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Abstract 

This research report of the Aluminum Can Recycle Machine Project is 
contrived the experiments at Rajamangala University of Technology Phra Nakhon by 
the hydraulic pressure. Nowadays, the cans make by aluminum material very useful in 
several liquid packaging industries. When people consumed the liquid inside the cans, 
then the cans are worthless. But the cans can be recycling from the waste material. 
Although, we have to reduce the waste materials, to follow our world as 
improvement. 

From the reasons that we mentioned, we decided to start the Aluminum Can 
Recycle Machine research project to keep him or her eager to put the cans to the 
machine for consumer then encourage them by giving something back such as a 
candy, or a rubber etc. 

The system working by a PLC, it controls the hydraulic pressure, receives the 
sensor signals, and displays status via the 7-segment panel. The machine accepts the 
standard beer can and the soda can for 10 c~s a time in a slot, when consumer put the 
cans into the can receiver block the machine gives a candy back to a consumer. After 
a receiver-block has the 40 cans inside, the machine pressing the cans at once then 
releasing it to collector block. 
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• .,
1.1 fllUJI iJ,nJ1IlD::fllU1iJ1tt&!l 

• • II • 

1Uil'l~,ju1J~1:I61n,:ijfll11Jfl~;I;1Jfff1.:1lnfllu lauihiuff,j'f/ ;jU1J1111)jV~lit)f/'l11a1f/ 

VOH1)jl1'l:Ii1UlnfllU lam.H~lU~~ff111m'i1J~lU101:Ipt'im'i1J~lUfl11m'i1J li1U~U 1J~1:I61'i1 
: JJ4.Q ... " do JJ

UU'l::~ V.:I1J n 1'1 ~tlltl fl1J11I1ft1J1 n1J1f/11a1f/6f1l.:lftV1Jfll11JptV.:I fll'i mJ:u11J11~ft 6111J~fll11J 

J/ d 1t1': .4 • 1"" ~ .1.4 ~ iJ" .. ~ I0;\6.:1fll'inU1 fI.:I CJS.:Ifl1 111J'1t1:1ft1J1J1fl'IJUCJS.:IllJU q,111n1J1Jla1J~1:ItIl1JU6t11.:11J1fl 

" . . " .
~::,ru~itli.:lfl~'Hml61a.:lii1)j~6.:1fll'ina1J1J1,-n'H)jonfli'.:Ifil'i1iitlmiul1fll'i;1CJSlfla . . " 

(Recycle) lf1t1m'ilhiff~i11f,hmw:1J1'i~~a~tltu'l1iiQn'fttluKlmi1J1Jl1.n11)jonfli'.:I1)jl1'l:: 

• ., 1 ~ tI ..... 1 'd .4 ~ tI ., 0 , J/ 1 11~"'"0u1na1J1Jl ~ &U1 U1J1Jl~1J'H'i6 1Jn~l1J CJS.:I'l:I1JUfll'i 'i:11lJ~ua:fl1 11a~'llU1U'UtI:a.:l t "6n 

J/ ., t 4 1~'" 0 A...., iI : A .1 A ~ 0 tI 
~1t1 ~.:IUUU tlfl~'l::fl11ft'itH1J1J6~m~U:m:: 6.:1U1~1J 'UUlftVI1JUfll'ia~'llU1U'UtI:: 1::1tlfl 

. " . 
m::i1V.:Ia.:lU'l.:1Ua::lhm::iJtHii1~i'1J1J;'lfl1J1 na1J1m1CJSlfla6nfli'.:I l-n6a~fll'i1oNfli'fttl1m'UV.:I 

., J/ 1 J/.I ""' .....!!/ 1 '1 .:i ~ A "'" ~ i1 ... J/ d ..01antI'i::nV1Jn1J;\V.:Ifll'i 'HlJ'i::~l~U1JUritI 1'1' 'lrl.:lUlfn1V1JWtl1J~U1m: V.:I1J11J'i'llflUaln'l::1J 

~ d J/ 4 4,J/... 11 .4 0 'iJ ...
ff.:l'U6.:1~61JUflUlan'lu6t1'ltlVn1J1'lmfl'jV.:I lft6 11lO~UH!.:I 'I Ufll'ifl'l:U1m: 6.:11J11J'i'lfl 

JI 

~ni11h1t1il.:l1Ut1.:1'IJtI::1i'i·nl~1 1~t11)jln~tI'i:: lt1~u 

1.2 1flfJtl1::i;f-3~• . . 
1.2.1 l-nvafl~lU1U'UtI::ihi1uiff~~lft1n la11::1H'U'6fJa.:l• .. " 

~ " 4 ., Q iJ d." 0"1.2.2 lftVff'i1.:11fl'iV~'i1J1Ja1flm:: V.:II1JtI'iUa::U1V~a1J 

1.2.3 tI~nN.:Iiifftl~;ltlfl61111'1hl~'1t11H'1'hun1ut)tufhm~u::1Jn~ 

1.3 'U61JI'Ufl-31"loDtI 

.o!I. ., " .o!I iI a.....,i1." " 
1.3.1 lfl'IV.:Iff11J1'ifJ'I1Jm:: V.:IU1Vfla1J11'.i6m:: V.:II1JtI'il'Yl1UU 

] .3.2 m::i1v.:I~i~i'1J'l::\lnihnlf1'H'afla.:J 4/5 It;'.. 
" 1.3.3 '.iv.:Ji'1Jm'.i'rim::i16.:J1~ \l.:J"t~ 40 m::i1V.:I~vfli'.:I . .
 

] .3.4 iimHl'.i1;)ffV1Ji1Iilum::i1v.:IlfliV.:I~1J11iV1)j 

1.3.5 iim'.i~lU~.:I'lJV.:J;\V'l..JU't1Uliluflln).:Ih.. 
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. " ... il d'" ...
1.4.1 1Jmo~ ty'tf1lU'l::1'tf9J"aYlLflA"U 

" 
1.4.2 ffmntl111Jli1U hJ1~"o~ ltlH~lUft!61Jn~"61J1"91"tH~lU 

" 1.4.3 tl111Jftf61J"O~1ff~lIa::~UmW111Jn~tl1'tfUA9Il11~tl11~1IiiU~lU 

1.4.4 fff1~lIa::9111~ff61J1I01"~61Jflfti6~ 

1.4.5 Ul'u1~lIa::fff1~~ij6fll'.i1~~lU 

_I ~ ..... • ~ 1.5 U'.i:: ItJ"tlt1fl1~11"':: ~'nJ 

1.5.1 'li1vafl~lU1U"V::~lnU1ff~~lft1flla'tf::lIa::U1 fln1J'ulfl'tf~ 
. " 

1.5.2 1"';lh::'lf1'lfuiiiiffV1ii1~ff ~1I1A ~()1J1U tl1'.i;l~"lJ::lIlJfltl'.i:: U'l'n 
. "~ ... ~" 1 0 '.1 01 1"d.1 .... oS ...1.5.3 I'VWilJU9IUU1J1J Ufll'.iU"1 1Jft~Ul 'tf1J1J1::ffYl1Ul1ft~~"U6fl 

1.5.4 U1 'Uli~U1Ua::tI'.i::qn9i'1cN~lu 1U~lU~91ff1'tfm'.i1J~1~lJ1~6~'~ 



... 
U1I1I2 

2.11J'rnh 

2.2 T1J11101JJ1JJ1~DD8iOfltn~lrmuD8i (PLCl . 
PLC LilUfltlonU'l1UA1'll'flA - t'flilYl (Solid State) nnH1UllUtH'I8iO (Logic 

Functions) m"i88011UUm"in1-1l1U~8-1l PLC '::frK1rJti1J1n;Om"inH1U~8-1lfl81J,"11fl81\'110
 

., A ~ ~.,c: d ,


'tr~Omn'tU!lUllll1 PLC ,::tl"i::08U~1v~tlmQlYll"iV011Solid - State Digital Logic Element 

41"0 "'~1 ... 1"-'''' 0 4 ...L't't8 'trYlH1UU~::9'lAaU 'UU1J~8\ln PLC 'l1nl1f"iUfl1Uf11Jm::U1Um"iYl1-1l1U~8-1l1mV-Il,m 

1f;v~tlmar~h-llC'j 1u lH-Il1Uf}9'lff11fm"i1J 

m"i1~ PLC ~lV~Vm"im"iLtlgvUO"i::U1Um"iNfl9'l1f;Vm"iauium1nH1uh,u 
. "" 

ffl1J1Hln'11~lAVm"iltlavultl"ium1J1'truL,huu uvmnoulrK1 PLC V-ll1~"i::uulCJIflfl- ft'L9'lYl 

~ , 4.... ... .. 1-.1-~'" , 4 " :
'll'-IlU1L'l1VOVn111::U1J1A1J onOUm::uff 11111UVrJ011 U~::ft'::A1n011L1JV9'lV-Ilm"i~V1V~U9'lVU 

o 4 .., 
m"iYl1-1l1U~V'ILmV-Il,m 

2.2.11m 'Ift'!H~V'I PLC 

PLC lrJUf}tlmarf)ij1Jfh19'lv1ff1'tri'u1-nU-ll1U~f1ft'1'trm"i1JPLC tl"i::nVU~1V 

'trU1Vtl"i::1J1~N~0~1'1'trU1Vfl111J~1 'trU1Vi'UoU'V1J~ 'trU1Vff-lloU'V1J~ 1l~::'tru1vilvultl,um1J.. .. 
" . 

PLC ~Ul~uan ihutl"i::nv'l..n;'I'tr1JA~V'I PLC \l::"i11JnUlrJUlfl;V'IL~V1 u~d'11rJU~U1A1'trw 

ft'11l1':iClLWnVVflLrJUff1utl':i::nUlJVvvC'j 1~ 

'I1U1Ufl111J~1~U'I PLC 'l.h::flVU~1V 'trU1Ufl111J~1'l1UA RAM ll~:: ROM 

'I1U 1Vfl111J~1'lfUl1 RAM n l'tr,rl~LfhJ i 'l..hllm1J~v-Il~1~u~::~m.l~ffl'l1i'1J 1cnum"itl~,j~-IllU 

'UV'I PLC ff1U ROM iil'l1,rl~Ln1JhhumlJffl'tri'u1cnumnJ6,j~'I1U'UV-IlPLC 9'l11J ltl"ium1J 

,,~ " . i-IlJ"ium1J1'"AUfl~'l..J1 '1""11 m'l11~"Ll~1'll'V1J0 ",'UU'I~ l'lf ROM UUlJl\llfl Read Only Memory ffl1J1"iO 1J 

hj1~ 

v 
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fll"'~ 2.1 flll't'U6-3PLC ~'~nU\)1-3 

... " .. <4 
~:;1J1JIIILfl1'U'1f 11~6 ~::'lJ'lJ 1thUfl~1JL1Jdln 

'~fll~L~'UfflV'-W ~6~fl fl6'U "Y1~t\la6{ 

ffl1Jl~f1Ui''lJLU~V'UUni'U 

Vlfl lfi1Jl9i1J'~~lV 

I , ... 

1Jlflfl111l't~1::ff1'U'YI . . 
<4 ... 

lflt\6'U'YI1Jlfl 

d .1f1111Jln 'Ufll~'YIl-31'U 

'\J'Ul~ 

ffrurulW~'lJfl1'U 
u u 

d 
1~1 

d 
rtlfl 

'" f11Jlfl 

l~nt\l1Jlfl 

" 1~ ...Vlfl 9l6-3 'JI'~mfJ;)1'U1'U1Jlfl 
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" . 
1) RAM (Random Access Memory) 'tnhlJtl111HhtJ'J::u)'YlUu::ihL1JflLflo'iLgn'1 9i0 

1~ .4 1".1" .4... 1'" .... 0 1~' 4.~ 1'W0 'lflfttJ~'U0\lftlUOmfi ,"fltJ nU61UUft::&'UtJU1tJ1umuft~1u RAM fIl ~HltJUln U~l'tfUl:: 

titJnT:i1~~ lU1U':i ::V::Y1flftO~lfl4 6~ ~iim1 ltJ~lJUUUft~utf1'U 1tJ':iumu~ OtJ'1 

2) EPROM (Erasable Programmable Read Only Memory) 'tn';'ltJfl'llUil'lfUfI EP­
" . 

ROM U'il::~0~1~Lfl;0~ijo-Wlfl'U1U0l11;;lJU1u':iun1u Ol':ift1J1tJ':iun1U,.;, 1111f1vl.rmH 

... 1 'i .<I" ... to ... ~1 1 I oS~ • ./ ...
oft~n 'llOlft~ 'tf':iO~lmlflfl':iOU'1 U1U'l ':U'U6f1P1HlI tJ1un1U':: U~ty'tfltJUU&nfltJ ,~ 

... 1" ..l1·" .,~ 1·'l'tfUl::n1Jnl1 'l1·nuYI 1Jflo·ml11ufttJU u1umu 

" 3) EEPROM (Electrical Erasable Read Only Memory) 'tfU'ltJfl'llU1il'lfiiflU11i~6~ 

1~Lfl~o~ijo-wLfn, 1Unl11;;tJUUft::ft1J1tJ,1ln,U 1f1lJlf1iOl':illH1~\hl'tfij6u titJ RAM 

~ d1 .0 ~ ".cI ..l 1 A 1 ... .. ........l
UOfl'illmnm 1J'ill!lJ1.-Jl9ltl~lJU1J~lflO·Hi"'6~,"W6 '"flU 11fl1u::u'W~n'll UflU::1'lUflWn'1J1J~'Y1 

......" . 1"" ...
f1'U0~Y1~ RAM llfl::; EPROM l{)l 1fl'lfJnU 

,
~lnlVl lil1PI'l'lfi 

---""'! ' 
'llJ~[1 11J~ft 

!~-l--l 
i Uml,l"lo1,.. . 

t __ ~ .. ..___~ _ __ , ... __,.. __..


..l "'im'WYI 2.2 lflHn'';i1~'UO~ PLe 
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2.2.2 ff11Jth::fltltJ'IlfH PLC 

PLCl11U~tltlfl'~ 3 ff11J~1rJfi1Jfttl 

1) ff1U~Lrl1J'.nhmh::lJ111Ffi'lflll1~ (Control Processing Unit: CPU) 

2) ff11J~L~1JV1J1JWLtl1~1J~(Input Output: I/O) 

3) ff1U~Lrl1J~tJmWfl1~ltJ~llmlJ (Programming Device) 

CPU L~1Jff11JJi1JfflJtl~'IItl~~::tJtJfmJl1J'l::11~::fltltJ'111{1u1n~Logic Gate 'rUA 

~H"l 11111U'rUA llll::ii Microprocessor - based 1~dll1i'tJLLYl1J~l1mwhrnfliLll~(Relay) 

~ ~ , ~ .. ~ ... lt1J!<1~1' 1"
Lfll1JL~fl~ (Counter) Y11lJtl~ (Timer) 1l1l::"JfLfl11Jl.tl~ (Sequencers) l'rftl 11~ L'r LfltltlfllltJ1J 'r 

.. ~ ~... ",_1,1'
1~'lnlllU UllALAtl~ lltl'lfl (Relay Ladder Logic) L'II1 11 fI 

CPU 'l::UtllJi'tJ (Read) V1J1J~ Al9l1 (Input Data) 'llfl~l1mw"ffftyty1W (Sensing 

" Device) ~1~"l 'llmr1J'l::tJ~lliifl1~LLll::L~tJftl2JlllAlJl~11~lLmlJ'llfll1\l1Ufl11lJ~1LLll::ff~~tl2Jll 

~Ll1lJ1::ffll~fl~tl~'tJ6~~l1mWfl1tJfJlJ(Control Device) 11l1ri~'IItl~m::hHh~H (DC Current) 

dll1i'tJl~ff!l~hll~~l (Low Level Voltage) ~~1fiAUl11~L.ffl.tl';(Processor) LLll::'tlltlllJ~ll 
• • ,.: d '1'4 ... , ... ~ 4 ... "'1'.1 . '" 

(110 Modules) lLll::LLl111~'ll(J WU'l::Lfl1J -~Y1 CPU l1~tlUtlfltltlfl tJ~A~~Y1~Afl1Jfl f1"1Jtl~fl1J 

I·_-=-L_:_:~~} I 
. ,I ulllil·i"tol,.j .--------, 

"-- .1 

fll'rf~ 2.3 fl) ff11J11~::flfl'lJ"fl~ CPU 

1l1mtJ (fl) L~1J CPU ~~1lJLLl1ri'l~ltl'WLf1~1Uti1Jff11J111 ('U) ll::UUflLmri'l~lU'~.. .. 
BBflll1~n111fl iJ'Iijff11J~d1flty~tldl1J'A"~H CPU flfl'l1Al1d'l fiB Processor - Memory Module 

~'1titJff1ud1flty;1Jl11qjl1J~1Litl1J(Housing) 'U~'1 CPU ,j1JL~1Jfflltl'l~fl1tJfJllhlmmll flltJlu 

... 1 'JJ .d 'JJ.d d 4" 00 I

u1::flBtJWW Microprocessor Memory Chips Y1Y1111U1YlLfltJUll::mJfl'UBllll'il1fll1lJ-Wfl111J'il1.. 
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IIlli; 1..i WlYi'\lIU PLC ii~lh'l1,h1 

rln Ii!11 un:111 t)~' ~1li1 f1-l 11111liltr 
pLe Id'JlllIJ 

1\1,,' J \I j}~iliUlJlll'Um'....1JiI-1'm 31:; In! 

~" nlll,m'l11dmmll"'lHu,",,,b:;n!l\1 
j\11nnjw,l 'lU'li1 

m'Vt~ 2.3 'II) ff1'U1.h::mnJ'IIo-3 CPU 

fll'J1J'J::1J1flFU1'll0-3 CPU 91nl1J'Jumm;, 'A'lAtJi1.J~o\lfl91n'H\l1tJv'U~'1Ufl:: 

101~l1\9l UCl:: ff -3~O\lfl~A"'ltJ~'A'91nfll'J1J'J::1J1flfm '1Jii-3'HU1~L01~l1'1 ii tJn-,h fll'J ffun'U 

..6"1" 0 ..64 I l '(Scan) ~.:J ~'l111fl191'U1'U'H'U-3 mln11 I1fl1ffun'U (Scan Time) I1Cl1 'UfllHrun'UU'lCl:: 

'J01.J'IIlH l1J'Jum1J ..,iO~1'U11..1V1..I'r1I11/L01~l1'1..,iO~11..111..1~1JmtU~~091nPLC L';1..I 

.,j ... .. ~ " .. I': 0 1" 1 .1 ~" LmO.:J'rf1J'rf 90fll'rf LlJ'U11I1..I ~1JmQU'HCl11..19::'YIl 'HI1Cl1 1..Ifll'JffUn1..ltJ11'U11..1'11'U fll'JL'J1J11I1..Ifll'J 

ffun 1..1 L~1J U1ni1.Jfh'll0-3ffIll1::'II0-3~1Jnnu91n'H U1tJV1..I'r1'11J1L~1.J1111..1'H U1tJfl111J~1 (Memory) 
It" J/ 

Lff~ 9U f(19:: -n1fll'J 1Jfi,j~fll'J11I11Ji 1J'jum1JnL;;tJ'U'i'n Cl::fllff'.:J 91n'H U1tJfl111J~lU1..1 'D1..Iff1..l ~A 

IIfl1ff.:J 11J~'H U1tJL01~'r1'Y1 
~ d_1 Y 

fI11JIll'Vt'YI 2.6 UffPl-3fll'Jffun'U'IIO.:J PLC 'YIlJ'J::n01.JA1tJ va Scan UCl:: Program Scan 
..6 ...
~.:JLn'Ufll'jffun'UL~W1 (Single PLC Scan) 
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J- Computer LiJlk 
I Program Loade~M:.Adapter~ 

Pane1MlJIIIlt ~ 

Loader 
I-

Extension Cable 

E'PROM 

(4KSTEP) 

EPROM 

(4KSTEP) 

16 DC Input Ufti$ource) 

- 24 VDC Input Type 

-5 VDC Input Type 

Hi DC Inputuftit(Sick) 

- 24 VDC Input Type 

8 DC Input Unit(Source) 

CPU Unitt' 

- 24 VDC Input Type 

8DC Input Uftit(Sick) 

- 24 VDC Input Type 

t--

H Espension Base ~ I- -ForCPU 

Espension 
- t--

PowerUftit 

8Relay Output Unit 

- 110 VACI24 VDC,SA Type 

10 Transistor Output UDiI (Sick) 

- 12;..28 VDC Output Type 

I Hi Transistor Output UDiI (Source) 

- 12-28 VDC,50 mA Type 

Analog Output Unit 

- Votage Output Type 

- Clln"ent Output Type 

Intetface Uftit 

I 

Double Mate 

- For Expension 

Personal 
r-­

Computer 

I 
Fiber 

I 
Cable 

Link Unit Link unit 

Fiber Link 

MainUftit 

Cable Link 

Main Unit 

Personal 

Computer 

Personal 

Computer 

IDummy Unit I 
IExternal Power Unit I
IHi8h-6peedCounterUnit I 

14 0 
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... 
.fl1'rf'YI 2.6 I/O Scan LLa::: Program Scan 

~ln.fl1'rf~ 2.7 Uff~-30-3m11.1n1J"'iim1'\Jo-311.11un'1J Ua:::iim111.1Srnm1.11H 

1:::l1'h-3l1al~nla-3ffUflU ~-3 PLC 'Uffl1Jl10~~:::ltJ~fluu1Ja-3fll,jU'A u~~:::i'1JH"u .. . 
111.hfltl1111~1 11a-3~lfl,:rU1jjoihm1fflLnU~111l1hun11111fl1Jfoflm~'1 ;-31.hNam, ... . 
L1.1nflU m.Ja-3tli'-311 a-3 f{~ ff -3oon11.I.yj111l1fl'U0-3101~'1~ 

r~'_W.\.Ii 

I: ih.,!~. 

rl :t.f1 t"fr;';'~"'-A 

, ", ' ; 1.. ~n"';l.l,!-It 1,,,,:,, ' 

./;/
'<",', 

~, 

,., ~~U;Ufn"''':''''Ja~." 

.. 0 n~"1~~~ 1Ult;~wfl\l:; 

1rlm;jllmw~ll1uiju'1~~on'UUO~1~':iff (Address) 101 - 14 Od'UPilLL11ll-3il~ 

(Closed) ~:::ih1M'iju'1~ hJ~a (Input Module) ff-3ffqJqJ1Wll1ufll " I " (ON) 11.1V-3~1':i1-3fi~ 

... ...l 1- I d • , "1- I ..... " 
fflnJ~ 101 - 141110 ummllQflffUflUfl'YIl 11 u':ilCJ1ff1CJ10':i'U~ 101 - 14 o~ Uff.fl11::: " 1 " 

.. .. .. 
1-3 (Rung) ij'il:::iiff.fl11:al1ufl1111'il~-3 (True) ;)nh1M'11l':i1CJ1ff1CJ10{,j-3rllff11-3;iU ua::: 
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~ o' '" ci tI., CI , a " 
m::1.J1Ufl1':iU~::m::'Yn910 lU9I':illJ1A'YI1U':i1'1Sff1G)f0':iV~1Jfflln:: .. ON " og lnoog U .. 

RUN"mode 

iI ..d ~ C\ • 1 iI:'I • 1 iI • iI 1_ I ..:fllf.l UmW'YIl1JUOUY191\lfl'YIl 111lJAOOfl (Open) ~::'YI1 11m .. 0 " 1'" lJll'YIU'YI .. 
9l1':il~ii\9H":JJ1J~hiuVi l~lJNfI'l1'i'~ (Rung) thUtll1rlu .. False " ,hll1'lU':i1G)fff1'1S0!pj~tll 

l0l9lY1919111JllJ91l'n:lii91'f'l'1J1J9i 001 - 0411JUfll .. 0 " 1rlUNfi1l1'l1f10A1~Al.JlO~ 

, ),ht.... tt,.."{,.; Nf' ,..,t.ud"VJlV "'" 
fi,,'1" ,,,bli~'hJ"...n »;;......."'.. 

)'~ll'1'!.W ... p.. ·)~h::.;'lf hlu,.lMJi'i ..-d'qf\ltlUlt -~
 
l~') ~l'!Alt-:;""tjhi';;#4J~'V tWl .. aM","
 
,t ~. ~ _ •'i 1.4'~'l' 111--;,.1 I'~ , I; j·pl'n.tlJ...... t1.", ..."!.;tIl 

,. 
\-Ut }...·i-"d'Hi.\' u:uw t~"!" ~ .. 

. 
od 4C:l. oC::lIt. QI 

.fllYi'YI 2.8 9l1':il.:J1.J'YI'f'I'1J1J91"0~'f'I'\U\U1W1/0u u 

I "" ..

2.2.3 'f'I'1lJ'tHHVlJll91llfl::10l91Y191 (1/0 Unit) 
I.e::t. ~ • I QI a QI' 

'f'I'1lJ 'Ilfl'lOU1191UfI::ml91Y191 (1/0 Unit) V::91O':i11JfllJ'll9'lfl11.JfJ1JlYi O':i 1.J 'f'I' .fin::UfI:: 

ri'tytylW911'l~ l'lflJ 11-U1lJfllJll91i'1.Jri'tytylW1110'f'l'.fll1::1l""1'~~1uD~ CPU 1~OU':i::1J1f1NfllrlO 
_I iI I 1 iI I .. a, iI _ I .. • ci 1- I 1iI

CPU lJ':i::1J1f1NflUfl111::'f'I'~ 11'f'1'1U'IlmlOl91Yi911ViO 110lJmW'YI1~lU9111J'YI lJ':iUm1Jml 1 

ri'tytylW fllJ ~911l1fl.fllVlJ Ofl~ l~lJ 'f'I'191&Jfllfl::9i'1191 ':i 111~1.J 'ltii1919il ~~ 11:: \1 flll Ur;H1l1' 

l~lJri'tytylW~ll11Jl::'f'I'1J\1fl9i'O~ hiilll::1rllJ AC l1io DC 1~mi'l1l1' CPU ~~,flJ ri'tytylW 
.. .. 

• .c::tod" d "11) I • od II)QI" " 
1l1f11lJlI'I910'l1Jfl111J\1fl91fl'l l1Jl'ltlJlJlJUfl1 CPU 1I::1'f'l'lJ11ltll9'l . . .. 

QI .lC:lIt. odod" od QI-C\ " d QI od 

'f'I'\U \u1WOlJ Vi91'YI9'lV::91 0 '11J fl W'f'I'1J l.J91UfI:: l1lJ1'YI9'l '1lJu,u lit oil.,i1 .... illlJiI .... d .... 
1) 'YIl li'f'l'\uUllWl"l 19'1':i::9'll.J'YI1111Jl::'f'I'1Jfll.J PLC u u 
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2) m1rl'Hi'ty\lll\ln::lf'h~ou'tl9lft1J CPU lj)::;;tlPiOtiu~1vihmH ~~61ffV 

~tJmWtJ1::Ul\11l'J191\111U.Ulf16i'li4oio~m1uvmi'tytylW(Isolate) \1l~'l'J~l,,foOO'illn 

flU l~um1ilo~ft'U '~1,f CPU lumnVlrtoo'U'tl9l1ntlatl1~'il'J 
" ........ "1'" <!l 1 ' ~
 3) 'H'U1U1JNU\l::"0~ 'HUUU::1\10'U (Contact Chattering) 'UU1'U'lJ0~16191'tl91 'il:: 

. . " 
,jl'HU1;H'1Jfhum1::Yi'~'illfln11tJ1::1J1aNa'lJ0~ CPU Ua'11hfhnHhiJ'tJfl11JfJ1J~tJnnu 

" . 
,jl'll'U L'Ii'U 'ila61GJfa'Uovft 1t;6'tfaOtl'l'J l~'Ui'U 'U00'innU'Uua'1 O~,jl'HU1YiuvmftytylW 

" 'lJ6'1'HlhvtJ1::1J1ilNilnaH (CPU) 00nlj)ln~tJn'JW10U1'l" 1"vtJniiL01~'tl9liJlj)::ij 

fl11lJUl1J11\l,jlJ 1'Hil~1i1t,"1::UU'l'J~ltJ1::1J1W 1 - 2 U01JutJi' u~all1taAio~m1 

•.I-ij ,J"'''....I ~... 4 4 1" ' ..l-ij .l ,m::uu lnll1Jlnn-Jl'U 'il::910~9101'lJln1J~umW'lJ1J0'Ul,"0'lJ010'Hrn::uU lnll1Jln'lJ'U 1'tl''U 

' 
"?i".... <!l11iltJ 'H10 fl tl tJ!L 'YI IWP'I() 'j L1J 'UllIU 

l.n"'rw (Output) 

" ~fl i t1ii 'il::L~'U9i10{h'lllJ~l't'lJ0'lO'U1l9lUil::L61~'tl9l'tl'ii"~1~'l 

1) 1J~()f1 '''fl::um1J'lJtl'l AC Interface Input Module 
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---.._--_...-­ ..._----..........
 

1.1 •• + 
,~v{tv IU: I' ,1~11IU
 

~ Ii»\' .'\( 'I ilUl'pl \~;ItMtf';
 , ; 

• d 

~lHi 2.10 1H'60'flO::Um1J'Uo" AC Interface Input Module 

2) 'H~'.i'lHH AC Input Module ~"11J~ 2.1 J 0) Ua::fll':r~mnVInput Module 

'jfUfl'YId" ~"tlJ~ 2.11 'U) 

" ... -.•~ .: .,rll: J : \ ~,:), 1: p •• , ,I

•• -. . •, IIIKI 
, 

,,' , \ \( •j • • • • 
I; 

•
t " /( ; Pi I' T ~ ... \ 11\• \I IR~ ! 

•
,

• 
. '. !·i!.: 'J ••• I ~ . . 't : 

d t 4. &I 

1l1YfVJ 2.11 0) 'H\l':rUa::nnflmnV AC Input Module 'jf~<;}'tf\H 

1\ 
... \ \(' 

• 

• 
j"it t I 

l"~"" '.~ .' :,'.. . , ~ \ 

." 

• 

. . 
1l1'Wn 2.11 'U) ·H\l'.iUa::fll'.i~mnV AC Input Module 'lfiJ~l1U~ 

3) 1J~t)f)1~H)~Ufl'.ilJ'UtJ" AC Interface Output Module 
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.'li: 
,--_----'';0-----.." 

.---,, 

",,,,..hI.. ~---- f"--,- ....:" . 
I -'< : iiRl!'w 1)1l!') 

(~~~ -."- 1.1 
" ./ 

---1.:: 

• d 

fll'nll 2.121.JilOn'''O:::Un-i1J'lJO.:l AC Interface Output Module . 
4) "HU AC Output Module ~.:lfll'nll 2.13 n) m,:::m'iPim'l'1V'lJO.:l Output 

.... ".
. 

Module ".:lfll'n'Yl 2.13 'U) 

""".,...i!""'\'h.111 
r .-(ll' II 

11"'- ·T.....", ;
 
. . i1w1f1QlPSl~··f '.'·1 ".j


(~\ .)( ; • ~ .. "I "- . 
;. :91att't.tJ) ~r-.U I)l ..., 

. i --.-1 L 

I.. I.: . ~' 

(' \ ~/.--~ 

r~) I 
~ 1 t ~ 

~11if.)w.,n ~ 

H''';'l'' 

, '.:.,' 
I 

~. ..~, 

't' .. v.~;,1\!,1.: Il.. 

. 
". . 

fll'n'Yl 2.13 n)"Ht'i'UO.:l AC Output ModuleUil:::m'i~OfflVU1J1.JA 

'U)"Ht'i'UO.:l AC Output Modulellil:mniofflVU1.J1J B 

, ,, ..1.... ... ... 
2.2.4 m'i 'l1C]f0l1~ll1'iflO1J'n11;lO'i(Computer Software) 

PLC ff11Jl'itl'Y'lrO~~ll1{'lJfNfJ01JTbl;lO{l'~olil'l1,rl~'~..n"v'1 mh~ 1'li'U ,'* 
C]ftlYl~111{lilnl'ii10'U hhUO'i1J Un''U hhun'i1J "nl'iliHl'U'lJfI~hhllm1J li'l'U~'U... 
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"10~ ..~ _ ••••.¥' 

'\"':,,==:=­ -iii1"------------------­­*r; .:::~.;._::.~_';:..~:~..=.~ 

.fl1W~ 2.14 n1'il~CIfOyMU1fL~OtJU-U9in1Hh.:J'l 'lI0.:J PLC 

d .s .1 tI
2.2.5 n1'i L'i Dfl"JS0f.llJfl'iWfl1'IJf]U 

." " 
'il~L;Dfl;;Oi1fl1'IJf]Ufl1iH1 PLC 'HiO PC gflfl'0.:Jfl11?i11fl'Hafln1'ioW'U!1'UUa'1 

tI .,~. QI IIlI!I 4 4

f.ltJfl'iWfl1'IJtJU"1'U'il~n1n'Ul'Uafl\lW~La'IJ!1'UffO.:J flO "ilA" 'H'i0 "LilA" "ON" 'H'i0 "OFF' 

" " " 
'HiOffi}l\Y1Waoifl (Logic) Llhl!'U ufiiJ'il1_U'Uil 'li'A'L1~I'UL,;'Uir'Ufio 'tJOflUa'1flO ff1U1'ifli''IJ 

l1a~d.:Jfftyty1W6'UYJ;'I (Input) 11'IJ'lJfion10.:J 'HiOffi}lty1WO'U1aOfl (Analog) 'A' A.:J,r'Ufll'i 

iiDfl4011 PLC ~.:J'li';lgflfl'O.:J fl1'iL'iDfl PC il.:J'il~gflfl'0.:Jfl11 (9i'1 L l'U9i'100 PLC U1'il1fltil 

11 Logic) mh.:J' 'i""lU L~O 'lil,",LflAfl11Uff'IJff'U'lJ0.:Jf1111 PC ~LiI'U401;Dfl'IJ0.:J Personal 

Computer \l.:J O.:Jfl.:JL; Dfllil'U PLC L';'ULRU 

. 
2.2.6 n1'i'Yl1.:J1'U'lJ0.:J1.:J'il'iUallL"0'i 

~ 

LrtO PLC oQ1'Uff.fln:w;ou'ti1.:J1'U (RUN Mode) U~1 LrtoiHtJ'iUfl'iUgfl 

1l0'UL,j'1'tJO.:J'H';1Dfl11U~1'IJ0.:JCPU ,ill,", CPU tJ'i~U1aNaua:'~NaaW;LiI'Uff\yty1W 

LOl9lYJ" 'Hl!lflO'Ul1'Y1fl;'llU~tJ~ 2.5 ~.:JLiI'U'lfU"tJfl9iLtl" (Normally Open) LW'i1~g~,r'U ~1 

flO'UU'YIfl 001 ua~ 002 flon'U101~YJ" 009 'HiO'Hl!lflO'U11'Y1fl 003 flon'U 'thl,",LflllL01~YJ" 
" .. 

009 '~L';'Un'U aflllw~ih'iDfl11 f.:J (Rung) flOfftyty1W6'UYJ"'Hu.:J'Hi0lJlflfl'hri'till,",Lflll 

tI.cia • 
LO l"YJ;'I'H 'U.:J 'H'i0 U1fl fl11 

d ~ a r 1.1 !II '_1 '" n1'iL'lItJ'U PLC 11a"L"O'i (PLC Ladder Logic Diagram) LYWff.:J lJmfl'iUL'lJ1 lJD.:J 

'HlhDfl11U~1'IJ0.:J CPU ~ i~'illfl.fl1"'~ 2.15 

o 3
 

~ ~ 
flTYfYl 2.15 l-.3'il) !l""L~HJ) (PLC Ladder Logic Diagram) 
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22.71~,n'1·H1 (~u)ifl) 

Lii6'1'n111Jlftifl"6~La'U!lU'VU~,h~'l Ua'1lH'flf1lnh~lU'U6~ PLC ~J~1f1~'il1 m1fl (a6ifl) 

L~6''''LffllfftlJt)J1WL61~'1"ijL~6U ij1'U (ffqJtylW ~hJ'1~) W~~1~~lfnflf1l1'U6~1n1A11fl
 
., , , .: ..., 1 -~ 1 -~ 4 "_1""'" <1 ""'.....
~H"8 tJu 1n1""fllf1JltJ(I~1~'il1 wnl Wnl'r1tJ1::fl6u~1tJfJumW6Laf1'm6Uflfflf161::UU 

• v 

iLa6iiijfft)JtylWL~fJ~ 2 1::iu lf~6 2 fffll1::L'rhuu PLC lffftytlJ1W1WVh 2 1::~U 

U'rIU 2 Llf'Jf1l1W~9il~t1U L'JfU f1l1i1~LiI~11a1 f1l1iJ~iY1~Cfi' L~U.l'U 1~nA11flij 2 

WtI ft6 UUUU1fl (Positive Logic) uuuau (Negative Logic) tl6iflUUUU1fl'il::H'ff't)JtlJ1W1W~l 

1::tTUq~ U'rIUfffll1::tl6ifl" 1 .. ua::l~fftyqpwhHh1::iu~1 U'rIUfffll1::a6ifl" 0 •• rl1U 

1nn'8ifluuuau,::1~fft)Jt)J1W1w"11::~U~1 1 un::l~ff'tytlllW1W~1U'rIU1'l'fln::a6ifl" .. 

1::i1J~~ U'rlUfffll1::~l6ifl .. 0 .. 

"'" ... ... 1" 0 _I ....;
fffln::'rIl~am)f1 fl6 fffll1::" 1 .. lf16" 0 II 'VU'rIUf111l1l-31U'U6-3fJufl1W'rI 

_14 _. dl" 4". .. . «f
LuaO\lUlJa-3 2 fffll1::1::UUfl11JfJ1J'rI 'V1::1J1J11~W un:: PLC '::U1L61iY1l11::'U6,u~tJmWLlfnlU 

1JltJnlliin6ifl~1tJtlU 1~6 1,rI~ltl\ltl1Jl~6U1'Uf111f11UfJ1J tJnlliia6ifltJ1::fl6U~1tJ AND OR 

401" ., . . 01"Q ~"f!ua:: NOT Lyt6l1l lfiY1l11::6\1'1~"1-3'l L'V\I A, B 'rIl lfLfl~L61"1!~ Y LlJ\I~U 
• v 

~'VflW"'lJaauij 1 ~ffllfi'U6iultJfl111Jff'1J';\I J'rIHa69fl ih1,rl~11'il~ltJfj~;jU 

~16dHff1Jf1l1\!nau'U6-3myt~ 2.161;itJ\l1~11 Y (uff-31w~1) = A (ff1~9f) B (lfn6~1w) 

1-3na6ifl~1f1if1l11~\lfflfl'WL461J~6fJtJmW~H'lI'Jf\l ilnv ff1~9f ~-3ijfl111JQ~tJ1flua:: 

Un'1'UL~1JLii1J'~tJlflrl1U PLC If[tJmm1Ja6iflnllfU~L~6\11'Uf1l1fl1UfJ1J lL'rIUf1111~UffltJ 1W 

1461Jfi6fJtJmw~h~'l R-3m;'11Jlua'19~,i1,,r~ltJ~U 

PLC u'rI\l1-3niLav~1tJtJii,j~f1l1l1l-3a6iflAND OR ua:: NOT ~-3nllfU~m1J 

L~6U1'U~A6-3f1l1fl1UfJ1J 1~tJlffhi~lf~6mlll PC (PC Language) mlll-iU!lU~ PLC lflu 

... .. .. "'1"f1l1fl1UfJ1JU1JU" ON .. ua::" OFF .. fl6 mlllUa~ltl61 ua::flllll\Jaau mlllua~l~61 'V 

ffqJaflllW'U6-3lfUlff1JNffl\1f111L;itJu itJ1Um1J m1LtJ~tJ\l1~niLavl,",lillJltJ1um1J PLC 't'h 1~ 

1" " ., ".,.cs f!cali ~tJ 'VlfUlff1JHffm1l1Ua~I~61U'rllJfftyq!lW11'W 

v 

mnh-31lJ'U6-3fJtJ nHU~9~6" (Digital Equipment) 'il::6~1JlJ '11 "flf11n~'U! l'U 'II fl-3 
4 .:5 Q#' 4 • cal 4 cal QI .etQl QI 0' " a6'ilflytlJ!llJ 3 ~1 fl6 AND OR ua:: NOT U~"::~1'il::1J11"flf1l1'U6-3~1lfHlla::1JfftyaflllW'lltl-3 

" ,
~116-3 ~61tJU'\l::1,r Y llllJlOl",!~ (Output) lLa::fftytylWfl\l,!~ (Input) 1,",111'U~1Vflll'j ABC 

ff1'ULa'U 1 lf1J1Vii-3 iifffIJUnW 1"'U 0 l11J1Vii~ 1liiiff'flJflJ1W 
u v u u 
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... .. 
ff11J1'l1 -----I 

AND 

OR 

. .....
rlmllnYl\U)U -----I 

'---------' 

.. .... '''4
tllflfl 2.17 ,nUUJ1W ,"~UU6U .. u 

. . " 
ihltytylWl916\J 3 tJdl'11~tJ 'M~\J\J6\J fitJ ihlt1lt1l101~'1;j\J (Alarm) H;61fl~1\J,r6'1 

o<!I .,; 

~~a'l~l,"~flqnflfln~lnfl\JtJ\J 

2.2.8 ,"~nmnltJ'I AND Gate 
. " 

AND Gate l'h'Mln~fftytylWlm~'t1~'A'~~tJliitJ ij6\J't1~n'l A ua:: B ijtll .. 1 " 

, 
\ 

.t:::i GIG.' 0' 
tllflfl 2.18 ffUJamIW'IltJ'I AND Gate ..
 

2.2.9 mtnnn'llD'! OR Gate 

" 
OR Gate ffl~nflm)lJl'!~'"CI1VC'j ~1'~ u9i'ldhm~l'!~1~V'I~11~011'Vh1T\J ~1 

ml~Yl~Il'hn~ 1 Uff~l'I':hm)lJYl~~11~~1,"rl'! ,"~D,"mO~11l'hn~ 1. . 

CS CLlQI 0' 
filYl'Yl 2.19 fftyJ;! n~tlJ 'liD'! Or Gate 
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I 

2.2.10 'H~f)fn'j~().:j NOT Gate 

4., .4 4 4 .c:Il ' 
NOT Gate~:: 1Jll11J()UfllJ AND 'H'j() OR Gate tl() NOT Gate fl() NOT Gate ~::1J 

Clro .c:I'" d '~S1 .. ..., , .. ...,,,, .. 'Go' 
fl'I.nl~1'YUI.:j~1IffU11m'U'U mm1~'t"1J11fl1J 1 Un'ff.:j11()U't~lmfl1J 0 mm1~'Y1~lmfllJ 0 Uffff.:j11 

ij'U't~niln1J 1 

fll'Yi~ 2.20 ffqj~flll\U~().:j NOT Gate 

2.2.11 'H~flfl1'j~tl.:j NAND Gate 
o .,,,.., 

NAND Gate 'YIH1'U~HflU~11JfllJ AND Gate 

\ 

I' 
" 

2.2.12 'H~flfll'j~tl.:j NOR Gate 
o .,,,,.., 

NOR Gate "::'VIH1'U~HflU~11JfllJ OR Gate 

.\ 

. , 
d Q,I Q.I 0' c1c1q Q.I 

fll'Vi'VI 2.22 fft)J~flll\lJ~tl.:j NOR Gate 'YI1J()'U'tl~ 2 ~1 

.. 
c:I QQ.c:I , 

2.3 'fn6fleullflleulueu6~ 

, d Q, Q~ tI ~ tI '" 0 '" 

'H 1fl 0 UI11 'Vi 'j tl flClflJ m C1f'U1C1ftl'j fl tl ICIf'U1C1ftl ':i tl:: 1m ~ 1'U 11 u 1 'II'.:j 1'U 'l.h:: If! 'VI 1 'H 'U 

ii l~tl'l.J~fl tHCIf'UIClftl{m;lJ~ ff1lJ 1'j tnlH1'U i ~1 ~w iJ.i~tl.:jfll'j ff'lJNffnlJ~'U nu 'H~~)')~f,)fllU'Utlfl. . . .. 
1" U~flfl W::~tl.:j fll ':ill 1.:1 1'U tl1" 'I:: ff.:j If~ U i''l.J'Yi ~.:j.:j 1 'U 'j UU 'l.J'l.Jhn UU'l.J'l.J'H U.:j ~.:j~U 1Uij fl U 

'U 'U 

ff'UllJuJ.ill1~fl ff'UllJ \1 vJrh Uff.:j liYV.:j I1m:ff'tyqJlw'llJ ffTUfll'j111IC1flJl'lIu{'tf1 u1i'nu tfu riTU 
.. 

1my"::1i'n'l.J.:j1'U~':i1'l,r'l.J9i1U'H11.:j 'j::~'l.J ~'U 1m Uj1.:j 'UUfl'llflU'UU.:jff1k11'jf,)ff.:j 'ffWf,).l1W 1ul.r 
v u u 



18 

il1U'UU'U~ 1\J 1\J'U0~;\J,n\J1~ ~11J1 tHi~fl111h 'tJlf~l\J ~1\J tl111Jt.laoflflvhHl \l:: LrJ\J1\J 

1~ ~~l\J'H~O~l1J~-nflO1tVv mb.:J 1~ n9l11JL'lrULCJ811h::U1'Y1rl' \l:: lf~l\Jm'UfJ1JLaV~L rJ\Jrb\J1'Hoj 

d ." d 4QJ tI 
Jl1't'111 2,23 9110V1~"~Ofl'lr1J9IL'lr\JL'lr0~ 

.4 0 d I::ItJ.Q.f tI 1~ Q tI 1"Q 

L1JOL~l\J1'Vt~Ofl'lr1J9II'lr\JL'lrO~1J1 ~ &u m::1J1\J fl1~Na~u'YI\J ff191'lrU'U'Ufla flua 1\l:: 
~ ~ . 

1~yh 1t1Lnflfll~ fffl'H~ O'H~ou~fllrfllflCJn~iiu 1.:Jnolgfl'YI~ OUm1n1Jn,mV1\J \l::\lflCVafl11' 
~ ~ . 

mh.:Jff1J\!~W \f~ffl1Jl~ fl'lJo~n\J~\Ja::oo~ ua::tl111J;f\J 1~ n1Jn~i''Ut.I~::n\Jtl111Jl;fOOO'~ 

\f.:JLv\JL11~fla1'H~~i''Utl11lJU fJ1J1\Ji1\l'~\J . ~ 

m~l.:Jn 2.2 fl1~ LmfJ'ULnfJ'Ut]w fflJ~~~::'H'iU"~Ofl;ijaL'lr\JL'lrofn'Uffl91CJi'U'U'Ufla 1fl 

'" C\Q~..."" """ ,tlWff1J'U~ ff191'lrU'U1Jfla fl 'Vt~o n'lr1J 91 L'lr\Jl'lrO~" • 
d0 .e:::.t "Q,I '" .4 1 1 1'"Id 0

fl1nn~flL\JO~lJl\llfl 1JL'Vt~1::\l::910.:Jff1JNff'H~om::U'YIfl 1J1JL'Vt~1::'YIH1\J flV 1J~0.:J 

...... ... ... 
fflJflff'H~'" 0\1 flm:: H11 fl 1t1ff1~CJi''r11.:Jl\J ff1Jflff 

4 
tl11lJl1 'U 'YI1'tJ ihn~fl1~l,*.:Jl\J~lnflLdo~'lflLrJ\J tl11lJ'YI\J'YI1\J t1~L\JO~\llfl 

1 " ...... d "" 1"fla fl 'H'UlfflJNff1Jfl1~fffl'H~O fI Jl1fJl\JLv\J1~n 
~ . 

, 0 4 Q -'4~ 

'U 'U W::'YI1.:Jl\J'H~ 001\lLflflO1~ tl'U \J oLgnl1~OUnff1~iji\Jlh\Jn . . 
d '10.1"v ,,"" "" ",.1 d.fli 'tJL11~ hflflflfl1~fffl'H~OL~1'U\J Itlao'U'YI ua:: 1JLflflO1fl1~ 

" 1 0O1~tl 'U'UW::'YI1'11\J 

ml1JI~11'Ufl1nlHl'U ~lLd().:J\llflLn\Jfla 1n ff.. .:JLdo.:J\lltl1V'U 1.:J\l~ 

"" '" "" man'YI~()\Jnff"
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. .. 
"l'n.:lii 2 2 fll~lm vtJliivtJfJtut'l'1Jmh::lri1.:1"~tlfl~~1')f'Ul'lftl1fltJt'I'1"ei'UtJtJflft1 fl(9itl) 

.. 
... 0... 0" 

fl1~lfttl'U"O.:l'l"f11.:11'U(t'I'tyty1W) fll~ lfttl'U" tI.:I '1 "f11.:11'U 

..... 1 41" (fftyty1W) ijtl1~Tr1l1M1Jtl1lJ~:1J1Wflft1.:1Ua:Wtl 'I.:I1'U 

d ""~':°l" fl11111U.:I1'U m~m1'litJij1tJ~::V::lf'U.:I~:1Jtl11"1J"'Ufl1 11 

fl1Ul1U.:Il'Ufllnll.:l1'Uijtl111J 

l~V.:I"H1~;lufl 

~ ... d ... " ..
li1 'U11\flft1J Nt'I'i.:ltltlflUtJtJ1M llJ 'U 1.:1 ~~ tllft flfl ~ °'Ufl t'I'~.:I 

t'l'11J1H)4hvm::ut'I'llfa"~.:I~1A' ~lfJm:llt'l' 111a"1A'~1 

li",'IA41V1~~lli1'U9itl.:l~hii1'U~tI~fi"utJa~11~tlfitll~1J .. 
wff1'Ufla1fllM1J1fl,,9T1t'1'1",* ~"ll1J a.:l111 tl9itll~1J 1,,~ . .. .. . 

• • d ~" 
l"fJ.:IIl9i~"~.:I1,r1 1 tJ,,~.:I 'l"ii1'I'U m:l"O.:l ~mtJV1llJ'U"'U 

fl111J 'YI 'U 'YIl 'Ufi tI I ;l1J1m"~1:Qfl;a~A'1vfi1ldlH~lflijflft1fl~9l'tI.:Ifl1~(hvfltI" 
I 

t'l'flltul1~Ktl1J U~.:I 1ufl"lf\flff1JNt'I';.:I~lli1'U9itl.:l I~O'Uffa1t'1'~fl 11~f) 1ft11:: H 
...... " ..: d "'11J'lfft"fJHflUfl'U')f.:l1J Ofllt'l' 

l~tl1Jt'I'm"ua:li1'UI11~ lM~'U .. 
.4

a::tltI.:I11~OlIll'f;' 1tJmv1'U1~ epoxy resm'l.:lt'l'l1J1HI 

-' .ci 0 

2.3. I l'lf'Ul'lftl~lltJtJl11'UV1'U1 (Inductive Sensor) 

d C4 4,1 -' .ci "Q,I ., .cd 00 Q,I d 4:!t 

,,~tl fl'lf1J" 1'If'U l'lftl~ II tJtJU~ flfll ~1 'l::'YIl fl111J ~ "I fl fl 'U fl fl tI I'If'U 1'lftl ~ IItJ tJll1 'U V1 'U 1 
'U 

~ . 
111tll1 Vfl n'U 'YI H flll:l1l f1fl ij fl11 6'U~fl~Yll'lf'U l'lftl1111 'U l'lf'Ul'lftl1ii liH1'U 1 ~ Vtl1ffVlHlfl fl n 
Itt I II 

ItJ~V'U1l tJ ft .:Itl1fl111Jl11lJV1'U1'UtI.:I 'U"a1~ ~.:I m~ ltJ~V'Ull tJ" ~~.:I fl ril1;)~ UN"fi tl~'U.:I1'U 111tl1'" \1•. .. 
yi!tl'U 1ftl1::I'Vhu'U 

2.3.2 ff1'U tJ~:: fltltJ'UO'll'lf'Ul'lftlfll'lJl.Jll1riV1lh 

ff1'U tJ~::fltll.Jl1li'fl'Utl.:lI'lf'Ul'lfijfIl1.J1.Jmriv1u 1;)::tJi:: flijl.J 1tJ~1V (I ) 1~;)i flllij~ 

fl~'Ufl111Jri~.:I (oscillator) (2) 1.:1'l~111mi1'U'Utl~m'jtJ'j::1J1"N" (evaluator) (3) 1~;)'jllVmW:: 

fffl11::1I,,::a-.:I'I1'U (trigger) (4) 11"ij,,1Ylllff~.:Ifffl11::1'UfllniN1'U(status display) (5) 1~;)'j'IJV1V 

rl'tyty1Wll,,::ilij.:ln'U~1'Ultll~l1"(output with protective circuit) (6) !!l1ri.:l~lVllH~'UiyJYh;)lfl 
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tllV1HlO (external voltage) (7) 1.:J''ii'01n~::~UllH~Utllolul,nAm~(internal constant voltage 

supply) ff1U'Hio~u~~lftum'i9l'i1\1i'uci.:Jjj'U9Ia1910Ull1olu (active zone ; coil) (9) l61~'191 

'U0.:Jl'lfUlC)J01 ci.:J lu~if9::1rJUllUU,jH1U'Hio 1li,jl.:J1U (on-oft) 91off1U1.h:: OOmH;fl~.:Joal1 
• II 

a'11J1'1Olla'91.:J1A'A'1Vfll'nn2.24 ~Ohlij 

6 ..·----, 

~.--.-.----=-7ctJ 
8 

1 2 3 4 5 

fll'n~ 2.2411a'91.:Jff1U1.h::OOU'U0.:Jl'lfU1C)JofUU1J1'HrlV1111 

.,. .,.c:: 0 

2.3.3 'HaOOl'iYll.:J1U'U0.:J1CJfUl'lf0'illU1J1'HUV1Ul 

~Uil1Wff1UH1 (8) 'U0.:Jl'lfU1C)J6f9::jja'Ul1Julil'Hao~jjfl111Jrl~.:J1flV 1A'i'1Ji1tytylW 

1J19101HHhli19lfl111Jrl (l) lu oHli~jj191q'Hio';u.:J1U ~lrJU la'H:: L'li'l1J 10UlUuil1W ~ 

a'U l1J lllil'H aOa'l1Jl'iOff.:J hJn.:J \1::,11 lM'lfl9l01'i ltJ~oumJa.:Jfl111Jl 'HrlV11h 9101'H 9101Hlr~ 
II • 

lfl9l;jU,jl1M'lfl9l0U'Hlh.:J00a'riala'Yl (oscillate) a9la.:J1u 'HiOU1.:Jn6190.:J '91n'HfJ9I0l'i60a'eifa 

.4 QI: ., d odd ~ " QQ 0 Q 

La'Yl Ua::11J6101191q Ul'000\110U'il1W 91'1199U 1.:JUOllU9IflaUfl111J001'i1J9IU Ol'i 00a''lfal a'Yl 

Id : 4 .,."" 1"11 Q d Q",d. i
1'H1JOOflH'HU.:J a'fll1::tt.:Joal11u'Ul.:J9IU9::QOllOOllO:: 91911V1n101aO'Yl16UOa''Yl0~tllV U (2) 

III .,., ., 

m'::(3) 'H ""nlOUUo'il::ff.:JHa 1Uii'.:J161~'t191 (5) -hlM',jH1U'Hio1li,jH1U 191V-n.:Jij9::;JUogtiu 

l61~'191-h&rJUllUU1'Hl' li401rJUOl'i a9liU9IU101'i1U Olnllfl111Jl'li'119Olni1.:J1U'U0.:J L'lfU L'lfO f 
II • II 

'Jj'l1fliji.:J'UOlla'91.:JPl10fll'nn2.25 ~O1uij 

'1::0::91'11'ili'U1J191'i!lU'U 0 .:Jl'lfUL'lf0fuUUl'HrlV1111JU 'H 11 ~l91v 0 1'11~llNU L'H a 0 

60U (mild steel) LrJU191q111 'Hl0191q~;i'0.:J01191119i'1JlrJU laM::'Jj'l191glJ L,fU 0~ijli1V1J 
II II 

'YlO.:JL'HaO.:J 'YlO.:JmH .,a., 'i::0::0l191'i19i'U09::UOOa.:J -n.:Jijl'ila'11J1'iO'H1fh1~lflOm1161fhfl1 

U'i::OOU (factor) tlWPl10'i::V::91119i'U1J1911!lU fl.:J6liH L,fU fhfl1U1::0flU'U0.:Jl'HaOflfllJ 

. ., 4 ,.., ,.., cv: cv d 
L'Yll0U 1 'YlO.:Jl'Hao.:J l'YllnU 0.35 'YlO.:JU9I.:J lmou 0.25 91.:JUU'Hlm::V::9111,H1U1J1911!llJ (lMao 

66lJ) l'rhtiu 10 ija~l1J9I'i L~61h1u9In9i'U'YI0.:JLMao.:Jfi9::1rJU3.5 ua::'YI6.:J1l9l.:J11:llJ2.5 

9111Jih~u 11lU~U 
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CJ Cl Cl 

CJ 

CJ CJ 
CJ-g'-'-' ---g-" -----g--···-·~r·----9-·-----·-g--------g--··-·--g 

O~ciJl~tor f\ f\ f\ f\ 01\1\1\/\CircUit ~ 

output V \/V V Vvvv 
Wave OpuaUnE level '\ /. Re.'e_a.S_in._Il._1e.V_/!I._._ .• 
detecting •.-.-.-.-.-.-._._._._-l.- -L._.
 

cireuil oUlput
 

Output _-=O;:...P:....P r._._.__._.~:_._._._._._.l'_ __.._,;o~f'_!.p _ 
c,rcuil 

. .
 
Q Q,I. .. 0lCl 

fI1l't'YI 2.25 11ftnf11'i'YIH1'U'IltH1CJI'U1CJIO'HL1111L11'UV1'U1 

et .... 

2.3.4 'i1Vft::lOV~'YI1-31'YIfl'Ufl . " , , 
l'U n 1'1 U1LCJI'U1CJIOfU1111111 UV1U 11111;;-31'Ul!'U \i 1111 'U ODHD-3l;l'11,,::110-3 'YI 1111 

Q .Q4'" ", ~'!d" 1" ........ 1 1"
'i1Vft::lOtI~1110'll01q!l\'YI1-3~1'Ul'Ylfl'Ufl 'YI-3'UnLl't01.h:: V"'Ullft::1.h::~'YI1ifl1l't 'Uf11'i "-31'U~-3q~ 

Actuating eiement 

.------,r---..,../.... 
/J 

T­

! 
i --. 1.1 SoTotai 

4 ;J : ManufacturingtOlerance range U) r Sn'-'-'~'--- ~I 
tolerance

---i--_~_I 0.9S 
I n 

T
0.81S n Il--~=~=~"'"
 

I
 Reliable 
I 

operating range 
i:t: 

til' 

Active surface 

Proximity se:"lsor 

. . . 
t::t 't::t t::t fJJ Q,I QI 

flTrl'Y! 2.26 ';j::U::~H"l 'YI1nU1'IHHn1Jf11';j~';j1'il'il1J 
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fl) ~::~fllHl':i1\li'tJ (Sensing Rang) fio ~::fJ::~lrtOUN'U l'nf::~~'j1\li'tJlfl~O'U~1~1 

1Jllmi'R'l'Ulnhuo,n11'Ui'tJ ua1ihHnhll1'fftyq"UUfl~fll~ltl~fJ'Uutla~1';'U lil~ (on) lrJ'U i1~ 

(oft) lf~f) i1~ (oft) lrJ'U LiI~ (on) 

., ., 1-' ,.s .,'1./) 'j::fJ::fll~~'j1\l\ltJYl1 u(Nonninai Sensing Rang ; Sr)flOfll~::fJ::~l1JflWafll:lW:: 

1~w 1~'R'fl~ 'j 11JO~Nafl111Jfla l~lfl ~O'U~lO~ \llflfll'jNa~1'Uu9ia::9l'1 lf~fJNam::Yl tJ\ll flm fJ'U f) fl 

l';'U flWlfj,Jij ua::UH~'U hHh 

fl) 'j::fJ::fll'j~'j1\li'tJ\l;~ (Real Sensing Rang; Sr) fio'j::fJ::fll'j~n\li'tJ ~~1~fh1A' 

1~fJfl1~ '~ulfa~~101~~11Jfh~ flllf'Utl flWlf j,Jij~ nllf'U ~ ~ ::fJ:: fll~~~1\li'tJ\l::iifhf)g1 'U';1~ 

'j::lf1H 9()O/o O~ 110% 'l./O~~::fJ::fl1'j~'j11i'tJUtJtJi1'tJ (Sn) 

., .c: ''t! 1 ~ ....,
~) 'j::lJ::fll'j~'j1\l\ltJYl 'If ~:: fJ'If'U (Useful Sensing Rang ; Su) flf)~::fJ::fllH,n\l\ltJ 

' 
~~i'~fll1J1ifl1'j1tl~lfit~~11J1Jl~'jJl'U EN 50010 1~fJl~~lfJ1~ ua::flwlflJiju1~ao1Jogl'U';1~ 

~fJ01JftJ'M 'j::fJ::fl'j1\li'tJ~1~t1'j::lfJW\l::iifhogl'U';1~'j::lf'h~81 % O~ 121% 'l./O~'j::fJ::fl1~ 

~n\li'tJlltJtJ,T1 't1(Sn) 

\l) 'j::o::fln~i'tJl'Ufl1n'h~l'U (Working Sensing Rang; Sw) fio'j::fJ::lfl'l ~l91'U­

1910fa'11Jl'jmh~1'U'lmh~Qfl~O~~~WlflJijua::UH~'U1~,h~nllf'U~ 

~) thl'Ufl1'j'lf~l'lffJ'j::fJ::~Qflflo~ 'j::fJ::fl'j1\li'tJ,T11tJ (Sn) 'l./f)~l91'UI91f)fa'11J1HI 

~n\litJ1f1Q 1~~11J'j::fJ::~'j1\li'tJ~nllf'Ufi'([~fJl~uN'Ullfg flOO'U (mild steel) lrJ'U1~Qlillfi'tJ 
.. 1'" 1 .d4 d'.do "" °1" ., :

\lfl~nntJ fll~ 'lfUN'U alf::Yl1J'I./'U l'Ulaflfl11Ylflllf'Ufll1 \l::Yll If'j::fJ:: fl1'j~n\l\ltJa''U a~ 

, d " I 1 :.c:IQ ~ d' ., "., d .,

l'If'UltlfJ1fl'U tllUN'U alf ::'U'U 1J N11"Hfl~::1JNa~ 0fl1~~n\l\ltJ~1fJ U11::'j::fJ:: fl1~~ n1J\ltJ\l:: 

ltI ~fJ'UutJa~ 1tI a11,ul~~'j1\li'tJlrJ'U lalf::t1'j::lflYl~'U ;Jn::Yl'j11J 1~il'j:: fJ::~':i1\l ~m'hlfi'tJ 
" . 

1alf::t1'j::lfI'm1''UlrJ'Un;l''j lflfJtlW'j::fJ::1Jl~'j!1'U~1fJfh~1t1'j::flOtJ (factor) lh::1J11'1'U~l'jl~ 
. " 

fJwa'1Jml~1'fl::'l./O~u9ia::l'U fll'jl~l91'Ul910futJtJllfUfJ11h ~'j11Ji'tJUN'U lalf::tJH'l u'U01\llil 

1" .,,,, .,. 1 .ci 'Q1 " d ~J , ., 
If'j:: fJ::fll'jm 1\l~tJ'UOfJfl11'j ::fJ::fll~ ~'j11J\ltJ'l./O~UN'U alf:: Yllf'Ulfl11'll fl~ ~ mw 'U 'I./'U O~fltJ 

a''U 11JU~llfg fl 1~~lJ'U a'11J1H1Yl::qNl'UUN'U 1alf::tJH'l J'U1 'll 1~1Jl mj'om\;fJ~ lfl alfl111J 
" . 

If'U l111j'U'l./O~UN'U i alf::u'UuofJflil'j::fJ::na''Ul1JU~llfgfl1,.HhYl::11Nl'U1'111J::nl1MUN'U i 11lf::lOfl• 
m:::Ua"lfa1'U (eddy current) ;J~iiNanlll1'tllllf~fJ11h1vHhufHlIN'Uhlf::J'Uiitll~lll~nil'lln~ 

. "" 
1l1nNanLn~;j'UUnllM'j:: fJ::fll'j~'j11l~tJll~a~~11J 1tI ~1fJ 

" 
'If) tllfl111J a'l1Jl'j() l'Ufll'jm::nl'lfl (Repeatability) flO 'j::V::fl111IUfl n~l~'j:: ..dl~ 

191'Ul910fnl~1'U (on) otJlfQflnl.:Jl'U (oft) lrlmhuN'U li'llf::~1-Nl'Ufll'j'YIfllH)1Jl~O'Ut,j'11J11ml'lf~f) 
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. Q"" '" tI, .cI If'CI.cI .ct. .1 tI d5it tI 
n OV11 1.:1 \l1OU111W~1 'U11 'U lff1'U;j1l' tU1IO.:lL'J'Ul'lf01 f11 fJffL~ 011'l1ff\l::1J'l1L11 'UL1J01L'l1'U;j" 0.:1 

1::V::A11\l9U\l1.:1 

• .Q tla ., t a ,. 
'l1) f118AL~01'l1ff"O.:lm1A~"0 (Switching Hysteresis) flO 1::0::f1111JU~0~1.:11::111.:1 

L'l1'UL'l101lil.:11'U (on) nU11q~liHl'U (oft)&rlmhmi'Uln11::~1,*nAffOUL~f)'UL,j'11Jl10~1110nOV 

00m';1.:1\l10U1L1W11iilff1'U;J11\l9U"O.:llWl'l101tiliffL;J01'iff\l::iitilLl1'ULt101L'l1'UA"O.:l1::V:: 

A11\l~U\l1.:1 
tI .d 0 0 .cI 

2.3.5 L'l1'UL'l101L11'UV1'U1UUUm.:ll'Um.:ll~01 

ih '1Ji.:liiL'l1'UL'l101lil.:11'Um.:ll~V111191FH'~flO 1'U.:Il'UU1.:1ftmnU::Ll1hjffl1Jl1n~ \l:: 

1'*L'l1'UL'l101L11 ~V1'U1U UUlI 111J~l'~ i10e;'.:1 lYU L119l'0.:1m1UU 01'SLfI~0'U~ 000110.:1 ~1 'U\1U 

OoIei .d JI ".de. A.d Q Q I~ 
"O.:lO'j::U00\1UA.:I11'U.:I (1~VnLl1~O.:lm1'UUL't'tO.:lnffnHfl11LflaO'UnOOflnffnHL~V1Lnl'U'U) 

.,,, tI.cI 
~ 

I • , c$ ,~ I tI.cI 
~ 

1110m1JA011 Ua1L'l1'UL'l101UUU'UA1.:1\l10UUUlI'S11J~10Vl.:1 1 O't'tO\l::AOU "11 L'l1'UL'l101UUU'U 

.1 ~ ~.d ~ Q,I d d.., ., Q d Q tI 
\l::1J1::00Ui'l1V,,~a1~2 ,~ 1.:1\l1ff11.:1f1111Jnn.:ltl'O.:l;J.:lUOaOfl'l1.:1o'UUa::n'Unl.:10LaOn10'UOff 

i.:llil1,fihnv.:I9i'1LAV1L-rhJ'U ~liHl'U1'Uu~a::';1.:1L1a 1 Lrloii 'i~Q~.:ILij'U1a11::Fil'U ~'U~A'S1\liu 

li11,fm'j'l~'YI0'UffiY\ylW"0-3'~thU~fl111J~i1V.:I"11J~;'~U f1111JU~n~1.:1110.:lm::utI'1'U"Aa1~ 

\l::Lij'U9i'1fil11'U~Vimn~fI11Ltl~0'U~"O.:l'iAn. 

Coilt 

InleJ lock1----- ­

Coil 2 

. . 
d tI .cI. 0 .Q 

.f1l'rnl 2.27 19f'UL'l101L11'UV1'U1UUU'YI1~1'Um~L~tl1 

9i'10 ril ~ fl1 'j 11 'j:: ~n~l~-31 'UL'lf'UL'l101UUUL11 ~tl1U 1 1~tlm1U l1Jlli lLij 'U qtl OHU . .~ 

f11UTj:JJLlUiJl1 tm'h~iJ (sequencer) ~.:Il,*1't'tm~fUijtl1Lij'U~1fil11'U~1U0l11'*ff\y\ylWl'U.n1"fl 

2.28 
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ffTW flml1't)dl'll'WfIl~~ 2.29 11l'Wfllnh ::Vn~1,*'11'W19l'W19ltl1l'11~V1'ihlltJtJnl'l1'W. 
" .

'YIl'll~V1 ~ 'J111 :OtJ~'W '11'W fhll'W1~'11:: tJ'W ffl V~l'Wr;l 1lflV'! 

0' "" • I
2.3.6 19l'W19ltl'J')j''WlIu'J::~(Capacitive Sensor) 

I , jJ, 

11jtll9l'W19ltl111tJtJl'I1iiV1~1 ~'J111:OtJ '~l Q ~1::~'W '11'W 'I11tl1~tlfil 1I'W h'l1:: U~1'111n• 

~'W '11'U~~tl'l fll'J~'J11l:OtJ i~'~lll'W l~'I1::ll::nltldl'l 11 ~~tln9$iJiI9l'W19ltl1V'lijfln'l1mV·lfUll ll~:: 

"Ifii 111-1'11 'I ~ ffllJ1 'Jtl ff'W tl'l~ tltJ ~ tlfl11lJ~tl'l fll'J i ~nfi tl 191 'W 191 tl f"lfii 11 11'J:: 11 '111 tlflllHYll '1~1'W• 
l'VI fI ii fl!1 vn11 fIl 11 1~vJI9l'W 19ltl1 11l'W 19l'W 19ltlf~111 fll'J 111~ V'W II11 ~'1ril'IJ tl'lfl11lJ~ (capacitance) 

" " 
19l'W 191 tl f 11 'J:: Ifl 'VI ii 11:: ij1fI 'J 'I ff~ 1'1n'1fll V'W tl nil ~:: fIl vi 'W f1111 Vti'1Jl9l'W 191 tlflltJ tJ 

l'I1 ~ trnl1 fll'J 11J~ v'U II11 ~ '1ril'IJtl'lfl11lJ 11 ~'1I,1tl'llJ 11l1nfll'J Ifl~tl'U~'lJtl'l1~tl"lfiill'11 rt 'Il'lrllJ 1inll. . 
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" 
ff'U l1J hHhlJtNfl1'thiL~6f ff'U l1J'~"hiiu;l1W ri1'U~ ~ 'HI ~1J"6~9i1L'lS'ULCJf6ffhtf'U~;j'U1~v1~ 

" ",Q,I QI dQ d 1 .. 0 'JJ cI-'I Q,I

active electrode ua:: earth electrode U8n'ln'U'UV~1J6Lafl 'tl~~"~L"V 'lS~'tll'tf'Ul'tl1J6~fl'Uua:: 

"~L"VNa'U6~fl111J4'U ~~lU 'tf\j'1"8~1J;&1Q1f1n~ ~1Jnlii1~qLfl g6'U~L,j'11Jll'U lJ~ L1wif fllfl111J1 

'U6n~~~fhLu~flg'Ufl11:u~n'il:atJ~mlLnJD~'tI 

2 1 3
 

.Q , d • d 
f11 ~ 1f1 ~ ffU11JLL1JL'tfa flff'U1UII1Jl'tfa fl 

1) active electrode 

2) flLgfl1'tl~~"~L'tfV 

3) earth electrode 
.... ... 

4) ~1L~6'U 

5) ff'U11J i'rJ~l 

.,; 1 '.1 " <> d.1 d'J/ ...
fI1'n'tl 2.30 Uff~~ fl Hff~ Hua::ff1 'U IJ ~:: fl6lJ,. 6 WlfU Ltlf6 ~ 'lfU ~ LfllJIJ ~:: 1 tlf~1J 

, " . 
"fllJW::L'tfjj6UnUtlfULtlf6fulJlJL'tfUV1U 1 U~h'll'UL tlf6f'lfU~ U~:: n H 1U1~u 6lrYVfln LtJ ~ ouutJ a ~ 

fl1tJ~::, "fllJW::f11~ m ::~10"6~fflJl1Ji~~1 ~lJ~ nw~lU 'tf U'1'U6~ri1u~~1'il ~lJ'il::fl~ 10flil.:Jnu 
nlJLtlfULtlf6fulJlJl'tf~01U1fl~11~6 Lrl61~Q 1~'l Lflg6u~L.u'l1Jl i UlJ~nWffU1lJ i'rJvh n'il::n1iM 

I t I 'I " 

fl 1fl111J''U6n~ ~~ fhLU~fl~U fl111Joihll~LtJ~OU LL tJa ~ i tJ ~ -1 f11~ LtJ~ vu utJa-1fl wi'.:J fl~ 11U 'il:: 
" . ./
~u 6VnlJ ~ ::0::'tl1-1~::'tf'h~~~t1a1-1'tf~61~Onml'nmU'1'U6~ri1um1'il~lJ fl1fl-1nm-1 i WVh'U6.:J 

~ . 
" 

~1na1-1 (dielectric constant) ~1lJl1-1'UU1~LLa::~tJ';1-1'U6-1~1na1-1 
~ 

LtlfULtlf6f'lfiJ~1h:: 'il ff1:JJl~O~~1'il~lJ 1~O~1na 1-111~J-1~Ltlu 1a11::Ua:: lhj i~LtlU. . 
" 

1a'tf:: fffll1::nnn1-11U (on) ua~hjn1-11U (oft) l!uLn~Hl1nnl':ilWfllw::ffflll::'Ue:ln-1'il'jfhiJ~ 



26 

fI ~lJ m1lJ~ -hii m:HlmfelfJ;\m'YI'YI~ fl ilJiim'j flflffelfJ;\m 'YI~1V11i tl 11" 1'l1lJl~V1tlU m'j lCJilJ1CJifl{UUU 

.J 0':' "' ~ .: ~~ 1~' 1 ~ 
mlJV1lJ1lJlJlfl.:l 'j::v::m'j fl'j11l1lUlJ1fl'j!lU'lJfl.:llCJilJlCJifl'j11UUlJWI Ifl1f1vm'j 'lfU~U J;\'YI::LUlJ 

1flO';1tlJ;\1.:1 lrlfl';1tlm.:llillJ1flO 'If-WfI~lJ 'j ::v:: 'YI1.:1 ~ 11 ::Ufltl';1.:1 flfltl i 1J 1 fI VfI f,U ~1vriwi11J 'j:: tlflU. . .. 
(factor) ';.:Imh.:l1lJfl11"l.:1~ 2.3 

.,. 
"' ')j'lJfI'lJfl.:l1flO. ri1';11J'j::tlflU 

hm:: 'YI tl 'If-WfI 1.0. .. 
0 

lJ1 1.0 

~ 

um 0.3 ...0.5 

.,. 
vtmfffltl 0.3 ...0.6 

d 
m::mlHl'IJ.:I 0.3 ...0.5 .. .. 

i1Y (;jlJfl~tlUfl11lJ~lJ) 0.2...0.7 .. 
thiJlJ 0.1 ...0.3 

';11J1'u1 vtl'YI U elf1 flijlflfl{ (potentiometer) 'IJfl.:llCJilJ1CJifl{')j'-Wfl1J'j:: ~ ii i ~ff1'Y11'u m'j 

1J l'U U,; .:Ifl11lJ i I'll fl.:l 'j:: V:: tlUfl 'j 111 ~U ~.:I ll::ii1J 'j:: 1 v'lflJ1lJ tlU 1J l'Wl';.:1 ilJ1l1'fl 'j 111 ~U 1 fl 0. 
I iJ I iJ I 

111.:1 flV1.:1li'IJ 11.:1tllJmj'YI-u'11fl onfi'fl.:ltlUfl'j 111 ~U ';1flV1.:1 l'l1lJ tlUfl 'j 111 ~mhli flV1lJil1'lflJ::.. . .. 
"' 1 c:ltI ~ U'j'jll.fl'j11l1lU'lJ1f1 UtlJ;\fl.:lm::fl11111JlJfllJ 

"' I _I ~1 ~ ~ .,. d _I 1 .J ~ "' 
fl1fl V1-:1 tl1 'j lJ 'j::Vtlfl ')j'.:I 1U1CJilJ1CJifl'j 'lfU fll tlUlJ 'j:: 11 lJil1vt 'YI 2.32 IlJ lJ m 'j fl 'j 11l1lU . . 

'j::~U'IW-:l'IJfl-:lmm 1Wl1'lflJ::U'j 'j ~ UJ;\::tl1'jfl'j1'i1loMflhu 1lJ'lJ1U 11..1 mifl-:lm::fllll 
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.t:::\ ~ t/ .d 0 C\ d 
2.3.7 f)l'jflflVl·H91lJ19H)'j nJulJlJll1'\.W1'U1UJ;l::'lI'Ufl1mJlh:: \I 

~ . 
f)l'j~fli.:j191'U191tl11h::1fl'YI~-:ltl~111fltl~11tJ'ff1111'jflmdh1~ 2 "mHU:: fitl UlJlJ 

)I 'JI 'j/ 'JI 

N-:I (flush) UJ;l::~fl~-:llllJlJfl1t1'U tltl'l11tl hm-:l (non flush) 1fltln-:l-W \I::~'U tl~tilJ"mH.ll::'U6-:1-:11'UUJ;l:: 
~ 

y y y 

tll'j l~tltl'i'U f)l'j~fl~.:jUlJlJN-:I (flush) 'ff1111'jO~fl~-:Ii 'U~1191'U19161n-:l~1 ~-:ltl~i 'U 1 J;l'l1:: lH'f:'h. ~ 

• y y 

~1'U '11l4'1'111tllJ~ nWm1\1 ')lJtl~l'fflltlti'U tilJU~'Uh'l1::ntifl~fl~-:ltl~1~ tll'j ~fl~-:lUlJlJ 1u~-:I (non
~ ~ 

y y 

flush) f)l'j ~fl~-:lUlJlJU'ff1111'j 0 ~-:1~1191'U191tl1tilJ 1 J;l'l1:: 1 ~m vn::ff1'U tlJ;ll-:1U-:I ff1'U '11,,-:1 1m:: \I::fi'tl-:l 
'JI I 1,)1 

i r1flJ~ nw ff1'U'jtllJ'l cfl'Ufl'j1\1 ')lJiH~'UnlH1i'U1 iff1'U'I1i1-:1 UJ;l::lij tl \I::~fl~-:I 1911J191tl1'I1J;l1t1'l ~1 
• y 

.dl '9 JI Q,I ~ e:t. ~ )I QJ' JI 0 <IS dl I • QJ' 3J 
91 -:I tl Q&tlJ;l'l tl'U 'I1'j tlfl~V1-:1m -:1'11111 tl'U \I:: fltl-:lfl1'U -:lO-:l'j::tI::l11-:1'Utl-:lUfl'l::fl1fl1t1 

~ ~ 
y 

tI .. I 
2.3.8 f)l'jflflmI91'U1916'j t u'YI'j-:Jm::lJtltl 

Y Y • 

1) tll'j~~~-:lUlJlJ~-:I (flush) 'ff1111'jo9ifl~-:I i ,.r~1'U '11l4'1ff1'U fl11\1,)lJ1'fflltltilJ 1 J;l'l1::n 

"" lIJ 311 v v !'lIJ 41 A 'i v.. .., iI
tlfl &fl fltl~1'Ufl'j-:J'U11J'lJtl-:l191'U191tl1 &1Ifl1'j1l J;l'l1::tl'Utltl tlJ;ltl11 3 1'Yl1'Utl-:l'j::tI::fl'j1\1\1lJ UJ;l:: 'U 

~ 

• Y 
..::::i..::::l,q QJ' 0' QJ • I QJ q .". 0' tI 

m W'YIflflfl-:l191'U 191tl1 'H J;l1 tlfl1'j:: tI::'I11-:1'Utl-:lUflJ;l:: fl1fl1'j 1111 1tltl111'ff'U ~1'U fl'U tltlJ;ll-:1'U tl-:l191'U 191tl'j 
~ 

I Ftu....,., 
, :thS,. 

-.;-__-r_J 

• Y 

fll'Vfll 2.33 m1~~I'1.:jUlJUrJ-:I'jlh1'j-:lm::lJfltl 
~ 
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" 
2) m'j~f1f1'111lJlJilifJ'I(non flush) 

o 1+_:""::'x:..::;0-..J 

", 
.f11'Yfn 2.34 m'j~f1f1'111lJlJilifJ'I'j1JVI'j'lm::mJn 

'" 

D 

2xSn = ri1'\.J1JfllU'lJtl'l111f1'j11l,)m)::~tl'l~'11l1n 1Cll1::dj'W 2 rn1'IJtl'l'j::U::m11l,)lJ 

'_I ... ... lIJ "'1 <!I
. '1 91 • ...I

3xSn = i11'WlJfllU'lJtl'l111fl'j11l1llJ 11JfI1'j1J Cll1::tl'WtlU nCl 3 lVI1'IJtl'l'j::U::fl'j11l1llJ 
'" 

~ y rI.£::S If" I 

3xd = 'j:: U:: VI 'I i1tl 'I f11 'W 'IJ tl'll"ll''W 1"ll'tl'jfl1'j1J'j:: U:: 1J1 n n 11 3 1'l'l1 'lJtl 'II ff'W ~1 'W 

.. " " fl'W Un fll'l 'lJtl'll"ll''W1"ll'tl'j 

" 
2xd = m'j~f1f1'H"ll''W1''ll'tl12 f11i~H'ltl~n'WfI1'jih::u::li1'11i1'W 21'¥i1'IJtl,ml''W~1'W 

" " fl'W UfiCl1'1'IJtl'l1"ll''W1''ll'tl'j
'" " . . 

2.3.9 m'j~f1f1'11"ll''W1 "ll'tl1'j1JVlHi11l1~ U1J 
'" 

l~tl 1,",1i1'W i1Jfl11J1J1fl'j!1'W EURO (EN 50026) 1'Wm'j~f1i'lUfl1.,j'lnu1Cll1::i'l1'W 

. " 
lllJlJfJ'I (flush) 1m:: ilifJ'I (non flush) 1l::~tl'l'j:::iJfI'j::1'11'Wii'1fl1'1'l ~'1fltl i 1Jij 

" 
1) m'j~f1f1'111lJlJhifJ'I (non flush) 

active face 

~ctiv. f~.:e :JCfive f;ace 

, )J • • 

.f11~n 2.35 m'j~f1f1'111lJlJlli~,n1Jm'lil!l1~rJ1J 
'" 
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J\'SSS\.~'0.~ 
$wrtd>ing ~ 

"zone 1.5Xb 

" 

. " 
fJ1'Vfn 2.36 fl1'j~~fi-:lfl'j-:l.,j'llJti''U,;'~Nih~u~...h-:lhiuuun-h 8 l'¥il'IJU-:l'j~U~f1'j11l~1J 

..l. , 'JI
 
llJUfil'H'U~ 'H
 

'JI " o = fI11lJfi11-:l'IJUWlf'U1ClfU'j 

Sn 

"JI "'J/d I QI ~ I " 

1.5xd = ~1'U'lJl-:l'IJU-:lIClf'U1ClfU'j1l~f1U-:llJ'j~U~'H1-:l1l1fi1f1\lI1J'U 51'Yl1'IJU-:lfl11lJfi11-:l'IJU-:l• 
.., " 
\Oi11Clf'U1Clftl'j 

" 
2xd = 'H1'jij1f1\lU~'ti-:l2~1'U fI1'jij'j::t.I::,..yl-:l1~'U 2 lnl'IJtl-:lfl11lJfi11-:l'Utl-:lIClf'U1Clftl1 
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" 
2.3.10 nT:i~~Wl'1I11J1JrJ'I (flush) 

active face 

, )I , I 

.nWfn 2.37 rn':i~~,J'IU1J1JrJ'I~tl'YI':i'1ff1'H~U1J 

.. C\ , v 
2.3.1119f'U19fO':i'll''U~ 'lI'lIff'l (Optical Sensor) . " . 

, 'U '11 'U 111'1"mHU:: fi! ':i l~ U'I nT:i m':i ~ ':i 1 il ~1J t]f'U '11 'U nih:: u:: '111'1 ill n,J119f'U 19fU{ 

," ,J d I ~ I",V .. C\ j d d d~ 
rW'U'tll'l1Jln9f'lUlil1Jml1J'Ul1J~':i t111J1lll'l11':ilfl1':i 'lI'l9f'Ul9fU':i'll''U~ 'I1'U~ 1I'U1'Y1l'l'l1'U'Inrwm':i 

" .
'~19f'U19fU{'lI'ij~'~Uff'l''Um':im1il~1J 'I1lntll1J,jU1lUa119f'U19fU{11'1 2 111J1JYi~l'U1Jl fiu 111J1J 

.d. 0 d j I , vi)l.a 0 d.a 0' ~ d ,.&:It.

1'H'UtJ1'U1U'l::'lI''U~m1Jtl':i::~ 1Jffl1Jl':it'l 'lI' ~'I1':iU m~U1JnrW 19f'U19fU':i'YI'l 2111J1J'YI~1'U1J1':i::U:: 

m':i~':i1il~1Jff'lff~tl':i::1JlW 50 iJ'l~l1Jm'l1iumh'l1JlnjJ,jlf)'U 100 iJ'lill1Jm 'I1l':i~U'Im'j'j::u::m':i.. . 
~':i1il~1J~1J lnn1lii'oildh'li'ij'tl'U l~ 'my l~mh' li'ff'U l:JJUJ,jl'I1~ml'l::ff'U l1J j vHl lijfh~ '1~'U~ 'I 

• Q,I a j )I ,1Q,I j Cl QI" fld " 
Ulilil::ff 'I ~'l m::'YI1Jn1J ':i::1J1J U'U'1 ~'U umnn'UU'I':i11J 1lt'l '1il1) ilU'YIl'l~l'Ulf1':ilol !rYlffmun~1U 

. . " 
'Uunillnijflw"nlol W::l~'U ' 'UIiu'I 'tlU'I':i:: U:: m':i ~ ':i 1il ~1Jn j n'lUa1 19f'U19fU{1I1J1JihJ'I. 

d" d'd .... "Q,I 49 Q,I Q,I j" 49 _, d ,
1J'tlu~uuun'l1mUl.J':i::m':i~1un'U flU ffl1Jl':it'l~':i1ilil1J1~t'l ~mU1J'YInl.J':i::l.n'YI fl1l1Jl':i1 'Um':i.. . , . " 
~':i1il ,r1Jff.. 'I iji'Unffl1Jl':it'lIlUnfl1l1Jllfln,jl'l'tlU'Iffi~. 'U unill nihJ'I ffl1JT:it'l~':i1il~1Jl~t'l''U1J~nw, 

r I I JI I J1 , 

Yi19f'U19fU{II1J1J111i 11 jJ,jffl1Jl':i t'l'~'1l'Ui~ 1'li'U 1J~ nwnijl'UuYi~~,J'I~ln~ 1J~l1f:1J YiijUf.lm.niJ ff 'I. .. .. 
;'U '1l'U~ij'tl'Ul~l~fl"ll~'U~'U 

2.3.12 'lI'ij~'tlU'I,J111Jllff'1U'l::~'lUff 'I 

19f'Ul9fU{'lI'ij~'~lIff'l1l':i::nU1J~1U~1'U~rilr1tuuti 2 ~1'U~1Ufl'U fiu ,J1~'1Uff'lU~:: 
" . u .. 

,J111JUff'l "fllolW::'tlU'I m':i~':i1il~1J1,r'Ulf)~illflflT:in"lUff '1illfl,J1~ 'Iff 'I j tlff::n'U'U fl1Jl~t'l, 'I11Ut'ln.. 
'JI I J1 t 

'tl1l'l fl'U ~1Ul~t'l U'l::ij~'l 1'l1',J1i'1JUff'11ff.fll1::Yilf)~~'U l~uil:: ltl~U'Uutl'l'lff .fll1::'tlU,n1tutultIJ
q IU u u 

LUlI'1Yl~. ihlt11~'11u 
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1) 1Pi1i\m~'11oH~Ufl';jW~I~ uwh1vJ1fi'lfll flfl(photodiode)lf1fl1vJl~fl'nu9i~I~fl1 

(photo transistor) n1lf1!l~I~'U1Pi1i'1Jll~'11l~~llU~'111l'U'f:1tyqj1tlJ'YI1'11vJvh 

2) 1Pi1tl11'11flll~'1 ijlfmUU'j~lfi'YI~1Un'Uf'jij 

n) lf~flflll1J1Jij1 A' 1~'UI9f'U 19m1'i'Ultl1~lflU 1oHn'U ij.uijli1u~H~"'lfl~lUll~~ij"''U1fl. 
ftfl'U;J1'11mulsNYH1''1'11U1nn ~'1ill1l1'l1'UnU'lYWmoHmj lflUloHn1J'I1'UlllYn~mJH" . .. 

~ tI 0 oCll dc::s d c::I 

"') lf~ijfl LED (Light Emitting Diode) IlJ'U~Ufl';jtlJml'Uflll~'1'Y11J"''U1flmn1Jfl111J 

'YI'U'YI1'U~ '1-UU1JloHn'U1J1nl'Ul9f'UI9fij1'i'U lm.j.. . 
fl) LED 111J1Jll~'1fl'Uyh11'jfl(infrared) 11~1~'Ull~'1fl'Uyh11'jfl~ijm11JU11fl~'Umj.. 

I "" 1 'j).1 ' "I I d ,'j) 'j) ., lIJ.I"I 'j) ~1'U'll'1'1 910 tI'I 950 'U1 'U11J~'j 1Jfl'lfl1U~1Ium l1Jllf'U lffl111Jl"'1J"'fl'l1l~'1~'111'l~'1lu lflllJ'U.. I 

'j~u~'YI1'11n~Il~~~11J1'j mi'1'Y1~~1~tl1J1'1'jj'-ufll~ ll~lli~l1J1'j tllW mW~fl111J ll~ n~1'1"'ij'li11 ~. . 
"" ~ d d "" .,j .1 1 1'j)'I) LED 111J1Jll~'1~llfl'lllJ'Ull~'1'Y1~l1Jij'lllf'U1Jfl111Jfl~'Uu'j~1J1W66 'U1 Ul1J~'j If 

fl111J1;J1J"'fl'l1l ~ '1U1'Unm'l 19f'UI9ffl1~1sNll~'1i111fl'l11~ ~11J1'jf:l~'j111')1Jlfl~fl'llf1J1U (mark) i1f11 
~ ~ 

lhl1'U lf1ij I~U11J'U~'Ui1"'111~ 

"" d ~ d d "" .,j .1 1
11) LED 111J1Jll~'1m"'U1IlJ'Ull~'1'Y1~11Jij'lllf'U 'Ul1J~'j1Jm11Jfl~'Uu'j~1J1tlJ560 'U1 

1"" ~ d'dl Y d QI 1 'j) .,d do I

lfm11J1'lJ1J'U ij'lll~ '1~1 19f'UI9ffl'j'YI 'll'll~ '1m'UU1 11~ 1J'j~ U~ m'j~nl1l11J n~ ll~~l1Jl'jtl~'j 111111J . ~ 
~ c::I <l!I d b1 y

Ifl'jij'llf1J1U (mark) ~llfl'l1J'U~'U~'lJ11l~ 

0' 0' 
~) LED 111J1Jll~'1ml9fij'j 1l~'1ml9fij'j (Light Amplification by Stimulated Emission 

. ~ d 1 'j) 'I 'j) ,., "" 1.1 'j) d d
of RadIation) IlJ'Ull~'1'Y1t1 mJU1U flum'j fl';j~~'U llf llf-lH ~ijij n fl Uu n~ II ~ 111 ~ '1'Y11'j11.JeJ'Illf 'U.. . q 

~1"l hi1li1111 ~l ~'U ll~ '1111 nlf ~flfllvJ II ~'1,11 nfl1'1eJ1Yi~6 l1::I~'Ull ~ '1~ fl';j ~ 111Uijijmn'j ij1J ~fl . 
o C\ c::I c::I a do' tI c::I Q,lC\1 " d c::I do c::I c::I ... .1 c::I " 
ml'U~ 1JlfmUm11Jtllf'jijlfmU~ ll~ml9f()'jl1::1JfltlJ~1J1J~ lfll~'1~lflU11JmflU111~::ln~lflU1fl1U.
 . . 

Go' • GJ" II==. t::Id '1J tI c::I air 
llf~fl'lnm1'Y11! lfll~ '1ml9fij'j 11J'Ull~'1'Y11Jm11J1'"1J~ 'I ll~ '11~I9fij'j11::1Jfl111Jfl~'U ijU'j::l111'1 0.01. 0 .. .. 
iJ~~I1Jm l11flij~1'Um11J~'lf1'1U'j::1J1W 10 0'1 10 li'j~,* un~~11ull~111~I~mhll~'1i111fl'l 
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.., '1 I - llff'l'JlnflltJlJflf11Uf11lJ - 1::tJ::"11'J'J1H)~ In::'I11N 

llff'l~hnhm~nullff'liMjtJ1 i~~ltJ . ~. 
.., <!I ~ .do .:!I <do 

- ffU.I110"11'J'JUlmfl'l'l11JltJ
 - Imfl'l'l11J1Uffll~'1UlJl'ilJff
 

~ ~ 
.c::s 0 0.<::.\ .:!I <do .:!I <do 

ff~l lJll'1lJ'I11{)l'lltJ1UlJ'YfUff 'll11i~ffl1Jl10"11'J~ui~ 
~ . 

- 1::tJ::nl1m1'J~UfflJtiff~'ll11 i~"11Jfl'l1l1lJ . 
.., <!I 

- ffl1Jl1 0"11 'J 'JU1mfl'l'l1 1J1tJ . ~ 
.c!I <dod ~ 

1mfl'l 'I11J1tJffl'lltJ1UlJl'ilJ 

d 
'll11i~- "l1Jfl'll'l1lJ 

fl11111'11lJ i~~ltJ 

- {)1~n111.r;'11lJ'llfl'l 

'I1'lfl11 hJij~~~ln~ 

2.3.13 l'Vlt1'Wfl1lJn111Uff'lihllff 'I 

1) inn111Uff'lllUui1itJ 

:c 
<f) ic 
5E 
c: 

1: 
U> [

...J 

Time 
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.. " 
t1hJl11n~lff -3U'fj -3 i13tlril-3~mUtl-3t~'W1.1n~ mijtl'WnulI 'fj -3~l1Jli 'j'nJ'lfl~ l11ih::u:: 

fil'j ~'j l"~U":: iliimnrnu~:: m 11 ,,::: (lnu'fj -3 "1nmu'Wtlmum'Wi ~41U 
" 

~~ 

....... .. ­ .......
 r ­-

Time 

mVi~ 2.39111~~-3ff-3U'fj -3 "::ff-3"'lU'fj-3t~'W ~-3'l1::~'fj~lt'fj1Jtl 

t~'W 111~~-3 ff -3U'fj -3 "::ff-3"'111'fj -3 t~'W ~nl1:: ~'fj~ It 'fj1Jtl~lUij~'jlfll11J ~~~ -3 U~~ ~ 
" " ffl'W 'IJ tl-3 ~1i' U~,,:: (l ntltl nuUU1Jl-ffll1 i'Ui'UiYtutul WU'fj-3 U1~m 'ij Vi1:: ~1 ul11 U" ::":111,.r'j:: u:: fil 'j

'" u u 

~ 'jl"~Ull1 1~mit m:: ~1'W 'VIl'W ~tlU 1'1' -3'j um'W"lnmu'Wtln 

2.3.141m -3'fjrl-3'IJtl-3t'li'Wt'lm{'lfU~i'uff -3"'lU1'1'-3 

1m -3l'1'rN'lJtl-3t'li'Wt'litl{::IfU~i'uff U1'I'~-3-3"'lU'fj -31 ~U...tl 11313'j::ntlU~luffl'W~-fflri'ty 

~-3mVi~ 2.40 ncillfltl 13'j:: ntlU~lU (l) 1-31-3"'jtiltU~fl~'W111mi~ffml1J~~-3 (2) ttl1ci-3tiltU~ 

U'fj-3 ~-31~U...tl i 13 ,,:: 1'l1' LED (3) m.lnnlHuu'fj-3 1~Uffl'W1J1n,,::1'l1'hnIPi'1~1tl~ 111tl hnlPi'. 
'VI 'j 1'W 9f1'l' 11m { (4) ~13 n H.u 'IJ Ul uiYty tyl W (preamplifier) ~ 13 n 'j wn.l1 UUl n uu iYty ty 1W" 1n 

ltl1ci-3f1lLU~fl~'Wml1J~ U~::iYtytylrn "ln~li'uu 'fj -3 (logic operation) ~tJ mwuunuu::iYtytylW1,.r 

nl-31'W 111tl ilinNl'W (7) l1~tl~ irhll'l'~-3fil'jnl-31'W (8) Im"Vi~u~::l-3"'j~tl-3n'W (9) ltl1ci-3~lU• 
UH~'W"lnmU'Wtln (l0) 1-3"'j'j::~uu'j -3~'Wl,.rfl-3~ 
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8 .
1 2 3 4 5 6 7 

ill~~ 2.40 lm_3"'~Vl'lJtI_3IClf'\.JlClftl{')j'iJ~rm1_3ihll"'_3 

. " 
IClf'WIClftl{')j'iJ~ 1~1l '"_3nl ~1 'W 1 H_31'W tI~"'ll1m'j1JU'W 111tlll,j_3~11J1n fll'j~'j 'HI,)lJ. . " " 

"'11J1Hlll,j_3t1t1tl'~lil'W 3 mi1J~1vti''W'~_3l'i'_3ii~'H1_311l;l::~1rlJtI11)1)::tlth 11JillVl 'W ,rtl_3I~V1ti''W. .. 
.cS OJ' ~d"W) Y 

l1'jtl!Wtltl'WtlVtl'Wl;l::'YItl !~.. 
.. 0 • 

2.3.15 IClf'WIClftl'jlllJlJmll"'_3Nl'W~l;ltl~ (Through-Beam Sensor) 

~ -------.~-l OFF
 

~1t1Vl_3 fll'jl.h:: ~m"~_31'WIClf'WlClftl{lllJlJ~111 II"'~ _3~_3ill~~ 2.42 lll;l::"'_3 Nl'W ~l;ltl~ 
I , JJ" j/ 

ill~n 2.43 eif_31 'Will~n 
I 

2.42 U'WIil'Wfll'jUlIClf'WIClftl{U'W'1J~'j 11) ')lJ'lJ'W1~lll;l::nJ'h_3'lJtI_3;'W _31'W.. 
" . . 

U'W "'lUm'W~ll~V_3 1~tIIWtlllV::;'W_31'Wnii'lJ'W1~I'Yhti''W 11Jl'W'YI1_3I~v1ti''W ~hw ill~n 2.43 lil'W 
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. 
- 'j~[I~f11Hl'j1\1~1Jif)~ - '~l'i1f.ln'lJf11'j91fl~.:J 

'" 
- T1111JU~lJt'hrif.llJ,j'1.:J~.:J - ~f.l.:J~l[1hhl.:J~1i'1JU~~~1ff.:J 

- *U~~r:i1'\lf.l.:J111fl i~ih~~m~'YI1J~t1f)1'j'tll.:JllJ - i~~11Jl'jfllln\1~1J111fl hH.:J'~i,)'. . 

. '" '" 
.fl1'Wn 2.42 LlllJ f11'j'lllL9flJA9ff.l{,rlJ i t111'j1\1 ~1J'\llJ1flU~~ttlil.:J'\l t1.:J~lJ .:JllJ1JlJ ffltJ'WllJ ~h~ tJ.:J 
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~ 0 ."Q,I
2.3.16 lCJ1'Utclff)'Hl1J1HnUl1'H"~nij'Uf)"'U(Retro-Reflectlve Sensor) 

>I 

lCJ1'U1CJ1ij{lh~lfll'lij "~'j11J~'Hi ,m"d'm1qjqJ1WUl1.:1 i 1fl1V1'U ~11~V1t1'U u,,~ 1 '*UN'U 

~ ~ '" 
l1~nij'Uul1.:1 (reflector) l1~nij'UUl1.:1f)"'U 

ON 

>I • 

- ril1,*~lvl'Uf)l'j~~~.:IU"~I~'U111V i rl~lf)':h 

- f)l'j,H''UU~.:IYil i~~lV 

- fl1l1J U1i 'U til1 'U f11 'j 11 'j 1 " ,)'m!ij Vn-:h II 'U 'U 

iillll1.:1 Nl'Ull"ij~ 

- m"ijil Ul1111'Um Wll 'j1",)''U11l()~ij 
u • 

'f:1'1Jlh~ tinn"f)l'j l1~nij'Uul1.:11mllfiv.:I t1'UIIN'U 

l1~nij'Ulll1.:1 

>I • 

U'U~'U .:Il'U 'U'U 111V'Vll'U iill~V.:I 1~ V'f:1'qjqjlWni ~"lf) f)l'j1l 'j1",)''U1,rt1m~l.l f) 'jWU'U (counter) 
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ff1'W~1mh.:l hunw~ 2.46 It/'W m~ U11t1119f'W19fO{m1~ 'W m~~~1'i11iU'IJ'W1~'lJtN 
" .

U~'Wl~Q~1i'1'Wlt/'W'IJ~ i1'IJ'W1~'lJtl.:lIff''W~1'WfJ'W6mmlr'W 1~~llJ.yjn1l1'W~ 1i\yitll1i 

~ ... 12.3.17 19f'WI9ftl~UUU~~1'i1'i1U ~tI~H (diffuse-Reflective Sensor)
 
"
 

19f'W 19ftl{lh::III 'Yl i1 ~1ff .:IU":: ~1rUffUJUJ1tlHnn'il::mjmtl1 'W ~11~ tl1r1'W uti'11~l"tl 
u u cu ~ 

" 
11 ~ tl~'W.:I1 'Wlt/'W ~1ff:: ntl'Wllff.:l ml'u 

OFF 

mw~ 2.47 19f'WI9ftl{UUU~~1'i11iU l~tI~H 
ON 

" . 
- ~11~~1t11'Wm~~~~.:IU"::I~'Wff1t1~1 

- l1i~tl.:lii mnHUll~.:Ii1t'l'Yl1.:1~l11ff.:l 

" 
- m1lJff1lJ1~tl1'W m~~~1'i11iU~'Wtl~r1Uffll":: 

fflJ1J~:: ff'Yl t1 'W m~ ff::ntl'W Uff.:l~ ~1'IJtl.:ll~ tl.. 
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• JI. '" 

~ ~.yj fl ci 1111111 ~ l111CJ1'WICJ1ij {!I1J 1J U 'j ~ fJ~ 'Yl1 ~.yj 1 ~1 'W fl1 'j 91 'j 1 'il ~1J 'il~ 1i'W ij ~ n1J 

Tl.Wffll1T~ 'U ij~;'W ~ 1 'WU" ~ 911'j1 ~ ~ ij 1 tJ if'il~ I1:I'W;{lij th~'U ij~Ti l;{lTlW tJ'j ~ flij1J (factor) 'U ij ~ 
.. ~ 

!CJ1'W!CJ1ij{Il1J1J91'jl'il ~1J 191 fJ91'j ~ 1'W fll'j91'jl'il ~1J~'W ~l'WtJ'j~If1'Yl~H"l 

911'jH~ 2.8 911'j1~!mfJ1JI.yjfJ1JTi1;{lTlWtJ'j~flij1J 
~ 

fl'j~ 91 UUl 'Ud 
~ ff '" 'U11 

1'Yl~ff1i~'Wi1'U11 

lm1~~ff~nij'Wuff~1~ 

1lJ'11 fJ11J 

~lfJff'U11 

pvc ffl'Yll'" 

Ti1;{lTlWtJ'j~flij1J (factor) 
~ 

1.0 

1.0 1.2 

1.2 2.0 

0.4 0.8 

0.5 0.8 

0.1 

0.3 

0.4...0.8 

;{lij~l~fll'jtJ'j~~fl~1~~1'WICJ1'W1CJ1ij{Il1J1J91'jl'il~1J 191 fJ91H 1'Wfll'Yl ~ 2.48 I1:I'W fll'jU 1 

" ICJ1'W!CJ1ij{1ll1 ~ 'W flWU1J ~1'W 1'W 'Uij~~'W ~1'W 1J'W ff1fJ'Yl1'W ii11~ tJ~ 

". )I I 

~ 'W.yj 111 ci111'W m 'il rl ij111'1n91 Tll1111ffV111fJllrl ;{1!CJ1'W ICJ1ij{ 111m1:1 'W ~ 1'W.yj9!'ij ~ fll 'j m11111~ 'W til Im:: 
• 1 ." 9/ 1I) • .I,(d -=- '.,. 1 9/ ~ 11) 9/ 19/ .A0

lllJ'WijlJ 'Wfll'jml'il'il1JTlij'W'UHff~ ff1fJ n1!1Jij'jijij'Yl91fll1'jijff1fJ fJllfl1 'il~ t911lfllJ1111 'lf1'Ylijff'Wij~ 
~ ~ .. 

~ijTll111 ~B~ fll 'j ~ -1 flci11 flWnH1lJ 'Uij~ff1fJ1tJllti'lij~1JlJVilJ il"llJ 'U B~ ~,m'j 111 
~ .. 
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>I 

m)ihffltJ1tJun"lln1~nUt'lf'Wt9n){')j'U~l~uff~i1 "h'W1Jl fl'il:: 1~nUI'lf'Wt'lftl{ijmff~ 
• >I >I 

~l'WA'ltl~U'l::uuu~u l~tJA)~ c)f~t'lf'Wt9m{n~uuu i1m'il'il::tl~l 'W! '!.Juumn ~m::Utlfl'H1tll'!.J'Yl)~ 

*m~tJ1J~'~.fl1'Vl~ 2.49 Ufff1~~1tlfh~m)i~ffltJiuun'1i11JnUt9f'Wt'lftl{UUUm1'il~Ul~UA)~ 

LED display 

R~ceiver fibre-opilc 
cable 

'" 0 i" 1"'" """1".fl1'Vl'Yl 2.49 m)'W1fflU UUfl11Jl ']j'flUt'lf'Wt91tl)')j''W~ ']j'Uff~ 

• >I 

i'W.fl1'Vlfl 2.50 trl'Wfnnh::~fl~i~ffl£limtn'1i'WmHn1'ilfftlUm)1~;'W~1'W U'l::.fl1'Vl 
• >I 

fl 2.51 trl'W m)'!.J)::Ufl~fl1) l~ffltJ 1tJun'11'Wm)A)1'ilfftlUnHl~'\.Itl~;'W~1'W. . 
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. . ~ 

fll')'fYi 2.511~ 'U fll'j1J 'j:: tlfl~fll'j1 ,*'ff1 tI1t1llti'11 'U fll'jm111 'ffijlJ'i1J,h:J'IIij.:J;'U.:J1'U 
~ 

... "I 1" <? "" 1" 1" '" 2.3.18lHlflfll'jl'lijfl 'lflC)f'U1C)fij'j'lf'Ufl 'lfll'ff.:J 'YIl'YIlJ1::fl1H1'U 

~ ~ ~ 1" ~ do "Q,I ~ 1 d do" d­, I

l'U ij.:J 111 fllC)f'U IC)fij 'j'lf'U fl 'lfll 'ff.:J'U 'U lJ ij~'YIm tllllJlJfl1 tI fl'U C)f.:J 'U ll~ 'l:: lllJlJ flll::lJ 'IIij fl 
~ ~ . 

.,j'ijliYtIll~ fl,j1.:J n'Uijijfl i 1J~.:J mh11 'U.,j'1.:J~'U 1 'U fll'jl~ijfl 1oN.:J1'U1C)f'U1C)fij{1J'j::lfll'lih!'U~.:J~11~'U n 
~ . 

11:: ~ " ij.:Jl'l 'j1lJ'j 1 tI'l::lfltlfl'" fI•W'fflJ lJ~ "''''' lJ l.:JlJ'j:: lfll'l _I 'IIij.:J lC)f'U lC)fij'j<? '" '" '" 0 i-lJ11"'j1lJ l'l.:J'l fl£l W:: .:J1'U l'l1l::'U1 'If 
• I • ,. tI 

"I '" 1" i" ," do Q,I" do 0 Q,I do .Q do Q,I • 1_ I '" I'YWl'l1l::'ff1lJ1';i('1 'If.:J1'U flij tl1.:J() fl~ ij.:Jll'l::m1J1::'fflJl'l'fffl 'YI1'11ijl'l'ff1f1 rul'lfl1'j .... 1I1'jW1lJfl.:J~ij lJ'U 
~ • u 

1) 'II'U 1fl'j1J'h.:J'IIij.:J1~() ~~ 'j111 ilJ 
~ . 

fl) mW1C)f'U1C)fij{I~'UlllJlJ"111'ff.:J ~1'U ~ 'lijfl 'II'U1fllg fl'fffl'll ij.:J 1~ () ~ IC)f'U lC)fij{1J'j::lfll'l. . 
.,: '" 1" ~ . do • 1 "d ". ~ d".d.q • dQ,I

'U 11:: 'ff1lJ 1'j()~'j11111lJ fl'U 'U 1J 'j::lJ 1W11lJfI1 fl'll fI tI.:J fllJ'II'U 1fll'ff'U ~lff'U tI n'l H'IIij .:Jl'l'U 'ffl'l~flij tll'l 
~ ~ 

" "Q,I d" ~ ,,, 0 ~ 'j/ Q,I.dd d, d ""Q,I

fl1'U 'YI'U 1'11ij.:J~11C)f'U1C)fij'j'U 'U ll~m 1I11IJ'U~ij.:J fll'j~'j11111lJ1~Ql'llJ'II'U 1fll'l flfl11 flmllll::~ij.:J1 'If 
~ 

'YI U1fll fl'l1.:J" 1II'ff.:J'lf1t1 ll,j nll::ii ~'lYi11 ..r'j:: tI:: fll'j ~'j111imy'U'l.:J 

'II) mw lC)f'U1C)fij{I~'UlllJlJ~'j111ilJ1 fltl~H 1..r'j::~fl'j::1.:Jl~tl1nlJ ~1'U fll'j~'j111 ilJ 
~. .,

<? '" '" _I'" _ I 1_ I '" '" "'" "I <?'II ij.:J1C)f'U IC)fij'j lllJlJ'U l.... 'j l::lJ'U 11:: llJ 'l tI'UlllJ'l.:J lJ~llJ'II'U1fl'llij.:J1~()l'l() fl~'j11111lJ ml'lij'U1C)f'U lC)fij'j . ~ 

tI , tI tI 

"1- 11 ,,'" '" . '" "I _I'" i <?1 ,,"" '" 0 1" <? '" I'll-I lJ fl'l ~11~()lJ 1n'll 'U 'YI 'jij lJ 'jlJfl11lJ I'll ij.:J lC)f'U lC)fij'j 'YIlnlJ'U'U 11::m 'YI1C)f'U lC)fij'j 'U 'U 'ff1lJ1'j () 

~'j111ilJ1~()~'II'U1fllgfl'l.:J 1~ ij~l.:J 1 'jn~llJ~ij.:J'j::1.:J hj1..rlC)f'U1C)fij{~'j111ilJ~ 1fl'YI".:J'IIij.:J1~() i~. . 
2)'lfUfl'llij.:J1~Qnll::~'j111ilJ
 

fl) mw lC)f'U1C)fij{I~'UlllJlJ"l11'ff .:J~l'U~'lijfl 1 ,*nlJ1~() hi'lnijlJl'l fl'lfUfl tlfll~'U 1~()
.. . 
~ . 

11J1.:J1 'ff 1'lf'U .... m'ff~n m::lIfl1 'ff '111fl1 'ff 1~'U~'U 'U ijfl1l1fl-w5.:J'j1lJ 11J(i.:J1~()nii"n£lw::l~'U 1 fI'j.:J . 
1l'ff.:Jll'l::'lijfl~l'Ui~ 

'II) mW1C)f'U1C)fij{I~'UlllJlJ~'j111ilJ 1fltl~H ~'j111ilJ1~() i~lnijlJl'ln'lfUfl tlfll~'U. . 
" .

1~()l!'U flflCJflJll'ff.:J i~ 1'lf'U 1~()iYfi1~1'U 'YI~ij1~()nii~.:J'II'j'll'j:: 'YI~ij1Hl~'UlJlJlijtl.:J 1.... 'j1::lJHnll::
q 'U q q q q 

m1I'l'111..rrl111'ff.:J 111 n,J1tY.:J i 1J m::l'llJ nlJ 1~()1l-a'111'ff.:J 11:: 'I1fll'Yl ili'ff::nij'U n"lJlJ 15.:J,J11lJll'ff.:J i ~. 
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.
, 

3) iYll'l:::~l'\1t),r)ml'n~lJ
JI 

fl) fl·H.1hCJI'U1CJIt){1~'UlllJlJ illU'l'-3~1'U fl'lt)~ f111lJ'l'llJl'Hll j.J fll'Jfl'J 11l~U ili ~'U t)~ OlJ 

iYMit)N1'\1t)-31fln~1l:::fl'J11l~lJ. 
• JI 

'\I) mW1CJI'U1CJIt){1~'UU1jlJfl'J11l~1J 1~Vfl'J -3 ti'11fltrnflnll~lJUlJ 'l':::nt)'Ull'l'-3i~ili~ii 
JI 

"" 0 iJ ... 1- I' 1 iJ "" 1 iJ"" 1 ... 1 iJ ~ "" ......,
'l'~l~l'UM'Jt) lJ'J-3 'l'lJ1flll:::flt)-3Vi1l1nUl M~ 'Ufll'Jmt)fl 'illCJI'U1CJIt)'HllJlJ'U1Vi'J1:::1flQ~-3fl'l111l::: 

o iJ ...::... ... '1\ iJ d ~ ~ iJ 
fillM'J:::v::: fll'J fl'J 111 lllJ'l''U'l-3 l1'Jt)t)lllflnlllllJ ilJ !~lMm1JlJ !~ . 

4) ';1IlMU-3111l:::fl'J11l~lJ 

fl) mW1CJI'U1CJIt){1~'UUlJlJillU'l'-3 ~1'U mw~ 1flQ 11:::\1 flfl 'J 111 ~lJ i~ iliilll:::~~~l'U 
JI 

illU'l' -31 'UYlff'YlHMit)';luMu-3'J:::v:::1~~ 'J:::Mil-3~11lJU'l:::~ld-3U'l' -3 ~-3u'U ~-3~11~ 'U~t)nh-31v 

lJl flUfll'U';11mU-3'\1t)-31flQ~~~Nl'Uil1U'l'-3 

'II) mW1CJImCJIt){1~ 'UU1JUm11l ~1J1~ VflH 1 M''J:::1J'~'J:::1-31 'U fll'J lilt)fll ~lCJIlJ lCJIt){ 
II ". I , JJ. 

UUunLVi 'Jl:::n'U111 'U fll 'Jfl 'J11l,jU11::: llJilv'UUlJ 'l-3 i lJ flllJ'; 1UMU-3 'J:::v::: 111flQU'U lilt) 'Ul,rllJ1fflJ ~'l' 

illU'l' -3 

5) f111lJl~11'Ufll'Jlflgt)'U~'IIt)-31fln~1l:::flnll~U• 
" illl~U'UU1CJI'UlCJIt){'ilii~ 1'*U'l'-3d1'Ulmyll:::lJ1fll'Jflt)lJ'l'lJ t)-3 i~O-3 1/1 000 1lJ111 Mit) 
JJ " • I • I 

1 lJ'lil1'U111 OmS) n-3Unlnt)1M''l'1lJ1'Jnfl'J11l~1J1flnl1lflilt)'U i M1l~1 i~ U~l~t)f111lJIl1111lfl1'J• 
11::: 1~'l'fl'J~t) i lJ ifl'U flnfll'U 1W Mlfl11lJl~ 1'l' -3 'l'~'\It)-31fln~~t)-3 fll'Jfl'J11l ~lJ lrlt)ll:::1~-31'U OlJ 

cu cu " 'II 

tI • ~ 
lCJI'Ul9ft)'J~'U 'U 'U~ 

W -2A 
v~ T 

d 1 d ~ 00'

V = fI11lJl'J1 'Ufll'Jlfl'lt)'U'Y/'\It)-31flQ(mls) 

iJ ... 
W = '\I'Ul~fI11lJfl11-3'11t)-31fln(m). 
T = nmllJfll'Jflt)1J'l''U t)-3'\1t)-31CJI'U19ft){~'U~ti1l1'JW1(S) 

A = '\I'Ul~f111lJfl1\~~1,!,~'IIt)-31flQ~lCJI'UlCJIt){~'U~ti1l1nUl'l'1lJ1'Jn~u i~ (m) 

"" d • ~ iJ... _, ~ 1-1 ~ iJ 
U'l:::1'UmW'Ylflt)lCJIm9ft)'Jl'\llfllJ~lJmWfl1UfJlJUlJ1J lJ'JumlJ!~ (PLC) Mlfl 

, JI JI I 

fftytylW nlCJI'Ul9ft){fl 'J11l ~u i~u'U ffmn'U i lJ 11 'U 'fllJ m WfI1lJfJlJ1lJ ilin'U 111'1~l CJI'U 1CJIt){i'U l1ii~l 
JI 
... .iJ 
fl-3nm'J1lJt)Q~lV(timer lllJlJ off delay) 
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" 1 "" "'1'If.:.l1'U"6) "1'fI1'Vi1l1~HH)lJ 'U11'H1W'YJ 

flTHfll111 1"1''1 'Uf11'H'lflnlttl'Ul9H)';j<!l 0'1 llmlJ1~"1'lJf)11"1'fI11~1l1~'lfllJ " '" '" 1'lf'U flWllf1lJ"" . " 
" '" I 

fl11lJt)f'U ~'U'l~flfl.:.l U1 91.:.1 1~un1 1 ,jmr11tt1'U1tt1fl{1l~'l~i'Ul1djlJ1~';j!1'U1'Um';jilfl.:.lo'U 1'l1'U IP67 

". " 
ilfl.:.lo'Um';j fflJ ~~t]fmh'U1.:.111';j 1vHh91.:.1mifl1u1'Ufl [h.:.l~lJ11';jur ilfl.:.lO'U~'U'l~flfl.:.l 1l'l~ilfl.:.lO'UU1

" ". 
1'U1" 1" ='t " ~ llJ'U~'U 

7) ';j~U~,.h.:.l';j~1l':h.:.l1tt1'U1tt1fl{~mi1mr1flU.:.IO'U 
" 

~ • 0' q " cs9J .do 1 1 .c:i q Q"I d ~ 
U.:.I';j~ U~111.:.11tt1'U1tt1fl';j 'If'U ~ 1 'lfll~.:.IlJ'U flU! 'ViU.:.I ~ flm~'YJl1~1f1~mn11f11'Uf)'U f)l1~U.:.I 

C\. ~ " I Q,I" 
1'Vi lJlJ1f) 'U 'U 1'Y11 'U 'U 

f)) mW1tt1'U1tt1fl{1~ 'U111111~111 ~.:.I N1'U ~'l fl~ 
Q"I.,d Q"I'" 0' d~ 0 ~. tI I Q,I QJQ"I Q,I 

~.:.I 'YJ'YJ';j 111 f) 'Ull 'l1111ttl 'U1tt1fl';j 111111 'U 'U 'U m11"1'.:.111 ~ 1.:.1 N1'U1'l 'U "1'111f)~ 1~ .:.IlJ1 U.:.I ~ 1';j11 

~.:.Ifl [h.:.l1 ';jnmlJ~111~.:.I'il1f)fl1rl.:.l hj1~tlf)utl1 ~'U ~111 ~ .:.I~';j.:.l1 ,r1lJ1ff.:.lfl111J1i1U!'lU~1~U1 (Um~'U 
" 

='t 0' I 1_ I "''' '" c::l <!l '" 0' '" ..,\'"1l1nllJ'U11"1'.:.Im1tt1fl';i) 11~lJ'U 11~ m~ 111 Uflfl f) lJ1,JlJ'YJf111.:.1 N'l'YJ~llJlJ1f)flfl 111f)lJ1ttI'U1tt1fl';j~1fl'U '1 
" ", • , t 

9i ~fl.:.lmi1 'U 11~ nw ~'U Yifl'.:.I mh1 nfl11111~'th1..rlii~ f11n 11 f) 1'U0'U1fl.:.l 1~ A~ flll ~ nl~ U.:.I f11';j An~ 

m ~ mnufl'.:.I f) ~ 11~.:.I ~ 11~ 'U Yi 11 ~~fl.:.l fl11l 'U ~ ';j ~ U~,.h.:.l AttI'Ulttlfl {ll~'l ~ 'lI~fl'.:.I ~fl 1 ,jij.
" . . " 

~q 61'HN 
. ~I r.!')fu

I P 
fl'11U {,')~" I x 2q I~ I P 

G
 p I,
 
f.,))1J..j T 

. 
do' tI • 

fI1'Vi'YJ 2.52 mll'U~';j~U~1l1.:.11tt1'U1tt1fl';j11~'l~'lI'~. 
o:::t 
. 

QJ.do tI '.~ 
. 1"' ..1l ~U'YJ 1= ';jfflJmll~.:.I'Ufl.:.l1tt1'U1tt1fl';j 1l~'l~l'UttI.:.I~llJ1';jtl~ ~111f)'lffl.:.lf)nn (parallel 

. " 
deviation) 1'u ~ijfl'Ufl':]1tt1'UAttlfl{Yi1~flf)1-»' 'Uflf)111m!'U fl1111 *inm';j "1'~mi111llli.:.l'Ufl.:.lfl1111 ll'l~ fl1 

" 

ri .:.I'Ufl.:.l1tt1'U!ttlfl{'lf~ ~mi9i~ O'UI~ flll~ nlgu.:.Imn 11f)1'U0'Um.:]1~ 11~~.:.Ifl'.:.IfI1'Vi~ 2.53 , " 
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Y 0 d d Q/<l::lt. I QI 

"::f1tl~fI1'U~f1~fJilH"lJ1JfI'\ItNU'ff~ (characteristic curve) '\Itl~ tll'U fl11f111""1J'\Itl~ 

" . 
t9S'Ut9Stl1im!'U"l tTItl1"eWi''U llil,rihnn1Jfl1'U tl'Uttl~1~ l'Ufl11Yi"nwl (curve) ,,::~tl~Yi"11Wl 

Y. 1Y d"d '1 YQ,I Y <d. , • y I 

"lm::tI:: Xl U":: Ll 1~tI"::f1'O~fl1l1'U~ l1t9SW9Stl1V1tl~ n"n'Ufltl~m::tI::l1Ntltll~'Utltl2 t'YIl 

'\Itl~1::tI:: Xl 

I 
L1 

t~tl Xl ~tli'ffij'\ltl~~lU",~,]~tl'U~~~l~"ln'lftl.:jmwl(parallel deviation) ''U~)jtl 
.. I • 1 <d. <d. .~ Q,I " d".. 1 <d." QI jJ 3J QI Y ~ Y 

'\Itl ~t9S'Ul9Stl1 UfI"::~'U 'U nHU VI f1~f1~t9S'Ut9SCJ1lJ1:: tflVl'U 11'U 11 'U wu 1111n'U f1tl~'YWl tlllJ ~ 11 U'U 1 

~lU '" .:j'\lCJ~ul'i"::,]1,]~tlwll'UlJlJ tl~llMtl~1'Ull'U 1t~ tlltl'U 
• 'U 

)1 'l! I' 

8) fl11~~']~I9S'Ut9Stl11J'U;'Uri1'U'¥itfl~tl'U1111 
, )I )I I I 

1~ tI't1l"l 11 U61":: 1lii1t1lJ~'l~.:jt9S'Ut9Stl1'lfi1~ Hll'" .:j1Jl.1 ~'U ri1'UYiii nn tfl~tl'U '1111 ul'i 

111111 n ~ 111l'U,,~.:j "1 ,,:: ~tl.:j Vi" lHU 1hill lit" 11l~ tl ~~ ~.:j 111111 f{1 il:: lliY11 1,rtn~ el'Um ltll'i tl 

1m~",f WUtl~I9S'lH9SCJ1 f1"f)~ u'U "'ltlll'l~~ lJ'U ril'U 't11rli1J 1YlVri1l.1lJ 1n"'lv1yJ'Utl.:j~119S'U!9Stl1l1n 
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. " 
'Jf1'jf111ifl'IJ1~91'J ·mil1wihnu i~,; m.,j'lnml1t9flJtClffl1 ~'1'l!lJ~'1f11'Jiinn~~iY1Ui ~tJil1w. 

1 

,/ . 

0x 
, ~~ / ~ . 

"., ~;,. 

~ 

.~:::~-~- )
..... ,,,\, ,,". ,~A ,. 0 

, " "I . 
mown 2.55 nl'J~~~'1t9flJt9ffl1tJlJ;mhlJntfl~fllJi111 

d QQe! o'QI • y 
2.3.19 ow'Jfln9f1J91t9flJt9ffl'JntJnl'J91fl1'Jf'lllJ 

0 d lI::6Jt::t.,J tI 1.d, 1 Y Y "1 Y ~ 
1lJ nl'JlJ1ow'Jfln9f1J91t9flJt9ffl'J11'J::til'YI911'1"1 'YI mn11J1 lJ'lJ1'191lJ1J111'J:: ~ n91 'If'lllJlJlJ 

~ltillJmjH~'1~1l::~fl'lt~flnu'ldi 1l n W11lJt~fl'l"nlJ W::'11lJ~1l::U1i 111 '* 'lfii~u'l:: U'J '1~lJ . " .'" i··I.!!! "'1 Y... 1 I 1 Y... "i "'1.1" • '" • I
'J::~tJ nn1'Y1 ')f'J11J'YI'IfI111JiY11J1'Jfl lJnl'J1l1um::uiY l1ntJ 111'l~11'Jfl~lJmW91H"1'Y11l::.lJ11J191fl 

Q,I 0'.4 1 ~ e! '4 o'~1 fjJ tv ~ ~ I0 

'J 11J n1Jt9f'\.Jt9ffl'J 9f'l lJ'YIlJt'J11l:: nm1fl'lmOW1::t9flJt9ffl'J'YI l1iYtyt)PWUtJtJ'YI1'11lJ l1'Jfl 11J 

0' ..:s Q,I Y 
1) t9flJt9ffl'J UtJtJ1JiY1UiYtyty1W2tiYlJ 

".1 I ~ Y~... ... ~ "'1 Y "'I '" Y
t9flJt9ffl'JUtJtJlJiY11J1'JflU1J'Iflfln l~tlJlJ 2 'lnlJW::9111JiYUlUl1W 1~'YI 'If flfl UtJtJ'YI1'Jf 

u u 

" 
ntJ i ~m::UiY91'J '1U'l:: i ~m::u iYiY"tJ lJ fln1l1ni11lJU';'l:: mi1J tJ'Iiinl'J Ul.i'1 dflUflflmlllJ11 n~hl1'11lJ 

" 
(N.C.) ntJ11n9i hhl1'11lJ (N.0.) nl'J ';fl~11mw,;1'1"1 t.,j'lntJt9flJtcim111'J:: til 'YIi1 iY11J1'J fl mdhi ~ 
"i I Y ... Y1 Y oJ ... '" 
I~Unl'J91flfl'4m1Jt'IJ1ntJiY1utiYlJ ~tiYlJ'lilJ'I UiY~'1~'1mow'YI 2.56 
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rI 
I

Iv 
t 

o 

.,; • 'JI ... 'JI 'I !II .J 
fl1 frY! 2.56 f11 ':i ~Hl tI '\.H1 'UH'U1nU'cY1m'cY 'W I fll 'cY 'W 'H 'W.:j

q 

~ .cl Q,I jI 

2) 19f'W19ftlmUUl.l'cYlt1'cYtytlPW 3 1'cY'W 
~ ~ 

19f'W19ftl1UUUU ff1'W 1'H tlJ1 '*flUI vJ m~U'cYfl':i.:j ih1.:jUUUU n~hll.:jl'WUJ;l~UUU lli un~ 
tJ • tJ I 

ViH 1'W 'W () mn nUfftytylf.U n'il~~ m,j'l flU 1'H J;lfl'H1()fJUnnu~1.:j"l nn"H'1ii() nn.:jn1u'WIvJu1 n'H1()
 
I vJJ;lUl9f'W19ftl1UUU'cYlt1ffllillilW 3 1€Y''W 1fltl~1 I U'il~nmj 2 U':i~1fl'YI$\1'W fl'W fi() UUU PNP UJ;l~
 

u u .. 

NPN ~.:j 111i.:j~11.l 'lfUfl 'U ().:j 'YI':i TU 9f 'cYlfl () f~11J 'W() Um w'U tllt1 ffllillilf.U ~() ~fl1 tI1'U 
'II U U 'U 

~ I GI"
n) ltl1~'V.t~~tll'lf.:jl'WUUUPNP 

-'------- - r.;;1l.:.:."":n--o_-.4-_--<l t v 

.d 0' 'CilY 
flTW'YI 2.57 ltl1~W~~tll'lf.:jl'WUUUPNP 

q 

'illnf11W~ 2.57 u'cYfl.:j1m.:j'cY~1.:jf11t11'WltIl~W~~.:j'il~n'YI':i1'W9fm~Hl1UUUPNP Vil 
q 

'H oW'1~11l'W 'cY1~';Ul ~ n'YI':i ()U mYril'H i'u111'Vi l.:jl'W 'H1()IliVil.:jl'W 19f'W1'W()nfl1 ()fl~ ~ ()1'11 tllJ () ~ .. 
:II I I , 

':i~wh.:j.;r1U1nUJ;l~J;lU 'il~ Vil'Hl!lni'mlluHfl'W 'ill nu 'H~.:j~1t1111''fI.:jn lfl1()fl n'cYlmYUJllil III 
u u 
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jJ I " I 

lUllVl'l'lJ 3 'I11tl'li'1'l'UiinnhYii1tl'Hil!fl11~tlNfI'Ii'1 ff1l!lflltlfln"'lrH1t)jt)jlW'I11J1Vl'l'lJ 4 'I11tl . . .
 
Q,I ~ 0 fJ/ do}" Q,I II) fjI Q,I.II:f ~ , 1 
"'UJUJ1Wlm~tl~ 1I~'YI1'11l! l'YIlJtl.:l nl! m~u'" l'I1'lUtll! n'l'U9f.:lll!tl.:l1l1n fl11~tl 'I1'lfl

" " . 
'lJ) 1tll~tl~~tl1'J1.:11l!U'U'U NPN. 

{~ r:~,~:v ~_)'_J' .; ••' ,~. 

.,..... 'I~-fl~' 
,,-~ - el.Jil'I r ........~".".:w".t.)..~ ..... ~__ , ,-,,, ·...----G I;) 'I
i L_ Jt . 

• 

"., 
• 

.d ~ 11"mtl'YI 2.58 1tll~'t1~~tl <jf.:lll!U'U'U NPN 

~ do Q.I ", 

2.3.20 19f1!I9ftl1!l'U'UlJ"'lU"'UJUJ1W 4 1"'l! 
" " ., . " . " 

1l!'U1'Jrl1'Jl~ tlml1J'lh~ '11 VfI 'I11tl'lfl~l!n1l! fl11~f1~'J 'I11tlmllJ~tl'Jfl111:1UJUJ1W 
.. " " " 

, oII:lf Q,.I do" Q,I d. Q,I d. fjI t t d 

1J1 n n11'11lN "'t)jt)jlW W Vfl'YI~ tl.:l fl11~111111'U1tl U'J 1If11f1U1 fl11lJ~tl.:l nU~l.:1"l mml!"'l1J1Hl 
. . " 

~tl'U"'l!tl'Jl~~1U 19f1!I9ftl{1~U.:I~11~U1nii"'lU1:1UJUJlwnii 4 Iffl! l1l!fitl 1I::::ii"'lU1:1UJUJ1W 
u u u u . " 

lm~'t1~1Jn~iil'J1U (NC) u'l~1Jn~11Jiil'J1U (NO) 11lJtl~1l!~11~U1nl! 9f.:liin.:lu'U'U PNP U'l~ 

'" '" NPN u"'f1'J~'JmYn1 2.59 
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+24V DC'-4}7-l-flJsm().--~:----o 

PNP normally opeNnarmally 
closed contacts 

l:=::::::::::'~~==O--------4-----O0 v 

NPN normally openlnormalty 
closed ~onlacts 

d • rI Y oC::l 

fllW'YI 2.59 fllWf11Hlm9f'Wl9H)'H1lJlJ 4 l~'W 'If'WfI NPN U~~ PNP 

. ~ ~ 

2.3.21 f11H1tI19f'Wl9ftl'H1lJlJtl'W0'ilJn'W. 
rln1 1lJ .:jl'W lJl.:j501:lf.U~~~tl.:j 0l1oW.:j noM'W' 'W Ol':inl'll'W ll1'W ~tl\lmltJ'W f1 (AND) . .. . 

911mh.:jl'lf'W iil9f'W19ftl1tlV 2 911 Vi',*''Wf11':i~':i1'H''tllJ':i1J1W\ltl.:j~'W.:jl'W h1~~1'I~nNl'Wnvim)jtl 
tJ iI I v 

19f'W19ftl1n.:j 2 911~tl.:jnl.:jl'Wl'Vh,r'W 1'I101~01J':i~~ .:jflf1.:j mh1l':il~lJJl':iOVi1'l~tlll9f'W19ftl1 2 9i'1,r'W. .. 
JJltl'W O1JJ tl'W'~ 'W tl o 1'1 10,r'W , 'W f111 vim9f'W 19ftl1tl'W O1JJ~.:jmhl'l1lm':i llllffUJUJ1W lJ lvim.,j'ltllJ

It .. U u 

d d .... 1 Q,I • .Q "I9Id " 
PLC 0~lJJl':iO'YI1'l~lJ':i~'I1UfI'I1'W1Utl'W'YJ\OI'IItl.:j lfltlOfl1UPLC 

t rI IV " 1) f11':i\Oltltl~mJJ'IItl.:jl9f'Wl9ftl':iUlJlJ~lU~tytylf.U 2 l~'W 
)I iI tJ , 

lf1u1Jo~1'I~ 'lill'W~lll ,,rvim9f'W19ftl1UlJUUtl'W mJJtl'W n.:j'i! oI'Utl.:jJJ 11'11 011 UH~'W• 
, . '" , . 

\01 mdtlJJ Vi 9i'119f'W 19ftl11'1~ iiril1'nJJ ~'W \OI1JJ ~ 1'W l'W'IItl.:jl9f'W 19ftl1 CH.:j 1'1 ~ ii ~~n 1,,rU'j.:j ~'W IrJ YllVi 

1 '11 ~f1iiri loUtlU01l~m':i 

v = uH~'W'rJrh~l'11~f1 (V)
 

V = UH~'W'rJ~l1'llOU'l1~.:j~lU (V)
 

V = U'j.:j~'W lrJ~1~\OIOfl1tlJJ~19f'W19ftl11lvim;9i'1':i1JJtl'W (V)
 

Y,. <!t _I "'''' 0 ~ 'l '" _,,,, 'J/ 'J/m 1'l1~f1'11'jtltllJ01f.U'YI'Wlml1J'WW10'llfl~1~ 1'W'UW~'YIllJ~U'W~fll1~ on/off~1U ml1 

m'j1'l~vim9f'W19ftl1tl'W01JJtl'W lliln'W 20'1 3 911• 
• rI Q,I 91 

'II) O1'j\Oltltl~01JJ'Utl.:jl9f'Wl9ftl'jUlJlJ~lU~tytylW 3 1~'W 
.. 

f11':ivitltl~ O1JJtl'W'IItl.:j19f'Wl9ftl11J)~U1'Y1'i! 1'I~iiU':i .:j~'W\OIOfl1tllJ 19f'Wl9ftl1U~~~9i' 11J)~lJ1W 1 0~ 2.5 

11~~ 1'1~~tl.:j)~1.:j1l~~)llJ 'Utl.:jU':i .:j~'W\OI tlfl~tllJl9f'Wl9ftl1~vitltl'W O1lJtl'W J'W. 
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ll::orll111'm -:j~'U~flfl1 (J'lJ 1 '11 (1,H'I,H'I-:j ~-:jil::,)'(J-:jiiill'Hlll'hll H~'U~flfl1(J'lJ 1mWI~ 

t'I1 iim!'U 11:: u-:j f1-:j orll111'1 '11 (1 ~ orll-:j 1'U 1~~1'lJ tI fl~'I11(J 1U 'nmr-:j 1 'U!~ ij-:j 'II (J -:j m:: II ffnll::,)' (J-:j 

~ 9J I 0' Q,I I rI "l " d d lIltl': rI 01 

.... 1l1'HU1~1t111 !fi)f'U!fi)fij'j~1U 'jfl1l:: ff1'lJl'Hl1l1t1m::umij1~l1~ ~~ L.... tI-:j .... ij'YJll:: ~ mtl-:j!fi)f'U!fi)f()'j~1 

• ,. II 

6'U'l nt'I1 ii ijU (1:: I'll (1 ~ 1~ '111 ij 1 U rWij-:j 111 fl"fl1:IW:: fl1 Hi ij ij ~ m 'lJ'IJ ij -:j! fi)f'U!fi)fij 1 ~-:j l!'U fl1'j 
. . " 

!tli1t1'Ulltl(1-:jffm1::.... ~ij'lJo'UrVlij 111'1'11(1~ on 'I11ij otIlr'U1'I1(1~il::\jfl'l1ll (Jtlfll'jn1-:j1'U111''*1(1-:j1tI 

('U1-:jflf-:j'lJ1flWh 100 mS) !rlij,)'ij-:jfl1Hlli1-:ju-:jiltlJ'I11~-:jflrl11~-:jfl1'j~mfi)f'U!fi)f(J1u'U'U3 ff1t1 

ij~m'lJti'Urt-:j~~1uln'U 5 U-:j 10 fl1 

I ~ .... 

2.3.22 fll'j~mfi)f'U!fi)fij'j'IJ'U1'Ufl'U 

1'Un 1'U ij-:j!~ tl1 O'U!rl ij !fi)f'U Lfi)fij1ff1'lJ 1Hll!1'lJ 19iij II 'U 'U (J ~ m 'lJ 0'U! ~ ij ff~1-:j l'l-:j n i''U 

Uij'U~ (AND) 1~ fll'j~ij!fi)f'U!fi)fij1u'U'U'IJ'U1'Uti'U!~ijff~1-:jl'l-:jni''U(Jij1(OR) nVij'lJ~1l::ff1'lJn(} 

m~n11~L'li'U!~tl1ti'U 
• tI Q,I J,! 

1) fll'j~(J'IJ'U1'U'lJij-:j!fi)f'Ulfi)fij'jU'U'Uff1t1fftlJtlJ1W 2 L'ff'U 

111'-;;Y-:jm~'hm::u ff~1 1 '11(1 (leakage current) 1l::!~'lJ'lJ1fl~'U!rlij~ij!fi)f'U!fi)fij111'U'U2 

QI 4" o.d.dl c:,"l d.4::llJ tI I Old "Cl"
ff1t1'IJ'U 1'U fl'U ll-:j~ij-:jf11'U-:j(}-:jfl(1'j 1 'lJ'lJij-:jm:: llff'j1 ~ ml'Ylm~'IJ'U 111mfi)f'U!fi)fij'j U~ (1~ ~ 1fi)f-:jil::~ij-:j ~ '11 

ih-h~lwhm::ll ff~1l::n1 111'1'I1(1~n1-:j1'U (holding current) 1~tlm""1::ijV1-:j~-:j Lrlij~mfi)f'U!fi)f(J1L.,]'1 

O'U PLC flfl~-:j'l1-d-:j~,)'ij-:jfhi1-:ju-:jnfiij!rlmfi)f'U!fi)fij1fl1'11-d-:jijffm1~!1l'Uon uH~'UhMftl-:j~~fl 

f11ij'lJ!fi)f'U!fi)fij1~1g'U'l~~ij'IJ'U1'Uijd ll::ij~l(1-:j(1~ ~-:jijfl(1n1111'~'Um 11 Uff~-:jffm1~~ iU\j fl,)'tl-:j 1~ 
. " 

L'Vltl'l1i1mi1t1-:jilUJ'I1l'ih'j1m'j1l::~ij!fi)f'U!fi)fij1u'U'U 2 ff1t1'IJ'U1'Uti'U lu!n'U 5 U-:j 10 fl1 
u 

• rI GI "2) fll'j~ij'IJ'U1'U'lJij-:j!fi)f'U!CJf()'jU'U'UfftlJtlJ1W 3 !ff'U 

ff1'lJ1'j(}fimfi)f'U!fi)ftl1u'U'U 3 ff1t1'IJ'U1'Uti'Ul~1U!ii'U 20 U-:j 30 fl1 ~-:j~1l~,)'ij-:j'j~1-:jij 

!~tI-:jl~ij-:j!~tl1 fiij fl(1n'lJ'lJij-:jm::Uff~1lml1'U'lJW::~nffm1~off UfiijV1-:j11nm'lJm:: Uff'j11 

I'll (1'IJij-:j !fi)f'Ulfi)fij1u'U'U 3 ff1t1 11 ::ij~1~~1'lJ1fl~-:jff1'lJ1'j(}~ij'IJ'U 1'U ti'U i ~!1l'U ~1'U 1'W'lJ1m!'U!ij-:j 

.,]'ij -;;Y-:jm~6 flija1-:j'l1-d-:j'IJ ij-:j fll'j fi ij!fi)f'U!fi)fij1U'U 'U'IJ 'U1'UO'U nfiij11 '111 m fi)f'U!fi)fij1~11~ fl1'11-d-:j n 1-:j1'U 

'" d lIJ 'JI .... 'JI lIJtI.... ~ .... d .... .... ~ <!l " 'lIJ") lIJ 'JI..,j ::'l
flil::'lJm::Uff ~'I1(1t1ij'Ufl(1'U!'IJ1 ~ tI-:jltl1~'tl~'IJij-:j~1'm'l1't'lij~-:j'U'U1I-:j ~ff ~~ ~ij~ ~1l'VW!lJ'Ufl1'j 

ijij-:jO'U 

2.4 ~::UU'EJ~"H)iifl 
II I II I 

2.4.1 1fI'j -:jff~l-:jU(1::~h'UtI'j:: flO'U'lJij-:jtl-:jifll!l~'U 1l1fll1l!ln'IJij-:jtl-:jifll! 1~'U ~-:j n 1~flrl11 
!I, " 

'lJ11l::\jfll!1'lJ1''*d:l'U.,]'mJ(11'U fll'jii 1l1'jW1ijOflU'U'Utl-:jifll!1~m'Vlo 111'Yi1'11l!1n~1'lJn~tl-:jfll1 tl-:j 

" . " 
nfll!l~'U l~tI't11itlm'jmfl'j-:jff~1-:jU(1~"fl}JW~~1-:j'l ~~flci11U-:j 1'U'tl1~'U~tl luu 
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" 
2.4.2 "fllltl!~1/U~tl·rWmJl11'U 

SI SI II t I II 

"nlltl!~1/U~tl~'W'flill11'U 'I!'U1l~~'Umjtl'UmllJ1'MlJ1~ ""lJ1/fl~""m'Unnll~9;lI~~1,*~1'U..
 . , . 
• ltJQ I "'''' 1!11~ '" '" <!I !II ~ "'·1!11'" ,

mJ1~ l'j fl911lJ""1UlJ1fllJfl'UVlJ 'll'l1J'UU'U'U""m"VlJ N'UN11'W'jl~11JUU'U'U'Yl'Yll mflllN"fl'j~'Yl'U91fl 

" 
2.4.3 1/Ull11/fl~tl~'W'flih11'U 

" " . 
1'U fll'jVl llntl! 11/'U 1111/ U~tl~l1fl'\Jl11'U 1l~ ~u~fhu ~O ~fll'j'j ~'U1Vfl11lJ~ UUU,,~ Yiu n 

" . .
1U fll'j 1/ ~lIvJfl~fl1fllff 1U~~lJfl9;tl~'1.h11u ll~~fl~flfl fl11'U'U 1-.1'1myn ,,!lI1'thnll~lnUi l1i~ u~1 U 

•• " II , 
~ ~ 1 • 1 .o!I dod ~"Q"r QI 0 QJ jJ 1!11<!1 '" 

f111lJ 11J U 11 'j ~ flVl~ 1'll''U 'UV1~Vl'U 'M'j fl~ lU 'YllJ fll'j 1f1"flUVl V(l ~ 'W fl'U llJ 'U 11 ~ 91fl ~ 'll''WU 'Yl 11" ~ 

SI, I , 

ill'M 'I!fl 1 -.1',ruvn ""11 Ufi'M 1 fl1 ~ 'U ~ l'U 'M 1U'j ~'U 'Unfl Vtl'UnUll ~V"~ mi 11 0 hili f111lJ ffltlt\J
• .. u 

II II. II 

'Ufl fl1l1flU'U ~U'YJU1/fl ~ill11'U n1'*19;lJ 11 ~tJ fltil'MU lIfl~tl'U1/'UWI1/fl~tl~'W'flill11u ~1V flVl~i 'j 0911lJ 
SI SI SI ~ 

1/'U WI1/fl~tl~ 11flill11u 1l~~'Ufl~tl'Uflmlfll'j~lVill11U1/fl~i1lJ1~U'M"fl 

V=3-5Q 
o QI c:~ ~ I Q,,' ~ 

( ""l'M'j'lJ'j~'U'U'Yl91l191~fl~fl'U'Yl ) 

o a" 
. 

dod 
.. 

..r:!I do 

V~Q ( ""1'M'j'lJ'j~'U'U'YllJfll'j1f1"flU'Yl ) 

I I I JJ t 
o QI dod ~ do QJ QI 0 QI L'S CII ~ 

""1'M'j'U'j~'U'U'Yl:lJfll'j1f1"U'UYl1/Ulf11/fl~(l~Y/fl'\.J1lJ'Um'jlJfll'j1VilJ10 (l~ 15% 1/U~ 

JI JI JI I II • 

1l1lJ191'j'lh11u n~ij1Vi 'jl~ 1l~ IF4fl i lff1'Mf'UI~'U Yiun 1'Ufll'j1/ ~~VJ fl~fllfllff1W~tlU fl'j~ II'Ylfl ( air . ", 
cushio ) 1/fl~'j~~'Ufll'jfl'j~1-nfllJ1/fl~ill:UUn1nfl1l1flfll'jlh~lU1/fl~1~1l'j i~~'jflilfl flcil1 iflv""nJ 

- . . 
)I • II II 

'UU lfl1/fl ~ tl~ 11f) 111lJU 1l~~fl~ii1l1lJ 191'jn""llJl1(l~ lV111iJU 1-.1'tl'lJ'j~'U'Un~'M lJfI i ~ 
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" 2.4.4 ~1~TUlJ'W"Iij'Ul,:J~mJ1J1'W 

~ 1"1 ij ,:Jtl,:J ~mi1J1'W~,:J ~~ mj nmi'H),:J ~1Vfll 'J I~mm1 ij,)'W ffm ~1 1~ 'W ~ ij,:J iifl11tl 
~ ~ 

I" ~ I' JI 
d cs... 0 ... ~ 1I'I_.1_~ 0' .1 o'<!t III "1 cscscs ..... 

U"I,:JUHVW'YI1l~'JlJ'W1'l1'Wn"lij,:JlJtltlijlllij'Jrrrr'll 11'[;\1 U(;\~fJlJfllH\W'W"l !~ 'Wmru'YItlfll'Jll~ll,:J 

ij Umw;{,:J n~ l1lJ'WFhlJ'W "I ij,:Jtl,:J~ n 1~ V i lhl1 1'I1'd)~ fll'J'l11'J~Ii1V'l11V U(;\~ 11 ~~ij,:J ili ii fll'J . . 

.. 

• 'JI ~ ", 

I1TVrn 2.61 ,j'1ijU1,:Jfll'J~~,j',:Jtlmllijf1vJYl11m~i1tllJ'W~ltl,:J~mhJ1'W 

" 
2.4.5 'Viij~~U(;\~'Viiji'l1(;\n'fllJ"Iij,:JlhJ1'W 

'Viij~~H(;\~'Vi ij i 'l1(;\ n'fllJ~,j ij'YI~ (;\::~1 (;\,:J1'Wtl,:J~nfl1'J 11:: i1 VlJ i liii'Jijv,jij'l11 ij1f{-3,:Jij 
'JI JI JI r 

U(;\~lhn1'J;(;\~1 vu 'l11'W V1,:J 'l11ijftUu~,:J,j ij'Viij 1~vn-3u 'Viij~~U(;\~'Viij i 'H (;In 'fllJfl1'J mjr:l-3~1'W 
~ ~ 

" " I~V1n'W"I ij-3o,:Ju(;I::tlnn'W1'I1'uVn1l1nt)'W~1VU N'W n'W III vl 'W ri1'Hi'lJ'Viij~~U(;\~'Viij i 'H(;\nlJfl1'Jiju 
~ ~ ~ 

l11-3111nn''WO,:JU'J::mw 2 O,:J 3 1'Vi1"1ij,:Jlff'WN1'Wff'Wtln(;l1,:J'Viij U(;I~~u(;I1v'Viijfl1'JlJlm~'Wtltll~hJ,:J 
~ . 

1 I ", ' ' '' 'JI JI 

45 0 l.wm¥itl.w'Wfhm::lll1'11'lhJ1'Wi'l1 (;I 1'Wi U'YIl,:JN'I!,:J~l'W,rl-3ntln,:JI~'W fll'JnmhJ1'W'Yi,:J(;I,:Jt1'WO-3. 

YitljjjlriO,j'luu'tlllna'lJ 
(suction line) (suction line) 

• 
i= ~ 
I­

,- - ~ 

'"/ \ 
I I 
\ l 
\ /

'-. --/ 

-

'~ ~ 

. " 
mvrn 2.62 'Viij~~U(;\~'ViijimW'fllJ"Iij-31hJ1'W

~ 
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I 

" 2.4.6 ll~unum[llut.1~ 
" " .J" ,

Il~UnUfiTHf ~ 2/3 '\ItI~i::~'lJ'UllJU 1UU~Il"::ll1hfl1~u~nmhlJUflllJllU1[l11 ff1Un.. 
• JJ JJ JJ II ,y 

1'l1~tlflfl 1/3 'il::1i'JWlitl~1l~lfltl1,.;'lhlJmi~"'tI~~lU 1'I1"~lU 1~ ll~unui1'il::nl'l1UlnnUlhlJun 
JJ • I I , 

(lflflfl1u1 ~~ lU n'lJlhlJunl'n~1mlflr;l'lJ"~U~1fltl'il:: 1~ijl1"lnfl1u flliflflfl::fltlU'\ItI~ ff ~"'flUifl.. .. 
" " " 11,,::1,.;'~tI~ tllfllff1~IWfl';1t1t1fl'illmhlJunlni~8'~'i11[l1Mil llJUij flli 1'I1"1~ [lm."r~ 'II tN U~ n fl 

,A v 
lVitli:: 'lJl[lmllJitlU 

lioJ',U\l"tH'ln';u .. 
--I ·-\~~<=:~=::=1 

j . 
-~. ---­ -- -­
-.... _. -- --- ­ - , 

, " 
mVin 2.63 1I~unum[lluu~ 

" 2.4.7 'litl~I~1JilllJU 
• II • JJ 

n'litl~l~1JilllJU f11iij'\lUlfl1'11qjVi tin 'il:: 1~1JlhlJU 1~tI~l~"':: ~nfl ( tI~H Uti [l 5 
, " . 

llmmtlUlU In ) 11"::1u'i1t1~I~1Jmiijfl::llflH" 1~"'lflul"",i1mtl~ff ~'" flUifl Utlfl'illmrun'litl~ 
, ,"

1~1Jfl1iijr-hilflnli1ulfl~[l11m~ l,.;'iJfI~f1 C)f~Fhilfli1t1l'il1oNlilu'litl~lfl'l1i''lJi::'lJ 1[ltllfllff~1[l 1u 
... I V .,. "I v ,A 11 "I v v 1v "I • 
f1111~'il::f1t1~1J ~ "'mtl~tIlfllff ( filter - breather ) lVitlmtl~~U ~1f11mm::mi 'If'\llJlfltmtl~ ~1J 

1f1fl1l 40 11JfI1t1U 

" 
2.4.8 'i1t1~ll"'~~i::~'l.JlhlJU 

JJ ." " I 

'i1t1~~~flril1lt1l 1~~i::~'lJilllJU 1u'\Iw::nl~1J,hlJU Utlfl,rU8'~ 1~lllun~~lflfl~1-11u 
.. u 

I '" I. 

i:: 'lJ'lJij fllii'1C)f1J'IItI~il llJU,j'1~'I11t11],j 'IIU lfl '\ItI~'litl~II"'~~ n 1oNfl1iij f11l1J [l11Vitln 'il:: II "'f1~ 
, " 

i::~'lJ'" ~ "'f111,,::,jl"'f1'11t1~il llJU1u t.1~ 1~.. . . 
, " ~QJ' QJ' QJ' 

2.4.9 !lU'Ylfl~'\ItI~(l~Vifl 

, " 
<!I V ... v' ... 1v.,.. v 1v • "I '"1Ufll ilfl"tlU [J1 [l ':i11Jm~lU"1~'\ItI~(l~'il:: f11Jflli(llm'Ylml1JitlU ~ "'::f11fl tI[ll~ ~ in'll iJ'I1lfl 

, " 'J/ 'J/

r-h~lU'lJU'IItI~U~nfl1~1i1un~~~~tlumW~Ufhr;l~ nfl1ifjfl'\l1';~ l,.;'mlun'lJ flu 1f1[l1H1,.;"1 ~IlU1. 
, . 

... <!I 1 '1 v • I 0' , ... <!I 
i::~'lJlVitl 1J 'I1~umW~l~"l "'U"'::n1t1U 
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2.4.10 n:JJ1'U'j~lJlJltJ~'H)iln 

n:w !~'Ul1l 1lllf"n'lltl'l'j~lJlJltJ~H)iln mhl~tl 1J'UhYhmj'1~1'Ufll'j!tI~U'UYl"'IHU 
, .. . 

fHl~ l~1lJ 1'1i'1~'UYl"'I'Il'U'lItl'l'lltl'l lmullu1fi'Tlll:W~'U If,,nfll'jl1Hl'U'lItl'll1:wltJ~'jtlilnl~unlI tI 
~ ~ . 

~tlfll'j ~~ Ul1J'Ulf1tl'lltl'lImwitllllm!'U 1l~l1lfll'jij~lf1tlff~l'lTlll:W~'U11l1l ~ lU1'Ii'tllJ'j ~ lJlJ .f1lYl ~ 
OJ ..~ ~ 

2.64 i1uff~'Ilf"nfll'jl1l'll'Uliitl'l~'U'lItl'll1:wltJ~'j tliln 

. ..~ 

.f1lYl~ 2.64 If,,nfll'jl1l'll'Uliitl'l~'U'lItl'll1:wltJ~'j tliln 

ffllf1lJ1'U tl91 ffllf n 'j'j:W1~ Uril'U1If ill Yl~ 'I 'Il'U n 'I ~ 1~1 'U nl 'j,]lJn:w 11 ~ 1~:W11) In 
• u 

:w tl!91 tl11vlfh mi1'U n 'j\)j ~ hili m ~ 11 ff IyJ fJllf1tl hjl~1~1 'U i 'j 'I 'Il'U tl91 ffllf n 'j'j:JJ n1)~ 1~. 
lTl~tl'lU'Ufi'! ~'U ~l']lJ 

fiu .a 
:I ,I 
1 ! 

. . .. 
fllYl~ 2.65 fi''U fh"'Iril'U 1my~1~1'Ufll'j']lJll:w ltJ~'jtliln 

.. 
nu II1j nl 'j~Ul't1'l1tl'll1:w ltJ~'jtlil n1)~fi 1)l'J'tIJ l1)ln~ fill W~ i m 'Iff1l'l11'l~lf"nnl'J' 

" " ..
l'iHl'Ul~'Ulf~ml'1lhnlJ1Hl~111'Untltlnl~!~'U 3 mi:w1m1i~lUtl'Umhl~tlll:WUlJlJ!t1tl'l ( gear .. .. 
pump ) l1:JJ!!UUllJYj'~ (vane pump) !m~l1:W!!lJlJ~f1~lJ (piston pump ) ~'IUff~'I1'U!!f-j'UmYl 

}J , ~ 

~Bluu c)f,:n)~!lff~~ll~ 3 ri1'U 
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frnlJ>iu~~i.m1HVOflfl~::lbillnUIWfJ~ 

lil111'1'1'It'l,.,j'1J';O-111J1HMtA1U{H 

'ill) 

llJ'::U1J'8~10nfl 

(pi ston pump)(YaIle pump)(gear pump) 

2.4.11 ~1IUUUltl'O-3 

.. 
1) t111UUUltl'O-3Vhn.Wfl .. 
t111Uuultl'O-3nlJlJ'Ofl'l11'O external gear pump 1.h~fl'OU~1mYJ'O-3nlJlJ'OfHH)-3~1 
~ ~ I Q 

'I11!lJ'O~1lJri1'Otl1I9!~1~ tnnlJ 1lJ'Uw::n'li'uh1'il1lt11-31lJ 1tl'O-3'li'u lI::'I11!lJ'll'UU U~:: 'li'Ultl 'O-3f111J h1' 
" .. 

'I111lJ1lJ nff'Vll-3~'i-3 nlJ~ 111 t1 1111....11iflJ 1I1fltl-3 ~fl(l fl ~~1~111 11lJ~1t11Jll~:: (l flii U'''''' 'I1-au '0 fl 
q 'U 'U cu 

" . 
'Vl1-3~llJ~1-3'U'O-31tlU-3li-3 ff'O-3 tl'OlJnll::''I1~'O'Ofl~mUlJ 'Ofl..
 

. 
lhliuuouuhfhfCHlCO 

/ 
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t:9 0 q " 
11Hlfll'H'UfI ~ 'H ..
 

.... loClto q I low 3 3 
V D = lJ'jlJ1W ~'UfllHr.:J'illU'UllJ'U ( in Irev, m Irev ) 

" ~ _I :;'!IDo = 'j~U~'illfl~f1fj''UUflm.:Jtl.:JlJ{llml''ftl.:J ( in , m ) 

D j = 'j~U::'illfl~f1fj''UtJflm.:JU.:J!l'UIVl'tl.:J ( in , m ) 

L = 'j~U~'1't1.:JV1'UIVl'tl.:J ( in , m) 
d .. 

N = fl1llJl'j1'j'tl'U'I'tI.:JillJ ( rpm ) .. 
QT = flmlfll'jff.:J~lu'I1l~'Ul'UI~.:J'Yltl'l:l~ (gpm, m

3
/min) ..... .. 

f1.:J'U 

7r (n2 -n2).L
4 0 , 

VD·N (m3 
/ min) 

V
D 

·N 
(gpm)

231 

.. 
l'Utl1llJl1:l'U'ili.:Jll~1'j::'Hil.:JIVl'tl.:J'il~ij'Ji'tl.:Jil.:J (clearance ) 'tI~.. ff.:J~{ll,rij'l1l~'U .. . .. 

'I.J1.:Jff1'U 1 'H {l~'tI'Ufl"'U'tI'tIfllJl vhl ,rfll'jff.:J~lU'I1l~'U 'ili.:J'l 'Hi'tll'U fiiHl'tl QA ijtllU'tIuflil1'U'Yll.:J . .. .. 
'Yltl'l:l~'Hi'tl QT tYl'Hi''Ufll'ji'11'H{l.fl1ul'Uum.:Jtli'.:Ji'itJflil" pump slippage" .. 

U'j ::ff'Yln.fl1....1 'Ufll'j ff.:J ~lU'l1l~'U'H i 'tIU 'j:: ff'Yl n.flWf I~.:Jui1J1m volumetric efficiency . .. 
( TJv) lflU't11 'U'il::ijtlllJlflflil 90% Im::ffllJl'jtll:UU'U'tIdl'U~UfflJfll'j'~f1.:JU 

.. .. . 
fJWfflJ,j~'1't1.:Jilll11'U'UIVl'tl.:JV1'Um)fl 'Hi'tl external gear pump U'U lflU't111UffllJl'jtl 

'JJ , • I : Q,I , 9J4:!l 3 " Q,I 'J}eS 

ff'ju1ml ( 1 ) ffllJl'jtlff.:J'illU'UllJ'U f1m 250 CM /rev (2) ffl1J1'jtlff'jl.:Jtl1~:JfI'U1f1tl.:J250 bar• .. . 
(3 ) hjffllJl'jtlUi''Uflfl'jlfll'j~lU'I1l~'U'~ (4) ij~1'Utl1llJl~TYi~II~'il::tlflnl'H'UfI.y;i'I''Yll.:Jl'Ufll'j.. . .. . 
'HlJ'UI'tl111 ( 5 ) ijltlHff~l.:J'Yihji'U~'tI'U'I1l'HUfll'l.J1 ( 6 ) liYU.:Jf1.:J'j::f1'UUfl~ (7) 11~~Hi'I''l:lff.:J• 
ffflU'jfl ( 8 ) 'jlfl1tlfl.. 
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.. 
2.4.12 ihmlJlJlVJrJ·rVl'Ui'U .. 

'ihmlJ lJ1Vl rJ ·rVl 'U i'U '117rJ internal gear pump ii
~ 

iiiVl rJ.:I ~1i 'U Iit 'U1Vl rJ.:I fl 'U 'U rJ fH 1t'l:: 'til 
I , I JI 

mh¥hll'U~1'1ilJlVlrJ.:I~1'UrJnCjf.:lltl'UlVlrJ.:Ifl'Ui'U~t'liHhlm:IW::lll'Ulihl1( crescent seal ) 1l::lll'U~1 
" . "" ~ 

't11i MlVl rJ.:Iflml.:1 ffrJ.:I'UlJt1'U t)[j~HI fl~ll 1'''111t'l~'thm! l'tili1'U ~t'l t1'U 'liiM'U1U1lft'lVfl'U mllJ ihmlJ lJ... 
" t ' " II

iiiiflf.ufflJU~'ti1'UYtrJnll~ffnn~~.:Ii1flfl( 1 ) ~lU'U1i1'U'~il.:l 250 cm3/rev llt'l~ffrHfl11lJi'U'~ 

0.:1 250 bar (2) 'liff1lJl'H)ui'lJijfl'nnl1~luJ1i1'U'~(3) iiV1'Ufl11lJl~1~~(4) lm.:lffr1.:1'li 
.. " 

CJflJcUfl'U (5 ) 'j::fi'lJlffu.:li'Unl'fri1.:11'U~1 (6) '1~flLffllff.:lffnU'jn(7) ff1lJ1'jOl,r1t1lJt-'hi1'U'~~ 

Lne~li'lltJlitnl1hr 

liiflll1..ih,,f-nJ~'111 l\f; {1'1 

n:u:aiiu9I 

(crescellt seal) 

\ tl"1l\jij::f)~'l\.l'lie11'1~::·wjl: 
Yiwu tl 11Yl N9l'1\.l60LI'i\::fl'1 hI 

tid d I 

'UrJn1l1niiillJlllJlJlVl rJ.:Ifl'Ui 'U U.:lff1lJnoi~lllut'l.:llll'UillJijn'ifiifmi1.:1 l~ Un11 " ~ 17 
d I r:I JI • • " 

l~1rJ1illJ ( gerotor punp )" Cjf.:liJlJfi'.:Imh1ii'liii~t'lt1'Ui'1nii"nllw::li1'U1 ffU111~flu'UrJ-JlflrJ.:I~11 'U 

'il:: ii ~ 1U1UUfl un11fl 'U 'U fl.:llVl rJ.:I ~1'Ufl nmilf'it.:l flUl fl rJ.:I 1d rJ.:I 111 fH Vl rJ.:I ~1UrJ n~ fI tlV fllJ 1ArJ13lJ... ... 
Y ,"'' r:I r:I " 

i.:ll!U'lfrJ.:I'YIH~f111~:: flfl n~.:Ifl ~n umu'ti.:l fffl.:l~lU 'Ufl.:lli1flillJ iJlJlllJlJii f111lJl~ 111t'l:: f111lJ iui U 

I' I jJ ~ j) ~ .c! 0 i!ll~ 
m'Jff.:l1l1UflflU'U1.:1f11l'Yt'j1::lln'U'il~f1fl.:llflJU 6 0.:1 9 'jfllJ 'il.:l'il::'YI1 lflnfl.:llflJU 1 'jfllJ ut'l::mn 

lflJ 'U ~1Ufl11lJl~1'~.:I"l 'il::lnflnn d'uldfl.:l 1l1fHl'j.:Ilfii tj'Uvnm.:l'U fl.:l flUlVlfl.:ll'Yt'jl:: llft'lfl..t-Jfffl.:l .. . 
~1U'IJ fl-JillJ 'lil'l'hflUl!Ulfl.:l 
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2.4.13 ~ lJll1J1JlvnnJ 

~lJll1J1J 111"1Jl1ifJ lobe pump lh~1'Ufla1U~lJll1J1J1VJfJ.rrhJ'wfJn n~11fifJ leMl:mlfJ{ 

"fffJ..:j~1~iih1"1J (lobe fl11lJl1lJ1Ul'U.flll:JllV1UfifJ ~ .. l1ifJ "fJ'U ) 'U1JO'U ~..:j~1 hlllfJ{lfJ..:jfJl'iJii . .. 
1l1"1Jl1l'U 2, 3, 4l1ifJ fJl'iJ:JJlnn'hnl~ll~nll"ff~..:jl'U~1.1'iJ~ii31l1"1J fJ~1..:jl1n1l1lJhlllfJ{n..:j"fffJ..:j 

~1'iJ~~fJ..:jij~1'li'1J ~..:j l~u1.1n91~1'li'1J'iJ~11l'UlVJfJ..:jijn'l!~l1d..:j 'iJ1n"mH.U~'UfJ..:j hlllfJ{~ii~1.1iHlll'U 
, • J,I JI.c1" 

111 "1JihfJ..:j;)..:j'ti 11lf'lliii~"l O'U l'1 ~..:j,r'U ;)..:ji!UlJHil lJll1J1J-Ulll'U ~Tff ..:j'W11J'U nii1.1~ lJltu:JJln1 'U 

1~~1JmllJ~'U~1'l 

'li6·'Yll~lJOf) 

. " 
1H)~Yll.J'"Jl 

.f1l~~ 2.70 ~lJll1J1J1l1"l1J 

" 
2.4.14 illJll1J1J"ffm.. 

1;'1 c1 I " 

illJl!1J1J"ffn~ l1ifJ screw pump IrJ'\.JillJnd..:j~lU'W11J'\.Jl'Ull'\.J111n'Ul~ul~"ffn~lrJ'U~1 
JI I )Ic1" 

1i1Jf)~'W11J'U nl'HflJ'U'UfJ..:j"ffm'iJ'UO..:jVll..:jfJfJn UlJll1J1Jijf)lH1Hl'Unli U1J 1l~rl~'W11J'U l~fJ~H. .. .. 
'fi tildfJ..:j lmdJm1lJ I~ 11 fJ1J"ff..:j II 'fi 1.1 1 ~ ifll ilfl1~~ l!l'l 'i 1~iim 11..1~~lJ 1f)ll" ~fl11lJ~'\.J ~ 1O~ I~U..:j 35.. 

" 
bar rlm1f)l'id.:J~lUlh1J'U 450 l/min ff1l11'1JI~'U1l1J1J~!f1'j,J"ff1lJl'J\I"ff~1..:jf111lJ~'Ui~i1.:J 250 bar 
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I =v
 

flll1~ 2.71 i1:lJU'lJ1Jfffl~ 

2.4.15 lh~ff'YInflll1 

1l1fllfI':j -:Jff~l-:JU" ~ fll'j't11-:J1'W 'lIij-:Ji1:lJU~"~'lfii ~~U~ fl~l-:J n'W Vij:lJ't1 1"H'th~ffYl nflll1 

" t , " " 

U~ fl~ H n'W 'Wij fl 111 flU'Wlij ijfl11lJ1l'W1 'W 'j ~1J1J ~Vi:lJ;j'Wt)~'j1 fllni -:J ~lt1llliJ'W nll~" ~"-:J ff -:J~" 1,", 
~ ~. 

lh~ff'YInflll1'l1ij-:Jil:lJ"~"-:J~1t1lh~ff'YIiflll1'j1:lJ'lIij-:JUlJU1J1JlWij-:J1 ~ tln111H.irhlh~:lJ1fll 0.7 ­

0.91 ff1'Wlh~ff'YIiflll1'j1:lJ'lIij-:J~:lJU1J1J1uw~ljfhlh~:lJ1W 0.8 - 0.93 u"~lh~ff'YInil1l1'jllJ'lIij-:J 

~:lJU1J1J"flff1Jljri1th~:lJ1W 0.8 - 0.93.. .. 

itao WI 

2.4.16 tl1qfll'j1~-:J1'W 
r:I , r:I , 

fll'jfi1'11'W~tl1qfll'j'~-:J1'W'lItNi.l:lJ1l~fi~~1l'W'H11:lJ-:JfllHl1-:J1'W U:lJ 19~'jij~fl 1~mi11tJ 

'" 1'JI - 1 .:, 1 ... ':0'1' '" d '" 1'JI -:1 i:lJij1t1fll'j 'If-:J1'WlJ'j~:lJ1W 10,000 'lf1 :lJ-:J 'I1'jij 1 lJ U~1J1-:J'lf'W~flij11l:lJij1t1fll'j 'If-:J1'W 3 - 5 lJ l~tI. . 
" "" r:I 
... "''''' I ... i 'JI "" "''''1 1'JI ~ I '"m'W'lI'Wijtlfl1J IflHff'jH~m~ fll'jijijflU1J1J'j1:lJO-:J11i 'Ufll'j 'If-:J1'W'lIij-:JlJ:lJU~''~'lf'W~U"~U~Wil1l1.. 

'lI ij-:Jil1l1~ 2.73 uff~-:Jil-:Jfl11:lJff:lJvr'W1i'llij-:JtJ'j~ff'YI nflll1111 tl1J n1Jtl1qfll'j' ~-:J1'W'lIij-:J~:lJ'lfU~~1-:J'l 
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t 
ttlg MINIMUM ••••••••••••••• 

It 

GE.AR \lAllE p'STOW "l\ME 
puNl'P PUMP PUMP 
UF'E LIFE. LIFE 

" 2.4.17 'II'UWI 1tJ'h:J lm::lh..n!n.. 
I d ~ I 

Ull~mhri'w~ntJ1:: O1nru-:J1'U O111~fJnihJ nflfJ 'II'Ul~ 1tJil-:J U'l::111l1irnn 
u .. 

~ " "• I V 

IlTl.n::1:'I'lJ n'1fJ-:J 1l1mfl1fJ-:J~ m 1J1-:JtJ1::1fln,;fN~~fl-:JUlJ'~1J'U O-:JoWn1111J'U l11fJm ll~~fl-:J'~mvl'U 

fl11fl~fJ-:J~mm-:Jmvn'~ 

(gear pump) 

(nne pWl.p) 

; i filJulnJ~n1!tI 

(P"1On pump) 

, "a ,,, 
m~n 2.74 O111mVUnV1J111l1irn'llfJ-:JUlJ'B~1fJ~n'Jj'ii~9il-:J'lnflmlO11~lv111iJ'U100 cm

3
/rev 

'" " .
I Q,I ~ 0 Got dl"

2.4.18 fl11lJll1lJ1::: 1:'I'm::: l111-:Jfl1IJlJU'l:::'U llJ'U'Y1 'if 

r:1 " "" 

011 l~ tlnU'l:: tlll1 'U ~~ ~fl11lJ 1:'I'1lJ11O'llfJ-:JUlJ;i'U tlvti1J'ifii~'IItl-:J ill iJ'Unl cV l'W tl-:J 111 n.. 
" . 

fI W1:'I'lJ,j~'11 tl.:J111iJ'U 1"lf'U ri lfl11lJl1i1~ fl11lJl1 lJ1U1l'U 011 n'lltJlll'U' tll11m-JfJ-:J fl11lJl1'ci tl~'U. 
• r:1 11 " 

fI11lJ';1'U l'l1'U011ti~nifJ'U'QW l1 fJiJU'l::: ~'lm::n1Jnij9itl;'l "1'l"1 ~1'U ij~'l i ~vflH9itlUlJl'l.:J ~'U 
". r:1" I , 

'II tl-:J1l1 'l1l11 tl111iJ'UnH" ~~ ti1JUlJ '~U ti 1111J'U' B~1 tl~n~ -:J ~~fl~ln! l'UiI ifl1 l~ VlJnijnn ~1:'I'lJ 
• ~ ]I , 

ffniltl.:J ti'U1l(l:::ijfl11lJl1ij~~tlmlJl:::tlVl-:J hnflllJ i~Vn1'1tJ ~~~flUllll:::1:::1J'ifii~'IItl.:JUliJ'Un.. . 
'" l'" '" ~1'l111lJn1JIJlJltll '1"111:'l'lltl 
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" .. 
2.4.19 nl'J'~~~,rillJ 19WH)~fl 

" .. " 
in nl'J'~~~.:jUlJl;Jltluu.:jifllJ l1J'W 19~'J' ij~ fliiij[Jml1rJ'J'lJ11uU~1rJtl'W l~rJ 1u ih11U

" " 
~ ~ I ~ 

~ij 1 lJihll'W m111o.:jln nl'J'1'H~lU'W ~~ijlJff'J'lJlJ'J'~1~'Wfhl1ff'W111 1u nl'J'~~~.:j11~'l~ln. 
" .. " 

1) nl'J'~~~.:jUlJ~l'Wuuu.:jiflih1JU 
JJ d" , 

nl'J'~~~.:jUlJ~luu'Wu.:jiflih1J'W ijl1l11rJflijflij~1.:j1~'h negative head layout 91.:j 
" ,rd " ,,~ I 

lflJ lrJ O.:j ln ~ 11U ih1JU ij ~~ 1fll1 UlJ nl 'J' ~~~.:j 1'W"fll:l f.}J~i1 UlJ~ij.:j II l.:jl'WIfUmiTij.:j 111 fl~ij.:j ff~1.:j.. 
", " 

fl11lJ 1~ 'W ~t1I\Y 1 fllff1 ll'lJ 1 fl ~ ij ~.:j ff llJ 11 (l ~ mJ l1J'W1;Jlli 'Vi ij ~ ~ 1 ~ ;r.:j U'W ~.:j ii 1ij fll ff di ~ 
" . .. 

lJ'J' lfl{) nl'J' Wfl111fl'if'WIf~ ijln~vJij .:jijlnlff;i'Wli 'Vi ij~~U 'l~ijllld.:j N'l1ll'ln~ nl'J''lfl ~~1i1rJlf1rJ11riUlJ 
" • ,t '" 

1~ 'W ij fl1l1flU'W ij1lliiij 1nlff.f11rJ'Wij fli'1911Jl;J11lJmlJ 'J'ijrJi'1'lJ ij.:j'Vi ij~ ~liij~1'HiT ijn ;ruiI l1JU li 

c:s ..... 1 f1' QI • ~ JJ 0 .or:!!i '1". Q,I

1'J'rJfl11u'J'lfl{)nl'J'f.}J ij~l'J''Jj''W (aeration ) ff.:jN'l !lfnlnll.:jl'W'lJijn~UUflm~lfl'lij'W l~I'lf'Wfl'W 

" " " ij~l.:j 1 'J'nmlJnl'J'~~~.:juuui1ii;Jij~1'W11~'lJij.:jmllJff~~1fl 1'Wnl'J'fll11l1~fl ~~~.:j 11'l~CJfijlJU1'J'.:j. 

.....':.~ ..~. ~ 

, " d " 

m~li 2.75 nl'J'~~~.:jUlJ~luuuu.:jifliIl1J'W 

" .. " 
2) fll'J'~~~.:jUlJ~l'W~l.:jU.:jifliIl1J'W 

~ d JJ d 
nl'J'~~~.:jUlJ~l'W~l.:jU.:jifliIl1JU ij11l11rJflijflij~1.:j1~11 positive head layout C)f.:j 

" a "" ,,, " 

lflJlrJO.:jl1'J' ~;ruiI l1J'W ij~,,!.:j fll1illJ fll'J' ~~~.:j11U ui1ll~iimllJ;r'Wl iT ij.:j 1l1fliIllfUfl'lJ ij.:jiI l1J'WIf~ ij 
1 JJ ad, 

fl11lJ ;r'WliTij.:j 1l1flfl11lJ~ .:j'li1rJ;r'WiI l1J'W1;JlUlJ d.:j N'l1ll'UlJll l.:jl'WllJ1 fll11U11 UU li p.bu lJ 111'l ~ 

1ijnlff1nf)fl111fl'if'Wnl!ijrJfll1~1rJ ij~l.:j1 'J' nfl1lJnl'J'~~~.:jUU uu"1l~ ~ij.:jii11"11U ~/Uf) 'J' ~ lfl1.:j'Viij 
". ,

~~tlUU.:jifliIl1J'Wlilij 10Mtumw liiinl'J'fll1llCJfijlJ d1'W fll'J'fll11l1~fllf~ijCJftJlJU1'J' .:jflijU;JNll-I'~.. . 
I " I JI o .d d.or:!l.c::lo Q,I 1)1. QI Q,I 0 QI 

mmm uij.:j 111fllJ 'Yl 'W 't11l1fl ~1~ 'J' 1~ ij rJf)1'W m.:j (l.:j ~ fl'W llJU.. 

• JJ ~ 'J/ 

mwn 2.76 fll'J'~~IPI':l'illJ~l'Uril'Ul.:lWfliIl1J'W 
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I 

" .. " 
3) fll1~f1~,:ji11J~TU'lhUrnimh~'U 

JI ~ 'JI I • 

fll1~f1~,:ji11J~1'U.,j'1,:jtl,:j'timh~'U61'il11t1flflfltlaH1l flooded suction layout c)f,:jlJ'U 
JI ,~ 

111J ltlO,:j1lyhi tlflfl 'il::ih.h~'U1J li'U ( 'Vi11J ) tla~H'ltlfll1~lU~'il::Utltlfl11UlJ lJn i11Jtla~l'U dl,:jtl,:j'tifl 
~ ~ ~ 

II JI JI I JI , 

fll1~f1~,:j UlJ UU 'il::ii.,j'tl~ l'Ut I~ 'II tl,:j fllHl11'il t~f)U ~::9itl1J'lJ l~,:j U~~ 'U n l'U fl n~f1 ~,:jtijtl111J t1lJ tl,:j 

.... :.... "" 1" <!lIVl fl'U l1J'UU~1fl tl,:j 'lI'1Jlflfl11UlJ lJ tl'U'l 

t JI ~ 'JI 

fIlVln 2.77 fll1~f1~,:ji11J~1'U.,j'1,:jtl,:j'timh~ 

" .. " 
4) fll1~fl~,:ji11Jl'Utl,:j'timh~'U 

'JI ~ 'JI ~ 

fll1~f1~,:ji11Jl'Utl,:j'ti m.h~'Utll'ilt1 tlflflfltlaH1l immersed pump 11itlfll1~1Ji11J~,:j1'U 

" ~ " " . " 
tl,:j'tifl fll1~f1 ~,:ji11JU lJUU ii.,j'tl~ 1'Uu~'IJij,:jfllnh::11 iffl n'U nl'U fll1~f1~,:j ili~ Itt1'U~ij,:jii'Viij~f1 

~l1Jntl'lI ij,:j t1'U ijlfllr1'l1iijlff1:l #,:j ~ m.h fl 'ill flflltllW fll.,j'111Jl'U1:: lJ lJ 1::i lJ ti1 tI,:j l'U fll1'tl H lU ~ 1 .. ". 
6lQfll1l,*,:jl'U 'IJij,:ji11Jtl11'U l'U fl1lfll1 ~f1~,:jUlJlJfl'U u~ii.,j'ijLi1t1~ij fll1fl11 'ilt~f)tm::9iij1J'lJl~,:j 

~ij'U .,j'H'tll1~" l1Jlfll i~:: Q,:j til fl 

I t1 C"I 'JI 

fIlVln 2.78 fll1~fl~,:ji11Jl'Utl,:j'timh~'U 

2.4.20 ~1JmW'tlHl'Ul'U1::lJlJi ~f11tlilfl 

ij1JmW'tl Hl'U (actuators) 1'U1::lJlJi ~f11ijilfl 1f1t1tt1 11J'il::'tll11Ul~t1Jgtl'UVl".:j ,n'U. 
" .... 0 .... ,"?t.... d " "'. _I ....'II ij,:j 111 ~111 ij 1J11J'U 11 tU'U Vl~,:j,:j l'U fl~ C)f ,:jt1l11lflt1m'il:: f) flU lJ,:jlJ 1:: l.fl 'Vlfll1J ~ fl1:l W:: 'IJij,:j fll1 

tf)~ij'U~U~1n~11Jl1tlU-U,:jijijfl'~ttl'U 3 mj1JlmY~1t1t1Ufld11~ij (1) ~1Jmw'tlH1U~ii"fl1:lW:: 
I I " , 

... d?t" d 'i ... 1_ 1 d ... _1 " 0 d d 
fll1tf)~ij'U'VltU'Ut~UflH C)f,:j ~f1t1'Vl1 lJ'il::111Jltltl,:jm::lJijfl"!lJ111ij cylinders (2) ~lJmW'VlHl'U'Vl1J 

"fl'l:l W:: fl n tf)~ijU~ltlU ti.:j 1J1JU~ 'il:: iifll1 ~ lt1f1fll1 111JU lVli ~11i ij rotary actuators ll~:: (3) 

'" I tI 0 dd c..o ~ d d .C\ ~ ~ Q,.I.oJ d': .o=:t 
tllJmw 'Vll.:j l'U 'Vl1J~fl'l:lW::fll1lf)~ijU 'VllllU 1'll'.:j1J1JU~:: ~11Jl1tl111J'U ~f11 ijlJfl1C)f.:j lu 'VlU 111J1tltl.:j. " 

1Jmflijfl~f11ijilfl (hydraulic motors) 
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2.4.21 m::lJfln~lJ... 
.a _I 0'0 d.c::tOl .a d~" .a 111" 

m::lJfln\1lJ (cylinders) '111 fl tllJ n'au'YI1.:11'W111.1'll:lW:: f11'Hfl'lfl'W'YI1lJ'W1 ~'W~ 1.:111.1 fl !fl 

" ~ ~.:I.:I1'W 111 m!111'W ~11.111f1U U.:Iflfl n , ~ij n'l1mVtJ1::1.fl11~1Vti'W 

. '" 2.4.22 m::lJfln~lJ111.:11'W111.:1!flV1... . " 
m::lJfln\1lJ111.:11'W111.:11~V1'111fl single acting cylinder 1tl'WtltJmW111.:11'Wn11Jl!111'W 

" " . ". . 
" " ~.c::t <lJ.Q.4 Q,I Q,I " ~..::.to ~_I Q,I1" Q,I!'U 1111Vm:: lJfl n~lJ !~V.:Il11.:1 IflV1 l1.:1'W1~fl~'l n 'I1'l n~lJ111.111.:1 f11'W ~lJ Ifl'lfl'Wl1flfl n !lJ ~'l nfl'W 

IV 'II 'II 'II 

"" .. , " 
;'W.:I1'W'I11fl:jf'W ff1'W111.:1 n'l Li1'111lJn~n \1lJ1fltlfl'Wn 11:: mllJ 11::1oM'~tJ1.:1 'I11fl1J1.:1'lfWfl fl111 1oM':jf'W.:I1'W 

'111mf1'l1'1!n'Ufl.:l~1ti'1'W ~lJlfl.:l1tl'W ~1~'W 1'I1''l n~1J1fl~fl'W~1,j'1... ... ... 

'" . '" 
.fl1~11 2.80 m::lJfln\1lJl11.:11'W111.:11flV1 
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2.4.23 m~UflnffmhnlHH)~'YIl~.. . " . 
m~ufln~mh~1'Ufffl~'YIl~'111£1 double acting cylinder trJ'U~tJmtlhh~l'Ufil'i~m':ifi 

" I' " 
ttlil e.J'U fi flflnu ,,~m':i ttlilfl'U fit.,j'11l~mfftJm1111l'U '\J fl~tJ 1iJ'U1'U m':i H~nll'U 

"'''' • '" '" .k.k 'I
tJ~ 11 m ~ U fl n ff1.1 'VI H 1'U fffl~ 'VI 1~ fl n'it'U" '11 'U ~ C)f ~ ff1111Hl"" n 1':i n n U'VI n l'U m ':i.. 

I , " " "" '" 

ttlil£l'U fi'\J fl~"nffunmhiJ"'I11n1tJ'~ 1"tJl'i~i1 ll~mfftJn1':i tJ'U '\Jfl~tJ1iJ 'U r1fl'U fi ll~ttl ilfl'Ufiff"'lh~ 
'II .. •
 

QI GJ I t'jI


'lfn l'Uu~m~~n'U 

d a .e::t. dQl 

fll'Y'l'VI 2.82 m~Ufln~U'YIl~l'Ufffl~'YIl~'lf'U"lIn'Um~U'VIn(cushion) 

, 
o ., d QI 

2.4.24 m':itl1'U1Wtl1~H'1 tntJ1nUm~Ufln~U 

I " " , 

rl1'11 i'u1'Ufii1 1l~'lJflnri11fl~lVltJ~m ~ UflnffUUU m11~1'U fffl~'YIl~t'vh,r'U 1{jfl~1l1 m rJ'U.. 
m~1.1flnff1.1111m il1'U ff1'U111ui~iJtJlI 1~1 'Ufl~ ff111 m ':ill

IV or.a u q 

d QI .a
 
1) UHlm~tl1111t':i11l~'111~mfl'Uflfln
 

d"l ~ 'I '" d ,,; ., "l ~ 
11H'VI I"1l1n m ~u fln~U 1'U 1l~111~'VIm fl'Uflfl nff1111':if'1tl1'U1W111tl1 I"1l1nffll m ':i 

" " 
Yi'U!l'U~flltJi1 

I F=p'A 

" 
P = fl111J1l'UU1lJ'U (psi,N/mZ

) 
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d I""!I i...... • '!Ifl111J l'i1't'l ~Hllflm:: lHlm"U 'U 'iI ,Hn:: ltHllH)() fl n'11J l'i t:l fIl'U1W 'Hlfll ~Hl1fln'1J fll 'i.. 

d "',!IV = fl111J1'i1't'l ~ (ftlsec,m/sec) 

" Q= ij"'ilfll'i'm'l'Ufl,nh~'UI,j'lm::UflflrJU(fPlsec,mJ/sec) 

4 " .cs. 'JJ QI 

A = 'Y4'U't'l'l1'Ul"~'Ufl~t'lfln'U (fF,m2
).. .. 

F=p·(~-AR) 

V= Q 
(A -A )

p R 

4" ld. fj) QI 

A = 'Y4'U't'l'l1'U l"~'Ufl~~flrJU (in2/m2
) 

01!!1" .cs. 'J/ QI fj) 

A = 'Y4'U't'l'l11J1"~'Ufl~fll'UrJU (in2/m2
) 

H - v(fi / sec). FOb) 
p - 550 

H - Q{gpm). p{psi) 
p - 1,714 

kW = Q(m3/sec)'p(kPa) 

2.4.25 1Jfll"flfl~~'iflilfl 
~ ... ~ _I ... .. _I d ... 0 ... 0'"!I...

1Jfll"~'i l~~'i flt'lfl lll'U ~lImw 't'lH l'U flflll 'i:: IfI't'l 'I1'U ~'t'l't'l1'l1'U l't'lltJmJ'U fllt'l~~l'\.J 'Ufl~ 
" . . 

i 'I1t'l'l1imjl~'U '~~'iflilfl i,"ll'llJf;l"~~l'U 't'lHflt'l1~wij"fl'tJ W~fll'i Ifl ~fl'U fhl'l'UUUU1; .:jl11J'UUt'l~• 



64 

\I1J'Ulli D~ 

. . ..
 
~·rn' ~fl~11 '1'1'U~fl'Ufi''UUl;\'T:h 1m,:n"~H 11ltJn1'1I'IIfl'lllm~fl{011II11 '81l1fl~fl'il:: . .. . 

ih,flElW ::nfll;\'ltJfl ~'I O'U U~llll~ fl 'il::fl 
~ 

fl ~1 O~nff't11'1 fllH111'U 1M'dj'U,111'U nff'YI1 'I 1~ nff't11 'I11i1'I. 
JJ JJ tJ • JJ 

llhU''U n'lil ~1'Vt1 1:: 'lifl 'I't11 'I ~~ 011 'lifl 'I 't11·:n1'I flfl fl'YI'Ufl1111~'U , ~U~ fl~1'10'Uir'U 1fl'l 'U flfl'il1 flir'U 

111:: i1'Y1 ifl1'Vt1;'1111111 m'II fl 'I~ 11 'il:: ihhff 'Ifl ':h111:: i1'Y1 i fI1 'Vt1;'I fl" 1'U 'II w:: ~ 111:: i1'Y1 i fI1 'Vt 1;'1 fl" 
~ 

.." .. 
... 1 oiClt. 4 0' d' . ~ Q,I Q,1 iI 0 ~ 1" " 

u,,:: lJ1:: ff'YIti fI1'Vt1 111 'IIfl'lllfll~ fl1 'il:: 11 f11 \1'I fl11lJll 1l'l'U'U111 fll11 ~fl fll1'U1lJllll1 'lnL'YI'Ullfl1~fl1 

d '" 

fl111 'il:: fi'fl 'I11 i11fffI1'Vt fI1 tJ1'Ullll1fftJri fl'U;U '11~'U 11fl 'In ~'I tJ1 fl 

2.4.2611m~fl{u11111tlfl'l 
" . 

U1'1iill (torque) 'IIfl'lllfl1~m{u11111tlfl'l (gear motor) il1nll'il1flm111~'Unm::'ih~fl 

Yl'U 1fl fl'l 1I1111~1fl1111 ~1~'U U1111 fl'l~1Ii11 hi'~ ff11111fl11~'Ufl~11nff't11'1'~U~fi'fl'lfl~11;'U~i1'U 

fI1tJ1'U llfl1~fl{U11111tlfl'ltr'lllti'lflflfl '~1~'U 3 C)fii~111ijfl'U011~llU11111tlfl'l fl~11ftfl (1) U11111flfl'l 

Yl'U'Uflfl111fl external gear motor (2) U11111flfl'lYl'U1'U 111fl internal gear motor U,,:: (3) U1111fffl1 

<!t 

111fl screw motor 

1) llm~fl{U11111flfl'lYl'U'Uflfl
 

11 ~fl fllHl1 'I1'U 'II fl 'Ill fl1~ fl{U11 111fl fl'l Yl'U 'U fl fl fl~ 11ftflfl1111~'UJ1~'U ~ 1'lY111 1 'il::
 
I tI , I 

, 11'" 11 1()11 '1 lfl fl'ln~ll~ffo11~ir'lliYflfl1tJ1'Ullm~fl{ul;\'1~~fl~'U 1 M'Yl'Ultlfl'llfl~fl'Un11lJ'U '1111• 
JJ • tI • 

O'U '1I1flfl'ln'lfffl'ln'll110'Uili11'Vtm91llflgn11111~m'Iii~nl'Vt"l11~'U;r11111"1l'~ 
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2) lJ6t91tl{U1J1Jlfltl,rrllJ1lJ 

lJtll91tl{U1J1Jlfltl-3'rllJ1lJ ~::ihfltl-3f11lJtlfHlllJIfltl-3U1J1J'rllJ1lJ ~-3~::'\I1Jn1Jlfltl-3f111lJ 

. ." 
C)f-3llllJIfltl-3 'rllJ lJ tlfl Iii tl tl11lJ ~lJ 'Ih17lJI;;1~'Jftl-3'Y11-31;;1U~:: 1 l1 ~ I;;1~'Jftl-311-31:: l1 11-3 'rllJ Ifl tI-3 

I JI I JI 

mi'fl~lJ1,rlfltl-3l1lluhJ llimh17lJ1l1~ 1lJ0-3lJ~lVff1lJyhllUlffV11-31~-3tl11lJfllJ~::ritlV'1 ~fl~-3 
" .

ll~:: 1 l1~mi'1J~n-3ifHhl1i'mJijI91tl{u1Juihn)J11 f11 ;;Yitl11)JfllJU~:: tl11lJI~ 1\1-3fl11lJ6t91tl{U1J1J 

lfltl-3'rllJUtlfl 

.. ~ 'I '" d <!I "'1" .. .: ~ ....
lJ6t91tl1Intl-3'rllJ &UtlfllJ1::1f1'Y1l1lJ-3 tltl "11 1191tl1 (gerotor)" )Jtll91tlm1J1JU Intl-3911 

1 Ul1::ii~lU1U 'rl UIfl tI-3 U'tl Vfl111fl tl-3 f11lJtl fltlQl1rl-3 'rl UIfl tI-31fflJ tl I~tl'thl1U'l~ 11llJ~~ Ifltl -3f11 

" 
U tlflll::l1lJUtlVl-36ff1::mifllv1Uf111i16tI~:: Ifltl-3f111lJl1::l1lJU 1lJ1lJi1fY'YI1-3I~V1nUU~ 11:: fI flVfl 91fl• cu • cu 



U~(H.~~L f1f1::ml tJLtN!ll.lAU1:::!.f1SSoZ ~M.LU' 

(S• .</"A IOJIUOJ ...,OU) ('.'<'0" l,U1UOJ ,rUO!lJ"'P) (S~J\ IYA 10JJUOJ ~lnS''i:tJd) 

')1,1. ;WIIYrlt.~t..9lt tllU,4t'nijrlU~t.~lt r\IMtlt~nYrltl;(.I1Lt.. , 

1'1 §f2l. II ~··l II 
. 81. ~! . . J L..-..-... . _-.JL-l_r-­

i [-- I I 

lI~lHllBLfm;:tr\ltJ~ 
l 

rt~Hll.rtl~rttLlWN~IA.LrtlUtL~ rtUl1t~rtiw £ rt£11~l UQQ
"" • I1>F" 1'tI". ip"lIt 

t-fLlll1!.LrtL~f1Lt¥,U~lugQ!.~~Ln.n.~!.rtltJLtn.£UL~,,( ~AIllA) t~Lt .. L~UU~I~t-PUrtpuU~ 

,t"w rtG(!t-~u gQ!.~~L n.n.~!. rtlI1Hh!.!.n.tL~Ut-~!.LUt-Q~rtLtY,\tl Q~l rt!1:L ttt-Qll.rt~ltLtYrttmtY. ,. 
!.Lurtt-Q~rtrllLlWL!.l!.LUt-Q~rtLtYrtL~m rtrllUl ( V·d = d) n.fWQn.~WUL&~lIA.HllrtimtY 

I=' " I,:i 0 p " I Vb. I? " " kF 

!.LUt'Q~t-QULUrt.ttUL&UQrtrt!1:Lttt-Qn.I1UL!.LUL!.~i!rtt.n.W(!t-Q~rt~lL~~ A ) n.l!UQn.~W( VIC =
" " 

t-@n.t !.1rtLt Yrt t.n.t Y!.L Ut-Q ~ ULU ~ 1111 rt rtL rt t-Q n. H IA..Y IA. rt t. n.t Y!. LU rt t-Q ~L!.lLt rtL t YU LItU 
p t::7 I"11) 0 J;7"

" 
rtrt Ln.lrt@I11Q!.UUQ@rtQI11tLUrt n.l!U@n.~W rt.«r.l rtLHlA.mWrlGUl !.LUt-Q~L!.1ULU 
~" P' fi7 P' I=' • o,'v ,,~ "
 

ugQ!.~~Ln.n.~!.rtl~tLt a°t:"z
 

tU~f1n.m@~1Qrt LSoZ IA.M.LU' 
I' f' 

,I til

==tfif\~.,...~:6.-';.~.. ~ " . 

.. .-':1" 
~

.~...";;': 

£U! 6"£I rt~l~rtLtY!.~Lrt~f1~~I111!sd 000'£ t-2 

rt~rtLWn.~~L~llj!.LrtL~ ~n.n.ll;Q~1Q1t ;Q~1!.l n..!,\.!.LU rtlUt¥'t~rt~lt~t-Q~U~~I111t~t-~U~I1U 1 
" . 

n..!,\.L~M.l;Q~l!.l rt~l~&U-t-1tu~l t~rtL~tU~t-Q~It-Qn.rt~n.Il.!~l~& tU~n.n.ll;@~1Qrt 
" " 

tu~n.n.ll!.Q~1Qrt (£
I' 

99 
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" ...2.4.28 1Tfl1tl1Ut11J'rlfl"Y11'1 

0' .c. .c5 ~ 0' .d.c:s ~.c. '1 
11Cl1fl1Ut11J'rltY'rl1'1 'H'HI directional control valves llJ'U11Cl1'rl1Jl(lt)f)'rltY'rl1'1f)1'J I11Cl 

" I 'JI " I I 

'II fI'IU 1~'U 1ll'11 Vft117 fli ~'U 1 U~11JntY'rl1'1n;;fI'I tl11 "''1illfitl 1l11'1'il1111tl l~tl'U 1 '11111 tltlUtl'JW 
nH1'U 1,f'U m~1Jtltl\11J 1JtlI~tlf ff11J11(ln1'11'U117tl1fl~tl'U~1u1'UntYVl1'1~\ln;;fI'I 

,. "Q,I ~ d 0'Go' 0' 
IflHff11'1 fffUCltll:lW UCl~f)1'J11 Vtl'll'fl11Cl1 

1m'lff!1'1'11f1n1'fl1fl1Ufl1JntYVll'l1ftVlh'l 1Uff11J1'J(lU,j'lflflm~'U 2 mi1J~1vti'U 
'" " .:" '" '?I _I?t " ~ " " flfl11Cl1U1JU'U'I1J1111f11JtllJllJ~11Cl1 (poppet valves ) UCl~ff IClft11Cl1 ( slide valve) 

~ ~ ~ 

m1J1111'fl11'Umi1Jilff11J11(ltl11Jfl1JntYVll'l'lltl'lU1~'U1~mh'l1 11'Ulh~1J';fI 1 uill'J 1 

'il~1J1111th~flU'IItl'lti1m1J~'1tl"11 1ft V'IIflVn911mh'l~1V1m'Iff!1'1'11 fI'I11'fl11'Um'Vf~ 2.90 

" . p 

P t"ftlllh~lJIlTl 
"luminln9i

A 1Ilft"J,ulIll1H'nli 

L lA~=U·IlJJlIT\1 
(I. tJoHQ:1IiiiOlJl;;O\l) 
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JI "'1 d d, 0'40' 1
111fl1f1Hn"H3'IJ'i).:J11a1 'UfIl'Vl'Y1 2.90 11111::111'U1111a11J"1Ill1'U.:J ( position) 'Ufln . " . 

nH1'U'i)ri 2 ~lUl1tl.:Jfl'i)"lUl1tl.:Jl1fl~lla::9hul1tl.:J~.:J.:J1'U 1i1l1i'1J"lUl1tl.:Jl1fl~l11fl';mhlJ'UI~1.yj ... 

~~ (port) P J11J'U hjn'11J11(1~1'U'i)'i)fl 111iJ.:J~~ A 1~ u';l11fliiflnfl·~l1~mt.:J.:J1'U 111'11a1Lg'i)'U 

. " 
111aU'U"lUl1tl.:J'lh1J'U~11::n'11J1HI~1'U'i)'i)fl 111iJ.:J A 1~ 111fl lf1Hn'!1.:Jua::l1"'flm1n1.:J1'U~.:Jfl~11 

. ." 
n'11J11(1I;;tltJ'i)~1'U!l1'IJ'i).:J~ty"'mIW"'~~.:JfIl'Vl'Yi2.90 ~1'U~1.:J 1la'11111l::1~Ufl~'i)11a1~1iH1'i)::11 

. . " 
~ fln i1 tlfl ~'i)11a1f111Jfl1Jnf1'Y11.:J 1~ un111111::i1 Ufl111fl ~1'U1'U11~9imh1Jw~1'U1'U"11I11tl.:J 1 'U 

A 0' QI ~ 0' 1 ~ d.cS 0' ~ 
nl1La'i)'U11n1 ~.:J'U'U11a1 'UfIl'Vf'YI2.91 flfl'i) 11a12/2 'U'Ul'U.:J 

~)\l1\1fi'll"li~ (position) 

" .
nl1fhl1'U~1in'~~,;mh1J'U (marking of port) 'IJ'i).:J11a1f111Jfj1Jnf1'Y11.:Jlf1t1n1111 

... 1 J1... ... ... ~ J11 D _ I ... ",.d 1 .d D 1D'" • • <$
1Jfl 'If''1'i)fl1l1LLa::I'IJu'Umfl1J 11 'U"lUl1'U.:J1Jfl"'IJ'i).:J11a1 'l1.:JIllU 'Ul1'U.:JmUl1'U.:J fI'l flm1J 

" " ~1'U1'U~~~mh1J'U11::l'vhn'U1n'1J'i)~.:Jun'~.:J~1mh.:J1'Ui:h~1J';'i)111iJ (11a14/3 ) 

. ."dI 0 Q"t d 1 0 QI 0' oCl 

mrl'YI 2.92 m1nll1'U ml1n''YI11~~'i)'U11J'U'IJ'i).:J11a1f111Jfl1J'YIf1'Y11.:J, . 
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" , 'U ih~mif.) i tJihil'U~1mh\ll!ff~N1m\lff~l\1mtJ 1'U'\Jf.)\l11 "1fl111fl1Jntl'Vl1\1l!~::1n 
~ rI • , 

'U fll'H~f.)'U 11~111 1111"1\1'1 

/-.~. 

(, t> :. 

, I JI )I 11 'j/ 

O1'j 1~f.)'U hr11"1fl111f11Jntl'Vl1\1ltJ~tJ'U9hlllnl\Ill''Uff11J1'j 11 l'l1i ~'11~ 1tJ1tl 11.:J U~ wmj. .. 
OlJfl111J,rf.)\I O1'j'\Jf.)\I O1'j illi tJi~\11 'U ~l!" fl~ 1\I O'U f.) f.) fl 
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~ 
H'ml'uJilf0 

<J:==:C 
HuonA 

F=C 
Hilil 

c=C 
H'uou 

~ 
. 

H'llnnii~ 

we 
Hrl1fi~ 

~ 
Hrl\fi~ M6y1il111ni~nIlH 

cz=C[1, ~ -+--e 
Hl",;uf)u~ 1il"nllOtM H,l,lill 

~
--t>--e o~ b 
IX P T Iy 

1,j'hHhul'l::J',uu (fn1J'llJYl1~OtllJ) 

d .:.4 tJ'9).t:lll.c::l • 

m .... Y1 2.94 OTmH)'U11'11f11fJ11im'ifn~'1 

... J
2.5 'mUJ (RELAY) 

1U 'U ~lJ 0 1 w~ 1 ~o 1:: 11 ff~ 1'11~ flfl1'Ut]1J ff1fl,r, l'1i1f19i fll 'H'1 fI~ ii 01:: 11 fft! ~ '1 

1m~ff!H~h'UlJ1:: Ofl'U'\Ifl~~1'16 11fffl~ 1'U1lJownH1'U '\Ifl~~la6 flfl 1dfl UHiI'Ufl Oflifl1J'\IfI'11 fI.. 
lI::th1l'11n flm:: Uff 1'H'1 r-h'U '\IfI'11f1 ~~th 1 l'1'H U'1ff1J Nff1fl ~fl'U ~ 1nfl ff'U 11J uli 1'H ~o 1vJ ~l~fI 

" Q,I' Q,I _I 1'" A _I Q,I' I d.e:t.~ d
'H'U1ff1JNff NO (lJOfllUfl1~'il1 : nonnally) 'Hflfl1~111 1m::11JfllJ'1fl11HfI'UflflO ff'U11JU1J1'H'1001l:: 

'H1JfI'1~'HU'lff1JNff1fl~fl'U~n'il::~flO~'U1J19iflV~'HU'lff1JNff NC (lJo~9ifl1~1I1 : nonnally close) 
, , JJ , 

~1'161U'U~lJmwi1iifl111Jl~11'Umnh~1'U~1 i1~u'U1'U~la6')fijfluHiI'U~111::1~l1a1 

1'U01n;H1'U11115-30 ija~1'U1n 11'1::1~11'111J10f)'"h 100 n'1~1'U1n d1'Hi''lJ~1'16'\1lJ1f11'HqJ~ 

1~'U1~1I11Jfllflfl{ 

1dfliim::Uff1'H'1r-h'U'\IfI'11f1 lI::-vh1l'11nflff'U11Julimgo1lJiI'U1l'1uN'Umgmf~fffl~ 1lJ 

" QI Q,I' Q,I .J d £lI 1 .et.c:l"" Q,I' _. 1"
'H'1flflUmff1J Nfff)'U t]i~f)1I:: llJ'U 011 flfl1~1I':i':ifl11'1 fJflfl~ 011 UHfI'Uu1::1J1tu 10 1'1flUil::m::uff 

10 ij'1~Ufl1J'lj 1u'Umh~U'flfJ1'U01nlH1'U d1'Hi''lJ'HU'lff1JNff'\lfl~~1'16Y1f1m~Uff1~lJ1~lJ1W 200 

ij'1~Ufl1J'i] ~uHiI'U1'H'1fllJ1::1J1tu 100 11'1~ 



::11tBI1ILrt.tLBNln.UlHtlrmtn."l Lltt'11 nut'f.~rtu\'nut'r,~u~"lrtm.. n.Grtl tBl1lLrt UGnl,.~ n :::W,YLA J' p p I ~" 0 50>' ~~ i'tl p.;; ~ p,. '=7 

Il.~U::I1}G161161t!!rtG~ltJtUGM,~£ltttt.nL~}GI11Lrt}LB~l L!:t::l\UG~lrtLW (q) 96°Z Mwnlt ~,Lmrtt 

t'~ rt~U~Ht' f. 11 rtlJl::l\ug"lftm.tlltL,ttt'~ }GI11Lrt}LG~tn.~n.tLLtLL~~"~,Ull::W~ft~::11}G161161 
." 

t !!rtG~t'Gn.H~ t'Gft>rtlpG::I1t'.trtlltLn. Ug"lrtLtL,UttL1l1l.~W~lt tLlltLlpG}GI1lL rt}LBtl!'G~1 LU~L tL 
". 

rtn.lrtL 16tLrm.tG111Lrt.tLG (l?)96°Z M,WtLl tLrtl-HLUrt tBI1lLrtf.LG"lLlt U~"rtL tL'ut'Gn.tn.Il.UrtLn.H16 
J:' I' I' PI' 0 I't) :: It) " 1''' 

tn.rt::l1tBI11Lrt.tLGt'G n.u ~"lrtntn. U~" lrtlltLrLl.tGl1lLrtf.LG"1Llt::11 H16,Lm::wtL~HllULI1t'~"n It) p I' I' P I I'D P ~ l,ip 1''' l> 0 1'tI, I 

"" ULI1.tGI1lLrt.tLG~t~~n.ULI1~"l ,Ull::W.ttLtlU~"lrtmG~lGrtt'Gn.tLLHlt.tLUU~"t'~,Ull 96°Z ltM,W 1'1' k p'/, 0 f" It) 

v .tGI11L rt.tLGJbU ~ MG.t"rtlW16ttrtLrt,U tLrLlLMM1U~"lrtllA.1 .ttltlU ~ "lrtllULl\U~"U~"lrtllrtL tL,U I' I'I' ttlrIr ~~ IP 1'5:-r'" k p • ".. P I /t) P I 

Jb1It.tG161GrtrtrLl.ttLtlU~ "lrtllt'.t16,U11:: W .tG161Grt.tG161.tlGrtlrtl\l::~ll .tG16lGrtrtLHltLI1t' f.16.ull::W 
" l>f"10 IP P' I'I' I' 00 

W 11 t'Gf. ~lrt tL::t! tLUW~lt'WG H.t,Uf.LU U~"rt.tG161.tlG tLlrtl\l::~lit'.t16,Ull::W.tG16lGrt 
I'D ~:: I'D p ." nt PI' I' 

LUMLtL .. 
rtn.mtlttLrt".tGI11Lrt.tLG"l LItrtn.Jr,t'.tllrt::l\LtLt16t'Gn.GrtLt n.tLL ~ H It ::~ll t'~Jr,t' .tnrt::11Lrtt16 p I' 1''' 0 rr p I'D 57" r p It) 00 

t'Gn.ULJbtLL~Hltrtrt".tLU~Ul"1Llt::l1t' .t16rt,UlrtnlLrtll.~UrtWWM,::l\rtt' .tntL.L!lGrtl t'~lrt.L!1"1Llt
"" ~"l>o" IP :''' If" ""l>o fa 

rtLrt,U Z Ug"1ftllrtL tL,U H~ "::.tW~U .t16tL2U ~"lftllrtL tL'u(:5~ rot!~ Il. tLl ~rtG ~~l'u ll::W(:5~~t~ ~n. 

ULI1~~l~U}GltL~~~l.tLUt'~,U 11 (q)~6°Z ~M,Ll.m lLttt~~t~t'Gn.~tLG~~l.tLUt'Gn.~tLG~Yl.tLUU~ 

~G~ftllt!,-ttt.Lttt~tLl (+ G.%" -)'ull::Wt'Gn.~"~.tLUt'LltU~~t'L~Uttt. U~"lftllrtLtL,Ut'Gn.U~rtL16 

" " "" 
~ ~ttt.U~l tL,V::~lltL,Vt'&ULt!~~t'L~Uttt.::~ll~ttt.::~llG~ftllt!'-~l ~tL"LV ~6°Z M,WtLlt'~,Ullt'~ 

tc" " I ,,/I " 
Ltn.G rtllUJb1::11L.tlU ~"lrtllrtL tL,Urtl ,Ull::WrtltLtLt16t'Gn.lttLG~~l.tL Ut'LltUltL"::I1GM,l 

p "" p. " p~ 0 10 f" ~ b If 

Lttt~~t~t'Gn.tLUrtLt~::~mttt~tLl,Un::w 

mLrt~rt rtLtL,U t'Gn.t'f.llrtLt~1l.'vpGrt~::I1U~"lftllHllt'Gn.~Lrtn. rtL tL,U Il.,VUL tJ,t'~U~rtl~rtG~~l 
(C • II If 

rt11.1 trtll(:5::~llU~"lftl1rtLrt,U 1l.,V UL t!t'~t' rt"m~rtl Ht::I1~" ~,U n:: W (:5~L ttt~ 
"' 

tLLt'JbI16uil::.trrf.LUIl.Ut'G~~~G,U"1 GM,l U1L.t16Grti;&Il.W.tLU::~llU.tGltL~
""I' IV I'D" "" If P I'D • , 

.tLUt'G16Grtlt'.t16,Ull::WtB16lGrtJb1 t' .t16,Ull::W.tG16lGrtll..t"L,UJb1GM,lt'f.16,U11 ::WtLrrlU'tll.~,U,U ll::W 
" If I' ,," I' I'D 0"" If ~; /t) 

t' ~rtn::I1t'& tL,ttl!A.l t!'WHIl.ULI1UGrt Il.~'u'ull::W}GI.61GrtH'l.tLU 1l.£"L~/Hll.n.llUGGUL~"t'1t 
." " 

,rnWrtB::L.tM,l rt.tW"L,U16BrtLt't'.t1rtlt'.t16,Ull::W} G16lGrtH'l rtutt. U!tft~ ::11~UrttLl 

(Uf.GltL~)tLft".tLUt'Gn.Hll16~H.tLUG~tB161GrtJbI .tLUU~"~t',U::.trr~& lttLG~~lrtLW~Ul 
I' I b PI' "" I'D I' I'" f' If ~ 

~ l L!:tG~lLU~.t 16rt2(:5:: 11rtLrt'u t'G,UU ~"l ftllrtLrt,U L~ ~.tLUU» "Ut~ rtLt' L!:tLtft-tlJG16lG rtL~~ ~ rtl,U 

tl.tLrtL'uUL t'ltf.L UU ~" rtL tL.u t'G,UU ~"lrtll rtL tL,UIl.ULa w.t16G fl.U~G tL n. f.G16lGrtt'Gn.tLLt'Llt.tLUU~" • ~ P 1'0 ~b /t) It). ;:" 0 Itl I I'D 

~Ut'Jr,lrtLt't'~M,16~HGM,lU~"lrtllrtLt't'~M,::~mMMlI09°Z tLLt't'~M,JbI LMMlJG16lGrtJr,1 .tLU 
'C' I'D Y p, 10 Jii-1'''' klt)"" 11;:-r'" "" "0' 

t'th).un::tUtGh)lQfC 9"Z I' 

IL
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" . " 
0~1J'Ij'111jt>'li'11111jt>U n'U '\Jt>.:J t>l'f1J 11'il t>{Um:1'I''U11J11 ~ot>~m.:J nu 'il:al11If'1 n~o 1'.i ~~onu~.:J.yh1» 

'\J1Hl1flt>1{1J11'ilt>{111J'U '~mh.:J~t>ld t>.:J ~.:JU1'I'fl.:J l'Utll'Yt 2.96(c). 

.d 0'Go' 

tll'Yt'Yl 2.95 l1'lO'\Jt>.:J1Jmflt>'.i 

• d ~", ~ I 0' 0' Go' -CIt. 0' 
m::U1'I'f1H U1J 111 'I Ofll1'.i 111 ~ fl'il10 ~ l1'l'\Jt>.:Jm:: U1'I'~1'Ut>1'.i1J11'ilt>'.i O1'.i 11'llJ'Ylff'Yl1.:J'\Jt>.:Jt>1'.i1J1 

1'ilt>{'il::,l11»O1'.i 111J'U o~1J'Yiff ~01:1 W::'tYlR'W'\Jt>.:J1Jt>LfI t>{m:: U1'I'f1'.i.:J~tl1'l'11J1'.i \I fl1lJfl1J~m1111." . 
,~ ~f1'.i1111'\Jt>.:J1Jt>lflt>{m.hl1g Ofll1'.i'il::I1~I'U 't1~rl1'U 1flufI'.i .:Jnmhm .:J~U ~1 If'nlJt>l{1J1L'ilt>{ 

~ 'jJ Go' ,f 0' 01"*1!IJa" d 0' 'jJ 
~::u 'UfIlUHfl'U t>1'.i1J11'il t>'.i 1'I'.:J 'il~ 'Yl1 11 ~ flt>f1'.i1L'.i1'\Jt>.:J1Jmflt>'.i1'l' .:Jf11U 

d 

~ 

d1 
~ 

"'eI
tll'Yt'Yl 2.97 U1'I'1H\I.:J cIH1t>'.iU1JIl1'lOfll1'.im::U1'I'f1H (DC pennanent-magnet servo· 

meter) ~.:J 1~nlJ Ifl~ tl.:J ~m 0'1 ~~t>.:J o1'.i1J t> 09hul1l1.:J~u"; ut>u 'IJ t>.:J1f1 \I1fl un O1'.i'lllJ~u l~ 1J,JIU 1'I'.:J, 
" 1 .... ........ ., "1 ", , 

~
 

eI 1I)!II
1l'l::'Ylt>'.i0 'Uf)1'.i'\JlJ Ol'.i'\JlJfl'U\1.:J f)1'.i1J'.i::~Ofl CII'l1t>'.iU1JIl1'lOfll1'.i m::U1'I'f1H ~f1!l0 on 

fl11J~1J11~1fl111J~Ufl1lJfJ1J911LIl111.:J~LUjuii1'\Jt>.:Jllf11J~1It>{(damper) 111t>fl1lJfJ1Jf)l'nh:nu 
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(£11 

(ll) 

(el 

d Q,I' 0 0' Id 
fIlftl1 2.96 lHlflfl11111'11'Ull{)llltl1m~UffllHIl1J1JllllLlHlOf:Il11 

d tI d _I Y 
fIlftl1 2.96 Uffrt '111tlLlItl1 m~u ffllHU'IJ'IJ'iI'4 mll C)f'llJ 1~ fltl'IJ rt1v'U~nl1rt ff'U 111 

'iI'4mll Sr U'l~ S2 ~'11~Lff'U'l1rt~1~1'U'U1rt hfqj1,"V'lff'il'lff1111'i11J~'iI'iI'4mll1~ln'IJ'ill'f1l11'il'il{~ 
?I ~ e1 "I • 0' ~ 'JJ d d dlll I d.c:iQ lei a" 

1~'lJ11J'U AI Ui;1~ A2 11111'i11m~UffllH'll''Urt'U'il~ lllllTlll1'i11flL1111l'Ulli;1~1l'il1l11L1111111Tl'Il1 C)f'l 

, d t 0' Q 'j} d Q,I' d d J .:A • d ~ Q e1d
lfll1VTl111111'il~llTll 1'l'i11 flL1 1111'1..1\1'111i;1~1l'il1l111111ftll'U'U l11'ilTll1lfi;1rti;111i;1'1 11 ll'il 111{J1 'll''U 11'1..111 . . .
 

I 0' Q Y ..:!f ~'" • d Q,I' "I' 0' 0' '1 •
 
Tlll1m flL1111l'U ff 'I 1'1..1 {J 'I 'il1fll'll'm~UffTllll1V1fl'IJm::Uff llfi;1m'U 'ilUll1L'il{J1Ui;1~ mi;1fol1'U 'Ufl'l111 

" 
"OG'J9I .dl "" Q,lQ,I'JJ1 0. 0' QQ,I d "1 "'.

ff'U111fl1vm llf'U'U1fl'U{J'Iff'U111ff'l'U'U fl'l'U'Uf:Il lfi;1rt1l111{JLlI'il1'il~lW1l11111ff 'I Ui;1~f:Il lfi;1flllTll
" " 
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St:tJ(t$ 

lIel" 

i 
) 

A 

./F",/ 

~/ 
Gurrc-III 

Olu"h 
!mk-ler 

MOler 
!rJ.r~ 

A,malwp. 

;':'iH) Carbon :.'r ,btl 

C:~ll'I~lut;)h.r 
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Go' t 0' '%e.s" • 0' d 
"lmlf:U:: I~ '1.,1 '\I fl'lll fll91 fl'i m:: II (;191'i '111lJlJ fl'li m 11 'Ufl fl(;11111'i 0'l11J'U ~ 1t1fll'YIfl'J f)'YI \1 'I 

" V'! (;1111 l'i 0 'lim)'U i 'l1"l~1I1f)"l ~1t1l'l1'Jfm~'1f)~11~'1(;11111'i 0 1~lIfll9lfl{i1tilJlm'U f)~1'U~~1l"l:: 

. " il...M1~ f1l'i mllJ'nflf1l 'i 'l111 '1.,1 '\I fl '111 fll91fl{ m::II(;191 'i '111lJlJ ij III1"vfi1 tI f1l 'imllJn fl'\l fl 'I f1l 'i1'l1"l '\I fl 'I 

d' o'Jt:!l d.c:A tI .Q ':. tI.Q tIm:: II(;11'1.,1 '\I <;\ "l1<;\ (;1'1.,1 111 II"l:: 1 '1.,1 fll'i 11 11 'il fl'i "I'll 'itlf)')j'flll m91 fl'J ')j''U ~ '1.,1 11 11 m91 fl'i ~'U 11 fl'J ll'lf"l 
J/ II J/ J/
 

QI d tI Q,I' d
~ Q dOL""(universal moter) 'YI 'I '1.,1 IlJ '1.,1 l'W 'i 1::11 m9lfl'i')j''U~ '1.,1 (;1111 1'i O'YI 1'1 1'1.,1 ~~ 1t1'Y1 'I f) 'J::ll (;191H'l1 'i fl 

." " 
m::ll(;1(;1"lJ ~'11 'UfllVi 2.99 l'l191H"l-riLrI'U 1'I1'Uij nlVi 'i1::1111fll9lfl{m::11(;191 'i '1ijV'I'l1l1'U 1'1.,1 nfl'YI 1'1. . 
l~tl1 lfi 1l~'hm::ll(;11'l1"l N1'U'\I~"l1~m{1I1&'ilfl{lm::'\I<;\"l1<;\(;1'U 111I 'l1"lf)"lJnfl'YI Hnm&~tl10'U 

"tI ,: I loCI 1" . tI.J! i1'Uf1l'i1')j'1I fll9lfl'i m::u(;191 'i'I'U "I:: lIlJf1l'i ')j'(;11t1Vi1'U &'i1'il ::91fl 11 fl &91 fl'i 91H &'U1 'l1"l ~ 

&"ltl ~'1ifllfll9lfl{m::ll (;191'i '1'il::n 1'11'1.,1 lfi~fl'liil'l1"l~ 1'1.,1 mw~ 1~ii i'l1 "l<;\'il:: ii (;1'1.,1 11111~l'l1gf)'1ti~ 
". . 

~1"llllJlJ6fl'U "l&n n1'U f1l'in 1'11'1.,1 '\I fl'llJfl&91fl{djfl 1~iii 'l1"l~'il::lh 1"vi'i 191 fl{ii6'91 'i 1&11\1'1tl~nn1 

, "v&n<;\U'i '1&.f11fffl'UVf)"lHn1'"v'\1<;\ "l1~&n'U 6(;1'i:: fl1111& fftl<;\'YI1'U~'\I '1.,1 IIlh '1fl1111&ff tI<;\'YI1'U ~91" lJ.... 
\1 f)t1'Ull"l::f1l'i\1t1!&fftlfh"'1~'\I~"l1<;\(;1'U 111'il::n11"v&n~ i 'l1"l<;\ Vi fl~ 'il::"l~tl9l'i 11~ 1'\1fl 'I 11fll9lfl{1 ~fld 

, 'U'i::~lJ~1J"lfl~ntl 1~ Irlfl1~lIfll9lfl{01Jlfl~fl'l~fl~~1In'U';fl'l1~fh,,'1 'i::1J1JIVlfl'l'YI~1'U'i::lJlJ "I:: 

n11"vln~ i 'l1"l<;\~Vifl-d1'l1i'lJf1l'i'lilJ~'U 
tI Q,lo' Q,l'tI1'UfllVi 2.100 ll(;1~'1l1fll9lfl'im::ll(;191'i'llllJlJ')j''U'YI'\I~"l1~(;1'U111'1f'U'YI(shunt filed coil) 

" ~'1'i::1JI 11'1.,1 F 1 ll"l:: F2 &11 '1.,1 '\I~"l1~'\I'U l~lgf)ii~ 1'1.,11'1.,1 'ifllJ1Jlf)"l ~'1ir'1.,1 ~'1iifl1111~1'Um'U \1 'I 

" " lIfll9lfl{lllJlJciUl,ijiim{1I11'ilfl{rifl'\l'U 1'1.,1 OlJ'\I~"l1~(;1'U 111 ~'1ir '1.,1 ~'1ih 1"vfl111111'i '1'\1 fl 'I (;1'1.,1 111 ll"l:: 

Go' d 0' .e: ... 1 0'1" 0'0" QI d d" .d. Q,I' QI

fl91 'i 11'i 1'\1 fl'lllfll9lfl'i fl '1'Y1 l'i llJ 'i:: ~f)91 'If11 fll91 fl'i f)1J f1l'i I'i fJI 'i91fl9l'i 11'i191111 'YI 91 fl'l f1l'i IVifl'\llJ ~ '1.,1 

Ifl ~fl'l,y m f)"l ~1fifl'11fl(;1"'YI&.f11 OlJ'\I~"l1<;\ (;1'1.,1111ci'Un l'i 1(;11111'i0fl11JfJlI tl9l'i1111'\1fl'lllfll9lfl1ifi . " . 
6'91'i 1&~111fll9lfl{ 'il::ln'U1J ij.f11fl Hm.'l'U OlJ ff'U 111~'1'l11Jltlfl1111 1111fll9lfl{"I:: 'l11J '1.,1 I~ 11i'UI~fl(;1'U 111 ii 

~ ".d. ~ ~" ,: 0' GI tI dcv d =1t 
'\1'1.,11<;\911ll"l :: "I:: 'l111'U ')j'1"l'l11l flll'\l '1.,1 1<;\&Vi 11 '\I '1.,1 <;\1t1l'l191'U lIfll9lm 111JlJ 'If'U 'YI'il:: 11 fl91 'i 11'i 1(;1 '1"1'1.,1&lJ '1.,1. c.1 . .. 
tl'U9I'i1t1 lfi~lm::ll ff1 '1.,1 '\I<;\"l 1<;\In 'Ufl'UVf1l'if1"lJnflf1l'i'l1l1'U'\Ifl'lllfll9lfl{m::ll ff9l'i '1ci'Un n1 lfi.. .
 

I ""i ~tlf1l'if)"llJ'YIflf1l'i~.. 'l1"l'\lfl'lm::llff1'U'\I~"l1~lm::m'i1l11'ilfl'i 

. " 
lIfll9lfl{m::llffm '111lJlJH(;1l1~'1Uff~.,'J1 'UfllVi 2.101 ~'1ii'\l~"l1~rifln'lUlJ1Jfl'U.mll 

" ... 
eLI d 4::9 t:!.tJ'QlQ"f..dlD1"1"

U"l::lllJlJ'\I '1.,1 1'1.,1 f)1JlIfll91 fl'i <;\.,'J '1.,1'1.,1 'il.,'J'YI1 'l1 ~ff'U111 ff:: (;111'Y1111 1f)'\I '1.,1 '\I~"l1~'YI 91flUlJlJfl'4mll11"l:: 

" 0'" 0' ~dl cf4" •Q,I

111JlJ'\I '1.,1 1'1.,1 "I:: m::'J'U lIfll91 fl'i 'Vt 'iflll f)'U 11 fll9lfl'i m::llffm '111lJ1JH(;1l1 '1.,1 'il::11 fll'YI fl'i f1l 'ill" '1.,1 \1.,'J II91 

" • deLI' ef..et." "t:l tI 0'
'1.,1 fltlf111mWlllJlJfl'Umllf1l'i1l"lf)llW:: rlffllHff1'UI')j''U 'U'il.,'J')j'1t11'l1 (;1111 l'i 01J 'i:: tlf)"1'lfllfll9lfl'i UlJ lJ . .
 

" oCIl"H(;1l1'U ~tl1f)1Jlf) 

. " 
i ~w1Jf)~hJf)'il::il1J'i::tlf)"1~.,'J 1'UlIfll"fl{1'U"f)llW ~I ~ Vi1::niif11'i'l1lJ'U1'Unfl'YIHI~tl111~1 '1.,1 1J1.,'Jfl i'.,'J. . . " 
fl1~~:: lJf)l'i 11J~U'UH1J"l':I'Ylfl'Yll'll1lJU I~ nflf11'i'H lJU '\Ifl'llJfll9lfl{1iu{){jOlJnfl'YI1'1

• , 'U 
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~'U tl uti\J'Y1 l'1'tll'1 m::11ffl 'U 'lJ ~Hn~ Ull:: 1 'U tll11J1Hl tl1 0'1 0 ~\J'Y1 l'1'tll'1 f11'i i 'H 1l'lJ tl'l.. 
tI tI" Go' ~ tI d i "G.I ~ 

m ::Ilffl'U'lJ~1l1~Ull::1 'Utllnmlltl'i'Vt'itlllO'U 'tll'1f11'i 'H~'U'lJtl'llltlI9ltl'i 1I::1tllltl'U tI \l1911Utl'i'tl'l 

fftl'l~1AtI~ U'U u tlll'l 'Vt ~ tlllnlJ 1I tlA9I tl111::V'IfH'H 1I 'U1 'U iil'1'tll'1A~ 1I l'U mw~~t)'lAtI~U'U iil'1'tll'1f11 'i • 
, 'Hll'lJtl'lm::llffl 'U'lJ~1l1~'H761'Utll1111AlItl1tlUl'11~tldH'Hd'l 1~vtlO~il'OiiVlIltl~u'Uiil'1f11'i i 'Hll 

tI od a Q,I If' dt! tlot:::I ~ 
1I6A9I6'im::llff9l'i 'IlIfI1111m 1I 6'U OlJ 11l'U I'Um'i 19l6'i m:: IIff9l'i 'I'tl fll'illlA1I6'i'i UflO'll''U 

~ ef A tI (1'4 , t d o".cI I d 4 J 
'tl'l'Ul'Utl'l1l1 O'lJ~1l1~fll'illl11l6'i lIm::Uff 'Hllfll'U 11 'I 'tll1'HlIff'Ull1UlImllmO~'lJ'U'i6lJ'l 'lJ~1l1~ 

....... , 1011 .. "°1"" .: 1
fll'i1J1HI6'iA'Utl'l\l10m::llff 'Hll ff'Ull1UlIl'HllO 'U'lJ~1l1~fll'illlA\l6'i m 'HAO~f11'iA'VtV'U 'Uff'Ull1 

'H ~ 0 'lJ fl'lll 6A9I tl1 ArJ 'UA 'H 9J 1 ~ ii 1'tl 1 III 'Vt II 'U 1~6 'U' tllIl 0 ~ lU 'H 'l1 'IA~lI ii l'1 n 1 'i IiU'U 'lJ fl'l 

. " 
ff'U 1111l],jm g n 1 'U lIm9161\l::ijiil'1'tll'191'i 'I o'U"rll1nlJOn-U.yhfi~~'U1 'Ulll'UA'U fll'i 19lfl1 l'U mw 'lJ6'1 

• I , JI 

lIm9ltl1tll11J1A\ltl11 u6ncM'U 11:: lii6 'U ii1'tl11l1'Vtll'U1 'U iil'1fi9l'i 'I "rll1nlJ f11'i 'H~ 'U l'UlJHfl1'I il'n iivlI 

, ,,.. "'1 A ~ ~ .. tI '_.I d tI'll'6'U19ltl'i 'Vtlll'Vt61J6'1~'Um'ilf1~ 'i::mv n'tl'lJ'U1l H 

G"; 
"';.I",t 
~:::..; .,~,.J 

,.~.l /,a~ 

'..;,:....' 

_"r'"''I _ 

~/ ,. ;;.••< 

c:i tI Q,I' 0' 

.fl1'Vt'tl 2.1 00 lIm9lfl'illlJlJ'll''U'tl 

d If' til 0' tI tI A ..d AI Q,I 

'lJW:: 'tl 'lJ ~ 'lJ 1~ 6U 1I1A\l6'i 'Ull tlA9I6 'i 'lJ ~'lJ 1~ 6U 1I 111l6'i \l:: lflll fl 'U 'tl91 ~ OlJ 

ff'Ull1ll],jmgnll::fh 1~lfi~IlH~'Um~u1,h'H7tlemf 1'U'lJ~1l1~m WA'lf'Url' A'ilfllllncil1i~1111l'U 
. " . 

1'j.Jm'i 191 tl11 'j.J1I fl 19161m::11ff9l'i 'IllH~'U 1'H ij u1,hij 11:: ij Yil'1'tl1'1 91 'i 'I n'U "rll1nlJU'i 'I ~'Ufil't161iJifII 
" . . 

'" ~ • '" '" ... "I "'i-.I·~ 1 .. " 
mW~;Jnlll1'j.JI'Wn1l10~IlHAflllfl'U'YI TIl'll 'j.J'YIl'1'Y11;J9IH'lJ1:JJ {counter electromotive force: 
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cemO ~'1'th,,rlii~u'j'l~'\.HYllq'VIf(effective voltage) ''\.J'II~a1~t>l{1l111ltl{'IIt1'111tllfltl{ijfill'Vhn1J 
• t AI tlll:::lio Q,I" i 0' , 0' 

PHlfll'l'j::'I111'lU'j'I~'\.Jl'V1t1'jll'\.J" "1J~1V cemf 1l1flflt)'IIt1'1 tI'I111fflll1Hl 111m::Uff '\.J'II~"1~t>l'j 

" 
11lllltlflfi'~'1i1 

4!1 till::/" .e:::t. tI 

VMT f1t1l'VItlnJ'\.J"'IIt1'111tllflm
 

E titl cemf
 

tJ) t("'r~(;· s1'n;.p; l:-ornp':':tU'td 

ntcl(tf c.Orl!~·:Cho:1 

I· " ... ~. 

5:- '_ S" Ai (" A, I 
. ~- ....,j . ~- •.-. • ".J( ~.• .. c.,..,• 

.,./ I 

--1­

(hi 51Iwl-"'""" ';(>flllXl;f\,1 
!'!ll)j.:-., (,l....nrv*cfiOh 

\ 
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d '" f1TVfYI 2.101 lH)lflij':im~ll~flHll'U'U~~ll 

:;N i H.,.' 
l • ~ 

w

4
. V 

lJt 
; VqHcJqe 

:::)ourr-i~ 

.
 
fI1'Vfn 2.102 cemf 

'U'Ulf1'Uij.:.l cemf 1 'Ull61f1m'"'H1 1~1I1fl fI111111 H'Uij.:.l~'U111 ~1'U1'U'UfI'l1'J';11j,m{1l1 

1,)ij{~~6'U'U l'U ':i~'ldH'U'Um.h.:.Ill'l~timl1i1'Uij.:.lllij1f1'fJ{ 1'U'Utu~~1l61f1ij{1~1l ..n~'U 'U'J'll'Jm{ 

tI \I)' q ~ d \I) lei ~ _'I OJ 31 131 tIQ,I Q,I Q,I tI.dl 
111111'fJ':i1l~ 11l1111U'VI'U'VI'J.:.I'U 'U 11.:.1 11111 cemf111'fJu'fJ'UUH'J'U1'Ul 11fl'UllfJ1f1'fJ':i 1161f1ij':ill~'J.:.Im::ll~• 
ij'fJflll l111fl'U'J 'llf1'fJl{ll 1111 ij{fl111 fl~'U'fJ.:.I 1m111~.:.Iflcll1.,j'H~'U ,;1mh~ ~1 ti'J'U'U l'J'Uij.:.l m ~ ll~fiij 

'JI 1 tI.d tI tI dJ e: Q 

~1111 fll'U 'VI1'U 'U ij.:.l'U'J 'l1'J 'U 11 fJ1f1 'fJ':i 'UUI ~ 'VI'U'J 'l1'J 'fJ 1':ill l111ij':i 1111'U1':i 1'U'U'U 'J 'l1'J 'U 11:: ~ 'lfl cemf.
 
I )1)11 ,)II 

'fJ'fJfl1J1111f1fi!fi'J;i'UlA 'ildh1 'lf1fi'Jfl1':i~lti'J'U'Ul~'U'fJ.:.Im~u~.yj 111'l1 l-!ll61f1ij{~ .:.I;j'U ~h cemf 1I~
• 

..::.J 
1~ ll'U 'U 11'

v 

.d d tI 
l~ fl ':i::11~'V1 \! fl 'J.:.I 'fJ ij flll l'i11flll 'fJ Ifl m 'l~ 'l.:.l 

1rlm)fI':il1i111fJ1f1ij{O.:.l':i~~'U~utiml1i 1'UUI::~I1iin 11'l'J 1I~ ~'U'hrh cemf Urh 

1n'fJ'U1'Vhti'U 11H~lH'VI'fJ{ihr 'l 'U OJ ~ ~nm~.:.I flcll111::um:: 11~ I 11 'l1~V.:.I~ij~~.:.I 1 'lfll fJ1f1ij{1I~ 'l~ 'l.:.l 
" ".tiu 1t1'U ~'l 1'If~l cemf 1I~ 'l'J'l.:.l u::l!'Um~u~lI::\!fl~.:.Illl;r'U~'U1 11'l'J ~.:.Il!'U 11:: flcl 11l~'h111'l 'J.yj 

fi fJ1'1i'lti'UllfJ1f1 'fJ{ll~t1i''U~T~fI ':i l1i1'U'fJ.:.IlJfJ1f1'fJ{U'l~ U~'l m::'VI'U1'JVfI':i .:.Iti'U cemf 11'l~ m~11~ 

. 6f1':illi111fJ1f1 'fJ{m~11 ~fI':i.:.l ~'U ij~ti'UfI1111U':i .:.I'U'fJ.:.I~'U 111u1i111gml'l::1l':i.:.l~'U~i1ij'U 
31Q,1 tI ~ c:,.. d tI ~~ Q,I lI)"'"

1 11fl'Uij 1':i 11 111l'fJ'H!'l::'U'U1'J'U 6.:.1 1 11'l'J ~.:.I'U'U ijfl':i 11':i 1'U'fJ.:.I1l61f1m lI~~l'UfJll L'J'J1vm~ 1l~11':i ij 

~U mjti'UU':i .:.I~'U ~i1 'fJ'U1'Ifti'U'U 'J 'll'Jm{lJ111l'fJ{ 1rl'fJ111'l'JU~11~1l~'U 1 'U ll1'U ij .:.I1~V1ti'U1rl'fJ'Utu~~ 
. " . 

1 11'l~U~l'l'J'l.:.l ijfl':il1~111'l~ cemf 1l~1 ~ll;j'Udjijm~ll~'l~'l.:.ll'JvtI fl~fl1':iijijflU'U'Ullij1f1'fJ{1I~ 

ij'fJflll'U'U I 1'1'lfijti1".:.I1t1 'U til".:.I~11rlijm11'l'J1~1l~ 6f1 ':il111t1 fl~ lrlijij 111 'l'J1~1l~ 1I~ u~61i vmtl 'U 

QI d ~~ d ef \I)" QI Q,I tI tI 
'fJml1':i1!1'U (base current) 'Uij.:.lll61f1m 'fJfI':il1':i1!1'U'U1I::111 L"1l1flijml11H~'U'Uij.:.lm':illl111ij':i 

ti'Um~ll~~'U111ri~.:.I~'J ~.:.I1'UfI1~~ 2.103" . 

v 
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Reducins filed current 

increases speed 

above base Base speed of the motor 

is with full and armature 

Reducing armature voltage applie d 

voltge deoneases 

speed below base 

........ ···--·-r-----·---"..--··-·-"~-· .._.....
 
i 

..-t. 

J 
r'" .. _.~~~ 

.. -..J " ... 
" .- ,,~ . t 

~ Q,I d 'jI

flTrfYl 2.104 m'imlJfJ1Jf)"'i1In~lfJ'tY'Ul1J 

Q,I d 0' ~ _I,q 1 QI ~ 
. 

QJ ..:::t 

f)" 'ill 'i1'U f)-31J m"f)'im:: lI'tYm ·:HI:: III 'U lJUfllTl ~ fJ"HfllJ cemf !l.J f)'tYUl1JlHl fl1J 
" , " I" 0Gl" ~t'jl ~ 0Cl" CiI 0' ~Clodd 0

m11JIIH'Uf)fJ"-311::'YIlI11 cemf 1JTIl'Uf)fJCH'U11::'YI1111m::II'tY I'U'U~"1~f)1'i1J1111f)'il'Vi1J'U'U'lf-311::'YIl 

v "I • del" J Q,I GI 'jIQI d 0' ~ 
111 m:: II 'tY 111" 'tY'U 11J1I1J111"fl' 'U'u~ "1~W1'i1Jl111 f)'i 1I'i -3'U'U1I,,:: fJ-3N" 111 f)m11'i ltm-31Jf)I" f)'i 1'Vi 1J 

J QI d cI J a c:, 0 Q,I 'jI.et I GI t ~ J
 
~ -3 'II 'U f)" 'i 11'i I'll f)-31J f) I" f) 'i 11:: "! -3'11 'U l'i f)fJC"J 11 'U m:: 'YI-3 cemf 11:: 111 fl~ , 111JTIlm ~ II 'tY l'H1Jlfl~ 'II 'U
 

" ." 
m:: II 'tY~-3flcil1'U 111fl1111~ 111 flTl 111JIIH'Uf)-3 'tY'U11J 11"'fln11" 1~-3flci11ii 1Jm"f) {l1::.;rlJ~'U111"~ 
'jI QJ d ~ .d Gt.el 0' cI d 0' 0 "I 'jI'jIQ,I Q,I 

~ 1 fJf)" 'i 11'i l'Y1Tl-3'Y1 I'U m w'II f)-31J f) I" f)'i IIlJlJ"lf'U 'YI fll'i Tl1lJTl1J f)m 11'; I'll f)-31J f) ~ il f)'i 11::'YIl I~ ~ 1fJ• . . " 
fll'i~f)11 f)'tY~'YIlIlJlJf)'Um1Jl~lnlJ'U~"l~ 'tY'U 11JoM'Un fi 1Tl111J"'1'U'YIl'Unl'ri1J~u.l 'U 'U~"1~11:: "11. 

" . 
'UUlll'IJf).:j m::11'tY ~-3U'U ~-3 ,h1M'm11JIIH'Uf)-3'tYUl1Jlllil11g fl"~"-3 fll'inm11J1I 'j ~ '\J f)-3 'tYUl1J "11,,-3 
jJ" . . iI I 

Q,I QIQI 0 CI 'jI 0' d.4 GI d '.d::'l <d~ GI"Q,I
'U'U11::'YIlI111JfJI"f)'i111J'U1'i1'U'U ~-3I1'tYiI-3I'Ufll'Vi 2.104 m'imlJTl1Jf)"'i1Inl"lf'Uu.IU'U'YIlW1J l"lffl'U 

I I CI 'I "I' Q,I QI dell QJ d CIt. d" "I Vel 
1J1fl1'Vi'i1:: -31£111":: TIll"lf111fJ 11J1J1fl'Ufl f)"'i lin'll f)-31Jm" f)'i11::1J1fl fl11f)" 'i11'i1! 1'U11:: Ifl~ 'IJ'U I~ fl 

~ f) Irl tlij fi 1'Y1 f)1fl"~" -3 111f) flci 11UfJ11l1-31 ~11 fll'i ~ 'tY'U 1mjf)'U11H" -311 ::'1'11 111'fi 1'Y1 f)1fl'Ilf)-3 

" 1Jm"tl'i"~".:j 

U'li'mn1M''tYUl1J11'''flijfi1Tl-3~llhnlJm11J1I'i-3'IJ{)-3'tY'U11J~-3"t~Tl-3li~ -3 1I'i .:j~'Uf)111J1 
". . 

1;)f)111~\~'U~1I1tJ'imlJTl1Jfl'm1111 il::u'Um'iIYi1J111f)"~1I'i .:j~'Uniltl'U '111'nlJf) 1{lJlll1tl{ fl'm1111 . 
'IJf).:j'lJtl\lItl{1l::lti1J~'U111ml~"-3f)VNI'}u'tlfimTl1~fJ'fl'j..:l ~-311'tY~..:l''Um'Vi 2.105 [WllYI 2.105(a) 
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Q,I d 0' 0' "d Q"I d ~ ~ d; I ~ d.d 
0'11111 1'\J0 ,Hll'UJ11i1 01 'il::\lnfl11Jfl1J~1t111 m,.'1'Yl 11Off'l'Yl iI:: 'MJij'l1111 1911n110m1111'Yl1::1J 

lIJ ill d ~ d "ill" ""'1'" ... d" d4 ""',." ...11 f1':iW1J619101'\Jl!1~1'ln m l'lf1 Off'l'Ylfl11Jfl1J09111111 ll!f1':iWOl!"lnl1 l'l11 &Off91'Ylfl11Jfl1J 

.Cl,.Cl, 1Q,I d 0' Q,I "I'do d. 0' 0' ~ dd 
0'111111'\J0 .:J1J01'101 1J nil:: l1J1J 'lh:: ff'YlYi.nlVi1YW.:JVi 61Vi11::11611 1J11'il01 11Jl!1.:J il1 'Yl1J m::uff\t.:J 

Q.lt dOQ,l JJ dq ~ cv dd0"l"'"Q,I 

~ .:Jl!l!1l::1J01 'l.:JU'l:: fl111J 1 Ol! \tty1fftl1 10ff'l'Yl ij::l! l! 011 fl11Jfl1J0'l111111l.:J't11 l~f10l!'\JHtI1n 

..
•
• 

sen 
.._~-_.. 

.. 1.. 

... d ~ ~ " 
O11fl11Jfl1J0'l11111'\J0.:J6111J111l6':i U1J1J':i::1J1J Ward-Leonard Uff~.:J l '\.Ul1Vi 2.1 05(b) 

01{1J 11iI O{'\JO.:J 1J 0191 O{ (M) UnfiOU1J1JUtlm11l! t11J 111 l! I'\.W11 191 O{m:: IIff'l1.:J~ i ~11J 011 m:: ';\'l!. . 
~ ~ 

Q,I 'JI 0' do 'QI , o'd. Q,I Q"I Q,I d o'd .do • 0' d 
(G) U1.:J ~'\.H01'Yll1'Yl iI:: 1JfI1'1.:JU'Itl'l!tlU.:JfI1 \l.:J "!~ ~.:J l! l!om1111'\JrN1J01'1t)1 iI.:J 1JfI11l1 nfjl!tlill! U.:J 

I I d Q"I t1~ "d t GI 'j/ 'j/ Ct. d .Cl, 0'1 
f11ff.:Jff~1'11l!1~t11nl!mVi 2.105(c) Uff~.:J1 l'H1'I1l!11ff11J11Ul'lf011fl11Jfl1J~1t1m'ln'Yl10l!nff ~tI 

" .. " II 

" ill • lIJ •.I.l!! lIJ ill ill • ... dill'" ill 1 '"1 '" ~ l'l1 SCR O11l!1ITfn1'\J0.:J SCR \lnfl11Jfl1J l~mtlO1101'Hl!~09111111m.:J0.:J~1t1Vil'YlWlf 01J19101 

d ?t " ' ~, '" .d?1 ill 1.1' ... .d_~ 1 ill... ~ 
9S.:JiI~lu~1.:Jil1'\J0.:JSCR mU'I'l::f1H 9SlfI'l'Yl1lJl!1J1ml'l::~1t1nl1U 1f11UH~l!111JOU 'Hn1J01':i 
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.. . 
1~'\.J~ '\.J1Jl!l:IVVHrm ff.:jll~~ fllw lmhi'\.J9I'\.Jlfl11 1l1il.:j'lJ'\.Jl~ U'\.JnWTl1lJ 111fl~lJ1Jll~111~H 

Dlgfln1Dijmf~fl'h l~lh1111flff...nl'lJD.:j i'lfii'\.Jt)fJ~'I11il~1Jlillflfh11 i'lfnl'\.J (Solen ) ~.:ji:i 
of ~ 'jI 'O!I 'jI '" ";1 'jI", d oJ d " '" 

Tl111J111Jltlm.:j ll.... mlllJ'\.J Tl/;l 1tI'l IHDfll!1JD1t11::n ~1lJ1Jl~!illJ 'If.:jflmilil::D~ '\.J /;lfll:lW~'lJD.:j 

I til t' , 
... 1 4!.:t _I .4 .ct _I ~ 0' GI .cI 4 d d i " QI d<l!!:l QI

l1/;lVfHl'lJ'\.J 111V l1/;lVfl'lJll1JV1J 111~~l:I!m11J9I1'\.Jlfl~'lJ'\.J 'If.:j TlHff11.:j'lJV.:j1J'\.JflTlV 'lJ~/;l1~""'\.J . .. 
1VlJ'lllfl'\.Jff1111Ull'lgfl ( ~.:jI'lf'\.J m ....n2.106) U'\.JW.:j ~fll:lW::n IU'\.Jml'ltl'l nHm~lJVfll'lf'\.Jn'\.J 
QI ~ C\.ld .cI ~. ~ 
fl....n i 'If/;l'\.JVtI~il.:jmilil::QfH1 tlfl1JlllJ'\.JI')j''\.J'\.J 
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2.7.1 U'U1ml11flflh.Jfl1~illlml'll'ii'UtlV~11J1.h::~fl~'~
 

1) ~h"i''lJ l'll'ii'Utlv~~m\l~\1 '~lllfl'l1fl
 
o c~ d 4.c1 Q,I d ,.. ~ old d ", 

fl) YI11U'U mttl'U lltlfl1J~::~ IlltlllUHfl'Ulll'Y1'11t1111fl &'ll'll 'UtlVflflll::fl\lUfl'U m::'YI\1 .. . 
mi'lJ 111 'U fl1~ 1J II fl g tI fl 

" " 
'II) "l!i11VIt)JllWl ( display ) ''Umwijol1'll'ii'UtlV~V\l '~'til\11'U ff1J1\1'iJ::O\li11Vhr~\1 

'" ". _'I 0'" llJ' d '" '" ~ ." 1 '" ~ llJ ,,'" "''' " ~lflflU'"'\.J1fll\1111V'YI1 't1I~1 &llll1'Umlt'U\lntl u~m 'll'll'UtlVfl &~~'lJUHfl'UI'II1111 Ufl'Um::'YI\IlI::. 
t1flflfl'YIl ltfll'Uflfl\lfllt'Ul111V 0'" "'''' t)JllWlt1t1fl1J1 '" 't1I~11l1'U &'1 

f1) '~ti'lJflll 'fl'lltl\lI~'U~'til~1vijlgfl'YI~t1umf~l\1'lI'l1'U ~'Uv'U~ ~t1v'U~ 
.. .. "-'11 dllJ" 

,....l .... 
·~r-fT~., "• ,J.·, ,,_J_., J. 

r 
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2) ffnt71J lclsihJtlu~~iluH~'1lJ1fl 

1 "'" "''''''' Q,! A.d CIl.di I dfl) fl 'fl fltl 'lJl91 tl7 'fl tlfl 'lffl1J'Vl1f1lm tl'll1 Utl~ l'I17 Uty 911'1 "l ,lm tl'll'fl'IJ'Yll-3m'fl fl-'Yl7 tl 

.t:\ 0' ~ oCIl .... I .t:\ 0' 
'lJfl'fl' , m:::l~tl'lmlJ 'lJtl'llC)Stlfl9ll1J7f1lfltl7,clJM 

II II II 

'IJ) f111JfllJil'IJ'lJtl'l 1l1'fl 'Ynflil'IJu~lU~'Yll'll~'IJ'lJtl'l'fllJ l11tl '1.hll''IJ''lJ7:::1JUihUlJ~fl. 
J1 JJ " •Q'" .QQo ~ cu9/

U'fl::: ~ ~7'flfl'fl', fI11JfllJ'fl'IJm'IJ1'IJtl'l lmtl'lc)sfl~l 

f1) 'lhU''lJfl17U1J~1'IJ1'IJ~'lJfi'11~u1'1117uml:::-d'luH~'lJlJ1~1C)Sil 'lJtlU~ l~'\.J'li1'1n'fl1 
,,; 191 • 91 1 CIl 0' oIICIto Q" 1- I .e::l' 0 

11 

d
'Yl1l::: ~1I1'IJ1'IJ9I1lJ9Itl'lfl17. C)S'fl 'lJtlU~ 11:::~~ U'fl::: l1J'IJ'Ylff'Yll'l'fl''lJfI1 lJ'fl'll11Jl1tl 911lJ1I1'IJ1'IJ'Yl 

~fl~tl'l 
91 , a '" a <!I , 191 ""' • .1 '" 

'I) 7:::1J1Jl1J7fl 'lI'f111JfllJ7:::1J1Jl1J7fl Ulmtl'lllmfl'fl ,lmtl'llJtl'll'l'1 lJ, 'fln'Yl. 
Q,fo''j/' • "''''1 4'"'' Q,I~11) f111J fllJ fl17'Yl1'11'IJ 'IJ tl'lfl 'fl 'Ylc)s ~U fl17 91'1 'l1'l1'IJ1f1 'fl 91 'lfl 'IJ llJ1 U91::: fl'IJ III 'IJ fl 17 

01U'Yl tl~fh~'1Fh'IJ 1 lJ1~ 

u) fI11JtJlJfl'fl 1flfl1'IJ~f1uH ''lJlfl~tl'lijmhufl'll'IJ , lfl~tl'll~'lJ6l~fl'Yl7tl'l1mf , lfl~tl'l 
'" 4 '" 1J'IJ'Yl fl'fl'UJUJ1fl1 

" " 

"'" "'91 1 "'" '" 'VllJ'Vll'IJ11J'lJUfl'IJ'lJtl'l C)S'fl'IJ tlUfi 

C)S) fI11JfllJfl17UfllUfI'lJtl'l~tllJllJtl1 (hopper - f1"'lU01JlJ1flm1u ill1U1~l~'IJ'Yll'l 

1l1'fl'Utl'lif1Q~tly''IJ1C)S1'fl ) 

"" " 2.8 iI1V1'V 

'fl' 191 'l11 W~ II ~ 'IJ fJ lJ fl HUl;r 'I fl 'fl , -Mff ll1 7 mt'I f117 U'fl::: f111J fllJ fl 17 1 l1 'fl 'U tl 'I 

m:::u'fl'1'rl~1' 'lJ1'11171 'rl~1 'fl'191'lfl'rl~1'fl'llJ17tUUfI/i1~lfl ~tl'l' -M1'rl ~1 1 ~1~ U~ 1U1 f1Ufl17 fl~lUfi 
<!I ,~ , '" "'" '" ..,. 91 '" '" • 4 a 91 91 1 -~ 1 ' 1 91

l17tlUfll'Yl1'IJ'IJ.fl1U 'lJ9I1'fl'191'lf1l:::lJl1'IJ1'fl'lJN'fl'tlU c)s'IllJtlUflU'fl111:::'l1m:::u'fl' 'rln1 l1'fl~l'IJ 91.
 
• II • 

U'fl:::lijtl lUfllI:::lU~1'11170'IJ hih1'm:::u'fl'1 W~l 1l1'flN1'IJ''IJ 'fl'191'l1l1:::il fl'fl 1 fl,j'tl~ tl71lJnll:::1lJufI/ 
II 

lU f1l1U1fflJ N'fl'U mj.fl1U''IJ9i'1'fl'191 "lfltl'l. t, 1. 1oiCII tie:! 0 91.1 • 
'fl'191'lflJ1I1l1'IJ1U 'IJ'Yltl'l9l'fl1f1l1'fl1~~lJU1J1J l1'fl1U'IJ'lJ1f1 U'fl:::'fl'llJ1Hl'IJ1 lJ 

lJ7::: Ufl~' -M'I1'IJ1 ~l1 'fl1fll1 'fl 1U'fl'191"lf'Ylfl9i'111:::iln1l1'IJfI'lh'lfl11lJ~1'IffmrU 'fl::: m::: U'fl'1 w~ l'-M'Il'IJ. . 
7:::1J 1 i'tl g~9i'1'fl'191'lfl11tl~'ltfllJ 7::: fltl1JVfl9i'1 'fl'191"lf d1l171J fl17' -M'Il'IJU9I flfi 1'1O'IJ ~~lU l1'Il 'Ii1'IJ 

'fl'191'lf ll'flll:::il7:::1J~lUl1l1'1 1 i'~1m~tl h1'917111'fl'tl1JfflJimlO'IJ 01J''lJU~'lJN'Ifl17l~'IJ'fl'lu1w ll''IJ 

1I::7::ijO'l'll''I1f1l1U1ff:UN'fl'~1Ui1l1lJ1Un''lJl'Vhh l~'lJU1J1J'lI''I1~ "lJfl~lUfI" (normally open l11tl 

NO) 111tl "lJfl~UfI" (normally close l11tl NC) 111tl1t1UUlJ1J "'fl'lU~U" (common l11tl COM) 
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.fl1Vhfi1'1~,$~11~fnnlJ fl1l1lldhnha'lIHff'l1mVtllJ llil::fl1llll::fl11JfJlIlIlflfr:h 1 ~~'I1~tl1'l1l':in 

1~ 

" 1) 'H~1~lINff'lJtl'lff1~;hj1~ijf)l':i~lINffnlJ l~VfllhY'Hl~fl'l:IW::il:h "ff1~'l11il~" 

2)'H~1~lIHff'lJtl'lff191;bj1~ijf)l':ill0fHl1flnlJ (~lIHffnlJ~iltl~l1~l) l~Ofllhy'l11 

1 .,; 1 " QI QI .c. o'~ 4::1 4:1 • Q 0' •
3)flil fl't1ll:: 1.1Lil~/il~ 'I1lJl ffllNffff1~'lflJ lffO 1':iOfl11 "ff1~'lf1Jfl't'i ':itl'l" 

I )/ 'JI " 

li'itli11!J'Hl~l'l '1 l'H~l'nln~~lJ ff1~,$l'H~1't1 1liffll11':i OCJftlllllCJfll 1~ ~11~lJ~n'l'til . . " 
fll'j ltJ~OlJ1'Hli~10ff1~'l1n:: 1'H~.yjl'Hi'itllJ n1J~11~1I11111't1lJl'thirlJ 



d 
lJ't1't1 3 

m1'fh~1-U'll6~'V1flllJflJJ . .. ,
'" '" .... 11· '" tfl16.:1lJlJ6V11ll"-U::fl1:: 6~-U1VlJJ 

3.1 lJ't11h 
• ". II I , 

f1l1111tfl~tHihHl~m'lflJ::mdlt),nh~1JulJ ii,nYltltynfl11thu.:li).:I fit)'l1~f11tJfl1J 
• .d., ~.I!lI I ~ • .I./,( ,( ,(

f1l1'Y1VJllJ'\It).:I Hardware C)j'.:Iu1::fWtJ lu~1(1mfl1l1(lln ~umW1C)j'lJ1C)j't)1 1Jm~t)1m::Uff~H 

1~~1t)~fl ~~t).:I\h'lJ11~.:IllJfitJ PLC (lm1m11Jml::uff~.:I H'lJtJ'YI~ 3 ~.:IUff~.:IllJ..r1.,j't)~t) 1u.. 

" 
ffl1J11(lUU.:If1l1 UU.:I f1l1111.:l llJ 1~~.:Iij 

c:I ,(
3.2.1 t1flfl1'l1~t)1.. 

l2VAC lOA p.hlJ1'11t)'1UlJtJ HIGH POWER ( l6R1A60) FhlJ Cl-C5 (5600Uf/50v) lllf1l1 

" 
3.2.2 1.:1'il1'l1~n.:lmdlt).:I 

11c;lflf1lnh.:lllJ,..::1~ Relay 24 Volt 1nlJ~11 Control 'il::ij Senser ~iJ~ff1'Y1'lrtnlJ~11 

t~fI'"h tiJ fl iJ 'I ffihll1~t)1u,il 
.. .. 

f1l1111.:l1lJllJfffll1::Ufl~ DC motor ,..::1~i'mYillilllW1rJ'ltJ"';.:I 2 'li1'\.1t).:I DC motor .. .. 
" . 

1111,r DC motor '1i'tlHllJU'l:: Relay ,..::t)~1lJff.fl11:: NC "';.:I111J'I tm::ff.fll1:: RW2 'il::t)~n NO 
t1 " JI 

U'l:: RWI 'il::t)~1lJff.fll1:: NC 'illflUlJ1ijt)ijfftytylW1un Relay 1111,rl1\!lff1JNff 1nlJ NO "';.:1 
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lnJ~ ihhf' RW2 t1v1lH1fl11::1~ijhJ U~ RWI 'i)::ijhhnfl (+) l1J~ DC motor U'l:: RW2 'i)::.. 
" t1VhH1fll1:: NC 'i)::ijrl'WW1W1W'l1J (-) ihhf' DC motor Y1-3m::i1t1-3 'H~fl DC motor 'i)::mJU

CUI U U It 

" . . " 
\PIl1.ll~:UU1Wf1l 'i)lmrU l~fl DC motor ~~t1U~U'i)::ihhf'11J')fURWI U'l:: RWI 'i)::t1V1lHH1l1::.. 
NO U'l::'i)::1~rl'qjqpwlW'l1J(-) DC motor 'i)::'H~~'H~UU'l::lrltl'H~~~ltJrl'qjqjlWlwl1J~Relay 

" 'i):;1h1,r Relay tl'tl1Jl1Jfld'U'l'fl11:: NC 'ti-3'H:U~ DC motor 'i)::1htll'J'H~Ufl'tl1J 

RWI 

RELAY24V 

(Commom) I 
~ He I 
~ NO '-~>.-

_"~~",~~,_,__./ COM 0 

DC Motor Control Unit 

IN 
220VAC 

......:L I 
. " 

fll'Vfn 3.2 1-3'i)'J')f~Y1-3m::i1fl-3• 

3.2.3 1-J'i)'J Hydraulic 

'l!~1-J'i)'JlfJ~'Jfl~tl tll'JYiNl'U'i):;i'mh~-J'i)ltlDump U'l:: Vir 1~tJtll'JYil-31Ulrltl 
. ,,, "1"" I 

Pump lll-Jl'U ~nm11tll'JiJ'\.j'\.JliJU'i)ltl()-Jri-JUH~'U'\.hiJul1Jn" P" l~~mhiJul~l 'lhiJU'i):;l-J 
. " 

l1JYi'i)~~fl1~-31U "A" ih1,rUtlUlfJ~'Jfl~tl ihtll'Jim'li'l 'i)~~t11,*-J1U "B" 'lhiJU'i)::l'H'l. . ' 

i 

112vlSOOmA:=ffi GND . I 
. iN I 

. " 
tl'tl1JltHi "T" 1~~ml1iJ'Utl'tl1J~'li'1()-3 111~ 4/3 1~U111~11J'VIl-J~~tJ1 1~£Ji,*1w 100 VAC 

~~'W~1 Control i,*lfJ~'JrJ~fl nNl'W ifllliJ.ul-J'HUl ~ilflurl'UJwlruhhl1~ 'i):;nli..rl~~'Jfl~tl 
u u 
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B 

P T'-------. 

OIL 

ClRcurr HYDRAULIC 

3.2.4 1':)'il~ Counter 

1':)'il~ Counter 'il~~1JffWW1W'illfl PLC ~ YI lrltliim~i1tl':)1~11Jl'VI1':) Senser (Input) 
" .. 

'il~nlfll~1~rrh1~Qdlum~i1tl.:)'llfllTlJ PLC 'il~ri':)fftyqJ1whln YI lfitl'th1M'iCJl'i1lJtllJ~ Ll 
" .

li1lJ~1ti'lJm~i1tl.:)nl':)llJ 'il~ri-3ffWW1Whln Counter ir1J 1 m~i1tl-3 fll1U1J 'il::nlfll~ir1J'1J 
" " 

l~tlfJ "1 'illJm~..t-3m1J 10 m~i1tl-3 PLC 'il~ri-3fftytylW'1J~ Y5 l~tl~'il::ri-3fftyqJlwivHh 

(GND) '1J~iCJl'i1lJ~W~ 'Utl-3Ufl1J L2 1lJ'Uw~~ Y5 nl-3llJn'il::ri':)ffWWlw'1J~ RST 'Utl.:)
" " 

Counter nlm~ir1J1111i ~11"'UUff~':)N"'l::1i1lJ "00" l~tlli1lJm~l~1JA'lJm~nlHU1l1U 



71----+-+++-~ 

.-~ 'C! "'! -.:: ~ f'''! -: C! 
0: D: Ii: 0: 0: 0: 0: ;;: 

1'1--"'----:-:,(""""-/ i\ !) r--:-.-t.~--;II· 

t-O­ ...... ~ .... t,n. ,-. ~ ~ 
~n:n: ;;!n:n:;;: n: l;.i l;.i 

".. ''''}
U .. 

". ..... ~ 
V .. 

.~., 
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3.2.5 11t1f)n11lhn'U'lJfl'l PLC 

'lt~ PLC lI:a1j'U PLC 8 in 8 out 1~tJlI::ihiqJqJ1Wfl11lJ~1'U-ff1'UInput XO-X7 U€l:: 

Output YO-Y7 

?t: d Q,I ~ QQ,I " d,
1I1f) PLC XO 1I::1lJ'U Senser 1')j'fl1~Q llJfllJ1~Ql'IJllJl Senser 1 1I::1'lfflU€l::€l''1 

.... 1I.ld ~.... 1 d d .... 0 d. ~ 'i <!I
€l'qJqJ1W t1Il1 PLC llJ'U €l'qJqJ1W €llJ (-) 'U'lJW::l11'lffl1~Q Senser 2 'il::l11n111'lffl111lJ'U t €l11::111fl 

" 1l1~11'U1::lJ::11€l1 31tnn ~11'Ji Y1 'il::nHl'U U€l::~11:u1'Ji YO'il::nHTU EJ m::i1fl'ln'ln'Un 
, I ,tI 

1'UmtiHi1oMm::i1fl'lnl~'Uhl1::Y1 'il::nl'11'U-ff'l~WW1Wi,"€llJ (-) illn19f~'UfltJ~ 24 v UF-l'ln'U 
u u 

11l~flflf)m::i1fl'lf)i'l1'111 ill1'U'l1fl'l1~lJ 1'U~'U~fl'Url'lfl~fl'l'il~nln11';fl ill 'il'U fl':ilJ 10 m::i1fl'lU€l:: 

40 m::i1fl'l 1'Umwfl':ilJ 10 m::i1fl'l 

1'Umwfl':ilJ 10 m::i1fl'l PLC 'il::-ff'l~qJqJlwill~Y5 ill~'Il~1,r'Ufl'l11'11€l 'il::ill 
d 0 Id.... d 1I.ld d 

U€l'~'1F-l€l 1'UmW'Yl'IJfl'l11'11€l111J~ Senser 3 'il~'Yl1n111')j'flU€l::€l''1 tlJ'Yl PLC X2 PLC "::l'lfflU€l:: 

-ff'lffWUJ1W ill~ Y7 1l4fllJflf)€l'm1::'Ufl'lUf:llJl11J~ u u
 

dd i1..,j 0 d iI 'i ..,j 0 ~
1'UmW'YlmlJ 40 m:: 6'11m6'1'il::'Ylln11lJlJm:: 6'1 t~tJ1m6'1'il::'Yll'IJ'U~6'Um1J 

1~6'Ui'IJ PLC 1l::nln1':rif'l~qJt1l1W1,rPump nl'11'U 1~tJ-ff'l~t1lqJ1W Y3 'il'Uf)'h Senser iel1~';i~fl 

nl'11'U ~iJ~€l'1'Yl'l1 RW3 nl'11'U PLC 1l::1,r V3 11~~n11nl'11'U1'U'Uw::~lJl')j''URW4 ld6'1l~ 
• ; J1 I I 

io1~1~f1l1~~nl'11'U PLC 1'I::-ff'lffqJt1l1Wi~illii'l!~n'lm::i16'1 (Y4) 1l1f),r'Ulfl~6'11l::nln1';i11lJ 

" n Hl'U1l11jmlJ'ti'U~fl'Um f) 

..,j 0 'i I ..,j iI ..,j d ~ .... d 
lm6'11l::'Yll'11'U~6 1.H16tJ'l 'il'UmlJ 120 m:: fl'l lmfl'l1l::1fllJ PLC 'il::llJ'Ufl11'lffl 

1l1f)~WW1W Xl ld61fl~6'1nl'11'UmlJ120 mdlfl'l PLC 1I:::-ff'lffWW1Will~Y6 11j'Un1';i11(l"~'1 
u u u u 

111fl~6'11~lJ i:U(l"l1J,.mi'1J'U~N i~ 



omron senor inductive
 

'+24
 
GND"­

+24 ..... ­


i\ 
~ 

SI1"lOr PllotOlhlri. "erur PlI01~I1.lri. NO 
OND""' ­

r ­...... i~Df~ ~ 
HC 

IN 770VAC 

Ti
 OU,lay C.lII1u C.alre! Ullit
 
GND ~N~ 

IHUIVACl..!l2J ... 
Trw.OIltC l ..VACIswicthing 
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Source Code PLC Utl~ Ladder Diragram
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INSTRUCTION 

Step Inst. 

0 LD XOOO 

ANI Tl 

2 OUT T9 KIO 

5 LD T9 

6 OUT Tl KIO 

9 OUT YOOO 

10 LD 0001 

11 OR YOOI 

12 ANI T2 

13 MPS 

14 ANI Y002 

15 ANI Y006 

16 OUT YOOI 

17 MPP 

18 ANI XOOI 

19 OUT T2 10 

22 LD YOOI 

23 OUT CO K40 

26 LD CO 

27 OUT Y002 

28 LD YOOI 

29 OUT Cl K40 

32 LD CI 

33 OUT Y002 

34 LD YOOI 

35 OUT C2 K40 

38 LD C2 

39 OUT Y003 



III 

40 LD X005 

41 RST C3 

43 LD YOOI 

44 OUT C3 K40 

47 LD C3 

48 OUT Y003 

49 LD X005 

50 OUT C4 KI 

53 LD C4 

54 OUT Y004 

55 LD X003 

56 RST C5 

58 LD X005 

59 OUT C5 KI 

62 LD C5 

63 OUT Y004 

64 LD X003 

65 RST CIO 

67 LD YOOI 

68 OUT CIO K40 

71 LD CIO 

72 OUT Y002 

73 LD X003 

74 RST C6 

76 LD YOOI 

77 OUT C6 K40 

80 LD C6 

81 OUT Y002 

82 Nap 

83 Nap 
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84 NOP 
!i 

85 NOP ~.. "2 l 

C>V f\~ 
86 NOP ~~n~"\~\o(\~ 

87 NOP 

88 LD Y005 

89 OUT Til K20 

92 LD Til 

93 RST C8 

95 LD Y001 

96 OUT C8 KlO 

99 LD C8 

100 OUT Y005 

101 LD Y001 

102 OUT C9 K60 

105 LD C9 

106 OUT Y006 

107 NOP 

108 NOP 

109 NOP 

110 NOP 

111 NOP 

112 NOP 

113 NOP 

114 LD X002 

115 ANI T7 

116 OUT T8 K20 

117 LD T8 

118 OUT T7 K10 

119 OUT YOO7 K10 


	หน้าปก
	บทคัดย่อภาษาไทย
	Abstract
	สารบัญ
	สารบัญตาราง
	สารบัญภาพ
	บทที่ 1  
	1.1 ความเป็นมาและความสำคัญ
	1.2 วัตถุประสงค์ของโครงการ
	1.3 ขอบเขตของโครงการ
	1.4 วิธีการดำเนินงาน
	1.5 ประโยชน์ที่จะได้รับจากโครงการ

	บทที่ 2
	2.1 บทนำ
	2.2 โปรแกมเมเบิ้ลลอจิกคอนโทรลเลอร์ (PLC)
	2.3 พร็อกซิมิตี้เซนเซอร์
	2.4 ระบบไฮดรอลิก
	2.5 รีเลย์ (Relay)
	2.6 มอเตอร์กระแสตรง
	2.7 โซลินอยด์
	2.8 สวิตช์

	บทที่ 3
	3.1 บทนำ
	3.2 การแบ่งภาคการทำงานของชุดควบคุมเครื่องรับบริจาคกระป๋องเบียร์และน้ำอัดลม
	3.3 ขั้นตอนในการดำเนินงาน
	3.4 การออกแบบโครงสร้างของโครงการ
	3.5 ชุดบีบอัดกระป๋อง
	3.6 บล็อคไดอะแกรมการทำงานของ PLC
	3.7 Flowchart การทำงานของระบบเครื่องบริจาคกระป๋อง

	บทที่ 4
	4.1 บทนำ
	4.2 การทดสอบชุดตรวจสอบกระป๋อง
	4.3 การทดสอบชุด 7-Segment แสดงผล
	4.4 การทดสอบชุดจ่ายของตอบแทน
	4.5 การทดสอบชุดบีบอัดกระป๋อง

	บทที่ 5
	5.1 บทนำ
	5.2 สรุปผลที่ได้จากการทดลอง
	5.3 ข้อเสนอแนะในการพัฒนาโครงการ
	5.4 อุปสรรคในการทำโครงการ

	เอกสารอ้างอิง
	ภาคผนวก
	ภาคผนวก ก
	ภาคผนวก ข




