunnvedingielsenoy @il

YL,
= 1ua

=1

uaziNeANNATAINADS s TN ouFA By almEHAMI AU IARTY

o o ay T il o do 1 dy
NIRRT BRI TN EN T IU AN UL OB AIAD b1l

Y
i\ o

26

60

4

35




VHABUM IR IADY

& d’ U = ar dy o/ ‘ﬂy
Juneudi 1 uoniagialsynovesniiuiagginseivugudsi

35

60

60
25

@
o8]

21

|
:; a o o ' 4 o d’, 1 Y dy
UYUHADUN 2 ﬂ'lﬁ‘Hﬂﬁ']LL‘ﬂuQ%‘ﬂmﬂﬁ’l5ﬂﬂﬂﬂl'E]Q'Jﬂfl?'ﬂ'ﬂﬁﬁwuﬂ'lulmagﬂ']WﬂQﬂﬂllﬂu
Y y Y
P A 2\
47.3 8302
L 1
— % —> X ‘|> % % B>

TuApUN 3 MUY NI AYDIFAHUNI BEAMN TIN5
n
DA%,
¥ &S =
24
=1

4 [ v
Tasofodoyaninduaenn 2awmisaae Ui

ingyUnse 4 em®) T em)o | yhemy | x4 VA
ﬁyugmﬁ i
1 35%60 =2100 0 30 0 63000
2 60x 25 = 1500 47.5 30 71250 | 45000
3 ax13" _ 265.57 83.02 30 22047.62 | 7967.1
> 2100+1500+265.57=3865.57 93297.62 | 115967.1

Y V1
%'lﬂﬁ']'i"lﬂ‘ll'l\?ﬂu%%‘lﬂ’ﬂ




22

DA% 93297.62

>4, 386557
_ DAY, 115971
VUS4 T 386557
Y
b ces
OUIUNTDES
. 9
,_______//
| .

2.1.8 twan
o Qy ¥ o A o ) A v o o
mantlusugiuniiluniesdnsnannaia~ “H¥eionuananiy lianudnyuzves
3
mslFanudae lilife
Q” ' o 9 1 o @
WA (shaft) Lflmmmuﬂﬁqmmz%msmmm
t4 ¥
unw (axte) dudnwsis@uaiudumaa i - daunndudsesfusudaui
T S ) 2 & 4a o w ,
vyu U B domenu - dudu o619 lstaumswa lazsnunteus vasaudu e
' ay v q’;l va o
TFUAIUTUILAYUMT DOYTHINAY

¥
T ]

= =3 " Qs =; =i o i <
WU spindle) sfluzwawmﬂauw"lumgu Y WMV UNUNAY ( Head-
stock spindle) Wdu
o 4 g o 1A : [
AR VBN (stub shaf)y M5 oU9AS AT ONERFING (head shaft) e nAMTuFw Y
2 & o A o o A A Y o w A =~ 1 v A
ABIoINIATBNEUA - WOINDT |- KIBINTBIAUMGIDNY Huwin 31919, uagauduseni
dgwsuldredumainun
WA (line'shaft) HIowa1aaMng (power transmission _shaft) NIBINAUNY ( main
o3 A q o & 1 0 o o g 1Y 4
shaft)  (Humaidadensnnnsesnunig gazl¥lumsasida lfunTeetnsnaduy
Taemnie
< ¢ ¢ o &
uIAMNA  (jackshaft) 3o 1ANTADTHING (counter shaft) Hhuwavuaduiae
s NAURTaIAUMBIUmaINUYS oIS eeINI N
. b4
1 R o3 ~ 3 o A o
ma1oeu ( flexible shaft) lumariausoseudmsenlald walszaniiih
Y v =) A ~ . 9 1 o o [ P
arwmoninlng) (cable) arnaTansoalanae (wire rope) 195 lumsasmaaludnyusiuny
vyuinusuld nededideldden
b4

Y =Y [ ' v <
LWﬁ']ﬂ'l‘ﬂﬁ]g'iULﬁQaQ HIINA  LUIIUA W?@Lﬁ\?ﬂﬂ W?ﬂl!i\?ﬁﬁ'\ﬂﬂﬂ%ﬁ?ﬂﬂﬂﬂ‘lﬂ

v o o 2 g v [ Y 1 v Ao ~ =
muumsmmmNmﬂ%ﬂmmﬂuwﬁmmm& uiammummﬂ%uﬂmﬂaﬂuuﬂawmﬂ



23

0 v =) LR S = vy Yt <3
apanal Midmwandememszanudla  asdudsdesesnuuumardiianuudauss
~ o o LY s o o < (=] .
woanedmiumsldouludnuasil  wennmiummidzdosdinnundaunie (rgidity)
= ﬁ' = Y A o W a
iWganarieanyuiianglumanvegludadidanwemune

2.1.9 A
Qy 1 d‘ 4 (-3 o Q‘ o ' L=) ar t;l 3
Fuamnsesinsnaduauuniuussluuasdnvusrw@tumuna - aeiiu
Fal¥anududa ( Bending stress ) 4azASYUAD  (Deflection) Wudesifalumsesnuuy
Y @ a da o - d o . =)
ANUIAUAATIZANANAIUONGAYDIAT &1 AIHUIH Tuu@an ( Blending moment) &

' é o
Mgaga Fednnuldvinauns

M,
o, =—-
I
~ d o
Tagn M Ao luudnn
A =) - @ o as
C AvITuzINUNUAZINY ( Neutral axis ) Tidsmanongn Aagl)
& o 21 A
| A9 T UAR NN DUUDINUN
F
h i o unumsiiu \ T

AN, FAD,

5N 2.12 MuaEUATAZINY

9 s ¥

dmsum 1 vesnihaeunsia | glennmsiansaauiidvesmiing  daum

(&Y o 1 o '
Tuuddagegaunenisgudivesmy glasinaisisiansam linuages ssve Insvosnly

Y q

AARUIN

o ¥ R e Ay o NIy o -
Iﬂﬂ‘ﬂ'J"lﬂlla’Jﬂ'J'llllﬂulﬂﬂuVllﬂﬂﬂluiuﬂ']uﬂguﬂ']u@ﬂinﬂ i]'HﬂigﬂqlljJﬁﬂQu']ll']ﬂﬂ

L Y o

sy ¥ ' 9 3 Y A =] o 4
Gluﬂﬁ’ﬂ?)ﬂlm'Uﬂvlﬂ Lmmmuﬁuuazuﬂmmqwm ﬂ’ﬂmﬂmﬂ‘ﬂuﬂﬂﬁ]ﬂzllﬂ’liﬂﬂ"lﬂ

o ~ Ay Y A

[ dg ~ Y o a A a 4 ~
ﬁmiumuﬂuwu‘wﬁmﬁmﬂugﬂamaﬂnwum ANUAURDUYITAWNANUNUASIAN  UDS

= 1 [] Y = d' & 1T
UAT 1.5 IMUBIANVAURDURAYNTNINY

k1%
T="—
24
dwmsunihaanay
4V
T=—0
34
Tag v ADUTUNDUFIGA

4
A A

A AoNuNvThda



2.1.10 Ms5UA

o
9/

24

Qy ' 4 [ o { @ v o =
FudunTosinsnaifiiuinihdanavegniold Tumudia ( Torque ) axfatihilu

YUY
TL
GJ
Tagt T Ao luuada
L AN
A 4 4' 1) 3 Ay ~ . .
J ﬂaiumumﬂammﬂﬂmmmmwum (‘Polar area moment of inertia )
ﬂ 4 o W v Q
== _d fnsunounana
32
_ 7[ 4 4 o Qs L
==—(d" -d") NI UNBUNALNEN
32
A Y .1 4
d AvvIAAAIUgUINA RN 1OUDN
A Y 1 J
d AvvINAtTUNTUFUENINME Y

~

AA e s H ' ] o
ﬂ’;”lmﬁ’mﬁaumﬂﬂmﬂmﬂm%zumqmﬂﬁmuaﬂﬂmmﬂuﬂauﬁ PIFTWITOATUIN

T@anaums

Tagh r AesAlvenNYBINIOUNAN
{ dyw ° 2 1 da 1
Tumsnazldaumsiinez sutfunee dsenim luwuaida i laidenou

q a { 1 1 0. @ o [ g
(A3 099NINANAENIUNTAINIA WA LAIUIUYIAT LUNUALA 141D

W,,=Ta)=27mT

o w

Teen amasnuiu w

[

Wp

T
g A

@ pdas S Tyl radss

=1
f
da
Ao luuadaily Nm
-}
A
=1
A

I~ [~
n NS ITOUITUY rev/s

o s ] 4 ‘é @ ~ - U o ar o
dmSuluszuumiiedinguiedadlFfusgiruenmasaudiuus wunzd o

Tuwuaialdnn



25

_ Tn
"~ 63000

Taoh T Ao Tuwuatiadly in-b

A < .
n ﬂ’é)ﬂ’ﬂill,'i’]i’ﬂ‘ljlﬂu rev/min

2.2 HoIMeS

2.2.1 vowes IMhnszuanss

Y

B3 1WA INIZUTNTI (DEDirect-Current-Motor). 3Nl Foundsnu  1n

[l
=

wiso Ifhdundenund ~Taodssnougan 2 0w dIuRegRUR (stator) uazdaui
@ADUT (Rotor) an¥agmsryvestamas Minseidase (DC Motor) ﬁuuatﬂﬂgagﬁﬂﬂya
(Stepping Motor) 3£UAMILANATIAY AB DC Motor %zmguatiwimﬁm fndufirneieg
nyuossReiionTuiy  dsmvinaeufivaewyuezaiioneia iawsoaiuausumiald
d9UStepping Mofor M50 IUANAWNUIN1SHYY |4

Tnsead1ameluaes DC Motor Useneudie 2 daufe

1. @unednun (Stator) ¥3 0158021 Field

U

=

2. | gaudinaeuiv(Rator) Wi ai30nA1 Armattire

some s Tnssiansinisaenti 3 yiadail

11asﬂeﬂwﬁmﬁzuﬁmumumgﬂiu (Series Motors)
NeIRTiAll VAR TATIENS NS (Arnature) wwADaYNTURUYARIAT Stator WBIABS SNHALE
Seeiiduusanimandlidarufudszia . didemsalsumiduusWemnuingn
18 TaomnesuanizmalFimndesmsussbageiinvindonn_unsisedadiiinnuiags

dudu

g1l 2.13 yemes Ihnseuanswuveynsy
Bowoas 1WA NS LUanI AU BYUIY (Shunts Motors)
d a dy ~ 1 @ ~ I's
UBINO3FIATIUARIANGIT NGBS (Armature) TADVUIUAUVAGIAN Stator YOIAD3

F4
a as ro3 1 a ' °
siadawnsodiuduus uniman ldoddaszaenszuavuss  Amatre 1 ldnuqu



26

@ o

~ o ) Y v P Yt 9
W51 DT (Parameter) ﬂlﬂﬁuﬂlﬂﬂiiﬁuﬂ1ﬂﬂ‘ﬂqﬂﬂ Iﬂﬂﬁﬂ']’)zﬂ'lii‘]i\ﬂu!ﬂIJ'ISﬂTJﬁﬂ'Hﬂw»ﬂu

Tumsndeundosnmsussdiags

Fy Fa

A4 A,

+T T_

51l 2.14 wowes IWihnszuans vy

22.1.3 womos AN ssuans wuLNe (Compound Motors)
b
a o 1 o 4 U
ll'E]W]'fJg‘]ﬁ-‘lﬂﬁﬁaﬂ'ﬂm%’,ﬂ?)LL’]J‘U‘L!'lllE]Lﬁ'E']gllll‘Uﬂ‘léﬂiill!,'ﬁzuﬂlﬂﬂﬁuu‘ﬂmu’luu’li?uﬂg

Tuggadentu dldanz lumisdnusgsznhamsdeoynsuazviu lugunodiu

R
F F.

Ay Az
Sy S:

+T ‘[_

51 2.15  wemes I nszuaas e BHaw

9
2.2.2 awillsneiwas
Y s I'd o e ~ 1 o Y]
ArenauiAuBIomasnIzIanse Taona ) luaseliasuuundnnnin  Teammy
;Y [P} [y o A o < [}
S ldtiszuunalntloundtminaes 1wssunnsiann1u57 (tachometer) 1312 Jiausaven
nly- o’ul ¥ o ' 4 ¥ .
anuemos IMihnszuaasmyudlsanuEsoumia uenaninmsazatugulivemes
Thnszuansmyudeiuauseufiniveunildon  Taomwiznmseenuuusiuiidents
ANUUIUEIFY
3 ;]
psnndedssussuames Minszuanss  S9ldimahamdtwawesunldau
o o ¥ [ ° d 1 3
Tasnanmsmauvesaaitaemaine Li'ldinmsteunszualWihlduswesetinoiios
q'/ 1 Qs Qs s é @ o v w o
milouvowoes IWihnszuansuinll udvzgnduTasdgyapa fwuiadsaiadusasWad
o 9 o ~ [~ 9 [ 3 s o daa P Y ar I'd
winliunuwawesvyu llieudndos  duiudusitlounadniinnudgeldiuuemesuin

.n,l o vad & 1 o
N1L3 N@mﬂiﬂ%z‘ﬂuuqﬂﬁ'ﬁlul‘ﬂ'luu



27

¥ '
dorvesmalilawomosidon/Souiuuoimosnszi@ase ( DC MOTOR)
1. msmunu hidesfudnsevunavau
Ed "
2. hidealfinlseou dnfudai i hilidwizdesdonse uazilymvesmsmbhia

(nannnihdudavesnlssnumudnilulswes ) s IiiAadyaasuniu

oy o o 1
3. msnuguTasmansesasaeanse lulns Tnswawes wlddiwe uazazain

FPHASE2 COMMON FHASE4

y : 4 =3 "
e %ﬂﬁ;.ﬂ gﬂ’flq;mm i,4lﬂ§ 1y u‘Iwm%’},{ i-polar s ppcimmﬁr) . .
LONATULUULDTENTNENIULIFINTUNIT LUITULND NS AN T NIUY M@'L‘giyﬂ(ﬂ NUN Y i%IEﬂJu@’]Uﬂ’]iﬁ’]

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly



28

b
22.2.1 Tasaadumoluvesmmtlawenos
¥ L v
agiiuiimseonuuumalTwemeivawgluuy  dniwsidehmsinumalils

: o o ' J . - o '
wowesniion1diuedianirans Fuiluamlawemessiia 4 wa dwanalugli 2.18

AT

c‘-

- FWiEasen®i 1

e 4
- FAIFasEan 2

a0 2

4 bl
U0 2.19 dnwmzmoluvosamitlweinesyiia 4 wla

- q' ¥ o U £ d' = & 1 Y o £ 8% £
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly



29

W& 4 O—

v ¥
U220 wwudisene Ivesanitaieaasaiia 4 wle

2222 uRUNIMSARTe N
o a Qy o :Jl o o
unuiansianmo Iduesatmtareinesiwile 2 way 4 mlaTauaas 13Tugan 2.21

b4
— o ' 2 =
ma"lvlmmamﬂﬂwama{%uﬂ 2 e ﬁ"l‘iﬂiﬂﬂWﬂ’J']iJL‘l,ll'l(l%'lﬁ\ﬂEl %Q%%i%I’)ﬁﬁ-I’ﬂﬁiJMﬁﬂg

Tumsnaaen Taosrannsamguasmollidiumlmagisuls - Taetdimnnudumun

uaaseenifisioguansiuiluman @i

Tianidy

et Ve wal- oz oz odes
usMasTIa 4 e

¢
wawmasriia 2 a

51/ 2.21 vealnvesaaililanemasyila 2 a uag 4 la

o [ Qy d a =3 o Py o = o (=
dmsumIneaesrwitauswesysin 4 wa amunsoi ldludnuas@eny ual

v
LY

~ 1 = [ J ' ig @
Funapufivnn mselimeld 8 Wdudeduvomes msmguesayliiduadoriuuans

F 4
g 222 Slimnseswmanudwumuld waasnaelginlilddedy d18menn

¥ 3
fimos 18 uamshiee Iigiuieudediy



30

U&QJ hm

- e o . 02 e on o e

i
=

O
R Wa dla

e

Foneativlens

| 2P ——

5n2.22 yaniousoaganannsnsu ldeinae v 8 1du

P
dwisuan/tlaemosyiia 4 e

4
< o ¥
Sraniltlawemeitane ol s4du a1o W 4 Iduszanamiladugasdisvesvnain uaz
v v ¥
vl IWBnaesihdides iy dmaedluzii 223 dunenlumamguaszdosldnnu
o,: 9 d' d' ei ld’ ¥ (7 [

pany  lasdussuusndesusnais laanionog e i higeudeny “valnnnaaey
=4 T U d‘ r é 3 d’l
SovSooudnznivme IMoaniiuasinguinlsensudavaelrinquas 3 (du Fauaouiis

. @ ' = '3 Qs
ansoree aanuld Tagdamatetmasimztuninga 11

(7

o

/ °
sletiune :
. .

H

i

1

3

3

O

314 223 yamesazihldae TWaaasnindu 8 idu iwde 5 nie 6 1du
9/ v 9 o o 9 o 9 a
gatesznun laannms daduae lhidun 1 uaz 2 meldidud 2 woz 3 uay

¥ =) 9 =Y 4 A [ o [ o & 1 9
ﬂ1ﬂﬂ.1"hﬁu‘ﬂ 1Uag 3 ﬂﬁ’]@'\‘u‘lﬂiﬂﬂllmﬂi%&ﬁllﬂuﬂNZ LA AINITULANYDD AN NUNUMU

[ ) 1 n:y @ i 1 A1 Y
viiluaeani urashimegiiiuvaalandn dumeInimdesziilume IWfides iy



31

o o o 3/ A [V 1
ﬂ’liﬂ'ﬂﬂﬁﬂﬂﬁ']ﬂllwﬂlﬂﬂll@&ﬁ@illﬂﬂ 5 ﬁ’\ﬂﬁ']ll'ﬁﬂ‘l’n.lﬂiﬂﬂﬁiﬁ o 'Jﬂﬂ’]‘llﬂﬂﬁ']ﬂulv\hkﬁ

[ '

asquiriudfinanld auu@hiasnnudumuvesaeiv 1 ¢ udaduiinly (ddwsie
G/ = U & = 1 1 O’I’
“R”) dagvniamoIdaguitadnlsinghiimnnudnu «2r” saashaeligiudy
E4 » b4 1 4
aroisrosdisvesvnndn Rauaaalugii 2.24) fimsuenaegiiosn 1iniusmsnaaey

v A { ad o < L4
a0 Igduqimiede3Tmsimurfusuaseauyseal

Goi S % ‘g

A= 285

aeidasr Sftead
bacnepcnsesopspos sovsons Yo

31 2.24 gasenmounzaansadl ldnnaielv s vio 6 1duvos

¥
madileunmassiia 4 e

4
2223 SiduTDad
o v Vo e :l’ 3 =] 3 1
TunmstheuvesaigsauazgnasnusIan - (195 anigviny), - vagmaatiyly
3 @ g [ 1 3
yaarauaazasy lasurnsnszduuinn s sduesurdsigiiidlusimmidug / Taounumm
d i 1 3 P o
yoswamesvznyy Withiguauvesouluipazas i lasumsnsgdu / wliunumaives
3 Yy v ¥ ¥ Vo Y o W 1 A
vamasuyu il ldea1sgndot ypainvzdod lasumsnszquatidias sy vah 1,23 uaz 4
@ ~ 2 =] ) o @ o
Auwaaslugili 224 RemismsuynazvyuR I INLIRn-SusNs U TaeiTsad1auns oy

Y o ¥ L3 =y < 2
4 sz Tuewme svyu T Tunanudsmim



Ferd
i 2 3 4 5 6 7 8 g ic
3 i i 3 t ] 1 1 ] i
i H H 1 ¥ ] i i i 3
— —, y ¥ i i 1 frovosmssssasomporief.
Fé\’ H 1 ] 1 3
L Lo :
o H 1

’!‘) A e i L i i
wwidui g — S VSV GMNS SU J S WS
' t ' s i t 1 t ' t
) ) ' t 1 t 1 t ' { {
S i [} 1 3 t 3
aulidifiz — g0 — ! P Coor
* H ' 3 ' i '
i H ] ¥ H H
N 1 [ 1 ' ) 1
— @ = e — R —
¥ 3 ) H H ¥ & i [ t
' s j f ' ' t ¥ t \
oo i H 1 1 i t t 1 1 1
awldduf s — ge — 1 P P
; : : { ] i

, i ' '
3. § ? 1 i H N
- - T T Y Y pe—
t ¥ ) H H H H t 1 i
t 13 ] £ k] ¥ i £ t 1
« ' ' ' ¢ ) i | 3 1 i
— N PR ¥ t H i ! ]
Y i i 1 3 5
] ¥ i 1] ] H
k & N 1 t 1 | } H
wulldf g — @ — s | ; ! } j
t H H H 1 1 1 1
H £ ] £ 1 i
N H : i H 1

i
i i
¥
H

9 o

¥ i b4 ’
g1 225 Sdunistleuadiieduamaltlsuemosyiia 4 maia i

2.2.2.4 gwvdulupisalesnila wos Haila
q’l’ @ o

32

o [~ =Y dy VYA o 9 o ¥ d A a0 o
Sreuamvesiadd umatdanugmuavind sy lstuamilivewas, Ninaiiadn

] £

4 o Y a a o o
Foninldvuniensegrunarnitnetuanionniu de 35 iWeatla uag Tedla Audasluy

' A o w as 4 d d’lo/ 1
E‘l.l'ﬁ 2.25 m%zmmwumaﬁumiwmﬁﬂummaﬁ UDNINUUIPIYNITHYUUYDIUNUIND

¢ 1 e 3 4
UMD ILLUUIIVUAIY

aond
AT L TR (‘45C_g16
1 [ ) 1 t i
i 1 ) i 1 1

FNCR 2 :

aulidui 1 L@ 4 ; .
o) Gl (SN

. ] i

mulwdud 2 — go o= 0t ‘ :

, ; ; J

# o# - 4 ! ;

] 4 i

¥ ¥ 3

moldutg e gy =

|

[N RN = e |

TR TR

sl 4 - G -

(ISR S5 A U 0 S

v
¥

Cah

¥
b a oy
2.2.2.5 Yamsnasaniunsesnuuuamililenomes

¥ P , p o &
mseenuuvamltlayaweirzuanaannuowes INAnssaasIfetl

e o S

11 2.26 Swuvulumsdaila uaz Uaala




33

E4
1. avesmndteuomos
Qy = o o Y ~ Y 4 o J
awlTlwewmesyiia 4 wladesmsdiduvesiadnldtlouldfuvaataiedunomos
v 1% o J a v Ay o
Tinyuldedegndes TavdnuazvosanilTlwomesseliodiados 2 wa uamaTwewes
1 v a 3 ~ =] 3 g a o
dlvgendiu 4 wa Juwiisngiuamiwemesyia 6 ma s aumainn
T =] = 1o 1 ' qajl
wi lsweameinaziianuuus Nty
2. JuYeINn)
A ~ Qy 4 o 3 ~
yinansvasniunumavesmnwomesnyu ldazulsmudauasinuaain
v & 1 N = 0’1’ 1 < a2l
gnnszdu Fusuiondn yumal (step angle) Tasaziinidaud 0.9 09#1 Ui 90 oeen (Undde
1.8 83A7)
3 dy Yo [ o g
e ayuaat 1158 msufmnii nouvesmednld lunsnyuunuwaves
> o 1 L Q’l ~ w  do
wotnes laniissoy detedu manTsomesAnylimal 1.8 serazdesilouiadiuiu
4 4 ) g - , & v 2
200 Wad iNovyMUAINATND] 1N IAKI1e5 01 HIooAdvedanile, famalTawomesdl
¥ o Jo @l 2 A s v 4
yuaail 7.5 s 9z dpstlouiodiiian 48 Wod tonyunnunauowes IV nilasey

s @ o

3. T¥AUVDINDY (pulsc rate)

& Alyva o o woiw e Ty A "N o o & a
A lanuaad mamldeuemesosliyumpilbnmile vewessnundlanu

s v

() 5 I :;I v ay o A o @ o
uiudunniwiy  uamaftlwemmes sslitosinaogniauiadgegadasnia 200-300

a

1A a o :}1 4 = I~ 1A P=1 ] A
AlapIum anintpmessziasIgIgeilsIng -3 sauReIHIN (60-180 FaUADUIN)
o @ ay S =3 [~ =l o o d ] (=Y = v
Avisuanllaweme sl RN NNAZlsTAUVBINATLNNDY 1,000 amilanduin ua

A A by (= Y A L) v @ oa
useiah 1d vz lufoawe luansvimnaanus o1lsnunamie
v o 3 v 4 < )
st lsnmutailsnomes inassrganszgu Iduuianussougegalaeiui
) < A P L\ ) = o 4 p
vnmanusRuugud mstleuwadsiinumniy lagiriamiilwemesaeld ms
= Y] 5 % Y < Y ' A vq Y s &
Nz Iiam/iauemesnytfasn i1 Iqassasdn deinuA NS IANTNoINDT 4991993
= & ] = =1 A
Tdanudnlszinamilslumudosnmnusagane lurae23 Tnisa tazmundly assludaw
< o Y - £ A S Y &K 9/ =3 4 A
YBINNMIIGIGATIHIY 50 13075 WaaInaauIuaRFANuEIgIgaaNn
4. 459100014
Qy & =Y ] Y 4 1~ =1 Y] d’d
anllsnowes us siiale liunindenSoueuiuuemes INinssuans s
:,;y @ v Qs qw o o, o =
wpuaziming iy melswawesvinanarsnaly 12 Trad) owezldusedaies 25

s 2 & 4 = = @ o o

pauFRDn FudonlSeusuivuawes INdhnszuaassvnanaeiall 12 Tad) eeld

1SIUANINNN 3-4 171

Yt A

' g = s v ~ = S o a & 3
@EJN‘liﬂF’nil awmiTaweamasweldusetaldangaianusidr fAe deanuialuns

q

[ v o ]
nyudumla ussdadildfvslisnnamniu wuderiusuvemes IWfnssuanse U4 2.26

=N Q,/ o = ¢ & o o o
waaensmusstavetamiauemasvuianaryiia 4 e 12 Trad Feldszduvesiad 550



34

'
v d1a ~ =

e (% 1 a q’/’ ] YA
WATADIUIN Nﬂ?l}llﬁ!ﬂlll‘ﬂ?ﬂﬂ 1.8 mmmﬁmﬂ muummgnsauqqqaﬂﬂﬂa 2.75 80U

Ll =) -~ 1 =~
ADIUIN (165 IDUNDUIN)

e
£

(A

ausdioitn)

wiia (8

0 100 200 300 400 500
AMGST (ladeaiui)

soefuowas =2 uawas invhnsuusasstuufulssamauuusaifias

y a q’l St v g 4 < 9
511 2.27 wsslinvesmmiltuiomesh tavsimgeluiaanuslunsvyudiag

E
5. WanINMsngAvBImatlllsemes
¢ A v & - ¢
Tupsvyuuaumaueines- | nIensgduuaalavnlavarinmelumeitwemes
Taoflounszualvifioensdaifioalfiuinain Sramltlsuomes linyu- taguminwaivess
3 ] A0 76 g e 8 _a o
wilthwomesgadenmileuntesnusausaelld - Benilsingmsstiian Genfuenivlng
= 10 g 3 s
(locking effect) Fui1 MisuiludosoanusingammiTaomosings hannsonya Taay
A09
= $ = u’/’ <
yuavpasn ldngamataamesuio laadanosn (holding torque)/ 1y duilua
¥ o < = o ~y = o Q’l [ [ 3 I'4
wTlaemes vunaant vuadnaglianIAiies 2-3 soudneiy uadmiumallwemes

vunlva) sxdisnaania 400 peudani)

2.2.2.5 saswsedu Iiu@zassua Wi

Tuiwesforiuvewes IWihnszuaas amleomosazialsiumusa
wsssu Ihuaznszua i udawtemesua 5, 6 uaz 12 Toasefimasmenl
miloususuuemes Ithnssueass msfloudusedulnfhiigananhifidmuase vy
nama'gﬁyuﬁaﬁu Lwi%:“lﬁ’mmaﬁmmﬂaaﬁwagﬂqqfu drumstimdefumalls
YONBININNI 40-60 % vz liuemes ludl 14

sasnszue Ithvssamilsuomessuaaalumitououly ([odusuuds) aome
unaesne Ifsz i unemesdesldmsasinszua Iihedndeomisomiismunll  uath

Y 1 dA Ao Y o A SAq I o ° v o @
Wadasnszua lWihupnhdadmsumsvunaounemas N s luaunmin dmsuddu



35

4 awmleyldidediaz 2 wla udedraiooiigadninszualihdeuiuaewivesfismua
v ¥
Wy aveesasnszud iy 0.25 woundsaema uazdide i ndeansluudazas

Fu 0.5 uonualsaoma

¥
a o =y o
2.2.2.6 Fmsvumalilawoimes Iinyu Tasnmsnszdumla
o (& ¢ A A Yo ana A
lumsamuquadililwomesivonioz lddimsuyy  W3Smsadugunszuaiinde
% 4 1 Qy 4 i o w { 1
Tfuvamamamed (Stator) Tuusasmavesmai/iemes erauilusduiiniveu Tasd
E4
madesmsifnszualvalumalag Az ldaeszvesrmivgduaauzasin "1
uazlumanszduinavesvesamilihiliogiaeniu 2 uuude
4 o '

1. msnsz@uea uunyamnifiiomes (Full Step Motor) 898101508LIMINTTAY
waoenlaidlusn 2 Fdudine

1) msnsegumlaimnveamil 1 ila (Single-Phase Driver) H3auuUNW LaadAg

¥
i 2.2 sgumatleunsenalilifduuanin L sesmmitsemesiazve  Tagezdlon
£ H
nszudiBosudnuiull daiunszua 7 valusealaezims naluiirnig@ertunnua
@ ' dy& ° 9/ o < of g4 g/
anyazutIaih e suvesn@idiuamosiiios
[% 3 s 3y 4
2)| pemenenniggl 2.2 ilimsileunseuaMitvuaaan 2 va vosmmlilawomes

Y | A v

9 a ] = [ £ [ q’ll 9/ dyﬁ

wiouaiull wazegnseduiFosdailwu@enumuuniiava - dafunsnszAuuuniivg

9 Yo o dg' o ey = J ' 9

dosldias aniu - uagegdiviiussliavowamwesinnaiimsnseduuny 1 e
2. miﬂizé’umlﬁ wuve ey (Half Step Motor) 138 one-two phase Driver A9M15

nszqula, g e L ula ey 2 warSosdaudu Tl (ussiafldninnisnsyquide

v T b3 3 v
supHsTimuinni < inszgotesaiu sz oxduas ) lumsnseduiiud /1s19zdedinig
a S ] Vo ~ o <
nszquilats 2 a39399¢ 1852009 amdivhdunsnszduiiensufer voswuyamal
A o 1 3 < 1
2 wuuLsn ANazBgaven TSI esidamml Adluaesvivesuuusn AN

3 o ' Ao £ = d?’
ANADIVDIA U UINATU UATIVNINUU

u

3 v
M99 2.2 uaasmsnszduauuudeqvesamllaemed
qEU7 Wah wan2 | olafs e

1 1 0 0 0
2 0 1 0 0
3 0 0 1 0
4 0 0 0 1

addr | e [ odaid: | olads | odads

-
o
o
o

AWl
(=] (o]
OO~
o|=]|O
=lO|Oo




36

agd | e | el | olad | odads
1 1 0 0 0
2 1 1 0 0
3 0 1 0 0
4 0 1 1 0
5 0 0 1 0
6 0 1 1 1
7 0 0 0 1
8 1 0 0 1
vsilflunsduadyilwemes laoldledduiegl  uazaesnansudmaes

~ o ] e/ = o
uaasldlugil 6.16 Tao loFduSezihues ULN2003 wligueaniiadiuledlasnesnssuage
=] o 1Y o 1 v
uuunoamamesilla awnsodonusei 18n319.5-30 Taan onszualageds 500 mA Ao
uaziilaJeaniflestunszuaforinduognaluled ,  diuusasdfiseluisesisinzeoiie

uEnINIINsEAUUE e Yo Rz

2.3 15w’ aulsusa

MIASTURIMAZHADE IFUANN IS WA 159 Tao a5 uduns usA
(Photo Modules) Maz@Iaedumslsa Naludumtisassnudng e luiidmsenaeaegly

o L4 d' é L ! U A g =) o W A
msmuwé\'mmsmagizmnmmauwsumuazmmauwmm AT UBUNTNIAVL AN

as

Sunasdunsusanddauni nsa la aegin 229 uasiialidnsovasaagludwmieh

&1

Y ] S ar =2 & 1 v @ wa @ ¥
ADINTI Lum%mmuazwaamﬂu’mqﬂmm& maagszﬂawmiuauﬂimmmzmm

dunTuIA dasudUHWs UIATI TanIsasUasuNS s A INAa B U 1sa 19 a951UN 2.30

v

Inirared LED

Infrared meciever
my L] |

Pl |
L

d’ o V" A 158 @ o T Aw
3N 2.28 Gamsredudeg WeliiTagegludwmusndems

UG

"

Infrared LED

Infrared reciever

—_— *

'e's

d‘ @ @ o d’ A @
3N 2.29 @rmsaduing e Ll Tnge

a L] a

Tudwmiandosns

2.3.1 9unW5159 LED (Infrared LED)



37

wssRuAnAsoNfisoode P N vodlalen (Diode) dedilmunaniussiudaiu
(Threshold Voltage) 3sazannsoiiilaloatinszua’ld dmiudanoulaloaussiuiady
aiifnlseanas 0.6 Thad dmLED Hluasludwiiannsoveuiuld d1vhenms Gap &
Wuasdiden sxlimusesiudasuszue 2.1 12ad 89 2.8 Taad duilu LED fivhen AlGaAs
THuasduag Jusesduimian 1.75 89 2.5 1aad dauuoadaninuas Indemdursusahon
a3 GaAs Tussiuian 1.5 Taad Taoliuasiianwenndy 940 wiluwas uazdiiom
AlGaAs 2 1@uareneniniy 880 w1 Tuwas fuseiu 1.75 Taad

wisnuildnnnsalduawewendanldnnnszualusansswoslalonuazdes

Qs [ q Y 1 dyd 1 ~ 9 o o W v lll =< o i‘_l 9 =
zmsmﬂ"hfl‘nﬂ3zsmmuuumqwumﬂmmmuauﬂzmaumwm ﬂiﬂﬂ%ﬁiﬂ! HABIY

’
A o < o

v Y = S Y
MIABAIATUNIUBY NI NN Izl fofitanssuaiildamnse l9auneadd lasdn

9 -

3 v £y
aotiles 31N 2.31 uaagaadinanszumilosduvasuoada lnsamsad o ldnnges

Ice
R
_;} } I;E {
Dioge **; e fled
L
GAD

[ F4
5171 2.30 MisHinan szuaRaD A 0IA Y

v [ v 14 ] T
FndrgyngeresmasaouNs uTARINIUYIAD FUES AIGAAs NldanusInal

880 W1 TUIUAT AT AT GaAs Fanau IR leanuaenNue12aau940 w1 Tu

o

o Aa A Yo w A av o o 1Y
BAADULDADANTINN GaAs Twmmamﬂszmm 5 UaaeN ‘Vlﬂigu’ﬁhl‘ﬂﬂﬁ‘ﬁliﬂ 100
Aad o

soa ~ o W I~ v 4 Qs [} Y]
Haauoudl weadaniinen AlGaas v l¥misgeenudu 2 wih deldnssua ludaassnudeiu
Y a1 a £ A A - . . Ao VA
1oNANMDNUTLATVIUDY 1BADAYIA AlGaAs AD 1 rise time (A% fall time N5INAD
iszana 0.5 Tulnsdus luvash Gaas dansu laloaiian 1.5 Tulasiun

9 e 2 24 v Aot A

Jondndsznsviiede MInlasuaeadananuenay 880 W1 1HAS (AIGaAs)

Y [ A Aaa 9 =y o =t = =
windifostuauennauidaneu v Idnswdmass  lanuhgegadadiumsmanzaui
=y - d‘

22 19ueadANUAMNEIIAAY 880 U1 THINAT UNUUBADANIANETIAAY 940 11 TUIAS

9 [ v v
ueNIMIY woadAn IaNueInANLa 880 W Twwas e lignaandulasazoeai



38

milouueasanilinnuenady 940 wiluwas Sermai i lumsasedulerlu
pImeeadaviln 940 w1 Tuwas v sumsdemsdloudsnousnmzyaseus sams
gn@,ﬂnﬁuﬁ'aﬂ"lm‘;ﬂummﬁﬁmm druueadviadanouiihon  Gaas  dnaldidly
unasdutauasgudursuse  nisdedyanauasdunsusaamnsonszit lddaeaeesde g
S1gUft 3.4 (A) Falszneudis LED fuldwasludnbursusadodifuumdesislnlaod
anud i R, Shmhiisisanssua

2.3.2 19INATUVDITTUUBUNIUIA

23.2.1 TW1ATuga (Photo Modules)

IRTugaives  Tsop 4838 gneenuuunuiteldlumsiudedaaa
Sursusa Taofnsldauswdi-EED durlsusa deoweduguniaoanisdmdunnly
ALANINITNIA U WY

moluln1dlugatlseaenlidie Pin  Diede 11832995 Pre, — Amplifier ¥

Tassadaneluaagiingss

3
BVS
input Control
Circuit 30kQ
5 A ‘
PIN SOUT
Band Demodu-
AGL W pass ™ lator
2
gGND

310 231 Taseadiumaluveddn 13 Tuga

amaniiaved 114 Tuga

- 112993 Photo Detector 1182 Pre — Amplifier 18 1ud?
- 117993 Band Pass Filter S15Dn503A2109 19911
- SAMITEAUMITINUYBIMNITA e TWIIRA eyl Aeust) asusauas
- ewwnihaufiaein <o

L4 1 d‘ 9 ~ o [
- ansndidoyasaliioela 800 Ua/Aund

= ), 9 ve 4

- Burst Length Anzeaylums I¥audes lidna 10 cycle/burst

iy 1800 T 18 lugasnsai lee ldeusyluTnsnouInsimes 14



39

Taeass Danyauzmsnnlasaugili 2.34

1000 %) +5V
o 3 o
TSOP4E |
TSAL62. | ¥\ *’? 1
W
o— 2 O
ELS LT GND

Ui 2.32-msanldan

23.2.2 msmuaué’haﬁmmmimmﬁsﬁ@f (Tone Burst)
o = o a PRp=) ) @ Y @ kY Y
aana Inudsaditudygrunimsasitosgiupvesdyapaldiisnumgadionunis
1 A a d' o A U Pl d‘ [1 4' P 1A Y
anduIngietlesiumssunaunndsaedouriontnniesdity 9 heguiaalndifos

wnligununs @Sy deunu

o @ = U4 o pH £ b s ot
dnemrdyananunTnuis aauansnegiin 235, Asadrenndynrmniienziy

ar o o @ o o
High  ¥9dyananamumnnsssuan o dagieTnudsanlssnoudonadanudge

uuvaaiiaspasesaannunhisuosin iy 1 uvaghtadoyasgludnmne Low dygiui
= = A o 3 a | w = s as
TRezmilowdinTilinsnouulasmeisla dunonyosmsinadyana Inuisaduands

JU# 2.35

OB T e

a @ o ) J
3" 2.33 dnwardygauuy Inuisoa

u

2] o a P d o Y dy
%Qﬂ15ﬂ1luﬂﬁﬂlﬂl1ﬂ!1ﬂulﬂiﬁ'@]‘ﬂ'lllﬂﬂﬁ‘l.!

g u

11 0] 1 0} 11 0] 11 00 11

514 2.34 dyana Inudsadfieonan TXD W 35H



40

RN

(M)

ULy Ay 1 —] 1]

(V)

! 3 a oo = (4
51N 2.35 naastussumanadaaa Inudsad
1l

9

@ = o =
me ﬂﬁﬂ‘lMﬂﬁlﬂﬁcﬁammﬂiﬂ’ﬂi]ﬂﬂiziﬂm 38KHz

o
) Vv
A o o Qs

o [ ) d
(uAiethdyanmmisgusnunuey ddayau Inusaa

o a W o [ Y =) 4 ]

dwmsurnsdsuazdosiimsvenuyuldfinisnouduosredgyaalnuisdd 439
AU AN N T o0pALLLYAS lunneunsa - nlimanudvesdya i Iny
= o 1 [y gy e/’ o dy Py Y Qs 9 P
Wisaauanaeny, wermaquodnsal luruilnd@esinla Teslsimenmssuniuda
Aupaziy

TuwnizBoany —draesdsargneeniunlAimaniaouilasmnnudvesdyanu
Tnudisadiiuaeng o 1dysahslddusaldiasesduioimimordmsunisainauginsel
Tihwanesila lanouny

3 AR [ Y) = o 3 @ e

Yoaoniszmivesmsdsdga it Inulisda DAsAIIAYSATYRINIUNIUIN

) o ] ' a4 [ a A e @ o
Mouen IdALIN, AIpd 1wy septndununl Y daansilas ¥ ouddunsusandedewad
F3suMmONLAINAeUBNy, uasnvaealW’  WSeudnssiauaseniadiinsunauh
wsessuaueuiateAanatlumssudaa auaiuguld” udawindinslddyanaInudsd
1 4 v

udaFesUNIUE 9 manHazgnudaeon tla Teeduds

LY

TumsdsdyapuInudsad  szdesimaiinisesiuiiadygrunnudgadnly
wesdedygranIuguatn  esnindshgrinudunnindygraiadsssual e Wod
= A = =y o [ Qy o o ¢ A o
anudgelaldlofeenilomues 555 amludsssoramiaiofluuswmes Feawsoi
o ~ LY ~ A o w4 o 4
NN 18 1y LED dususaldTaonss nSemndesmsminmdsdsornlimsusmans

venofdenowiit v LED sunsusanld



41

2.3.2.3 1ITNATIVDITLUUBUNTUTA

viCC
p-a:
Rlvary
k
Vin ¥ee
2 Y
] R o e
CON2 CAP HESSS
e _4_—0 E 8 Q _'3_—\&”5}
= o ?2
2 TRiG pis —7 Sk
: : |
CWolt ) THR : A8
——l—‘CSSS —]—Cosc
10n - | 10n
I |

4. g ) oy
sUn2.36 230U ITA

@ o 2 ay @ A
mseonuuUFRRAN Carrier 38 kHz 19 1C 1005555 daaeiiliuae9s ozmadiniadl
s A v [ o - 2 = b ’ a
wswesiweas Willudyanmcanier, 3 kHz deztuutveInnuanuzayluzvasdya i

w o

A A An Y o o =
Wadamagy NUANUNNIveINadaegLn2.3s

e 8 P s K 0

'

¥
2.37 duanai ldnaemiwavesermaidaian lusaos

=£h.

51

S 1 . 5 v = '
nnglmmuny s, uase dnmusafieeivualan1dianunhadiumils
o g o o ] ~ o ) 3 = v o
TasAadlutlosiFud w190 1% anun 1390y =2 Tufo A8 lAamify 50% M3

ponuLLIsaINsneanuy tdasgUi 2.39



Astable Mode
Yoo —e
A
1 ““/Ir 8
__J R1
Z 7
R2
Output 3 b _L
C
4 L) -I-
0.01 uFT
GND ——b
(SGNeturk (oM 212782

A Qy @ 4
310 2.38 nane 1995 ezmaiindiaa 1I(UsBS 38 kHz

NINTUNT t, +ty = T=0.693(R + 2R ;)C
uay F =1.44/(R; +2R,)C
uNuA1 F =38 kHz 9218

38 %107 = 1.44/(R + 2R, C

INTUM TS 10 I3 2 F2A0 R 1asC MIoBNHUILTINSTINIFAIYHARNIY89 C NoU

8.1

C -~ CAPACITANCE L F)

0.01 Lo
{Ra + 2Rg)
i

0 1 1 108 1k 10k 100k

f - FREE-RUNNING FREQUENCY {(Hz)
DSNG7RE1-10

a o o d ' a
3N 2.39 nsliaasanuduiusueesl R uaz C uaznud

8.401

INAI5IURBAAT C = 0.01 pF

42



43

wld 38x10° = 1.44/(R, +2R,)x0.01x10™°
R +2R, = 1.44/38x10"x0.01x10™°)
- 3.8kHz
W R = 2200
220+2R, = 3.8x10°
R, = (3.8x10"-220)/2
= 1.79%
CRCA TR D = (R +R,)/R, +2R,)
= (220+1.79x10%)/(220x2x1.79x10%)
53%
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E4
Converter) 188n@28 Microcontroller PIC-inaidnuaizatso hlfl
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) ]

- JJ‘WL!’JEJ?YJHJﬁTIﬂﬁLLﬂﬁMLL‘UULLWﬁ"B 1 5\1 32 kwords

Q

3

- Tndeanuddoyaisy RAM 64 94 1536 bytes

u

3 =y

- IimdaganusUeyaddnsen EEPROM 256 bytes
- Timer/Counter

- Timer 0 419 8 TN

- Timer 1 UU1A 16 N

- Timer 2 YW1 8 1N
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- Tnszuadeiuasnssuawesa (High Sink/Source Current) 25 mA
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- ﬁawmwwmwﬁa SPI 18 I°C (Master/Slave)
112495 Pulse Width Modulation (PWM) AnuaziBeagada 10 TniiviaunusmuuFlash

¥
ausalousazay lau1nn31100,000 A5

Exlernal Memory VO ports

< Data busfaddress bus >
.| H T
wies Esnaranan ALY
"

cru

wagriniin

F______....
f
f
,
'
H

Hytgrnaning

l Inpulpor‘;l { ROMJ l RAMI l Quiput ponl

Eom] e, \N
< bae Dﬁmss bus >

nglrsunananate
CPU

2ss3tiiia

Ay nuning

JUn-2:40 uaesIns 4032 lulasnen Insamed

J =
23.3.1 wesadunaie1ing (/0 port)
"4 - Y =~ v a oA [ 4 9 1

ullliﬂiﬂ(@ui‘ﬂiamﬂi%%NW"G?G\’CT'I‘HS‘UGlﬂﬁ@ﬂfl’c’f'\iﬂ‘l_lf’;lﬂﬂimﬂ'lﬂu’e)ﬂlmillm
o o LY v 4 a 1A o Y a
guszasdalumsldnunozguaniaueineia lesennsofaaofoaisnisuenyimii
S a Jd '
Lﬂi&ﬂi&“/‘gﬂlbﬁ%tﬂﬂ’l%’!ﬂiﬁ 1YW Pushbutton,Keypad,Sensor,LCD,Timer/Counter A09AIUNTT
wlaad YY1 Analog to Digital Converter Wudu

. o ] 9 9 a a
Microcontroller PIC Qvﬂ‘WWU"]LW@T‘N’Iuﬂ'Iu@ﬂ’d'lﬂﬂﬁilliﬂﬂllwﬂ'liNamlﬂwﬂlﬂﬂ‘ﬂﬁ'lﬂ

a 0 d?l o o L4 va 9
rilaraeiuIuegnuinglsasnvodly

Gu Q



UNN 3

MIMUINUUAZNTAIN

= o =
3.1 ﬂ'l'iﬂﬂﬂlI'U‘l.lﬂﬂllﬂﬂTi‘l.IﬂImZﬂTiﬁ'lmﬂQ
3.1.1 MuUANAUINann
-: ' a o = "o " Ao - 3 4
dusudwilFlunsdrdomasavinaornugdnmiangiims capping 19019 Stepping
" » .
motor lumsmauiissnnmauuuily Step Taomsuvvasesnuuulisesiviuusaing
v & o a w o - 3 ot = o =P =
WNNUNINA FaTvua 20 1A Tagisale==aalialaiau » Wuiaghiianumiioinmu
waznldouglon  mseenueldMITudnyazunauTIGDRg 0UILS MY 8 § Taw
Hvwafinednunaon Speéimen wheuda NIsNIERWT A~ _Tisoohaupiianievoasoei

IR NIz feimAeanuNs WoPa0 Wi DY

39l 3.0 A A Gn T Ao

3.1.2 ayweiasaeh

= w o - = o é o

HonvazRa M RnoTnarr g S imyakdoirh st uded saviaulee
k4 ¢ i & o o s = o ' 5
19 Stepping motor 1HhEBIN BB YOINUANATIMaDR Tastus udaBossziidumiiagh
- ' . A ] 4 \ ) o a1 & 4
tvwnalvgniwhed 1 3 wdhidharvdddiindivbiansetiudiudidoiasn Fuiu
@ Ve o A P P — ﬁﬂl | g™ o =S g re ﬂ 3 dl o -
AunuInuIsauiuiezila T IRsuaaReR 035 D15 999 Tusuiludeailudaan

a

o w % aa
WYALs M Y9 l¥ezaan

31U 3.2 uamsnududoarh




3.1.3 nalansta

xi'luna'lﬂﬁﬁnnfiamunsﬂﬂﬁafuﬁmdnq Tasfinsaasshunnaalszneudie 3
Fudau fai

3.1.3.1 unsila

downididuidedlahfuiitidostinnuuiause sadhumisnay  Ywnua

awaa  asalmoivzlalinsnd ilvnaniiiugvesh uaziimsdanhldiionmsszue

pon lavuzyiinmsila

.......

Yo
o

o

y l‘ V a  w 4
1 3.4 uaasFutiadaiuuemes

©3.1.3.4 Inssdaueines
P I @ = ey ° o 3 ar A o o - o
ieannuemestanyuznauia laiimsiuden liiuuemeiimenumsduaziiou Jug

o o y - o
Tnﬂ'lﬂlﬂﬂﬂﬂﬁlﬁaQﬂ'?ﬂUﬂ'J'lﬂu'Uﬂlﬁ%llﬁzs’]ﬂ‘]gﬂ

- q‘ ¥ o U £ d' = & 1 Y o £ 8% £
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly



49

3.1.4 eonuVUNIRAGEh

mseenuuy ldimsanynananmsangiawlssauneld 1dud  nanmsadh
aunimin Taomslfusuneed sthatfes 2 wiu Tunsadeaummimdniy i
amsduvesiade mld didien ndeuiivenningaguinaamimavesmuimin
uaitlymdeifindesdy  Fwonezdwmansznudunalamsila dnuga 1819
wiinnrstuTaodulmamsinudnsazvesdh  Taosglirhahinoufiazgainlihi
mstla  wemednszuaassving 12 Toad  wyugnuivelirhanasuumudazian

: = o = .: aa ] 1 ar o = b o
VINUUNDNAUDIVHVUINOSAAN l'Vfﬂﬁw‘lﬂﬂﬂ.l'lJUﬂ‘ﬂ'lu'ﬁ“'ﬂU%h Tﬂﬂ‘l‘iuﬂlﬂﬂi‘llu'lﬁ

ansolumsiiivasaesninddia

sziani 2

- q' ¥ o U £ d' = & 1 Y o £ 8% £
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly



50

o — o P aa J " ' -
wasnnidh ldaanaseuiauds  szgndufessudesenan  Fezegszniaumn

A = Ao o 4 an d’ o v o o = o
naouRUuIRAANUNaIARS  TAgseaanivziiminlumsandoshsusenliuends

. . 3
Anludnvuzdiinh Tasannsoesineldasgiaelii

o

1

& A/ QP

.
L ]

% (- | : dq’
§81%1ﬂi€ﬁu&ﬁ}ﬁ1

=

v - o o 1
ﬂ'l'iﬁ'i-l\"ﬂﬂﬂﬁl‘ﬁ AUAUANUAEINY LA

WieannefanvuIlsAL

1 o d‘ o
mﬂanumaﬂsznamﬂum

v
Hauilsznoudane lali

2.1 204 YvInezAan

- q‘ v o [ £ dl =2 3 ! 2 o ¥ ¢ v v
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly




51

o o
2.2 YMNDINTTUAATY 24 17an

Haag

ANy

= as
AALINU

31U 3.7 uaasanvuzaonasaii

td
2. anpazgneIil dnanmsmauvesalseaai
. . . [ J . u i
ifeynmanaea lfsa)3aAsii 2 fezgnifeavuazi 3 sz linasaiinami

L= o e o ﬁ‘
AUINUVANHMUSUIN ﬂ\lzﬂ'ﬂ 4

- q' ¥ o U £ d' = & 1 Y o £ 8% £
wnanstluenansnanulidmsunisldnumenis@nwivingy ldeugnlviluldusslevlsunisen

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly




52

3UM 3.8 uamsdnyuzInoIni

Haogn

Yoy

3.2 MIvanN %ﬂ‘ﬂ . : /s

SaqilFAoe Q{é‘uu g2 ';‘ AN : @ AUAZIF04
\ &W’J'Vﬂ 8 -EF

Wouldge dnume Wdmaoy 19ms

L§aunmmﬁzmumﬁ' mfgn ﬁ%"“ﬂvﬂm

wanmslunisesnuuy s ‘le U3

i Ivuiidessuusathe Bn

awqmutmumﬁmaun aygiltionnin
nansiithienansfianulidmiumsldouiensinuivhbu ldougelmhluldsslesdduned

lmmiaﬂmmau ammmmﬂmm‘daqmam LLagﬁlaﬂ@’]\‘iE’NﬂQLQ’V‘U@QLBﬂﬁ?iﬂﬂﬂiﬂ%ﬂﬂ?iﬂﬂﬂisﬁ




53

= [ X é
ﬁ -
= \\
3.2.1 madgnia@) an ;?
o J4D. s AN PR
Jagaoy 1) f’f 3d
B ARG Bl
-1 {19 0 HADA A uee 0
oo ' Z - ' - P
Nanvmzia Ay - ' i Aduaa
loun  uw %1 uFhalis WAl lenspgunumm
4 s 2 . C ) - »
BN UFURIUNADINITFT A O&t\\
- DYl {Qﬂg SR TN snads o il
o = "o & q ¢ -~ ﬁ g
HUWTANGUIMINM ARG @y’?ums aatsilse u'iauz'g{@ 5N NIANuIoY
Q- o
- - o - | a " =X ¥ a 4
FunuMINNezgiitioy m%&m gﬁﬁﬁlﬂé}%‘; 590319 uAT 09
MuAsIIINTZUNN 1A gad
¥ .
FuNuNin

- vqﬂnlas'?iu ( Superlene )
' = - = - o
numuaeMstdoad waziinnuaulua

oanazussduaziion19a

o' g ° o' o — 5 ar
mlnfesauldun vududvavasa ldaplulesaumsizdesms Tagninnuauludd

- ozAan dunaadnla Hanwudwswdnlsz mnzdumsldaunialilides

a3
i

] nfu : 1o =l -f 3 = = : = = '
Tdasld uennindidauegiunssuismsyugianudeudndie dnnall simgn Yuaiiude
A s ' - 4 ar o q-v d o -]
diofeuiumauaa uAud lvlaomsgumanietiosduaiiy - Fuauihnnmannd 1dun

o ¢=’ a0 aa v o o o
Winn Funuiiinnezaan laun aududoerh nazdanash
o 9 o =3 ; " e a o - - P
-mannd1 AnuudwsweamanIuegiulSnuveimiveuniemsiszneuduan
ry

ﬁﬂlﬂﬂi q' Y o o 9] - = 3 ' v o ) ¢ Y
wanasanulidmsunisldnuienisfinwwiniu leygnlmhlulduselevimunisa

o 4

A2784

RRGRE

Lidnsdilagviadu dnvievnuiilvidaulasilent wazdasadadudvesenarsynasandnisunluly




UNnN 4

MInaaddtiazHan1InNaasd

4.1 NAARIMIVINANTINIFIumsila

" . . 3
naaosvuausan 1 lumsilalasliniesrnimin

ab r“

S\

Tauiinanmime

A1 4.1 Llrd

7 19.78

8 20.30

9 21.52

10 20.98

1nae 18.13
~198.46 N

MNaNIINaad ldvuausanlelunstla 198.46 Tadu Uszana 200 Hraudalyld

. lunmonmnmuoimod dviududonnomeifamnaniudiinodiuifos 200 i g

Lidnsdilagiadu dnviavnuilvisaulasient wazdasadadudvesenarsynasandnisunluly




55

d 1]
4.2 nAavamnvIANBIARI NITlumsia
A £y o I'd T v o r=1 o
nansudenldusmosnszuansslumstla Tasvamesunazainezivuiavoanasn
b v
UANANAY DNNIABIRITUUNAINBIRNBT NANTaNUABLS A 1drS el

. ey
15197 4.2 LAAINIINARBUABNNMBSN 19 lumstanh

=Y d :’I ci =y
viiaveswames| a3l | anwanysalumsia
DC12V 50pm| 1 Taieuysal
] L4
2 Tajeruysol
1 L4
3 Tajaruysal
] 4
4 hiaaysol
' o
5 Taieranjsal
DC24V 30 pm| 1 duyysal
2 a5l
3 auYso
4 auysal
L4
5 159l

A dha ¥ oA A 2 & A
1NN NARBUADNUBIADI N 1T Iun1s e Tasismes maoniuwlnuones nsZuans an

Y °y ar 9 =Y [ o {ci
grnsasvihnald 200 926U nazanmsnaassi il lausmosniaenldite vownes

ATZUAATIVUIN 24 V 30 pmemiizaninsaviinisdadildegiwanysal



56
- o A
4.3 ﬂﬂﬁi’)ﬂﬂ'ﬁﬁﬂﬂ!!ﬁ%ﬁ“ﬁﬂﬂﬁh
1Y Auy ¥ A LY 3 o a a ° A P
‘Wﬂﬂ%'lﬂﬂ"lﬂﬁ‘i'l\nﬂiﬂﬂﬂﬂlﬁENulﬂ'ﬂ'lﬂ'ﬁ'ﬂﬂﬁﬂﬂﬁleﬁzﬁ'ﬂﬁﬂ']W‘U'ﬂ\?ﬂ'ﬁVl'N'lu‘UﬂQlﬂifN‘V\

v ¥
winanssu Ifvinaaeg Taswdsnudsuarhnldasly dnanmsnaassdens 1o

A1919N 4.3.1 LAAINITNAADINTSISeazduasad 31w 15 fh

. .| $wuehii : Srunrhidndos | % shitdudoa

Asn % fAnsoULe % 39U
ATOUIEN DONINLE 29NN

4V 1 13 86.67 8 61.54 53.33
2 14 93.33 7 50.00 46.67
3 - 14 93.33 8 57.14 53.33
5V 1 14 93,33 12 85.71 80.00
2 15 100.00 10 66.67 66.67
3 14 93.33 13 92.86 86.67
6V 1 15 100:00 14 93.33 93.33
2 14 93.33 13 92.86 86.67
3 14 93.33 14 100.00 93.33
7V 1 13 8667 12 92.31 80.00
2 12 80.00 11 91.67 73.33
3 12 80.00 12 100.00 80.00

13199 4.3.2 LAAINISNARDIMTISoauazdaoar 9149 20 ¢

o . | $woudhii . Srinuhiigidos| % thiduaos
Asan % thitas oyt % 59U
ATOULEN 2OANIALA 29NNLEN
4V 1 17 85.00 12 70.59 60.00
2 19 95.00 14 73.68 70.00
3 18 90.00 13 72.22 65.00
5V 1 18 90.00 15 83.33 75.00
2 18 90.00 14 77.78 70.00
3 17 85.00 16 94.12 80.00




57

y . | $ourhii . Sruudhiidndes | % dhiidudos
ATIN % rhnasoue % 37U
ASOULEN 28NN DOANINIA
6V 1 18 90.00 17 94.44 85.00
2 19 95.00 18 94.74 90.00
3 19 95.00 18 94.74 90.00
7V 1 16 80.00 15 93.75 75.00
2 16 80.00 15 93.75 75.00
3 16 80.00 14 87.50 70.00

M3190 4.3.3 LAAINIINAABINISS BILaYA TR 91191 3060

o 4 A S ; g 1des | % hiigudos

AsIN % WiNiasoLen % 3
ATOULA) 29N 2OAINIA

4V 1 26 86.67 21 80.77 70.00
2 28 93.33 22 7857 73.33
3 29 96.67 23 79.31 76.67
5V 1 27 90.00 23 85.19 76.67
2 27 90.00 24 88.89 80.00
3 28 93.33 25 89.29 83.33
6V 1 28 93.33 26 92.86 86.67
2 27 90.00 27 100.00 90.00
3 28 93.33 27 96.43 90.00
7V 1 25 83:33 24 96.00 80.00
2 2 - 73.33 21 95.45 70.00
3 24 80.00 23 95.83 76.67

< Y1 A @ ° Vet = o
NnranInaaeziviy ldduniesdasssssansaiau ldangaiussdu Iifauiae

Thaa



=
Unn s

a d
unInisamazagyl

A a
5.1 1n303tarh
nnmsnaasImsihuveuniellach nuiwsudadunsatadh ldwedwniisvesd
1 E 4 [
uazvasaegludwrisndimua’ld ualuueeswvutlaldannsallad 14 Wisenindiuma
A o v Ao 9 ¥ o a
vasdagnasaamiamaou llnndumusiidimua 13 msnyuvesamillawemeiniuh
v 3 (]
ApanIsABNYUASIaz 45 9er M lvvasaiyu 90.0smnuN ULz VU DIYU TR Woeml
f 4 o 3 [} Y [}
Hwameinszanin Idyuvesndeanaiamaon 1y luvuusuiveila Sebicunsodad 14
o o v 3 ¢ a A s A 1 o’: 2
aunanildamildeuoinesmanisnizandovaimessidyuluudazaife
TulnsnouInsamed Wannsamvuemdguanasuduniestuade limuguuemes1é
d A ar ar 4 < Q@ o
luTnsnou Insaaos dussdggaiadiNon UAUA15 2108 eyl cnable 29959
wiiy dionsesduadrdygiunuaunisiyuveiuewes ligsandosdudumsilegiu
3 g o 47 a @ o v et @ e
vosainDawanes Mlnamifilausmesinanisvau ldsdimisnaoandasfudyiu
aunudyanusnnouiisgni s 45 sen silvinasanszile hisgludumniandesns
£ . v s
uuanamsud lmsnszgnuesandilirenes do lawesivmaiweomesh
awrsadsuldsunsudmuuaaiaiyssdyaiunltgun 1 MUY INeIABS 1A LB T oY
} 4
o o o 1 o o o
TsunsuIddyananiuaunisAyuIsBiamm es dy g nlunaazas undount dyyim
o ¥ :l‘ v Y o Y o = % ¥ (4 kY
augudyanagansyesnineyntmindae uaanaui Wdaailtwomes veandes

L4
¥ o v LY L v
ﬂumzmuﬁ]ﬂqnummmmas u'ﬁ$ﬁlﬂﬂﬂﬁuﬂlﬂﬂﬂnmﬂﬂﬁﬂ5$ﬁlﬂ

A o oa
5.1 nseenaises
< ' ar Qs [ 4
nnmsnaassszmin Idndideaslilasordatanliauysel ilesnndhaslunsouen
9 =3 9 A 9o e = ° ° 9 = 3y
Taenn Huuimenmisudlude 193agninnudoaniudr way Mlddaroariinaldawu
PR )
iveldrhasliaseuan ldaw
g o { o @ ' t4 4 ! o
annadaudindAaGsseenunld doldauysel lesnndhiidudsseenurhgaieesnin’ld
- ¥ a & ¢ 3 Yy ¥ P A ¥
010 Tunmamsud ly lasnisAedauamesvinaannieudoryuinisesninorg v

9/ ¥ &
qavheeen lddiotiy




PNT15919949

[1] a3 Twena awgsefe. “ msdnsieiusaluszuunaln ~ . namaniiniesinina,
unTInenduma lu lagununs. 2541

[2] wasna leneta, wardng Fuwye, Tsedu t‘iyuwsﬂ"f'ﬂm%’n,;. “ysanspimuunszaeiiesnn
usalviunasvesTan-gaumunsess . namanddnanssu maadnemans. uSEnInovani
91119, 2546

[3] HRLAT.ITWIA FaefaSond. « muedasiniaszezdauazmanaoui ». uweduas
nyuaauved ngufuarmalsvgadlilussuumsTauasszuuadugu. dninfiuw
q.00. . 2548

[4] a3 udi5sss, Sl « Tasser ey Insnou Insatass ». M
lulasneulnsames PIC. Snin#iuw ¢ 1 A1 2549

[5] ﬁ.ﬂs.ﬁﬂ‘ﬁ'gamﬂmf, IR DAL mseanl s U nnTess s At M3
eonUUMATe IS NI0M o 1. UiivESagad S, 2549

[6] A5.4UARNA NuaIs. nemdAiinIesdnIng (Mechanics of Machinery). 2546

a e ¢ v K aldy d o o a o
[7) 5.0 % A Semadt iumagiindscaugyuava, dninRUA o.d.m, . 2547



L =i Y o [ v - = & 1 Y o v & v v
wnanstluenansnanulidmsunisidnuienis@nwivingy ldeugnlviluldusslowisunisen

Lidnsallaqnsdu anvainudlvdaudasilon uagdesdsdatadvesenarsynasaminisiilyly



426

80

O
Hlo
~
~ ry N
~
- . j
(N (N
. d T T
=) 162
328
] =

v ol
FSsIeR11ASDN scake 1:4



b N A

FIudntenh

scak 1 2



!
- [ i
L T ~
! — T¥
Llufutd G
= @
i i
[l i rw
H i
1
[T O R
i !
\ i
v
| Y
" )
“ T
1
1
]
[}
[}
]
-l
— !&1.
o~
Gl
=
5




Py o=y
o Y

LA

& =

z {/ T Ton VA A,
v B 4 |L|
>N AT N T
SECTION C-C
SCALE :3

IUTANMZAG scak 13



L =i Y o [ v - = & 1 Y o v & v v
wnanstluenansnanulidmsunisidnuienis@nwiviniy ldeugnlviluldusslewisunisen

Lidnsallaqnsdu anvainudlvdaudasilon uagdesdsdatadvesenarsynasaminisiilyly



#include <16F877a.h>
#use delay(clock=4000000)

#fuses HS, NOWDT,NOLVP

#define S1 PIN_BO
#define S2 PIN_B1

#define limit PIN_B2

#define CLK1 PIN_CO
#define DIR1 PIN_C1
#define EN1 PIN_C2
#define CLK2 PIN_C3
#define DIR2 PIN_C4
#define EN2 PIN_C5

#define M3 PIN_C6

void on_m1()
{

int i3

output_low(EN1);

for(i=1;i<=50;++i)

{
output_high(CLK1);
delay_ms(10);
output_low(CLK1);
delay_ms(10);

}

output_high(EN1);

delay_ms(500);



void on_m2()
{

inti;

output_low(EN2);

for(i=1;i<=50;++i)

{
output_high(CLK2);
delay_ms(10);
output_low(CLK2);
delay_ms(10);

}

output_high(EN2);

delay. ms(2000);

int cap;

void main(}), {

port_b_pullups(TRUE);
setup_adc_poerts(NO_ANALOGS);
setup_adc(ADC_CLOCK DIV_2);
setup_psp(PSP_DISABLED);

setup_spi(FALSE);
setup_counters(RTCC_INTERNAL,RTCC_DIV_2);
setup_timer_1(T1_DISABLED);

setup_timer_2(T2_DISABLED,0,1);

set_tris_b(0xff);
set_tris_c(0x00);

output_c(0x00);



output_high(EN1);

output_high(EN2);

while(1)
{
delay_ms(300);
iftinput(s1)) /Maifiviaon
{
delay_ms(300);
while(!input(S1))

on_m1();

else //Avaon

cap =0;
while(cap==0)
{
delay_ms(300);
iftinput(S2)) -/ Maisigh
{
delay . ms(300);
while(!input(S2))
on_m2();
}
else /1 igh
{
while(cap=0)
{
output_high(M3);
delay_ms(1000);

if(!input(limit))



{while(!input(limit))

{

H

}
output_low(M3);
delay_ms(300);

on_ml();

cap =1;
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MICROCHIP

PIC16F87X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

» PIC16F873
« PIC16F874

+ PIC16F876
+ PIC16F877

Microcontroller Core Features:

-

High-performance RISC CPU
Only 35 single word instructions to learn

All single cycle instructions except for program
branches which are two cycle
Operating speed: DC -20 MHz clock-input

DC - 200 ns-instruction cycle

Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM data memory

Pinout compatible to the PIC16C73B/74B/(76/77
Interrupt capability. (up to. 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes
Power-on Reset (POR)

Power-up Timer(PWRT) and
Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with-its own on-chip RC
oscillator for reliable operation

Programmable code-protection
Power saving SLEEP mode
Selectable oscillator options

Low-power, high-speed CMOS FLLASH/EEPROM
technology

Fully static design

In-Circuit Serial Programming™ (ICSP).via two
pins

Single 5V In-Circuit Serial Programming.capability
In-Circuit Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V
High Sink/Source Current: 25 mA

Commercial and Industrial temperature ranges
Low-power consumption:

- <2 mA typical @ 5V, 4 MHz

- 20 uA typical @ 3V, 32 kHz

- < 1 uA typical standby current

Pin Diagram
PDIP
MCLRVPR/THY —— [ 1 U 40[J <—> RB7/PGD
RAO/ANG w—a ] 2 39 [ ] «— RB6/PGC
RAYAN1 «— [13 38[] «— RBS
RA2/AN2/VREF- <« [] 4 37 [ =—> RB4
RA3/AN3NVREF+ «— [] 5 36 [} - RB3/PGM
RA4/TOCKI w— [1 6 35 [] «—» RB2
RAS/AN4/SS < [} .7 < 34 ] =—» RB1
REO/RD/ANS <[] 8 ~ 33} =—> RBOANT
RE1/WRIANG-~— [] 9 Qe v
RE2/CS/AN7 . +—~ [] 10 ',: 31]] -— Vss
VoD — [ 11 ﬁ 30 (] ~—s RD7/PSP7
Vss _—, []12 ©  29[] <—» RD6/PSPE
OSC1/CLKIN —— ] 13 6 28 [] =— RDS/IPSPS
OSCZOLKOUT w——[]14 & 27[] «<—= RD4PSP4
RCOM1OSO/TICK s [} 15 26 [ ] «~— RCT/RXDT
RC1/T10SI/GCP2 — (1] 16 25 g <—s RCEMUCK
RC2/CCP1 Hg 17 24 [] «—» RCS5/SDO
RC3/SCKISCL =—»- 118 23 [} =—» RCA/SDUSDA
RDO/PSPO - [ 10 22 [] «—» RDIPSP3
RDV/PSP1 w—a [ 20 21 [] =——» RD2/PSP2

Peripheral Features:

.

Timer0: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incremented during sleep via external

crystal/clock

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max: resolution is 10-bit
10-bit multi-channel Analog-to-Digital converter

Synchronous Serial Port (SSP) with spP™ (Master

Mode) and 12C™ (Master/Slave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCt) with 9-bit address

detection

Parallel Slave Port (PSP) 8-bits wide, with

external RD, WR and CS controls (40/44-pin only)
Brown-out detection circuitry for

Brown-out Reset (BOR)

© 1999 Microchip Technalogy Inc.
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PIC16F87X

Pin Diagrams

NC
NC
RB4 w—»

RB§ w—»
RBB/PGC w—»

RB7/PGD w—»
RAO/ANG v

MCLRVPPITHY —»

RA1/AN1 «—»
RA2/AN2/VREF- «—s

1
%21

DIP, SOIC
WMCCRVeeTHY— (o1 ~ 28[] = RB7/PGD
RAO/ANO =[] 2 27[] =— RB6/PGC
rA1/ANT=—-[] 3 o 26[] =— RB5
RA2/AN2/VRes-=—=L1 4 ~ 25{] +— RB4
RAJ/AN3VRer+ =+ 5 «Q 24 ] = RB3/PGM
ra4Tockl=— ] 6 o 23[] = RB2
RA5/AN4/SS =] 7 [ 22[7] = RB1
vss—=[] 8 © 21]] = RBO/INT
osci/ctkin—=L] 9 o 20[] =— voo
oscz/cLKouT «—— 110 o 19[] =~— Vss
RCO/T10SO/T1CKI=— [ 11 18] =— RC7/RX/DT
RCAT10sKCCP2=— |12 17[] === RCB/TX/ICK
rRc2iccpt=—[]13 16[] === RC5/SDO
RC3/SCK/SCL =[] 14 18[] = RC4/SDI/SDA
PLCC
RA4/TOCKI | s
RA5/AN4/SS L,
REO/RD/ANS .
RE1WR/ANG
RE2/CSIAN7. <o
VoD,
Megedy AL
OSCH/CLKIN .
OSC2ICLKOUT ..
RCO/T10SOMICKT | ey
NG
o~
5]
< 5.0
X 8 P ]
o=ZnaaodXed
ROOODH B HOE
E00a8aanOr:
88333583300
QFP FEECYEF Y EZ
FIITEBE8ES
RC7/RX/DT ~—[IT] 1 KX |nam] NG
RD4/PSP4 —<—[IX| 2 32T == RCO/T10SO/TACK!
RD5/PSPs <[ 3 31I0— 0SC2/CLKOUT
RD6/PSPE =14 4 30T =—=""0SC/CLKIN
RD7/PSP7 <15 PIC16F877 2913 =— Vss
vss —TETE  PICI6FBT4 20Tl Rl aniics
Vop —~CIT{ 7 27[0=— RE2/AN7/CS
RBO/INT ~—CIL 8 263 = RE1/ANGWR
RB1 <=0 9 253 =— REO/ANS/RD
RB2 <=1 10 24(TT3 +—  RA5/AN4/SS
RBIPGM My 0 v norna N gzatu::«» RA4/TOCKI

RA3/AN3/VREF+w—

+ 0

gh_ 2

22 %

z2zzz2 OO0

< § < 5[5 ee e

2] - O M~OoWw

@]

e S A A 1A

Hiniminin WidiEE

CnIPNTIQNT
7 39[] =—' RB3/PGM
8 380 ~—» RB2
9 370] <= RB1
1 6] =—= RBO/NT
1 PIC16F877 gi -— xgg
1 -
1 PIC16F874 33[J<— RD7/PSP7
1 32[0 = RD6/PSP6
1 31— RD5/PSP5
1 30[J=— RD4/PSP4
1 29[ =— RC7/RX/DT

23
24

RC2/CCP1 =—e{11g9
RDO/PSPO, =—=[]54
RD1/PSP1 =—=[]22
RD2/PSP2 =—[]
RD3/PSP3 w—[]
RC4/SDI/SDA <+—=[]25
RC5/SDO «—[]26
RCB/TX/CK <—s[]27

RCAT1QSICOP2 =—[J1g @ 9 H N =20
RC3/SCK/SCL =—+[J2
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC-20 MHz DC - 20 MHz DC - 20 MHz DC- 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)

FLASH Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
110 Ports Ports A,B,C Ports A,B,C.D,E Ports A,B,C Ports A,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP-USART /| MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

S input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 Instructions

35 instructions

35 Instructions

35 Instructions

© 1999 Microchip Technology Inc.
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
. DiP PLCC QFP | V/OIP Buffer e
Pin Name Pin# | Pin# | Pin# |Type| Type  |DeScription

OSC1/CLKIN 13 14 30 { sT/IcMOsS4 | Oscillator crystal input/external clock source input.

0OSC2/CLKOUT 14 15 31 (o} — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, OSC2 pin outputs CLK-
OUT which has 1/4 the frequency of OSC1, and denotes the
instruction cycle rate.

MCLRNPPITHV 1 2 18 P ST Master clear (reset) input or programming voltage input or high
voitage test mode control. This pin is an active low reset to the
device.

PORTA is a bi-directional /O port.

RAO/ANO 3 19 110 TTL RAO can also be analog input0

RA1/AN1 4 20 []e] TTL RA1¢an also.be analog input1

RA2/AN2/VREF- 5 21 /0 TTL RAZ2 can also be analog input2 or negative analog

reference voltage

RA3/AN3/VREF+ 5 6 22 110 TIL RA3 can also-be analog input3 or positive analog

reference voltage

RA4/TOCKI 6 7 23 110 ST RA4 _can also.be the clock input to the Timer0 timer/

counter. Qutput is,open drain type.

RAS5/SS/AN4 7 8 24 iHle] TTL RAS can also be analog inputd or the slave select for the

synchronous serial port.
PORTB is a bi-directional I/0O port. PORTB can be software
programmed for internal weak pull-up on all inputs.

RBO/INT 33 36 ['le} TTLSTID RBO can also be the external interrupt pin.

RB1 34 37 [I{o} TTL

RB2 35 38 10 e} TTL

RB3/PGM 36 39 11 1(o] TTh RB3 can also be the low voitage programming input

RB4 37 41 14 /O TTIL Interrupt on change pin.

RBS 38 42 15 wo TTL Interrupt on change pin.

RB6/PGC 39 43 16 /O TTL/STR) Interrupt on change pin or In-Circuit Debugger pin. Serial

programming clock.

RB7/PGD 40 44 17 o TYL/STE Interrupt on change, pin or In-Circuit Debugger pin. Serial

programming data.
PORTC is a bi-directional /O port.

RCO/T10SO/T1CK! 15 16 32 (e} ST RCQO can also be the Timer1 oscillator output or a Timer1

clock input.

RC1/T10SH/CCP2 16 18 35 o ST RC1.can also be the Timer1 oscillator input or Capture2

input/Compare2 output/PWM2 output.

RC2/CCP1 17 19 36 1o ST RC2 can also be the Capture1 input/Comparet output/

PWM1 output,

RC3/SCK/SCL 18 20 37 I{e] ST RC3 can‘also be the synchronous serial clock input/output

for bothSPI and 12C modes.
RC4/SDVSDA 23 25 42 110 ST RC4 can also be the SPI Data In (SPI mode) or
data /O (°C mode).

RC5/SDO 24 26 43 110 ST RCS can also be the SPI Data Qut
(SPI mode).

RC6/TX/CK 25 27 44 []e] ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.

RC7/RX/DT 26 29 1 o ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.

Legend: |=input O = output /O = input/output P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input
Note 1: This buffer 1s a Schmitt Trigger input when configured as an external interrupt.

2: This buffer is a Schmitt Trigger mput when used in serial programming mode.

3: This buffer is a Schmitt Trigger input when configured as general purpose VO and a TTL input when used in the Parallel Slave
Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Tngger input when configured in RC oscillator mode and a CMOS mnput otherwise.

DS30292B-page 8

© 1999 Microchip-Technology inc.




PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)
Pin Name ::; F:;;:: g':; !ll.;’:: B.r;f;:r Description
PORTD is a bi-directional l/O port or parallel slave port when
interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 Vo ST/TTL®
RD1/PSP1 20 22 39 [Ie} sTATL®
RD2/PSP2 21 23 40 [I{e] sTATLS
RD3/PSP3 22 24 41 Ifo sT/TTLE
RD4/PSP4 27 30 2 1e] sT/TTL®
RD5/PSP5 28 31 3 e} STATL®
RD6/PSP6 29 32 4 o sTATLS
RD7/PSP7 30 33 5 [{e] sST/TTL®
PORTE is a bi-directional /O port.
REO/RD/AN5 8 9 25 l{e] STTTLS RED can also be read control for the parallel slave port, or
analog input5.
RE1/WR/ANG 9 10 26 1fO ST/ITLG! RE1 can also be write contro! for the parallel slave port, or
analog input6.
RE2/CS/ANT 10 11 27 10 sSTTTL® RE2 can also be select control for the parallel slave port,
or analog input7.
Vss 12,31 13,34 6,29 P B Ground reference for logicand I/O pins.
VDD 11,32 12,35 7:28 P - Positive supply for logic and 1/O pins.
NC — 1,17.28,71 712,13, - These pmns are not internally connected. These pins should be
40 33,34 left unconnected.
Legend: | = input O = output /O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This bufferis a Schmitt Trigger input when configured as an external interrupt.
2: This bufferis a Schmitt Trigger input when used in serial programming mode.
3: This buffer.is’'a Schmitt Trigger input when configured as general purpose /O and a TTLinput when used in the Paraliel Slave

Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode anda CMOS input otherwise.

©, 1999 Microchip Technalogy inc.
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PIC16F87X

3.0 1/OPORTS

Some pins for these 1/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose I/O pin.

Additional information on 1/O ports may be found in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (=1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver.in-a
hi-impedance mode). Clearing a TRISA bit (=0) will
make the corresponding PORTA pin-an output (i.e., put
the contents of the output latch.on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the portlatch-All
write operations are/ read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCK! pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins-are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCONT1 register (A/D Control Register1).

Note: On a Power-on Reset, these pins are con-
figured as analog inputs and read as"0'.

The TRISA register controls._the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO
BCF STATUS, RP1
CLRF  PORTA

BankO0

Initialize PORTA by
clearing output

data latches

Select Bank 1
Configure all pins

as digital inputs
Value used to
initialize data
direction

Set RA<3:0> as inputs
RA<5:4> as outputs
TRISA<7:6> are always
read as ‘0.

BSF STATUS, RPO
MOVLW 0ox06

MOVWF ADCON1
MOVLW OxCF

MOVWF TRISA

e e me e e me m me me w me me e

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RA0 AND RA5 PINS

Data
Bus

D Q
WR Voo
Port =
T e

Data Latch

D Q J N 110 pint?
CK_\__ Q Vss
Analog

TRIS Latch

WR
TRIS

RDTRIS TTL
Input
Buffer

EN
RD PORT % l

To AIDACanerter

Note 1: /O pins have protection diodes to VDD and Vss.

FIGURE 3-2: -~ BLOCK DIAGRAM OF RA4/

TOCKI PIN
Data
Bus D Q
WR
PORT
k-0 N 10 pinM
Data Latch
[ a7 |
— b Q vss
WR
IRIS 4 ckq Schmitt
Tngger Z
Input
TRIS Latch Buffer
RD TRIS
Q D
EN
RD PORT {>¢ﬁ —|
TMRO clock input

Note 1: |/O pin has protection diodes to Vss only.

©,1999 Microchip Technology inc.
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TABLE 3-1: PORTA FUNCTIONS
Name Bit# | Buffer Function
RAO/ANO bit0 TTL | Input/output or analog input
RA1/AN1 bit1 TTL | Input/output or analog input
RA2/AN2 bit2 TTL |inputfoutput or analog input
RA3/AN3/VREF bit3 TTL | Input/output or analog input or VREF
RA4/TOCKI bit4 ST Input/output or external clock input for TimerQ
Output is open drain type
RAS5/SS/AN4 bits TTL | Input/output or slave select input for synchronous serial port or analog input

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on: | Value on all
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR, other
BOR resets
05h PORTA | — | — | RA5._| RAZ | RA3] |/ RAZ | RA1 | RAD |--0x 0000 |--0u 0000
85h TRISA — — | PORTA Data Direction Register ~=11 1111 |--11 1111
9Fh ADCON1|ADFM| — — | — | PCFG3| PCF&2 | PCFG1] PCFGO | =0~ 0ooo | --0- o000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0". Shaded cells are not used by PORTA.

Note: When using the SSP.module in SPI'slave mode and SS enabled, the A/D converter must be set to one of
the following modes where PCFG3:PCFG0 = 0100,0101,  011x, 1101, 1110, 1111.

DS30292B-page 30
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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (=1) will make the corresponding PORTB pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISB bit (=0) will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

Three pins of PORTB are multiplexed with the Low Volt-
age Programming function; RB3/PGM, RB6/PGC and
RB7/PGD. The alternate functions of these pins are
described in the Special Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the puli-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output.-The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RB0 PINS

Voo
RBPUR El_weak
q}“’ & pull-up
Data Latch
Data Bus
o a S
WR Port o
CK N pln(1)
TRIS Latch
D
< TIL
Input 7
WRTRIS CK\_ Buffer
RD TRIS
—ﬂ_; Q p b
RD Port EN
RBO/INT < E
RB3/PGM N |
Schmitt Trigger R
Buftor D Port
Note 1: I/O pins have diode protection to Vop.and Vss
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>)

Four of PORTB's pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e. any RB7:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins (of RB7:RB4) are
compared with the old value latched on the last read of
PORTB. The “mismatch” outputs of RB7:RB4 are
OR’ed together to generate the RB Port Change Inter-
rupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

This interrupt on.mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up-on key-depression. Refer to the Embedded
Control Handbook, “Implementing Wake-Up on Key
Stroke” (AN552).

RBO/INT is an externalinterrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail.in Section 12.10.1.

FIGURE 3-4:' ' BLOCK DIAGRAM OF

RB7:RB4 PINS
VoD
RBPU? weak
—q DpE pie
Data Bus Data Latch
D Q
/O
WR Port ek pint"
D Q
WRTRIS TTL
CK Input 7 <\7
p
Buffer ST
) 7/\] s Buffer
RD TRIS Latch
\/IFF Qa D
RD Port EN Qi
Set RBIF
From other C Q D
RB7:RB4 pins RD Port
EN
Q3
RB7:RB6 In senal programming mode
Note 1: /O pins have diode protection to VDD and Vss
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>)

Note: When using Low Voitage ICSP Programming (LVP) and the pull-ups on PORTB are enabled, bit 3 in the
TRISB register must be cleared to disable the pull-up on RB3 and ensure the proper operation of the device.

© 1999 Microchip-Technology Inc:
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TABLE 3-3: PORTB FUNCTIONS
Name Bit# Buffer Function

RBO/INT bit0 TTL/STY [ Inputioutput pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3/PGM bit3 TTL input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt on change). internal software programmable
weak pull-up.

RB5 bits TTL Input/output pin (with interrupt an change). internal software programmable
weak pull-up.

RB6/PGC bit6 TTLUST@ | Input/output pin (with interrupt'on.change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit7 TTLSTE | Inputioutput pin (with interrupt on change) orin-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST'= Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: | Value onall
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, other
BOR resets
06h, 106h PORTB RB7 RB6 RB5S RB4 | RB3 | RB2 | RB1'I RBO | xxxx xxxx |uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 111191111 1111 1111
81h,181h |OPTION REG [ RBPU | INTEDG | T0CS | TOSE | PSA [ PS2 [ PS1 [ PSO [1111 1111 [1111 1111

Legend: x = unknown, u =unchanged. Shaded cells are not used by PORTB.
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3.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (=1) will make the corresponding PORTC pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISC bit (=0) wili
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 3-5). PORTC pins have Schmitt Trigger input
buffers.

When the I2C module is enabled, the PORTC (3:4) pins
can be configured with normal 12C levels or with
SMBUS levels by using the CKE bit (SSPSTAT <6>).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin:. Some
peripherals override the TRIS bit to make a-pin-an-out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as
destination should be avoided. The user should refer to
the corresponding peripheral section for the correct
TRIS bit settings.

FIGURE 3-5:  PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<0:2>
RC<5:7>
PORT/PERIPHERAL Select(?
Peripheral Data Out A VoD
Data Bus 0 a 2
WR 1
PORT cK\La
Data Latch y&
» D 1o}
WR " pint)
TRIS cKQ N
TRIS Latch
= 1
Schmitt
RD TRIS Tngger 7
Penipheral
OE®) bt a D
RD EN
PORT
Peripheral Input
Note 1: 1/O pins have diode protection to VDD and Vss.
2: Port/Peripheral select signal selects between port
data and peripheral output.
3: Peripheral OE (output enable) is only activated if
peripheral select is active.

FIGURE 3-6:

PORTC BLOCK DIAGRAM

(PERIPHERAL OUTPUT

OVERRIDE)

RC<3:4>

PORT/PERIPHERAL Selectt?)

VDD
P
cKLQ
Data Latch %
I]e]
WR »— D Q pin)
TRIS
cK\_Q N
TRIS Latch
Vss
L
Schmitt S
RD TRIS Trigger 7
Peripheral
3
O Q@ D Schmmi
N Trigger
wi
il SMBus
PORT o levels
SSPI Input 5
1
CKE
SSPSTAT<6>
Note 1: /O pins have diode protection to Vob and Vss.
2: Port/Peripheral select signal selects between port
data and peripheral output.
3: Peripheral OE (output enable) is only activated if

peripheral select is active.

© 1999 Microchip Technology Inc.
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TABLE 3-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function

RCO/T10SO/T1CKI | bitd ST Input/output port pin or Timer1 oscillator output/Timer1 clock input

RC1/T10SIl/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2 input/
Compare2 output/PWM2 output

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/PWM1
output

RC3/SCK/SCL bit3 ST RCS3 can also be the synchronous serial clock for both SPI and 12C
modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data /O (1°C mode).

RC5/SDO bits ST Input/output port pin or Synchronous Serial Port data output

RC6/TX/CK bit6 ST Input/output port pin‘or-USART Asynchronous Transmit or Synchro-
nous-Clock

RC7/RX/DT bit7 ST Input/output port pin. or USART Asynchronous Receive or Synchro-
nous Data

Legend: ST = Schmitt Trigger input
TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Vv .| Value on
alue on: ail
Address | Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR,

other

BOR

resets
07h PORTC| RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO |2oexx axxxx |uuuu uuuu
87h TRISC |PORTC Data Direction Register 1111721111 §1111 1111

Legend: x = unknown, u = unchanged.

DS30292B-page 34
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34 PORTD and TRISD Registers

This section is not applicable to the PIC16F873 or
PIC16F876.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configurable as an input or
output.

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>). In this mode, the input buffers
are TTL.

FIGURE 3-7: PORTD BLOCK DIAGRAM (IN
/O PORT MODE)
Data
Bus D a
gORRT KL 10 pin(®
Data Latch
! D Q@
WR
IRIS | CK L Schmitt
Trigger
TRIS Latch oot
RD TRIS
Q D

EN

]
RD PORT f {>ﬁ

Note 1. 1/O pins have protection diodes to VDD and Vss.

TABLE 3-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSPO bit0 sTaTLM Input/output port pin or parallel slave port bit0
RD1/PSP1 bit1 STTTLN Input/output port pin or parallel slave port bit1
RD2/PSP2 bit2 ST/ATLM Input/output port pin or paraliel slave port bit2
RD3/PSP3 bit3 sTATLY Input/output port pin or parallel slave port bit3
RD4/PSP4 bit4 sTaTLM Input/output port pin or paraliel slave port bit4
RD5/PSP5 bits sT/ETL Input/output port pin or parallel slave port bits
RD6/PSP6 bité sTATLO Input/output port pin or parallel slave port.bité
RD7/PSP7 bit7 sT/TLMN Input/output port pin or parallel slave port bit7

Legend: ST = Schmitt Trigger input TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in I/O-.mode and TTL buffer when in Parallel Slave Port Mode.

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Val "

Address | Name | Bit7 | Bit6 | Bit5 Bit 4 Bit3 | Bit2 Bit 1 Bito POR, alue on a
other resets

BOR

08h PORTD RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO KXXX XXX | uunLu uuuu

88h TRISD PORTD Data Direction Register 1111 1111 |1121 1111

8oh TRISE IBF | OBFJ IBOV ESPMODE r— | PORTE Data Direction Bits 0000 -111 [0000 -111

Legend: x = unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by PORTD.

© 1999 Microchip-Technology Inc.
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LM555/NES555/SA555

Single Timer

Features

High Current Drive Capability (200mA)
Adjustable Duty Cycle

+ Temperature Stability of 0.005%/°C

« Timing From pSec to Hours

* Turn off Time Less Than 2uSec

.

Applications

» Precision Timing

* Pulse Generation

+ Time Delay Generation
+ Sequential Timing

Internal Block Diagram

Description

The LM555/NE555/SA555 is a highly stable controller

capable of producing

accurate timing pulses. With a

monostable operation, the time delay is controlied by one
external resistor and one capacitor. With an astable
operation, the-frequency and duty cycle are accurately
controlled by two external resistors and one capacitor.

8-DIP

il

8-SOP

GND

Trigger q

Output (3)—

Discharging Tr:

Reset (4

Vref

8) Vce

1Discharge

F/F ‘j—@'meshold

_<5> Control

Voltage

Rev. 1.0.3

©2002 Farrchild Semiconductor Corporation
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Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Supply Voltage \V/ele 16 \'
Lead Temperature (Soldering 10sec) TLEAD 300 °C
Power Dissipation PD 600 mwW
Operating Temperature Range

LM555/NE555 TOPR 0~+70 °C
SA555 -40 ~ +85

Storage Temperature Range TsSTG -65 ~ +150 °C
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Electrical Characteristics
(TA = 25°C, Vcc = 5 ~ 15V, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Supply Voltage vce - 45 - 16 \Y
Supply Current (Low Stable) (Note) e |CCESV.RL= - 3 | ¢ mA
urrent (Low Stable) (Note
upPYy VGG = 15V, RL = o 75| 15 | mA
Timing Error (Monostable)
Initial Accuracy (Note2) B o
Drift with Temperature (Note4) ACCUR | o\ = 1kQ to100kQ 101 30 %
Drift with Supply Voltage (Note4) AUAT | c=0ApF 50 ppm/°C
AYAVCC 4 0.1 0.5 %N
Timing Error (Astable) .
Intial Accuracy (Note2) ACCUR "|'RA =/1kQ 10100k 2.25 - %
Drift with Temperature (Note4) AUVAT C=0.1uF 150 ppm/°C
Drift with Supply Voltage (Note4) AtAVGC 0.3 %NV
Control Voltage [, Vce =15V 90 | 100 | 110 \Y
ro
on 9 ¢ [Vec=5v 26 | 333 40 | V
vce s 15V - 10.0 - \'
Threshold Voitage VTH
f Ve = 5V 333 \- v
Threshold Current (Note3) ITH - - 0.1 [ 0.25 HA
Tri Voltage VTR Vce = 5V 1.1 1.67 22 A"
rigger
99 9 Ve = 15V 45,1 5| |36 v
Trigger Current ITR VTR =0V 0.01 2.0 HA
Reset Voltage VRST - 04 0.7 1.0 \%
Reset Current IRST - 01 04 mA
Ve = 15V
ISINK = 10mA - 0.06 | 0.25 Y
Low Output Voltage VoL ISINK = 50mA 03 /] 0.75 \Y
Vce =5V
NN = /005 | 0.35 Y
Vcec =15V
ISOURCE = 200mA 12.5 - \%
High Output Voltage VOH ISOURCE =1100mA 12751 13.3 \Y
Vce =5V
JSOURCE = 100mA 275 | 33 | - v
Rise Time of Output (Note4) tR - - 100 - ns
Fall Time of Output (Note4) tF - - 100 - ns
Discharge Leakage Current ILKG - - 20 100 nA

Notes:

1. When the output is high, the supply current is typically 1mA less than at Vcc = 5V.

2. Tested at Vcc = 5.0V and Ve = 15V.

3. This will determine the maximum value of RA + RB for 15V operation, the max. total R = 20MQ, and for 5V operation, the max.
total R = 6.7MQ.

4 These parameters, although guaranteed, are not 100% tested in production.
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Application Information

Table 1 below is the basic operating table of 555 timer:

Table 1. Basic Operating Table

Threshold Voltage Trigger Voltage Discharging Tr.
Ve (PIN 6) 9 (?/fr) PIN 2)9 Reset(PIN4) | Output(PIN 3) (Png 7)9
Don't care Don't care Low Low ON
Vth > 2Vcee /3 Vth > 2Vec /3 High Low ON
Vee/3<Vth<2Vec/3 { Vec/3<Vih<2Veec /3 High - -
Vih<Vec/3 Vth <Vee/ 3 High High OFF

When the low signal input is applied to the reset terminal, the timer output remains low regardless of the threshold voltage or
the trigger voltage. Only when the high signal is applied to.the reset.terminal, the timer's output changes according to
threshold voltage and trigger voltage.
When the threshold voltage exceeds 2/3 of the-supply voltage while the timer output is high, the timer's internal discharge Tr.
turns on, lowering the threshold voltage to below 1/3 of the supply voltage. During this time, the timer output is maintained
low. Later, if a low signal is appliedto the trigger voltage so that it becomes.1/3 of the supply voltage, the timer's internal
discharge Tr. turns off, increasing the threshold voltage and driving the timer output again at high.

1. Monostable Operation

Trigger

+Vee

= R
1A

1Vidiv, &uw/div
T ] T e ]
—1 | Trigger 3 :F i

! b ! :

| [

‘ At + —H—r—
ST S A
| Outpm E .
LR . i _‘ -4 + L

N
S e s ety
B N ) g I |
Al RV4R Vel Ny

R,=9.1kQ, R =1hQ, C1=0.01uF, Vee=5V

Figure 3. Waveforms of Monostable Operation

10t

g L A0
S vl
g 10" /
L3
1 10? /

w* ‘ 1w 10* 50" 10° 10’ i’

Time Delay(s)

Figure 2. Resistance and Capacitance vs.

Time delay(td)
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Figure 1 illustrates a monostable circuit. In this mode, the timer generates a fixed pulse whenever the trigger voltage falls
below Vcc/3. When the trigger pulse voltage applied to the #2 pin falls below Vcc/3 while the timer output is low, the timer's
internal flip-flop turns the discharging Tr. off and causes the timer output to become high by charging the external capacitor C1
and setting the flip-flop output at the same time.

The voltage across the external capacitor C1, VC1 increases exponentially with the time constant t=RA*C and reaches 2Vcc/3
at td=1.1RA*C. Hence, capacitor C1 is charged through resistor RA. The greater the time constant RAC, the longer it takes
for the V1 to reach 2Vcec/3. In other words, the time constant RAC controls the output pulse width.

When the applied voltage to the capacitor C1 reaches 2Vcc/3, the comparator on the trigger terminal resets the flip-flop,
turning the discharging Tr. on. At this time, C1 begins to discharge and the timer output converts to low.

In this way, the timer operating in the monostable repeats the above process. Figure 2 shows the time constant relationship
based on RA and C. Figure 3 shows the general waveforms during the monostable operation.

It must be noted that, for a normal operation, the trigger pulse voltage needs to maintain a minimum of Vcc/3 before the timer
output turns low. That is, although the output remains unaffected even if a different trigger pulse is applied while the output is
high, it may be affected and the waveform does not operate properly.if the trigger pulse voltage at the end of the output pulse
remains at below Vce/3. Figure 4 shows such-a timer output abnormality.

] 1 [ N mim ‘

§ ; 7

Trigger

|

BH Sk
— { ESWEWEY |
S A i
//r'l'hreshold
A vaKl’devd

R, =9.1kQ, R, =1kQ, €1=0.01uF, Vcc=5V
Figure 4. Waveforms of Monostable Operation (abnomal)

2. Astable Operation

@28

VY
b

Capacitance(uF)

a0t 1N N Ny

CONTS)):—L T \

(1) c2 183 N N N
: 100m. 1 10 100 13 10k 100k
- Kl/ T Frequency(ts)

Figure 5. Astable Circuit Figure 6. Capacitance and Resistance vs. Frequency
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1Vidiy, SOme/div

[ 1 . !
] ]
Output
+ =1
Threshold
et
™
"4
i

R,=1kQ, Ry=1kQ, R =1kW; C1=1uF, Vee=5V

Figure 7. Waveforms of Astable Operation

An astable timer operation is achieved by adding resistor Rg to Figure 1 and configuring as shown on Figure 5. In the astable
operation, the trigger terminal and the threshold terminal are connected so that a self-trigger is formed, operating as a muiti
vibrator. When the timer output is high, its internal discharging Tr. turns off and the V1 increases by exponential

function with the time constant (RA+RB)*C.

When the V1, or the threshold voltage, reaches 2Vec/3, the comparator output on the trigger terminal becomes high,
resetting the F/F and causing the timer output to become low. This in turn tarns on the discharging Tr. and the C1 discharges
through the discharging channel formed by RB ‘and the discharging Tr. When the Vi falls below. Vee/3, the comparator
output on the trigger terminal becomes high and the timer output becomes high again. The discharging Tr. turns off and the
V1 rises again.

In the above process, the section where the timer output is high is the time it takes for the Vi to rise from Vec/3 to 2Vec/3,
and the section where the timer outputis low isthe time it takes for the V¢ to drop from 2Vec/3 to Vee/3. 'When timer output
is high, the equivalent circuit for charging capacitor Cl is as follows:

4 c1

c |
1 T_Vcl(O-)=Vcc/3

dvc1 VCC—V(O-)

Cigr = Ra'Rg )

Vc1(0+) = VCC/3 (2)

t
'(’(RA+RB)C1)
Vc1(t) = VCC 1—§e 3)

Since the duration of the timer output high state(tn) is the amount of time it takes for the V¢ 1(t) to reach 2Vec/3,
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[whger
2 _ 2 —(RA+RB)C1]
Ver® = 5Vee = Vool 150 (4)

ty = C1(RA+RB)|"220'693(RA+RB)C1 (5)

The equivalent circuit for discharging capacitor C1, when timer output is low is, as follows:

B
I
+
c _[_ (0-)=2Vce/3 : % R,
L
dv
C1 1 _
t
2 “(Rp+Rp)C1
Ve =5V ce (7)

Since the duration of the timer output low state(tL) is the amount of time it takes for the VC1(t) to reach Vce/3,
jhar” ‘B,
(R At RD)C 1

&y
t, = C4(Rg+Rp)in2=0693(Rg+Rp)C, (9

1 _2
EVCC = §V (8)

Since Rp is normally RB>>RD although related to the size of discharging Tt.,
tL=0.693RBC1 (10)

Consequently, if the timer operates in astable, the period is the same with
"T=ty+t1.=0.693(RA+RB)C1+0.693RBC1=0.693(RA+2RB)Cy’ because the period is the sum of the charge time and discharge
time. And since frequency is the.reciprocal of the period, the following applies.

1. 144
T~ Ry+2Rp)C, Ay,

frequency, f=
3. Frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 1 can be made to operate as a frequency divider. Figure
8. illustrates a divide-by-three circuit that makes use of the fact that retriggering cannot occur during the timing cycle.
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1V/idry, 25us/div
B 1T 1 T T "%}y 1T \

L) R

Trigger

S HEEE B SgansatsamnnnsabaXalanh (551 RIS RRERR REC LS e

Outpﬂ
sl T | L
/./‘ Threshold V /n ‘;

R;=9.1kQ, R <1kQ, C1-0.01uF, Veo=5V
Figure 8. Waveforms of Frequency Divider Operation

4. Pulse Width Modulation

The timer output waveform may be changed by modulating the control voitage applied to the timer's pin 5 and changing the
reference of the timer's internal comparators, - Figure 9 illustrates the pulse width-modulation circuit.

When the continuous trigger pulse train is applied in the monostable mode, the timer output width is modulated according to
the signal applied to the control terminal. Sine wave as well as other waveforms may be applied as a signal to the control
terminal. Figure 10 shows the example of pulse width modulation waveform.

1V/dw, 100us/div
O £t b il B T[]
iCon K Trigger]
WAGEZ | Rl & |
s & - =
ZaG Wl ™ '
T By 4
I A
/ | g s
R L
Treshold i _{()Iﬂpll
¥ - o

iNY
(11 L

i

R,=9.1k0, R, =1kQ, C1=0.01uF, Vee=5V

Figure 9. Circuit for Puise Width Modulation Figure 10. Waveforms of Pulse Width Modulation

5. Pulse Position Modulation

If the modulating signal is applied to the control terminal while the timer is connected for the astable operation as in Figure 11,
the timer becomes a pulse position modulator.

In the pulse position modulator, the reference of the timer's internal comparators is modulated which in turn modulates the
timer output according to the modulation signal applied to the control terminal.

Figure 12 illustrates a sine wave for modulation signal and the resulting output pulse position modulation : however, any wave
shape could be used.
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1V /div, 100us/div

T i

o] |
1M AN

: Hl LG
|[NREIR AT

R,=3.9kQ, R =1kQ, R =1kQ, C1=0.01uF, Vec=5V

Figure 11. Circuit for Pulse Position Modulation Figure 12. Waveforms of pulse position modulation

6. Linear Ramp

When the pull-up resistor RA in the monostable circuit shown in. Figure 1-is replaced with constant current source, the VCj
increases linearly, generating a linearramp. Figure 13 shows the linear ramp generating circuit and Figure 14 illustrates the
generated linear ramp waveforms.

= +Vece
Y 1 | 1Vidiv, 25us/div
2 R1 4 iR ‘. ]
Trigger
J /
2 S
veRIzaNilpall
! i i
= R2 | :
Output Wie | Output "
|
¢ |
R £ 4
—J / T LLl__LA,,4 J_;Ag [ 1
R1=47KQ, R2=100KQ; R =2.7kQ, R ~1kQ, C1=0.01uF, Vco=SV

T
I

Figure 13. Circuit for Linear Ramp Figure 14. Waveforms of Linear Ramp

In Figure 13, current source is created by PNP transistor Q1 and resistor R1, R2, and RE.

Vam—V
ccVE
.=-CcC E (2
C RE
Here, VE is
Ry
Ve " VBe*R7R,'cc (P

For example, if Vce=15V, RE=20k€), R1=5kW, R2=10k{, and VBE=0.7V,
VE=0.7V+10V=10.7V
1c=(15-10.7)/20k=0.215mA
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When the trigger starts in a timer configured as shown in Figure 13, the current flowing through capacitor C1 becomes a
constant current generated by PNP transistor and resistors.
Hence, the V( is a linear ramp function as shown in Figure 14. The gradient S of the linear ramp function is defined as

follows:

\)
S = _81__'_2 (14)

Here the Vp-p is the peak-to-peak voltage.
If the electric charge amount accumulated in the capacitor is divided by the capacitance, the VC comes out as follows:

vV=Q/C (15)

The above equation divided on both sides by T gives us

(16)

~H<

Q/T
C

and may be simplified into the following equation:

S=I/C a7

In other words, the gradient of the linear ramp function appearing across the capacitor can be obtained by using the constant

current flowing through the capacitor.

1f the constant current flow through the capacitor is 0.215mA and the capacitance is 0.02uF, the gradient of the ramp function
at both ends of the capacitor is 8=10.215m/0.022u = 9.77V/ms.

10
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Octal High Voltage,
High Current Darlington
Transistor Arrays

The eight NPN Darlington connected transistors in this family of arrays
are ideally suited for interfacing between low logic level digital circuitry (such
as TTL, CMOS or PMOS/NMOS) and the higher current/voltage
requirements of lamps, relays, printer hammers or other similar loads for a
broad range of computer, industrial, and consumer applications. All devices
feature open—collector outputs and free wheeling clamp diodes for transient
suppression.

The ULN2803 is designed to be compatible with-standard TTL families
while the ULN2804 is optimized for 6 to 15 volt high level CMOS or PMOS.

MAXIMUM RATINGS (Tp = 25°C and rating apply to-any one device in the
package, unless otherwise noted.)

Order this document by ULN2803/D

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

Re JA = 55°C/W
Do not exceed maximum current limit per driver

ORDERING INFORMATION

Characteristics
Operating
Input Temperature
Device Compatibility VcE(Max)/ic(Max) Range
ULN2803A | TTL, 5.0V CMOS
= + =
ULN2804A | 61015V CMOS, PMOS | o0 VP00 MAT | TA=010+70°C

Rating Symbol Value Unit
Output Voltage Vo 50 \Y%
Input Voltage (Except ULN2801) Vi 30 V A SUFFIX
Collector Current — Continuous Ic 500 mA PLASJL%EP}},S? GE
Base Curmrent — Continuous I 25 mA
Operating Ambient Temperature Range TA dto+70 °C
Storage Temperature Range Tstg ~55to +150 °C
Junction Temperature TJ 125 °C PIN CONNECTIONS

U

Ly
Dot
Dc o
™

F EE B

= [T
B SESIERERERERERE

Gnd[Sf—

© Motorola, Inc. 1996

Rev 1




ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS (Tp = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Leakage Current (Figure 1) ICEX uA
(Vo =50V, Ta =+70°C) All Types - - 100
(Vo =50V, Tp = +25°C) All Types - - 50
(Vo =50V, Ta =+70°C, V| =6.0V) ULN2802 - - 500
(Vo =50V, Tpo=+70°C,V|=1.0V) ULN2804 - - 500
Collector-Emitter Saturation Voltage (Figure 2) VCE(sat) \Y
(Ic =350 mA, ig = 500 pA) All Types - 1.1 1.6
(ic =200 mA, Ig = 350 pA) All Types - 0.95 1.3
(Ic = 100 mA, Ig = 250 pA) All Types - 0.85 1.1
Input Current — On Condition (Figure 4) lifon) mA
M =17V) ULN2802 - 0.82 1.25
(VI=3.85V) ULN2803 - 0.93 1.35
Vi=5.0V) ULN2804 - 0.35 05
(Vi=12V) ULN2804 - 1.0 1.45
Input Voitage — On Condition (Figure 5) Vi(on) \
(VCe =2.0V, Ic =300 mA) ULN2802 - - 13
(VCE =20V, ic =200 mA) ULN2803 - - 24
(VCE =2.0V, Ig =250 mA) ULN2803 - - 27
(VCE=2.0V, Ic =300 mA) ULN2803 - - 3.0
(VCg =20V, Ic =125 mA) ULN2804 - - 5.0
(VCE = 2.0V, I = 200 mA) ULN2804 - L 6.0
(VCE =20V, Ic =275 mA) ULN2804 - - 7.0
(VCE = 2.0V, Ic = 350 mA) ULN2804 - X 8.0
Input Current — Off Condition (Figure 3) All Types li(off) 50 100 - A
(I =500 pA, Tp = #70°C)
DC Current Gain (Figure 2) ULN2801 hFe 1000 - - -
(VCe=2.0V, Ic =350mA)
input Capacitance Cy - 15 25 pF
Turn—On Delay Time ton — 0.25 1.0 us
(50% E; to 50% EQ)
Tum-0ff Delay Time toff - 0.25 1.0 us
(50% E) to 50% E@)
Clamp Diode Leakage Current (Figure 6) Tp =+25°C IR - - 50 uA
(VR=50V) Tpa =+70°C 100
Clamp Diode Forward Voltage (Figure 7) VE - 15 20 \Y
(I = 350 mA)

2 MOTOROLA ANALOG IC DEVICE DATA




ULN2803 ULN2804
TEST FIGURES

(See Figure Numbers in Electrical Characteristics Table)

Figure 1. Figure 2.
0
Open  VCE pen e
Pre =1
n
Vi DUT
= Ic
Vee
Figure 3. Figure 4.
Open - VCE Open

Figure 5.

Open

Figure 7.

MOTOROLA ANALLOG IC DEVICE DATA



I, COLLECTOR CURRENT (mA)

(N, INPUT CURRENT (mA)

ULN2803 ULN2804

TYPICAL CHARACTERISTIC CURVES - TA = 25°C, unless otherwise noted
Output Characteristics

Figure 8. Output Current versus
Saturation Voltage

I, COLLECTOR CURRENT (mA)

Figure 9. Output Current versus
Input Current

600
Ve
All Types
400 -
200 /
0 [
0 200 400 600 800

i, INPUT CURRENT (uA)

input Characteristics

600 J(/
All Types /
400 /
/
200 /
/
/
0
0 05 10 15
VCE(sat). SATURATION VOLTAGE (V)
Figure 10. ULN2803 input Current
versus Input Voltage
20
15 //
/
05 ]
0
20 25 390 35 40 45 50 55 6.0

Vin, INPUT VOLTAGE (V)

HiN, INPUT CURRENT {mA)

Figure 11. ULN2804 Input Current
versus Input Voltage
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Figure 12. Representative Schematic Diagrams
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OUTLINE DIMENSIONS
A SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUE C NOTES.
1. POSITIONAL TOLERANCE OF LEADS (D),
M Y MY SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM
':;' AROAG TR MATERIAL CONDITION, IN RELATION TO
SEATING PLANE AND EACH OTHER
p B 2. DIMENSION L TO CENTER OF LEADS WHEN
Oy 9 FORMED PARALLEL.
. DIMENSIO! ES N E M
R YRYRVRVET RV R YR VR Y 3&»:5“ N B DOES NOT INCLUDE MOLD
A———— MILLIMETERS INCHES
DIM| MIN | MAX [ MIN | MAX
L A | 2222 | 2324 [ 0875 | 0815
B | 610 | 660 | 0.240 | 0260
C ] 35 | 457 ) 0.140 | 0.180
D] 03 | 056 [ 0014 ] 002
F 1 127 178 [ 0050 | 0.070
G 2.54 BSC 0.100 BSC
Wl 102 ] 152} 0040 | 0060
M Y J | 020 [ 030 0008 | 0012
K] 292 | 343 015 0138
L 762BSC 0300 BSC
] 0o 180 g°] 450
N o051 ] 102 [ gozo | 0.04g

MOTOROLA ANALOG IC DEVICE DATA




	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\1Title Page.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\2Abstracts.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\3Contents.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\4Lists of Illustrative.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\5Chapter  1.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\6Chapter  2.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\7Chapter  3.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\8Chapter  4.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\9Chapter  5.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\10Bibliography.pdf‎
	‎C:\Users\Lib\Desktop\ปพ. combine นราวุธ-ปณิธาน_120_จักกรี\ปฐมพงษ์_บุตรดี\11Appendix.pdf‎



