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Ul1'\.l1 (Introduction) 

1.1 ~~1'IJtl.:jTfI"J.:j.:jltl1~U 

i lJlh)~UlJii~-l~i~ff5H ~flll"~~flffn i li'11 nlllllJ Vfl fh.:jll ln1JlU i~lIn m~ II ff~-l ~"'\'ll-l,W 'I'll-lYii 

II"~nnII ff~.:l ~"\IllllillU1G)JlJrul~ l-l'l ihmJ 'i~lfl'\'lvi l-l'l ~'l ffl1JlHl~tlUfflJ fl-lfl11ll~fl'l nWlltl-llllllJ 6i~~hlJ 

'I1'rl.:l II~~-l~.:l nri 11V.:lihi'fl ~ ltl~tJ[j .:l llJ1,)uii'u 11fflJ VnnYl~lJ1VU mWI~-llilJUlJ~~llJ mmff~.:l~"i lJ ff1lln91 
~ .. 

l11lJ nnv Vnll1J1JII"~Yl~lJ l~lJlI1J1J~-l*'l-f'l.:l i li'ff1111'i [)Uff~H r-l'P' lJ lUII1J1J i'l1'l.i ~~:;~tlU fflJ fl-ltlUlllllJ 6i~ 
~111~-l,,rfl11llffllf1 fI11llUlJl'n.:l ff1ll1HlfiYf1 M~~-l ffll~ffM 

~1 n nn ~1m1lloU'm.!"I~U1 tlU~lJUlJ 'f1~llJ m~ II ff~ .:l~'PII'P~~llJ~I~U1oU'tl-ltlUlllllJV'W1J11 ffllln[) 
v v 

llti'lU~~lfl'V1i~n.:l'l1'll~ 3 U~~lfl'V1 ~-3U 

Games Toys Display 

- Virtual Reality - Motion Toys - Show Display 

- Board - Animal Robots - Face Robot 

- Human Robots 

- Responsible Robots 

- Battle Robots 

OJ _I J.. 1.21Ii1 iilu "J:;tf.:jfl 

1.1~tlfi~IIlJ ~-lU ~ ~~lJii'11' 1l'V11-3~llJ ~ lJ UlJ~',rm~ 11 ff~ -3 r-l" ~1~~ tl1J '1~1~Ui ~f111lJrYm~llJVInfl 

1~~II11mlJ91n (Electromagnetic) 

.01 ~ .,;., 1 .,
2. l'Wtlnmnl~tl-3tl1M ~'HlllmlJ~n (Electromagnetic) 

• v 
04 0 QI 0 

3.1'Wtl'V11m~tltl nlIUU'lJlJ ~tllJ m'i'V11-31lJ 

u~~n6U~lJ-nlJ 
1.3 'lJtlUI'lJlillfI"J.:j.:lltl 

1.ff5Wll~'Vl~mmi'lJIIUUI~tl'l1'1fh~1'l'l ~ ~1111lJ ilJ m'iff5Wljflllff~'l~n1~U~~htl'I1'll-lllff~-l~nii 

fl1111ffllYllJ litlu m ~UffivJvh 

v 
9 "_I 'i 0' " 'i " i " 'i D ~ ff11Jl'i[) l'I1'U'i~ IU'lfU'\'ll.:l~llJm·mff~.:jr·mIlUU 1~~61J ~ I~Um'ilJ1'lt~lIff~'l~"lJlJ1Jlllff~-3~"~llJ 

I'1'tl-3m'i~1f1m'i~-3-l1lJ ~ln'll"~mUfllJ u,,~Mlh~ lu'JIu~llJm1llf~llJ'i~UU'V11.:J ivlVhlln~'VlHf1n lJVf1~lnii'v.:J .. fI1~'I1'1.:l11~~iiU'i~ lu'JIuvivm'iYl~lJ1m'illff~.:J~'P~llJ~H'l1~um'iUllf1H.:J1lJii'iufff1lJ1U"~'Vhm~Yl~lJ1 

d 

~111[)-3m~ 

~tliu 

http:Ul1'\.l1
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1.5 "UVIflUfrmlllihnm 

1. 	 fffllll,j'VlJ" I!"::lf~flfllnhm..l~U r.tU~,)'lU flTHlfffl.:Jf-l"U"::,)'lU ~1~r.t1.,j'v .H)mJ'41-J6 
4 .... 0 QI AQ I) '" 	 4 .d 

2. 	 ffflllllHlflf1l:i'V11.:jlU'UV.:j~1I!fffl.:J 3 lJ~ ( 3D Display ) 1!"::;l'llfll:iff:iH"~l'lfl"tl.:jllff~.:Jfll:i!fl"tlUl'l 

'Utl-l,j'111fffl-lf-l" 

l' '" "" '" ..3. 	 vvml1JU 1I"::ff"ll.:j"~~UllUUl'l lfllff~-lf-l"\):i-l 

4 . 	 'lh:aijulI"::ff~iJ f-l" fll:iYllfllnll.:J1U II":: fll:il'l~"tl-l 

.. 
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.. 

uYlii2 ...... ... mnfn1·;J'm,1.I0n~ 

lul1\)~,jlJMii~'1~'H!'~flff!1'lfl1l)J,jlJl'tl.mrllJ\pj6 VlJ 'Murl f1vnlh::lllYl~l.:J"l ff911Iiu'I 1f1Q 

IflH1inJ ~1)Jii'lI'V1f1llJ 1~V~ff!HfI11)J,jlJl'tl'l~H"l ~'I~i~0~11)Jl.ul'l9i'lJJlJffl)J1HI91flUfflJfl'lfl1l)J9i'fl'lm~ 
\If)'I)J'41:jffl~ff1lJl1~'I II~M'IfI'Iii.uv~ln'HlQ Ufl~1VV1'lI'lilJ U1.:JfllJ~9i'V'IflWUUHlIl'Ii'l II~Mn'jui1flWUU 

1(l1I\1'1)JfllJ91~ 1UV~)Jlfl ,rlJ ~1)Jii'l m~~fllJ~JlJV'I 'lJiifl11)Jff1)Jl~ (ll1lVl1flll ::1i~U'IViV~\):: i lhju~~(1u'li'l 
\)1'1"l l1lflfllJ~'l1flU flmiu'l ff911u~~ilJ9i't).:loni,rff911liU'I\lV.:J91lJ i l.h'hVlJ 91 nuurl~~lJ tJm.f'l '1lJ ff1)J1~(1~\):: 
~U~ff911,iU'l v v1'1'thii" l1lfliil1~ llV; U'l Vi V Li~llJ 9i'lJ yhi ,r'fl"UlJ1fl"ill~ lfl1 ~ \)::ii ~'1~iM'fI11)J,j lJl'tl 'I 

I ., 0 Q,I Q,I_ 
'I1lJUlJ~ff111mfl11)JUlJlm (Entertainment Robot) 

111fl'l\)lO~lJUlJ~ri111lUfl11)J,jlJ I'tl" ff1)J 1~ (1~\)::~VUfflJV'InU)J'4ll6i~ i M'fI11lJff'4 fl iffflM\)1'I 

fflJNff'~ U~::ff1lJ l~(1f11UfJ)J~lJm.J~JlJ i~lJ ~::~l.J~u~v~ti'u ~'1~ln\)::Vil.J,MlJV~~1'U i1VV1'1I'1ilJ Asimo, 

Qrio, Technical LEGO, Car Simulation '~lJ9i'lJ 

\)lflm~~1m1lJ.um;!~I~U1nl.J~ lJ UlJ~ri1l1l'!JfI11)J,jlJ l-tl" ~iiflQ1l1Ui lJU~::!,Y1fl' 1I~:::lJVflU~::!'V1ff'~ 

'~lffllJ1~(1l1tj.:JU~::I1l'V1 M,fmlJ" 3 '\h::lllfll1~fl"l ~'I.n 
4 

1. Ifl~LT (Game): 

Reality) U~::lfllJffilJ~Uul.JU\lfl'lm::~llJ (Board Game) 

2. '\It).mh, (Toys): ~ll1lJflVVui~L1jlJ \lV'II~lJIfI~fllJi111 (Motion Toys), ~lJUlJ~lff;jVlJff911 
I ~.a rI I rI.d ~I " 

(Animal Robots), 'I1lJUlJ911ff)JfllJ)J'4llU (Human Robot), 'I1WJlJ91f1fflJV'I91Vl.J91Vff'lm::~lJ (Responsible 

I tI."
Robots) 1I~::'I1lJUlJ9191V~ (Battle Robots) 

3. 0l111LTA.:J (Display): ~ll1'1.Jf)Vf)ui~I~'U ~lJUlJ~~~lIff~'1 (Display Robot), ~lJUlJ~llff'HVVfl'lfV'I 

tl1~mul11'1iUl1lr1 (Faced Robot) 

~V iU\):: mh1ii'I nu~::: IVU" Vi!mJ,f'IUfl~1fl Vl 'I ~lJUlJ ~ri111 ll.J fl11lJ,j lJl-tl'l \) lflfl1~~~VV f1I~lJ 
.1 • "" lJ~::lllfl911'1"l \l1'191lJ 

J 
2.1. Ifl~LT (Game) 

2.1.1 j;Jiln:::ILT;jt)\H)'i.:J~~ll1t).:JlAmYlfl.url'rmflt)~n11~v{ (Virtual Reality) . . 
m~u~::~lliu~::fl"ti'lJ iu ff1U\lV'Ilf1)JffU~:::lllfli1 

~ 

\)::l1rU '1 uVifiw1 U~::lfllV'II~lJ~l.:J"l IffU1~'U ff1lJ 

i 11~~1)J i uii'l flWU 1f111)Jil11'1~llJ ff1l11::lff;jVlJ \)1".nitli~iUff1lJ 'IJV'ImiNf1lf~'\lm(1 (llJ~ IfI~V'IiJlJ i U 

ltluumh'l"l rlVU m~ itlfl,HYfll.JilJff(11Uflm.u\)1 '1Vfl~1U ~'1\)::lIff~'1~1Vd1'1 i~~'1.n 
" J q II ..::t

2.1.1.1 Ol'Hnl-3LTmUm'HUll1£lUIIUUYIl.:JmUflWl (Sports Simulation) 

. J T :
;}"4 I '1 

' -~l$ 
. . it";' 

--:-: 

~. 

1/ 
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.., 
luih1'l~hu111 qJ l):;iiflU 111~fll1:;m',jVU I) ~-3~ ~1" cH 1~HJl'Vlm1fl'VI1-3f1VlJYh!~tl{lJl1ftU fll'j1Jfl~mJ 

11~tJ114v fll'jllm 1:;Mlli fll'j lriU lfl v~.:J~ I,1U ~lU1114'11):;1~U I)VflTVi~I):;U~fl '1~flllru:;'\J {)'1i4'U~I~,j flU I)~'111~tl 
~fll'Yi ~1"tl'ltltlfllJll~tl1,r~1~'11Ulnflfl11lJriYfll'l1.:Jlh:;~1'Y1fflJ~~11'1~1'Ii'1'1utlQ1U ~u1lJU,j.:J1)~ '1'1 1fl V1~ 

e'd. .J.Q 61 d d' '1 tid a .d d ~ 1rJ QJ I Ie' ..::It.

~umruflW1'Y1~flml'llW'llfl'j (Sensor) 1'l1-3flWl'YI'YflJ!l1U'YI1 .~UmtlV1.:J!'lfU fltJj;lYl, !1J~iJtlCl, I'VlUU~, ~~iJ{)Cl 

v.:JlIu I~U~U ~'1U~fl'l1u~u~ 2.1 

v Jq "cv ~ 
2.1.1.2 fl11,n1-3tTilnmTnUI1:ItJ1HliJiJf1HmUflW'l.IiJ'\I (Steering Simulation) 

" 0'... ,,~ .. ~.I" 
nU~'jl.:J ~OlU fll'jruIClVUU iJiJ'YI1-lfllU fll'j'\JiJ'\J~llJl'jmWfltltl fl!U U 2 lJ'j:;lfl'YIfltl 

II tJ t!'.ct
2.1.1.2 fl.) fl1ltTl1-3tTtllUflll\u!1:ItJUUiJiJm-3~lUliltJUVl (Car Simulation) 

'11' ~~r 
.~ . ~~.... ,. 
: • ~ ,I .• 

I - ..... , --~ 
: . "',. ,. .. ~ '\ 

(fl.) ('\J .) (fl.) 

.1".1 " 0'... " 0'~lJYI 2.2 ~lJU~~Hfll'j~H:j~OlUfll'jrulCl(JUUiJiJl'l1'1fllU'j(lVU~ 

flll~!1'1~OlUflnW,fivuuiJiJ'YI1'1r1'1U'j(lVU~ l~un1'j.,jiJ'j(lVU~lflV~~.,jiJ'1i~11~U~tl.:JtlQ 

iJU(lUU"~.:J flll1~.:J1UIl:;,ilufm1iJfll'Yi1l1f1n-lltl.:J~.:J~r1~.:JH~~11(l~1Cltl.:J (l(ll'Y1~U.:Jfi'iJ) UCl:;ri.:Jfll'YilJ1iT.:J~ 
Go' CLI .J JfVd.d ~ tid od4 ~".:, .4 " d 

'IJiJ (~H~U'YI 2.2 fl.UCl:; 'IJ.) lWfI"1flUV'IlJ lfllV.:J~"l1.:J~OlUfll'jrulClVUUiJiJ1'11lJfl~ l't1U'IiJUlmfl.:JUCl1 ll:;lJfll'j 

U 1Vfll'Yifla'1Vll1ii' .:JiJU1(l~.:J~.:JiJU ~1(lUU ~fll'Yi~1.:J'1 IICl:;ri'1m1lJifffl1,r~1lJll(li'iJiB.:J~fll'Yi'IJfl.:J(lUU ir1' 

,,;U ~U~1'IJ~'IJ1:: iJ~!1ruvm lt1'.:J (~.:J~U~ 2.2 fl.) . 
d •,un: www.e-nwtek.com/entertammenUgalIery/car.htm 

11 /11:4 II ~ • • •
2.1.1.2 '\I.) fl11tT1HtTm\lfl1.,\UuumU1J1Jf1H~lUfl1"1JU (Fhgbt Simulation) 

1';UI~V1niJ fll1 ff~1.:J ff(l 1U fl 11WIfi VU IIiJiJl'1 1.:J~1U1 (l vu~1I~1u~ifUfl fI IIIn fl 1 1 ffr1'1 

~OlUflllWlfivuuiJiJflll.,jiJ'f1~fl.:Jfiuua'1iT.:J'YiiJ11~1lJ11(l1~niJ'f1~fl.:JiflU~.:JII~f1.:Jiu~U~ 2.3 

, 
.. 

10" "ql:, .'. oJ " ~.' 
-~ ~ ~.. , '-'" 

I', • _~:~r:·· 
I .. , , 

(n.) ('1.1.) 

.1"'.1 " 0'... 9 '" •
~lJ'YI 2.3 (;lJUfffl'lflllff11'lffmUfll'HU1ClVUUiJiJ IUlfI1tl'l1flU 

, , 
.1 .1"" 0'... 9'"

(;lJ 2.3fl. (;lJlfI1fl.:JffHUHllUfll'jrulMULLiJU IUlfl1tl.:JltlU 

(;U 2.3'1.1. ~U~,j'i1fl{)1'11'1\l{)fll'Yi 
" 0'... "I "'." ..... 9 .1flU ff'i l.:J~OlU flU rul" VULliJiJ IUlfI'i fl ~ 'jflU I):; (f"'i 1-l(f"OlU fln rulMUUUiJfl fl fllJ1lU (;lJ'I.Ifl'lfll'Yi'VI1-l 

• I • r 

\l{)fll'Yi lflv~~H\l:;U'IriiJlfI~fl'll'U'\Jruditfl~{)-l\l:;iifll'Jffh:JlL'i 'I~lUlJ1rimi' (Force Feedback) Iff,j{)'UiiCllJ 
~ ~~ 

~1W14{) iM'lnflfl11lJ fiYfl11{) rill"! (f"mu n l'iWu~.:jlJlflg.:J~'U
~ ~ 

,hn : http://www.amusitronix,cQm/dcfault.asp 

http://www.amusitronix,cQm/dcfault.asp
www.e-nwtek.com/entertammenUgalIery/car.htm
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" . 
d i _I ..... "cO 'i •

lHlfHllf1lHll\1'YiUVVfllJl 'U'llJ'lJV-3If1Hl-3ff:il-3fftll'Ufl1'HUI'fW'UUUUf)1'S IfWffnUWJl'U'Yill1'U::: 1'If'll 

(ll'UV1f)1rY H1!I'Il-3 ~-3'l11~ 2.4 

_I"; _I';'" "cO 'i
'llJ'Vl 2.4 'llJlfI'StNt'I'H:!t'I'tIl'Uf)1'.iWIM'UUUUf)1'S lfWffl'.iU'U(ll'U'Yill1'U::: 

"Patriot XJ-5 with 360 degrees of rotation " 

ii fl l'.i II ff~ -3 11ll'lU 'U \1 VlJ V14IV! V { I ~ (lidVflll'l~ 111 'U ii f)1'.i Ii(l1cifl(ll1lVIi (I I'll1 l'.i 1lJii,'j f)1'.i 

IfI~V'U~UUUl1l-l'U '.ivu9i1!V.:J IfI~V.:I 1l:::V!VUff'U V.:I mi'UlJllff;jV'Ul1MJ.:IvQu'U (ll'U 'Yi1l1'U:: 

2.1.2. If)lJ£1''''UltJIIUU'\ltl.:ln~::m'U (Board Game) 

9i1V(h.:l'IJV.:IlfllJffi'U~11uUU'lJV.:If)',j::~1'\.l~-3l1fffl-3~.:J~112.5 

, 
2.2. '\ltl,mn.! (Toys) 

2.2.1 '\ltl.:.!la'Ultl~f)'U'l11 (Motion Toys) 

...!..I ... • ~~ _I "" ... _I ... "... , ...J! ......... cO 


f)1'.ilfUlV'U'Vl'IJV.:J'I1'\.l(l'\.lV! ffl1Jl'.it1I1U'1IU'UlJ'.i::lfl'Vll1"fl'l fl 2 lJ'.i::lflfl flV 1'ti'IJ1 II":: ".utl 'll'.:JlJ'lJtl~ 

",,:: ,j'tlIff(l~h.:Jn'\.l u1I1u9i f)1'.iVV flU U1Jll~V.:Jf)1'.ihi\hv:: 'b ,fll1'.i::ff.:jfi'l1li'fl'IJt).:J'lJV,:un'\.llfl~V'U 'l11 fiv fll'.i 

Ifl~V'U~ 1m:: Yil.:Jl'\.llfl(l\1::V!VUff'\.lV.:J9iV~.:J9il.:J'l i~lIfi Iff(l':'! IIff.:.! '.i11Jii.:Jf)1'.ifl11JfJ1J~1(1fl'\.l 1'If'U ~11JfI 

fltl'UI'VI'.i" . . " 
9i1tlVl.:J'lJtl.:J'lJV'lln'Ulfliiv'U i l11liii'lll(l911lJ-n'V-391"lflIWflVV (lVVfl i~~.:ju 

_I 'I VI' 'I .oj";

2.2.1.1lJ'::ltlYlI'lH'Ifl IlWl'lltlt'lfl'UYI 


Scooter "Sound Controlled Robot" 

.d I"~11f1 2.6 ~l1'11'U(I'U91 Scooter "Sound Controlled Robot" 

~'U(I'U~~ffllJl'.im11~(I'UYirY'Vll-3f)1'.ilfl~Vl"\~ldv'If'Unu ~-3fifl'll1H Ifl(l591I'UlT~ l1lV Vl\1\1:: 

111~(I'Uf)1'jlfl~V'U~i~ldviilff(l.:j~.:J 1'Ii'U 'iI:: Ifl'U l1!V Iff(l.:J'ilUl1V 

.,; 
f1lJ, : http://www.robotbooks.com 

http:http://www.robotbooks.com
http:f)1'.ilfUlV'U'Vl'IJV.:J'I1'\.l(l'\.lV
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... Weasel Robot 

~,j~ 2 .7 ,,j~'1HJ'U~ Weasel Robot 

~'UtJ'U~~1'm.Jl'Hll11'V11'HHln1l1n Maze i"l~tJm~'~n~jjv~ltJ l~tJll::n!~'U!'lIv1~ffllJ1HIi'urh!1:I'U 
o ~" ~.1! 1i1iJ.J'Q,I d i""
m!!l'f~ 'K~V lJlJ'KV-3 U~::ffllJl~flI~'UmlJ!rr'U ~~1tJ 'Uvn1l1n'UtJ'lffllJl'HlmUfjlJmllJ!~1 ~~1tJ 

lim: http://www.robotbooks.com 

CYBERK-NEX 

I tI., I .4 I.ci." 12 ' '" 
11'UtJ'U9Hl'U'IJ U~:: ~(l!!'IJ-3 'lI~1l::9IVUff'UV.:J9IVff.:JU1~~VlJ i'lun Uff.:J l!~:: IfftJ.:J 

" , 
'Uvn1l1niHj.:JffllJl1(lfl1UfjlJIl1tJ';LlJ'VlflV'Ul'V1~~!!~::ffllJl~(lI,jmmlJ1" 1'li'U Il·h U~:: V'l1l~1~,jjvn~ 1Jn~n 

,.ulU'1'U 1~ .., 
'tUn: http://www.knex.co.uk 

Moon walker 

.d. • tI

~t1'V1 2.9 ,1.I11'UtJ'U9I Moon walker 

I tI .J ~.J .d .d ,., ~..:t 0 c:., 
l1'UtJ'U9I 4 'lJl'll.:J 1l::1fl~V'U'V1!lJV9I~11ll'fUnmtl~tJ'Uutl~'lml1JI'lJ1JUff-l mv IfftJ'lfllff-l U~:: 

, ~ , ~ 

11:: 'K ~~ ljjVlfl~V'UYi 1 rlI. 'U ~:: tJ::11~1'K 'U 'I 

'" 'rnn : http://www.robotbooks.com 

"Scrambler" All Terrain Robot 

.1'" .1 ' " ~1J'V1 2.1 0 ~1J11'UtJ'U9I "Scrambler" All Terrain Robot 

, rI d d ~..d ~ ,., ~ d .c:. d q "..::11 d 0'4
l1'UtJ'U~ 6 'lJl'll~1Jm~lflM'U'V11lJ'Ulff'U~Hlll.Jf1~::'V1-lI11'Wff'ln~'lJ11.:J l~tJ !'lfV'UvJ~ll~~l'll'Wl'llV~ll.:J 

l1J~ tJ'U -nf1'V11-.l1vtVl~'Wm'1lJ ~.:J fi~'IJ11,n!'W 

,hn : http://www.robotbooks.com 

http:http://www.robotbooks.com
http:http://www.robotbooks.com
http:http://www.knex.co.uk
http:http://www.robotbooks.com


7 

Hexapod & Quadra pod 

~tJ~ 2.11 ~tl~'UfJ'U~ Hexapod & Quadra pod 

, ,,~ 

l1'UfJ'UlI'~'U 4 'Ill 

1J~lJ'YI loinmax 

;1lJl: http://81.137.225.197/competitionRobotics/defauIt.asp 

, J.4, u , 

2.2.2 'PWUVI!lYlJt)'\.HT911 (Animal Robots) 

2.2.2. I Dog Robot 

~'UfJ'U~ffllJl'HlIfl~f)'U~i~1~fJ'1~'lJ14 'lJlllf)'l.Jff'Uf)'1~fJlfffJ'I~'1ffllJl'Hl 

i5fJn~f)M ~f)'l.Jff'Uf)'1~f)nl'HYmrffll'fl::UHmfJ'Uf)n ri'l!fffJ.Ji~ll1iif)'UnmrU'IJ ijm)'fl~f)'U'hl1~H"11';'U 111 

i " "" ~ ~ d":" i"l1l'l ~ll1lJf)'Unmr'U'lJUtl::lJf)'1'l1'Uff'l')f)'I.J'lJl'l ~ 

.,; 
't1lJl: www.sony.com\aibo 

2.2.2.2 Fish Robot 

-; ~ ~ 

< ,-:;~~j 
.,.... ~.~ 

~'UfJ'U~tltll'IJ'Ul~'1mll ffllJ1HrhfJJli~'Ul'U 30 'Ul'Yiijm,)~lH;111fl~lfJ 
tltll~~ 'I '1 'U~tlfif)tltll "Sea bass" fffl'l'~f) '1 ~fYmn11~'Ulm,)'IJf)'1tltll 
.,; 
't1lJl: news.bbc.co.uk 

2.2.2.3 Serpentine Robot 

.d rII

~tl'YI 2.14 ~tll1'UfJ'UlI Serpentine Robot 
,.,,,.so 4. d 4~.l cal

l1'UfJ'UlIffn~ll'W~ltlf)'1nmfltlf)'U'YI'lJf)'1~IVW'1J'Uyj'U!l'U'lJf)'1'1'Um')yj~'Ul 

~WJ'U~~'1~'1 'U '11'U rin1~l4''U ~~ijtJ') ::-ff'YInmyj~ 'I q~~il itJ 

;1lJl: www.robot.mes.titech.ac.jp 

2.2.2.4 Cat Robot 

, 

~tJ~ 2.15 ~tl~'U(Jh!~ Cat Robot 

~'U(Jh!~ff\ll'Jd(J'I~\lflil'Vm!'l.J1J lHiJyjt)~ m,)lJfl~l(Jllm~~ 'I '';'U nn 

Yiwllll1!vi'V!~h! flnm"~'1tJl,)lJW ri ~I fftJ.:J fil 'I lyj u-3 

.. 

;1lJl: www.RoboToys.com 

http:www.RoboToys.com
http:www.robot.mes.titech.ac.jp
http:news.bbc.co.uk
www.sony.com\aibo
http://81.137.225.197/competitionRobotics/defauIt.asp
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2.2.2.5 Insect Robot 

• 
\ I 

~ -v"!f''' ... ', .;. 
, + \ 

~. 

~ .."~ ' ~' , 
I , 

~1l~ 2.16 ~ll~lHJ'U~ Insect Robot 

"CYBUG" li~I'U~'UtJ'U~~tltlmL'U'UMiJ ff~'lfl(J1~lW U~~ 'Yi()~f1'.i'jlJmjjtl'Un'UmJ~.:J L'Ii'U ffllJ1HI111 

Ul1".:J'Yi~.:J.:JllJ (i'U~iffltl'Yi~.;mlJ ivHh~lfl f1tlf1Y11'U(JI~1'U solar cell) 

ihn: hUp:llwww.jcrninventures.com 

2.2.2.6 Turtle Rebot 

.----. tll~ 2.17 7;ll~'UV'U~ Turtle Robot 
- - "\t.. 

- \:. 
• tI .1 JJ 4 ! " .c\ ~ .Q i 4I

11'U tJ'U (JIL(JIl7;lJ 'IflVlJ tl 'U 'U ff'j l.:JL'Yitll1f1ll1'j~'U'U 'U11f1 lJ VI ~!~ 'If.:J ffllJ1HI 

'htJJ11f1tJf11'ji~'111!l1jjtl'U!~1 ~h'U7;llVll.:J'II11LiI'U*w'U~~!iI'U'IItl.:J!"'UiJf11'j!fl~tllJ~!l1jjtl'U!~1 
ihn: www.robotstorehk.com 

www.yorku.ca/yfile 

2.2.2.7 Kangaroo Robot 

, ,,~ 1"4 . I ".d 
11'UU'U(JI~.:J ~'lf~7;lJU'U'Uf11'jff'jl~L'YitlLlJlJ 'IItl.:J!~lJ f11'j!fl~tl'UVlVll 

~ , .d d. 

!~V'UU'U'U~~1~ u~iJ.:J ilimjjtllJn'U'IItl.:J~~~lJlf1lrf1 .., 
't1m: www.robotfactory.com 

www.robotstorehk.com 

2.2.2.8 Monkey Robot 

.d tII 

tllVl 2.18 7;ll11lJtJU(JI Kangaroo Robot 
I tI~ ..:::s. 4!i ~ .A tq I 4 CV.Q 

llUVUM.:JlJf11'j!fl~tlUVlU~~f11'jlfl~tlU !111(J1W'lmlJtlUf1lJ~.:J 

lJlfl !'liu f11'jf1'.i~ IfIfI f11'H~U f11'jli'mJ 111U flni.:J f11'jl1VlJIl'U'IItl.:J !ilu9i'u 

ihJ1: www.thetech.org 

www.arnorphicrobotworks.org 

• 


http:www.arnorphicrobotworks.org
http:www.thetech.org
http:www.robotstorehk.com
http:www.robotfactory.com
www.yorku.ca/yfile
http:www.robotstorehk.com
http:hUp:llwww.jcrninventures.com
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.. 
2. 2.2.9 Rabbit Robot 

:<;.<, 	 .,,,, ., ' " 
•	 ~u'l'1 2. 19 ~ullWJ'U~ Rabbit Robot \;,...~~-
• • .. ~ ~ ~ <II ' " . 	 ~ 'U fJ'U91m::~i1fJ1'U ~U'I'1 W~lfJ)jtln'f1-31~ fJ'U UUU m ::~hfJI~ tl l.if 

' -'. .",. . ',\ , . 
'.:" . Itl 'U \ltl.:j 1~'U ~h'U ,U'I'11.:J\l11)jm,.fHl~tl l~ fJ'UUUU fll ~lfl~ tl'U ~ \ltl.:J fl ~::~ lfJ 

~"1' .. '" .J .. A ~ 1 l'
L11fl~lfJ\ltl.:jIl~-3lJ1fl'l'1lffl 'If·HI::lJfll~lmHl'U L111\1V-3'Ul fll~m:: flflfl~lfJ 

t1Um::~lfJIl1.:1'l .. 
'rI).I1: www.robotstorehk.com 

www.jsk.t.u-tokyo.ac.jp 

2.2.2.10 Ant Robot 

~U~ 2.20 ,U~'UfJ'U91 Ant Robot 

, " "..A.. .. '" .J""ll'UfJ'U~lJfln''l'1-31VitlUW'UllUUfll'l' lflllV'U'Vl\ltl.:jlJfl 'If.:j I 'If\ll 

6 \lll'Uflm~'U 

li).ll: www.robotian.com 

www.zumpo.com 

2.2.2.11 Worm Robot 

.. 
,U~ 2.21 ztJ~'UfJ'U91 Wonn Robot 

~'U fJ'U 9111 'U V'U n'llJ l'l'fIlfl ~ tl 'U~1~L11)jV'U11 'U tl'U1,wii1~1 

ff1lJlHll~Htl Vfl1l6::11fl'~ 
,... 

'rI).I1: www.robotgroup.org 

2.2.2.12 Rat Robot 

.,,J ., ' " 
~u'Vl 2.22 ~ull'UfJ'U~ Rat Robot 

, " A "'I ""1' .. "'.. " ll'UfJ'U~11lJ\l::lfl6V'U'Vl ,Wfll'l' L'If~V ffllJ1HlI6V'U'Vllfl'U11'U1 (JVfJ 

11'ti.:J I!6::lifJ1 iUlJl'~ 
, 

lim: www.takanishi.mech.waseda.ac.jp 

. '4 " 2.2.3 	 'Il1UJ'\,I~Ii;T).Itl'\,l)J"~lIt1 (Human Robot) 

*w'U91~ijflmfl~V'U~ ~Uil-3 @::fll~~tlUffUV-3Yll.:J'lfl111fJt1UlJ1.~1I6 11~Vl~fJfl'h "Humanoid" 

- ~lU fll'l'lflStlU~ ~'U fJu91ffllJl~m~U VU Lfl~V'U1111U\I'U )jtl ff'l'lI:: lm::rhuYll-3'l'~ 

- ~lU~ui 1.:1 ff1U 1i1.:1'1 'lJtJ.:I~UfJ'U91\l fl tl tl fllL UU 1,.r~ ~tJ i 1.:jfl111fJt1UlJl{"161J1fl~qfl u1iM-3~Ul.:lff1'U 
~ !liffllJl~ (JtJtJ fllLUU 1l1'fl111fJt1UlJl1l1 Ul~I~tJ-31l1fliJty11l~lU flil! fl fll~ IfI~ V U i 111 

~ 	 I d' tIJ'; d ria " dI QJ 

- fll'U fll~~tJUff'UV -3 llU fJ'U ~ ffllJ n (l~ tJU ff'U tl -3 Lfll'l1'Ulfl fJ1flUlJl1l1 fJ fltl ~ tlU ff'U V-3'Vll-3fll'UlfffJ-3 

fll~'YI~ .:J9l1IlHVhnm::,yh lIil::1l1f1fl1y.j 

http:www.takanishi.mech.waseda.ac.jp
http:2.2.2.12
http:2.2.2.11
http:www.zumpo.com
http:www.robotian.com
http:2.2.2.10
http:www.jsk.t.u-tokyo.ac.jp
http:www.robotstorehk.com
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.; 
'YI~1 : 

" ~ QJ

2.2.3.1 'tjlmll~ QRIO 'Ilfl.:JUHI'YI SONY 

, " 
mllJffllJ"Hl'IJtl~l1lJtllJ~ QRIO 

QRIO can walk on two feet and dance dynamically. 

QRIO can walk on an uneven surface 

Responding to outside Force 

Returning to an upright position 

Remembering people and talking 

Seeing and acting 

Acting with people 
, 
~ 
'YI~1: www.sony.com\qno

. 

" .q u
2.2.3.2 'tllltlll~ ASIMO 'I.Itl-.iU·UIfI HONDA 

l.h::mlU~1t1 26 Degree of freedom ihl11'u~fl::ri1lJ 

ffllJ"HHfI~tllJ~'~UtlfHl1nnlJtldl-36ff'l':: Ilfl:: v~H~'l.JUUUff~'l'::'lJtH 
,,~ :: A, ,1"l ~<!l "co " 

lJlllltl ~~lJlJ~HffllJ1HlltlfltllJ 111 i'I Lflfllf1t1~fl1JlJlllltllJln 

J ... 0 .J ...d 

lJtlfHnnlJ ASIMO fJ-3lJm'l'mlJ1tlllOfJ1nUmllJfflJ~a 

, .... .1., '1 ... cO,"
VfJl~lJln fltl ffllJ1HI'UlJ/fl~UlJ ~ Ufl:: fJlJ'Ill1~tl1 ~ 

, , . '4 , .oCIIt. " 

2.2.4 'tllltlll~'YItTlItl.:J~tlU~tltT.:Jfl'::~lI (Responsible Robots) 
• 

2.2.4.1 Humanoid Robot: Playing Catch 

mmilJ lfJlJ Ilfl:: i'1J'UV~ l~lJfll'l'l~lJ'!IU~l1,j-3~'l.Jflv~nfJthl1i'ufllJn1J~lJfJlJ~ 

l,jV-3~lfl~lJfJlJ~ Humanoid iimllJffllJ1HI~1J l1~V ~1J1~Q~flfJfJfJQllJ 

tllfllfY1,ri~ fJiifll'l'~V1JfflJtl~LL1J'IJ Real-Time l~fJtJ1rYfJfll'l'm~m'l'W 

nmtl~fJlJ~~1-311~1'UV-3191Q ~1tldHm'l'~1-31lJ1~LLn flm~lJ 3 ball 

juggling 1~ 

ATR© 

.. I..J ... 1 ' 0'
~lJ'VI 2.25 ~lJl1lJfJlJ~ Humanoid Robot: Playing Catch 

2.2.4.2 The Ms. Dance R (Mobile Smart Dance Robot) Waltz lIa:: Tango 

1~lJ~lJfJlJ~~ffllJ1HII~lJ:h i1lJn'IJfllJ 

'~i~tJV1rYVfll'l'mflfll'l'W fll'l' lf1~tllJ~llJ ~~111:: 

~tl1'I.J'Ufl-3f1lJ ~lm::'IJ'lJmllJ~lJ ~m::~l~ln 

Waltz llfl:: Tango 

n~l: www.torontodance.ca• 
,'I.J~ 2.26 ~'l.JlilJfJ'I.j~ The Ms. Dance R (Mobile 

Smart Dance Robot) Waltz IW:: Tango 

http:www.torontodance.ca
www.sony.com\qno


11 

.. 
2.2.4.3 R2-D2 Interactive Droid 

li'U tJ'UIPl~TI'lm~09HlmY'UV~fl1~.:J~Vl"l'\JV~fiU 1~ l~tJ~::1J1J Voice 
dr ,., d .o::S III iI ~o.J ",

recognition 9f.:JTI'lmHlfi'U'I11Vlm'\JV.:jITI'tJ.:j L~ 'UV fl 111 fl'U tJ-3 TI'lmHl !~'U m'U 

"'U~~ ",,:: iifllnll.:j1'Ul'I1lio'U n1J R2-D2 ''U.f11YW'U~{ STAR WARS 1~ 

,hn: www.onrobo.com 

.1" .1 • " ~IJVI 2.27 ~IJl1'UtJ'U~ R2-D2 Interactive Droid 

, J. v 
2.2.5 'Il'\.HJll~~tl\T (BattIe Robots) 

li'UtJ'U~~TI'll~~U!~Vflml'li.:j'll'U l"tJl\1vn:: 

.~ -~~ ;-;-- ~U"1J1J'\J~Hfllm'li.:j'll'Ufivfll~~V~ 'I1~V Vi1"ltJli'UtJ'U~ 
-r:--=- " 'IIV.:j;'htJ91~~,j'llJ ~~U'U li'UtJ'U~~V~II~"::~1~.:jiifm 

" . 1~""()Vflll1J1J ",,:: TI'~1.:jVtJ1.:j!~"Vn::!111::11~ ~HI L'b'Vl1liVl 

. ~ .,.s d ",:,.s. "I 
U91f1911.:jfl'U 1'b''U 1Jl"VV l'I1Mll'I1"lJ IIlJm::m Imv.:jw'U Lrl ~::1J1J 

fI11JfJlJirmrJ'U fll~ t)Vflfl1~.:j111f1fl'U 191tJ~~.:j. 
ihn: www.RobotCombat.com 

~U~ 2.28 ~uli'UtJ'U~ Battle Robot 

2.3. f1,.mt'l'~~ (Display) 

, 'OJ
2.3.1 'tl'l.ltJ'U~ll~lIt'1'~.:J (Display Robot) " 

• ".1 .1" • .s 1 "0'" .... I" • I .J 1"
l1'UtJ'U~IJ'I:::lflVlUl1::I'U'U fl1mTI'~.:j()Vfll'b'U Ifl"()'U 'I111~'Un ff.:JlfftJ.:J 'I1~V IIJM'U~IJII1J1J 9f.:J 9l~fl 

program lJ1nV'UI1~1 iii.:ju~::lflVl~V1fltJfl1~91V1JTI''Utmr91 1'Uir~ ~1'U111fl sensor 11":: fll~fI11JfJlJ~1tJfl'U 
1"V91H 

2.3.1.1 CYBER FLORA: Robotic flowers 

Cyber flora Itluliuv'U~~i:ifll~~1"V.:JWfl~m'IlJ'\JtHi~ff~111"::: ~'b' 
11lJtl'U ~.:jfflm'I(191V1Jff'UV.:j tl1JlJ'411 rJl~lffiiv'Ui:i~191l1l.:j ~.:J'U'IIW ::if~N~91fh~~ii 

.d Q,I~" .,7/ e' 1'" " IIN'Ufll'IVl1l::WllI'Ul L'I1ffllJl'Im1J~Vl~lJW'IIV.:jfl'U "Nl'UVll.:Jm'U Fluid Dynamics 

II":: ~l'UlfftJ.:J ... 
T1JJ1: http://robotic.media.mit.edu/projects/cyberflora/cyberflora-movie,html 

.d ,rI
~U'YI 2.29 ~Ul1'UtJ'U91 CYBER FLORA: Robotic flowers 

2.3.2.2 Office Plant #1 

GI ",I tl9JQ.o IV tdo d' "GtY.\iiil.:::t,., 
11TI'~ u,,:: tJ.:JTI'lmH1IJ~::Qfl~!'\J1fl1Jfl1n1JTI'-3V1lJ"'\JV -iHj A'b' !~Vfl~1tJ fl1~ 

~V1JTI'lJV -3 &U'tUI11J1J'\JV-3 fll~!fi~V'U1'I11vth~fivtJltlufivtJlu II"::; 

"CYJ:i'1Ji'1J,*vum'ltJ~vfll~l1~~ 

~ti~ 2.30 Gti'l-iuoulPl Office Plant # 1 

http://robotic.media.mit.edu/projects/cyberflora/cyberflora-movie,html
http:www.RobotCombat.com
http:www.onrobo.com
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., I , , , II 

2.3.2 'tJlltJllflll"'VI~eH)f1"Uf) 'Hn'nJW't1H Ul1111 (Faced Robot) 

2.3.1 K-Bot 

~'Uv'U~~mUl1,rl~11tY~ ~'H"'ln~f1l1ff~~lUl1,rli,;' 28 pJuuu 1'Ii'U ilJ iJni1 

m::Vi~U~ll "1 1l"1 nlJi~iin~f)'11'U~1~1111~m)~~lfl'U i,;' ~::'U'Um'.i.yh~1'UU'.i::ntl'U,;'1V 
n~llJliftl 24 ,j~I~f)m'.ifl1'UfJlJ~mJtu::m'.ilfl~tl'Ui'\11i~11lJ~ K-Bot IlJ'Ui'U~~WI'U1 
l~v ~mnn Andy ~~iit:UIIUUm'.ilfl~f)'Ui'\11,rf)vni1. 
,hJl: www.NewScicntist.com 

t:U~ 2.31 t:U~'UV'U~ K -Bot 

2.3.2 Robotic F.A.C.E. (Facial Alerting in a Communication Environment) 

F.A.C.E.llJ'U lf1'.i~m'.i~ViV1V1lJ'V'hf1l'.ifl11JfJlJnll 
Jj " Ifl~tl'U~'lJtl~lmf,rl~'Uv'U~l~vi1im'.i~'hjoi''U,*f)'U,rn ~~ ( '\ ' 

"~ , ....... 
ri1'U111,r':lf1ci11IlJ'Um~U~::fJn~1~\lln'IJtNlci'U fif) Yano Toy 

/ lflVfm 1~lJtll91tl1ull:: '.i::UU1Wtl~ i'U nmfl~tl'U i1111m:: ii 
." / - .- ." ..... ¥' 

191'U~''b'tl{,~tliltl~n'Um1lJ1ffV11lV1flV m~'fI~tl'U i 111 

U'.i::ntl'U,;'1V 3 degree of freedom ~~ff1lJ1'.i()fl1UfJlJt:UI1UU 

mmfffl~ihf,rliA 9 UUU ,'Ii'U 11,rlri~ ~i\l 'ffvi\llmti "lM 

Ul: Mark Newman and Stefan Marti Speech Interface Group. 

MIT Media Lab 
..d .1 I II" 

t:Ul1 2.32 ,u11'UVU9\ Robotic F.A.C.E. (Facial Alerting in a Communication Environment) 

o T ,II 4 u.q
2.4 1l11::111Ifl'l~~11l'tJlltJllfll~tltlln.IUll'm 

\llnu~yjfl'U1'.iWm'.ilJ~1~~'U\l::Vi'U'h~'Uv'U~I~tlfl11lJU'Ul'ti~iitlQ"~1tlril~lJlf)lJlvi'U11"lV'l 
_I JlCl.'0l "" .. cl1"oCiI "I"'.A Q,loCiIGI 

U '.i ::11l11111~fl ill::~ \lfl 111 fI '.i ~ ~ lU \l ~ViV1VllJfl9I11lU'U 1111~1Vi tl 11'n91 m'.iViWl 'U 111 1'1 ~1'U11'U V'U l1lVi tlfl11lJU 'ULl1~ 

~tliu ",,::i~ViU'hiif1lmfffl~ (Display) ~nhff'Ui\l1l"::tll\lllJ'U1I'U1111~ imJi'U nll~tlVtl~~tliui~ ,r~t:U~ 
2.33 

t: U~ 2.33 ~U nl'.lll ff~.:jq;''IIfi~m'l'HI1f1 f1l'.i lfl ~tl'U ~'IJ tl ,1'W'U 'IJ'U l~lft f)! lJ'U t:U~1'1'1 

• I 01 ~ 01'" i "Old" • ~.J ~ .. I cit0 

\l1f1t:u'Vll.:jflru::J:j\l~'Vll'IJf)tl1.:Jf)'1 ~V 1'lf'lftll'.iVf111 "3D - Display "~lf111f1l1ru::'li.:JffllJl'.ifl~~llull.:JIU'U 

, ~tl,jl.:J'1 'M11mf111111V '\1lf1ff1ln'H1fl1'UfJlJl~vH~1mufJlJlnllff~.:ji1WIU1\l::lll'U1fI'.i .:j'llU~Ulff'U h~'1 

http:www.NewScicntist.com
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.. 


.. 


• 

.. 

.... .." '''' , •.L~3.1Ylt]'ll{)YI!flITl'lH).:jm.:jlllll'tHHl nnl 

!~Viim::mf'1vHhilfCl~TlHnf.l'vl \)::vnrhiii~ff'Ul1JlIllllf~fl ivlvh ~'lff'Ul1JlIllllf~fl 'lvlvhiil1]'U'*'U 

(The Compass Needles) ~\)::;'1t1'Y11'l~1llfi1V 1~tJI*'U ff'U l1JUllllf g fl\)::Li~I'U1-lil ~ ~V1Jfflf.l '1 yJvh~iim::uffilfCl 
~1'U IIZl::t1111Jff1J~'Ui'\lv.:jiifl''VI1.:jff'U11JUllllf~fl\)::ltl'U·hJ~11JflUiiV'\l11 (Right - Hand Rule) fi.:j~t1~ 3.1 

t I 

I I 

II ~11~ 3.1 	 flUiiV'\l11 (Right - Hand Rule) 

3.1.1 	 fl1111't1'\.J1Ulh~t1'tnll'rlYll (The Flux Density) 

t1111Jlf'UluthJ'\lV'lff'U11JiyJvh fitlllH ~tl l1J11J'U~m::llff ~'lml1f.lfitl ih~'U ~tll!tl1JlIl1{-I1J~~ 
'" 	 ...

(Newton per Ampere - Meter) lf~tll1l1Jtl~ ~tl9l1~1-3!1J~~ (Weber per Square Meter) 

B=i= weber ... (3.1) 
A square.meter 

" 	 '''' 3.1.2 !t1'lWHUlII't11l0 (Magnetic Flux) 

t1111Jlf'UlI111'Uff'U11JUllllf~flltl'UflWl~f1111Jlf'Ul!1l1'\.J '\lV-l~1'U1'U1*'U!1HII1l1lf~fl ( If/'m ) ~V ~'U~ 
lfi1-3lf111f.l~;-3~lflti1J!*'UUHJ'U ~-3J'U11~1Jlf.U~1'U1'U1*'UIlHlIllllf~fl~~1'U~'U~lfi1-llf111V fiv If'U~ fJW 

t1111Jlf'Ulul1'U'\lV-lff'Ul1JUllllfgfl fi-ltl1~ 3.2 

Magnetic 

flux lines 

rpm = BA COS a 	 ... (3.2) 

mi1f.l : ih~l.HlJ9I';I ~V !!UlJutl{ (Newton-Meter per Ampere) lf~U !111JU{ (Weber) 
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3.1.3 n.Q'IItl.:JlltllllJII'IH (Ampere's Law) 

• 

M 
B

M 1\ 
\ ~\~\ 

B 

~..:J~1.J~ 3.3 Irl'Ufl1·nl1m11Jff1JW\nr'j::,.d1..:Jm::l1ff~'hH,NTU'll~~1~ 1I~::m11J11'U1UU'U 

ff'U11JLllill1~n~!~\nn'll~~1~tf'U ~..:Jff1Jfl1'j 

{B.dl =,uI ... (3.3) 

Permeability of medium (Henrys per Meter) 

Current in wire (Ampere) 

l'nJ11fl111J11 'U1lLU'Uff'U11Jlllill1~m ~1J1..:JiI fl 1I~::vi f1V11..:J 'II~..:Jfl111J11 'U 111U'U ff'U 1lJlllill1~nli~ f1V11.:J 

l~tJ1nm:: tI::V11'l~I1.J~tI'U i1.J'II~..:JI~'U1'lilfl 

f a "i'.c::l\. C 

3.1.4 tY'U1111111IMan'lltl.:J'II~Hn~Wlfa,.n)tJA ( Magnetic Field of a Solenoid) 

1111'jTthu~m~'Ylv.:jIl~.:j1J1'IJ~MltJ'U1~n1:l1J1I~ 1'j11)::I~t'Jf)~~if11 hi1'U[w~ (Solenoid) ~~~1.J~ 3.4.. 
lI1:l:arl81'j WI I nn ~ lt1m::llff!vl~11,rHn'IJfl1:l1fl~l ';i lVl'U~'U 'Vi1.J11lJ'U 1)dj'Viq~m'j1Jll1lJ[) 'Ulllim~ n ~.:jl 'j 11):; 

l~tlf)11 m:;lIffIllJrI1~f) 1vl~1 (Electromagnet) 

http:Irl'Ufl1�nl1m11Jff1JW\nr'j::,.d1
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.. 

B 

x 


x 
 "' --j-: .----!-j
x : 

';4Jl 

, ,, ,, , 

~:avhnlJ'¥Jn~ Ufl:;.fllVlJVn~:;IvhnlJtrlJ6 ~-3~1l~ 3.5 Ufl:;~ln Ampere Law ~:;i~n'lJn1"H"lJllJu,jll1~nivHh 

nilnlJ 

B=pNI .. . (3.4 .1)
I 

.. fl Permeability of medium (Henrys per Meter) 

fl1l1Jl1lJ lUUlJ'lJV-3n'lJ l1Ju,j!1'f~n 'rlVh~~~llfllV~llJ 1~~llJ,.nj-3'IJv-31'lf~lJvmf lvilnlJ 

. . . (3.4.2) 

3.1.5 Relative Permeability 

... (3.5) 

Relative Permeability (Dimensionless) 

Permeability (HenryslMeter) 

7
Permeability of vacuum (4Jr x 10- HenryslMeter)flo 

n1'.i !!U.:)1.l'.i:;lil'Y1'IJtl.:)J:.jfl'Y11 ·U!,j!l1~fl1vh~ 1 UU':)lllflrll Permeability 'lJU.:)"lDJDJln1ft'ltJUlflWcn l~w 

!!n'~~1U ~1l '.i l':) 3.1 .. 
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3.1.6 i'iY~m.:JII~I'H~fl'vlih (Magnetic Materials) 

1'U iff~'1 f1'1fU ~ ff1lJ1'J o~~~1,)'i''U rl"'~lf1ff'U llJ!llill1~ f1 ~-31'J1ff1lJ1'J o~ ~~!ltl-3iff~mlJyj q~f1'j 'JlJ i,)' 

3 1.h:;111'1'1 tiv 

I. i~!llJf1!'U~mY (Diamagnetic) 
~ .. 

2. yj1'J1I1lJf1IU"'f1ff (Paramagnetic) 

• .1 "1 ~ ..3.1nV'J 'JlllJf1!'UlIf1ff (Ferromagnetic) . 
1)jV111iff~'ti' 

~ 

~ 3 'lfU ~lJ111'J1g ffV'UN"''Vll~l1lill1~ f11vh~lyj'U ':hiff~1.h ~lil'l'11~!llJl1I'U~my 

(Diamagnetic), yjn l11lJl1I'U ~mY (Paramagnetic) g~l1ff~~N"''I'1HlIlill1~f1~tiv'U l1~ll-lv{h l1lJf11'U~ f1ff 

(Ferromagnetic) g~ II ff~-3 rl"''Vll,mlill1 ~f11vlYl1~1l~-3!l 'J 'Ill 1f1 'Hlf1':hiff~~l1ff~ 'I rl"''1'11~ !!lill1 ~f1~tivu lllf1'1 ~~ 
~ mi~lilu 'UVU l1lJ f1!U9l f1ff (Nonmagnetic) ~'1JUl'J1ff11J1'Jlllilf11'j~111 'U f1'11U~'lJV'IiffliJ!i1'U1'U 1I~"'~1.h~lil'l'1 ~'1 
m'J1'1n 3.1 

,J'l'::Iil'l'1 Relative Penneability fir 

Diamagnetic 0.99983 

Diamagnetic 0.99993 

Diamagnetic 0.999991 

Nonmagnetic I 

• 
V1f11f1 Paramagnetic 1.0000004 

Paramagnetic 1.00002 

Ferromagnetic 130 

Ferromagnetic 600 

Ferromagnetic 2000 

d 
Il1M ( 0.2 impurity ) Ferromagnetic 5000 

3.1.7 fl{l'IJtl.:Jt]lItllJIJ 
~ 

(Coulomb's Law) 

F =_1_ Qm1 Qm2 Zi ... (3.6) 
47rfio r2 r 

F Force (Nektons) 

unit vector along line joining poles 

Magnetic charges (Weber) 

Permeability of air (4 7r x 10-7 
Hcnrys/Meter)f.1o 

• 
distance between charges (Meter) 

19.1 ~ I d 
1I111:l1'IJ111lJ!'I1'Clfl 2 

~ 
~ 

, d 

'lJ111ll!'lHlfl 2 
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; 

O+--v-~0(1 

~tJ~3 .6 U'U'U~l~Hl-l~~ 3D - Display 

f1l'l hCltJ-l'l:;lJ'U 3D - Display 1M'lijlJUlJlJ~l"'tJ'l'V1l'lflW~fllff~ {1~tJ~~:;;1n.n(Jl'Hl1im 'llJ'tItJ'l 'l:::'UlJ 

~l'llfh~'lfflJh ~'llj.U~~tJ'l:;ff'ltl'lJnl'l'l1111lJ'U~l"'tJ'l'tltJ'l'l:;lJ'U 3D - Display ci' fit) 'j:;(J:;m'jlfl~tJU~'tIt)'lnllJ 
~llff~'l"'''' ~'lI'jlffllJl'j(1U(Jnm'j~"lHI.nM 2 ~'U ~'lrl' 

IMil 

.. . 
~ .ct ".cI..c::. 

3.2.1,nJmlmllflilt)U'YI"MmU'YIOWm'Wl 

. .. (3.7.1) 

el .d l' • do:. g '1'~Jl ~(J'YI M,= lJ1"''tItJ'llllJl'I1",n, M2 = lJ1"'tlllJ, Fm = ILHlLlJll1",n'l11m11, f= UHlrI(J~'VI1lJ'l:;1111'ltlllJn'Ul'ilJ 

l~lJ~"l'lWl"lnuHlir(J~'V1l'U 1~(J Ji = fflJtJ'l:;ff'VIfuIHlfffJ~'VI1lJ'l:;l1'h-llff'J 

... (3.7.2) 

. . . (3.7 .3) 

-. 
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N M 
3 

A 

~-- V ----,l>G 

~11~ 3.8 'l[fll'!1~ut)f.J~ 

0'1U 11 '!Iii Ut) u,)~~iiunu1ff~~1U1t) Q,r1~1u ,dt) ~1f.J m::11 ff1vi 111'uri1 '!Iii UtJlJ,} ~::Vi lrhunu1ff'J~1U111:: 

Uff,mhu 1\l'l'll~Ul,it11 ~n IlCl::1l nu111 ~mfu11:: ri~ thu 111 'I'Il~Ill.im ~ n i 11 iJ·:wl.im~n m1~~t)Q~~ tiWl'lU 

Vi 'I.rhl1~lJ1WUVUU~~ul.im ~n~ tJt) mJli~~1 n ti'IJ)(U ~m!1~fl 'II tJ~l1 Cl1f.J~1U11 d~ 'II t)~n1U ¥i~,fUVi 1I1~Wl 

fflJfll~ 

( 2 ) !lCl::fflJfll~ ( 4 .2 ) \l:: 1~ 

A. = pANI ... (3 .7.4) 
Y'm 21 

\llnfflJlJ~!lU"hti111~lJ1WI ffU11 ~ ~'Il.i,11 ~ niiti lfl ~~9\Cl t)~ ~U ~~mJm ~n [) 11~ ¥i~,jUII~ ~~lfi~;fu\llf1 ~::'IJ 'IJ 
ifIfi~~lf11'HuuHul.imgn 'IItJ~ul.iLl1~n[)l1~ti'IJ!'!I~ut)f.Jr1lni~Vi\ll1W1fflJf11~ (6) IICl::fflJf11~ (7.3) ¥i~;f 

... (3.7.5) 

l"lJ~ Jl r = ~ ~UtJQti'IJ1ff'J~UllJl1~111IlnU1ff~~1U1, ¢M I = U~lJ1WLffUIIH'IItJ~lIl.im~f1 
Jlo 

m1~, I = m::llffivl, A = )(U~m!1~"'IItJ~llnU1ff~~1U1, N = ~lU1U'IIflCl1"~U l'!1iiutJf.J~, 1= ~::f.J::'IItJ~ !'!Iii 

, ..:::i. Q J ..:S. OJ 4 IV d J I III " 

\llnfflJfll~ (7.5) Vi'IJ11I1H'I'Ilnfl'llU lJ 2 Clf1l1W:: fltJ 1l~.:j~flIlCl::IIH~Cln '!I.:j~::'II'UtJ~nlJlff'UUH 

rd'.diJ ~., ! lei 
ff'U llJlIlJmCl f1'1'1ff~l.:j1I1nl'!ICl'Ut)f.Jfl UCl::fllnH'II1UlJmClf1m1~ 

.- '" r )I t , 

¥i~U''U 1'Ufll~'I'IflM~il ~::Vi~ 1~W1m~iiminnlutJtJnl1JLl'hU''U UCl::ff1Jf11~f11~LfliitJ'Uii'lltJ.:jnl'U \l:: L~ 

~lf1fflJfll~ (7.3) IlCl::ff1Jfm (7,5) 

.. c . Jlr¢MI1AN 1 
x+ x = 2 - Jlg .. . (3 .7.6) 

(M 1 +M 2 ) 81r·I(M 1 +M 2 ) X 

-. 

http:iJ�:wl.im
http:I'Il~Ill.im
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'"• 'Uflfl4 

1'U fll Hltl nu'U'U 1,j{J.:J~'U 'IJ{J.:J'![~'I'IfHHHll~ .:J U\.j i,)'}j fl 15 v11'![f} ~'UU'U 'U ~'U lJ 11~{J~{J.:J n151IT1'n::...t 

~flllw::'U1nh:: fll:i ,flm.h::lJ1W'IJ'U l~'IJ{J-l'!["'I'I" ~{J.:Jll~-l:i1lJ(i.:J1ff'l~ ll:: H{J VVITl in""! 

1i1{J-lll1flUl.fIlf~ nfln:i~lnU llJ1 1 ~J'U il.fi,)''U{Jn11~lJ1WI~'UU:i .:JUl.fI'H ~ nlJl111'n{J'U~mll::v11fll:i 
't1"~{)-:IihJ'![,,~'Uu'U'U~-li~}jfll:i{J{Jml'IJ'Unw"l111~lJlWI~'UU:i-l!!l.fIlf~n'w-l!!l.fm~nfl11:i~.:Ici' 

.. 

l'j 1ff1lJ l'jfl11'!l.:J '![fI~'U II'IJ'IJV vH~lm~v~1l::11111llJ1WIff'UU'I .:IUl.f!11 ~n i ~llln flQ'lJfHiJ 1~'U ufI::nQ 

'lJv.:JfJ-flvlJil ih'H'!ni,)'fl11lJnlJ~'Ui~vQ''Ut1111'lJfl1'I (4.1) 'l1flJ'U'YI~flV.:J'![fI't1fH'lV.:J~.:J,rmJfI ufI::iifll'I 

''I .d i~" ~." diP w • .1 ' ..., ...
't1~flV.:JVQ l'UmT1~'U1n n. IlJV 'fI'lJvlJflun1'Ul'IJvlJfI'YI i'llJlv.flV9Imln:i::1111.:llJ1f1n'IJ11'1'Unfl'U'lJV.:J'I::V::YI1.:J 

fh~.:J11'V.:J ~.:Jflnrl~ 4.1 

2 

m= ¢ 1 
2 (4.1) 

4ffgPo X 

180.00 
160.00 
140.00 

120.00 


:§ 100.00 

E 80.00 


60.00 
40.00 
20.00-. 0.00 

0.0000 0.0100 0.020 0.0300 0.0400 0 .0500 
1 

-
2 

.IQ .1i ' Qti dI 'YI4.l '![flf)1:i't1f1f1V.:J11llJ:ilJ1Wln'UUlJllffln 

mnHi 4.1 



20 

• 
., 

4.2 m''t1V1i:1eJ~,\!V1't1V11H)~Iil'\.lIl1J1J 

4.2.1 ~VI1.h:::1.Y~ftml't1V1M~ 

1. l~V111Til'l:::V:::~lfl~m.J~'hJ ll(l:::ml'IJ'lJV'l~tJ 

2. l~V11lfl11lJfflJ~tJ-fi'j:::1111'l'j:::V:::!fI~vtJ~ti''lJm:::Uff1yJYll~iJVtJ'l,rllf)'J~rl1~ l'li~tJvv~ 

3. l~m.h~Ml'j'YIflrlV'IlJ1Hit.! fll'jVVf1!I'IJ'IJ'I1~llff~'1~(l~~ 'I 

lrlvVi lfll'j 't1fl(lV '111lTill1~lJlom~tJ u 'j '111lil11~ fIll~1 ~V ~llmf1..1 ~~ 1~Vil'11~'YI~ (lV.:jl~V'YI~M.:j~llJ 
_I "oJ ".-I _~ .. ~ 

~fllJ'j:::1.Y.:jfl'IJ l.:j~"u l'Vi VilJ 'j V'lJl't1 Vllf1111.YlJ fll'j (3.7.6) 

.. C . flr<PMIAN I 
x+ X= 2 -flg

(M l +M2 ) 8;r·l(M , +M 2 ) X 

lflV1.YlJf11'j,rl.:j~"UifHvtJ~'Y1 fiv m:::1l1.Y1yJ~H'lMti'1l'IJ~(l1~'IJ~(l1~ l'li~tJvv~ (I) 1l(l:::NrlliVft1 fiv 

~ ,. .. .-1"1'" 
'j:::V:::'YI1.:j'IJV>lmll1.Y~>l~(l (X) L~VlJl.:jV"u 1'1.1 flV 

1. 1liiifl11lJmh'l ( c = 0) 

2. ri'lJl1'j:::ff't1-fillHlffV~'YIltJ'j:::1111.:j 1~ti'1l~hlllil11~f1l'vhti''IJ 0.2 - 0.6 

3. 'j:::V:::l~lJ Iyilti'll 5 ii(l~llJ~'j (xo = 5 mm.) 

4. m:::I11.Y'yJ~'l,rllti'IJfl(l1fl 0 - IllVlJlI1H 

-.. 

; 4. "'l[~91tJll'IJ'IJ 

5. 11l1~~~lViy.j91H (DC Power supply) 0 - 35 11(l~ 



--

21 


• 
w 

4.2.3 -U'UYltJ'lWl1'f1Y1l;U)-3 

.1'" ..: 01 't Ol"'OI ~ ~ ~.. '1 ~ " I. lJ'lm::[J::L'nJ91lHl1n'l[~'VI~HHl~ 'Ii 1~'l::[J:: 5 lHHHlJ~'l !~[J'VILL1.nmIWUM'IIYl"1YlI'll"'\.Jt)[JYl 
; 

ti't.rrh.J11::Ill'l.:jn'\.J 

2. 11:r1JU'lirl~~1[Jivl'tM'~1[Jm::UfflvlMLLfi'll~"1Yl'll~"1~ I'II~'\.JV[J~ ~~iJfhll'hn1J 0.50 IIVlJU111 

3. 1~'l::[J::~~'\.JLfl~V'\.J~i11i~ 

4. ,rlvlhnn 1~'l ::[J::~Uff"~fJCl!~ [J1J~fJ [JUt11 i~'~lJ'I11m'l'VI~"V.:j 'tm,i I ~l[Jm'l,11~[J'\.J m::uffivl~ 

'tM'lIn'll~"1~LiI'\.J 0.6,0.7,0.8,0.9 IIvlJmH 911lJ"h~1J 

,rlfJyhm'l'VIYl"fJ~~l[Jm::Uffivlvh'~fJm'nYi'\.J'1M"fI~fJ'\.J~ i 11Lff~11L~ [J1J~V[J 111m!'\.Ji~111n,.ml'l::[J::~ 

. ~ 

I. f;''Ii'\.JYl'j::[J::'IIfJ~Yi'\.JlJliJ~~hllml~ ~W1IYlm1lJ~~II~ 30 ij"~'lJ\ll'j 

2. 11 :r1Jll'\irl~~l[J'M'~l[Jm::llffivl m'1J'VI1~ '1M'lIn'llYl"1YlI'II~'\.J V[J~ IYl [J11f1J '1M'm::llff~~l[Jn11tl1J I 

UVlJu111 

3. alYi'\.Jmi1JlJliJ~~ll1'1il1~l~lJ ~'j::[J:: 5 ij"~LlJ91'j '1M'111m'jil'\.JYimh'l::[J::~lLL'\i11~~til'1i'\.JYl ",,:: 

alYi'\.J iliiJfm'fl~V'\.J~'1M'111m'j""'j::tJ::'IIV~Yi'\.JMlJl Vi,,:: 2 ij"~'lJ91'I 1It11i~ihm'I'VIYl"fJ~;nlJ 

4.2.4 Nt1fll~'fIY1atl-3 

, .j' .. ,u". 

-

-
, ~ 1'-, I • \' _. f , 1\ ". \ 

. ; : . 
, -t. , 

.l 
. . , -' 

0.490 18 21 21 21 22 22 23 23 23 23 21.7 

0.500 22 21 23 20 21 22 23 23 23 23 22.1 

0.600 30 30 27 27 27 28 28 27 26 26 27.6 

0.700 32 31 33 32 34 34 34 33 33 33 32.9 

0.800 37 36 36 36 35 35 35 35 38 38 36.1 

0.900 39 41 41 39 40 40 39 39 39 40 39.7 

6 . -----------~----------,----------_;r_--------_,.----------._--------_. 

5 

------~ 
~ ~~ 
~ 3 __ ___ , _ _ ._ 

S 4 j~~====~~~~~~~~~~1:~~::~r=~~~~~~~~~ 2 - .. - - • .,')'O>;jnYlOl nO' 

- n"~Ylf)"Q(lc-o.45) ! 
- rTlTy.jn"J'YI~l'Io~ , 

o _ . _____.____'-___..________._._____ .. _____._____________ ~ ~~n~~_'!"'Q( "'-O.6) I 
O.4()O 0 .5 00 O.60() 0 .7 00 O .K OO o .c)OU 1 .000 

; 

http:n"~Ylf)"Q(lc-o.45
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.. v v .. 'If.:jmlvl'r11.:j'r1tlll~,:ruHfhfflJ1.h~ff'Yl1iU':i'HihJfl'r11UI'\'i1nu 0.45, 0.6 ~llJih"U VlU11fflJfmU , 

: im"lfl(/.:JnU~lf111lJlilU~~'1~'r1fl~HH M~.:Jjj~lf111lJTllfllfl~tlUl'Yhnu 24.97%, 5.14% ~llJ~h"U 

~ 0 I _ 

m11\!'Yl 4.2 LL~~\!mLmll.\!"lJeJ\!'Wll. 

4.2.5 ojhhumM".t1~aO'l 

~lmH' nl':i'r1fl ~tl.:Jff.:J!n~ M".h1::(/~nmfl~m.j~1ll'IJtl.:J~u ~~,~':i~(/~~lJ1nn1191111'I111.:J i um':i~.:J~u n 

11ln;full~lJ1UllffUU ':i .:Ju,jl'l1~ n'IJfN1'lfnu tl(/fl~~ ',jl1~U LLU 11ffU9I':i.:J IffU II ':i .:J~::1nntrmtlU'lJfl~ 1fll'lfnu~(/,r 
ii1i,rll~lJ1f.UlffUU1.:J~ri.:J'1l'l1111,jl'l1~n~~ujjll~1l1f.UU~(/~.:J;.:JijN~~tlm':i~'1~untrUlJ1v.:J~lU'l111.:Jl~lJ 

I I , ., " 

ditlii1 nl1'r1" ~V.:J ~::VlU11V.:J I~lJfi1m::IIfflJ1n ~::ii1 i ,r'IJfl~1fll'lfnUtl (/,r~tlU ~U ".:J,:rU l':i 1t11'11U" 

m::Uff~~1(/i,rllfi'IJfl~1" l'lf~u~(/,rijfill'Yhnu 1 IIVlJ IIll { ,l4tl ',ji,r'IJfl~1fll'lfnutl(/,rlff(/'I1l(/ 

4.2.6 U1UNafl1''t1~'U)-3 

1.1::(/~'lJtl.:Jn1U~lfl~VU~'1l1l~::ntrm::~ nt11'l1U"~1tJfi1m::l1ff ~.:J i U nl':ilfl~tlU~ 'llm::uff~i;; 
~::vdiu';'N 0.5 - 1 lWlJull{ u~::m':ilfl~vu~ntru,fuil::i;;m::llff~fi1111n~~" l'Yhnu 1 lWlJull{ 

2.':i::(/::'lJtl.:J~u~.:J~::~n~lnfl~1(/1::(/::nl':i~.:Jmiu'lJv.:J'IJ"~1911'lfnuv(/,r jjfill'Yhnu 20 jjnnillm 

hwHm::Uff 1 ILVlJllll{ 

3. ffllm':ifl1111fflJ~ui'ff1lJl':it1 i;;ii1m':iii1U1(/'Yitl~nnlJ'IJ~.:J':i~UU 3D-Display i~ 

-. 


; 



-. 

: 

". 
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f)l'HHlfUllJlJ 3D-Display 

fl1HHlflll1J1J 3D-Display 1I11~tHlflllJU 2 "hu ~~if 
fl1 'HI Vfl II1J1J 'Vll.:J fl ('I 

f11'iVVflll1J1J'Vll.:n.:JIl'ihHh U('l~ hhllmlJ 

5.1 flllHflfllllJlJ'flHfH'I 

,ifmniU1J'Y1ifll~fl~11~~~l:lIVUfl1'iVVflIIUUIIUU~1('1V~ 3D - Display ~~ lIi'IL1l'lIlJUri1U~1.:J"l ~~if 
.• 'l[flll~UlJmllV'i 

~ 

(Motor Plate Set) 

• 'l[flIlNU1HflU (Pin Plate Set) 

• 'l[flri~fh"~(Power Train Set) 

I , 

5.1.1 ~RIINlnJHIIlIf)l (Motor Plate Set) 

'l[flIlNU1Hllllfl{iiri1Ulh::flfllJl1-ci'fl"l 'lli'lifi \lfl('l1fll'1f~UflfJ~ (Solenoid \lflCl1fll'1fiiumJ~) ,IINUVfl 

flflfJ~ ('IIflCl1fll'1fiiUflfJ~ Plate) ,lINu~ui111flCl (Plate L) & lINUVflfflfJ'WlU (Plate of Pulley) ,iiLijfJ{ff'l('l,r 

(Linear Slide) ,!lUVfliilijfJ{ff'lCl~ (Linear Slide Base) ,'I:!,~6'hnrri~ (Timing Pulley) ,IIU~~ (Bearing) ,IYHnOfl 

'l:!l'ci6hllrri~ (Timing Pulley Shaft), lJmllfl{(Motor) UCl~IINUVfllJmllfl{ (Motor Plate) 

5.1.1.1"Ri:llRT<JI~UtlfJ~ 


,)'UllItlUfllltl fHl1IUlJ"RlI1R1<JI~UtlfJ~ 


I~lJ1l1flfll'i 11l~VlJCI ~'~1l1fl fll'Sfl VflllUU UrI::'fl fl Clfl~ 'l[fl ~UIIUUi UU'Yl ~ ILa1lJ1i oUtU fm ~l~fi.:J 

.... 	 1" ~.J 'l1' •
ClflllW~fll'S'YllH\.JllrI::VflmLUU\lflCl1fl 'lfClU fl fJfl'lf~Il:: ,111 

litlu',,1ufmtltlflIlUU 

I. 	 flU II ~~fl~1Ifffl ~~ ('Ii U 'S~ fJ~~lLlI fl~ l.:JtlU , ~Vth.:J i'fliIlU IICI~ ff1lJ 1'i (l~ II ~~~flU J U fl-ci'1JlJ1v.:J~h"l1l1.:J 
I~lJ1Ii','liW1U 

2. 	 1l1fl'l[fl~U IIUUI'nYlUi1'S~ fJ~~~5fl~Uijfhl'l'htlU 40 lJrliillJm 1IC1::'i~ fJ::~ioUtU fll'S~.:J~U fl-ci'UlJlV.:J 

~llll1'11.:JI~lJiifhU'i::lJlW 20 lJ('I~llJllI'i 1i'1fJm~lIfflvl~Lthtlu~mhtlu I ImlJlIU{ ~.:JJUff~U'l~i1 .. 	 . 
.., .Q 	 cS l'd.::l.Q Q"f dOl Q 0 Sf o,o:f ~ di !IIi " 

'S~ fJ::~f1flYlUlJfI1lJ1flf111 'i~fJ~'Ylfl '1Y1UflClUlJl'Yl9111L1iU '11fllJ 'Yl1 11 fll'S flVflIlUU91V.:JfI1U,:I(l.:J'i~fJ~'Yl 'If 

i Ufl1'S~.:J~u fl-ci'1JlJ1fl fli1 

3. 	 1l1fl~rlfll'S'Ylflflfl.:JtlU'I[fl~UUuuiu~v 2 'i~fJ::~lIfffl.:J~rlll::~fl.:Jiifhl'l'htlu 20 lJfliillJ91'S "('I:: 

I~V.:J III fli1 fll'i Vtl fl 111J1J~1.:J ~U 'II U1fl~U iiJ111Ufl'~ lJ ~'WlYl 'il~ i1ii i 1ilV.:J tlU ffU llJUl,h 11 ~ fl'll fj.:J 

l!1l1lf~flm1'S (Magnetic Shield) ~.:JJU ii.:J~v.:JVi 1fll'Sl~lJ'iVU i U fll'S~U'Ufl ('I1flil1lJlfl~Ufli1'1[fl 
~UI1U1J I~Vil1'i::fJ~~lIfffl'l~flll~~v.:Jiirill'fhtl1J 20 lJfliillJllI'i 1If1~ lUfl'iW 01~U'UflCl1fllJ1fl~UmllJ 
~lU 'Vl1U 1l~i1ri1lJ1fl~uVilil1~tl.:Jrlfl'llU lflfl11lJ~lU 'VllU ~.:JJu~B.:J,fitl fl'llU lfl'llf1 fl1fl~~U il1i1'11u lfl 

im1i~u 
'1" ~!II 1 !lid ... • I • .1 ~'1 .. ~ 	 '" 

4. 	 fllfJ i lJllflUflflWUV.:J'IIflfl1f11'1f('lUVVfl lIfl.:J l1lJ1ff~lJ'S::lfl'YlIYlV'i I'HllJfl!UllIflff ( Ferromagnetic) flV 

d ..ciq:v~ I .Jd. I:)J I d 'jI ~ 
IlflUIlf('lfl lWtlll1lWlJfIl Relative Permeability 'If'llJr-l('l91Vfl11lJl'UlJ'IIfl'lffUllJ!llJl'I1('1fl Ilrl::91V'llYilJ 

lfU~l1'Uli~'lJV'lUflU flCll'l'IJV.:J'IJ~rl1fllv1V lM'u!lJlWliYulI'i .:JijrillJlf)~U911lJfflJfl1'.i ( 3.7.4 ) 
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5. 

: 
'chuh.jf11~~~~u,,rm;mJ1V'l~I~lJ~::H!Ll1~'1~lUiyJ~u (DC Power supply) ~'1ffllJ1HI,,rIlH~ui~ 

I'Vhfi'll 40 11'c1~ 1I'c1::~1'c16mllfJlJ ( Relay) 

ttJ~ 5.1 ltJ~l1mlJllfffl~f11~t11U1W~f1'c11f11'l1~U~llJ~ 
ffll1i'll1uf11n)f.JfUlllll~~'c11f11'l1~ut)v,{ ~::'~ltJ)UmlJ Cal ~f1'c11f11'l1~ut)u,{ 1~t)'1bu'Ufm 

tJ~::lJlWRlmllJ~lU'VIlU ~\Jlfl fhll1tiu1lh~tl'l~f1fl1f11'l1~Utlu,{ nlJ(i'l11-cimm1Uf11~t)tlnl1llll,j'1'l~U 

IIfl::1ff~~ffllJ1Hl111lJ11~ l'liU ~Ulfl~f1fl1f1l1null1gn Illu~u Yh1,rIHV1~fltl.:JftlU1flHllnltJ~lImlJ 

~~mh1~.:Jllfffl'l1uttJ~ 5.1 ff~tJil~f1fl1~ 1'l1~Utlu,{~~::1~ffll1i'llll1Jll~lfltl.:J 3D-Display ij 
~ ~ ... ~ 
flnlJw::nl'vn:: f1'1U 

I. ~ulfillnull1gf1ih-cVu~lUl!1u6f1m.:J 6 iJfl~llJ~~ mllJU111'l1~UflfJ,{ 25 iJl:'l~llJm 
() d Q,t d I Q..I 

2. ~lU1U~flll'IJflfl1f1'V1'V'll.Jllfll.Jll1flfU'V11f1ll 2500 ~flll 

0'", 0' oQt, 0 i J/~ o'd jICI. "':to Ii v 
3. 'lIfl1f1'V1fl'lllfl.:Jlllfl'l 35 'lJU1~lffl.J~1l.J1!1u{Jf1m'l 0.22 lJflflllJ~~ 'V1l 11 t'l1flUflUfllJmmllJ~lU'V11U 

I'yilfi'll 36.71m1lJ 

, .,. < 
5.1.1.2 IINU£J~fnHJ~ 

ur·h.jU~fli)fJ,{ yjnn41~u~'lJfI"1~1'l1~'W tlfJ~lf1U~'V'lllil i,ji~1'llm .:jm~yjl1f1'l U tlfl1l1fl1'llJllfUfl 

'lJtl.:j'IJfll:'l1~ h~utlfJ~ f11'l U~'lJfI'c11~1'l1~mw~hfl.J 1l~ '~111<iJl.JIfl~U11,j'1fi'll!l~UU~fItlU~ 
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to'. • • 
" G) jJ.::;t 0 Q.I ~ Gt j/ Q.I ~ 4::t i "4. "0 i" "..

f11~ tHl nil'U'U~ fl.:j nn l11lJ'U 111'U m'U1Il'Hl n~m~::: 111 n'Unlwm n~I'U fl.:j ~1MIfl.:j 'U 1'IJ~ n1~ 'b'n'Utw~l'1 

1~Yi 1f11~1i~ n'UII~'U1i~flfl fJ~11t11111Yilf11~1i~~m,j'ln'U~lutJ{ff1~~vnflf.:j i 'U~ii~ .:jl~fl n 1~fl:::tlijIU lJlJ 

l~tl~~lntl:::tl!ilutJlJihf111Um'U1 U~.:jl!H lI~::;Yilf11~nii~~ltJ i~lJl~tlnH'tl:::tlijIUlJlJl1'U 1 3/8 d'1'IJ'U1~ 
ni'l~ 30 ij~~llJll~ tJ11 180 ijn~llJ~~v11f11~11l1::t;lf1~tJ1'IJ'U1~ M5vf~l1lJ~ 8 Glln:::I~1:::tff111~'U1i~n'U 
~IUtJ{ffin~vn 4 ~ i~lJ1~utl~"'1~lJ1'Uf11~1i~ ~.:j~11~ 5.2 

v v 

, _I QJ , oCt 

5.1.1.3 1I~'Ul1Jmllf)a lla:::IlN'lHlmn[J'W1U 

1l~'U '.i119i111tl~Yi111Ul~fi~ ff1 tJl'n'U n'U~lu tJ{ff 1,,~ f11'.i~9i'tl-ttltl nil'U'UU~'UG1191'111tl" iii~ tl.:j 1l1n 'hi 

ffllJn(lI~1::t~~lutJ{ff'n~1~~9i'tl-t1~1l~'UlJ1Iff~lJl~tl'lhtJ1i~ff1tJ'VI1'Un'U~lutJ{ff"ln~i~tJl~tln1ff'lI~'U 

tl::tlijdjtJlJYi11~'U11191'1Utl" 11n:;ihl~'UiI~1i~l~fJHutl~ ii~mlru::,)~t11~ 5.3 

.<C:rt. 4 ,~ , 

5.1.1.4 aIU[J"HY laVi 

1'Uf11~tltlnl!'U'Uf11~lfl~tl'U~'IJtl~'IJ~~1f11'b'~'UtltJ~vf~ 8 fl'U l~tln1~~IUfJ{ff"l"~lJll~tl1~ff"ln~ 
• ~ .s";9 " .. ,. ~.. " ..; ~.. , " .. 
ffl11~'Uf11~!flntl'Ul'11'U1I'U1!ff'UllHlln:::'b'~ IfltJflrufflJ'U~un1ff1lJn(ll'1~:::~'U11H'Ufi (Torque) ~lJ1f1 'b'~ 

"" , .
ll'U'U~ln fl.:jU ~!UtJ{ff"l n~9i'tl.:j i'mhl1un'IJtl.:j 'IJ~n1f1 i 'b'~'U tl fJ~ 11n:::ll~'U fiflfl fllJ~ff111 ~'U':i::: lJ:::nmfl~tl'UVi 

'lJfl~~IUfJ{ff1n~,j'U9i'fl .HYflflflt1fl.:jn'U':i:::tJ:::'lJtl~~'Uvf~ 8 1!(l11~tJii~ :::tJ::: 140 ijnilllJll':i ~fl.:j!~flni1IUtJ{ 

.. 


: 
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4qCS/'l4 J 
5.1.1.5 91\!fJYllIl\!fJ~tT 11IVI 

4_do'io'! II 4d."'lIJo'l t..r:f .. ,J, )I,)11'U n"HJ~HH'U(l5ff IW1'U'U1511l::i\1fl~(ln m 1~~fl~fl!'U(l5ff lfl~(lnMl~ IllnUN'U(l~lHlIi\1il51'U fl~lllf1i\1~H 

'I "Q CV CV 0' fW I i 0'.0:::. I 4 0' -4 jI" ~ d. SId 

1M !n~mllJ fflJ'Yi 'U"Ii n1J mllJl1l~~fl~ ffl(l'¥ll'U 'VllJlJ~ III nllN'U (l~ lJflI~ fl5 Il ~ fl fl nil1J1J 1M1'1m:: fllJI'U (llJ 1 MlJ 
" " . 

U1l1'Unl1J1 ~'Ul~ 40 x 12 x 22.5 iJflilllJ~5 ~.:j~llYi 5.5 

t~ CQ
5.1.1.6 -.:i11lfJ num.:! 

l~flnHlJlri6l'Vl,r;j~ Code 22-3M 09 ~~ijfi'mH.lJ::~~~ll~ 5.6 

tll~ 5.6 ~lllJlri6l'Vl,r;j~ Code 22-3M 09 

5.1.1.7 uu'h 
4!t 4 Q tI d
l'i1ilnl11JH'I1'U~Deep groove ball bearings, stainless steel, with flange IUil5W 638/4-2ZR~1l'Vl 5.7 

-. 



!'a~H$n:~flM,Mllrtr 0 I '~ l",rt~ ,P P I I" F' I ~ 

oI '~ ~fbh~ ttt 81l 
. ~ 

lM,Hn:flrttn:l}~artMnlbl UGI!IGY Uln:lrtHN~I!lrty ~lmlt-~1 M,1b1bn:mgln:l~t-JG~~tlbl UGmN1~Gmt-ln.t\GY J;Io '1:7 I ~ b y;;.. P It I lit-I If, L!. p f"' ~" b J;7 r;;:r ", 

rtHnrtnr~l~luun:t-a~aYt-M,Hrt~I:;!,rtUG rm~~!'G~1Grt~flt\Hnltt't~!,t-G~n:l t-~ltULt\Hn:LtYn:t-JGt\M~fl I ~ t1i J? f' P , .. p ,,~ po I I I'!I ", lit PIPf" 'b' P 

rt~lm~l,QomGu~!'fb!'lU[!rttW~lnGU~!'fb!'lUUll\t-G~I!6nt~mrttl~U~t-~nGU~!,~rtt~t-Gn.U,!tHl;m£ 

t-G~~~t\!'G161Grt~flrtMnt-JG !'G161Grt ~l!mrtrtL4.1 fll!,M.~fllI!Ml ' ~I!Y ~!'fltlm~flL4.lt\HlL4.!'G161Grt~flrtMI1 "r' P ~ .. ~.. IIt.P P .. Ift.p _ p~" .. P I I I I=' 0 

tGIl11GtUMm.l·m 01'l'l"S p ~ • 

!.lI!Mlt\~nnmG161Grtrt161~rt~ 6'~ L4.rtt I' I 'b' .. I" IV F'I'" 

'n. Utt\Mijl\J~flGl:;l!flUrtfl~16'~ L4.1l~rtl t-~~m~Ib' UGI!I P J:IO' f"'1-19 ,.." " lOP 

~;GltllGrt t-~lVt-~~il.t\t~L1~~tl~U::l\t-~ ;l~Mw~nnl1;G161Grt~161~ ~1.UG~I::l\~tUG~I~;G16lart 

tGIl1IQJ1 6'1T5 p 

t-~~L4.1J1~IM.~2LI!MI~t 8'~ ~fbt 

8'~ ~fb~t-~ ;a161Grt~2M,~lIn~~~tm~U~rtt~ ~im t'~~lA.lJl~1M.t\~~216G~~t 

a~It'~~lA.lJl~1M.~2lI!Mlt-Gn.m.~ Z t-¥tfl~U1L~~l\t\ftULl\ t'~Ht-jYU~UGt\m~t-~nnn~L,Qo1 t-~~lA.L 

V~1M.~£mt~~l\t\a~t-~~lA.1Jl~1M.~gLI!Mm~L,Qolt-~nn~£4rtt~UU[!::l\fl ~1 t-!,nt-~lIrtLtlULU t-a~ULl\t-G~' 

(P:llS SS:ljU!1l1S) rtt\~!,1 LI!UUI!H1t\rll~~tlb' ual!lfl~l t-rtrtlA.l fll!lM.~flL4.Lt\HLL4.t'rtrtL4.1 fll!,M.~fllI!Ml b "Ltt If> P w,; ftt{f; ~ Ii'" ";'1' lrtj:i I PF''' 0 7".,0 ltV I po 

t-J1tUU flt!IM~fllt!M.1 8'1T5
::'i' ~I po 

! 

-. 


.. 


LZ 
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5.1.2 "lVillf-hrnrrh.l (Pin Plate Set) 

'ljf1I!~U11 ,:rvhnh:;mJU~1fJl!'Vi.:jViu hw1ul!~~:;Viulfif11l1nfll'1lh-:;ntlu'lJtl.:j IIlJIl'l~n (Magnet), 1I'Vi'l 

Ifl~tlU~ (Moving Rod), ,J1iJtl 'Hi'UffUllJl!lJll'I~n'IJtl'llllJll'I~mm'1 (Magnetic Shield) 1!~:;,J1th:j~.:jv11Il1nl.:j 

(Position Reference) Illmfl-linhViu~.:j 64 vU1h:;ntlUI'Ii'1tlUlI~U11.:jViu (Pin Plate) ~'llJ'1l{J~:;IVfJ~ 1ulI~~::; 
ri1ulh:;ntlu~-lii 

5.1.2.1!I~!'t'iiin 
• 

QQ "," "IIlJll'I~ n~1.nUIIUU~ l~V'l 3D - Display UlJ'lJUlf1lffUYnUtlU{Jn~l'l 8 lJ~~llJfl'1 LUfll'1vvnllUU 

lifv.:j~u~V'lfll'11,rlJ'lJUlf1l~n~q'~ ~'l'IJUlf1'IJV'HllJll'I~n~lJ'lJUlf1lffU~lUtluvn~1'lI~nni1iifiv 5 ij~iillJfl'1 
I A d ..a Q.I lIS ,d J. , d 01" .. 

!l1l IUV'llllnll:;lJilt)/lf1l'1 V 'lll'l 'l ~~n!l~:;m .:jf1'l'IJV'll1lJIl'IMllJV'IJ'U l~'lJV.:jl1lJll'I~n~~ ~'l 'VI1 l1UH~~~.:j l~fJ'VI 

ilJ'VI'1lUnnl:lUl::;I1U1 hrlJfll'1"'~~'l'IJV'l1l'l 'l1l1iI11~fl i'lliiVfl1~1I1iI11~fl'IJU1~ 8 ij~ii'lJlI'1 ~'l~U~ 5.11 

, "" ..
5.1.2.2 1I'Y1-3If1iH)'U'YI 

0' d '.cI "" .a d 4 I ..A ..J?i': I .d A ,d"1'Il'ii 'UVfJ~ ~lIlJll1 ~ fl~fJ~~fl VdfllU 'VI1V'IJ V.:j u'Vi.:j IfI ~V'U 'VI II"':;1U V'l III flU'VI'llfl '" V'U 'VIIu'U 'If'U ff'l'U 'YIlfI ~V'U'VII'IJ 1 

" " " VVfl~'lfJlI 'j .:j~nflll~:;1I'l 'l~'l vb1,r,;'U ri'l'UU fflJ~ffnu~'Uih'IJV-lII~'U'll.:jYi'U ifl fJfl'j 'l 1 'U fll'jVVfl!lUU~vnil111' 

U'Vi.:jlfl~V'U~ijJll1,:rfllUlII",:;ijih~fJlll~v1,rln~m'UffVfl'VI1'UU'VfJVn~'l~V'lijfI11lJff~1IfflJVlI"Vflfl11lJVl'l 
~U~1'1 'lJV.:j"'Vi.:j 1fI ~V'U ~"1~IiiVfl1~11I 'U!l'Vi 'lyf'U~l1U'l,Jfl fl ~ lJ ,i1V-l1llflII'Vi.:j n"milt,rIn~!l'1.:j1ffV~U'VV 

I, " I , 

~q'flliimnvunu~'Unl1U'l,Jfll11~VlJ "",:;l'il1,rlnflfl11lJff:;fl'1 fl1 'U fll'llllJ'lf'll'U II~'U 'll.:jVi'UVfl~'lfJ 

fll'j IiiV fl'IJlJ l~ 'lJV.:j 1I'Vi.:j IfI ~V'U ~MVi IlTHU 11ff'U ~ltl'U Vfl~ l'l III fl'IJ'U lfl 'II V-l lllJ 111 ~fl~ 'l ij'IJ'U lfllff'U ~ l'U 

tl'Uvn"'l'l 8 ij~iillJfl'1 l1'Ul 5 ij"iillJlI'j i'lm'11,r'IJ'U1~'IJV.:Jllvi-llfl~V'U~ijlff'U~ltl'Uvmml~fl~q'~~11I'U'IJ'U1~ 
lJlll '1!l'U (Nominal Size) II~O.:j fI'lffllJl'l(l~ ll:;fj~!llJl11~ n'IJ'U l~~'lminHi~ ri'l'U fI11lJfJl'l'IJV'lllvi'llfl~V'U~i~ 
V'l.:j ~'1lJl\llflfll'j'VIfl~V'l Illn1'U U'VI~ 4 ifl fJ'j:;fJ::;~~V-lnl'lfiV'1:;fJ:;~II'Vi'llfl~V'U ~ ffllJ l'lmfl~v'U~ i U - nnu ifi' 

hw1~'IJ~~'1~ i'll'ii'UVfJfi''ljfll~fJ'l ,r'Ufhm:fJ::;U'1:;lJlUl 20 ij",iillJlI'HI~I~V'1:;fJ:;vvn iUVflU'1:;lJ1Ul 10 ij~iillJlI'1 
A IV IV ... 1 4 d i I d I) .d " IV 

l'UV'llllnfJ'I~~m::;'VIU\llnml1lJ'1V'U'Il''llJV.:j lJll1'UlllfllIUUlll"V'l 3D - Display 'Il''lff'jl.:jVVfllJl nlJnUfI11lJ 

11'U l'IJV.:jIl~'U 'll'lVi'U ~'111'U1 12. 7 ij~iillJlI m~:;'j::;{J::;~Il:;~tH1ri,J'liJv'I n'U ff'U llJl1lJll'I ~ n'IJV 'll1lJll'I ~nm'l'1vn 

10 ij~iillJfl'1 ~.:jJ'U1,rRodlJmllJfJl'l~.:jl1lJfl 52 jJ"iillJfl'l ~.:j~U~ 5. 12 

; 



29 

. -'::I d.J .d eLI d" j).:9' ~"O 0 QI d oCt I" " do CLI J'.. vn,j'j::!~'U11'U -3fl v1'1TfJi1 &'11;)-3 1~'1T1'j1 ;)!"'::'U11'1T~i1lJfl~ ''Ui1a-3~~ 1~lJ1!mVlJ!i1 VlJ ~-3'U 

!i1Vhv'U 

v v 

1'1T'.)11-3 4 'I1ij~;Jtlf1lJl.lI::~-lil 

tlf1llW::I1'1T'.) mrhf)'U 
.q, qQ..::a 

VlCl1'1T~nVl1'lf Vl~1'1T~n'1[,j!,jv1 
d

'j'U 

.... 
f)::mM 

.. 
fl11lJl'jtJlJ 

.. .. 
1'jVlJ~lJ1n l~VlJ 

d 

I'.iVlJ 
.. 
l'jtJlJ 

m1lJ'1Tiil!'1TlJV 
.. 
~lJ1n ,j1'Un~1~ 

d 

~ 
.. 
~ 

'j1m 380 lJli1/!lJ~'j 120 lJli1/!lJ~'j 80 lJli1l!lJ~'j 200 lJli1l1lJ~'j .. ~.. ~ 
., .... ., .J..d ., ~ 

~ln~l'jHVl'lJ'h 1i1Vhf)'U;Jfjru '1TlJU~!111J1:: '1TlJ~ q~ ll~iL~f).:j ~lnih lfll!!Vl.:jn·:h1'1TfJg'UlJln~~ ili 

Inan'~ ldaw~1':iW11'1Tiil 3 'l1ij~~!11nV ~::;JfjW'1TlJU~'nft!fiV-3n'Ull~Vl~1'1T~n'1[,jl,ja1~'U;J'jlm\lnnil'l1ij~g'U 

~'31nf)nHVl~1'1T~n'll,jl,jf)1~'U~'Ul~1~'U~h'UtJ'U6n~wlJ'U1~ 10.35 ij~fillJ~'j V'l.:jV-3~'Ul~1'Umm-l'U1n fl. ~.:j 

L1~'U~'UUllJl~':i!l'U (Nominal Size) ~ln~i~1'1TfJ~fjW'1TlJU~'nftlfiv.:j'jf)-3~.:jlJl!!~'jlmili\1-3lJ1nuniimf.:jv-3 
1~'U~'U l~lJl~':i!l'U~;J~ltJf)dmht'h',r'1TllJl'jfl~"~'U'Vl'U '~lJln 

5.1.2.3 Alilt).:jnlH"Ulllll,j!11an~8.:j1l,j!11anf.lll" 

l~f)~~ln l1lJlJ~l~f)~ 3D-Display fl1tYtJllHlllil't1 ~ n lu n1'.i'ii'lJ!!yj~lfl~f)'U~'M'lfl~f)\.J~ ',jntllJU~::;J ~1'U1'U 

W'U~~11lJ~ 64 ~'U ~~~::~f)~\hVi'UlJl11~H'nftn'U YhMlf)~ilqj111'j::11il~m'j~~ - ~tlm::11il~lllil't1gn 2 ~'U 
.J • d P"I I ~ OJ iI Q,# I Q .do ?I d0 I I .. .q, 

'j::V::'I'l~::1HlllJl11Clmnl1 lJ!f1fl!l'.i ~ m::i11':i::111H n'U ~::~V~11ml~n'UlJ':i::lJ1W 30 lJttttllJm 'lf~ !1J'U 'j::tJ::'I'l 

lJlmf)'U',j ~-3J'U~~~f)-31111i~ ~::1IM n'Ull H llli!11~ n~f)~ !!lil11gn 2 ~'U \)lnm'jti''U fl1'1'1TllJl'jfl1111li~ 
!11lJl::'1TlJflf) m'j'~1'1TiilllHllli!11gn~1l~f)f)nlJl11~::1'1TfJ~1111J1::'1TlJ~q~flf) !11~n V'1~v~1'Utnfl~'U1n ~. 

~-3Yhnmnf)nyjfl!11gn'IJ'Ul~ 4/8 n1 1~vfilm'ji~yjf)111~nM;JmllJV11 I 0 ij~fillJ~'jllft1filnl'j'1T1lJ 
~~~~nlJll'Yi-31fl~f)'U~'U~1'U!~V1nlJ~'1T1lJlIlil11gn ~-3~,j~ 5.13 

~. 

nl'j '1T1lJ~111 V-l flU '1TU llJ!!li!11 ~ fl'UV-3lllil11~ fltnl'j nlJ!lyj.:j!fl~v'U~li~V.:j '1TllJ',r'UVlJ'Ufl-3'Yifl!Yl ~fl: 
ViV~ fllJ'UfllJ'U V-lllli!11 ~ fl !~fl ;j;)l mi'l i M'~lilv.:j fl'U '1T'U llJulil11 ~ fl'Uv-3!1lil11~mnl'j V111f)'U'UfllJCl -3lJ l;)::!~'U fll'j 

Cl~U'j .:j~i~1 'U fll'j!fl~V'U~1,j - mllJ ri -If-ltt 111''j:: v:: fll'jlfl~v'U~'Ufl ,rVi'U,,~tt-l 
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.. 
QJ'Y~o • 

5.1.2.4 mf)"H)~mll'H'W~ 

: 


... 

.
-


li1flfl '1~U'H1'U·H)-3'IJ'U1~lff'U~1~'U6mm.fllVlHlfl 12 iiC1illlJl'I'j lff'U~1~'U6flC11-3.fllV1u 6.4 ii~illlJl'I'j 

u~::m1lJl1'U1 0.8 ii~illlJl'I'j I~Vli1vfli 11'U111'U'jV-3lJ'IJ'U 1~ '1mlifl11'IJ'U1~lff'U~1'U~'U6fl~1-.lt iriuvi-.llfl~V'U~ 

I~Vii111 U'1~1~ 'U 11 1'111'rlUlivi -31fl~V'U ~ lrlvuvi -31fl ~V'U~VV~~1U1111-.lth:JV-3'Hlmfl ~V'U~ fl~U lJ~fl1ltU::~-3'j,j
~ ~ 

.; 
'1'15.14 

5.1.2.5 IlNtllH'W'W 

U~'U11-.lVi'Uii111U'1~1~'UiV-.lfll'jlfl~V'U~'lJV-3Vi'U~-.l~::9i'V'HYlJF7ffrlU~lVi'U I~VI'IH fll'jVVflUUU 

1I~'U11-.lVi'U rl'9i'V-.l fll'j 1fffl~ii1 i 11'1fi~m1lJ1ffV~ 'I'11'U U'VV~~~ ii'U'Yi C11 ff~ fl'll,jnJ V {~'U fl ~nflVlJ~1fflJ,j 'j:: ff'Vl i 
fl11lJI ffV~'I'11'U (Friction Coefficient) U'fJfn1'UIV-.l 1fffl~i~ii1U~'U11-.lVi'Ui 'U~rl'I~V fl i ~v::~iilil VlJ,aV-.l~lfl 

QI I or::::I, ~QI or::::I".d. 1.0:::11, V..::;f, 0 ~QI 

m~p.HWl-3fl1:l11 tl flm Mff1lJl'j(lUlJ'lf'l1lJ -31fJ!lJ tl-3~lfl!If.l'U 11-3'YilJ~Hl\llJ fllmll::l~llJ1lJ 64 l 111:1.:j~1fl!i:ltl fl 

QI "Q Cit. d Y i"'" iY. .Q a .: d ~ ,,~ .cd
1ffflU1:I1 fl'Yi~1'jru1f111lJl1lJ1'1'1l'1tl-.l 'If l~v 'IJtl::t]lJl'UVlJl1'U1 4/8 'U1 'll'-3fl11lJl1'U1'U~::I'IV-.lIU'U'j::V::'I'1mlJ1::fflJ 

rlUfl11lJ V11'IJV -.l Vi 'U "'1 fl fll'j'Vl ~ 1:1 V-.l i 'U 'Ij~9i''U 11U U 111111flVi'U iJ ri1'U ~Vd'U VflU~'U11-.l Vi 'U lJ1fli~VlJ 1~1flfll'j~1 'j 1 

. ..."... i-I .... «l i "..... i . 0tlVflllUUfI11lJl1'U l'IJV-.lUfl'U 11-.l'Yi'U'UVVIfl'U lJl1'jm~1::tlJfI11lJfl~lYl!flC1V'U~~ ~::'Vl1 l1'Yi'UIVV~UC1:: lJ 

.d. di"ff1lJl'j(llfl~V'U'Vl ~ . . .. 
Q d. or::::I,..:lev ooQ. .a Q Q l.a .c,:". c:lt. 0"QI

TH'Yi'UlJ'IJ'U1~'I'1'YiV~flU'Yi'UflV 10.5 lJ~,l!lJl'I'jfl1m1lJlflV +0.007 11C1:: -0.002 lJC1C1llJl'I'j'Yi'jVlJ'Vl-3'1'11fll'j1:lUfllJ 

45 tl-3fl'11~tlilv~ii''UflmffV~ff'IJV~Vi'Uii'Utu'UU~'U1HVi'U ~-3tU~ 5.15 

~lfl'lj~ml'UlJmI'lV{UCl::'I[~II~'U11~Vi'W~MvVflUUuHu~1 ",::9i'V-3ih~~ 2 'Ij~lJl,j'j::flVUii''U 1~'U11-3 
OJ ~'O do 4-=t Qle%0 

'IJ'U 1'W fl'UmUfl'U fll'j fll'H'W ~'j::V:: ~::lJl'Yi1:l1fll'H 'W~ 'j::V:: (Holding Shaft) 'If-.llJ11'U l'Vll-.lfll'j VV flUUUfl-3'U 

5.1.2.6 !'YItnih'H'Wm::[J::; 

I'Yi1:l1n111'W ~'j:: V::Vi1'HU'l~Vfl'l[flU~'W lJml'l V {ii'U'Ij~U~'U11-3Vi'U lflVVV flU UU 't 11'ff1lJlHI,ji'm:: v:: 
I ! 1IJ 'j) 'jJ i/(LI ~ d "1IJ 91 Cit. 'j) I ~ 

'j::1111-3'1[~mffV-3 l~ vVfluuull1i'l11ffYllu'Um~f1fHn l'jff'UlJ (Stainless Steel) 'IJ'W1~lff'Um~'Uvmm 8 

iiClil).lJl'I:iVi11fl~V1'IJ'U1~ M5 ~,j1:l1V~-3{l'V-3Jl1'U l1h::v::'j::'H1l:lIfl~V11~'U'j::V::;~UVV~~1l~~-3ffV-3'1[~1l:: 
ff1lJlH1Ml-3rl'UiJlflV:i::;V::; 150 iiC1illlJl'I:i UCl::Vi1Ifl~V1i11V11VVfli,jJl1'UC1::; 20 iiClilllJl'I:i I~Vl~V:i::V::~ 

9i'V-3'trir.h'U~.:jffV-3'1[~~n1'U1 2/8 UCl:: 4/8 if1 1'I1lJih~u UCl::iJ:i::V::~ffllJl'jfJ,ji'uMJll'UCl::,j:i::lJlilJ 10 

iiCl illlJl'I:i !~'U:i::; V::l~V111fl-31'U ~~-3 I IlJ'l1;'U V U fllJ 11 n~m1lJfI 1:11 ~lfI~V'Unff1lJ l'j fJ 't11Ul1 TU:i U -3:i V-31~urrilJ 

:i::;V::;M1~'\JU-3!lN'Ui-3 2 'lt1l ~-3~,j~ 5.16 

http:1mlifl11'IJ'U1~lff'U~1'U~'U6fl~1-.lt
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.
.. 


; 

5.1.3 'IlVln':lfh~'.:j (Power Train Set) 

5.1.3.1 ,j'tllJ'" 1UfllltltlflIlUU'lJtl.:j'llVln.:j fha.:j'llmnt1VflUIIUU~l"'tl.:j 3D-Display iJf1'-lif 

I. 	 nnd'UUUU~l~HH 3D-Display ~:::iJ~Tu,)'\,I'VhJ~llJ,)lJ 8 mnilJiI x 8um (64tllJ) l'11i,r~v.:JiJ"~Hn~ 

l'1fiilJmJ~lVhoU 64 tlU~.:JlJlflU":::fhH~lVium'l'~lJ'\J~"1~ l'1fiilJvv~rJ.:J ~-lJlJ~.:J~11tllJ~V.:J"~ 
~llJ1lJ'lJfl",)~~1f1 64 tllJi,rm~v 8 tllJ ut\'1i~'l':::uUri.:Jfh,i.:JlJ1U'YIlJ~ 
4 l' '1" •• .,,, "'" d i .,.A oJ "... d ~ ..

2. 	 IU V.:J~lfltl1 'II'l':::UU'tY.:Jm".:JII",)~:::1IV.:JlJfl11lJ1 'l'1 Um'l''lJUlfi "VU'If.:J l'l' lV1.:JV.:J~lf1mllJI~1"n"lJ"V.:J 

1l1VWU1I{l'yhOU 24 I~~lJ~ViUlli (fps) 111V 241U1ll'11"rflU'tYllJl~(ln1ultlUll1'rC~V1clv.:J"V.:JI~~lJ 

II~":::I~~lJ [B'l.:JV.:J i Uweb] 

'0 QI 	 " I 0 I.A i iI.J.oJ ".,0 	 0

3. '1um~'tY.:JmM"V'IUUU~l"V.:J 3D-Display 1IV.:Im~mllJlllJUtJl'Y11.:J1I1Ul1U.:Jl'l'lV l1'1'lU'YIl1'Ul91fl 

lIl.imgflm')~ OU~U~l11rl91~UflUfl"1.:J"~"1~ l'1fii'Uvv~vQi'ULI'U,)9\HO'U 
" "'. i .' d4. 	 9\V.:Jm~mllJl~V1H1V 'Um~fl1Uf)lJ9\lUl1'U'I 1l":::mllJl~1 

5.1.3.2 n"lulh:::fltlUnHfla'IJtl.:jl::UUn'lfh~'1 iJ~'1if 
I. 	 ~'Ufh~.:J fiv 'tYI9\tJlJVI9\v{lIuuQiH'I'lci1{ (Unipolar Step Motor) iJfl11lJ"':::IVV~ 1.8 tHffl~V'tYI9\tJ 

(deg/step) IclV.:J~lfl~ltJ~VfmmUf)lJmllJ~lUl1l1.:J ""':::fl11lJl~1 '1'Um~i~'tY11ItJlJVI11V{'tY1lJ1~(l 
mUfllJmllJl~1i,)'1~vm'l' ltJ~llmlJi'U'1lJ lmflv'UlmlM{ MCS-Sl 

2. 	 mllJul.i'UV1"V.:J'tYI9\tJlJV19\V{ ~UVQoumllJ":::IVV~ ~ml'tYllJ1~(l~~::tJi'umllJ"'::lVV~l~vm~ 
ltJ~ V'UlltJ",.:J m~'Ii'ulfl~V'UUU1Jl~lJ~U (Full-step) '1tJltl'UIlUUfl~.:J~'U (Half-step) l'11 i ,rmllJ":::lVtJfl 

li'l'U 0.9 V.:Jffl~V'tYl1ltJ (deg/step) [B'l.:JV.:Jl1U.:J~V] 

3. 	 m~ri.:Jf'i1~.:J~:::'l~lJlci6'1'Y1lf~'1 U":::'tYltJ'I'llUi'YIlf~.:J IclV.:J~lflm~ri.:Jih~'H1uuif~:::il.iln~m~~'Ui(l'" 
l'11i,riJmllJlIl.i'UV1"V.:J~11ll111'1U":::I~'U'tY1V'I'l1'Ui'YIlf~'1Ju~:::1l1itJ~~Oml.:J1~{)'U (Linear Slide) 
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; Linear Slide 

C) [) 

Timing Pulley 

I 


Slepper Molor 
I
lUlN2803 1 I MCS-S1 I 


: 




.. 
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w 

5.2.1'I11300n I!"'~ ,J\,I\l1{)\,IOl'.ifh:m-l 
; 

..............................................._........ ............................... ...-................................................
~ 

, 
D/A 

OPAMP 
converter 

MCS-51 ULN2803 

Board (h~rJ) 

ULN2803 

(motor) 

I 
1••••••••• _ ••• •••••••••••••••••••••••• ••••••••••• •• ••••••• •_ ......... ...................
 

PCB Board 

, 

, 
, 

: 
. ...... ..... ..... _ •••••••••••• _ .............. ...... ......_ ••••••••.: 

POWER 

SUPPLY 

~1l~ 5.18 m ..n.jfi':lnm~vlJtlllmw 
" ..: " , , A, ,_ I '" 
\lV\!n'YI~V-lm'mff~-lml1J'U 3D Display ~~~OMm1.J~lf11mfH PC m1.J'YI1-l serial port lJV-l micro 

controller (MCS 51) l~m;,fmll'.i~lJ1nf-ln'li'v"'n~-lf)cil1 !ln~ ri-lfh1.JfftytlPWVflfl'YI1-l port ~mlJl~fflJ ~-l port 

"" A ,., , , "I •.I.'!! ' , .. oJ 
~-lflnl1~~I'lfVlJ~Vfl1J ff11.J\lV-lm'j~lVm~l!ff mTllm1.J\I~n1~ (coil) lln~ ff11.Jm'.ifl11JfllJlJVl~V'.i "Il'-l~~ 

~ 
o G.I Q,.I tI Q,I AI 

'YIl-ll1.J fflJ'VI1.J lif)1.J'YI ,n~1J1J 

~11.J11.J port ~,~J1.Jri~-ll1lJ~ 6 port ci5-ll!~ port ii 8 U~ (Bit) LLn~ port UU-l11:l1.J 21l'.i~1fl'YI fiv ~1f) 
o "0 4.c:l "~Q,I":

MCS 51 1~V~H~11.J11.J 3 port un~ ~lflm'.i\lV1V port ~1V IC 8255 ~11.J11.J 4 port "Il'-llJl11.Jl'Y1~-l1.J 

" ..:Port l11.Jl'Y1 

A fl11JfjlJm'.i~lVI!H~1.JlvlYh~ \I~n1~ l"1l'~1.JVV" 11-l 8 fl1.J
f-----...., 

8255 B ( I \I~n1~ l"1l'~1.JVV" Hffty\ylWfl11JfjlJ 4 U~ ) 

C 

, Q.I 0 Q.I rs' 

MCS-51 2 - fl11JtjlJ m'j~ lVIL'.i -l~1.J ffll1'.i1J f11'jfI11JfjlJlJVI~W'.i 

- m1JtjlJf11'jliJ~iJ~ signal relay '1.Jfl'.i~1J11.Jf)1'.i~-lf)~1J 

3 

o 
.
.. 
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0' .,j 1 """ tI d .,4 ~ ~ ., 	 .4 d 
lHJfJ~ IUV-l1l1fl'U~~1~ 'If~'U{JfJ~ lJfJWfflJll~llJU gyrator !'Yi'.il~~~UU lf~flfllHl111f)lJ'j~V~fll'HflMU'Y! 

'UV-lWU fit)Vfll'Hl111fJlJfll5~lVm~!1ffllri 'U~~1~ l'1f~uvv~ tTUIV-l u~'uYn:I1J~u~ flnfl111f)lJm~l!ff 

1~ V~5 -l,!uyil ~r\'fiVU.,rl-lVlfl IrlVI'YiV1Jf)llfllHl111f)lJII5 -lriu U~I~V-l~lflfl11U~lU'VI1U 1l1fl~~'UV -lfl11lJ 

mnv1ih'u 'U~~1~ i'lf~uvv~ (XL) jj~~U'VVlJlfl rillffllfll5'.rtYHhm~l!ff~H II~~~~'UV-l Back-EMF 

o .... 1 "11' QI ! d ?I ..::.i tI 	 A ..::.i oCt.

ffllJlHl~lfl"m 1;t fl-lU 'U MllJ'U fll5IlfUl~ffU'VI ~~ t)t) flUllll'lf fll5fl111fJlJ'j~V~ fll5Ifl~V'U'VI'Ut)-ll~U lflvfll5 

., .dod! .,~ 
fl11Jf)lJm -l~U lI'V1U 'If-llJ'U'U~t)'U~-l'U 

• fmri'Ut)Vfl 

ff\llf'\llW Digital rillffllfl111fJlJfll5~lVIlHri'U 4 iJ~ 'UV-lU~~~ 'U~~1fl i'lf~ut)v~ ~~~fl!I11MI~'U 
.. 

ff\llqJ1W analog (0-5 Volt) lI1hfl11U~~!VV~ 16 5~rill lflV1'1~5 DAC (Digital to Analog Converter) ~lfll:r'U 

°i.I' ..ol """'" '" 	 .! i1''Ul lJNl'U1.:j~5 OP-AMP Il'It)'UVlfJILHfl'U lfll'lV-ll'lt)flllfll5fl111fJlJ (0-24 Volt) 'If'l~~ ;tm:!1ff~'I~fl 

115~lJlW 550 rnA 

.. '" 
fllWl-lfl~ll• 
fll5~'Ifla1J1r'U~~~t)-l'~m~lIff~lJlflflilfll5ri'Ut)t)fl W 1::v::l'vhn'U 115::lJlW 2 - 3 l'Vh ;-lIlHfi'U 24 

Volt ~lfl OP-AMP J'Uili,Ylvnw i'lVt)ml1Jll'lf'i~ power supply ~t)lff~lJl~v~ ff\ll\lllWfl111fJlJll::Yhl1U'l~ 
.. . 

lilfllf~V il" fll5~lVi~~1'U'VI1'1 signal relay l'Viluu lIHfiuViH fit) lh::lJlW 48 Volt 

d" d :J.Q i" o'~'If'l~::'l1m::llfflJlmH1.h::lJlw 1.2 A 'VI-l'Um::Uff~'I~~l'I~15Wl~lflfll5'V1'Um::llff'Ut)-l 'U~~1~ 'If~'Ut)Vfll"'U 

lfafl 

.a Q 	 cal I """ tI t 

lUt)l'I~15Wl!~l'Il::nn~ut)Vfll1~1'UtHfll5~lVm::Uff~::l'I~15Wl~lflfllmJl~ steady state 'Ut)'Ifll1 

lflgt)'U~'Ut)'IW'U i ~VffllJ11f1115::lJ1Wir\'~lflflWth simulation 'Ut)'11::1111 ;'1~::l'Illin::V::flmflgt)U ~t'l ifl~ 
o ~ "1" 4 .x i'" d'" ..ol , .. 1"~lllJU~t)'I 'lJ'11~lIYiUlJlfl'U'U 'WlJmlJlfl'VI~~flf) 150 msec. lYit)fl11lJff::~1n 'Ufll1fl111fjlJ ll'lVf)fl!L1Jll If 

• "" 	 II I "JI II 

fll1!fl~VuVin'l 16 5::fill H5::V::I1~1'l'Ufll!~lvm::lIff'li'u~'h Il'hnll 150 msec. I'vhnun.:mlJ~ n'lih::v::l1~l 

ri-ln~111l::iifl11lJfflJ~'U; nm::V::I1~l~'U~l'Ut).:Jfllmff~'1~~'Uf)'1I1~~:: Display ~'Ifl111fJlJ1l1n l11mfl'nJll'U 
.... 	 .! 

PC ~1V ffllffll'li''U~V'Ufll5~'InallU'U l~u~11'l'UanllW::l~V1n'U (l1~lri'lfl~111~'Ul1mi~V115~lJ1W 'If'l~f)'1 

w 

5.2.4 'Ii''UVl8'Ufl1'lflHl'U'U6'1'l~1.J1.J 
., tI 0 ... 	 ., jI 0 .. 1 4.o::::t ,.

MCS-51 511'UVl,j~~lUl'U 32 mVfl1l1 ~lfl PC IICl1U1UllJ1~U1Cl~~mVl~1VUfll511ff~-l~~ L~Vfll1 

l1ff~ 'H..j~ll::!l,j-lVVfH~U 8 um ~'1\)::Uff~-l~~ 1~vmlltjUfll1~1(Jm -lriw,hu 'U~{l1~ hiluvvfI J.viVfl111tjUfll1 

!f1~vu~'UV-lWU flf'l{l~ I 1W1 (8 wu) (~-lfl11fl111fJlJWU LUU~{l::flf.:J\)~~l(J!lHriu~.:jmi'lllJl~~~!~mlU 
.... 	 riVU~1l~~1(Jl!1-lriUriUVVfl) \)lflJU~-lfl111fJlJlJVIM{lviVl~t)U'I[~ 'U~li;n~ l'1fnuv(J~ il1m::))wlt)WU LUum 

~t)itlllUm~~-lfl111 8 mn ml!~V{~-llfljlJl~t)U'lt~ 'U~{l1~ l'1filuvv~ m11JlJl~~~I~lJ~U 1~1t:JlJi'1J'Ij'mJ""{l:: 
mY~.:J~{l~t) 11J 

.... 
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: 

NO 

MCS-S1 fu-nmJiiI LLiiI:: 
'II 

, Q,.-,:i 

,;)1[JLL1-l~U~-lniilU "lJ€l-l 

"lJ~iil1~t'1l'~UEW~ 1 LLtn (8 

YES .. . ... 
1Jm~€l1'Yl1-l1U Vl1JUniilU• 

.d .c! '" 
,;)Utl-l,;)~L11J~U

• 

NO 

~1[JLL'-l~U~U€l€ln mumJ 
1 

n11U~~-l~iiI"lJ€l-l"lJ~iil1~t'1l'~ 

U€l[J~ 1 LLtn 

~tl~ 5.19 Flow chart ~lJ\91tJ'Ufl1'j'rh:Ill.j'IJtJ,n::tJtJ 
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w. 


-. 


; 

5.2.5 l:::UUfl1UI'J~ (Control System) 

'[~~H)nll'IJ'lJlllu Open Loop ~.:jmJ~ I~V-31l1t1l119Jr-HnHl1VU'l':::t11'l' ri'.:jif 

J) 'l':::'IJ'IJ'll~tNnl'HnllJlIllUihmmrn II"::: 'l':::v:::nmfl~VU~'lJV.:j~U fiv 3 cm mj-3lllu 16 'li1.:J ~'1iJ 

fI11lJ":::IVV~mnVw 

2) 'l':::u'IJ'[ll~'IJ~vu i'lfl1'IJfllJi~~1[J 

3) tltlnll'IJ'IJ'[~~l[J ill~'IJ~vu I~V'I1l1n'[lliJnl'j,'jvum''IJ 

4) ... '[ ''''.1 " " nm~n"'1IUV.:j1l1n lJlJ~lJmWm11l~ (sensor) 

5.2.6 hhufll)J itt Micro ControUer 

d ., '[i''' d...... " .. " s
lUV'I1l1n MCS-SI ffllJnO'l'V.:J'j'IJnun \'12 nun flV C U"::: Assembly IlJV'W1l1'l'W10'l'IJV~ 'lJVloV 

i' d .. d .." d 91 ., d "9 i'" , .. ", .. " i' 
"'111l.:Jl"VnVlIl:::I'II[JU~1vnun C IUV.:Jlllt1llJUnum:::"Uff.:JVlffllJl'l'OI'IJ111l "'I1Vfl11 O'llllJ11VllllJ'IIV~IV[J

" 
t1'hrmn Assembly 19nU'vv1uljtl.:J'lJV.:Jfl11lJ"llutil~lUI1"1 ~.:JiJ~'flU'VVlJln 1U'l'::ri''IJ J.ls 

lu'l'umlJ'lJU MCS-SI ffllJl'l'OIlU.:Jllluff1U'l '[~ri''In 
I QI I SJ • 

I) ff1Ut11'j'j'IJff.:J'lJVlJ"~lU serial port 

2) ff1'Ut11'l',j'''l~'IJ~1Vmj'l' ASCII Code 'fl'liu Matrix 4x8 

5.2.711hum~utt PC 

... " , ".. d9 ", d ., d" 9 " 'I
lUV.:J1l1fWlV.:Jf1l'l' l1lJ Interface Y11'1f'llU.:J1VIICI:::I11Um'W'If~IIlU 1l.:J1ClVnl'lf Visual Basic IUt11'l' 

VVt1l1'IJ'IJ UVf11l1mr.U Visual Basic V.:JiJ component ffll1i''lJt11'l'~~~V~huVll'l serial port ffll~lltU ~lv9itlt11'l"~ 
.:Jl'U 1I9i'li'Vlff[J'IIV.:J Visual Basic ~l~ui"fiv mllJ'llitll'U real time f)[h-3'b~~llJ ffllJl'l'OUfll'll1~Vt11'l''If''l'lf[J 

11C11~'1lil '[~1" Vt11'l'l~ vu1 U'l' IImlJ~l11lJl::fflJ 
1u'l'lImlJ'lJU PC ffllJl'l'OIlU-3llluff1U'l Mri''1n 

1. 

2. Color Level Simulation 

3. ASCII Encoding 
I G..I I SI I 

4. ff1Ut11'l''l''lJff'l'IJVlJ"mu serial port 

, " 
5.2.7.1n1tt t1llmtln'IJtlJJ" 

'[ i'''' 9 " " ., .k ".,'PllJt11'l'VVnll'IJ'IJ l11mVn'IJVlJ"'l':::fl'IJ(0-15) CI'I'lJU Matrix 8 x 8 'l'1lJ 64 cell '1HffV"fl"tl'ln'IJ cell 'lJV'I 

.1" 1 a cv 0.0:9 .d ell d QI 

~lJmWUfffl.:J~" fl[JVI'i::~'lJ1\l'lfl flV "0" IlUO-3'l':::fl'IJ~.:j'lflflV "IS" 'l'1lJ 16 'l'::fl'IJ 

* * *l1l11umV} n7'i 7di-:IIi:t'UUfJ nmufJflm'lh,,;,:mtirJfI~':h 7»n7nh~lJ'){jmjN~n{jm *** 

5.2.7.2 Color Level Simulation 

i~vvnu'IJ'lJil1'iJt11'l'~l"V'I~nllru:::~Il:::l!fffl'l'IJU~UmtUUfffl'l~" 3D Display ~1(1ffl.um;V'\.JII1\n~H 

nu ~.:jIl ::: lciff\P11lJt11'l'riV.:jff ".h.:j 16 'l':::ri''IJ iflV~ff1:'J"ll.:jl!fffl.:j(i.:j 'l':::ri''IJ~.:j 1!,,:::ffijflUff~.:j(i.:j 'l' :: fl'IJ~l 

*** l1lJHJll1V} iumru'ii1di'Jt1:t'IJUDnmUDflm'lf'J";,,ntin fI::iJn7'iI$DU~·JUffll~.J'ii Cell tYu ..• 
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-· 5.2.7.3 ASCII Encoding 

.J. IV d QI 	 ~ Q.Id. GI tI, 0 Q.I 

IlHl'l1l1tl ASCII Code lJfll'j1l~lfl11mVflll'j~1Vl1'U1vmllHJl'U'Ul~ 81111 (256 mVflll'j) U~::;fln ·· 	 U'1Y~~~~'lJtl-3 3D Display I cell ij~~l1lJ~ 16 'j::;fi11(4 ijll) ~'1'iY~lflll '1~'h I 9i1t1flllmllJlHHn1JTin::;~11'UV'I 
3D Display i~ 2 cell 'ViV~ ~'1,J'U l~tlmllJ'j1~1~11'Ufll'jri'l~VlJ~ II~:: fhw~(i'l,j'tl~ln~'UV'Il1111umllJ~111'U 

.. , ... 	 ~ d... , <It d... ~Q ~ 
MCS-51 i)'1tltlflU1111 l1fl1'HI~lfl11'IJtllJ~ 'U Micro Controller IU'U Matrix 4 X 8 ( Ifl11'IJVlJ~'lf'U~mVnll'j nlJ 

32 9i1t1mrn fiv I Display 

mh1 hW'1Y1Ulln1l1tjl~'lJtl'lri1'U ASCII Encoding tiv fl1'jUU~'1,j'VlJ~9i11~'IJ 0-15 'Uv·mfi~:: cell 

~1'U1'U 64 celll~'U ASCI[ Code 32 9i1t1nll'jli'UItl'l l"{Jijm;nfl1'j~~'~V'l~-lii' 

~ 

Al ...... 
A2 

BI IW 
B2 

B 

CI 
C 

C2 
D 

D1 

D2 

A (ASCII Code 8 UlI) i"'i)lnflnm1lJn'U'lJtl'l Al (4 ijll) U~:: A2 (4 ijll) 

5.2.7.4 il'")'Ufll'l'l'Uil'':!'lJf)'J,UHU serial port 

, Al.1 

Al 

, Al.2' A1.3 , AlA I IA2.! IA2·'1 m/ A2.41 

A2 

, Al.1 I A1.21 Al.31 AlAI A2.1 I A2 .21 

A 

A2.3/ A2A/ 

, OJ'" , 

tlumI.U1"'ijfl1'jvtlnu11111,ru'1Y~'1~~11'U-vhrlvi'11~vlJ~m11 (32 ~1t1flm) fi'l,J'U m;~i)lnfl1m'1Y"'1~~• 	 v 

! tI ~ QJ ~ 0" ' " Go' ~ 	 o&:lo .A i' ",..flHmnU~1 nml'1Y~'1~~flH\l" IU'1YllJl'j\lYrli~ l"Vtll'j'1Y~'UVlJ~'l1"\l" IUlJl1l1lJm::1J1'Ufll'H"lJ l'Vitl lJll1lJ 
~ . . 

(II Q.I V I 4 1'" 't ".::::1 Q, 4 1 did "I 	 I

nn'U" fl'U 'j::l111'l'UVlJ ~!!1I~::'ll'~ il'l "VV nu1111 !l1lJ flW\1'U 1'ln~11 fl"'U'U ~ Vfl111fllJ'VI'lf1~"i::v::nmYln'U 

'j::l1'll'ltllHY'l.,j'vlJ~!lfi~::'l1~ ~~il::m11fllJ~lU'jl!mlJ11'UlfI~V'l PC 

ffll1:iml1.m:v:::nml'ivlVV1'lUVV 'UV~tll'jri'l~VlJ~u~~:::'l1",J'U flllmu l~U'l.h:::lJll.Uillfl tll'j 

49"' . 1 Q .. 

U'1Y"-l~~ Display I 'l1~ 'Ii'lI'11!1m u'j:::lJ1I.U 2-3 1'Ul'VI 

: 
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· · 

·
· 

CODE TO SEND 
r 

.......,.
•••••••••••••••••••• 00••• 
••• 00• •••••••••••••••••••••••••• 

r.I.....................~~.......................... DI5iLAri 
c6c6ffc3333 

Min 
Time 
Set 

.As Binary : I'lWO$ollllImlll$O\lU$O\l {$O\lu$O\lu?O\lul 
INTERUPTTED ~ CLEARED III 

DISrLAY 
INTE.RRUFT 

B~udAate 

I'lllll$Olllltc"o$O\lU$O\l {$O\lu$O\lu?O\Iul 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Aeceive~---,-,-----I 
33336ffc6c6vc6vc6c6ffc3333 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~'I.J~ 5,20 fllYllLfffl·:nnj',~tl Interface 

, " 1) ff1Ufll'Hl~tlfl~tll;J" 

2) Color Level Simulation 

3) ASCli Encoding 
I Q,.I I !II I 

4) ff1Ufll~~Uff~~tll;Jmnu serial port 

: 




.. 


1tJ ASCII Code 1 911tlmt1 

output (i, j) 
«... • _ _..J. •• 

(LntJL"lJl matnx ,nn"l1nmn (I, j)) 

N 

(0) 

(*) 

port 1 

port 2 

port 3 

port A 

LL'liL'l:: port 

output (i, 1) 

output (i, 2) 

output (i, 3) 

output (i , 4) 

'VI'\.b-1L1L'11 m1LL~~-1~L'I 

1::'VI11-1LLtn 

.. . ., 
lIm~El1nl-11U 'VIlIunL'ltJ• 

.. - 0
';)uth'l,;)~L111IilU• 

N 

'IJ 1J f1l1 ,thnu 

nJ~ 5.21 MCS-51 Program FLOW CHART 
: " 
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lJm~Elf'h~lU"UIU 

ltl 1 flr,l • 

y 
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-. 
5.2.8.1 	 Micro Controller (AT89S53) 

111~r-I1:1~I~tlflH' Micro Controller lUfll"nJ':i::ln1:1f·mnitl 'Hllfl fflm'j"fl~tl pon I/O l~llh~~TU1'UlJlfl 

IV;U ,rrWtl'IJfl11lJ~tl-3fl1':i iMlh::ff'Vl1iml~~''U~1'U fl1nh::lJ11:1r-11:1 U1:1:: ihlf111lill~.:JVfl~1U 

AT89S53 liJ'U micro controller' 'U91':i::Q1:1 MCS-51 ~-3liJ'Un1fll 'U l1:1'ij'Utl.:J'IJ~,:r'YI Intel nfl11lJll1i'U 

• I , "4 .d ~ d d OJ" t d .. I d ct
fl1':ilJ':i::lJ11:1r-11:1 1l()~ 24 MHz 'If~lJmllJl':i11~U-3~tln'IJfl11lJVltl'lfl1':i ~lllll'UflnlJ':i::fl1':il1'U'l'Utl.:J MCS-51 flD 

ffllJl':i() lll':illmlJ~1Umlll C ,'" 1I't1:: ffllJl':imD'lf'IJfl1':i~fl'U[Jl[J port 'l"''''1[J IC 8255 'l"'11luVI':i~vn"'1U 

l~tlfl11lJff::~1ni'Ufl1':i~tl1.:J'ilHhl1i''IJ MCS-51 U't1:: IC 8255 ~'lIi1tln'~ circuit board ~hLl'il~ll fifl 
CP-S8252 V.2 (ETT) 11l[JnI11~r-I1:1 ~.:Jif 

1) n~1'U1'U port ~fl~tl'IJfl1':i'~'ll'U fitl 6 port 1I0 (48 lJVI) 

2) . nmllJV'l11Q'U ffllJ1Hl':itl-3i''IJ MCS-51 ,,,,J'li'U AT89S53 U't1:: AT89S8252 

3) ffllJl':imJ'Unn lllmmlJfl1nil.:Jl'U 'tl-31J'U Micro Controller 'l~lf1UflH 

4) fl11lJll11'Ufl1':ill':i::lJ1r-1't118.432 MHz 

~ll~ 5.22 	Board CP-S89252 V .2 

5.2.8.2 DAC (Digital to Analog Converter) 

" , ~" d • • ... ,,, " 'I ,1,,,
1-3'il':i DAC 'lffl1':illD"1~mVll'UYI1'U'If.:JffllJl':i()fl111'UfI'ill'U1'U 'l.J1I ~1I1lJfl11lJfltl'lfl1':i 1'U':i::'I.J'IJ'U 'If 

" d ." .1
''WU~ 4 lJfl rill1f'IJu~'tl::~hyqJ1ru analog nhu'U 'If~''U't1'D.:Jfl'tlllll11'lll'il::n9i.:JII~ 8 lJfl 'U'Uill 

'Utln'illnif iJ'lffllJl':im;,i~~lU U'tl::nfl11lJ()n9i'fl~uli'Uih ''U':i::rl'IJnil 95% 'n"'lfiu~tl'IJU'IJ'I.J IC ~h'll 
" 

Vou,pu, (O-5V) 

: 

tll~ 5.23 J ·Wi O\A 

Signal1 
(5V) 

Signal2 
(5V) 

Signal3 
(5V) 

Signal4 
(5V) 
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.. 
5.2.8.3 OP-AMP (L272) 

; 	
,.nrl~'IJ'fl.:j OP-AMP ft'fl 'lJvlvm.:jviu1M!~VWWt1lJfll5f11lJ~lJ (1.h~lJ1u! 0-24 Volt) 1l1fHYi)ji)jlu! 

Analog 0 -5 Volt i~mii'flnHv~51'IJV1V 5 !'vh i~vH1.:j'il5'IJV1VUlJlJllJfr5'lJJ1 (Non inverting Amplifier) fll'.i 

fI1iJ~lJm.:Jviuhi'!!lJuihJu ffllJ1H1'lli'iJM'illmh VEE ('illn power supply) ~.:j'il~'lli'lJM,,!.:jfl'h 24 Volt 

IgnUtlV !'I1~f-Hl~!iitln'~ OP-AMP i Ufll5~lV!!Hviul11l!i'iJJ'\.J91tl'\.J rmviutltln IVi'.il~ ijfl11lJ!1l'Wl;.:JI~'\.J UCj~ 
mllJ!!lJU~1,,!.:jiu'li1.:jfll5i~.:I1U~~tl.:jfll5 UCj~ 51fl1\jnn'hrlml1vlJt1iJ ~'llmw Amplifier tliJlJ~U"l l1ll!i'lJ 

L272 JUffllJl'.imtl.:ji'iJm.:Jviui~,,!.:j~~(i.:l40 Volt UCj~m~tlff I A 

Vee 

V. 
In 

V QUI

>8---,---- 

VEE 

R, 

~'ll~ 5.24 Noninverting Amplifier 

5.2.8.4 ULN 2803 

llUl~l11fi'i)j'IJtl.:J ULN2803 fitl fllHl1iJfJlJfll5Iil~il~ m5~lVIIHvi'\.J'YHhffllli'lJ Stepping Motor 

.. ".J.. ~ .J.. "'_,..; i" ~ ~ 	 'i" 
II"~ Signal 5!l:'IV CJf.:Jlltl.:jfllmH~U )5 Volt CJf.:JlJlmnU LuYH1:: 'llIIHflU'illnffi)ji)jlu!1l1n MCS-5) I~V91H 

11'finfllnh.:J1U'lJtl.:J ULN2803 fitl fll5i~ffi)ji)jlu!'illn MCS-5) miJfJlJfll5'l11"'lJtl.:Jm::llff~hu 'It~'IItl.:j 

transistor l~Vm~lIffll::lJl'illnIlH~U 15 Volt 'illn power supply 111VUtlmr'Wltl.:J 

oc 	 DC 

RFI AY MOTO 

: 
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· · S.2.S.S Signal Relay (RY12W-K) 


nCl 'nfll'jVll~llJ~tJ.:J 'il'lI) 'lJ1.:J\1'jcl'Hl~tJfll'j~"~tJm::Uff 'j::l1'll.:jfmVllHU 2 mw fiv 


·· 	 I) fJl'j~lJtJtJn '~m::Ufflh::lJ1W 0.4 - I A \11fl OP-AMP 

2) fJl'j~.:Jm;1J Hm::Ufflh::lJlW 0.8 - 1.2 A \11n power supply illVlWfl 
." 	 . 
cjf-3m::Uff'...J~l'Ut),n;-3 2 m&'il::ll1~~lU 'U1l~11l19f~'UmJ~ hrVif1''VI1~llHnUthlJnu L'Wt)ff~l~ 

. 	 " 
Diode L'wt)m'UfJlJm':iil1~ ~-3-W 

R1a 

signal '----...... <>__----'----+-1+-+------' 

Rla 

-
+ 

Power 
Supply 

Rlb 

R1a 

PoY.er 
- Suppy 
+ 

R1b 

~--~~---~---~.~---~ -. 

: 
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__01-+------1' 

. 
· 

..... 1"'" d ~ ... d1 dSignal Relay 'VlHH)f) 'If fHl RYI2W-K 9HIlJU Ultra High Sensitivity lJfl"lllJ!n UfllHHllJffUU-ll'i"l 

· · d ~ i""11-3 25 msec U~::ffllJ1'imU-l'iUm::Uff ~H1-l 2 A 

o ~ ..... 1"'" d ~ ".1 Q 1 .>1 ~QffTI1'iU Diode 'Vli~Un 'Ii flU FR301 '1f~llJU Fast Recovery RectifierslYHlu'i::ff'Vl1im~ unl'ilJu~nu 

m1lJl~1rJlmJ \)lnm::Uff~mh:j u~::ill~~~'VlVI ~~mUfllffln~~u1~\)lnfll'i'Vhnu~u~ ~1~6 

5.2.8.6 Power Supply 

fll'i ~ltJ~n~~ lU 1'YHh~tN'i::UUMuu nIL UUIl~ff'i 'i')j'u~~t)~ullri~~n~~ lUY11lJfl "lllJll1lJ1::fflJ 1 ~tJ 

-~liitJn1-Nnuri"lu~il1~Mnl'itlrU;-lmllJ~::lvtJ~"'W Il~:: ~Mm'ifhn~il1~-llJ1n 
'iltJfI::lt)tJ~nmiitJn1~ ii~~if 

I. 7),"&-3 Micro Controiler 1~ adapter 220V/9V ~t)1~W~H;)ln1vl220 Volt AC 

2. Power supply "m[l1 motor 11ft:: rmuH adapter 220V/9V ~{) lfttJ~H\)lnivl220 Volt AC l~tJ 

• .1 ~ 15 Volt mlJ~Hl~m'i""il~tJflU~"ltJ regulator;)::mu ULN 2803 Uu~~ '" ~" 

Regulator (LM317T) 

1I,r1~ fll'i'Vh~lU fit) rUltl~ tJUUH~U1vlfh~lJ1;)lf)llri~\)ltJ i vl rl{)U,,j'lffl~tlltlt)llJtJ!~t)11,wfil'li"l-l 

fI"lllJfiU'II1{)6fl1yilnu 1.2 - 3711~~ 1I~::ffllJ"HIYlUm::llff1vl'll1{){)f)MlJlf)flftl'Vilnu 1.5 A 

lInf)m'Iih~lll'lltl~ LM317T ,f-j~mmt.i~IIHfill1,rd~llIlHfill'llltltlf). m~filltlr1Jfi11~ ~~llH~U 

~tlr1Jfi11~\)::\1nfl"lUfllJ~1tJm'IUr1J;)lnmllJ~lUYllUUr1Jfi11~ 1l~::~1f1ft ltl~~1JlmlUlllri~~ltJ 

,;1t)~;)1n 1161;);) ::lnft m::11 ff111 fI ~6ll~~ 'Oft \) 1f)'IIft fI "lftflltJ 1 II ffl91 UlJ tJ!91 6111ff~~M fi ~ ,U 

Power Supply 

LM317T1-----+

-. 

: 
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.
• 

- lTlrD~ Power supply liiDn',*n1JriTu~~D 'H11':itlf1J!!~~mllHl:::1fll:Jfli11I:J111:i~M 11~:;fh1:i.:j~~ ,i1tHUlfl · · I) lTlrD~'cYllJlHl~ll:Jm.:j~U l1~D m:;11'cY1~Tl.:j~11~::: l1liUihlJlfl 


2) ITl ~tl'l 'cYllJ1Hltl f1Jl1~'1 fll':i ~ 11:J1yj 1~Ddl'lV 'cY';i:; I~D nl':ilu1'1~11 'tl:::tl f utl ~ ~i111:J1'I ~~ 


3) ITl~D'l'cYllJlHI~ll:J11H~U l1~D m:;u'cY ~'l'l1~ 

11 


'" "'t '~Q.QJd

';jl£J{I~!'eHJ~m';jI{ltHl ')j' lJ~..:j'W 


I. OPAMP HIi1V'lUln~u~fmtlf1Jl1~'lm':i~lI:JI!Hfiu'Mnl1Jl:::'cYlJi11l:Jl11:i'l 

2. d-;1JJn1'j"~.JnftU'lltN wi; HIl1D'lUln~D'lm';im:;11'cY~'ln";htl';in~ 

'itl~ 5.30 'lfflmN1~U',jnll1i'1J MCS-5\ Yi~UlJ Buffer 

-. 

.
. 
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Hardware Assembly 
: 

. 	 di" v Y" v ~ 'd!I .d1l1flff1l-l~V-l Hardware Design 'lr-l ~fl~11lJ111~1'IJ1-l~l\.l1l-l1J'Vl'Vl1I~1 1l-l1J'Vll-lL'Illl::flCll1fH'lJl-l\>lVlJ 

fll'IU'I::flV'IJ;"HY1l-l~Wl lfltJll::m;'1'Wfl66fl!~lJ 2 'l[flJ'UtlV'I[flll~l-l1JVl\>lV{ (Motor Plate Set) ~-lIl::flril1~~ 
'l[flVVtJtlV'I[fll!~'U'~V'UflVtJ~ (Coil Plate Slide Set) U~:: 'l[fl'Yi~lVfl't:l,riVl'Vllf~~ (Timing Pulley Shaft Set) nVlJ 

1l::1J1Yilfl1'IU'I::flV'IJ'IJ'UU~l-lVfl1JVlI1lV{ (Motor Plate) l'h'Ut)fl'l[fltlV 'l[rlll~l-l1Uri'U (Pin Plate Set) lrltJ~lJ'I[fl 

lIyj~'f\~Vl-l~ (Rod Set) 1~l-l'l[~vvm~v1M~ltJ~vnmoU'111l 

nl'IU'I:: nV'I.JlT'Ull ::lJ~'U!l'U'lJV~fl1'IU'I::nV1J V~~I!~lJ!Yi ~'Vl 2 1l~'Utll-lMiln 1l~'UV"1JVlrlV{ U~:: 
.J Sol 	 " ". 

I!~'U 11~'ri 'U 'li~ ll::lJfll'IU ~::nv'I.J';r'U ~hUVVtJ~-l1Jl-lIl~'UIYifl'YInV'U ll'UfI'I'IJ II 1 nUl-li~lhn~ 2 'l[rllJ1Vrl~vn'U~ltJ 

• 	 .d ~. '''1'' 1"" d .1'Yi~lflll1l-lm::tJ:: (Holding Shaft) IYiVl'I.Jl-l fll~ flll1'Ufl ~::tJ::l1l~rl111'YI rl6V nll'IJ1J 1~::l11Hl!1J!l1MII'fI::u'fl1tJ 

'IJ"fllfl l'li~l-lvtJ~ (Solenoid Plate) 


.1 I .oj y... J 

6.1 tn1u1:::m)1J'Il~IINUllleJW\l~1I1~ l'1fll'UtltJ~ 

4 

No. Name Q'TY 

I BoltM5x40 8 

2 NutM5x40 8 

3 Copper Wire 

No.35 

. 

4 Solenoid Plate I 

5 Plate L I 

6 Linear Slide I 

7 Linear Slide Base 2 

8 Bolt M3xl2 8 

GU~ 6.1 lUllfffl~nl'IU~::nV'IJ'lJV-l'l[~U~'UI~Vl-lf\VtJ~ 

lU~ 6.1 L~l-llU~1I fffl-l fll'IU 'I:: fl6'IJ'I[flll~'UI~Vl-lf\ VtJ~l fl tJlJ;61l'fl::~ l'Ull-l'IJ v~,rlJ 1Y1lJ VVtJ1I11J~ 1~ 
Ufffl~ i 11l-l \>l1'I1~~ll-loU'l-lIl'fl::jj~'U \>lVl-l nl'IU'I:: nV'IJ~-lif 

o (;)/ QI" 	 t:'I ~ 4 d 1"_1 Q,oI II ! QI

1. 	 lJ1 l-ltlI>l1>l1f.1'IJlJ1rl M5 x 40 Il~::: lJV91911111tJ 'IJ'U1~ M5 '1f-l rlu'I:::nV'lJnlJYin)1J'tNYilJ'fI1fl'VlNl!rl~
" 

1l'IJ1J'lJlJ1l-l 'H~ l'U1lJ 2500 'I6'IJrl1l1i''IJ fffWff'U 11JmJIl1 ~n lJlU~:: nv 'IJ IoU'lf1'IJ 1I~l-lL~Vl-lf\ tltJ~lrltJfll~.,j'lJloU'lf1'IJ 

1~Yi11f)~tJ11lJ H'lJv~ U~l-l,~tll-lf\VtJ~ ~~lU~ 5.1 Ill-lmui~ 8 'l[fl 

2. ill 'I[~l!~l-l!~tll-lf\VtJ~~ '1~U'I::nv'I.J! 1:Y~IlI~ tJ'lJftltJlI~11l1floU'tl I. lJlU'I::fltl'IJIoU'1f1'IJIl~lJGU~1!!tl~ 
d • • 
'lI-l1l::1~!~l-l~1Vfl1:Y1tJ'l'ill-l 1I~::i'idjtJ{ff'1~~lfltJH Utl91~1~ 'IJlJlfl M3 xl2 ~l'Ull-l 4 ~1!ill-l~1Vfl,r-l 3 ~\.lIoU'l 

~ltJf1l-l~.:jtU ·~ 5.1 

3. j)lmTlJ(j~'J'..:J'lJtl.:j i'iltltJ{ffh~ ,oU',f1'IJ FW(jfli'iltltJ{1:Y1~~ vf-:j 2 tl\.ll~V!il1J.m';i!hl11J.'fl'i::tJ::lh.:] 
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No. Name Q'TY 

I Timing Pulley 

Shaft 

I 

2 Bearing 2 

3 Timing Pulley I 

4 NutM3 I 

.
. 

2 

: 


,tJ~ 6.2 ,tJUff~ ·mntJ 1::nV1J'IlV-l'l~1l'Hl1[j¥l~H;vlvuj'rt-l 

,tJ~ 6.2 1;]14,tJ~Uff~-lnntJn:nV1J'l¥l 1'Yl~nv¥l~lrivlmj'rt-l ii~V""::~l14114'llV-l;14~h14vv(J911lJ~ 
1fi'lIff¥l-l'l111491 111-lfi'l14,j'l-l m'1::ii 'Ii' 

~ 

14 91V14 nntJ1::nVml-lU 
~ 

l. lh 1'Yl~l1[j~~lrl6'll'llJij-l ~'fi"l'Il(JlJH lJ1Yllm1tJ1::nV1J i~v'ri'l1Ji-l ~~U::'Yl1J':hU::ffllJ1Hlff1lJ 

'~~I'I'YlV~l~(J'IlV1Jfi'l14'14'IltJ~U1J~~ U::'lfUf11J1h'llV-l l'Yl,n[j~~lrlv"'mj'rt~ ~MlhUlf1J~hit1'~H Idv~U1nlll 
~V -l m 'j'j::v:: n ntJ 1::nV1J Vi IIU14V14 

2. 111 1L1J~~ ~MYllm1IUl::lln14M~I'I'Ylv~n1Jln14~1i'J146mlH14Vn'llV~ 1l1J~~ lJnhm1ff1lJtl~I,j'1 
~1(Jf114 1¥llml1tJ1::nvmf1-l91v1-lifu::~V-l',r Center Line 'lJV~;14ri114Yln;i1-l~tJ1::nV1J91Hn14'Yl!vlJi-lN1~ 
tJ1::nv1Jn14~v~~91'Ylv~l~vilv~n1-ln11ffntJ 

", • I 

3. ~lmr1-l tJ1::nV1JU1J~~6f1~i1L,j'ln1J I'Yltn[j~~lciVl'VnJih ~14lffl~ i~(JVi~v~',r Center Line v~'14 

" t I I 

4. ~lmr14'Ii'14 UV91~1Iii(J 'lJ1-Il~ M 3lY;vn14mHHI¥l~ln l'Yl~n[j~'Yllrl6'l'Vllj'ii~'lJM'Yllci6'l'Vnj'ii~ 1I"Cl::. .. .. 
U1Ji~ ~~,tJ~ 6.2 

No. Name Q'TY 

I Motor Plate I 

2 Timing Pulley I 

3 Motor I 

4 Bolt M5 x 20 4 

5 NutM5 4 

6 Coil Plate Slide I 

Set 

7 BoltM3 x 20 4 

8 Timing Pulley I 

Shaft Set 

9 NutM 5 I .
. 

~ v 

II ff~-l'1111-1 W111-lfi'l'U.,]1-l1!"dhJllWtlll fmtJ"l:-; f1tllJ ~..:jU 
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.
. 


: 

I . UllHJI~U{1rillJ'liU.:Jl1.h.:J fllUJ'IJ U.:JII~lJ /j~lJtlI~un~(Jlh~llJ~l~ lJl1 ':i.:j m::lJ Ufl'IJ U.:jlJtlI~ U{"l.:J1 lJ 

'liv.:JnUlJ \1:: Vi lJ -lllJ~I1W~I~lJUl'IJ V'llJtlI~v{ll::'I1lJ'lJUlJ~llJlJlJ'lJV.:JII~lJ/j~lJtlI~ v{ml~~~1r1'1/j~'IJ V'l1Jm~ fl{ 

~ 

fl':ilJ'tl'l 4 Yilll'l1U'l 

2. UllJlri6il1lf~'l ff1lJ~~ tlUllfllJ 'IJ fl .3lJm~fl{1lJ1i111'I1U'l~Mrl lnl':iflfl flllUU i ~ ~'l\1::~fl'l '~':i::fi'lJ 

I~ tntllJ lJlri Vll1lf~.:J~.:J/j~~~tlu,Vi"l lV~lJlri6il1lf~.:j\1::u llJl,j ':i::flfllJtlU lI~lJ/j~lJm91fl {fi''l~ '~Uff~.:j'nlJ l,j 
.; 
11 6.3 

3. mi'l\11fl~,j':i::flUU llJ ri1lJ'lJfl~lJm~u{lllJlffl \1 l'i1\1::U1 'l[~II~lJlgU'UflUU~ lll,j':i::flUlJI,j 1tllJ 

1I~'UV~lJUI~u{i~u111'U1fi'1'U~ I~ lJ !llJv~ndlu{ffi"l,j' lJl,j':i::flUl,j1tlUi~1 \1 1:: HU'UII~'UV~lJm~u{fi'.:jl,j~ 
cO 1" w .,,, d 9J.. I d ~o Q,I

6.3 'l1'l\1:: '11 'Uf)91~1J;j 'IJ'U1~ M 3 x20 U~l11'l~l'U'I1"l'l 'lJU'lIl~'UU~lJtlI91tml1'U1'U 4 m 

4. 'lJri1lJ'lJN 'l[~IVi"llV~lJH;61l1lf~'l l'i1\1::U1 lVi~l1V~lJlri6il1lf~'l fi'1'U ~IlI'U Ifl~U1'U()n'IJ'U1~ M 

5 1ri 1lJl~I~11::Hu'Ull~'U Motor Plate l'UYilU'l1U~~l1ff~'lHfi''ll,j 6.3 1~U\1djri1'U~11l'UIfl~U1g'Uf)Vfllll 

fi'l'Um''l'IJfl'lU~'UV~lJm~(){~'lll::l~ U()~~11iiu 'IJ'U1<f1 M 5 ,1I'U;'Uri1'Ul'Ufll':i,j'i::OfllJ 

.; .. 1" I. I _I'" I d 1 0 lSI d " 4 
nll::V~ff1VVil'U lHlQ'i::1111'l 1l~'UIlJmIlU"l1L"l::1L~'UU~ff1VVi1'U flVlI::nl l1fflVVi1'U91'l~1Vfll'i~.:jfflVVi1'U 

VifumY'l,j'lJ U()~~1~ 'IJ'U1~ M3 x12 Vflll'UUU'U~.:jI,j~ 6.4 

No. Name Q'TY 

1 Motor Plate Set 1 

2 Plate of Pulley 2 

3 Bolt M3 x 12 4 

i,j~ 6.4 1,jllff~.:jfll'i,j'i::flfllJ'lJV.:Jff1VVi1'U 
~ .;, " • _I ' .. .. d d " " "_ I ~ - I l'11 M1I1flnl'i 1 fll1lfll'iu'i:: flUU'l[~Ilr-l'U V~lJVI~V'll ff'i \11 'i UU'if)VII"l1 ~V lJ \1 ::llJ'U fll':iu'i::mllJ 'U ff1lJ 

'lJfJ'l'l1~Il~'U1uri 'U 1~U\1::'IJ f) flri11ii'l fll'i,j ':i:: OfJlJ 'l[~ IIvi'llfl g fJ 'U ~~'lliI 'U 'l[~ VfJ [lfl fJ 'U ~ 11::UllJ1,j 'i:: flf)UU'U 11~'U 

11.:j~lJ lll,!l1l'U'l[~II~lJ11'l~'U 



48 

~ , ,. _I ' ~ ..:::t
6.4 fll'lU'l::mm 'l!Vlllll'llfH'Ifl'lH1 

: 

No. Name Q'TY 

I Moving Rod 64 

2 Magnetic Shield 64 

3 Magnet 64 

". 

.
. 


,tJ~ 6.5 lUllff~Nm~tJ1::nV1J'lJV.:J"l~II'Vi.:Jlfl~V'U~ 

,1.1~ 6.5 &1j'U,1.1~m"~~fm1.11::nV1JII'Vi.:Jlfl~V'U~1~uiJ';flU"::~1'U1'U'lJfl.:J;'Uli1'UVflU~1llJ~Mllff~.:J 
, 1'1'U ~111.:J;]1'U ,rHIl,,:: iJ.,j 

w 

'U11 f)'U m 11.11::flf)1J~.:JU 
w 

I. U1l1limgfl1liM1'U';{)~m .:Jm::1Jf) fl~l'U';1U'lJf).:JU'Vi.:Jlfl ~fl'U~ 1I::Yl1J 1lff1lJlHl1li'l;{1I'UYJlIYlfl~ 

1~W1l1nm11.11:: flfl1J~.:J mil1 Irt {)1.11:: fl {) 1J1It\'1ib'IJ{).:Jlllim g fl1l::Yl f) ~1t)1J1.1"lUll'Vi ~lfl ~{)'U ~ Yl{)~ 

2. U1~1il{)~fl'U ff'U llJIllilM g fl'IJ()~ulill1g fl fI111 ff1lJ1.11:: fl()1J fl1J II'Vi ~Ifl ~()'U ~1'IH~1'U~~1.11::0 ()U fl1J 

llli111 g flUt\' 11~U'IJ()1J'IJ ()~~1ilf)~fl'U ff'U llJ llli111 g 0 'IJ ()~ulill1 g flfl1111l:: Yl()~ fl1J'IJ ()1J 'IJ ().:J 1I'Vi.:Jlfl ~()'U~ 

1';'Ul~U1fl1J ~.:J11.1~ 6.5 

3. ii1m11.11::0()1J"l~1I'Vi~lfl~f)'U~, ulim gfl "":: ~1il ().:Jfl'Uff'U1lJlllimgo'IJf)~lIlill1g0fl111~llJ~ 

" 0 Id d ~ I d "1 1 1 • • d 1 • .a. ..::.:' I ,_ 1"
Note: lI().:Jf11'U.:JM~l'U'IJ().:J IIlJl11"O ~1U ~U 'Um1 ff IIlJ111"0 'UIIl'I.:JlflC1()'Ul'I'2flJllIf) ullV.:J 

111111 ffV1J;]l'U'lJV.:Julill1 gfl1l 1flm1U1'1.11flt\'''l uli111gfl tilJ~'liM1'U 11'Vi~ lfl~VlJ ~ llt\'1111fltn~ml~~11~mHifl 

fl'U 111'U1 llli 111 g fl1li1 'U1I'Vi.:J Ifl ~VlJ ~1~U1,r~1'U~~~11~Vf'Hin fl'UJ'U 11'U Vf) fllJ 111 1 flll 'Vi.:J Ifl ~V'U~ 

OOOQOOOO 
000000 
000000 
000000 
000000 
000000 
000000 
000000 

o 

I Rod Set I 

2 Rod Plate 64 

3 Bush 64 

http:ff1lJ1.11
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.. ,D~ 6.6 Ith..l1D~111:l'fI'Im'iD'i::m)U'l[~U~U1NViu I~V1HIVlHl::~lU1U'IlV.:j;Uff1UVtHJ~llJ~'''' 
i '" 'j) v e;t~ GJ':

Uff~.:j 1 U~UN~lU'Il1.:jua::lJ'IlU~t:lUm'iD'i::m)U~.:ju 
: 

I. Ul'l[fI IfI~VU~ ~~lUf11'iD'i::m)U~lU1U 64 'I["lJl'ffa.:j'UI1~U11'lViu~i~iJmmn::1ri1l-1i'uiff 
l1vi.:j IfI~VU~ ~lU1U 6411~V'IlU1~fI11lJ1~tl~H'1l::~tl.:jl~uri1~ffllJl'iflVilhrl!vi'llfl~tlU~ IfI~VU~t~l- t:ltln 

'~VV1.:jff::~l1n 

2. 1l1mfuU1Ul-I1U'iV.:j~"m11~lnutin"'lU'IlV.:jllvi.:jlfl~VU~~.:j111~ 6.6 

.1 ~1'" " 1" I " .d ~ .% 1"·<4 A1l1nm'iu'i::ntl1JYl ~na11lJllla1 Il11l:: rt'l[rtU~UV~lJtl1~VllI"::'l1rt11'1'WUCIf'lYH 2 'I[~Ull:: rtU1lJ1 

1h::ntlu~.:j,11~ 6.7 

'" ''''''''•••t:". 
~".:-,,,",,""-,'..,"..
''''''''"" 

No Name Q'TY 

I Motor Plate Set 

2 Pin Plate Set 

3 Holding Shaft 4 

4 NutM5 4 

• 
~~ 

1;11~ 6.7 l11llff"'1f11'i 11l::mJU'IItl'l'l["ll~UV"lJtl1~ tl flla ::'I[rt 11'1ViU 

111~ 6.7 '~U111~l1ff"'1f11l1ll::nVU'I[rtll~UV"lJtl,~vf''''::'I[rt11'1VilJ lrtuiJ~tllla::~lU1U'IIV'I;U 
, "" 

ri1U Vtl V~llJii '~lIff~H'1'1Umll'1~lU ~l'111a::iJ'liu ~VU m'i11l::nvu ~'1U 

I. Ull'Walfill1U"l::v::nlJl~1'U'~.:j11l1::Huull~UI'Wa'Vli'l 2 'l[rt ,,r~Hnui'l 4 ~llll1U'lll:: 
, " , d ,,,. .. ,,,. .. 

'WU11ff1lJllfI ff1lJI'II 111U 'lfU 'II tlU1J1'11'1 fl'Vll f11llllJ'If'lfU 1UU I'Wa 1 ml1U ~ l::U::'WVrt 

2. 1l1mfuH'l1v~9i1IiJv'liuVrtilrt"'lU~I~ULnliv1Utln'llUlrt M 5 glJtlVnlJl"'lUl1~'111fiul'Wa'VIi'l 2 

'lirt 

Note: 1l1nml11l::mJum~V'If11li'mm::U::1l1n'l[rt'll~a1rt 1'11~UVv~Hi'l11111l1~m~ul::u:: 5 ija~llJ~l lrtmrltl 

Dl::nVUIl~1l::V::~ i~U'tlUn11 5 ija~llJ~HY1lJllfl'~11l11U lV'Iff1lJl~1111 l::1111'11.il'1ltl'lI'Walfhl1u~ l::V:: 

, , d ...\ ,"i'" ,. ,d d i"Q ..""l1a::UflUI'Wa'VI rtl'Wa 'VI 11U'II'WV 11 rtl::V::111'l'llV'I'I[~'Ilrta1" l'IIalJtlU"f1'111lJli1an~llJ'VlVtlmIUU 1 

". 

: 
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"0 
..i 

U'Yl'Yl 7 

fl1'l'YlVlM~ NM1'l'YlVll;)tl~!I":::i.1'111Ni.Hn'l'YlVli:n)~ 

: 
II .. _I II '.. '1 1- 1 .. 0\llflf11'iff'n3'1i~ 3D-display 'If-3u,.:::m)U~1V 2 ffTU fHl l.'Vll-3fl~ fl 2.'V1l-3 u'Wfl'ilJf11UfjlJ !'il\l-3Ul 

" ." .
'Ii~ 3D-display UlJTyhf11'i'Vl fl~tH1fl tlij~flU 'i::: ff-3t1Yi\l::: hi''lif1'V1fHHl-3UUfffl-3fHI M!llu ~l1fl1'Y'1ffllJij~mlJYi 1~ 

hhllmlJ~ufl1'Y'1H'u'HU1\lt)flt)lJri11~t){ ~-3 pin ~lIff~-3~m1ullri~:::~111'H\1-3\l:::\lflllllJltU~VUIYitluriurh~ 

tJ'i:::lJ1W~1VfflJf11'i (7.6) hlViifflJlJ~!lu".h1liiimllJ'HU1-3(C=O) fi-3fflJf11'i (7.7) 

(7.7 ) 

ri t) \llfll!U'V11f11'iiuI1al I~U'Hlri lfl11lJI~11U fll'i Uff~-3ml'IJU-3'ljf1'Vlf1 aU-3 

tlUmWflU'Ylfl~U-3 

I . 'lif1fl~ 1fl 3D-display 
.

2. UUHlfl1UfjlJ CP-S8252 V2.0 

3. tm{fl1-3\l'i1v1hHh u~:::iu; 3D-display 

4. Il'Hri-3~lV'vI 0 - 35 V 

5. 'HU1\lUUfffl-3r-1a1ummlJ Visual Basic 6 

... 
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Gl.l~ 7.2 '\.Jt)f~1~\ll'1yJ1vHh !I"::'(l~ 3D-display 

7.1 fl1'fl~th\'!1Dml'lIlT~~fla'Ua.rW\'!'~1~oa'o 3D-display 

''UnWV1~ff(l'U'Ii~Yl~H'I(l~ntl1.l'I1Ulu'' 't'j'U1m;lJ::~lIfffl 'U-Hni'U\l::~'U(l~n'Um::llff~'~h1'n'U l'11ii'U(ltl~ .. . . 
., 0 d 1" '1 0' ,qGl" II1l10'U'Ulfltllm::lIffl'lffllJ1l0 ~fI1'UfllJ'Ii~n" n 3D-display 1l"::fI11lJffllJ1HI~(l~'U(ll~1'I1~ 't'j'U11fl1m::uff 

.. .. d 
\lm::1.JlrJ'U"h~mi~u~ 0 - 15 u"::''UII~,,::,j'U\l::Hm~~'U n'hn'U 1.511"~ 'II~lllffllJ1HIYlllm;,m::Uffi~ 

1l1nIlH~'U~I'ililtltmj'1 ~llJn~'IJ(l~1611lJ ~6lJ1MlllfflJml (7.7) l11f1111Jff1JW'Ulh::'1dl~l::lJ::Uff~HF-I" n'U 

£Y'U~lJl'U 
Interface 

fmm~i~ 
(Ai 

-r::[J::v1 LA ~ £l'Uv1 

{mmt 
L1~1LL~6h'H~ 

ts-s isl 
0 0.0375 3.40 0.062 
1 0.0750 6.90 0.075 
2 0.1125 10.40 0.088 
3 0.1500 13.80 0.100 
4 0.1875 17.00 0.109 
5 0.2250 20.80 0.118 
6 0.2625 24.20 0.124 
7 0.3000 27.70 0.129 
8 0.3375 31.20 0.135 
9 0.3750 34.60 0.142 
10 0.4125 38.00 0.147 
11 0.4500 41.50 0.153 
12 0.4875 45.00 0.157 
13 0.5250 48.50 0.164 
14 0.5625 51.90 0.168 
15 0.6000 55.40 0.173 
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.. 

: 

0 2 4 6 8 10 12 14 16 

tJu~1Jiu Interface 

7.2 nTT~I.fI~1".mn,n1"nTnLftl.fl"r·m'lle:hl 3D-display 

'I1n'lf~nfl'tn 3D-display ijm,.H'HL"tlllm"ilfLiJ"fi"r'i1tr"~~iiJ",,tJ1"nTlLfl~il"~"l.Iil"'lf~ 
... .. ..I1!"i A"'" ..t"' •• "'"t • .. ..I"" ... ::. '" t

"l.I~fl1"t'D"fI"il£J" LVHl ~ L'D"fI"il£J"Lflflil",tHlI£I"\'.1LL~"""l.Iil"W"'I1v" 1'11..l~1I" B LLtn LLtnfl:: B il" "£I 
.. ..t1 ... ..1 ...t. '" ...... • ..t1~ "'..t.... .,

m111LTl'l1 'lfLflflD"'I1L'I11nlJ 10 mW~HJ1"1'11 (fps) WlJ11L1f11'11 'lfL"m"Lflflil"'I1"::~11..lW" L'I11nlJ 0.15 

1"1fi ~"J"L1"nl"Lfl~El"~J..l~lI""l.ID..lllm"ilf Lfi1nlJ 1.05 i"1fi ~..lJ"L1f11~l'liLLH"..l~fI"l.ID..l 30

display v::LLH"..ll"m,.,..l~ 7.2 

E 
.§ 
;f 

4;t: 
,~ 

;f 
r.J 

"{a; 
(i: 

~ 
;:J 
u 
if" 

60.00 

50.00 

40.00 

30.00 

20.00 

10.00 

• fl 'nyh::l1'h:j'j::[J::lfl~tJ~Viu 1l~::tJU~1J'U Interface 

0.00 

i!u~1Jtu 
Interface 

L1~lLL~Gl"~~ 

~"\.-IlJGl'llth]pin(s) 
L1~l~"\.-IlIGl'llrN 

lItlLGltJf(s) 
L1~lnlJ(S) 

0 0.496 1.05 1.55 
1 0.600 1.05 1.65 
2 0.700 1.05 1.75 
3 0.800 1.05 1.85 
4 0.868 1.05 1.92 
5 0.940 1.05 1.99 
6 0.990 1.05 2.04 
7 1.032 1.05 2.08 
8 1.080 1.05 2.13 
9 1.136 1.05 2 .19 
10 1.176 1.05 2.23 
11 1.224 1.05 2.27 
12 1.256 1.05 2.31 
13 1.312 1.05 2.36 
14 1.344 1.05 2.39 
15 1.384 1.05 2.43 

http:lJ"L1f11~l'liLLH"..l~fI"l.ID
http:l"Lfl~El"~J..l~lI""l.ID
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INSTRUCTION 

-. 

... 

7.3 i"(;nn~fl1"i'Yl~HHh' elih.hlmHml"i'YlV)GHN ua::"'"i1.l~Gml';l'Yl~ael" 
... • ....: 
iI"Cflel"nl';l'Yl~ael" 

1. ~~i"Eltlmdcl'Y1~tlEl"liL1[J1J'lEllJ ,nmfv.rhmdhhtlmw~~El"m11iLw~"c.Jtl~ 3D-display 1~!J
• v 

l~ DATA INPUT ~"fh5v.~lJ~W11Jldt11~'l~ihhi"LL~ 0 -15 
• ..I ... d 1t1 d. 1~ ... ..I2. 'Y1~tlEl""1tlEl"d::lJlJLL~~.JC-ltl'lJEl"mW'Y1~El"md'Y1 SIMULATION lJv. dLLn11J LWEl 'VI ~~1l1W'Y111:: 

LL~~.JC-ltlm1J~El"md l~!Jn~~iJ1J SIMULATE• 
3. LLtltl",j'El1Jtlmw SIMULATION 1I1nlt1dLLn11J'ltlLtJv.lTi~ ASCII ~~El"md~"l~!Jn~~iJ1Jv , 

ENCODING 

4. rhmd~"1fi~'ltlrJ"WElf~ LLtl::lJElf~mlJfl1JLvjEl~.JElEln"1f~ 3D-display l~!Jn~~iJ1J DISPLAY~"" . 
"itl~ 
v 

.... .... d 


5. 1IlJL1~l LL~::1~ld::tJ::'Y1LL~~"~~'lJEl"'l!~ 3D-display 

-- - ". - -- 

... 3D DISPLAY ."." GJ[Q][E] 
SIMULATION--'-''----:7----, 

mDETOSEND------------------------------~ 

msecr '1 ....1....1..1........1111..1.... 13000 

r 2J.,....,', 1.1/, " , 'II "' 'III, 'IIU' 'IIU? 'IIul 13000 


msec Mil.
r 31 ...111..11.11111111..1..1..1.... 13000 Tine-~ DISPLAYr 4133336fIc6cSvc6vc6c61Ic3333 13000 msec Set 

"\/TER:.RU rrr. 51 ..1......1111..........1.....1.. 13000 msec 


•••••••••••••••••••••••••••00••• 
••00••••••••••••••••••••••••••• 

[Datil Tramler ttvough the serial port comrnunictItion 

rDatllBCS IrMode IrCommPOIt 
: 5 r 6 r 7 r. 8 r. Bnary r String r. 1 r 2 r 3 

Date! TrMlSler HislOl}' 
Send e Bits; As Binary : ~~~~~~~~~~~H~~~~~~~~~~~~~~~~~~~ 

Send e Bits; As Binary : .,OO$01JJII$!JrIl$OWl$O'll {$!J'IIu$O'llu?O'llul 

Baud Rete 196~ 

Clear History I----'Read 
Send e Bits As Binary : ~~~~~~~~~~H~4HH4~~44~~~~.~4~~ 

Send e Bits As Binary : 33336ffc6c6Vc6vc6c6ffc3333 
Send e Bits As Binary : ~~~~~~~~~~~~~~~~~~H~~~~.~~~~~~~ ~ I 

DISPLAY CLHARKD 

Exit 
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20 

15 

10 

5 

2 

4 
~ ~ 

lTCl f)'\J Cl -l 'V/'U 6 

! 

1t1~ 7.4 1t1"lJm:LL~~"~ii1'lHhl 3D-Display ~ 0 - 16 1::ilJ ... ... 

'I1n~ii1m1'r1~ii1El,,~l~,;)::Lihti1 m1mlJfUJ 16 1::ilJ,r\4ET"hj~1l11tlrhliL~wi~L,;)1.4l~ i",r1.4• 
~"Yl~ii1El"m1mlJfl1JLLlJlJ LtJ~-tJ~ (on-off) 1~[J,;)::'hmL1,,!il1.4LLfi~El"fi1Lrh,r1.4 flEl 0 LLiiI:: 24 l1ii1~• 

25 

!.. 

http:1::ilJ,r\4ET"hj~1l11tlrhliL~wi~L,;)1.4l


• • 

• • 

• • 
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E1iitln Elf.liilnTl'Yl(;HU1\l 

,nn~~m1'Yl~iHJ..lLV;Ul11:;£J:;m1L~~aU~LL~~:;Yhl. LrlEll'hm1'ihmL1\1~ULy.J~LrhnULUr"l ~~~L~ 
... Ad,!"" ... ,"' .. ~diJ ..IA..t tI 'I ....••of Tla1:;£J:;"lIa\lyjU'YlLL~~\I~~ ~~~~ UJlITl"lllHn~L~£J\lnU 'I!\I ru'VI1'YlLn~"lIUlITilln~L'VI~'VI~1£J 1:;m1 ~~LLn 

w • 

1. LLu"JPftUJmn".:vrh"wu tLfld'l1auaml 
------" 

LLU"l"'UrJn~l\l~Ll.im\lnuJu 'il:;fhliLL1\1m:;rhLl.i~1.Il1nm:;rh~a~uLiLGlll~ l'hli 
'U 

lh:;~'YlR11lyj'!ta£J~\I ~L'VI~~Ln~m1Lifa\lnULiLLTi m1mlJ~1I~L~tllIaL~aftl.i~11.ll1t1fh1~LLl.iuih 
LYl£J.Jyja Lyj11:;Ln~~11m1L~anli~L~tllIaL~af~1.Il1nmlJ~1I9ilLL'VI,"\lL~1~£Jm1iJau~~~~ia\lm1• 
liLLTillElL~af LL~m1mlJTlllJuLtlum1mlJfllILLlJlJ"l\lLil~ (Open loop control) ~\lLl.imllJ9ilLL'VI,"\I~ 

.... A., ~ '" . . rd • .J':; a 

LL'Yl'il1.J LL~:;bU"ll~ 3D-Display UWila\lm1mlllLUm£Jl"llfJ\lLLU"l~U£Jn~l\l'Yl1l1nmlU 1"l1l'Yl\lm1m'VIU~ 

9ilLL'VI '"\11UTl-r\lLL1n"lla\l~L~tllIElL~ af 

2. m111tfflJ~rnU ~1.Il1mLti\liL~n:;'VI1.~ 2 tl1:;m1 ~a 

LJ FBD 
Force 

Friction &n ·tl 
I.. 

Weight 

FBD 

Force 

Weight 

tI .. ..I A ~ Ati d 
1 'Yl 7.5 1 LL~~\lLL1\1L~£J~'YllU'YlLn~nlJyjU
'U 'U 

, A'" • A .... 

3. 1:lJ:Yl1Jnll~U1:;Yl"J1JWU nlJ'2I~i.n~ 

1:;£J:;i.Jn~Tl"lla\l"ll~~"l~LL~~:;elU'il:;1l.iLfhnu 'illnm1'Yl~~fJ\I'il:;~1.Il1m~·\lLn'i1L~111:;£J:;[j\lln~ 
.. t"..1 . 'I '" •'il:;lILLU1 UlI'Yl'il:;~1.Il1[1~\lLL1\1 ~~1.Ilnml 

, 
yjlJl1m1mlJ~m:;£J:;m1L~~flu~YluliLLljucllJu lU"l5~iULLlJlJhl~1.Il1t1fhL~ Lila.J'illniJ'ili£J 

• ~ ..I.. .,j ..I ~ ., .... 

~1~CYY1~.J~~'i1fl1:;£J:;m1LmHlU'11 flU ~~LLn 


mlllLa-£J~'YllU 


1:;£J:;b111~U 




56 

• I 
ffll'l1lJ n11fl1lJ fllJC;;l LLmi,l LL\41tmun ~1,l"lJ eJ,lW\4 LLfl::t 'li~\4eJ rJ~J\4ieJ,l m11llJmJurilrm. ~ 

o ,.. d ~ d !"I • 1 "!"I :;'1
<ill LLl'I\4,l'YllJl n LLfl::L\4eJ,l'ill m::lJlJ"lJlJ Lfl fl eJ\4LlJU~L~lJlJ eJL<il eJ1 LLfl:: LlJ\4UlJlJ1::lJlJ LlJ<il(Open loop control) 

d 1 .J'... d 0 0 , 0 ~ ....1'!1 d"l' 0 ,~"I'
'li,l U1::lJlJ\4lJL,leJ\4 L"lJ L'll'\.t m1ml'l'\.t~'iIlLLl'I\4,lLL1n 'illU1WVoj~~'Yl 'llL\4m1LflfleJ\4'Yl \4LL<il~::'ll<il~lLLl'I'\.t,lW'\.t• 
dJui\4 rh1i1::lJlJ,rlJLfI~eJ'\.tJ'\.tiitl1::~'Yl~my.j~<il~,llJlmh1l'1L~LnlJTmrill'l\4<ilfl1llJieJ\lm1'Yl1\1~lLLl'Iti\l 
'li ~\lJ'\.t~\lfl11eJeJnLLlJlJ1iLu\41::lJlJlI<i1 (feedback Control) l'I1eJLnm1t1~'il::eJeJnLLlJlJliLL~fl::w\4J\4iit'li 

LL\.Io1'11l\1nTmn1'2.1Ui'l::~Glnn 3D-Display 1\.1ofl\.lolA(;J 

1. 	 nl''i2i(;JL'2aJ n1~')ltJ LL~\I~\.Io'2.1 f1\1~\.IoLL~i'I::~\.Io 

d • ~... d.. .. "I' , ~ t .. , ".1 


L'\.teJ\I'illnU~fl::wum::rJ::m1LflfleJU'YlLU~rJ L2JL'Ylln\4 ~W2JmLU~[JlJ1::lJlm 0.8 

L'li\4~L2J~1 fflWllJLL1\I~\4 24 t1~~ Lwn::u::J\4 ffll'lllJWU~LfI~eJ\4~'li2Jln l'I1eJ \teJrJ nil 0.8 

L'li\4~ L2Jm rl'liim11'1 mfilLLvJ nL~eJ1ffll'lllJfilU1\1~\4~Ll'IlJl::~2J"lJ eJ\I LL~fl::WU iiLnlJl1t1t11lJ1i 
~ 

LUU2Jlm!l\4'li~\ll'I2J<i1 
2. n1~i'I(;JLL~\lLatJ(;J'I1l\.1o 

LrteJ\I'illniJ'il'ilu\4"lia\ll~w\4LU\4LLlJlJ sliding contact ~\lij 1::[J:: clearanceLRn\teJtIL~eJ~<i1• 
LL1\1L;rJ~'Yl1U LL~:: 1::t1::l'I\tl~<i1~ ~\lrhliiiteJn1~m::<i1n LL~::~<i1,r<i1'li~\I Lwn::u::Jurl'l 

1 ,t 1.... A .. .Q &! 
~ 

... _.r oII!II 

eJeJnLLlJlJ l'I2J 	 <i1[J 'll rolling contact 'li\l2J1::tt:: clearance fit WeJ<i1 LL~::LW1I1::tt::'VIU1<i1<i1"lJmWeJ~<i1 

teJn1am::<i1n 

D 	 ) ( 

I 	 L 
I 

) l 

1t1~ 7.6 1t1LL~<i1\1m1~lJ~~LLlJlJ sliding contact LL~:: rolling contact 
~ ~ 

c! 	 0 - ~.d I 0 I .d ~ I 0 

LWlJ contact switch Lnl'l1lJlJeJL<ileJ1 'YlLL<i1~::<i11Ul'IU\I"lJeJ\lLLtn LWeJ LW2Jfl1llJLLlI\4rJl"lJeJ\I 

LL\41 l'Iuumn\l"lJ eJ\It'li~\4eJtt~ nlJW\4 LL~::L~2JL'li'\.tL'lieJ11::tt::'Yl1\1<i111'ill~n11LfI~'\.t~"lJeJ\lLL~~::W\4.. 
n1~LtJ~tJ\.IoLLtJi'I\lfltJmmm\llwYh• 

.. i. .... I .d d ...:::..J".... fl - - - .,;.
'il::L l'I\4 <i11l1::tt::m1LfI~a\4'Yl"lJeJ\lW\4\4\4"lJ\4nlJm::LL~LlJ\4l'1 fln ~\I\4\4n11LW2J 

fl1llJ LnlJl1t1"lJ eJ\I eJtlmm'Yl1\1i.yJ~llUn111eJ\l1lJ m::LL~i.'IilJl n ")JULU\4LLU1'Y1l\ll'lii\l~LnlJl1t1'Yil• 
'l'li 

.1 .... .1" "I""
eJlJn1m'Ylfl11LlJGWU b<i1LLn• 

http:n1~i'I(;JLL~\lLatJ(;J'I1l\.1o
http:f1\1~\.IoLL~i'I::~\.Io
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- John D.Kraus, PhD.., "Electromagnetic," McGraw-Hili Book Company, Inc., New York, 1953 

- kottan-labs.bgsu.edu/202/Chapter%2019.7-11.ppt 

http://www.skf.com/skf/productcatalogue/catalogue/prodtab.jsp?tab=1 1 4&lang=en&pafurl=%2Fporta 

1%2Fskf%2Fhome%2Fproducts%3Fpaf dm%3Dshared%26paf gm%3Dcontent%26paf gear id%3D4 

400006 

1J\I~~ eli'l11n1'Ylmrn, ·mi~~~runnnmm1\4" Yl~mfL.n\4L!jH)'f, m\lL'YlW<i., ., . 
1\411 i'l11..hd1J\I ,·nTniiEJ\4hhLLm1J1l1l~t1ra ~1~i"lJ\l1\41i'11mi1J" 


~i1~nr l..h::ntllJ~~, "mil..h::EJnI1l1i\ll\4 l1Jlm~r.mlm~L~r.rf" 
• 
~'il'il:: 'ili"~-i\lI~:h.,., "Visual Basic 6: Basic & Advanced" • 
Paul Horowitz HARVARD UIVERSITY, Winfield Hill ROWLAND INSTITUTE OF SCIENCE 

CAMBRIDGE, MASSACHUSETTS, "THE ART OF ELECTRONICS" 

,"m.h::~1tf V;\4EJ\4111 LLtl~LL~::L1[jlJL1[J\I'il1n The Robot Builder's Bonanza Lii[J\41~tI Gordon... . 
McComb LLtl~LL~::L;EJlJL;[J\ll~u l .tl . 11-n mtlw\lff 

nf)1f!j)l hL~\4, tll.,.tlW~ lJruudnm LL~::iu1~nr ~1Jwl~m11~ "L1[m1LL~::tliilJ"imILitl1Jl1itl, ~ ~ ~ 

lJ1,;''Yl ~iifi ~1nGl "CP - 88252 V2.0 ET Flash Technology Control Board with In - System down 

Board .. 
, 

lJru-ntl n\lf"LW"..,., ·~iitl Protei 99" , ., , " 

http:l1Jlm~r.mlm~L~r.rf
http://www.skf.com/skf/productcatalogue/catalogue/prodtab.jsp?tab=1
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1l1~f.I'",ln n. 

nT'rn~~ E1\l'YI1~htl13J1 nU~"U":i\lLLaj L 'YI ~n 

;)~tl"::"'\l An1"'YI~n E1\l• 
1. LvieJ'VI1ThmmruL~ULL1.JLL3JL'VI~m1T:ld 

1 Un11eJ eJmLlJlJn11'Y1Ii1~eJ.J~1 rJ"J rilL111iLL3JL'VI~mf.Ja-eJ.JneJu'iil.Jli1li1nulU1::rJ:: lm::rJ::'VIi1.J LL~1 
" 

L~lnrl'V\,rnti1.JL,yltu,mm::~.JLL1.J~li1li1nU"lJEl.JLL3JL'VI~mf.Ja-El.J,fuL't'hnlJJl'V1,rn~ti1.JL,yltUl"il1iLL3JL'V\~n
" 

LLrJnElElmnnnu ~.J,fULL1.J~li1li1nW;)::a-1m1tl'VIlt~"illnJl'V1,rn~'Illtuti1.J
" 

"ill nuU1~Ii1,yl.J ~U ~.Jl"il n11a-TWJ!Ii1'Y11i1 ~ El.J lli1 rJij a-l.Il.1~vlU11m1.l1ruUfULL1.J LL3J L'V\ ~n,fU#.Juln 
, d 

nlJ~U~'V\ ,rl~Ii1'lJ El.Ju3Jm ~nm11 ~.J,fU"illnn!)'lJ El.J~ ~Ell.lULhWllJ LLli L'VI ~nt yj'i'h LLfl::!l!)"lJ El.Jib~u 

F =mg+ma 

m= ¢/ 1 

4JZ" g J.1 X 
2 

o 

.. 
m fl€J 1.I1fl'lJEl.J'l!li1ti1.JJ1'V1,rn (nlfln11.1) ,.. I I l,:r.d <ICII • .... 

X fl€J 1::rJ::'V\1.J1::'V\11.JLLl.I L'V\~n'J!.Jl.I'lJmIi1L'Y11nU (Ll.IIi11) ..¢ flEl mmnl.L~ULL1.JLLliL'V\~nm11 (L1LlJElf) 

.. 
fl€J Permeability of vacuum (41l" x 10-7 

Lem'1'iim3Jm)flo 
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.'. 
• 	 1. .. . .. 

2. 	 tt1'V1Umi1,l 

3. 	 ~1a-J1'V1un 
4. 	 LL~l4'l315~'VItn 5 ntl~UJm 

5. 	 LL~l4m:::~TIY 'VItn 0.122 ntl~L1I~" 

6. 	 m1tJl~1 
~.:.,!" At, 

7. 	 'I1'lf,ll41'V1l4n~';) '1 Eltl 

8. 	 '11lmnL'1Elf 
:: 
'2I"lmn.~n1~'Y1(;H~ tl\l 

1. ~~~,lm"'I1~tlEl-11~tJliLL1iL'VI~m1-1El ti1Jl4LL~l41~ ';)1 mtu.tt1LLliL'VI~nan:ll4~~H~1l4~1-1LL~l41~ 
'IJ 

~,l,.tl~ n.3.. 
2. 	 tt1~1~1'V1'"n~~H~1l4~1,l"l.lEl-1LL~l4L~ .ffl4~El1tl1~J1'V1Umh-1 Ld ElLLliL'VI~n~-1REl-11n~,;):::LLtJnvi1-1 

,;)1nJll4~-1Ltl~tJl4,;)1mt1'V1Umh-1LiJl4J11~tJl~J1,;)l4m:::J-1LLliL'VI~mf-1REl-1utJnElEln,;)1nJll4 ~-1,.tl.. 
.,/. 
'11 n.4 

,.tl~ n.3 	 ,.tl~ n.4.. 	 .. 
3. tt1,r1'V1un~Eltill4~1~1'V1un'tl,t-1LyjEll';1m1ul4fimhJ1'V1un.. 
4. 	 l'i1m1L~1I,.:::tJ:::m1~~nWlJEl-1LLliL'VI~nl~tJm11~m:::~1~~L~1tJ1I1i1Jl4LL~l41~5~ ,;)1n~l4~-1l'i1

'II.. .,/.


m"'I1~tlEl,llwnu.'I1 1 - 4 


• I. 

1:::tJ:::vi1-1LL'Yi,lLLliL'VI~n ( mm ) 

.. 
tt1'V1Umi1,l ( 9 ) 

:; .,/.
Ti1,l'Y\ 1 

:; .,/.

Ti1,l'l1 2 
.. , 
~ ... 

m,l'l13 
..I 

fi1LUtltJ 

5.000 150.80 156.10 146.70 151.20 

5.224 131 .30 136.80 138.50 138.27 

5.448 132.70 133.20 135.80 134.80 

5.672 109.10 111 .50 108.50 118.80 

5.896 112.90 113.20 104.70 111.53 

6.120 105.60 99.60 105.70 103.30 
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.'. ';lln~G'ln1,)"·M1G'lEl,:nll,ymJG'l1l1't'l~El'i1nnvh:::v\"h.,'J~1'U.n~lJ'lJEl.,'J')":::[J:::'I11.,'Jfh~.,'J~El.,'J nlJmG'l~ri1.,'J11:::... 
M ml.,.hi'U.'i1,)".,'J:a.,'Je.il'U.I1~1f'hLil.~ ~.,'Jmly.j~ 1 ~.,'J~'U.L~ml1fhml~i'U.~ly'jl'U.1rnlnm1l1nui'U.Lm• 

5LL1iLVi~n (¢) iifilL'YhnlJ 2.44 x 10. L1LlJElf 
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120.00 

§ 100.00 
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0 .00 
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X 
2 

http:J~'U.L~ml1fhml~i'U.~ly'jl'U.1rnlnm1l1nui'U.Lm


61 

.\. 	 1l1~Hnnn 21 . 
.cc cfd 

nTH~ i) n2l'\.l.1 vUJ fl l(;l fl1"'Yll VI 3J1::,UJ 

.. ff1 VI1Ulu~1ud';):nti11n\ln1TIfulilaun1"l"fhu1nu~ aW,2J allil af~iju"l":~'Yl~ll1'~2Jl n~ fflil L ~ a H 
"" '" .... ' .d. I " ~ ~ ~ ~.t1'14\11'14 3D-display 'lI\1lJ"l":naU!i11£J'llUlilaU'Yl\IVl2J1il 5 'llUlileJU Iil\lU 

Determine the drive mechanism 

component 

Confirm the required specification I 
j 

Calculate the speed and load 

Select motor type 

Check the selected motor 

~ .d"
2. "l":u~n'lfrn:;'Yllila\ln11• 

"l":u~n'lfrn:;L"Yn:l"'iIilL,;)u L~aHnm:umrULf1~aU LL~:aumm L'liu -D1\1ml2Jl11 m12J , 	 . 
LL3.iu[j1'lla\l,hLLVI\i\l ml2J1ii1\1imr~Hnu2JElLlilaf Luuiu 

3. 	f11U1mml2JL11 LL~:tVl~1il 

f11u1m,hLVI~Iil'Ylafn (Load torque), LVI~Iil~uLuafLYi£J (Load inertia), ml2JL11 (Speed) ~ 
~ '" ..LY-l~l'lltJLf1~aU2J ElLIil a"l" 

4. 	L~an2JElLlilaf 

L~a n'll '141 1i1'll El\l RLIilU2J aLlil af Llil £J n1"l"L~an"lfitlil2J a Llil af,!u:Bua ci nu~n'lfrn:;~ia\l n1"l" 
'" 

5. m1';)ffaUfflIilU2JElLlilaf 


1il11,;) ffaU~n'lfrn:;L"Y-ll:'lJa\lRLIilU2JElLIil af2JElLlilaf Y-l Lti!f ml2JLLojj\l LL1\1'lJ a\ln~In L1 ~ld\l 

'" .. , 	 '" 1" ~ '1.d(Acceleration time), 'YlEl1nL1.:l (Acceleration torque) lY-lEl VlLVl3J1:ff3JnUn~ Ln'YleJElnLLUU 

.: 
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n~Lmnl.ltJW1'H.LL~::WL~tJ1'mJri\l (Wire Belt Mechanism) 
'IJ ... 

F F 
A 

o~ilJ/l-------=--!L9 o 
0=0 

TL =~JIi) = FD 
21f17 i 217i 

[oz-in] (1 ) 

F =FA + m(sin a + pcosa) [Oz] (2) 

D 

X 

I 

I 
I -..--

y I 
I 

T 

[Oz-in2] (3) 

[Oz-in2] (4) 

[Oz-in2] (5) 

F 
A .... 

El'H.L'H.El'lLYltJ'lElULLn'H. x 
A .... 

El'H.L'H.El'lL'Y1 tJ1ElULLn'H. y 

1.h::~'Y1~1l1W (0.85) 

.. 

..::t • fI ~ 

a 1.I1.1LEl[J\I'lJEl\lWL~[J 2 El'H. 
• 'IJ 

'i<o'. f" ~ 

L~'H.e.nU.T'I'H.[J n ~l\1W L~ [Jo 
'IJ 'IJ 

P 

f1111.1tJ11L 

m 

/l 

flEl 
... 
flEl 

.. 
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•-	 n1'l"flll41ru.lVI~~'Y1E)'fn 

1. 	 'l"ULLUUn1'l"H"ll4 
'II 

1" U" .. U "".J ... .J''l"ULLUUn1'l" 'If''lU'lJEhla'L~ 1HJL~El'l" 1) 2 'l" LLUUm'l"Lfi~Ell4'Y1 ~"l4 
'II 	 'II 

1.1 	 m'l"H"lULLUULil~!tI~ ( 'l"U~ 'lJ.1)
'II 

1.2 	m'l"H"lULLUud"LL~::VI\b" ('l"U~ 'lJ.2)
'II 

'l"U~ 'lJ .1 m'l"H"lULLUtJLil~!tI~ 	 ,.U~ 'lJ.2 m,.H"1l4LLUUd"LL~::VI\i1"
'II 	 'II 

1~mi1u1V1 qj~::LiJum'l"li"1uLLlJlJLi"LL~::VI\i1" LL~::LdEl1~ii~11)~BULUElfLfiu1VI~~ii,hUEltJ ~:: 
1im'l"~~1,.tu.lm,.H"lULiJULLlJULU~!tI~ 

2. 	 m"Vl1fh-;i1U1l4W~~H"lU [W~~] 
. ... f'~,.... ,. 0 - .... .-.l tk ... u"l ..,j .. 
~lU1UVi~a''Y1 ~'lf"1U ml ~1U1U'lJEl"a'ruru1ru.'VHHl"I1"'lJl4nlJ1)1)'lJEl"a'L~El 1)m~El'l" ~[J'Y11)m,.

~ ~ , 
Lfi~ElU~~1n~'hLLVI\i" A 'U!T"'ii1LLVI\i,, B 

Dis tan ce per Movement 
Operating Pulse (A) = --------------- x No of pulse

Dis tan ce per Motor Rotation 

required for 

[Pulses] 1 Motor Rotation 

I 3600 

= -x-- (6) 
rev Os 

------

Sp.. l( r,l 
/ Num\u or !\O,cutitJI. Pldtt 

- - - (Al
N1IIJl)u.f O,tU1l•• Pul,. 

(A) 

.. Puh' 
....... 

Petitio. Period 
-.. OtcduAcdtnti 

V I 

3. m"Vl1m11)Lhw~~~H"1l4 f2 [Hz] 

3.1 m,.H"lULLUlJLu~!tI~ 

Operating Pulse Speed (f2 ) [Hz] = 
Number of Operating Pulses[pulses] 

Positioning Period[s ] 

A 
= (7) 

." 

.J 

http:im'l"~~1,.tu.lm
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Period[s]::::: Positioning Period[s]xO.25 	 (8) 
{ 

Number of 

Operating Pulses - Starting Pulse x Acceleration Period[s 1 

[Pulses1 

(9) 

Operating Speed[rlmin] = Opearting Pulse Speed[Hz] x Step Angle x 60 (10) 
3600 

5. 	 m1''h1.l.1nl.1V1fl~Ylflfn TL 


~,nmnm11 ( 1 ) 


6. 	 m1Yi11.l.1nl.Ylflfnd" Ta 

6.1 	 m1H"11.l.LLUULtI~ftI~ 

Acceleration Torque (Ta) [oz-in] = (Inertia of Rotor + Total Inertia] 
[oz - in 2] [oz - in2] 

nxStep Anglt{o]x(Operating Pulse Speed)2[HzJ 
x----~--~~~~----~----~~~~~ 

180° xcoefficimt 

1f . Os .f/ e(J°+ J L )x 1800 'n ;n:3.6! 5 (11) 

Acceleration Torque (Ta ) [oz-in] = (Inertia of 	Rotor Total Inertia) 1r x Step Angle[o] 
2 + 2 X 0

[oz-in 1 [oz-in ] 180 

Operating Pulse Starting Pulse 

Speed[Hz] Speed[Hz] 
x--~--~~~------~----~--

Acceleration Period[s] 

1f. OJ f2 - I, 
= (JO+LJ)X oX 

180 t, 

• .. d" T7. 	 m"lfl1'!.nru.YlennYlIiHl,lnl "l M 

Required Torque (Load Torque Acceation Torque) S ,F.
::::: + 	 X aJety Factor.. TM[oz -in] [oz-in] [oz-in] 

=(TL +T,,) x Sf 

http:Period[s]xO.25


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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::..1 ", ~ 
FI,.\lfl 'll"1(;lL"'"~1"A'"£Jna1\1.. 

10.36 

10.34 

10.35 

10.35 

10.34 

10.34 

10.34 

10.35 

10.35 

10.33 

10.35 

10.36 

10.33 

10.36 

10.34 

10.33 

10.35 

10.35 

10.33 

10.36 

Avg. 10.3455 

o· 
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.. 111~Ha"1n \I • 

: 

There is no known INSULATOR for magnetic flux . If a nonmagnetic material is placed in a 

magnetic field, there is no appreciable change in flux - that is, the flux penetrates the nonmagnetic 

material. For example, a glass plate placed between the poles of a horseshoe magnet will have no 

appreciable effect on the field although glass itself is a good insulator in an electric circuit. If a 

magnetic material (for example, soft iron) is placed in a magnetic field, the flux may be redirected to 

take advantage of the greater permeability of the magnetic material, as shown in figure 1-17. 

Permeability, as discussed earlier, is the quality of a substance which determines the ease with 

which it can be magnetized. 

..,.t1~ \1.1 R\412JLL1iLV\~nL~E11n~i1ilEl\ln," 
R\412JLL1iLV\~n 

The sensitive mechanisms of electric instruments and meters can be influenced by stray 

magnetic fields which will cause errors in their readings. Because instrument mechanisms cannot be 

insulated against magnetic flux, it is necessary to employ some means of directing the flux around 

the instrument. This is accomplished by placing a soft-iron case, called a MAGNETIC SCREEN or 

SHIELD, about the instrument. Because the flux is established more readily through the iron (even 

though the path is longer) than through the air inside the case, the instrument is effectively shielded, 

as shown by the watch and soft-iron shield in figure 1-18. 
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. . 

Website: http://my.execpc.com/-rhoadley/magfield.htmi~Hllhutl'l11~.;jU 


This is a drawing of a single magnet all by itself showing what magnetic field lines look like: 


Now, compare this to the diagrams in the links above from an accurate simulation. You can see these magnetic 

fields yourself by placing a magnet under a piece of paper and sprinkling iron filings onto the paper. Spray the 

paper with Krylon to make the iron fi lings stick in place. They will trace out the field lines just like the drawing 

above. Or, get a plastic box with iron filings in it, and place a magnet under the box. Or, put a magnet into a 

Mysterious Mal:net Tube to see the iron filings surround the magnet in the middle. 

What can shield a magnetic field? IEXPTI 

This makes a great science fair project! 

I. The goal is to detennine what can shield a magnetic field. 

2. You will need a source of a magnetic field, such as an electromagnet or a strong rare-earth magnet. 

http://my.execpc.com/-rhoadley/magfield.htmi~Hllhu
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3. Next, you will need a way to determine if the magnetic field has changed strength. Certainly a sure way to 

do this is to measure the flux using a Gauss meter. Another method is to use a compass to see if it is still 

: affected the same way it was before the proposed shield was put in place. 

4. Finally, you will need some plates of various materials to try as shields. I would recommend: wood, 

Plexiglas, Styrofoam, brass, copper, aluminum, steel, iron, paper, stainless steel, and any other materials you 

think may work. 

5. Measure the strength of the magnetic field about 2" away from the magnet. Note the value of the meter or 

response of the comp".ss. Keep the meter probe or compass in one position during the experiment. 

6. Place the material between the magnet and the probe or compass and see what happens. Note the material 

and the result. 

7. What you'll find is that only steel and iron will work as a shield. Ifit is very thin, it's effectiveness is 

decreased. 

References to shielding: http://www.magnetic-shjeld.com/ 

http://www.mushield.com/jndex hlml 

http://wwwadvancemag.com/ 

Here's a project that did the above. 

A Science Fair Project IEXPTI 

Here is a science fair project which covered four areas: 

1. A Hall-Effect Gauss meter for measuring the strength of magnetic fields 

2. A selection of magnets to compare their strengths using the Gauss meter 

3. Two electromagnets, one DC and one AC, with a variable control on them, to see how their strengths are 

adjustable 

4. Various plates of metal to see how well they shield magnetic fields (as described above) 

J 

This shows the box with the equipment inside, and the display material. 

http:http://wwwadvancemag.com
http://www.mushield.com/jndex
http:http://www.magnetic-shjeld.com
http:comp".ss
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.. 


This is a close-up of the Gauss meter equipment in the top half. The voltmeter is on the left. The circuitry is in 

the middle on a breadboard. The power supply is on the right. 

The bottom halfis a collection of various types of magnets, all under Plexiglas. The probe is at the end of the 

cable laying on top. By taking the probe and holding it over the various magnets, we are able to measure the 

strength and polarity of the magnets. 

This shows the electromagnets on the left There is a DC electromagnet at the bottom, an AC electromagnet in 

the middle, and a variac for controlling the voltage to them at the top. The Gauss meter probe can also measure 

the strength of these electromagnets, and their polarities. (The AC electromagnet indicates both a N and a S 

pole, since it is switching between them 60 times a second.) 

This is a collection of metal plates which can be placed over a magnet or electromagnet, and the strength of the 

magnetic field on the top side of the plate can be measured, detennining how well it shields the magnetic 

field. The plates are made of steel, aluminum, brass and copper. 

Results of the shielding experiment were: 

." 
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Ml)gnetic Shielding 

.. 
700 "' 

~ 60C 


500 
 ....... 

, "400

011 ~ CiO 
:;, 
(II ,..,."~ 300 

"' ~ " 
200 


100 
 "" " o 
o 	 5 10 15 20 25 30 35 40 45 50 

Distance from electromagnet 

/-+-air --- aluminum brass - -- copper ---steel / 

Gauss readings 

Distance between probe and 

electromagnet 

Material 6 13 50mm 

air 700 500 100 

aluminum 700 500 100 

brass 700 500 100 

copper 700 500 100 

steel 100 100 60 

: 
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1l1~~"1n \). 

LLUUnnIn'2.lth,,.j1",lh::nuu.yiri1~ty 

." 

LUnTHltlnLLlJlJLL1JlJ';i1GH)"] 3D - Display :§u~"m~1"] ') 13-ii1~::LiJu:§u~'m~tltlnLLlJlJt~£J~i~Yi1 
LtI..], :§ukmff"1L1~ LL~::ff~nLn~£J1 cl1..]a..],nmnr\lfftlm11\1t~Vi:: ~\lLiJufii'jtllff~~i~Yi1;fum1J3J1~1;j1U

"II 1 ... 

"lltl"]L£Jtl1lTU L1lJlJLfl~tI\ln~~LLff~\I~tlltld ~mLlJlJ"lltl\l:§u~1uVi~n ') 
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: 

MATLAB 


function xdot=nl_magnet(t,x) 

c=O; 

m=0.016; 

k=5 .26e-005; 

fc=0.7; 

fcs=0.55; 

g=9.81; 

damp=-c/m; 

const=klm; 

1=0.728; 

ifx(2) >= 0 

frict=fc*g ; 

else frict=O; 

end 

xdot(I, I)=x(2); 

xdot(2,1)=damp*x(2)+const*I1(x(I)Y2-frict; 

SI .. _.I'i 'i" _'!f t! ~ 
fll'lUmnJfll'lU~:::'VHlijVlfl"nrt !~UJ Numerical Methods !~UJrt.:Jfl"'U ode4S0 

clear all 


to=O; tf=0.5; 


xO=[0.005 0]'; 


[t_nl, x_nl]=ode45('nl_magnet',[tO tf],xO); 


tigure,plot(t_nl,x_ nl(:, I ),'r') 


%grid on 


xlabel('time (s)') 


ylabel(,nonlinear responses (m)') 


http:fcs=0.55
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Features 
• Comp:ltlble with MCS-51 no Products 
• 	12K Bytes of In..system Reprogramm:lble Downloadable Flash Memory 


- SPI Serial Interface for Program Downloading 

- Endurance: 1.000 Write/Erase Cycles 


• 4.0V to 6V Operating Range 
• Fully Static Operation: 0 Hz to 24 MHz 
• Three-Level Program Memory Lock 
• 256 x 8-bit Internal RAM 
• 32 Programmable I/O Lines 
• Three 16-bit Timer/Counters 
• Nine Interrupt Sources 
• Programmable UART Serial Channel 
• SPI Serfallnterface 
• Low Power Idle and Power Down Modes 
• Interrupt Recovery From Power Down 
• Programmable Watchdog Timer 
• Dual Data Pointer 
• Power Off Flag 

Description 
The AT89S53 is a low-power, high-performance CMOS 8-bit microcomputer with 12K 
bytes of Downloadable Flash programmable and erasable read only memory. The 
device is manufactured using Atmel's high density nonvolatile memory technology 
and is compatible with the industry standard 80C51 instruction set and pinout. The on
chip Downloadable Rash allows the program memory to be reprogrammed in-system 
through an SPI serial interface or by a conventional nonvolatile memory programmer. 
By combining a versatile 8-bit CPU with Downloadable Flash on a monolithic chip, the 
Almel AT89S53 is a powerful microcomputer which provides a highly flexible and cost 
effective solution to many embedded control applications. 
The AT89S53 provides the following standard features: 12K bytes of Downloadable 
Flash, 256 bytes of RAM, 32 110 lines, programmable watchdog timer, two Data Point
ers, three 16-bit timer/counters, a six-vector two-level interrupt architecture, a full 
duplex serial port, on-ehip OSCillator, and dock circuitry. In addition, the AT89S53 is 
designed with static logic for operation down to zero frequency and supports two soft
ware selectable power saving modes. The Idle Mode stops the CPU while allowing 
the RAM, timer/counters, serial port, and interrupt system to continue functioning. The 
Power Down Mode saves the RAM contents but freezes the oscillator, disabling all 
other chip functions until the next interrupt or hardware reset. 
The Downloadable Rash can be changed a single byte at a time and is accessible 
through the SPI serial interface. Holding RESET active forces the SPI bus into a serial 
programming interface and allows the program memory to be written to or read from 
unless Lock Bit 2 has been activated. 

AlmEL 


AllllEl 

8-Bit 
Microcontroller 
with 12K Bytes 
Flash 

AT89S53 

07876-6-12197 

4-217 
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Pin Configurations 
PDIP 

vee 
po.c lAD:» 

Je OO .1IAOt) 

CIt\~IA~) 

PO .3IA03) 
;J(. "IAo.I) 

?O.~IAOe.) 

J! ~.f.tAU) 

3~ PC/ .r (AU7) 
!k....'P? 

.... lE~ 
~ 
?2:.71A15) 

"OJ P-!.' P2..6(AU} 

fTllPM PZ.5 {A13) 

twRl"". ,. .P2."1A12J 
~)P3. T P: .3tA111 

lCTAll 
lCTAl, 

GNO 

TQFP 

= . 
1 
• 
• 

(~)Pl . 5 00·<"""1 
lLt3O,PI .6 00.> lAOS] 
(SCX)P' .7 ""·"IAOS)

OO.7\A01) 

"" 
II'XO) 0).0 ~ 


I<C 

(TXD,P3.1 ALI!~ 
(lRmjP,.2 ~ 
j1I1TTiP1J P2.7 CAl:') 

(TIll Pl' ..... "'''')
fT1)0). ~ P2.S","13.i 

Pin Description 
vee 
Supply voltage. 

GND 
Ground. 

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

Port 0 can also be configured to be the multiplexed low
order address/data bus during accesses to exiernal pro
gram and data memory. In this mode, PO has internal pul
lups. 

4-218 AT89S53 

PLCC 

-; WI{). r<? ('>of 0 ~ Q r: 1 ~J9 POA {ADoI)(MO:lI)PI.5 

(MISO)PI .6 Je. PO"!-(AD$) 

(SCK)P1.7 J1 """1"DfJ 

RST 10 .. PO.' IAOT) 
tJ\XO) PJ.O 11 M !A.wp 

we 12 Jo1 He 
(TXO) PJ. I 13 AJ.~~ 
(WTii) Pl.:! 1~ P3lN 
(iilT'i)PJ.3 I! P:! .1(t'1!} 

P2.h(M.()(TO)P3.' 
PU(AlllfT') P3.5 

Port 0 also receives the code bytes during Flash program

ming and outputs the code bytes during program verifica

tion. External pull ups are required during program verifica

tion. 


Port 1 

Port 1 is an 8-bit bidirectional 110 port with internal pullups. 

The Port 1 output buffers can sink/source four TrL inputs. 

When 1s are written to Port 1 pins, they are pulled high by 

the internal pullups and can be used as inputs. As inputs, 

Port 1 pins that are externally being pulled low will source 

current (lId because of the internal pull ups. 


Some Port 1 pins provide additional functions. P1.0 and 

P1.1 can be configured to be the timer/counter 2 external 

count input (P1.0fT2) and the timer/counter 2 trigger input 

(P1.1 fT2EX), respectively. 
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Block Diagram 

PO.C - PO.7 P2 .C - P2.7 

~-------.- - ------------.----------I 

V~ 
I,, 

GND ' 

D
- I= 1 

PSEN 
AlE1PROG 

EA I vpp 
RST 

, 

,, 

1__ - __ 

P3.0 . PJ.7 

INTERRUPT, SERIAL PORT, 
AND TIMER BLOCKS 

P1 .0 . P1.7 

---- ------------------------,,, 

AlmEl 4-219 
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- Pin Description 
Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured 
as the SPI slClve port select, data input/output and shift 
dock inpuUoutput pins as shown in the following table. 

Port Pin Altern3te Functlons 

PI .O T2 (external count input to Timer/Counter 2), 
clock-Out 

P1 .1 T2EX (TimerlCounter 2 capture/reload trigger 
and direction control) 

P1 .4 SS (Slave port select input) 

P1 .5 MOSI (Master data output, slave data input pin 
ror SPI channel) 

P1 .6 MISO (Master data Input, slave data output pin 
for SPI channel) 

P1 .7 SCK (Master clock output. slave clock input pin 
ror SPI channeI) 

Port 1 also receives the I ow-order address bytes during 

Flash programming and ve rification. 


Port 2 

Port 2 is an 8-bit bidirectional 1/0 port with internal pull ups. 

The Port 2 output buffers can sinklsource four TIL inputs. 

When 1 s are written to Po rt 2 pins, they are pulled high by 

the intemal pull ups and can be used as inputs. As inputs, 

Port 2 pms that are externally being pulled low will source 

current (lid because of the internal pullups. 


Port 2 emits the high-order address byte during fetches 

from external program memory and during accesses to 

external data memory that use 16-bit addresses (MOVX @ 

DPTR). In this application, Port 2 uses strong internal pul

lups when emitting 1 s. During accesses to external data 

memory that use 8-bit addresses (MOVX @ RI), Port 2 
emits the contents of the P2 Spedal Function Register. 

Port 2 also receives the high-order address bits and some 
control signals during Flash programming and verification. 

Port 3 
Port 3 is an 8 bit bidirectional I/O port with internal pullups. 
The Port 3 output buffers can sinklsource four TIL inputs. 
When 1 s are written to Port 3 pins, they are pulled high by 
the internal pull ups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current (lid because of the pull ups. 

Port 3 also serves the functions of various special features 
of the AT89S53, as shown in the following table . 

Port 3 also receives some control signals for Flash pro
gramming and verification. 

4-220 AT89S53 

Port Pin Alternate Functions 

P3.0 RXD (serial Input port) 

P3.1 TXD (serfal output port) 

P3.2 INTO (external interrupt 0) 

P3.3 INT1 (external interrupt 1) 

P3.4 TO (timer 0 external input) 

P3.5 T1 (timer 1 external input) 

P3.6 WR (external data memory write strobe) 

P3.7 RD (ex1emal data memory read strobe) 

RST 

Reset input. A high on this pin for two machine cycles while 

the oscillator is running resets the device. 


ALEJPROG 

Address Latch Enable is an output pulse for latching the 

low byte of the address during accesses to external mem

ory. This pin is also the program pulse input (moo) during 

Flash programming. 


In normal operation, ALE is emitted at a constant rate of 116 

the oscillator frequency and may be used for extemal tim

ing or clocking purposes. Note, however, that one ALE 

pulse is skipped during each access to external data mem

ory. 


If desired, ALE operation can be disabled by setting bit 0 of 

SFR location BEH. With the bit set, ALE is active only dur

ing a MOVX or MOVe instruction. Otherwise, the pin is 

weakly pulled high. Setting the ALE-disable bit has no 

effect if the microcontroller is in external execution mode. 


PSEN 

Program Store Enable is the read strobe to extemal pro

gram memory. 


When the ATB9S53 is executing code from external pro

gram memory, i5SEN is activated twice each machine 

cycle, except that two P5rn activations are skipped during 

each access to external data memory. 


EANpp 


External Access Enable. fA must be strapped to GND in 

order to enable the device to fetch code from extemal pro

gram memory locations starting at OOOOH up to FFFFH. 

Note, however, that if lock bit 1 is programmed, EA will be 

internally latched on reset. 


EA should be strapped to Vee for intemal program execu

tions. This pin also receives the 12-volt programming 

enable voltage (Vpp) during Flash programming when 12
vol! programming is selected . 
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DUAL POWER OPERATIONAL AMPLIFIERS 


• 	OUTPUT CURRENT TO 1 A 
• OPERATES AT LOW VOLTAGES 
• SINGLE OR SPLIT SUPPLY 
• 	LARGE COMMON-MODE AND DIFFEREN

TIAL MODE RANGE 
• 	GROUND COMPATIBLE INPUTS 
• 	LOW SATURATION VOLTAGE 
• THERMAL SHUTDOVVN 

DESCRIPTION 

The L272 is a monoithic integrated circuits in Pow
erdJp. Minidip and SO padc:ages intendedfor use as 
power operational amplifiers in 8 wide range of ap
plications including servo ampfi1iers and power sup
plies, compacts disc, VCR, etc. 
The high gain and high outputpower capabilky pro
me superior performance wtlatever an operatiooal 
ampifter/powerboostercombination is required. 

PIN CONNECTIONS (top vieVl) 

P~dip 

(8 +8) 

MinKip 5016 (Narrow) 

ORDERING NUMBERS : l272 (Powadip) 
L.?72M (Minidip) 
L273) (5016 Narrow) 

O\JTPUT I 

... 

0UIP\lT 1 

I 
I 'e 

,1 

, 

I' 

Il 

II 

L272 

r----v-
II.t .GftO 	 I ' "w.c. 
",e. 1$ It . C. 

~I OUTPUT , 

,l.N\.v .OlT. ,
GIIlI 

-I 
GND 

11 II1PLlT-2i)ofIO 

10 

It C. t 

L272M 	 L272D 

1.' 10Jam,ary 1995 

i 

II.L 
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BLOCK DIAGRAMS 

L272 L272D L272M 

8 U--of- '; 

6 Q----jt-t 

~ o---i--t 

4.'-16 

---03 

6 

II 

60....
>--t--Ul 

S D---t---t 

t, 

SCHEMATIC DIAGRAM (one only) 

.In 

tOpF 

-In 

THERMAL 
PROTECTION 

2110 

'I 
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ABSOLUTE MAXIMUM RATINGS 

Symbol ParOimeter Value Unit 

V. Supply Voltage 28 V 

VI Input Vol:age V. 

VI Differemia' Inp~ Volbge ± V. 

10 DC Output Current 1 A 

Ip Peak Output Current (nen repetitive) t.5 . ~ 

W 
W 

P'<lt Power Diss8ition at 
T11mb = BOO (U72). T1k'TD = WC (L272M). T cue = 90 ·C (1272D) 
Tease = 75 " C (L272) 

1.2 
5 

TIIIl Operating Temperature Rang.e (1.2720) - 4000 85 ·C 
T.,.. T, Storage and Junction Tempera1ure - 40 to 150 ·C 

THERMAL DATA 

Symbol Parameter Powerdip S016 I Minidip Unit 
~. 

Au, /<ase Thermal ResiS10lnce Junc:ion-pills Max. 15 - I • 70 cCIW 

R2>t-er1'O 1hermat Resistance Junc:icn-ambient Max. 70 - j 100 GCIW 

Au, ,...um"" lhermaI Resistance Junc"jon-aiumin,a Max. - "'50 i - "c/w 
• 	 Thermal re&l&iance JunctIOn-piA 4 . 
•• Tn.errnal 	A!lilmnce Jlnc:1IoM-J*lIi Wll1l l1Ie CIIIjI f.04OEre<l on tne m.lllifle or an alumina IiUPPOI'iI~ liubi;trate mea"-ftlg 

15x 2Cf11m : O.65mm IhIckneli6 aM In:1nte Ileatalnk. 

ELECTRICAL CHARACTERISTICS (VS = 24V, T arnb = 2SDC unless otherwise spe.cified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

V. Supply Voltage 4 28 V 

.. QU.esoent Drain Current Vo= Vs V. = 24V 
2 V. = 12\1 

8 
7.5 

12 
11 

rnA 
rnA 

I" Input Bias Curren: 0.3 2.5 I1A 
VOII Input Offset Voltage 15 60 mV 

lao Input Offset ClMTef1t 50 250 nA 

SR Slew Rate -- . 1 VIlIS 

B Gain·bandwidth Prodoct 350 kHz 

~ Inpu~ Resi!rotance 500 kQ 

Gv O. L Vota.ge Gain f= 100Hz 
f= 1kHz 

00 70 
50 

dB 
dB 

~ Input Noi!roe Voltage B= 2atHz 10 jlV
f 

pA\oj Input Noi!roe Cwrent B= 20kHz 200 
CRR Common Mode Rejection f = 1kHz 00 75 dB 

S'IR Supply Voj1age Rejeaion f =100Hz. Ro = 10kn. VR '" 0.5V 
V. = 24V 
V. =± 12'1 
V. =± 6V 

54 
70 
62 
e<3 

dB 

Va OU1put Voltage Swing Ip =0.1A 
Ip = 0.5A 21 

23 
22.5 

V 
II 

C, Channel Separa1ion f = 1 kHz; Rt. =100. Gv = 3C-dB 
V. =24V 
V, =± 8V 

eo 
eo 

dB 

d Dtslcrtion f = 1kHz. G. = 3 dB. V. = 24V, Rt. = I 0.5 % 

Tid Thermal Shu:down Junction 
Temperature 

145 'C 

3110 
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Figure 1: 	 Quiescent Current versus 
SupplyVoltage 
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Figure 5 : 	 Output Voltage Swing versus 
Load Current 
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OJ 
THE POSSIBILITIES ARE 11f1."EFUJITSU 

MINIATURE RELAY 


2 POLES-1 to 2 A (FOR SIGNAL SWITCHING) 


RY SERIES 	 RoHS Compliant 


• FEATURES 
• Ultra high sensitivity 
• 	UL, CSA recognized 
• Conforms to FCC rules and regulations Part 68 

-Surge strength 1,500 V 
• 	High dielectric strength type available (RY-WF type) 
• Contact arrangement MBB type available (RY-D type) 
• High reliability-bifurcated contacts 
• Wide operating range 
• 	OIL pitch terminals 
• Plastic sealed type 
• 	 RoHS compliant since date code: 0438B9 

Please see page 8 for more information 

• 	 ORDERING INFORMATION 

RY - 12 WF - K
[Example} - - 

(a) (*) (b) (e) (d) 

(a) Series Name RY : RY Sertes 

(b) Nominal vOltage Refer to the COIL DATA CHART 

(c) Colt and Contact Function 

W : High sensitive type 
WZ : Nominal 0.5 W type 
WF : High dielectric strength type 

WFZ : 2Atype 
D : 2 FORM D (2 MBB type) 

(d) Enclosure K : Plastic sealed type 

Note: Actual marking omits the hyphen (-) of (a) 

For movable and stationary contact with gold overlay type, add suftix "-OW. 


• 
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• SAFETY STANDARD AND FILE NUMBERS 
UL478, 508 (File No. E45026) 

C22.2 No. 14 (File No. LR35579) 

Please request when the approval markings are required on Ule cover. 

Please note that UUCSA ratings may differ from the standard ratings. 


Type NominOlI Volt.1ge ------------------~ Conl;;cl rilling" 

RY-W 
RY-WZ 3 to 48 VOC 

0.5A 
1A 

0.3A 

120 VAC]-
24 VOC resistive 
60 VOC 

RY-WF 5 to 48 VOC 
0.25A 

1A 
0.3A 

120 VAg]-
48 VOC resistive 
60 VO 

RY-WFZ 3 to 48 VOC 
0.5A 

2A 
0.6A 

120 VAC]-
30 VOC resistive 

110 VOC 

RY-O 4.5 to 48 VOC 0.3A 
0.2A 

120 VAC:J .
60 VOC resistive 

Note: ., Contact ratings mentioned above are subject to same polarity. 

• 

• 

2 
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RY SERIES 


• SPECiFICATIONS 

lIem 

High 
Sensitive 

Type 

6COmW High 

Type 
Dielectric 
Strength 

2 A Type 
Contlnuou. 

(MBB) 
Type 

RYo( )W·K RYo( )WZ·K RYo( )WF·K RY.( ) WFZ·K RYo( )D·K 

Contact Arrangement 2 form C (DPDT) 2 Foon 0 (2 Me6) 

Material Gold overlay sliver -palladium Gold overlay 
sliver-nIckel 

Gold overlay 
sliver-palladium 

Style ~Irurcaled Single 

Resistance (initial) MaXimum 100 mO (at I A 6 VDC) 

Maximum Carrying Current 1.25 A 2A 0.6A 

Raung I A 24 VD 
0.5A 120VAC 

IA 24 VDC 
0.25 A 120 VAC 

2A 30VDC 
0.5A125VAC 

0.15A 46VOC 
0.3A 120VAC 

MaXimum Sw~chlng Power 60VAI24 W 3OVN24 W 62 .5VN60W 36 VN7.2 W 

Maximum SwilChlng VoKage 120 VAC. 60 VDC 125 VAC. 150 VOC 120 VAC. 60 VOC 

Maximum SwitChing Current I A 2A 0 ,6A 

Minimum SWItching Loaa·' 0 .01 rnA 10 mVDC 0.1 m-'llOmVOC 

Capacitance Approx. 0.9 pF (between open contacts) 1.4 pF (adjacent contacts) 
Approx. 1.9 pF (between cOil and contacts) 

COIl Nominal Power (at 20"C) 0_15 to 0.30 W p.5 to 0 ,58 010.45 to 0.46 W 0 .5 to 0.S8W 0.45 to 0.48 \1\ 

Operate Power (at 20"C) 0.075 to 0.14 W 0.125100. t45\~0 . 2toO . 21 W 0.2toO.3.24W 0.2100.21 W 

Operattlg TemperatlR (NO fTosI) -30"Cto<90'C -3ll'C 10 +GO'<: lrete< 10 the CHARACTERISTIC DATA) -30"C to <7O"C 

Tlme Value Operate (at nominal voltage) MaXimum 6 ms 

Release (at nominal VOltage) MaXimum 3ms 

Insulation Resistance (at SOD VDC) MinImum 1,000 MO 

Dlelectrtc 
Strength 

beIM!en open aJ1IadS AC 500 V 1 minute 1,000 V;.c, I nWJ.Ae SOO VAC 1 minute 

be!Ol!!n IOj3C!ftCOlOds 1,000 VAC 1 minute 

_coI~cllUds 1,000 VAC 1 minute 

Surge Strength 1.500 V 

Ufe MechanIcal 2 x 10' 0j)S. mil.ll x 10' operaUOns minimum I x to"ops. roo. 

Elecll1Cal (at contact mUng) 2 x 10' ops ..,. (0 .5 A t 20 VAe) 
5 x 10' ops rOO. ( t A 24'10 C) 

5 x to'ops mtn. 
10.25 A t20 VAC 

1,1. 2~VOC 

t x 10' ops, mil 
('2A30VOC) 

2 x Io'ops. mil. 
(0.3 A 120 VAC) 
5 x 10'ops. min. 
(0.15A49 VOC) 

Olller vlbrauen 

Resistance 

MlsoperaUOn 10 to 55 Hz (dOUble amplitude of 1.5 mm) 

Endurance tOto 55 Hz (double amplitude of 4 .5 mm) 

Shock 

Resistance 

Misoperation 100 miS' (litI ms) 

Endurance 1,000 mis' ( Gtl ms) 

Wetght ApprOXimately 5 9 

0' 	 Minimum swttChlng loads mentioned above are reference values. Please perform the connrmatlon test wttn the actual load 
before prOduction since reference values may vary according to swttchlng frequencies, environmental conditions and 
expected reliability levels . 

• 	 DIMENSIONS 
.Dlmenslons 	 .Schematics .PC board mounting 

(Bottom view) hole layout 

20.'" 
(Bottom view) 

Unrt " mm 
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M74HC573 

OCTAL O-TYPE LATCH 

WITH 3 STATE OUTPUT NON INVERTING 

• 	 HIGH SPEED: 
tpo =13ns (TYP.) at Vcc =6V 

• 	 LOW POWER DISSIPATION: 
Ice =41lA(MAX.) at TA=2S"C 

• 	 HIGH NOISE IMMUNITY: 
VN1H = VN1l = 28 % Vce (MIN .) 

• 	 SYMMETRICAL OUTPUT IMPEDANCE 
IloHI = IOl = 6mA (MIN) 

• 	 BALANCED PROPAGATION DELAYS 
tPlH =tpHl 

• 	 WIDE OPERATING VOLTAGE RANGE : 
VCC (OPR) ::: 2V to 6V 

• 	 PIN AND FUNCTION COMPATIBLE WITH 
74 SERIES 573 

DESCRIPTION 
The M74HC573 is an high speed CMOS OCTAL 
LATCH WITH 3-STATE OUTPUTS fabricated 
with silicon gate C2MOS technology. 
This 8-BIT D-Type latches is controlled by ~tch 
enable input (LE) and output enable input (OE). 
While the LE input is held at a high level . the Q 
outputs will follow the data input precisely . When 
LE is taken low, the Q outputs will be latched 
precisely at the logic level of D input data. 

PIN CONNECTION AND IEC LOGIC SYMBOLS 

OE :III Vee 

DO I. 00 

01 II 0' 

02 17 02 

Dl II 0.3 

D-4 ,. 04 

05 ,. 05 

06 " Q5 

07 " 07 

GND I. 11 LE 

PlCI'" 

DIP SOP TSSOP 

ORDER CODES 
PACKAGE TUBE T&R 

DIP M74HC573B1R 
SOP M74HC573M1R M74HC573RM13TR 

TSSOP M74HC573TTR 

While the OE input is at low level, the eight outputs 
will be in a normal logic state (high or low logic 
level) and while is at high level the outputs will be 
in a high impedance state. 
The 3-State output configuration and the wide 
choice of outline make bus organized system 
Simple. 
All inputs are equipped with protection circuits 
against static discharge and transient excess 
voltage. 

Of 
L£ 

Do °0 
0 , D 1 

°2 °2 
03 °3 

0.°4 
Dlj Os 
o! °6 
07 °7 

LCUUD 

July 2001 	 1/12 

& 

I 
. 

I 
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M74HC573 

INPUT AND OUTPUT EQUIVALENT CIRCUIT PIN DESCRIPTION 

r vee 

~ 

INPUT 

GND GND 
.'

PIN No SYMBOL NAME AND FUNCTION 

1 OE 3 State Oulput Enable 
Input (Actlve LOW) 

2,3,4,5,6, 
7, 8.9 

DO to 07 Data Inputs 

12,13, 14, 
15.16, 17, 

18, 19 

QO toQ7 3 State Latch Outputs 

11 LE Latch Enable Input 
10 GNO Ground (OV) 

20 Vee POSitive Supply Voltage 

TRUTH TABLE 

INPUTS OUTPUTS 

OE LE 0 Q 

H X X Z 
L L X NOCHANGE(, 

L H L L 

L H H H 
X. Don' Con 
Z: High Impedance 

('): Q Outputs are latched at the ame when the LE Input Is taken low logic level. 


.. LOGIC DIAGRAM 

DO 01 02 03 05 06 07 

o o D D oo D o 

L 0 L C' C' 
L 

02 

L Q' L 0 C' 
L L Q' 

00 01 03 04 05 06 
LeUI1. 

2112 

07 
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M74HC573 

DC SPECIFICATIONS 

Test Condition VOIlue 

Symbol ParOlmeter Vee 
TA • 25'C -40 to 85'C -55 to 125'C Unit 

IV) Min. Typ. Max. Min. Max. Min. MOIx. 

VIH High Level Input 2.0 1.5 1.5 1.5 
Voltage 4"5---.:.., 3.15 3.15 3.15 V 

6.0 4.2 4.2 4.2 

VIL Low Level Input 2.0 0.5 0.5 0.5 
Voltage 4.5 1.35 1.35 1.35 V-

6.0 1.e 1.8 1.8 
VOH High Level output 2.0 10=-20IlA 1.9 2.0 1.9 1.9 

Voltage 
4.5 10=-20 J.IA 4.4 4.5 4.4 4.4 

6.0 10=-20 J.IA 5.9 6.0 5.9 5.9 V 

4.5 10=-6.0 mA 4.18 4.31 4.13 4.10 

6.0 10=-7.8 mA 5.68 5.8 5.63 5.60 

VOL Low Level OUtput 2.0 to=2O J.IA 0.0 0.1 0.1 0.1 
Voltage 

4.5 10=20 J.IA 0.0 0.1 0.1 0.1 

6.0 10=201iA 0.0 0.1 0.1 0.1 V 

4.5 10=6·0mA 0.17 0.26 0.33 0.40 

6.0 10=7.8mA 0.18 0.26 0.33 0.40 

II Input Leakage 
6.0 VI = Vee or GND ±0.1 ±1 ±1 J.IACurrent 

102 High Impedance VI = VIH or VIL
Output leakage 6.0 

Vo = Vee orGND 
±0.5 ±5 ± 10 J.IA 

CUrrent 

Icc Quiescent Supply 
6.0 VI = Vee or GND 4 40 80 J.IACurrent 

• 
4/12 
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Order this document by UlN2803/D

® MOTOROLA 

Octal High Voltage, 
High Current Darlington 
Transistor Arrays 

The eight NPN Darlington connected transistors In this family of arrays 
are ideally suited for interfacing between low logic level digital circuitry (such 
as TTL, CMOS or PMOS/NMOS) and Ihe higher currenUvoltage 
requirements of lamps, relays, printer hammers or other Similar loads for a 
broad range of computer, industrial, and consumer applications. All devices 
feature open-colleclor outputs and free wheeling Clamp diodes for tranSient 
suppression. 

The ULN2803 Is deSigned to be compatible with standard TTL families 
while the ULN2804 is optimiZed for 6 to 15 volt high level CMOS or PMOS. 

MAXIMUM RATINGS (TA = 25·C and rating apply to anyone device in the 
package, unless otherwise noled.) 

Rating Symbol Vatue Unit 

Outpul Voltage Vo 50 V 

Input Voltage (Except ULN28(1) VI 30 V 

Collector Current - Continuous IC 500 rnA 

Base Currenl- Continuous 'B 25 rnA 

Operating Ambient Temperature Range TA 010 +70 -c 
Storage Temperature Range Tstg -55 to +150 -c 
Jundion Temperature TJ 125 -c 
~A-S5'CIW 
Do no! exceed maximum cun-ent IimK per driver. 

ORDERING INFORMATION 

Charllcteristics 

Operoting 
Input Temperllture 

Device Compatibility VCE(Max)IIC(Mox) Range 

ULN2803A TTL, 5.0 V CMOS 
5OV/500 rnA TA = 0 10 t 70"C

ULN2604A 61015 V CMOS, PMOS 

ULN2803 
ULN2804 

OCTAL PERIPHERAL 
DRIVER ARRAYS 

Gnd 

SEMICONDUCTOR 

TECHNICAL DATA 

A SUFFIX 
PLASTIC PACKAGE 

CASE 707 

PIN CONNECTIONS 

<l> Mo1orala. Inc 1996 Rev 1 
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• ULN2803 U LN2804 

TEST FIGURES 

(See Figure Nurrbers in Electrical Characteristics Table) 

Figure 1. Figure 2. 

Open VCE 

1 
Figure 3. Figure 4. 

Figure 5. Figure 6. 

Figure 7. 

MOTOROLA ANALOG IC DEVICE DATA 3 
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F=AIACHILD 
SE:MICCNCUCTCR ThO 

LM317T (KA317) 
Adjustable Voltage 
Regulator (Positive) 

3-TERMINAL POSITIVE ADJUSTABLE 
REGULATOR 

TO-22 0 
This monoIi1hic Integrated circt.it is an adjustabie 3-\erminal 
positive voltage regulator des~d to supply 22A typical 
of load current with an output voKage adjustable over a 12 
to 37V. It employs internal current ~miting. thennal shut
down and safe area compensation. 

FEATURES 
• Output Current 2.2A Typical ORDERING INFORMATION 
• Output Adjustable Between 1. 'N and 37V Device rating Temperatura 
• Intemal Thennal-Overload Protection LM317T (KA317) O"C - +125°C• intemaJ Short-Circlit Current-Limiting 
• Output Transistor Sate-Area Compensation 
• TO-220 Package 

BLOCK DIAGRAM 

Voltage 
Reference 

Production 
Circuitry 

Vo 

Vadj 

http:circt.it
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ABSOLUTE MAXIMUM RATINGS (TA= +25°C, unless otherwise specified) 

Characterlatle Symbol Value Unit 

Input-Output Vollage Differential VI-VO 40 V 

Lead Temperature TlEAO 230 ·C 

Power Dissipation Po Internally ftmited W 

Operating Temperature Range ToPA 0-+125 ·C 

Storage Temperature Range TSTG -65- +125 ·C 

Temperature Coefficient of Output Voltage V(jT 0.02 %l"C 

ELECTRICAL CHARACTERISTICS 

(VI- Vo s 5V, 10; 0.5A, O·C ~ TJ ,; +125OC, 1MAl( : 1.SA. PMA)( : 2OW, unless otherwise specified) 


Characteristic Symbol Teat Conditions Min Typ Max Unit 
Lile Regulation Aline T,,: +25OC 13V ,;VI -Vo ,;40V 0.01 0.04 "ioN 

13V,; VI- Vo" 40V 0.02 0.07 "I.N 
load Regulation Rload T" " +25OC. lOrnA s 10 ,; I!.IAX 

Vo<5V 18 25 mV 
Vo~ sV 0.4 0.5 "f.No 
1OmA ,; 10 ,; 'Mot•x 
Vo<5V 40 70 mV 
Vo~5V 0.8 1.5 "I.No 

Adjustable Pin Current I"OJ 46 100 !.IA 
Adjustable Pin Current Change ~IAru 3V,;VI-VoS40V 2.0 5 IJA 

lOmAs los fMAl( 
P s PM...x 

Reference Voltage VREF 3V S VIN - VOUT'; 4fJV 1.20 1.25 1.30 V 
IOmA slo s~...x 
Po sPw.x 

Tef1ll9rature Stability STI 0.7 "I.No 
Minimum load Current to 4MIN) VI- Vo =4fJV 3.5 12 rnA 
MUrtain Regulation 

Maximum Output Current IO(MAX) VI- Vo s 15V, Po'; F\4...x 1.0 2.2 A 
VI - Vo S 40V, Po S PMA)(' T"" 250C 0.3 

RMS Noise. % of Vwr ON T"", +25"C. 1000sI s 10KHz 0.003 0.Q1 Of.No 
Ripple Rejection RR VO" 10V, I. 120Hz dB 

without CAOJ 60 
CAOJ : IOIlF 66 75 

long-Term StabHity. T J =THIGH ST T" .. +25OC for end point 0.3 1 % 
measurements,I000HR 

Thermal Resistance Junction to ReJC 5 "CIW 
Case 

Loed and 1M rtgU..ion •• aptehclatCONlBnljunction hNnpW1ItVf•• CMnve In Vo duelO hMdng ~ mu.tbe ....,..lnro tICIOCMM'It ..~.Iy. PlI ... I..w..g 
wIIh '  duty 10 uood (PM"" • 2f!W) 

R..... g, ....y2000 

r 
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/' 
V r-. t--... 

.J.5A_ - r---r-- --...... 
1,.I.5A--....... 

dVo ·1tJ01r#} IJU",t-- I---r-- -r-- ".1", I--

r--:::: ~.UOmA r-
r-- r-- r-.1o..21111nA 

I--~ 

TYPICAL PERFORMANCE CHARACTERISTICS 

Fig. 1 Load Regulation Fig.2 Adjustment Current 

550.2 -
/ 

...... f..... -

V 

» ~ 0 
0 :c 511'" 
~ 

(,.').:;~ ....I.:; ·0.2 ~ -....I~ I: 
45..." ~ ·0.4 -l! 

0 
·0.6 ~ 

" 
40'" ~ ~-0 .8 5 

0 
as-1.0 

I 25 f>1 75 100 125 ·511 -25 I 2~ ~O 7(0 101 125 

TEMPlRArm£ f' e) TtMPlRATURE lOCI 

Fig.3 Dropout Vo !tage Fig. 4 Reference Voltage 

€ 1.263 
~ 
ffi 1.255€f!j 2.5 
~ ~ 1.25!:l'" 0 

:>~ 2 ...~ 1.245
0 II!:> 

~ 1.5 iii 1.24III::. a: 
q... 
~ 1 1.2as 
!: I 25 51 75 100 126 ~ ·25 I 25 50 75 III 125 

TtMPlRATmE (' e) TEMPalATURE ('C) 

• 
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Typical Application 

l
IVI 

I
vJVr~ KA317 

Vadj 

AI
1~~ I~,F

R2 adj"~FI lodj 

Vo = 1.2SV (I + R21Rr) + Iodl R2 

Fig. 5 Programmable Regulator 

Ct is required when regtAalor is located at an appreciable distance from \he power supply fitter. 
Co inprove5 transient response by reducing AC noise vnch is present at the output. 
Since I ADJ is controlled to less than l00!JA. the errOl' assooialed with this term is negigible in most applications. 

r 
s: 
~ 

-
-" 

:::t 
» " 
~ 

--" ....., 
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TSC FR301 THRU FR307
95 3.0 AMPS. Fast Recovery Rectifiers 

Voltage Range 

--m 50 to 1000 Volts .';
Current 

3.0 Amperes .-

Features 
DO-201AD 

~ Low forward voltage drop 
~ High current capability I~ High reliability 

~ High surge current capability 
.220 (5.6) 1.0 (25.4) 
.197 (5.0) MIN. 

Mechanical Data 
OIA. ~ r:J 

~ Cases: Molded plastic :miij:~l
~ Epoxy: UL 94V-0 rate flame retardant 

I~ Lead: Axial leads, solderable per MIL
STD- 202, Method 208 guaranteed 

1.0 (25.4) 
~ Polarity: Color band denotes cathode end .~2n)_ MIN • 

~ High temperature soldering guaranteed: . 8 1. ) :J250°C/10 seconds/.37S",(9.Smm) lead OIA. 

lengths at S Ibs.,(2.3kg) tension 

~ Weight: 1.2 grams 
Dimensions In Inches and (millimeters) 

Maximum Ratings and Electrical Characteristics 
Rating at 25°C ambient temperature unless otherwise specified. 
Single phase, half wave, 60 Hz, resistive or inductive load. 
For capacitive load, derate current by 20% 
Type Number FR301 FR302 FR303 FR304 FR306 FR306 FR307 Units 

Maximum Recurrent Peak Reverse Voltage SO 100 200 400 600 800 1000 V 
Maximum RMS Voltage 35 70 140 280 420 560 700 V 
Maximum DC Blocking Voltage 50 100 200 400 600 800 1000 V 
Maximum Average Forward Rectified Current 

3.0 A.375"(9.5mm) Lead Length @TA = 55'C 
Peak Forward Surge Current, 8.3 ms Single 

150 AHalf Sine-wave Superimposed on Rated Load 
(JEDEC method) 
Maximum Instantaneous Forward Voltage 

1@3.0A 
1.2 V 

Maximum DC Reverse Current @ TA=25'C 10 uA 
at Rated DC Blocking Voltage @ TA=100·C 150 uA 
Maximum Reverse Recovery Time ( Note 1 ) 150 250 500 nS 
Typical Junction Capacitance ( Note 2 ) 60 pF 
Operating Temperatura Range TJ -65 to +125 °C 
Storage Temperature Range TSTG -65 to +150 °C 

. . 

2. Measured at 1 MHz and Applied Reverse Voltage of 4 ..0 Volts D.C . 

• 
- 226 -

f 

Notes:1. Reverse Recovery Test Conditions: IF=O.5A, IR=1 .0A, IRR=O.25A 
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RATINGS AND CHARACTERISTIC CURVES (FR301 THRU FR307) 

FIG.1- MAXIMUM FORWARD CURRENT DERATING FIG.2- MAXIMUM NON-REPETITIVE PEAK FORWARD 
CURVE SURGE CURRENT 
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FIG.4- TYPICAl JUNCTION CAPACITANCE FlG.3- TYPICAL FORWARD CHARACTERISTICS 
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