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t'l'~6tJ 7 U~:: 8 '!nf "6-1l1fl!6-1lV~61mtY~1~1 ~-Ilin~1J"\.I1~ 300 ftlJl1 

3.16 
, tI .... , ~ dtJ... , tI ... tI ... ~ 

nHr!Ut'l'~-Ilm1 'Jfm~-Il -W 1'Y1 11J1Wn11 'Jf~1J6~16tJ~:: 80 f1111J~\.IlJl11'Y1- 43 

dtl tI" QI Qld"" .c.t'l'fl6 7 ur.:: 8 1.111 "6-1l1fl16-1l6~61mtYfl1Y1 1 (l-ll..,n~1J"\.I1~ 300 ~fl1 

3.17 m1-WUt'l'~-Ilm1'fti1n-ll'-W~1~tJ;1J1Wn111eg~1JtJ~!6tJ~::20 f1111J~\.I ~lf'YI- 43 

t'l'~6tJ7 U~:: 9 \I1f "6-1l1fl~6-1ltifl61mtY~1~1 ~-Il'tin~1J"\.I1~ 300 ftlJl1 

3.18 -W ,tI .... '-W~dtJ... 1""''' ... ~ m1 Ut'l'~-Ilm1 'Jfm~-Il 1Y1 11J1Wm1 'Jf~1Jtl~1tltJ~:: 40 f1111J~\.I fl11Y1­ 44 

t'l'~tltJ 7 U~:: 9 m1 "tl-lllfl~tl-lltifltl1mtY~1~1 ~-Ilin~1J"\.I1~ 300 ftfl1 

3.19 -W , ,'. ..., ~ d ... 1 " '" tIm1 Ut'l'~-Ilm1 'Jfm~-Il -W 1Y1tJ1lJ1Wm1 '}j'~1Jtlfl1tltJ~:: ... ~ 60 f1111J~\.I lJl11'Y1­ 44 

t'l'~tltJ7 U~:: 9 m1 "6-1l1fl~tl-lltifltl1mtY~1~1 ~-Ilin~1J"\.I1~ 300 ftfl1 

3.20 m1-WUt'l'~-Ilf111,egti1n-ll'-W~1~tJ;1J1Wm1 1eg~1Jtifl!tltJ~:: 80 f1111J~\.I f11f'YI­ 45 

t'l'~tltJ7 ll~:; 9 1.11f 'U6~lfl~6'Hjflt)1mtY~1~ 1 ~-Ilifl~1J"\.I1~ 300 ftlJl1 
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., , 
G'111J&y1ll" (fiB) 

3.21	 ml~ufl'f1~fl1~1ffhft~'~-Al~m1J1Wfl1~1"'~1JOflfOlJ~:: 20 fl1l1Ji\J ~l1f..,- 45 
d,j ., .. .,.,~.,., Q 

fl'910 8 U~:: 9 m~ 'Uf)~ltl~f)~8t1f)1fl1f1911'" 1 Cl~ ...m~1J'U\Jlf1 300 ~91~ 

3.22	 fln~UfI'f1~fl1~1""fl1~~0 "" ~-A ";m~1J1Wfl1~ 1 " "'" 40 fl1l1JfI\J'" 9l1~"'-~ 461.., "~1Jf)f1~OlJ~:: 

fI'~mJ 8 U~:: 9 tnf 'Uf)~tl~f)~6flf)lfl1f1i1~1 fl~lifl~1J'U\Jlf1 300 ii91~ 

3.23	 fln~Ufl'f1~fl1~ 1ffhft~ '~-Al~m1J1Wfl1~ 1f~1JOflrf)lJ~:: 60 fl1l1Ji\J 9l1f..,- 46 

fI'~f)tJ 8 U~:: 9 mf 'Uf)~lfl~O~6flf)lfl1fYi1~1 fl~lifl~1J'U\Jlf1 300 ii91~ 

3.24	 fln~ufI'f1~fl1~1ffhft~'~-Al~m1J1Wfl1~1"'~1JOflff)lJ~:: 80 fl1l1Ji\J ~l1f..,- 47 

fI'~f)tJ 8 U~:: 9 mf 'Uf)~ltl~f)~6flf)lfl1f1i1~1 fl~lifl~1J'U\Jlf1 300 ii~~ 

3.25	 ml~nnlJtJlnlJtJfl1~1fwft~~1\J'~-AlntJtJi1J1Wfl1~1"'~1JOfl ~fl1l1Ji\J 48 
., d,j' .. ., .,4..,.., Q 

fl'911~"'-fI'91f) 9l1~1 'Uf)~lfl~f)~f)flf)lfl1f1911'" 1 Cl~~fl~1J'U\Jlil 300 ~91~ 

3.26	 fln~nnlJtJlnlJtJfl1~1fwft~~1\J '~-AlntJtJi1J1W fl1~ 1f~1Jofl ~tl1l1Ji\J 49 

fI'~lf"'-fI'~f)tJ ~1~1 'Uf)'Utl~O~Oflf)1fl1fYi1~ 1 tl~lifl~1J'U\Jlf1 360 ii91~ 

3.27	 fln~nnlJtJl;;lJtJflUt f~ft~~l\J '~-AlntJtJi1J1W fl1~ 1"'~1JOfl ~fl111J~\J 50 

fI'~lf"':-fI'~f)tJ ~1~1 'UO~lfl~f)~Oflmfl1fY~1~ 1 fl~lifl~1J'U\Jlf1 600 ii91~ 

3.28	 fln~lmlJtJl;;lJtJfl1~1f~ft~~1\J'~-AlntJtJi1J1Wfl1~1f~1JO~ ~fl1l1Ji\J 51 

fl'911f"'-fI'~f)tJ Pil~1 'Uf)~ltl~f)~Oflf)lfl1fYi1~ 1 tl~lifl~1J'U\Jlf1 660 ii91~ 

3.29	 fln~nnlJtJl;;lJtJfl1~tfltft~~1\J'~-Al'UO~lfl~f)~Oflf)lfl1fY~1~ 1 ~fl~ifl~1J 53 

'U\Jlf1Pil~1 tJi1J1Wfl1~1f~1J6f1rOlJ~:: 20 

3.30	 fln~lmlJtJl;;lJtJfl1~ tf'rtft~~l\J '~-Al'Uf)~lfl~f)~O~f)lfllfY~1~ 1 ~tl~ifl~1J 53 

'U\J IfI~1~1 tJi1J1Wfl1~1f~1JOflrOlJ~:: 40 

3.31	 ml~lmlJtJl;;lJtJfl1~tf'rtft~~1\J'~-Al'UO~lfl~O~O~f)lfllfY~1~ 1 ~tl~ifl~1J 54 

'U\Jlf1~1~1 tJi1J1Wfl1~tff11JOflrf)lJ~:: 60 

3.32	 fln~nnlJtJl;;lJtJfl1~ 1f'rtft~~l\J '~-Al'UO~lfl~f)~O~ mfllfYi1~ 1 ~fl~ifl~1J 54 

'U\Jl~~1~1 tJi1J1Wfll~tf~1JOflff)lJ~:: 80 

3.33	 fln~l'Ji lJtJl;;lJ'Llfl1~ thft~~1\J '~-AlfltJtJi1J1W fl1~ 1cN~1Jti'f1 ~fl1l1Ji\J 55 

fI'~lf"'-fI'~~J Pil~11JO~ltl~f)~6ROlfl1fYi1~ 2 n~~fl~:tJ'U\Jl~ 300 ii~~ 

3.34	 fln~lmlJtJl;;lJtJfl1~tfltft~,n\J'~~ltitJtJi1J1Wfll'j1cN~1JOfl~fl1l1Ji\J 56 
d'd,j' .. .., Gold.	 QQlQ,I 

t'I'~l'j"'-t'I'~O 9l1~1 'UO~lfl~O~6f1mfl1fY~TYI 2 Cl,:j'WmnJ'IJ\Jl~ 360 ~~'j 
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&ll1UiVlJ111 (fie) 

3.35	 f1n~n.Rt/1J,fit/1Jfl1~ 1~~~~HU '~~lti1Jm~J1W fl1~ 1~ft1l6f1 ~fl"ll11A1J 57 

ffpl1{f1-ff~otl Pil~'l "O~'fl~O~6f101fl1ffi"l~ 2 n~lif1ftll"1Jlf1 600 ~P1~ 

3.36	 ml~n.Rt/1Jlfit/1Jfl1~1~~~~~11J '~~lti1JtlilllW fl1~ 1~ft1l6f1 ~fl"ll11A1J 58 

ffPll{f1-ff~otl Pil~'l "O~'fl~O~6f101fl1ffi"l~ 2 n~lif1ftll"1Jlf1 660 ~P1~ 

3.37	 f1n~,mt/1J,fit/1Jfl1~1~~~~~11J '~~1"O~'fl~O~6f1 O1fl1fti"l~ 2 ~n~if1 60 

ftll'\l1Jlf1Pil~'l tlilllWfl1~1offt1l6f1rOrJft:: 20 

3.38	 f1~l~,mt/1Jlfit/1Jfl1~ 1-m~~~11J' ~~1"O~'fl~O~6f101fl1ffi"l~ 2 ~n~if1 60 

ftll"1Jlf1Pil~'l tlilllWfl1~1offt1l6f1rOt/ft:: 40 

3.39	 ml~,mt/1JlfitltJfl1~1~~ft~~11J '~~1"O~'fl~O~6f101fl1ffi"l~ 2 ~n~if1 61 

ftll"1Jlf1Pil~'l tlilllWfl1~1offt1l6f1rOt/ft:: 60 

3.40	 f1n~,mt/1Jlfit/1Jfl1~1~ytft~~11J '~~1"O~'fl~O~6f1 O1fl1ffi"l~ 2 ~o~if1 61 

ftll"1Jlf1pjl~'l tlilllWfl1~ 1~ft1l6f1rOt/ft:: 80 

3.41	 ml~,m t/1Jlfit/1Jfl1~ 1~~~~~11J '~~lti1JtlilllW fl1~ 1offtllVfI ~fl"ll11A1J 62 

ffpl1{f1-ff~otl pjl~'l "O~'fl~O~6f101fl1ffi"l~ 3 n~lif1ftll"1Jlfl 300 ~P17 

3.42	 f1n~ltn t/1Jlfit/1Jfl1~1-m~~~11J'~~lti1JtlilllWm71offt1l6f1 ~fl"llllA1J 63 

ff9n{f1-ff~t1tl Pil~'l "O~'fl~O~6f101mfffT"l~ 3 n~lif1ftll"1Jlf1 360 ~P1~ 

3.43	 f1n~,mt/1Jlfit/1Jm~ 1-m~~~11J '~~lti1JmlllW m~1~ft1l6f1 ~fl"llllA1J 64 

ffpl1{f1-ff~otl pjl~'l "O~'fl~O~6f1t11fl1ffi"l~ 3 n~lif1ftll"1Jlfl 600 nPl~ 

3.44	 ml~,mt/1Jlfit/1Jm~1~~~~~11J '~~lti1JtlilllW m71~ft1l5f1 ~fl"ll11fT1J 65 

ffPll{f1-ff~otl pjl~'l "O~'fl~o~vflO1mfffT"l~ 3 n~lif1ftll"1Jlfl 660 ~P1~ 

3.45	 on~,mt/1Jlfit/1Jfl1~ 1~~~~~11J '~~l"O~'fl~O~VflO1mffi"l~ 3 ~n~if1 67 

I m 1"'" " ftll"1JlflPll~'l ~lllWf1'" 'lfftllO~~Ot/ft:: 20 

3.46	 ml~,mt/1Jlfit/1Jfl1~1~~~~~11J'~~1"O~'fl~O~6~01mffi"l~ 3 ~o~if1 67 

ftll'IJ1Jlflph~'l tlilllwm~1offt1l6~rOt/ft:: 40 

3.47	 onA,mt/1Jli!t/1Jfl1~ 1~~~.:J.:J11J '~~l"O.:J'fl~O.:JV~mfl1ffi"l~ 3 ~o~if1 08 

I tl.. 1""'''ftll<J1Jlf1P11.:J'l ~1l1wm~ 'lfft1l0flnWft:: 60 

3.48	 mTrhmt/1JlYit/1J0".1-mft.:J.:J11J '~~1"tHlfl~O.:J6f1mmffi1~ 3 ~o~if1 68 

ftll'IJ1Jlf1Pil.:J'l tli1l1Wm71~ftllt1~rOt/ft:: 80 
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fl.l "tJn:a6tJftflt1flnU1ftti'fl~' rJ~, 74 

fl.2 "tJn:a6tJftflt1fl1tU1ftti'fl~ 'rJ~, (~tl) 75 

fl.3 "tJn::l6tJftflt1fl1tU1ftti'fl~ 'rJ~, (~tl) 76 

fl.4 ''(In:a6tJftflt1fl1tU1ftti'fl~' rJ~, (~tl) 77 

fl.5 ''(In:a6(Jftflt1fl1tU1ftti'fl~'rJ~, (~tl) 78 

fl.6 ''(In::l6(Jftflt1fl1tU1ftti,iT~ 'rJ~, (~tl) 79 
~.,.. ... d ., .,

fl.7 ''(In:ltltJft't11~I''fltJfl''tl~lCJttJ1CJttl'1Afl1'1JfttJn1Jtlft 80 
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fl181iUltJtrtyl1fl1!lOUll1ZflltJ8 

CP Comparator 

CT Current Transfonner 

D.C.V. Directional Control Valve 

E == Energy 

F Fuse 

HP Horse Power 

hr Hours 

HRC High Rupture Capacity Fuse 

I Current 

2
kg/cm Kilogram per square centimeter 

kW Kilowatt 

kWh Kilowatt Hour 

L· Voltage Line 

Ips Liure per Second 

LPM Liure per Minute 

3
1 

. 
m mm Cubic Meter per Minute 

N Neutron Line 

OL OverLoad 

P Power 

PS Pressure Sensor 

t Time 

V Voltage 

y Star 

~ Delta 



• 
nl1ftnVlnl1'lhz"rJ~'t1a~~1'U',Hh''Unl1tlltJt2l1iJlIallUtJtJtrfn1n-tr;h)'lJ 

Electrical Energy Saving Study in Start-Stop Control of Air Compressor 

o 0tll'Ul 

fI • 

1uiJ~,uuu'n~'H"u~1Jti'flfJmh1J11ftiuvth.:afl~H,,'n:u,jv.:a~1flflu1~LmtJ'UL;.:afl~"V.:a 

~tJ mtU~1 f~1Jti'~n;,1lfLftfl.:a1U1UUU1L~U~'i.:a LrtvLfitJ'Uti'U~tJfl'itU~1 f'n~.:a.:a1UltJU'U'U~U L,fU 
• • fI 

1JVL~Vf1"-A1 L{lU~U LfI~v.:aimfi1f.:a1U 1u~~tr".,m'i1J 1uiJ'1'uUU thu 111qj~V.:atJ'i::flV'U1tJ 
• II ,t 

~1tJ~tJmtUfi1f~1Jti'fI L'n'i1::U::,rUh .:a.:a1u~~tr111m'i1J'JflLn';.:a iV.:aijLfI~V.:ati'flVlfllffLYlV~i;~ 

~1Jti'fI hfti1JLfl!V.:aifl'i~I(V.:a 1f~1Jti'flLl1i;,JU UVfl~1fllH.:a1u~~tY111m'i1JU~1 iJ.:aijtrCllu~~U'l 

Vfl1J1fl1J1triiiv.:a1f~1Jti'fI L,fU ~.V1J'iCl, h.:a'ntJ1'U1~, trCllUfffl1:n 11~VLL11u~lfHtY'i'i'nifuti'1~iJ.:a 
" 1.J!" .. ... .1... , ...., 1"0 0 1~1 .....
~v.:a 'JJ~1JVfI LL~::Luvn1fliJ~''UUUtJ.:a 1J1J fI'itr11J1'iCl l1f1lUU::U1 ~111 fll'ifl1'UfJ1JLfI'iV.:aVfI 

fI fI • 

VlfllfrLL'U'U Start-Stop ,ru fl1'i~.:afi1f1111J~UL,h1f11ufll'ifl1'UfJ1J1lfLfl1v.:ati'flVlfllfY ~fI-~V fll'i 

o .. 1".1 ... I ' • .l_~'" 1.J!...... 1" ..l...f1H1U L'nV 111J'i::l1tJflfIl'n~.:a.:a1U 11,"1LUV.:a~1flfll'i 'JJLfl'iV.:aVflVlfllfY 11~1flfl"1f1 f1H 

,... ..... ,~.... 0 ....... .1.1 ... 1".... 1~ ... 1.J!'" •"..l.l' ... ....
flW:: ~1'1tJ'1.:a tlflfll11.:a1U1~ tJu"u L'nV 11LflfltJ'i:: tJ"U fl'U~f1tlV.:a 'DLfI 'iv.:a VflVlfllfYU~::"1tJ"1~ 
.1 ... ...... .. .I' 
1J 'I::11 tJ fI'n~.:a.:a1U Vflfl1.:a11 U.:a~1 tJ 

IV t.I ~ 'f ... .., 
1ftQ 1::cr.:afl'UtJ.:a'f11.:amn;JU 

... I.' ... I 1·.l-~ .. 1"......1. L'n V"1tJ1J 'I::11 tJflfl1fl'i::UtY 11111LUV.:a~1flfll'i "LfI'iV.:aVflVlfl1fY 

2. ,f1tJtY.:a LtY11J1If'JflflUijfl111J~'i::11,rfl1Ufll'itJ 'i::110fl'n ~.:a.:a1U 

3. ,f1tJ~ fI'n ~.:a.:a 1U1Ufll'i ~i;~fl'i::UtY'~-A1" v.:atJ 'I::LfIfY 

4. LtuuU1m.:a1Ufll'i1itJL~tJ1ti'UflUtJ'i::11iJfI'n~.:a.:a1U1~-A1 1U1'I.:a.:a1uv~tY111m'i1J• 

'U6Ul'Uft'UtJ.:a~f11.:anl1li'u 

1. fffllnll~::f1f1~V.:a~1fllfl~V.:ati'flVlfllfY 3 "U1f1 Uil::\i.:al~'U~1/ 4 "'U1f1 

2. '''1JV1~V{Ll'U'U 3 L~tY ·j'ULfl~V.:ati'flVlfllfY 

3. fffl1:nU~::'VlflilV.:a~1flfll'i1"'n~.:a.:a1U~1Jti'fll~1/~1flfvtJ~:: 20,40,60 llfl:: 80 "v.:a . 
oCIo Go' 4. Go' 

fl111/tY11/1'iCl~~ ~ fl1/ VfI'IJ fl.:J 1fI 'Iv.:a vfI Vlfllff 
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'!! Wi •• .," ...4. nfl'tllua::'Yl"aO~fl1'S ~"-~O fl1'S'Yl141U,.04lfl'S040"tl1fl1f1' U'II'1~fl111J"U 6-7,6-8, 
.. 

6-9, 7-8, 7-9 ua:: 8-91J1'S 
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f)1fl1fft1~ Lfl'U rr11A'lfun~ 1'U fl11LtlgV'U t;,ft~~ 1'UIII fl~ , l1 ft1,rLfl'Uti1ft~~ 1'Uflft L~ fltl1UfJ1J 

• 1.1 ~ ..... 1"· '11 ...; " •.. 1fl11'Y11~1'Ulllfl~~ mWLLft:atl1fl~'fl1 l1'Y11~1'U "~11J'YI~fl~fl11 .~ 'U~1'U~91rr1l1 fl111JLflflU'r;Ifl 
.	 " 

1.11::Lfl'YI 't\',j1f)1fl1ffO~L,j'11J1ijU'YI1J1'Y1fht1ty L,f'U Ltlifl~ i'm1'U~1'Utl1::flflU;'Uff1'U~1~~ fl11 

un,;;m1fl LLft::Ltl!fl~i'mo911'U~1'Um::u1'Ufl11~ft919i1~~Lfl'Ui'U 

1::UUf)1fl1fft1~\l::t11::flflut\'1v~t1mw9iH~ l1ft1Vff1'Ut\'1Vfl'U flfl 1::uu~n91f)1fl1ffO~ 

1::UUfl11i~L~U 1::Uutli'utll~rrfll'Wf)1fl1fftl~LLft::1::UUff~\hvf)1fl1fftl~Lfl'Ui'U LL9i1'U~1'U1i'V 

1~ gl'8dienl 

SeMce ....tt ~ 
Intermecfl8t8 refoeM:Ilr for 
sewraI consuming devices 
~ CClIectorIenk 

Drain cock 

...;	 1""fll'WfI 1.1 LLrr~~1::UUfl11 'ti'f)1fl1fffl~ (Peter eroser, 2002) 

.. '" 1. 1::UUfll1NDft81fllt18A 

"	 . 
ff1'Ufl11~ft91f)1fl1fft1~,r'Uafl'hLfl'U11'11'lllfl~1::UUU 1LL1J~fltf ijl1111iio~ fllfl1ff1l11~ 

tl111JA'U9111J~~fl~fl11LLft::t111J1WLytV~""IfJ~flfl1114~1'U ~~ij~t1mw~,h~1'Ui11Jfl'Uflg 3 ff1'U 

•tlfl 

1.1	 ~t1mw1,rti1ft~ (Drive Equipment) 

~"';1 "., 4.. .1 I ., ...; • i"• 
~1.1mw'YI 'ti'IllULtl'fl~fl~fJ1fl1fflll'Ufl~flUtl111Jrr::~1fl'tlmrrm'U'YI'YI1~1'Uflfl'ti' 

Ltl~fl~V'U91''U~1'Urr'U11J 'Hifl141Jfll91flfl'YHh1'U11~~1'U 
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. 
1.2 lflifl.:J6f1fllfllft (Compressor) 

..... 0" .: '" ... ,~.I' ... ':.1' 1 
lfl1'fl.:Jflflfllflltml11t.11'nHa~tnJflfl 11 '''f111lJflt.I~1lJ''''fl.:Jfll1 f1ml::~f1fllfllft 

~f111lJ~t.ltJ11 VlfllftU«16f1, ,.rijfl11lJ~t.lli4lJ\l.:J;ft.l alJ6f1~Ha~ '~'::Qm~tJ' ~~fl.:JitlalJ6f1 
I .: 1"'" ..... .:,~;. ,.,.. ..."l I... .1'" ...• I 

tlflt.l"~::~1V 11tltJ1::tJtJ lfl1'fl.:JflflfllfllftYl 'I'n1 1JlJfl'j11alVIlIt.llf1 lJS.:Jt::'Ut.lflgtltJ1J1lJ1WalJflfl 

ua::f111lJ~t.I~Ha~,~ UllJl1f1UU.:Jflflm;1t.1 3 1.l1::1fI'n fifl 

L2.l lfl!fl.:J6f1alJUtJtJ\ltl\ltJ l,rt.l U1J1J\ltl\ltJua::utJtJ'f1fl::UyblJ l;1t.1~t.I 
..... I ,... !If" 

1.2.2 lfl1'fl.:JflflalJUtJtJ\ltl\ltJ11'lt.ll'Jft.l UtJtJUtll utJtJ tJ'Wflua::utJtJl'n 11Jt.l9It.I 

1.2.3 LfI!fl.:J6PlalJutJtJti.:J11t.1 l,rt.l utJtJt11::UUfllfllft'11a't.lUt.l1i'ffij 

(Radial Flow) ua::utJtJt11::UUfllfllff'11aIt.1ut.l1utlt.l (Axial Flow) l;1t.1~t.I 

Types of 
compressor 

II 
Reciprocating Rotary piston Flow 
piston compressor compressor compressor 

1 1 
I I I I 

Piston Diaphragm Radial-flow Axial-flow 
compressor compressor compressor compressor 

I I 
Twin-shafl: screwSliding vane Roots 

compressor compressor compressor 

. .
.cI Q,I .c.. ..., 

fll'n'n 1.3 Uf-l'U fmtfffl~'Il"'Ufll\Jf)~1fl'itH69'1f)lfl1rr (Peter eroser, 2002) 
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.
 
.. u 

Ift18~8R81mftU1JUunvu (piston Compressor) 
• " II. 

1"Ulfl16'H)~ft1JfiijtJ1J'ftiu1Jlnfiq~1'n11::a'11Jl1flNftflft1J6~'~~.m,jfl111J~U~1'lUn~ 
., 1 ~ ,.,.:., ..,.. ~.1 

f1111J~UtJ~ ~tJ'UU6~m.J'llU1U'UU'U6~m16~ (Stage) m1Y11~lU61f1tJn111flft6UYI'UUft~'U6~ 

.,,,.. .,~, ... ,,,... .,..:. ~ 4.1_ 
~ntJu Yll 1fm~m1~~Uft::m16~'UUmtJ Un1::u6n~u 'l~Yll 1f1Jfl111J~Ul'n1J~~'UU C]f~lJnfl 

f1111J~Uft1J6~~'flu h~~lUf2f1a'11fn111JtJ1::1J1W 6 1.J1{ 

STAGE 2STAGE 1 

Itl!8~i'R81nlftIlUU'A8::1I~1"'(Diaphragm Compressor) 
• " II •• 'II 

1Un1&filn",6~m1ft1J6~fi'2iiia~1'6tJU l';U \h~u1fafJaU lfl16~6~mmf1'1fij~uri1U 

'1fqjl1f1Jl::1tl1fi'u'flu lH~lUNafl611f111fliitlwerfuft::tJ1i'mnhfl 
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, , 
.. u It u .. 

lft18~8~81mflllUU'U1'lRla8tt(Slide Vane Rotary Compressor) 

mni1.:11\.1,. fH lfl~V.:I6flVlmffutJtJd'ijlffV.:I '1.ifi'.:I m~ Hii"ti.:IftlJ6flfl.:l~'1.iijliJ\.I ,",').:1'1 
" 6~nm~,j1VftlJft'llJ1~tl ';l'~i.:lu" 4-100 m3 

/min 

d ..I... 1 '" ..
fllYfYl 1.6 lmV.:IV~VlmffutJtJ tJMAlftV\.I 

lfl~8~8R81mfllluu'U'nR'H~tt (Roots Compressor) 

m~,;1.:11\.1,. fJ.:Ilfl~ fJ.:I 6AfJ1mfflltJ tJd'ijlffV.:I '1.i"~ fJ1fl 1ff'::Qfl'ifl' 1fl~1\.1 'H it~ ,tJ \iOfl~ 1\.1 

.J 1 ..;,' _. _~, '" "'" '" " ..;... .1 '" 11_I";
M\.I.:I . ~W'YI lJQm1JftV\.I1l1Jft.:l1J~lJ1WU9lfJ1mff\'l::\lflfJA9I1911\.1fltJfl11lJA1\.1'Y11\.1'Y1lflA"\.IfJflt11\.I 

..6.J .. ..; ",d' 1"'d':'
M\.I.:IC)f.:lMlJ1Vtl.:lmmff'YIQflfJAlfltJfJgfllv \.Itl.:llfltJ\.I\.IlfJ.:I 

.4 .., 
ltl18~8~81mflllUUcrn3(ScrewCompressor) 

.. '" .1"" '" ..6 "'!':I '" '" ~ "" 
lm8.:18AVlmffUtJtJ\.IlJ1Mft18~ 2 llfl\.ll~ftl911M\.I.:IUnlJ\1'fll1J\.I Uft::l'nft1fJflfJ\.IMlNlJ 

.:':1 11 '" .... ... " ",..6 '" 11..6 ,_ 1 '''' 11 .J "" 
11 \.I ft' fl 1l'J111.:1,.tJfl\.l Uft::lJ'YIff'YI1.:1m~'I1~\.Il'\I1M1fl\.l C)f.:l ~ AfJflftlJ \'I1fl"1\.1M\.I.:I 1J11fJfl '11\.1M\.1.:1 lJ 

tiVlnm'j~lVftlJ'~~~ 170 m 
3/min Ua::;ill'fl11lJ~'UO.:l 10 bar 
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. 
4 u u u 

Itl18-18f181fl1ftIlUUnUI'U (Flow Compressor) 

&tl1O~ OAO1mrrUtJtJrl'1~l1aflm'i"O~ n-3,f'U1tJ";A~-31nJ QfltlAHl'U1tJn~,.;'U lIZtJmtlatJ'U 

1I1fll'ta~~1'U1If1,rLrl'Ul'ta-3-31'Uflf1
JI 

3
/min Uf1Z1,ffl11JJA'U1,fo~'ilm'i~ltJf1JJ~~U~ 170 il~ 20,000 m 

iAhj~~\ifltl'iZJJltu 4 - 10 bar 

. .
4 4., QI ., 

fl1l't't'l 1.9 &fl'j'O~O~01mffU1nJfl~l1'U 
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, ..., 1.1 ..... 
2. n11ftltJf;)1Jlft18~8tl81n1f1( lUIl't'lf' 'lfUUYI, 1It1::f1W::, 2539) 

Ldo~~nntnmfftlRiifl112JU11~U2Jln1um,1f~1U '::lIl1tnmfftltl;~UllnU~o~iim, 

f1111tJ2JlfI~0~tltltnmff ,tfflaAtl2JtlR 1,fii1.l;2J1WL,"V~l'f0~Ofl112J~0~m, m'f1111tJ2J't;,'~ 
~.l.l '" A., 4 • .. 

l1nlVlIlIlIYI~u"uognll'UUltl'UO~lfl1'O~OtltnmffCJf~1J2 111111 flO 

.. d.1
2.1	 m'f1'llltJ2JlIlItJ nAl'YI-n~01J 

_.1 ., A ., d" A., 
mtfl'lllfJ2J'lIUIl11Jl::nlllf1'O~Otltnmff"UltlLtln2JOlAO'''O~lfI1'O~OtlOlmff 

~::\1nfl'llltJ2JmtnAlfYll1t1::l1~R1tlvFhun1A,;'f1'l12JtlU (Pressure Switch) ~~oodllud'~linn2J 

K1 

---ON- ...I-+------_....--oR-...-4*----------0.
---+----------oT
 
~	 .. d 

flll'fYl 1.10 m'f1'llltJ2JlIlIlI nAl'YI-nA011 

m''til~1U''0~'l~V1'f1'llltJ2Jl~2J~1mdofl'l12JtlUtl2J'ud'~linn2J~1n~ n1A,1f1'l12JtlU~::~0 

m::lln'~~1,,ftillilt1V Kl l1U'1d'2JHn,,0~ilnVKl ~~::~Om::lln'~~1'tftill2JOlAOf,,0~lfI~0~ 
., • A.., .., " ., ., .till. ., •• .,
OtlOlmffYlH1U ImO~OtltnmffYI1~1.JOtlO1mffL"1tHl'fnn2J~UtHfllf1'l12JtlUYlml1Utl ml1JtlU 

., ., .,... ~ ., ,,,., , .."I_~ 4' '" Q,I 4. ~ 0 , JI " QI .,

n1J~1ntHl'fnn1J~::tl'Un'lYl'lffl'l12JtlUl1Atlm::Un 11.,nn~1V l1nll'It1V Kl Yll l1l1Uln2Jfln"O~ 

... ., , ...(~ .:a,,,,, ~ 4 0., QQI.r ~QI 

'LtlV Kl Atlm::llfl' ","","1Y1 l1nll2JOlAO'''O~lf11'O~OtlOlmff nll1'1I~1U'l~VU~::"nlllm' 

" " 11,::l1 Vtll'fn~~1U ~1nm'f1'lllfJ2J1I1I1Iij Iybt!'U 

2.2 m'f1'lllfJ2JlIlIlI UO:oading Regulation 

" m'f1'llltJ2J1I1I1Iijll1.i~nnllw::m'fl111tJ1J'~L1j'U 2 UlIlI~'lVtiUflO 

•	 m'f1'lllfJ2J1I1I1I'::1I1Vll1Jtltl 
_.1 ., A ., , '1 ., ., .,

m'f1'lllfJ2J'lIU.,.,2Jl::nlJlfl'O~OtlO1mff"'Ultl l1ty tlV01ffVfI'l12JtlUll1J~1ntH 
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'" d .1 dI d • ,~. 1" ~ ~ • '" I

'tm~1JYll!~,,\nl1J(I~'~Y1ml11J~ 'JYI1 1111~1 212 D.C.V. 11J~1'::1J1U~1J~1mfl'I6~6~61mrr66ntJ 

, ., 0 I 

1J1'1'Ulmrr U~1J61fl61'~::YI1~11J6gfl~6~11~1 

IL .. 

.
'"fI11'tYl-1.11 flnfl11JfJ1JU1J1J1'::1J1tJ~1J6~ 

mnh~11J"6~1~~1'f111JfJ1J 1~1J~1md6f1111J~1J~1Jl1Jtl~";fl~1J~1~~m~rrtJi~"6nlft1 
'" "'.: ~ 1~ .. 1"" '" "'" '" '" dI2/2 O.v.C. 161')f1J::UHfl1J~1J~1J~1J11~1111J~U'W6 111f11'6~6f161fllrr 6~~1Jl'Ul(H'Wfl~1J ~1J(I~ 

filf1111J~1J~till11JfI UH~1J~1J'1fltl~1'ifl~1J161')f1J::UHrrtJi~'U6~11ft12/2 D.C.V. 1~61J11ft1 . . " 
lM'lUfi ~1J~1mf1~6~6f161fllrrQfl6f166fl~1J1'1'UlfllrrUYl1Jfi~::6f11~1tl~";fl~1J,b~i~111::ijll1~~ 

'U6~1J61~6!~::~f1~~Vill,:i'1J61~6!fi1Jm::urr'vh'tl~f1~~~1tJ 

• fllHl11JfJ1JU1J1JUfI 

f11'~~~ 1.12 fll1'f111JfJ1J1L1J1JiJfI 
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fl11'; 1~ l1J ,.tH'H'I1f11tJfJ1JLi1J'lflLrltlf1111J~1Jft1J11J ti~ if1ft1J~l LL1~ '11f1utli~,.tl~11a1 

.., tid 1JI., "., ., ...., .., J! .,
3/2 D.C.V. Lt:llY1J::LLHfl1Jft1J L fttl1JflHft1J l1tlflL"l{J~'rtf1ft1J Lf11tl~tlfltl101flYl1011tlflft1JL'Ul{J~ 

im'1J'1Jil~fllf1111J~1J ~tll111Jflf1111Jfi1J '1f1ti~if1ft1JltllW::LL1 ~ utli~,. tlnla1 3/2 D.C.V. 

ltlgtl1Jfll~ft1Jl.rlUt'l::tltlf1,.tl~If1~tl~Ofltl101ft'1,f11Jil~n1J 

3.	 Ci1'Uftl1UfllnUD1.I8A (tl1::1f11 ft1JtI::illl1J::, 2540) 

..,.., .., .." ..I d _ ~ .., ..I .... ,~ ...., 1"..tI.... .., ..I 
{J~'rtf1t'11Jtlfl 1J111Jlf1lf1tJ1J11Jltut'l1JtlflflNftfl "'11flLmtl~tlflt'l1J 111J 11Jltuft1Jtlflfl 

l;ctl~'rttlntJf1u 'ltl1'"ntJ1::tJtJLLft::6.nbtli'f1l1u::~tJf1111J~1J 1Jtlf1'11f1U
~

6~,s1tl 11J0111'"f1 ~ ii. .	 
.
 

~	 ~ 

1::tJltlf1111Jftl1J ,.tl~ft1J 091 CJf~'::';l 111"'tl1hfiNU1JL.rl1JlntJt'l1JOfllnflf1Uf11tJLL1l1J 1~1J,j ltldl1J .., .., : '~d ~ ~. .... 1" ..,.. "..,.
{J~'rtf1 Uft::Ul1JU{J1::l.Jltl1Jltltlf1 "f111t'111::tJltl"11Jftl~ '1~fI1 l1ft1Jtlfl1Jf1111JUl1~1::f1tJl11J~ 

~,t1 .., v .., ~ , .. ....., - ~ dl.J!11191tlfl1 "1Jlf1,.tl~{J~~f1t'11Jtlfl'::"1Jtlgnl.J"1Jlf1,.tl~Lmtl~tlflt'l1JLLft::1J11Jltuft1JfI 'If 11J1::tJtJ 

~~ti~if1ft1JOfl.::t11::f1tltJ~1tl~t1mai'9h~'1 lW lf1'1iflf1111J~1J 11a1ihtTtl U1f1~f1111J~1J 
~ 

L~1J~1J af1l1tu::,.tl~ti~';f1t'11JOfl'l::LLti~tltlflL~1J2 LLtJtJ fttl ti~if1ft1JOflUtJtJ1HLL1J1i~ '1::1~ 

ntJlf1!tl~Oflft1J"1Jlf1 l11qj~ltl~fl11t111Jltuft1JOfl1Jlf1'1 C:~'1::9ifl;~LLtlf1tltlf1'11flLf1!tl~Oflft1J U11J 

ti~if1t'11JOfllLtJtJ11~U1J11Jtl1J '1::1fntJ&f1!tl~Oflt'l1J"1Jlf11gf1 lf1tl~1Lf1!tl~Oflft1JUft::ti~';f1ft1J'I:: 

111Jtldl~1J'Ifll~tl1n1J 

aq,iTllld ( ) 

..I .., ... 
tll'rtfl 1.13 m'rtf1t'11J 
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m,l11,.Ulf1tl',n;nn1J;fUtl dti1Jfl111Jt11J\i\ni',.tl~t'fl1Jt'hu titl tJi1J1Wn1J tlfl~' lVtl tln1tJ 
" 1~.:jlU, filfl'11JUfln9iH,.tl.:jfl'11JflU1utl'~\inn1J un:: \l1U1Ufli'.:j1umni'f19itl,.tl.:j1JtlLfltli"l,.Hh 

9itl,T,l1J.:j 

SwItching cycles Ih 

100 

50 

mS
 

15
 

10
 

5
 

V/ 
~ 

=;t~ 
LJ' 
1,.1 

.."..~ 

V/) 
V/ 

~ 

~ 

V / ~ 

/ 1/ ~ 

~1I 
I 

~ 

'"~ 
"\.. '"~ 

" ""- '""'""'10: 

~~ ~ 1'" ~ I\.. ~ 

" " ~ 

~1'- 1', "-~ 
"'Iii",,- ~ "" ~ ,'-

~ 
I'. " 

""- 1'\10 

"- '" 
1"\ 

~ ~~~ 
"r\ ~ ..c). 

I\.. ill 4. <!" 

""'" :<1 '"., 'et> " 

" ,,:q~ <!1s-
I\.. 4 .. ~ 

I'-:q .0"0 <!." I'... 1'-
"'",,-40.'0 ,,"-

~jp ,..... '10. 

Pressure difference Ap 10 2 kPa (bar) 

mn~ 1.14 nHrhn"f1~m1111'UUlf15,nimuJ (Peter eroser, 2002) 

1 

0.6 

0.1 

0.5
 

1
 

5 

10 

50 

m 2/min 

100 
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-
cI. ~ .,.,.,tJ tJ 'II..,
.1nfll'ft'YI 1.14 Mln"6~m"Ml"U1AO~'ftnft2JUU91tl~'YIn1J"tllJft 3 tltll~A1t1nU 

pj'160HI,sU Ifl~6~69161mffHaPlft2J6911~ 20 m)/min, fl112JAULl91n~H1uo·n;m'l1J 1 bar Uft:: 

- - .
'1U1Ufli'~ lum,.pj'91~6"6~2J6IPl6i"lTJ~1 20 fl;~~6i112J~ ft'12Jl10Ml"U 191"6~O~,;nft2J1~ 

~ ~ 1I 
"U191 15 ~n1Jlffm2JPl1' llJU91U 

4. SJ8Ifl8i'1yj·lhn1::wrri'u (....,.i9l l.h:fj2JZpnW, 2540) 
I ", " 

2J619l6i"lTJ~11~UfJt.lmwdlMi'tJ-itJlfli6~69161mff lU~1U1itlU2J619l6ffi1.riru'O::I~U 
., .. I" ~.: I : 

UtJtJ n,.:Uft'ftfttJft12JLTlft' U"6nft110~LU,n::2JtlL9l6,.UtJtJUL'YI1UU 

!'lI_.I_!!I .. _.I"; ~... .i I I 

2J6l9ltl1 ml11m:Uft'ft'nmn1J111ft' 'YIft'I9ll9l 6n:2J'V91ft1t'1 3 191 ']j'~U9ln:191':11~Ml~ 

nu 120 6~ff1 i~'YI1~nftUft:'YI1~ 1T1~1 Uft::lrl6"6un,,:uft'1T1~1ft'fttJft'12JLTJft'L~1 11.1'0::,;,1~LflA 
I d ,I 

ft'U12JU2JIMftnM~U"U 

y zx x 

x 
16---- I 1C1U---.-/ 

1Um1~61~"Aft191ft'LPlL9l6f" 6~2J61916fff12JLTlftl~1ntJuMrl~ ~ lt11~ VJ1m::Uft'ft'atJ 

ft'12Jl,.on1::"11~ 21i fi6m1~6UtJtJ Y Mi6 Star ntJm1~6UtJ1JIi l1~tl Delta ~~11.1.. 



13 

I : cw=I d ~f If ~ __ d ..,..1!
m1fltl\lfl~1f1Y1.:Jfl'tl.:J111 'l:L,"U'tl11'1111LlJU111lf1nfll11 'l:L'"~tlfl'1V ~L'rW.:Jfl'111LnU .. 

LnlUudl,"i'1.Jm1AtlO1.JU't1ri.:J~lV'~ LL~:t11111U11iui'1:,"11.:JU1.:J~UU~:m::Ufl"~\ltl.:JnnAtl ..
 
lUUA~:lL1.J1.Jfl'11111fULfl'f1.:J '~~.:Jfl'11m1Atl 'tJQ 

, 
m1fltlU1.J1.J Y:	 VL =.Jivp (I) 

IL = Ip (2) 
, 

m1fltlutJtJ 11:	 VL =Vp (3) 

IL =J)Ip (4) 

4.1 1n1'~Tllnl,"i'tJ118L~8! 

1:tJtJt11tJfJ11'~Tll\18.:J118L918!~ijt11111fl'11\11W L"Ua.:J~,jlL"UU~:~8.:Jm1 

8Vl.:J111n lftV~hutJ1:n81.J~nltiOJfl'11111flUfl'f1.:J '~~.:Jfnft~ 1.17 

4.1.1 fl'1V'~nl,"i'tJ~1Vm::Ufl"~TllL"'1118L"8f 

fl'1V'~~1fdl,"i'tJ~8L"'10tJ118Lfl8!JU 'l:~8.:Jij\lUlf1Y1Um::Ufl"1i~1n11 
• I Q., d.d	 tI .~':tJ.cI. , 'd'125% '"18 !.25 LYI1\18.:Jftnflm::Ufl'1,"~f1Lfl11Y1\1tl.:J118Lfl81 lLflYl.:JUfltl.:J11\1Ulf1 11L~nn11 2.5 

1111. -nOfln1::Ufl'11tl:fl8! (Rated Motor Current) ,"111Vn.:J tJ'111wm::Ufl'\l8.:J118Ifl8!'lU\lW:: 

fil.:J1U~-nofll,"~f1 UH~UU~::t11111gfll11fil,"UfI ~.:Jfh~,~rl'fl'111nfl,h 'tJlflum1,"1\1Ulf1 .. 
\l8.:J911,h,";8fl'1V'~ fl'1~,r fJtJnnui18.:JOum1~f11.:Jn -WOflm:Ufl'\l8.:JlItll~8!;jfl'11111fl 

filU 1W,"1fll'~~1Vfl'lIm1 '";ml.:Jltl~tJUUNUi11V~9l1118Ifl8! 
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fll'flhHti'Ufl1'n;~1~n 

itfl~ti'U fflV-l!fl'U 

UfllPlfl1"

4.1.2 f2t1mW1.h'''1~~1 

lr1'Uf2t1mw~1 cNfflMfl.J~~~fl'~ ~lflU M~~ ~lV1l1V'U flfl timh'U~~::
 
I ,_,"" " ..6 1 1!I """ "
 ff~ 1JV~UflLPlfl1 I)f~ ~VUlfl~:: 'JI'LCJ1fl1(lflm1flLflfl1 (Circuit Breaker) 

'U flfl~lflrl'LCJ1fl !flflm1flLflfl{J~ ilfl'i1LrI'U f2t1m W-l! fl~ti'U 'Vl1~ 1~vht) fl'll'U" Mit~ ~ fl fl V~" 

1~~1'~'~hLdflLfl~fl111cNm::m(1'VhJ1flfl'i1t1fl~ ~~1'Umw~ulul1cN1'U1~~1fl1'l.J1J1JflLflfl{~::ij 

th1liLfl'U 115% t1~fl 1.15 nil 'Ufl~;;fi"tI1::UfflMtl"l~1J~'Uf)~1JflL"fl{ 
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4.1.3	 ~tJmw~1f"0-1num,aPl'Hn 

Yl1u~1f'lU1n'f11tJfJ1JlIfi::1-1."ha-1 .:arJuvbulI'-1AU~1~LirJo-;h 

~I:: ~	 .. ... ... .1' ~.... • ~ ~...
lJflfln1U 'tJ,lJ1JUlftllfl::llJn-111f11rJlItJtJ 111UPl-10fll1llJUlItJtJ lIRC l1'1U (High Rupture 

Capacity Fuse) 4~jjfJtuU1Jllii,"lfI'lI fio Ul1Jl'f1iPlm::lIUaPl1-1.";'U1U1J10'l '~Ot;'-1tJflOPlftrJ 

~ ..	 "... ..... l' .. ,~ 1 ...... ~ 
1JU1Pl~0~111U.::ft0-11JfJwu1JtJ~'YIum::uu UlJl'1-1UftU'YI tt PlrJ1JfI10flnm::uuq-1llJU 

, .. .. 1 cI...... ..: ~ .. .. ... ... 
3 1'YI1~O-.lfl'::IIU1J0IftO' ~w::,tJ 11f1Pllfl1J'YI11J01J0IftO'UUllJU1J0Ift01m::UUUfltJl~UIPlrJ111'0 

......1 .. .. !It ... 1" ..... , .. !It
Ul1JI~U'YI1J 'lftO'lItJtJflHm::,oo l1'OllJUC]f-1 fl1UU1JOlftO' IIfI::1JfI10flnm::uuu~ IlJU 1.5.. 
,	 .. .. 1 cI'" ... ........,... ... ..
 

L'YI1~ 0 ~fl'::11 t"1Jo 1fto,~w::,tJ 11f1Pl 1ft11 'YI 11J 01JOL~ 0 ''YI1J .,1ft0111tJtJ~Plfl1Pll1' 01J OL~ 01 
II 

m::11rift'~ 11.,,juYl1UII1J1JU'lifiorJUrJ1J1.i11enU1~ .'fha~1Jlmrfl 1ftrJI'tJ010flltJ' mo01.:a~1 
... ... ......I.....,~..::.. "t'" l' · 

1Jll1'Y1U'YIIUO~.1flmW'YI1JO ,'f1Pl1~.' ",,"'1ff~0-1tJflflYl1U.::~1Plft0-1ltJflrJU 111J U~ hn~., 

fl1tJfJ1J~fl'::IIU'li1JlflUO~V-1f1-1ilrJ1J1i'ntJod 
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4.1.4 '2tJmW~1.nUfl11fl11JfJ2J 
~	 ~ ~. 

-nUJ1U'U6.:1fl11fl11JfJ2J2J61ft61U1J1JLiJ~ - iJ~ (On - Oft) UU 1~vfi1 

'tJ'l:ahmiil11d Ull::fl6UUflfllft6{2Jl1f'1.Ufl11fl11JfJ2JUll::d'.:I.:I1U ~.:Il1,Jl~~thflty '1 Yt6f1'ltJ'~ 
'" ...~ 

iHU 

•	 1flufl119T~~mfqjtylW 

1.J!'1 ..:. '" 1 ...
•	 'I LUfl111Yt2JfI'tyqjlW Ufl11fl11JfJ2J1U6nln 

..	 IIQI., 
2Jl1Ulf1'2JfoIfI'l1111V'~ 

• 1flufl11'UV1VfftyqjlW l,fU fl6Vli'1~fl1J'" 24 V q 1__16_1f1_~'1_f1_ 
U~l1,J1U2JNfI'61'l1~fl1J'" 220 V 

•	 1flUfl111tJ~VU')f,j~'U6.:1m::ufl"" I,fU fl6Vli'l4 

n1J'''m::UfI'ft1.:1U~l1,J1U2JNfI'14fl1J'''m:Ufl'fI'a1J 

•	 14vhl~u1n1i'fl'Ulf1'tnYt (Memory Function) 

.:: ",::.:1 tI	 tI 
tnl'ifl 1.20 UfI'~.:Il1Ulf1'UfJ.:l1111VUll:fl6UUflfllft61f111JfJ2J 

't16~'U6.:1fl111.nmdull::fl6UUflfllftflf lrlmmV1Jll1V1Jfl1Jfl111;1f1'1ft,Jfha.:lu1J1J~u 

'W6'I:: \l1UUfl66fll~U,r1't16 '~A.:I;j
~ 

•	 1M'fl111JtJ1l6~t1vdll1i'1J~fl11JfJ2J ldflnlflfl11~~~6'U6n.:l'l1fha.:l~\hv'" 

1J/QI tiel t" 11 ,J,.! 1t1 .. ~Go' ,

l1fl1J1J61ftC11Jm::UfI'fl6U'Ul.:1~.:I Uft UflUfI'l1Jl1tl ')ffl1::UfI'l116m.:l~Uftl '1 tJ 

f,11JfJ2Jfl6vli''U6.:1fl6UUflfllftfl{ ';11M'ln~fl11~~9i61u1.:1'l1fl1a.:lUflUfl11Um,,1ft,J 
~ .. 

~1viifJ 1~vft1.:1 Ufln'llfl;jV.:lfl'l2J1Hl~lV~~fl11JfJ2J'tJ6d1ul1l1tJ1l6~t1VUll::lil.:1'llfl 

1.:1ntila.:l'~ 

•	 , M'fl112JfI'::~1m12J..f.:lfl'l1Jl1tlLvi1Jl~1J l~flU' 'U 1Ufl11fl11JfJ1J 'A1Jlfl~'I. ll'in:: 

fl'12Jl1tl9ifl;11Jfl1J'2tJmw~u "1 ,~ I,sU ff1ft,J~1Jfl~U1J1J9il.:1 '1 fl'1ft,Jfl111JAU 
Q	 tI Q.Q..Q tI 

fl'1ft')ftfl1l6V 111Jftfl'1ft')f .., Cl.., 

• tJ1::l1V~ l~fllmV1JLl1V1Jti1Jfl1'Hl11JfJ1J~1Viifl 1UmtU~1Jfllftf.t1fldlil.:1'llfl 
. , ,_.1	 4' ..;, ,~ "'" ~... 1Ul111nlV nua::~~fl11JfJ1J lUfl~'llflfflV ~f1'llV l1 Ll1fltJ1Jfll~fl11J'UU1'l l1qjI Ull:: 

nmq.:Ifl11fflV'~~,f'1. 'W 1.:1 'il'i fl11JfJ1J 
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4.1.5 t2t1moHJv~ti'Um1i.fnUln'Ufha~'Vv~1JVL91Vf 

... .d • '._1 ~"'"'1 ~...mWJl91Vfl'1fJ nVlnflVUUflflL91V1L'VliJ1JVL91V1 ~fJ91H 111n1JVL91V11J 

mnh~1'ULn'Ufha~11;V1JVL91vf1.fm:Ufl"~1Jlnn·ht1nA vlnhi1f1JVL91v{1l1J1'lA' ~~ijm1 

Ulml1vL1vf111a~in'ltf1Jl~v'~rlV'U'1fJ'~L(11JVL91vf 1~fJ..t1~ 't1U~1 1vL1vf111a~iLaviifJ1J 
• ~ , .6 i" ":, ~.. ... .6I ...

Y11L1J'UUUU UL1JYlVa (Thennal Overload Relay) G)j'~ 'l1m::Ufl'f1 l1afll'ULUU911fl1UtJ1JVnfll1'U~ 

mHi~1~'1f)1ti(Jm1~vi1'VV~'1Jl1JYlva'Vw::JvuLrlv~~l1nm::Ufl"l1a1Jln ua::V::naU1Jl~V 
... ~ .. , It .. 

1~'1VnflHL1JV UWYlVaW'U911a~ 

"'1 ...~.... ..... ~ .. 'i· ...... It ..1VL1V1 l1a~1La(J1Jvg 2 UUU flV L1JV~V911LU11V::naU1Jlvg 'U911Ul1'U~L~1J&1JVLfJ'U911a~ 

.. - d.. .... '.1 ~ ~ d '11 ~ " i " · ... ~ nUUUU1J1LOJfYlflV WV91"1~'1 lJUn1 flV'UUJlfl&91V1V:QnaVflml -.J ,n91V~m1 11Y1H1UVnflH 

l'h, tr~(Jn~~1Ji&';Y1i 1fflV'UUYlflnaU1Jl~V1~ n &l1 jjV'U&~1J 

.,: 1 ~1 ... ~ 
tll'Vffl 1.21 6L161 l1a~1La(J 
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~ 

4.2	 fl1Hl1tJfJlIlIU1PlU~ 

~ ~ ... -~... ~.l .. ~ 1.1 ,...
fl1~fl1tJfJlJlIU LPI u~u U1I'H tntJ11i" 1tJnUYI~U'::inun1'IlltJ1J tt'Uuugn1Jfl1111 

"... 1 ,JJ ,.. .. 4 

~U~fl1~'\1 U~ftn~W::~1U Uft::fl1111L'H lJ1:: t'l'1I UYlU ~::'\IUnftl1Cl~fl1'ifl1tJfJlIlIULPlU~L"tJ~ 3 LllJtJ 

L,h,ru flU fl1~t'I'~ll{Y1l1UIPlU{l~WAH, fl1~nalJ'Vifl'Yl1~fl1~'H~U'\IU~lIULflU{ 3 L"t'I' Uft:: nn 

~ ~ ~ ~ A 
t'I'~1~Y111U1~U'iUtJlJt'I'A1~ - LAft~1 (y- 0) 

~ ~14.2.1	 fl1~t'I'Pl1~Y1l1UIAU'i tttJAH 

ew:a.l J/tu .. d ~. tl ,.
fl1~fl1lJfJlI~1tJ11iU'::1'J1'nlJlIUIAU~'\IU1Alftn~~u~0.5 lIP '\IU 'tJU~'lI 

.... .. ~..;... l ' a... "1~ .. ~ ~ ~ 
fl1'iLOU 5 HP IUU~'1nllUIPlU~Y1l1'\1U1tt '\1ty'H~UlIUH1I1q~':: 'Im::Utfq~ '~'1U~t'I'911'iYl"1tJ . 
-a 
11iUUUYlU 

L1 L2 L3 L1l-------. 

f1 

Nf-----' 

..l 1 0 ., d.. ...,... ., ., ~ 
.1nm"Y1 1.23 Kl U'Hnfl1ft.:JUft::1~''ifl1lJfJlInflflflUUUYlfll~IU~911ItttJ1nuA.:JUU 

, .... , ,~~ 1	 ... ~ ,
111nnA S2 m::ut'I' 11'1)1n L1 .:: 'HftN1Un1t'1' F2 f111m

~1 
'Hfttt (OL) tf191'Jl''Hqtt SI N1UflfltJft 

~ 

~..l....	 ~ 0 "" ~ 
'\If1~flfl\J'lY1fll91fl'i Kl	 mlJ1~nYlU1~'iUU(N) flflUUYlfllAfI'i Kl Y1H1U 11IUflt'UUYlfll91U~ Kl 

".	 .
fi1.:J1U~::vh"r'H1r1tlllNt'I'';~'HlIA;ld~U'\IfI~ Kl ltJ~tJu~hu'H,jn1ni1ALr:Uli1A Uft::li1ttl~Utltt 

1'U1~nf;,a.:J'Hl!1tlllNt'I'i.:J~f1 '-nNl'Ulfl11f1{i'\1ftPll~l1tJij'.:JlIfll91fl{li11,rllUI91U{1~lIfiH1U rh lJ 

.	 " 
. l'U1.:J~nl1lJfJlI'Hl!1tlllNt'I''\IU~ Kl l'U11(nfi 2 ~::~f11~n fi~,r'U'H1ntJaUtJi1U'1nt'l'191,r S2 tlfl'U 

Ul1fH~tJ{ Kl nV~f1~jjl~lUtJd UtJfl~lfl~::fl~H"1~'; S1 l~eJ~"m::un''ri 
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4.2.2 fll1flftuiirm1~fll1112f""'lI6~1JOL~613l~fl' 

1J61fl61 3 l~ fl'fl'11J1nl~ \l::flfttliifl'VI1~flnl111lJ, ~1Ar.lf1ftUfl'lt1l1JlJ ~1 A 

, 4 ~, tI.. ~'4.J! 4"11 ... 
~lflJ~'VIfl61'lllflU1J0L~61fl'1lJ6fllnlJlflJ~f16 -Jfl~lfl1J 

L1~------,
L1 L2 L3 

F1 

. 

,---+----'-----;-'---+--' 

..¢ .
~¢ 

OL 

o 1t1 '1t1 ~ d... '1t1 ~ d
flllflJA If Kl ftfl lf1Jfllft61lflllJ~11Jl'll1JlJ1Wfll UfI:: K2 fl6 lf1J61fl61lflllJ'VI1lJl'll1J 

... 1 • Q,I ~ ~., 1" .. I .. ",0 lid ., , 0lJ1Wfll	 lJ1~\l1fllfl~ mfl6lJU'VIfllft61~1 A~1lflJ~'VI1~llJ6~ 6flfl1lflJ~\)::flfl~ 1J'VI1~llJ l'W'n: 

~ ~ ~ .. 0 tI.. ~ ... '" ,.I _-'! .. 
\11fl6lJU'VIfllfl fl 1'V1~fl'fl~ ft1'V11~llJ'W1 fl1JfllJUrl1 \): lflAfln f1fl1~\)11:lf11~ fl'1t1'l1t.1 11i1J fl~fllJ 

, '1 tI 0 1!" o,n I _I ~ ,...... 4
2~ If Kl 1m: K2 'VI1~llJ'W161JfllJ 'VI1 "U'ltlfll1f16fl6lJU'VIfllJfl~uA'lIfl~U~f1::ft1fl'f11.JfllJ ~~ 

... , 
11t1fl11 Interlocked Contact 

~ ~ ~ " A4.2.3	 fll1fl'f111'V11J61ft61Utl'Ufl'~11- Iflflfl1 (Y- u) 

~ ...... ~1' ..:. ~... ~ 
lUlJ11ifll1lflJ~ lJfll1'J1'1t1f1 flm::ufl'fI fllJ 111Jfl'f1n'VI llJ fl~ \) 111]Jfllft61 

... tI tI 1tI , _~ , '" 1 d ~ ~ 11 ...... .1
'lIW:111JfllJlflllJ \):~6~ 'JI'm:ua' ~,"1 5-10 1'VI1'l1fl~m::Ufl''lIt1 l1f1Alfl1J't'l fll1a'ft11'V1~1t111ilJ 

17t11J1"tl1.JJJ61~61i~ufi SlIP 4lJ~,j u9ifld1~'h~fll1Jfll1~fl'llAfl1AUtI'UY \)::ijuHfiAl~]J~lJ 
, • " " I

lflllJ~hfl11UHfiAfiiA 1/3 l,h ti~i11'W11::UHfiAI11J~lJlflllJ\)::d~lJUAff1lJlAtlflHtltlm::Ufl' 
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L1 L2 L3 

F1 

--­ ----­ ----­ _... ----­ ----­ to -.-­K2 .---­ -­ ... 

01.. I I I I 

w1 
v1( 
u1 \ 

M 
3­

v2 
~ u2 
/w2 

~ ~"..:.." 1 ..; ~. .. d 
fl1Hr"1~fl1JOL"O~~~flO~lnJ"\J11~\J Atl"Aa1Aflfl'lfllflO~~~"OU1J1J Y l1JOfl111JL~1 

~ ~ d .... 1 ..,.. tid · ~..;A 0 

"O~1JOl"O~l1J\J 75% "O~fl111Jl~1C]j'~ fl~\Jfl'~~l amJ1JlflOU1J1J Ll ua~flO\JUflfllflO~flfll 

" ..; ,~ At" ... .. ., .., .., 0 

11UlflflO,.Aa1ALlJUU1J1J y ua~ Ll \J\J~~"O~1J Interlock C]j'~nuua~9U ~1m~ou "fl1~fll~1\J 
II 

A~mil1fl'11Jl~{JoonLL1J1J1~~~fl11JfJ1J'~A~ij 
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L1f-------, 

K1 

K4TK1 

N~-------4lI-----""""------------' 

s. nl1ftnntl&fhnD~,nu''''~l 

fi"YH;'~.nu1vh~l fiv ~ul~til~~1vHh~v~fJtJmw1vHhfJwn1JrUnfh~'lu~V'HJtJmw 

'vH~l\fU'Ul11l·ul.g111J~ (iVf111~U~ (Unit) l1;V kWh ( 1unit = 1kWh) ~~ 1 ~U~ijfilL,hn1J 

fJtJmw1vHh~Ul~ 1 kW ,h~luLriunfl1~vn1v~U1U 1 .g111J~ fllnllU1Wl11ilU1Umhv 
" 'vHhunl1Jl1f1L;ivULrlUff1Jfll1'A fiv 

E P X t (5) 

l~v~ E 
....flV 'n~H1U',"-Al l1lbmrlu ~U~ll1;V kWh 

P 
....flV til~~'~-Al l1\hmrlUfn~,.i~~ (kW) 

t 
....flV n~n l1,hmrlu.g111J~ (hr) 
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'21Jn1or~1ftiTtfi'tJ'itltinu;~~1'U'1i-rl1,t1G') '1J ,jn1f'21J01or~L;Vn'h 1"pj'i1111~~L"ui' 

(Watt-hour Meter) ~~Lrt'UiiL"ui'~YIl~m1 '''-rl11fdTtfi'tJ1tltR1l1Wm11f...n;~~1'U' ,,41,.ln 
" ~tJ;lflfl d1't1i'tJ~1'U 1vvihl::1f'2t.101W1tltl1~~' "-rl1U~1\11111ti1'U 101 't1l'V~~~~1'U '''-rl11tlfJ1f 

... _..... ~... ... .. ,f 
,.:ltJVtJ11U'lf~"11ft'U(Numerical Method) CJf~llnVft::1UVtltl~'U 

2.-----,.-----,-------,.------,------,---------; 

1.8 . --_ ..... __ .--- -..:------ --~ ---------~--. ---- -- .. ---- -_.:,.. ---- -------------;--- -------- _._-- --~ -- ---.- --_. --_.­

1.8 ················~··················i··················t·················;···:··············!················ 
, . . . 
• I • I 

, , • I , 

1.4 r········ [··················f··· 1""" ··············f················ 

1.21-················i··················;·················t·················j··················i·············... ­

~:	 ::: 
~:	 :::J 1 

I I • • • 

................~ "'" ~·················t···· j ~ ' ­0.8 
j • • • , 

• I • • • 

• I • • • 
I , • • I 

I , • • I 

0.8 ·····_··········r-················i··················~ ) : . 

"	 " " .. 
0.4 1- ••••••••••..••• ·1···· !..- -- '1""'" ., j ·t················­

· . . , .
0.2 I- .........•...... ~ ~ ; .......•...•....•.;......•...... - - _.. ; - ...•......•...•..~ .....•.......... ­· .	 .·	 .·,	 ., ,	 , ,	 , 
O~__---J'--__-"- -!- ---L -L ---,J 

o	 10 20 30 40 50 60 
lime (min) 

tl1nrrllm,.~ 5ldu&nvtJntJnn"'\Jfll"~ 1.27 m\'1tl::n·1'U·h ti1"ft~~1'U'1i4l1~'Atl1n 

rrllnnJ'U~tium,.'t11;f'U~1Ar~'Um11iJ'ULu~ ~~rr11111fl;;~VU"'AA~rl' 
tl1nrrllm,. 

E	 = PX t 

" " • II • 

~\Jnffl't1ftV1J MUn ~~ Xn~1~ (6) 
d d,... .:ld 411 ...

~1nrr1Jm,.'Y1 5 Uit:: 6 ~::l't1'U11 P flUfl1111~~'Uu~rrl't1ftV1J't1,.6nY'Unn1i Uft:: t fl6f11111 
, ,	 . . 

~ ...... "'!I • .11 ... .. 
n'n~'Uu~rrl't1lW1J'I1HH'CY'Un""n 'Ufll'Vt'YI 1.27 'U'ULU~ 

http:�......�...�
http:�...�....�.;......�
http:I-.........�
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til II II. 

t\~u'U1'U~1'U1i'lJi1;~lftVn1rn111fll'na~~1'U '~yh~1lJ011111,"'Uii1A'11''Unn~~v~ 
~ . 

f;,a~'~;41 l'rfn:dl~1J01W'"~;41ri1'U 1l1qjl~llJlU 'rfl::1JViflVfl~;41u'Uii'Ufha~ '~;41 '~fHYi~~ 

m'rf~ 1.28 Ul1::m91fmvn1J1::m1fiv~1'U1i'lJiflf~1J01W1f1fha~'~;411i'J'Uifl~V~ijvdll1i'1J111fll 

'rfa~~l'U '~-Il 

Graph between Power and lime 
9....--~------,---.........---...."......--...,---,------,---,
 

8
 

7
 

8
 

3 

2 

oL-ll-....JJ_~.L..J..l.....ll-..,l.LJ...J.L....J.L----.lJ...--l..lL.JLL.JJ.-.l.L..llL-u......J..I-J.L..JLL--J.J-JJL.-J.Llil-..L.l.-LL..J-l1-L-_---i 

o 500 1000 1500 2000 2500 3000 3500 4000 
lime (Sec) 

~ln011~m'rf~ 1.28 ~::n1'U11tila~'~;41~V~1JViflVfl~fH~fivijnnl1JgrJ'Uu1Jl1~91l1VfI 
~ . . 

&1l11 m1111,"'UYilA'nn~if1rJ1ift')fflWfl';1 '1J'~fI'l1Jln"';l '~l1itJyh '~tJln ;~~lli'J'U.rV~ 1fm1 

V'Ui1&n1f11;~i1il1~U'n'U ~~m1v'Ui1&n1f11;~i1il1~ijl1l11rJn~1lJn'Udll1i'1J~1'U1irJrl'lftVnIf 

n'lamglJ1JflHl11J (Trapezoidal role) Vth~ h~9111Jnnv'Ui1&n1f1i;~i1Ul~rl'Ii'J'Uli4rJ~m1 
1J1::1J1Wfllifh,1'U fll~'~~ '~'';flll~lJ~91Hfivijfl111J~f1'rfl11fl i~dfl111J~~Vil11~~lfl~~'U~:: 

"JJ~'" I' QQ .,., .... _-1
1Jlnl1iV'U6lJ~'U()~n1Jm1Um')f1~~V~m1f)'U'n&n1f1 (1fUl1. 1J'UfI' fI'~11fll11J Ul1::f1W::, 2543) 
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f(x) 

b 

.d I...... ~ ~.d~ .d 1 I
\)lfllllMfI 1.29 ft'11JUfltl1::1J1Wftl0Ufllfl1f1,,1UMUfln111ftfJ1Jfll.:l11\l AVn11111f11 

.r .d~.d I .1 ," ,~.,.:,n
Nft111J'UO.:l"Uflnl11ftV1JVOV "lAV1J1::1J1W\)lflY1.:l a f1.:l b "tHU 

h h h 
Q = -(f(x ) + f(x »+ -(f(x ) + f(x »+ ... + -(f(x _ ) + f(x »

O l l 2 n l n 
2 2 2~ 

h 
Q = -(f(x )+ 2f(x ) + 2f(x ) + ... + 2(f(x _ ) + f(x » (7)o l 2 n l n 

2 

h k-I 
Q=-(f(x )+f(x )+2 L f(x» (8)o n
 

2 k = I k
 

h= 
n 
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4 ...... 
~1.1 n1WUQ~1finl1 

d A ~ d~~ 
fllYtfl 2.1 Lfl10~OflOlfllfffl L'I LUfll1f1f1ftO~ 

.. ~ ~ d !'II A ~ ,.J!"
Lfl10~OflO1fllff"1Y11 l1JULflHHOflOlfllffUlIlIQfllJlI 'lJ1JOL9I01'UUlfl 7.5 kW 

~ft9lft1J6f1'tf1151 LPM 

A ~ ~d!'ll '" ~ 'l.J!"
LmO~OflOlfllff"1f12 l1J'ULmO~OflOlfllf1UlIlIQfl~lI &'I1JOL9I01'U'Ulfl 4 kW 

~ft9lft1J6f1'tf402 LPM 

A ~ ... d !'II '" ~ ~.J!"
LmO~nflO1fllf1"1f13 l1J'ULfi10~O~01fllf1UlIlIQfllJlI L'I1JOl9101'U'Ulfl 2.2 kW 

~ft9lft1J6f1'tf246 LPM 

~ d. ~ 
2. tHLflllft1J\llU1U 4 LlJ 

d'~ft1J'lI~ 1 'U'Ulflml1J~ 300 ft9l1 fl111J~U'f~1U 9 kglcm
2 

d'~ft1J'lI~ 2 'U'Ulflfl111J~ 360 ft9l1 fl111J~u'f~l~J 9 kglcm
2 

d'~ft1J'lI~ 3 'U'Ulflfl111J~ 600 ft9l1 fl111J~u'f~1U 9 kglcm
2 

d'~ft1J'lI~ 4 'U'Ulflfl111J~ 660 ft\Pl1 fl111J~U'Y~1U 9 kglcm
2 

3. t2UmW'1'f1691llfll1'l1ft'UO-llft1J (Flow meter) nll1i'1I1f1m1J1Wfll1'fft1J ~l'U1'U 2 

~1 ~~U~a:fi1'CY1111"(litlO~'jlf11'jhfi'l1~~-3U~ 0 a-3 10 fi~l~tlilnfi 
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" ". "",,-. . '" . " "," 
~ ,.:; ,~ ...--::=:''''''' ............... _~ ... 

4. fJtlflnU1"tiTn~ 'fI-A, (Power Meter) ft'1J'10ft11'1"tl'91'~ ., 'rn~ 'fI-A, l,s'U 

UHfl'U 'fI-A,. m::uft'fI-A,. l"'l1flfuflfllftfl{ ti,ft~ 'fI-A, ua::fl1'1Jih""fh&i1'UA''U (nVa::lOV" 

~ l'UfllflN'U1fl fl.1) 

fl. Power meter . "". ~fl11.JfJ1J Power meter 

fll"~ 2.3 llft"~ftfl'l:'0l::"fl~fJtlmor9111'1"ti'ft~ 'fI-A, 

"• .1 .. ~ "•.1" ., ., .. 1 ' ••I_!!I ., "0 I5. Clffl111lL11 Data Smart View l1J'UClffl111ll11ft'''11.J1.J'U't1flfl'91'~ '1 'n'~ 1111'''~''fl 4 

lla::n1Jii~"'U1'U"lhv'fI-A'Ofl~1V (kWh) Vi'~''U1.J'U1::1.J1.Jtlnlliifl111'U 1,,1' XP 
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-~U.-WI'- .... -_12.-_12.-~. 

! ! 
I I .14iii'~I-; ---+­

• 

• 
h •.- !! 

! I, !! l 

i ! 

! !! f 
i 

i I ~JI I 

I I' • 
I-,
I 

~i 

I 
I " I I 

I 

I 
• ­ -­ el_ 

- I I I !~... 
I I ii 
i I -!I 

I ! j 

i i ! 
f i ! 

I , 
I 

I 
IaI1:. -I:II _I: 

.d '" 1fllYlTl 2.4 Uft~-3M'UUI1-3'l1fl-3 t1'iUn'ill Data Smart View 

6. L~'ULCl1flf1~fl111l~'U L;1'UL~'ULCl1flfn1Mi'1J1~fl111l~'UlnJti~l'Ut1-3im'llL~fllftTlMi'1J 
. " 

ti1M'U~ti1fl111l~'U1tllti~ l'Um'i~~-~fl Lfl1fl-3V~fl1mff fl'11l1'itl1~fl111J~'U1t1JV~ '~~-3U~ 0-10 

"1 ., ..;., ,Y tI ~ ., ., , ..I-~ 1" .6 ..111'i ~tlfl111l~'UTl1~ t1l1::QOU 1t-3L1J'UftqJty1WUH~'U n111 0-10 11t~ Cl1-3'i1t11t::Lfltl~T11-3 

... d ...: ,Y ..;
L'YIfl'Ufl'llfl-3LCl1'ULCJffl'i'Uf.) t11110fllflH'U10Tl 0.2 
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_ 1 .. _~... .. '_j_~ !'II'" ..... ~. 
7. 'JlJm-OUlJ'fJ1J1Y1mJUHt\\l nl11 (Comparator) l1J\l,nWY\lt\11\l./lYl1./l1\l~111'U\llA 

'UtNllHA\l 'yf"111111\11~i'1JUHA\l'yf"1"lm.\l10Jrtl!1Afl1111A\lftlltlAfl111ttl 611A'1\31111 

_ ~ ... .. d t '11 ...... ... ,.. '_1 .... ..I

llJ'fJ1J1Y1fJ1Jn1Jfl1Y1fl./l .111tl'lftfJYl1./l1\l"::tT./lntyqp01 lJfl11JfJll fltl\lUYlfll~tl,n~l'Yllltllfltl' 

~tl'tJ 

fl1yt~ 2.6 llnt\./lafllt01::f21Jm-WlmfJ1J1iirmm./lA\l'''''1 
II 

8. 'JlAtJi'1JtJl./lfJ01tnytl111tlA (Service unit) '.fd111i'1J~./lthfl1111A\l1.f./ll\l'Utl./ll111tlAlAfJ 
II • . .. 

tJi'1J~./l'~ii 61J1' 



29 

~ 0'0 01 01 ... JJ 
9. flt)1I'W1L~t)HI'1""1.J1.JUYlfl~t)1Jn 
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" • d
·nu1~tlih)::,]lnnffnlllUa::Y1f1ao·:nnn lflio.:aOflOlmffhu'lu 3 'UUlfi ua::d'.:alntla1J 4 

. " " 
'UUlfi lfltllflio.:aoflolmffu~a::'Uulflll::1"d'.:al~tlaUl1.:a 4 'UUlfi n1JU~'lll:: '~m~Y1f1ao.:ai.:al1ufI 

12 mw lfl~O.:aOflOlmff~1"1l::Qnfl'ltlfJUm~,]1.:alUUtltla'~Il{Y1-a'~OtJ m~ffnllll~Ulllnm~1" 

'Wa.:a.:alUa1JOfll~u,f.:aU~!Otla::20, 40, 60 ua:: 80 'UO.:afl'l11Ja'lUl~o1um~Ha~aUOfl'Uo.:alfl~O.:a . 
.. 1 d I ~ d ~ 1.J!" :, ., 1II..., .,0

OflOlmfl' f1t1Y1U~a::ltJO~lCJSu~"o.:am~ 'lJauofl ll::Y1lm~~.:afllfl'll1JflU 111fl~o.:aOflOlmfl' ~f1-

~o m~,]l.:alU~f1'llU~U~Hnul~u,f.:aU~ 6, 7, 8 ua:: 9 tll{ ~l1J~;'~tI u~'l']lm~,juiinfhm~1f 

'Wa.:a.:alU'~-Al'UO.:alfl~o.:aOflOlmft lllfh~,j'uiin '~Ua'f1.:aHalflufln~l;.:altfu U~'l11fln::,fnn~ 

~'~lffOl1lfil'UO.:afl'llU~U~ll1Ul::a'u~qfllum~f1'ltlfJum~ ~f1-~O m~,]l.:alU'UO.:alfl~O.:aOfl 

Olmfl' lffo1,rtJ~::l1 VfI'Wa.:a.:alU'~-Aluln~qfl 

6Sar 

6 

1 

'lln1tJ'l.:a'l'j'j::tltla1JOfl~tJmWl1Ultlla'U 1 flO lfl~o.:aOflOlmfl' ']ll1,rl~Ha~a1JOfl 'tJl~tI 

lut1.:a'tina1Jl1ultlla" 3 ~.:afl'l11J~1Jlut1.:a';tla1Jif~::Qmla'f1.:J,,11f1'llU~U lfltllnll'i'f1f1'llU~U 

l1UltllCl'U 5 ~tJmwl11Jltlla'U 4 lflul~U1CJSO{'i''ilfilfl'll;J~UUtltloulgon1fdll1i'mi.:JftqfqflW'tJ 

f1'ltltJ1Jm'j,]1.:Jlu'UO.:aU01~O{ ua::auoflll::Qmhtl'1J~'j::tltll~m,h\.J~tJmw'i'f1tJ;ulwm~1"au 
.. oJ 4 .. .: "1". 1 ~-~ ~ O~l11JlmCl'U 6 Clf.:almO.:JOflOlmfI'U'l::Qn'UtI 11Y1l.:J1U f1tJ1JOl910'j L'Vhnl11Jltlla'U 2 ~tJmw 
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't11Jlml''\I 7 fi{J1ftt.li'tJt.ll~fJWfl1'nl'1Jt1ft'::Qni~fl111J~1.I1"Hu 1~~ 6 m{ ld{J~lil1n1::tJtJm11f 
" l'1Jt1ftri11.11't1qjll.1t2~t'n't1m11JU::lffl111J~1.Il'1Jt1ft'\l1.l1ftull.1mnil~11.1 l'1Jt1ft\)::Qnri~l~1~1::tJtJ 

m11f~11.11ftllNl1.111n1i1ft-lilft 't11Jl11ll''\I 8 Ul'::\)::Qnt.li'tJt.I;1J1Wm11flft1l11n1fl1tJfJ1Jt1~n 

m11't1l''t11Jlml''\I 9 

L11------------, 

L2r------------. 

@~----, 

t - _. --- .---­ BREAKER SAlE I 1- 130Bi 

, 

r. t'\ RS4851USB 
~~~ 

CT2 ~~~ ... ~"" ..... "HIK1 lft'6~1Rn1n~ 1 ft611Y1 '1lf16' 

Contactor 

N)-----------' M Motor 

" . 
n. 1~mtha~'n!{J1J~ft9i~!fl;{J~1fttila~ 1vHh 

+24V 4 5 

2 3PS - ... 

OV 

CP2 K1 
tap 

n 7,B or g bar 

'\I. 1n1fl1tJfJ1J 

fl1'V4~ 2.10 Uff~-31-31l1mlJ~1Jlfl1t)~tr"mmffUl1::~hmnl~nn~fli~lftttNiflfi15~''''Th 
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fllniH1U~0~1~,\)1L~lJ'lrn~UL.0!1f1tl11lJ~U (PS) filfll11f1fl11lJ~U'Un~ftlJLL~1 

Ut1ft~LrtU-d'tlJtlJ1WLLH~U'~fl1fi~'t1V~;LftVL1.11tJlJL;ltJ11LLH~U CP1 UftZ CP2 lfltJ~ CP1 ~Z~fl 
: '.l"I J/	 ..l '" 1 ~ "..l ~... ~ .:, ,,,.. ~0	 0 0
fl~ 'J l11Y1H1UYlLLHflU 6 1ft~ ( 6 V =6 bar ) Yl111U1Y1L1JU1LfttJft'~flU 111mtJ K1 'n1~1U Uft:: 

" ..l ~... ~ 0 .. ~ 1 : , "o..l ... 1 ~ CP2 tll11U1Y1L1JU1LfttJ11~f1fll1Y11~1U~0~1LfttJ K1 f1tJ,\)::fl~ 11Y11~1UYI 7, 8 1110 9 1ft;t fl1lJ 

fl11lJ~0~fll1 ~hU;LftV K1 tll11U1~fl1tJfJlJfllnh~1U~t1.:1lJOL;t0{;rtJLfl~O.:l6f161fllff fll'itl1~lU 

~O~;LftV K1 L~lJ'1fl tlOUUYlflt1fliiilfl~o~ CP1 'UU01~ 4 iJfI (mtU~fl11lJ~UftlJ'Un~~1fl'h 6 . 

.. ,_.I_~"	 ~ . ... ~ ~ 0 , J/,_,'"
11U) m::uft'	 11"''':: 11ftH1U utJ~flOUUYlflufi CP2 Uft::H1U~f1ft1f1~O~1LfttJ K1 ft~fln1f1 Yll 11 

,	 rI 

imv K1 tll~1U flOUUYlflLilfi K1 1UU01;l 5 ilfltll'M'm::uft"~fl1'11ftf';'u't1LatJ.:I~f1ft1f1imv 

K1 ,nU~W::~tl11lJ~UftlJ'Un~ftlJLflU 6 m! Lytn::tlOUUYlfl CP1 ~::LilfiOOfl LrtuFom'mLftV K1 

o • , ,~ .:... • '" "" '" ..:.1.., ..l:'11
ft'1lJl10YlH1UflO t1 91 (1.:1nUL1tJfl11 self Holding) LlJOtl11lJflUftlJ UmftlJLVilJ~U(l.:lfl1Y1;t~ d 

... .. ,_.I_~..l': ... ~ "' ... ~0'"
(7, 8 1110 9 m1) flOUUYltl CP2 '::LilfiOOflYl" 11m::Uft' ","'1Y1LfttJ~~f1ft1f11mtJ K1 ~fl;tfl 1mtJ 

"',,,,,,,	 ~'" fl'::11~f1Y11~1U~ 0 Uft::WOftlJ U(l~~fl "Jl'~1U ,_,,,,uL10tJ C'j fl11lJflUftlJ'" ''''~K1 U(l~fl~::ftflft~L1J'lJHft 11flOU 

~ ..... '" '" :. ~ ~~ ... :
UYlfl CP2 uflL11lJOULfllJ Uft::WOfl11lJflUft1Jfllfl11 6 m1 flOUUYlfl CP1 fl~::uflOflflH 

, _.,_~ ~ , '_1 '" ... ~ ~ 0 ,,,.. ~ .. :... '"0

m::uft' ","'1fl~:: 11ft utJ~~f1ft1f11LfttJ K1 ft~ml1f1 Yl1 111mtJ K1 'n1~1'lJOflflH LlJ0fl11lJflUftlJ 

'Un~il.:lfh~fil'M' CP2 fil.:11U ;mti' K1 ~~::11~f1fil~lUOfl fll1tl1~lU~::LrtUU11tJ;f't1L~mJ C'J 

o .., ..,• 
Dlf1u'Utlm1Y1ADf)~ 

II,	 , r" . 
1.	 P1~fhU1.:1~U'yjfll;l CP1 LLftZ CP2 'M'fi1~1U;lfl11lJ~UftlJ~h~C'J lfltJL;1J'l1flfli'.:In 1 

~ ~"''' . .rCP1 6 m1 Uft:: CP2 7 m1 f1~;t1n~~1.:1ftl~U 

. ,.., ... 
ftHYI 1 2 3 4 5 6 

CP1 6 6 6 7 7 8 

C?2 7 8 9 8 9 9 

2. LilflL111flLflO! (Beaker) ~1tJm::Uft"yjofJl',fLfl!o~tifl61n Iff 
".	 , . 

3. ~~~lfl11lJA'lJftlJ'~~1Un 1f1t1i"1t11~fJWfI1ytft1Jtifl11lJltJLft'\J 7 (fllVill 2.9) Hn 6 

m'i 
~ 

4. Lil"11n1ft1J111JltJLft~ 8 (fI1yt~ 2.9) 



33 

5. 1Ii'1Jtl91nfl1~'l1a"o~f\1J'1~rova:: 20 ~11n'U\1Jl11J1VLa" 9 lflV~fh~f2l1flnu1fl 

6. 

7. 

tl91nfl1~'l1a 111J1VLa" 6 (fl1l'f~ 2.9) 

,juYifl~oJJafl1~,.ma~nu'~fh~1vlll~um1J Data Smart View liJun~" 1 i111J~ 
" . .

fi19111JtUU910ufi 5 ua:: 6 '11~lflv1li'1Jtl91nfl1~'l1a"o~a1J'1firova:: 40, 60 ua:: 

8. 

80 9l11J~;'fl1J 
",,, . 

filfl1nlflaO~9111JtUU910ufi 1'11~ lflmt,uh CP1 ua:: CP2 fl~911n~finll1Ufl 
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" , • I 

nu1iviJU"hnnflAntl~n1JlflitHtiAtllmfl'V1'\.n'U 3 lf1itl~A"JVn'U l1~n:aflitl~ijm, 
.,.,., 0 ., _., d " . 

f1At'ltl~n1Jm"mnJ\l1'U1'U 4 'U'U1A nllm'f1At'ltl~f1nnJA 12 nnu A~911n~f1 1 

.
. .. 
lfl1fHtliil6101f1' 

.. .d 
lf1'6~f1 1 300 360 600 660 . .. ... 
lf1'6~f12 300 360 600 660 

.. .d 
lf1'6~f1 3 300 360 - 600 660 

. .
 
.. .,., .. AI ., 

"111~f1 3.1 llt'l'A~'U'U1A'Utl~a~"nt'llln1Jlfl'tl~tliiltl1mff 

.d 
911n~f13.2 

fmJt'I::'Utl~m,'f .... ~ d tJ
f1111lA'U t'l'911'f1-t'l'91tl 

t'l1I 6-7 6-8 6-9 7-8 7-9 8-9 

20 / / / / / / 

40 / / / / / / 

60 / / / / / / 

80 / / / / / / 

.d QI ~ 1"'"ell • ~ 
91111~f1 3,211t'l'A~m'f1Antl~mlllt'l'1I"'U1i'::'t11H·H)tJn::'Utl~m,')j'~l'UnlltlA 

ell :. ell ~ d
n1Jm'91~f11f11111A'U t'l'911'f1-t'l'91tltJ 
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. . .
 
4" 4 OIl 

1. NDftl1nftDB~lfl1fHBftBlnl"lfl1B~n1 

,r111'f1~(J.nlAt:I1mffUtltl\1t1qtl i41J(JL~(J1~1l'A 7.5 kW Na"a1Jt1A'~ 1151 LPM 

Graph be'-n Power and lime 
18,-------,------,------...,..---...------.-----r------,-------, 

Energy. 1.5631 kWh 

18 

14 

12 

8 

4 

2 

oILJUULll--UL.IL.lI..JULllJLJLIIULlJ-illL.uLJWLll..ll.JLlL.ILJLL..llJLJLJLJLLL.JI..JLJL.JI..JlIJUI--llLJLJUUUUJ...IlJJL------.J 

o	 500 1000 1500 2000 2500 3000 3500 4000 
lime (Sec) 

m'Yi~ 3.1 t1n...,UtYA~t111'ffhft~'...,~1~t1i1J1Wt111'.ga1Jt1A!(JfJa:: 20 f11'1J~1l tY"11\1-tY~(Jt1 
., Ai., ~.J GI.., .Q 

6 ntl:: 7 tI11 ~(J~Lf11(J~(J~t:I1t11fflf11(J~\11 (l~'Yit1tl1J~t.I'A 300 tl~1 
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6 

4 

2 

11,-------r---,---,----,-------.,---,------,------, 

Energy =2.6521 kWh10 

9
 

8
 

7
 

f' 8 
~ 

I 5 
II. 

• 
3 

2 

500 1000 1500 2000 2500 3000 3500 4000 
lime (Sec) 

tl1'Vt~ 3.2 fln~Uufl~fll11.,fha~'~fh~1Ji1J1Wfll11.gtnJf)f1rmJa: 40 fl111J~'U t'l'911!'rI-t'I'~01J 
tI AI A.ci QI ~QI QI

6 ua: 7 1.Jl1 'UO~&fl10~09l01fl1fflfl10~'rI 1 fJ~'Vtfla1J'U'Ulfi 300 a9l1 

GnIph bet--. POW8" and lime 
18r------r---,------,-------,----,-------,---.,------, 

Energy = 3.9502 kWh 

16 I 

14 

12 

lime (Sec) 
500 1000 1500 2000 2500 3000 3500 4000 

fl1'Vt~ 3.3 fln~ut'l'f1~fll11.,fba~'~fh~1Ji1Jlwfll11.ga1Jti'f1rOfJa: 60 fl111JA'U t'l'911!'rI-U~01J 
" ..... .. d ...... ...

6 ua:: 7 1.J11 'Uo~&mO~OflO1mfflmO~'rI 1 fH'Vtfla1J'U'Ulfi 300 a9l'i 
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GnIph ~~ 8Ild lime 
18,-------,-----,-----r---...,..---...-----,-----r---, 

Energy =5.2469 kWh 

16 

14 

12 

~ 
l!!­

I 8
Q. 

10 

2 

oOLLJLL.JLJ500UL.-L.l.-L...L..1OOOL.L..l-..LJL1..1.l500...L...IL.-H-JL--.L2000..L...i.--'L--.I--L...I2500U,.....OLL.JLJ3OOOUll-LL.L...Il-3500":--L------,J4000 

Time (Sec) 

tl1'Vt~ 3.4 fl'ilflua'~~fll'ilff'ha~'flfh~,j11J1Wfll'ilfa1J6~rtlVa::80 fl111J~'U a'9n!'VI-a'~tl,j 
~ .,.. .4 4 .,., A 

6 ua:: 71J1'i "ltl~lfl'itl~tl~tllfllf'l'lfl'itl~'V1 1 ()~"fla1J"l'Ul~ 300 a91'i 

GnIph bet--. PlMW 8Ild Tune 
8,-------,-----,-----r---..,----,----,-----r----, 

Energy = 1.4326 kWh 

6 

2 

~ 10
 
~
 

Q.
I 8 

6 

2 

500 1000 1500 2()()f) 2500 3000 3500 
Time (Sec) 

'" •.1 "'.1" ... 11 ... ~ d.1lSI .... , ..I_~ ,SI1ll'Vt'VI 3.5 flnnUa'R~fll'i 'lfflla~ 11111'VIlJ'i1J1Wfll'i 'lfa1Jtlf'lltlVa:: 20 fl1l1J~'U a'911'i'VI-a'91tllJ 

, 4 cv ~.ci QI GI Q 

6 U"El:: 81J1'i "ltl~lfl'iO.:lO~t:Ilfl1f11flH:I.:I'VI 1 m'WmUJ~U'f1 300 ft~, 
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10r------,------r---,---.----,------r----,-----, 

EI1llIllY = 2.9175 kWh 

9
 

8
 

7
 

8
 

4 

3 

2 

I 
ioU-U..I..LLu..uLLll.l..Ll.lLlJll.IJJ-LL.U.,l..l..l..Ll.U..LLL.l.lL.I.J..1.UJ....Ll..lLLl-'-LLLl.U.J-LLLL!.J..LUL.L.----.J 

o	 500 1000 1500 2000 2500 3000 3500 
TIIll8 (Sec) 

m'n~ 3.6 n'ilMLLffA~fl1'il~fha~'MYh~m2J1Wm'il~a2JOAffJva::40 fl'll2JAU ffpnffl-ff~fJt.J 
~ .I.., ...d QIQI	 Q 

6 ua:: 8 1.11'1 "fJ~lfl'ifJ~fJAfJ1mffLfl'ifJ~f1 1 fH'nna2J'\IU1A 300 aPl'i 

Gniph ~ Power and lime 
18 

16 

EI1llIllY = 4.9845 kWh 

14 

12 

~ 10 
o!!. 

I 8
11. 

6 

4 

2 

II 
Ol.­

0 500 

II 
1000 1500 

I 
Ii 

2000 
lime ,Sec) 

2500 3000 3500 

..I • .1 ,.J!. '" '..I_~ d.,,,,, 1"" " ., ~ d.1m'nfl 3.7 nnnUffA~nu 'lJma~ lnnfllJ'i2J1Wm'i 'tSa2JfJA'ifJVa:: 60 fI'll2JAU ff9l1'ifl-ffPlfJlJ 

, "'.... 4.d III	 ...III 

6 ua:: 8 1Jl'i \I0~ltl'O~OAOlmfl'lf1H).:I'Y1 1 O.:l'Vtflftll\l\J1A 300 ft~1 
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Gr8ph '*-" P__ end Time 

10r------,.---,-------.----r---..-----,,....-------,.---, 

Energy =6.1485 kWh 

3
 

2
 

OL-_-----l_JL-----'-__--L1L--_--.l...-_--1l-.l....---L--1.L-----..l.--~ 

o 500 1000 1500 2000 2500 3000 3500 4000
 
Time (Sec) 

~ •.1 1JI G QI , ..UI 4. ~ 1JI QI 11 QI" "1.1tll'WYI 3.8 f)nnUt'1fl.:lfll~ 'J1fllft.:l nnlY11J~1Jltufll~ 'J1ft1JVfl1VlJft:: 80 f\111JflU t'1Al~YI-t'1AV 

tI ..., .4.d QI ell Q 

6 LLft:: 8 1Jl~ ~V.:Ilf\HI.:IVAmfllfflmV.:IYI 1 'H'Wf)ft1J~U1A 300 ft,,~ 

4000350030001500 2000 25001000500 

8 

Energy = 1.2853 kWh 
6 

4 

2 

I 

II I 

4 

2 

8 

Time (Sec) 

~ 1JI G QI' -~ ~- ~ 1JI .,,, QI" " tll'WYI 3.9 f)n~Ut'1fl.:lfll~ 'J1fllft.:l ~nlY1lJ~1Jltufll~ "ft1JVfl~VlJft:: 20 f\111JflU t'1~1~YI-t'1~VtI 

, '" ClI '" d '" '" "" 6 Uft:: 9 1Jl'j ~V.:Ilf1'jfl.:lflflmfl1f'flf\'jf).:I'YI1 fl.:l'VUHUJ'U'\.Jlfl 300 a~1 
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18r------,----r----,---..,----.,.---------,------r--­

EIl8Ig! • 3.1546 kWh 

16 

14 

12 

8 

4 

2 

oO':--'-LL-J~500-,l--1....L...L..L1000:'L.L...L....L-L.J...J1500u..J--'----'---'-:2000'::':'-:-'c..J.....L-'-::'2500":':-'-...L.J.....L3000~-LJ-~3500-:"-::-':------,-J4000 

lime (sec) 

fI1'rf~ 3.10 nn~Utl'Pl~m~1~fha~1YHh~1J;2Jlwm~1~nlJf)Plfvvn::40 fl112J~'U fI'~nfn-fI'~v1J 
~ .. ...cl QIQI QI Q 

6 un:: 9 1Jl~ ~V~lmV~VPlV1mffLfl~V~f1 1 f1~'rfnn2J~'U1Pl 300 n~~ 

GnIph belMM ~ and lime 
18 r------,------,---...,.---..,-------.,.-----------,-----,-------, 

Energy =5.5682 kWh 

16 

14 

12 

4 

2 

o"'-------'--'--500--'-----'-L-1000.L-LL---1-'500L..L.--W2000--'------'--L-2500L--L..L.--3000-'-LL------'3500-'------.J40:xI 

lime (sec) 

~ _I 1.J!o .... ,_.I-~ -_I'" 1" .... " ...... ~ fI1'rffl 3.11 nnnUfl'Pl~m'i 'Jmn~ n,"ln1J~1J1wm~ 'tSn2JVPl'ivvn:: 60 f1112JPl'U fl'Al~n-fI'Av1J 
, .. III ..... III III ... 

6 Ufl:: 9 tn, ~O~Lfl'O~O"Olfl1ffLfl'H)~'VI1 f1~'rffl~1J~'Ul~ 300 ~~n 
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Energy .. 6.5147 kWh 

3 L...-._-----L__~__...L..__ _____.J_______.L.._ _____:-I.--_____:,L__-_:_:: 

o	 500 1000 1500 2000 2500 3000 3500
 
llme (Sec)
 

f11~~ 3.12 nnWUa'A~fIl1'ftilft~'Ylyh~tJi1J1Wm1'fft1J091rOtlft: 80 f1111JA'U a'~n!'YI-a'~otJ 
tI A • .d w.,til	 Q 

611ft: 9 tJ11 "O~lmO~OA01fl1f1'lf110~'Y1 1 f1~~nft1J"'Ul91 300 ft~1 

12 r-------,-----,.----.,---------,-----r---..,.-----,--------, 

E~ .. 1.3 74 kWl 

10
 

8
 

4
 

2
 

f11~~ 3.13 mlYlUa'91~fl11'ftilft~hHh~tJi1J1Wm1'fft1J091rOtlft: 20 f1111JA'U a'~n!'YI-a'~otJ 
" 4 '" Ad", '" Cl7 Uft: 8 tin "o~lmO~OAOlfl1f1'lf1·HH'n1 fl~'Wnfl1J"'U1A 300 fl~1 
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6 

18.-----,------,-------.-----,---,----------,----,-------, 
Energy = 2.9944 kWh 

16 

14 

12 

1500 2000 2500 3000 3500 4000 

fI1"~ 3.14 nn,.hlff~_3m1'~fhft_3'M~1~t1i1J1Wm1'~ft1JO~rtl[Jft::40 fl111J~U ffpn{'n-ff~tlt1 
., .4 .4 cl ., .QQI QI 

7 LLft:: 8 1111 'lItl_3lfl1tl_3tl~tl1mfflfl1tl_3'n 1 C1_3"flft1J'lIU1~ 300 ftPl1 

11me (Sec) 

14,-----,-----,------,----,---,-------,------,--- ­

Energy =5.2392 kWh 

I 
12 -1 

10 

2000 2500 
11me (Sec) 

fI1"~ 3.15 nnMLLff~_3m1'~fhft_3'M~1~t1i1J1Wm1'~ft1JO~rtl[Jft::60 fl111J~U ffPl1{'n-ff~tlt1 
" .« ..... ..;........ ""
 

7 Uft::: 8 1111 'lItl_3lmtl_3tl~tl1mfflmfl~'n 1 fl~'Wm'1JIlJ\Jlill 300 ~;)'j 
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EIllIIg)' .. 8.0217 kWh 

18 

14 

12 

2 

fll't't~ 3.16 fln~UnA.:Ifl1~,.gfhft.:l'~"1~tJ;1J101fll1'fa1J6Arflva:: 80 fl111JAU ~nl1{,,-n~fltJ 
" ..., ....:., ., Q 

7 ua:: 8 'lJ1~ 'Ufl.:llmfl.:lflAfllfllfflmfl.:lfl 1 m't'tfla1J'UU1A 300 a~~ 

8,------.-----,------.-------.----,-----,-------,------, 

EIllIIg)' .. 1.3817 kWh 

8 

14 

12 

I

8 

2 

fll't't~ 3.17 fln~UnA.:Ifll~'.gfh1i.:l'vJ"1~tJ;1J101fll1'fa1J6flrflva:: 20 fl111JAU n~l1{,,-n~fltJ 
" 4 '" 4..... .. ...7 Utl:: 91J11 ~f)~lfln.J~f)'lf)lmfl'lfl1f)~f1 1 fl~'WmnJ~'Ul~ 300 tl9l1 
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16 

Energy =3.2516 kWh 

14 

12 

6 

..
 
2 

oUlJUl...L~,LU-.LLLLl:'I:l:.LLLLL.U~LllJ~~Lll.1.1.:l:!::1l:lll.J..LL~...L.L..L.L.I...I:I~-----,-,I o	 500 1000 1500 2000 2500 3000 3500 4000 
lime (S8c) 

fln,~ 3.18 fln'tiufffl.:lfll'i1offllft.:l''ti~1~1J12J1Wfll'i lfft2JOfl!oVft:: 40 fl112J~U ff~I1!'t1-ff~o1J 
., .4 .4 4 QI	 QQI	 QI 

7 Uft: 9 lll'i "O.:llfl'iO.:lOfltllfllfflfl'iO.:l't1 1 f1.:1'nflft2J"Ulfl 300 ft~'i 

3 

2 

oOL----ll--500-l.lL-.ll-,000L-l.l----"lLL500-~2OOO-".L--lL-25OOL..J.j----L3OOCl...1.----ll--~llL---4OOO 

Time (Sec) 

m'n~ 3.19 ml'tiufffl.:lfll'ilfOlft.:l''ti~1~1J11J1Wfll'ilofft2JOfl!OVft::60 fl112J~U ff~l1!'t1-ff~01J 
., .4 .4 ~ QI	 QQI	 QI

7 ua: 91J1'i 1JtHLfl'itNtlAtnmffLfl'HHfI 1Q~'Vtflftll1J1J'A 300 ~~'j 
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Energy =8.7503 kWh 

3L--------='"--~--cl_-~:_:__-~:_____::!=-____=:~-__:_: o	 500 1000 1500 2000 2500 3000 3500 4000 
Time (Sec) 

Il1ft~ 3.20 fln~Utl'f1.:1fln'''fhft.:l'~,'.j1~1J~1J1Wfln'''lt1JflflJf)tllt:80 tll11JA1J tI'~n!'rI-tI'~f)1J 
tI .... A":., .., Q

7 Ult: 9 1.111 ,f).:Iltl1f).:If)f1fnfl1fl'ltl1f).:I'rI 1 Cl.:ll'lfllt1J'U1f1 300 lt~1 

18,------,------,----.,-------.----,---...,....---,----, 

Energy = 1.4583 kWh 
18 

14 

12 

~10 
~ 

I 8
IL 

8 

2 

ou....JL.JLlLJLJ.J...IWUL.JJ...lLlLLLJIU..1UL.lLlL.JUJLJL.lULJlLlL1L..1UL.JULlJUJI' ..lLJUJ...J-U-..L..ILILlLJJUl-LLJ...-__ 

o	 500 1000 1500 2000 2500 3000 4000 
lime (Sec) 

Il1ft~ 3.21 fln~Utl'f1.:1fl11'''fhft.:l '~,'.j1~1J~1J1Wfln'.,lt1JflflJ6f.1a= 20 tll11JAU tI'~l1!'rI-tI'~f)1J 
~ .4 '" 4 4 .,.. "'" 

8 111":: 9 tJ1~ 'f).:Ilm6-i16fltl1fl1f1'lfl~tN'n 1f1~,.mnJ"Ul" 300 afl1 
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18,--------,------r----.--~-_,__--.,__--.__-___.--___, 

Energy =3.3643 kWh 

18 

14 

12 

8 

4 

2 

o o 500 1000 1500 2000 2500 3000 3500 
Time (sec) 

m'Yi~ 3.22 f1nrJutYA~f11'1'ffh~~''"fl1~t1i1J1Wf11'1'f~1JVAftlfJ~::40 tl111JAU tY~I1{'rI-tY~t1t1 
.. 41!!1., 4 d ..,.., ~ 

8 U~:: 9 lJ1'1 '\ltl~lmtl~t1Amf11f1'lfl'1tl~'rI 1 m'rm~1J'\lU1A 300 ~91'1 

12,--------,-----,------.------,---.,__--,-------,.---., 

Energy = 5.9317 kWh 

2 

oOL...ll.---"-.....JL..L5OO--'-----'----JL1ooo-"----JL-J'-11L5OOLJL.J---'L2--"-000"----..JJ----'--2500lL.-DL-L-"--3OOOL.IJ -'------'--=-:cll-::----­
3500 4000 

Time (Sec) 

m'Yi~ 3.23 f1nrJutYA~f11'1'ffi1~~''"~1~t1i1J1tuf11'1'i'~1JVAft)fJ~:: 60 tl111JAU tY~'I1{'rI-tY~6t1 
, .Ii... <!i d ...... ... 

8 U~:: 9 lJ1'i '\l6~1f1'i6~6A61f11f1lfl·H).:I'YI 1 \l.:l'YimUJ'\l1Jlft 300 Ofl'i 
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GnIph ~ Power and Time 
10,------r---..,---------.-----,---.,.---------,------,----------, 

EI18IllY = 6.6632 kWh 

500 1000 1500 2000 2500 3000 3500 4000 
Time (Sec) 

..: '1 " 0 ., 1 -~ ..: ... '1 'J1 ., 'J1 .., ~ d. I
tlTVfYI 3.24 fln~Ut'l'f1~fll'I '!fflliH ~nl'YItJnmUfll'I 'In'lllV~HWi'l:: 80 f1111lflU t'I'~l'I'YI-t'I'~VlJ 

tI ..., c:l QI.. Q,I Q 

81m:: 9 tn'I 'UV~lfl'IV~VflVlfllff1fl'IV~'Y11 (}~l'lfli'lll'UUlfi 300 i'l~'I 

~lfltlll'l~ 3.1 il~ 3.24 1~U~i'lfll'I'YIfli'lV~'UV~lfl~V~VflVlfllff1fl~V~~1 fl1Jti~ifli'l1l'UU1~ 

300 ft~'I ~~Ut'l'f1~1~Uml~f1111lffll'nu1i'I::'t1'il~fhft~(Power) fl1Jl1i'll (Tir..1C) u~1iilU1W't11fh 

l'lft~~lU 1~_Nllf1tl'.f'I::1ijtl1Jn1;~i1m'U~1tlfl~a1't1~tlllfll~'t12J fi ll'lft~~lU~ 1~ut'l'f1~ H'lU 

..: ..:.! , 'J1 ~ ., ., ~ I .., 1-1-~I

~ln~'Y1 3.3 Ui'l::~lfl~ln~'Y1 3.3 U 't1Ut'I'f1~11JUml~f1111lt'l'lll'lU1i 'I::1111~fIll'li'l~~lU nnl 

(Energy) fl1JrVtli'l::'UV~fll'I'ftJ~1l1Wi'lllVfl(Flow) ~f1111l~U t'I'~~!'YI-t'I'~VtJ Al~C'J ~~tlll'l~ 3.25 

tJ~1l1Wfll'I'1fi'lllVfl (%) 
fill'lft~~lU1~_Nl~f1111l~Ut'I'~l!'YI-t'I'~VtJ ~1~C'J (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 1.5631 1.4326 1.2853 1.3174 1.3817 1.4583 

40 2.6521 2.9175 3.1546 2.9944 3.2516 3.3643 

60 3.9502 4.9845 5.5682 5.2392 5.7817 5.9317 

80 5.2469 6.1485 6.5747 6.0217 6.7503 6.6632 . . ... 
~ln~n 3.3 ~i'lfll'I'fl'lft~~lU1~_Nl'rirmJi'l::'UV~fll'I'1~~lUl1llVflfl1Jfll'Ii~filfl111l~U 

I ... III .!i.d III III '" 

~'~C'J "tl~Lfl1tHtl~tl1f11fl'lfl'HWYl1 m'Vif1~ll"tI,~ 300 ft~, 
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GnIph betwMn EnelVY end Flow at AJr RlIMncIr 300 litres 
7 rr=~~:::::;:---:-----:-----;----:---I-+ 6-7 blIr : 

-e- 6-8 blIr : 
- 6-9bl1r ;
 
......... 7-8 blIr : ,
 

6
 -+- 7-9 blIr :----------.-------:------------------;---.----.---.---. ...:.---:>---=
 
-a- 6-9 blIr : : :
'-----__-----J: : : 

,	 , ,. , ,, ., 
, . ,, , ,
 

5
 -- ------- ---- ---~---- --------------i---·---- --- -------:-.-­.	 . ,·	 , ·	 , 

~ 
o!!S. 4 . ..	 .. ._. . 

f w 

3 -- ---- -- -- -. -. -- ,- --- . -- ~.. --. -- -- -.. ~-- -- -- -- .. -- ~ -- .. ---- ----­·	 .·, .. ·, ., ·,,	 .., ·	 ,·	 .·	 , 
•	 • I •<-------'--7'---' ­

1 ':------,-'-----'-----':----~--__=~----:' 
~ ~ ~ ~ m ro ~ 

Flow (%) 

fI1"'~ 3.25	 flHnnn tJillntJl.Ifll~'f..,ft~·:n\l1orJ"",ntJt.li1J,w fll~' fft1JtT~ ~fl1'1JAU 

a'Pl1'ffl-a'~tlt.l ~,~~ ~tl~tfl~tl~ti~tl1fllfRfI~tl~~ 1 tl~';flft1J~U'~ 300 a~~ 

.,GI., ca. 
1.2 fll~fl~fttl~fll.ltH..,flft1J~\I'~ 360 ft~~ 

Nftfll'Ifl~fttl~H'fh..,ft~~,\11orJ""'~tl~tfl~tl~tT~tl1fllfl'tfl~tl~~ 1 nl.ltl~';flft1J 

~U~~ 360 ~A~ 1~m\'~~ H'luPl1n~~ 3.4 Uft::Ua'~~trl\lflnorJfl1'1Jd'1J,;Uti ~::~d'~fh"'ft~~,U 

1orJvhnl.l!tlfJft::~tl~fll~'ft.li1J,tUft1JtT~ ~~fI1"'~ 3.26 

t1i1J'Wfll1'fft1Jti~ (%) 
fh..,ft~~'\I1orJvh~fl1'1JiU a'9nffl-a'~tlt.l ~,~~ (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 1.5413 1.5427 1.5366 1.4495 1.6281 1.6174 

40 2.5992 2.8246 3.1155 3,f>404 1.200~ 3.349b 

60 4.0688 4.7840 5.3759 4.9712 ~.83S2 6.0189 

80 5.3262 6.1762 6.4593 6.2138 6.5542 6.5362 . . . 
...	 'l ".., 1··1.!!/ ... " 'l " ..,.., .." ..,

~nl.:Jfl 3.4 Nftfll~ ')j'..,ft.:J~'\1 nn'fl~tlfJft::~tl~fll~ ')j'~'Uft1Jtl~fll.lfll1Pl~fl'fl1'1J"U 
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Graph betMen Energy and Flow al Air Resenolr 360 Iilres 
7r;=~:::::::::::::;:~·--:_--___:-----:---__:--""__J 

6 

5 

~ 
~ 

f
4 

w 

3 

-+ 6-7 bar 
-e- 6-8 bar 
- 6-9 bar 
-.- 7-8 bar 
-+- 7-9bar '--.--------------.;---.----.---.-.---:--------.-----.-- ----. ­

-e- 6-9 bar 

------ .--------.,---------- .-------~-------------.. ---:- --- ­
,	 . , 
,	 . ,.	 , 

.---------------..:------------------~-------- - -­

,	 , ,----.-----.-----,---------- --_. -- ",-----. -- -- -.---- --, -- --- --- --.----- - -~-- --- --- --' ----­,	 , , 
,	 , , ,	 , , 

..	 , 

r----------------:---------------·--:--·---------------:-----------------r-----·-------­
, . . , ,,.	 . 

~L-~~---,-30L-.-----.l.40------L50----::'::60----.,,=O-----::'80 

Flow(%) 

1l1"'~ 3.26	 fll1f1L1.RV1Jd;V1Jfl1'i'~..,fl.:l·:n'U1vh~1ti'lJ1.Ji1J1Wfl1'i'~~1J6A~fl111JA'U 

t1'Al1't1-ff~m.J Al.:1'l "V.:llfl~tH6AV1fl1f1Lfl~tH~ 1 D.:Ilifl~1J"'U1A 360 nA'i 

1.3 fl1'i't1~~V.:ltitJD.:Iiflft1J"'U1A 600 n~'i 

N~fl1'i't1A~V.:lMlthrtft.:l.:ll'U'fI~1"V.:llfl~V.:l6AV1fl1ft'Lfl~V.:l~ 1 fttJD.:Iiflft1J 

"'U1A6oo n91'i '~Uff~.:IH''U911'il.:1~ 3.5 U~::UffA.:Il~'Umlf1fl111JtY1Jli'Un 'i::..dl.:1fh..,fl.:l.:ll'U 

'fI~1ti1J!VV~::"V.:lfl1'i'~t1i1J1Wft1J6A A.:I1l1"'~ 3.27 

t1i1J1Wfl1'i'~~1J6A (%) 
fh..,fl.:l.:ll'U 'fI~1~fl111JA'U ff~1{'t1-ff~Vtl ~1.:1'l (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 1.5268 1.6161 1.7042 1.5376 1.7924 1.7235 

40 2.5640 2.7626 3.0894 3.071J 3.1661 3.3398 

60 4.1479 4.6504 5.2477 4.7921) 5.8725 6.0771 

80 5.3791 6.1946 6.3823 6.3418 6.4234 6.4516 .	 r. 
91111.:1;; 3.5	 N~fl1'i ,~",fl.:l.:ll'U 'fI~1;;!VtJ~::"V.:lfl1'i' ~.:Il'U~1JOAft'IJfl1'i9i.:lf11fl111JA'U 

, .. CII A.cl.., .., .Q 

9l1.:JC') "e.:lLflHHeRelfllft'lfl"HHI't1 1 fl.:l'Yffl~1J"U1A 600 ~91'i 
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Graph betMen Enetgy end Flow .1 AJr Reser.olr 600 Iittes 
6.5r;=;::::=:===::::;:---:----T---;----;-----:::::::a

-+ 6-7 bar : 
... 6-3bar : , 

6 _ 6-9 bar :------------------:-------------.---+----.-.--.----.- .-----­
__ Nlbar: : :
 
__ 7·9bar : : :
 

5.5 -e- 6-9 bar i--·-··---·····--··f----··--·-----·---r-·--·---- -- ----1------­

5 -----------------:-------·----------f--------·-------·-1--- - -.---. ---j----.­

" .4.5 ---------.-.----:----.--- .. ---.--.-;-- ....-------. - ;----. ---.- -. --;--.------ ---.---;----------.----­
:e .: :: 
~ . : : : !f 4 ---------.------.--------------.---.---.---- - -- - --- ------. ·-;----------·-------r---·-----------­
e .::w ,., 

3.5 ------.---------~--------------.---:-- - - ---- ---~- --------------;------------------:--------------- ­

3 ---------------.,--------.- - T-- --. ·------r-----·----·---r--------------T--------------­

~5 -r ---··-----------r---------------r---------------r---------.---­
-- -- :- ------ ------- ----: ---- -- --. ------.. _;_ ..----_. -- --_..--: -_. ---------------:- ---- ---- --.- ---­

I • • , ,. . . , , 
, • • I • 
• • • , I 
, , • , I 

1.~------'------'------"------'------L-.----J 
20 30 40 50 60 70 80 

Aow('lfo) 

myt~ 3.27 flnvln..r;fJ'lJlfifJ'lJfl11'fytf;.~nu'vl·lhfl'lJ1J;2J1Wfl11tfa2JOA ~f1112JA\J 

t1'911ffl-t1'~tnl9il~'l "O~lfI~O~OAt:l1fl1rflfl~O~~ 1 n~ifla2J"\J1A 600 a911 

1.4 fl11f1AaO~fl'lJn~ifla2J"\J1A 660 a911 

Nafl11f1AaO~lflfhytn~~1\J ''ri-lll,.O~lfI~O~OAt:l1fl1rflfl~O~~ 1 fl'lJn~ifla2J 

'U\J1A 660 a911 'A'm"A~ '1'1\J911n~~ 3.6 lIa::Ilt1'A~lrJ\Jfln'rifl112Jn2Ji\J..r 1::lf'h~fhytnHl\J 

, 'ri-lllfl'lJrOfJa::"O~fl11 t f1Ji2J1Wa2JOA A~111yt~ 3.28 

1J;2J1Wfl11tfa2Jt1A (%) 
filytn~~1\J''ri-lll~f1112JA\J t1'~l1ffl-ff~o1J ~1~'l (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 1.5232 1.6345 1.7461 1.5596 1.8335 1.7500 

40 2.5552 2.7471 3.0829 3.07~8 J.1576 3.3374 

60 4.1677 4.6170 5.2157 4.74',9 I 5.8816 6.0916 

80 5.3923­ 6.1992 6.3631 6.3738 6.3907 6.4304 .
 ..
 
911n~fi 3.6 fomflTj t ,*ytn~~l\J' 'ri-lllfirOfJa::'UO~fl11 tf~l\J a 2Jt191t1'lJfl11~~filf1112JA\J 

, ;.., "'.I.,., Q 

91H'l 'Uf)~lfl10~f)A01fl1rflfl10~f1 1 a~ytfla2J"\Jl91 660 a91'i 
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6 

Graph be~ Energy and Flow at Air Resendr 660 litres 
6.5ir=;=~::::::;-:--:---:---:---:--==~ 

-+ 6-7 bar 
-&- 6-8bar
 
__ 6-9 bar - ~ .. -. ---------- - .., ------- _. -----_. -","

, --- -.. -----. ---- .. --- --­
-.- 7-8bar 
-+- 7-9bar 

5.5 -e- 6-9 bar 

4.5 

f 
~ 4 

f 
w 

3.5 

3 - -­ ,-----.­ . 

2.5 -

... .•.................., 
I. I , 

Q,I .::I d d 
'U'Ul~ ~~m"l1 3.29 f1~ illVil1 3.32 

, , 
, , , _. --- ---,-- .- ---_. ------- .. --------- --- ---- -- .. - -- ----- -- - ----­
, 0 , ., o 

. ,, 
, 

. o 

, 
, 

o , 

, 0 ,-- -- -. ------,.---------------- -'1------ -- --- --- -_. -,. --.- -. --------.­
o , 
o , 
o , 
o , 
o , 
o , 
o , , , ,

_.-- --- --- -------,------------------," -- --.--- ----- _.- -,---' -------- -.--­

, , , ­

, • ,. . , 
1·fI'If-----:.L...----..L----c::L----c:':60:------=7':-O-----::'80 

20 30 40 50 
Aow(%) 

mVi~ 3.28 fl11-nnntJ1JLntJ1J011 '~Vift~~l'U ""h~ln1J1J~1l1W011 '~ltllt1~ ~f1111l~'U 

n''ll{l1-n'~tl1J ~H'l 'Utl~lf1~tl~t1~m01fRf1~tl~~ 1 t1~~flltll'U'Ul~ 660 a~1 



, " 
fin'U;'~·nuhHhnff)tJa::'IItNm,lfa1J,h~ '1 UCl::'IIUlfUl~a1Jn~ 4 'IIU1R (kWh) 

... 
fl'll1JAU 

'300 .. 
afl'J' 

20% 

360 600 .. ...
nfl'J' afl'J' 

660 .. 
afl'J' 

300 
...
nfl,. 

40% 

360 600 
... ... 
afl' nfl' 

660 
... 
nfl' 

300 
... 
am 

60% 

360 600 
... ... 
afl' afl' 

660 
... 
afl' 

300 
... 
nfl' 

80% 

360 600 
... ... 
nfl' nfl' 

660 
... 
nfl' 

6-7 1.5631 1.5413 1.5268 1.5232 2.6521 2.5992 2.5640 2.5552 3.9502 4.0688 4.1479 4.1677 5.2469 5.3262 5.3791 5.3923 

6-8 1.4326 1.5427 1.6161 1.6345 2.9175 2.8246 2.7626 2.7471 4.9845 4.7~40 4.6504 4.6170 6.1485 6.1762 6.1946 6.1992 

6-9 1.2853 1.5366 1.7042 1.7461 3.1546 3.1155 3.0894 3.0829 5.5682 5.3759 5.2477 5.2157 6.5747 6.4593 6.3823 6.3631 

7-8 1.3174 1.4495 1.5376 1.5596 2.9944 3.0404 3.0711 3.0788 5.2392 4.9712 4.7926 4:,479 6.0217 6.2138 6.3418 6.3738 

7-9 1.3817 1.6281 1.7924 1.8335 3.2516 3.2003 3.1661 3.1576 5.7817 5.8362 5.8725 5.8816 6.7503 6.5542 6.4234 6.3907 

8-9 1.4583 1.6174 1.7235 1.7500 3.3643 3.3496 3.3398 3.3374 5.9317 6.0189 6.0771 6.0916 6.6632 6.5362 6.4516 6.4304 

.d 1,J!'" , •.1-'-1 1 ~ 1 ""... "" "'" "'" J! 1,J!...... ,fll'IUn 3.7 L1fffl~m, 'lJfffH~lU nnl U 1 ')11 1J~ 'II0~LflHI~f)f101mf1Lfl'O~Yl 1 Yl10tla::'II0~m, 'lJl:UJOflua::o~a1J'IIUlf1fll~'l 

N 
VI 
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2.0000 

1.8000 

1.6000 
_ 1.4000 

i 1.2000 
;: 1.0000 
~ 
CD 0.8000 
c 
w 0.6000 

0.4000 

0.2000 

0.0000 

r-r­
..... 

..... 
;,...;; I-----­.... 

1--":""I-­ I---­ I---­ I--i"" ,..., 
I·' I-­ I-- . I-­ I­ ~ 

I-­ I-­ I-­ l- I-­

I-­ I-­ I-­ l- I· I-­

t-­ I-­ I-­ I-­ I-­

I-­ I-­ I-­ I-­ I-­

I-­ I-­ I-­ I- .: ~ 

c &f",q'nRll 300 All' 
• &f.ntnRll 360 All' 
o &f.ntnRll 600 All, 

o &f.ntnRll 660 All' 

6-7 6-8 6-9 7-8 7-9 

Start-Stop Pressure (bar) 

fl1"~ 3.29 fl11yfl1n fJtJl;lfJ1.Jfl111~"ft~·nu 'yf~l"fHlfl~f1~Ofl61fl1fflfl~f1~~ 1 

4.0000 

3.5000 

3.0000- 2.5000
~ 
>- 2.0000 
~ 
CD 
C 1.5000 
W 

1.0000 

0.5000 

0.0000 

~"'~';m'1J"Ulfl.il~C'J t1i1J1WflUlfa1JOflfflfJa:: 20 

",:"' r-
..... .....1--

~'":"" 
· . 

1-....· . 
1-1"""l-- : I-- .. I-- .' -

I-- I-- ~ -.' 
· . 

I-- · . 1--': ~ l-
· . 

I-- I-- -:. I-- I--
· . 

I-- · . I-- . I-- . l-
· . . . 

r-
I-­

'7" I-- -: 
.. 

I-­

I-- . 

I-- :­

I-- . 

'­L 

6-7 6-8 l}-9 7-8 7-9 8-9 

Start-Stop Pressure (bar) 

C&f",q'nRll 300 All' 
• &f.ntnRll 360 All' 

o &f-"'nRll 600 All' 

o &f.ntnRll 660 All' 

fl1"~ 3.30 flnTll1nfJ1.JL;ltl1.Jfl111~"ft~~lU 'yf~l"f1~lfl~f1~Ofl61fl1ffLfI~f1~~ 1 

~"'~';m'1J"Ulfl.iHC'J t1i1J1Wfl111fa1JOflfflfJa:: 40 
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c 

7.0000 .,--------------------------, 

6.0000 +----------------==:-I"!' 
.-. 5.0000 +----.,.,...----1 

I- 4.0000 
>. 
~ 3.0000 

w 2.0000 

1.0000 

f-:. 

I, . 
. f-:­ f-.' 

f-:­ f-> 

f- :. . f-:: 
. . 

0.0000 II::. I I • f:. I I ,.'. I , I I::. I I .l::. 11,1::.11 

6-7 6-8 6-9 7-8 7-9 8-9 

Start-Stop Pre-..re (bar) 

1ll'W~ 3.31 nn'tinnflt.JLfifl1Jm,If'Wa~,nlJ''ti-Al'Utl~Ltl~tl~tlft61mffLfl~tl.:J~ 1 

~t1~lina1J'UlJlft~1~'l t1i1Jlwm,lfa1Jtlftftlva: 60 

8.0000 .,--------------------------, 

7.0000 +-----------------------1 

r­
-

6.0000 +-------1:-;

i 5.0000 I- ­

r-f-­
to­

f--r 

C-.-. 

r­
,--- . 

,--­ I- ­

;:: 4.0000 - f ­ - - f-­
e»
! 3.0000 - - - f-­
w 

2.0000 f ­ '--::. - - f ­

1.0000 

0.0000 1'- I 

I- ­
'.' 

, I '.' .M 

: 
-.'. 

. 

,., i e. 

I' 
I- ­ -
I ,.. , , 

I 
,.. , 

f­

,.,·._1'1 
6-7 6-8 &9 7-8 7-9 8-9 

Start-5(OP Pre-..re (bar) 

o trll,q'mul 300 A", 

• trll,q'nRll 360 A'" 

o tr",q'n Rll 600 All' 
o tr""'nRll 660 All' 

...; A.I A~'" 1'JI.... , ~ ....... ......;

1ll'W'rl 3.32 nnnLlJ'V1JL'rlV1Jm, 'ma.:J.:JllJ 'ti111'Utl~Ltl'tl~tlfttllmffLfl'tl~'rl 1 

~t1.:Jlina1J'UlJlft~1~'l t1i1Jlwm,lfa1Jtlftftlva: 80 



55 

. . ......, ...... 
2. NQm1t1~Q".:Ilft1".:I"~"lmftlft1".:It1 2 

~ ..... ,"" ..... ,~
llJ1JIt1'Stl~tlflO1fllffUtJtJUfl~tJ 'I1Jtll91tlHI1Jlfl 4 kW NftPlft1Jtlfl. " 402 LPM 

2.1 fll'S'YIflfttl~ntJ(r~';flft1J\l1Jlfl 300 ftA'S 

Nft fll'S'YIflfttl~'t11th"H;~~l1J '~oN 1\1 tl ~1t1 j tl~ V~ O1fllfflftjtl~~ 2 ntJa~,;flft1J 

\I1Jlfl 300 ftPl'S '~m"f1~ ,n1JA1'Sl~~ 3.8 Uft:Ua'f1~1~1Jfln~t1111Jm.i1J1 'S:'t11Hfhnft~~l1J. 

'~oNlntJrtlVft:\Itl~fll'S' ftJi1J1Wft1JVfI tT~fllVi~ 3.33 

tJi1J1Wfll'S,fft1JVfI (%) 
filVift~~l1J '~fh~t1111JtT1J a'Al{'YI-U~tltJ 9il~'l (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 0.8597 0.745 0.6427 0.6455 0.7323 0.7583 

40 1.4587 1.5171 1.5773 1.4673 1.7233 1.7494 

60 2.1726 2.5919 2.7841 2.5672 3.0643 3.0845 

80 2.8858 3.1972 3.2874 2.9506 3.5777 3.4649 

.... ,,,.. , •.I_~"''' 
. , " .... .. .. I ..

AlnUI 3.8 Nftfll'S 'IVift~~l1J n,"l'YI'StlVft::\Itl~fll'S 'I~l1Jft1JtlflfltJfll'SA~t11t1111Jfl1J . . .
I ..., .. 4 .,., Q 

9l1~'l \Itl~It1'Stl~tlfl~lfllfflt1'Stl.:j'YI 2 (HViflft1J\l1Jlfl 300 ftA'S 

GAIph '*-' EIlIllllY 8I1cl Flow at Air Reser.oir 300 lit.. 
4r;:::~~:::::;:---:-------:-----:-----:--~ 

3.5 

3 

1.5 

..... 6-7b8r : 
-e- 6-8b8r :
 
- 6-9b8r :
 
....... 7-8 b8r :--------------- .1- --------- -------~--.- ----- -------: .. -. ----------..1.... -... -.
 
__ 7·9 b8r :: :: 

-&- 6-9b8r !! !' 
, , , , 

-------- -. -----; ---- ----- -- -----,----- ------ ... ---:-- --- --_. - -- -­, , ,· ,, ,, , , . , , , , , , , , , ,, ,· , ,--------------_ .., _-------------_.-'-----------------, ­, , 
, , , , , , 
, , 

, ,--------------- .. ---------------- .. ----- ------- ..
,

, ---------------- ...,

, 
---------------­

, . , . 
, .. . 

, , ,---------------,------- ----- ------ -- .,. - - - - -- - - - - - - - - - -,.- - - - - - ----------,----- -- - - - - -- - - ­, , . , , , , , , 
, . . , , .· . .· ,, , ..· , ,

_.i J." '_ ••• • __ , _ 

~~y: : : : 
~ ~ 

: 
, . , . , . , .· ,·, .. 

O.52Q'::----30.L..----.L..----.L.------'----...l..-------J 
40 SO 80 

Flow(%) 

fllVi~ 3.33 fln~n.JivtJlfivtJfll'S'fVift.:j.:jl1Jh~~lntJtJi1J1Wfll'S'fft1JVfI ~t1111JtT1J 
" d.1 ~... ~ d .,., ""I 

ftfll,VI-t'I'91tllJ 9l1~'l \Itl~lt1'Stl.:jtl~01fllf!'lt1'Stl~'Y1 2 (l~"flft1J\l1Jlfl 300 ftA'S 
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2.2 m'S'n~no·ui'tJo·nim'l1J"Ul~ 360 nfl'S 

Nnm'S'n~nO~'tflfhnft~·nu' 'VHh"o~'fl~O~O~Olmff'fl~O~~ 2 fi'tJO~';fln2J 

"Ul~ 360 nfl'S 'A'un~~,nU9Iln~~ 3.9 un::Ufl'~~,fJufln~fl'll2JtY2J';U..r 'S::'tf';h~fhnft~~lU 

, ~~ lfi'tJfovn::"O~flU' flli2JltU n2JO~ ~~tl1'n~ 3.34 

lli2JltUm'S'fn2Jo~ (%) 
fh'nft~nU'~~l~fl'll2J~U fl'fll{'n-fI'~oll fil~'l (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 0.8477 0.8022 0.7683 0.7103 0.8629 0.8411 

40 1.4296 1.4688 1.5577 _1.4898 1.6962 1.7418 

60 2.2379 2.4877 2.688 2.4359 3.0932 3.1298 

80 2.9294 3.2116 3.2296 3.0447 3.4737 3.3988 

. . " 
911'SHii 3.9 NnflU'''''ft~~lU'~fhiifovn::"o~m'S'f~lUn2JO~fi'tJmni~filfl'll2J~U . . .• .., 4 &I .,., Q 

911~'l "O~'fl'So~o~01mff'fI'J'O~'n 2 tH'nfln2J"Ul~ 360 nfl'S 

Graph '*-EI18lg)' and Flow at Air ReseMlir 360 litres 
3.5r;=~~=;:---:---:---:---:------:::;:::;;:t,-+ 6-7 bar : 

-e- 6-8 bar : 
- 6-9bar :
 
-+- 7.a bar :
 

3
 -+- 7.JiJ bar 

-e- 8-9 bar : 
'--------':·,· · · ·· 2.5 _. --------------~-,,·,,· ~ . 

~ ! 

f 
2 

w 

1.5 ----------------,------­

, , , , , 
<.<.+ 

30 

---'-----------------

, ,-- - - - - - -- ... ---- -- ------ - - -- - .... ---------.---_., , , , , , , , , , , , , , , , , , , ,, , , , , , , , ,---------- - - - .,. - - - - --- - - - - --- - - - .. ------ - - -- -- -- _.-.,. -- -- -- ----------. , ,, , ,, , , , 

, . 
;------------------:------------------;--------------

:
: 
,, 
... 

----------------- ~ ------------------:-

, 

, , 
,, 
,,, .. 
! 

--~-.- ----.•.. -. ---. -: -.... 

40 51' 60 70 80 
FIOIN (%) 

m'n~ 3.34 fln~'tRvtJliivtJflU'f'nn~~lu'~~lfi'tJlli2JltUm'S'fn2Jo~ ~fl'll2J~U 
, d _I ' ..... ....:., ., .. 

nflU'n-fI'flOlJ flH'l "{J~'fl'S{J~O~{J1mff'fl'J'ij~'n2 tH'nfln2J"Ul~ 360 n~'S 
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2.3 m1''YIfH'IO·:ui'ml~';mUJ'll1J''1 600 afl1' 

FH'Im1''YIflftO~111fh"a~~11J'~f11'llO~Lfl!O~OflOlmfl'Lfl!O~~ 2 titJil~,;nft1J 

'111Jlfl 600 ftfl1' '~LLft'fl~ ,-n1Jfll1'H~ 3.10 LLft::LLft'fl~Lrl'Unn~fl111Jn1J';1Jtf 1'::11':h~fh"a~~l1J 

'~f11titJ~OfJft::'llo~m1'1fui1J1Wft1J6fl i~m'rt~ 3.35 

ui1J1wm1'1fft1J6fl (%) 
fil'rta~~1'U'~f11~fl111Jtl1J ft'fll{'YI-ft'~OU flH'l (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 0.8397 0.8404 0.8521 0.7534 0.95 0.8962 

40 1.4102 1.4366 1.5447 1.5048 1.678 1.7367 

60 2.2813 2.4182 2.6239 2.3484 3.1124 3.1601 

80 2.9585 3.2212 3.1912 3.1075 3.4044 3.3548 

. . " ... 1"'" ,_.I_~"'1! 1" ..,.., .." ..,fll1'H'YI 3,10 Hftm1' 'V'rtft~~l'U nnl'Y1'OfJft::'llo~m1' 'V~11Jft1JOfln1Jm1'fl~fllfl1111tl1J . . . 
, .. QI 4 4 .,., Q 

fll~'l 'llO~LmO~OflOlmfl'LmO~'Y1 2 iH'rtnftll'll1Jlfl 600 ftfl1' 

Graph ~ Energy and Flow at Air ReseMlir 600 litres 
3.5r-;=;::::::~:::::;:---:---:---:---:--~

-+ 6-7 bar : 
-e- 6-abar : 

- 6-9 bar : 

3 
- ­ 7.abar-+- 7-9 bar 

: . 0 

:------------------~----.-------------:--------------

~ 8-9 bar : : 

2.5 .. --------------~----.-------------;------------------:-
··,, ..,, , ,, , 

Iii
 
>- 2 ----- -- -------- -~- -----------------;------ --- _. -. --- -

o
- -_. ------ - - - - -- _...

, 
--_. - - - --------­

~ : : 
~ 

~ : : 

o • 01.5 ----------------,------- --- -- --. ---. _.,---- - - - -_. -- - ---- -. -- - - -. -_. - - - - - - _. -,.. .. ----- - ----- --­
o 0 0 

• 0 

, 0
 
, 0 ,
 

-----r---------------r---------------r--­

· 
o 

, 
, 

o , 

o , 
o , 

O.52QL:---------.l30----40..L----SOL.-------'-60----7.LO-----.J80 

Flow (%} 
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2.4 m'Y1f1af)~tim"n;mUJ'U1.I1tt 660 a", 
Nam'Y1f1af)~111tl,.na~~11.1'~-fJl'Uf)~ltl!f)~tlflf)1mffltl!f)~~ 2 tim,~liflall 

'U1.Ilfi 660 a", ,tfUa'f1~,n\J"Ul~~ 3.11 ua::Ua'f1~LfJ\Jml~tl111JUll'n\Jtf '::11'h~tl,.na~~1\J 

'~-fJltiurf)fJa::'Uf)~flulftli1l1tl1a1Jtlfl fl~fI1"~ 3.36 

tli1l1tl1flUl"alltlfl (%) 
tl,...a~~1\J'TI-fJl~tl1111fl1.la'~I1{l1-a'~f)tl91H'1(kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 0.8377 0.8499 0.873 0.7642 0.9717 0.91 

40 1.4054 1.4285 1.5414 -1.5086 1.6735 1.7354 

60 2.2922 2.4008 2.6078 2.3265 3.1172 3.1677 

80 2.9658 3.2236 3.1815 3.1232 3.3871 3.3438 

. . " 
flln~ii 3.11 Nam,lha~~1\J'T4-fJliirf)fJa::'Uf)~m,1.f~1\Ja1JtlflflUnU~~tlltl1111fl\J . . . , .., ...., ., ~ 

flH'1 'Uf)~lfl'f)~f)flf)1mfflfl'f)~Y1 2 fl~"flall'U\Jlf1 660 afl' 

GIlIph betMen Energy and Flow at Air Reser.oir 660 litres 
3-5r;:::::;:===::::::;:-------r----~---__:---:_--~ 

+ 6-7 bar : 
... ~bar : 
- 6-9 bar : 
__ 7-8 bar : . . 

3 -t- 7-9 bar :------------------:------------------:-- .. --- .... -­

-e- 8-9 bar : : 

2.5 --- ._. ----. -----:------------------f ---- --------------: · .· .· .· .· . 
i[ : !f 2 ---- ..... --.-.--j- ----------------t---­
w . , 

. . .1_5 ----------------,------- ---..------._-,-- -- ---.--------- -,.. -- - - - -- _. --- - - - - -.... - - - - - -... -- ---­

· .· . .----T----------------r------------·----r----------------;------------------:---------------­..-:..~r 

, . , , , 
, , 
, · ,
" 

• , 
, 

,, 

I , 
, 

,, 

, , , . 
I ,. ,, ,.. 

0.5 1 'i i i 
20 30 40 50 60 70 80 

Aow(%) 

m,,~ 3.36 ml~lmfJ1JIiifJunu 1""a~~1\J 'T4-fJltiutli1l1Wm'i1fn1Jtlfl ~tl1111fl\J 
" d _I ' .4 '" .. ci '" '" ...a'fll'il1-a'flf)lJ "1~" 'Uf)~ltl'if)~f)flf)1mffltl'if)~l1 2 fl~""flnll'U\Jlf1 660 afl'i 



· " ri1YH"NluhHhn!6v~::'UtNn1'1icN~1J~h-3 ., Ua::'UU1Aci-3~1J'ti'-34 'UU1A (kWh) 

f11UJ~U 

300 
... 
~"''j 

36f) 

... 
~"''i 

20% 

600 .. 
~"''i 

660 .. 
a",'i 

300 .. 
~fl'i 

40% 

360 600 .. .. 
~"''i a"" 

660 .. 
~"''i 

300 .. 
~"''i 

60% 

360 600 .. ..
a",'i ~fl'i 

660 .. 
~fl'i 

300 ..
a",'i 

360 .. 
~"''i 

80% 

600 .. 
~fl'i 

660 .. 
~"''i 

6-7 0.8597 0.8477 0.8397 0.8377 1.4587 1.4296 1.4102 1.4054 2.1726 2.2379 2.2813 2.2922 2.8858 2.9294 2.9585 2.9658 

6-8 0.745 0.8022 0.8404 0.8499 1.5171 1.4688 1.4366 1.4285 2.5919 2.4877 2.4182 2.4008 3.1972 3.2116 3.2212 3.2236 

6-9 0.6427 0.7683 0.8521 0.873 1.5773 1.5577 1.5447 1.5414 2.7841 2.688 2.6239 2.6078 3.2874 3.2296 3.1912 3.1815 

7-8 0.6455 0.7103 0.7534 0.7642 1.4673 1.4898 1.5048 1.5086 2.5672 2.4359 2.3484 2.3265 2.9506 3.0447 3.1075 3.1232 

7-9 0.7323 0.8629 0.95 0.9717 1.7233 1.6962 1.678 1.6735 3.0643 3.0932 3.1124 3.1172 3.5777 3.4737 3.4044 3.3871 

8-9 0.7:'\83 0.8411 0.8962 0.91 1.7494 1.7418 1.7367 1.7354 3.0845 3.1298 3.1601 3.1677 3.4649 3.3988 3.3548 3.3438 

.4 1" '" ~ -~ 1 ~ 1 A '" A.4.4~ 1" '" '" ,mnn1 3.12 Ut'l'A-3Ol'i "If'VUN-31U l·~nl U 1 "If1 11-3 'UV-31fl'itHVAmOlf'l'lfl'HI-3'Yl 2 'YllvtJa::'UV-3Ol'i "Ifa1lVAua::0-3a1l'UU1Afll-3'1 

VI 
\0 o 

o 
o
J>­
~ 

-,-"I!". 
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'lnn,.~n~tU)~111fhnn~~l\.l '~"'l"f)~ Lfl!f)~t1~f)lf11"&fl4f)~~ 2 n'lJt)~im11Jlf~ 4 "\.Il~ 

fit) 300, 360, 600 Uft:: 660 ft911 Uft::!f)Vft::"t)~f1111ftJi1l1Wft1Jt1~~l~'l '~m,.~~'1'1\.1~l11~~ 
.: ~!II ... ., III , ...~ III1., : 

3.12 Uft::'ln911n~\.I '''Ut'l'~~lIJ\.Inn~Un~ l'Wf)ltliVtJlnvtJfll'WiH~l\.l -nTll1::1111~tH'Wnft1Jn~ 
!:! .1 .. ..lIII 

n,,\.I1A A~Ill'Wn 3.37 tH lll'Wn 3.40 

1.2 

1 

-i 0.8 

;:: 0.6 
I!'• 
~ 0.4 

0.2 

0 1­

........ 
.... r-r-- ­ .... -

.... ........ -----:= 
. _.... .... 

f- ­ f- ­ - -

f- ­ - - - f- ­

f- ­ : ­ - f- ­ f- ­

6-7 6-8 6-9 7-8 

Start-8top Pre....re (bar) 

-


'-' ­

7-9 6-9
 

LJ &r,mnilll 300 I", 

• &r,mnilll 360 I." 

LJ &r,mnilll 600 I." 

LJ d',mnall 660 I." 

1ll'W~ 3.37 n11~&tIivtJ&iivtJf1111f,.n;Hl\.l'~~l"f)~lfl4fHt1~f)lf11fflfl~6~~2 

~tl~inftll"\.Il~~l~'l tJi1Jlwf1111fnllt1~!f)Vft:: 20 

2-.----------------------_ 
1.8 +-------------------....--_-_---j 

r- .... _
1.6 +-----------....=-.....-_-----1 

......... r r - ....
 
-. 

LJ &r,,~nRlI 300 I."i ~:: T: r- : : • = -> 
_. • &r,,~nRlI 360 I." 

~ 1 f--. -> f--.. - •• 
LJ &r,,~nilll 600 1101'

f-- ­ .• 0.8 '- - - . - •. 
c 

LJ &r,,~nRlI 660 "'"- .. - -.w (\.6 f- ­ .-> 
-.. r-. I-- ..- .. I- ­0.4 

- > f--. f-- .. f- ­ •0.2 -> 
o -' ­

6-7 6-8 6-J 7- 3 7-9 6-9 

Start-8top Pre....re (bar) 

..; _I_I":! Q 1"'" ,...Ul "'... .,j..slll'Wn 3.38 nnnllJ1vtJlnvtJf111 'Il'fft~~l\.l n.,.l"tH&fl16~f)~f)lf11fftm6~n2 

.,;... ... '_I"" 1Jl" J!
n(l~'Wnftll"\.Il~~1~'llJ11J1Wf11' 'l'ft1JtlA16tJft:: 40 
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3.5 

3 

_ 2.5 

~ 2 
>­
~ 1.5 
c 
w 1 

0.5 

o 

r-""'I--r"'" 
,.... .... 

'"' r:-. 1-.... _ 
I- ­

~ 
I ­ . 

,.... 1-,.... 
.,... 

I- ­ I- ­ I- ­ I- ­ I- ­

I- ­ l- I-­ I- ­ I- ­

I- ­ I- ­ I- ­ I- ­ I- ­

I- ­ I- ­ I- ­ I- ­ I- ­

L... ........ 

IJ d'",q'mu.! 300 lil'S 

• d'",q'nll~ 360 lil'S 

IJ d'",q'nll~ 600 lil'S 

IJ d',,~nll~ 660 lil'S 

6-7 6-8 6-9 7-8 7-9 8-9 

Start-Stop Pressure (bar) 

d •.1 _ ~... , tJ... , ••I_~ ..... A d 
m'nYl 3.39 flnnl1J~tJ1Jl'YItJ1Jfl1~ 1l''n~.:J.:J'U "''''''UtHlfl~f).:J6~tJ1fl1fflfl''N'YI 2 

~tl.:J';fl~lJ'UU'~9h.:J'l t1~lJ,wfln'f~lItl~ff)fJ~:: 60 

4 

3.5
 

3
- ~ 

! 2.5 

2>­
~ 
~ c 1.5 
W
 

1
 

0.5
 

0
 ~:.: 

.,... 
r-

.... t- ..... 
r- 1-.... 

~ ..... I--
I-- 1-"" I--

I- .' I-- - I-- I--

I- :: I-- -< I.- - I:' 

I-- .' I-- I-- .' I-- .: I--

1--< I--- 1---< I-- I--

I-- '. I- :- I-- .' I-- I--

........ 

6-7 6-8 6-9 7-8 

L Start-Stop Pressure (bar) 

IJ d',,~nll~ 300 lil'S 

• d'",q'nll~ 360 15I'S 

IJ d',,~nll~ 600 15I'S 

IJ d',,~nll~ 660 15I'S 

7-9 8-9 

d •.1 _ ~... , tJ... , ••I_~ A... A ...
m'nYl 3.40 fln.,,11J'HI1J1V1tJ1Jfl11 'Jf'n~.:Jnu ."",''Uf).:Jlmf).:Jf)~tJ1fl1fflmf).:JVI 2 

~tl.:J';fl~lJ'UU1~~H'l t11lJ1Wfl11'f~lItl~ff)tJ~:: 80 
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. . . ..., .. ... 
3. NGnl1""G8~lft18~8R81m"lft18~" 3 

L{l\.lLtl!f)~6~f)1f11ffUtJ1J\1fl~tJ 'f1Jf)L~f){'l\.ll~ 2.2 kW Nftflft1J6~'A'246 LPM 

.,.,., Q 

3.1 f11n1~ftf)~fltJ(l~l'tflfl1J'l\.ll~ 300 ft~~ 

Nftf11~\1~ftf)~111fh'Vrn~~l\.1''Vh~1'lf)~Lfl~f)~6~mf11fl'Lfl~f)~~ 3 ntlLi'·:niflft1J 

'l\.ll~ 300 ft9l~ 'A'urr~~B'\.I9Iln~~ 3.13 Uft::Urr~~L{l\.lfln~fl111Jn1Ji\.l,f ~::11'h:lfiT.'lft~~l\.1 

, ~~ltT1Jrf)fJa::'lf)~f11~' ftJi1Jltuft1J6~ ~~flll't~ 3.41 

tJi1Jltuf11~lfft1J€~ (%) 
flll'tft~~l\.1 '~~1~fl111J~\.I rr~l1{\1-rr~f)tJ ,}HC') (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 0.4689 0.4155 0.3984 0.3689 0.4007 0.4375 

40 0.7956 0.8461 0.9779 0.8384 0.943 1.0093 

60 1.1851 1.4455 1.7261 1.467 1.6767 1.7795 

80 1.5741 1.7831 2.0382 1.6861 1.9576 1.999 ..
.
.
 
~ln~;j 3.13 Nftf11~ ,.mft~~l\.1 '~~liirf)tJft::'lf)~f11~'f~l\.1ft1J6~ntlf11~~~fllfl111J~'U 

• .. '" ""..I '" '" '" 
~1~C') 'If)~Lfl~f)~f)~mfl1fl'lmf)~\1 3 (l~l'tflfl1J'l'Ul~ 300 ft~~ 

Graph between Energy and Flow at Air Reser.olr 300 IilAlll 

2.2r;=:;::====;:-----;------;-------y----;---i 
• 6-7 bar : 
... 6-8 bar :
 

2 _ :-----------------~-----------------:-----------------6-9 bar i-----------------:-----·--.--­
__ 7~ bar : : : : : 

~ 7-9 bar : :: : 
1.8 ... 6-9 bar :-----------------~----------------~--------..... -.. ' -- ---- -:-----------.--- ­. ," , " , , " , , " , 

I " , 

1.8 --.---.-.------..:-----------------~----------------..:-------- - ­

! 1.4 ------- -- - - -. _. ~- - ---- - - -- - - -- - - - ~ - - - - - - - - --- - --- ­: :
f1.2 --- ---- -- ------ j- ------- ---- -----~ ------­

w 
1 -.----------.--.- ---. --- ------ -­

, ,"
0.8 -----. --- ----- --:- -- - --_. - ----- ---------- -:----- ------- -----~------------ ---- -:-- - ------------ ­

• , , I , 

0.8 ------ ­ ----------------.l-.-.----.-------L----------.----i----···--···----.:..·--······---·-1 

• , ···1···· j.···············1·················l················l 
_____ i iii i I 

a~ ~ ~ ~ ~ ro M
 
FIow("')
 

..I •.I_I":!'" '" '" , ••IJ!I '" .1'" '" '" d ...flll'tll 3.41 fl~lnl1J1tJtJL\1tJtlfl11 'lfl'tft~~l'U nnlfltJ1J~1Jltufl1~ 'lfft1Jf)~ \1fl111J~'U 

ft~I1{'YI-ft~tnJ ~l~'l 'Ufl~lf1~tNtJ~tJlfllft'lfl~tH~ 3 n~\'ifl"1J'UUlfl 300 a;}~ 
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3.2 m1,,~af)~titJti~im'l1J"'U1M 360 a911 

Nam1,,~af)~Mlfhrta~~1'U '~;jl"f)~Lfl~f)~t1~f)lmfl'lfl~f)~~ 3 titJti~,;na1J 

'U'U1M 360 n911 '~Ua"M~ Hl'U911n~~ 3.14 Ua:Ua"M~lrl'Unn~fl111Jft1Ji'Ui' 1:M'il~fh"a~~1'U 

'~;jltitJ!f)Va:"f)~m11ft.l;1J1Wa1Jt1~ i~fl1"~ 3.42 

t.I;1Jlwm11fa1Jt1~ (%) 
fll"a~~1'U'~;jl~fl111JiU t'l'911f'n-t'I'~f)t.1 "1~C] (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 0.4624 0.4474 0.4764 0.4059 0.4722 0.4852 

40 0.7798 0.8191 0.9658 -0.8513 0.9281 1.0049 

60 1.2206 1.3874 1.6665 1.3919 1.6925 1.8057 

80 1.5979 1.7911 2.0024 1.7399 1.9007 1.9609 

. . " 
f11n~ii 3.14 Nan111""a~~1'U'~;jl;j!f)Va:"f)~m1'f~1'Ua1Jt1~titJmni~filfl111Ji'U . . .• ..., 4 Q .,., Clil 

9lHC] "tHLfl16~6Mmmfl'lfl16~'n 3 tH"na1J"'Ul~ 360 a911 

Graph between Energy and Flow at Air ResenoOir 360 Iltres 
2.4r;=::;::::::==::::::;:--------r-----,-----:---:---~

-+ 8-7 bar : 
-&- 8-8 bar : , 

2.2 6-9 bar :-----.- -----------~ -------- --------. -:- ------ -- ----- ---- --------- -- --~- ------ --------­_ ----;­
........ 7-8 bar :
 0 0 : 

-+- Nlbar : 0 : : 

2 -e- 8-8 bar :---------- ------- -: -- -------------- --;.. -- --- ---- -------! ---------­., . ,, . 
: : 

1.8 

1.6 

, 
---- - - - - - - - o - - - --- ------- - _po,, ­----. ------- ---- .. ------- ------- --­ , , , , , , , 

o ,0.8 ----------------,-- - - - - - - - - - - _. - - - -- - _. - --------- - Pl" - - - --- ­

: 

: 

------ --~ -- ---- -- -------. . ,
 
..--'~
 

, 
- __ - __ 0 _._ - ­- ,._ - __ - - _ 

,,, , ,, , 
, 

-,- ------ - -- -r- ------ - -- ----- ­

o ., 

;;r~--~--.:------------------}-----------... ----:------- -----------:-----------------.:------------- ­
o " 

~~- : :: 
i "I 

~ ~ ~ 00 ro 80 
Flow (%j 

fl1"~ 3.42 nn~n.RV1JL;jVlJf1,..il~'rt".:J·n'\.,\'~;jltitJt.I;1J1Wm1'fa1Jt1~ ~fl111Ji'U 
, d.1 I .!\ QI -'..: III III Q

t'l'91U'n-t'I'9161J 9l1.:J'l 'U~.:Jlf1·HH~flmmfl'lfl1f)~'n 3 Cl~"na1J"'Ul~ 360 afl'.i 
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W.," Q

3.3 fl11Y1"ftfl~fl1Jfl~YUlrllJ"lJl" 600 ft;l1 

Nftfl11Y1"ftfl~111fh"a~~1lJ ',.,fjl"fl~Lt1~fl~ti"fl1fl1f1'Lt1~fl~~ 

"lJl" 600 ft~1 'A'LLtT~HH'lJ~1n~~ 3.15 LLft::UtT~mrllJml"'t11111d'llnlJ; 

, ,.,fjlti1J~fltlft::"fl~flU ' ''tJilllWftllti" A~fl1Yt~ 3.43 

3 timi~nflftlJ 

1::wh~fh"a~nu 

tJilJ1WflU'''ftlJti" (%) 
fil''U;~~1lJ',.,fjl~t111lJAlJ fl',n!Y1-ft'~flt1 ~1~'1 (kWh) 

6-7 6-8 6-9 7-8 7-9 8-9 

20 0.458 0.4687 0.5283 0.4305 0.5198 0.5171 

40 0.7692 0.8012 0.9577 .0.8599 0.9182 1.0019 

60 1.2444 1.3486 1.6268 1.3419 1.703 1.8231 

80 1.6137 1.7964 1.9785 1.7757 1.8628 1.9355 

Glaph between Energy and Flow at Air Reser.oir 600 lill8S 
2r;:=~~:::::;-:---:---:----:------:-------:A

-+ 6-7 bar :
 
-e- 6-8bar :
 

1.8 - 6-9bar : , . ...... 7-8 bar :-------------- ....;------ ... ------ .. -:--.--- .. -------- ;----------------- , -­

-+- 7JiJ bar : : ' : ; 
-a- 6-9 bar i i : 

1.6 ----- -----------~-- ----------------:--- -- ----. ---- -- --;--- -. --- -.-- ­
, . ,, , ,, , , , , , , , ,, , , , , , , , , 

1.4 ----------------~-------------.--.-~------- --- ------ - :- --­
, , ,, , ,·, .,·, ., , .· , , , 
~--------------- ---- ----- ----- --- -- .. - - - ---- - --- -- .. ---------- -- - --- --~". ---------- . -. ­, , , , ., ,, 

1 --- ----- ------- -~-----------------

----------._._-.----- ------------_ .. ----------------------------------­0.8 

, . , . 
"" .. - - _. ­ - - - - - - - - __ • __ - - - - - - - - - - - - - - - _~ - A - - - - __ - - _. ­ _0 __ 

I 
I , , 
" " 

• 
,. , 

, 
, , , 

• 
• , , . 

• 
, , 
, 

,,, 
,,, 

, 

I I I 
o.~ 

M ~ ~ 00 ro 00 
Flow(%) 
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3.4 t11~Y1f1n6~ti1Jti~~fU'I1J'U\Jlf1 660 n~~ 

fmt11~Y1f1n6~111fh"n~~1\J""h~1'U6~Lfl~6~Ufl61t11flLtl!6~~ 3 ti1Jti~~nn1J 

'U\Jlf1 660 n~~ 'tfLLn'f1~H"\J~1n~~ 3.16 LLn::LLn'f1~Li'l\JnnMfl111Jd'1J~\Ji' ~::11'h~fh"n~~1\J 

'Mfhti1JrmJn::'U6~t11~1ftli1J1Wn1JUfI A~fl1"~ 3.44 

tl~1Jlwnu1fn1JUfI (%) 
fil...n~~1\J'Mfh~fl111Jtl\J tY~1{'n-tY~6tl "1~'l (kWh) 

6-7 6-8 . 6-9 7-8 7-9 8-9 

20 0.457 0.474 0.5413 0.4367 0.5317 0.525 

40 0.7666 0.7967 0.9557 - 0.8621 0.9157 1.0012 

60 1.2503 1.3389 1.6169 1.3294 1.7057 1.8275 

80 1.6177 1.7978 1.9725 1.7847 1.8533 1.9291 

• • II ... 1~" ,_.I_~"'I! 1" .,., ., I .,
~1n~n 3.16 Nnt11~ -,r"n~~1\J ","1'n16tJn::'U6~t11~ Y~1\Jn1J6f1n1Jt11~~~fllfl111JfI\J 

Graph between Energy and Flow at Air Rsserwlr 660 1it18s 
2F~~::::;:---;-------:~----:---:---~+ 6-7 bar : 

... 6-8 bar : 
- 6-91.8 -+- 7.a barbar ::- .. -.-­ .--;­ ---­ :;.-­ ; . 

-f- 7-8 bar : :: 
~6-9bar: : 

1.6 

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

~ 
~ 

---------------- ..--------- .. _------.-------- --- - -.. · - ----_.-- -. -- -----.... -- ---- --------­~ 1.2 . . · .· . 
II ·, .. 
c: ·,, ...W · . 

---------------- ... ---------------.­

, .· , . 
~.-0.8 ----.----------- ..-- ----- --- - - - _.. - - - ---- - -- - -- ---_.. -- - - ----- --. ------.. ---------.---_ ..· ,· ·, .,, · , 

------------- ---- _.. 
,
, ------- -- -- - -- --- -'-

.
, - - - --- - - - - - -'" - -.-. - - - -- -- -_.- ---- -- .. ------ ------ -- -­. . 

30 40 50 60 70 80 
Flow (%) 

m'W~ 3.44 nHrhmtJ1JLi1tJ1Jm'j''*'Wti~~1\J1vHhn1Jtl~1J1Wm~1fn1JUfI ~fl111JA\J 
tI d _I I .;..... .;. d .,., .... 

n'~11f1-n'fl6lJ fl1~'l 'U6~lmt'l~t'l~mmft'lm6~'n 3 Cl~"nn1J"\Jlf1 660 nfl~ 



· " fhytft.:j.:jlU'TI-Alia'6Va~'UtNm1'~a1J~1.:j '1 Ua::'UU1Aa.:ja1J'ri.:j 4 'UU1A (kWh) 

., 
"1UJAU 

300 .. 
afl1 

20% 

360 600 .. .. 
11111 afl1 

660 .. 
afl1 

300 .. 
afl1 

40% 

360 600 .. .. 
afl1 afl1 

660 .. 
afl1 

300 .. 
afl1 

60% 

360 600 .. .. 
afl1 afl1 

660 .. 
afl1 

300 .. 
afl1 

80% 

360 600 .. .. 
afl1 1'Ifl1 

660 .. 
afl1 

6-7 0.4689 0.4624 0.458 0.457 0.7956 0.7798 0.7692 0.7666 1.1851 1.2206 1.2444 1.2503 1.5741 1.5979 1.6137 1.6177 

6-8 0.4155 0.4474 0.4687 0.474 0.8461 0.8191 0.8012 0.7967 1.4455 1.3874 1.3486 1.3389 1.7831 1.7911 1.7964 1.7978 

6-9 0.3984 0.4764 0.5283 0.5413 0.9779 0.9658 0.9577 0.9557 1.7261 1.6665 1.6268 1.6169 2.0382 2.0024 1.9785 1.9725 

7-8 0.3689 0.4059 0.4305 0.4367 0.8384 0.8513 0.8599 0.8621 1.467 1.3919 1.3419 1.3294 1.6861 1.7399 1.7757 1.7847 

7-9 0.4007 0.4722 0.5198 0.5317 0.943 0.9281 0.9182 0.9157 1.6767 1.6925 1.703 1.7057 1.9576 1.9007 1.8628 1.8533 

8-9 0.4375 0.4852 0.5171 0.525 1.0093 1.0049 1.0019 1.0012 1.7795 1.8057 1.8231 1.8275 1.999 1.9609 1.9355 1.9291 

..: 1J!"" ~ 1 .:, 1 A... A":":" 1"...., Ifll'dlUI 3.17 UU~Hfl1'd 'IJyt~H.:jlU yh'l1 U 1 'Jl'1 1J.:j 'UO.:jlfl'dO.:jO~01fl1f(lflHWn 3 nl0vn::'UO~fl1'd 'Jl'n1JOAUn::(l~n1J'UU1Afll~'1 

0\ 
0\ 
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I '" '_.I_~ A '" Ad'" '" '" ~ 
'IllflfllH1AflfJ.:Il11fll"n.:l.:ll'U n111'UfJ.:Ilfl1fJ.:IfJAmfllfl'lfl1fJ.:ITI 3 fl1JCl.:l"flfllJTI.:I 4 'U'Ulf1 

flfJ 300, 360, 600 un:: 660 ft9l1 Ufl::!fJfJfl::'UfJ.:Ifll11ftJilJltlU'lJ6f1,jH'l '~UfI'A.:I'~'U9Iln.:l~ 
~.	 ~ 

3.17 Ufl::'IllflAln.:lU '~UfI'A.:Il~'UflnrJU'ri.:ll-nfJlmfJ1JlnfJ1Jfil"ti.:l.:ll'U'rJYfl1::wh.:lO.:liflfllJ';.:I . . . a ., a .. 4 

fI' 'U'U1A A.:IIll"TI 3.45 Cl.:l Ill"TI 3.48 

0.6
 

..... .....

0.5 

r-

i 0.4 

;: 0.3 
E!'• 

.......... ..... 
r- ,...	 

..... ..... 
f-- ..... 1-- ..... I-- f-- >--

..... 

f-- I-- >-- ~ e--: . 

>-- I-- >-- ~ I--

I-- I-- I-- f-- I--

I' 
~ 0.2 

0.1 

0
 L.....
 -
6-7 6-8 6-9 7-8 7-9 8-9 

Start-Stop Pressure (bar) 

[] crmmu.l 300 1.1 
• crmnRS.I 360 1111 

[] crmnRS.I 600 "'" 
[] crmnRS.I 660 "'" 

.cl ••1 _~.. 1<JJ '" , _~ A '" ...cl 
Ill"TI 3.45	 mlnl1J1fJ1JlTlfJ1Jfll1 'Jf"fl.:l.:ll'U rJ.,,1'UfJ.:Ilfl1fJ.:IfJAmfllfl'lfl1fJ.:ITI 3 

~O.:liflfl1J'U'U1A,jl.:1'l tJilJ1Wfll11"fllJ6A!fJfJfl:: 20 

1.2
 

1
 .-.... 

0:-:i 0.6 
oX 

;: 0.6 
E!'•c 0.4W 

0.2
 

0
 c.:... 

r .-.... 
1-- ..... 

..... 
,.... 

l-	 I- I--

l- I-- f-- . ~. I--

I-- I-- :: I-- : 1-:: I--

I-- I-- . I-- .. I-- . I--
.. 

L.... 

6-7 6-8 6-9 7-8 7-9 8-9 

Start-Stop Pressure (bar) 

I 

dCli '" I _~ ," ClI"
'VltN'VtflfllJ'U'U1AA1.:1'l1J1lJ1Wfll1 'JffllJfJA1fJfJfl:: 40 

e cr",q'nRS.I 300 1.1 
• crmnRS.I 360 1.1 
[] crmnRS.I 600 1.1 
[] crmnRS.I 660 IM1 
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2 
1.8 

1.6 
_ 1.4 

i 1.2 
;: 1 
e'• 0.8 
c 
w 0.6 

0.4 
0.2 

o 

r-..... ..... .... I-- · . 

~ 
~-

~ ..... ~. .... · . 

- ~ I-- '--
· . 

..... I-- ~ · . 
· . 

'-- I-- - I--
_. 

- I-- - r-- -
- '- - I-- -
- '- - I-- -
- - - '-- I--

~ '-

6-7 6-8 6-9 7-8 7-9 

Start-Stop Pressure (bar) 

fl1'n~ 3.47 f1'nl'hmVtJL;lVUfll11fTttr.Nl\.1 '~fh"o~Lfl~O~O~mfllf1Lfl~O~~ 3 

~t1~im'1J"\.I1~9il~'l m1J1wfll11rftl1Jo~fovtl:: 60 

c tr""nllJl 300 I., 
• tr""nllJl 360 I., 
Ctr""nllJl 600 I., 

Ctr",q'nIlJl 660 Ill' 

8-9 

2.5 

~ 

2 

1.5-

•c 

>-
1e' 

w 

0.5 

0 

..,... ::;:­

r-: ..... r- ..... 
.... 

- ...,. 
r- I-- -: I-- .. I-­ - ~ 

. . 

- I-- .. - _ .. -

- .. _.: - I-­ I-­

. . 

~ -'­

6-7 6-8 6-9 7-8 7-9 3-9 

Start-Stop Pressure (bar) 

c tr",q'nIlJl 300 Ill' 
• tr""nllJl 360 I., 
Ctr""nllJl 600 I., 
Ctr,,"nIlJl 660 I., 

m,..~ 3.48 ml~LmVtJL;lVUfll1 lfTttr~~l\.1 '~"'l"O~Lfl~O~O~mfllf1Lfl~O~~ 3 

~t1~im'1J"\.I1~9il~'l tJ11J1Wfll11rftl1Jo"fovtl:: 80 
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tl1t.1 
\l10011'r1A~{J.:JM1th011'~Vift.:JnU'~"1"{J.:JLfI~{J.:J6A{JlO1fl' ~'~1I{JL~{Jft.~"1U'U'U 3 

L~n L;jtJUMrl.:J~tJti1ft.:J'tJ011tjj''lJLtl~{J.:J6A{J101fl''!tJ Vi'U'h Ltl~{J.:J6A{J101fl',f.:J 3 Ltl~{J.:J ,..rN~0l1 

'rIA~{J.:J~L;jtJ ,t1'tJiifl''rIHLAfJ10tJ fl{J lf10-niil1"W"'100n~'tJIllVi~ 3.25, 3.26, 3.27 U~::' 
d~	 A", A"; ,..l t, '" ~ 

3.28	 C)f.:JL1JtJN~011'r1A~{J.:J"{J.:JLtl1{J.:J{JA{JlO1fl'ltl1{J.:J'rI1 '::Vi'Ul1'r1011~.:Jtl1tll111AtJ n~11'r1-

d ~ t ,~ '" , _~ "..; A .. ..l
n~{JtI 6-7 'lJ11 tJtJiil:: "IJVi~.:J.:J1tJ ~n1tJ{J(J'rIq'A U~::W{JVi'11W1Illn'rl 3.33, 3.34, 3.35 U~:: 

.61 ... .at -	 .I., 
3.36 "{J.:JLtl1{J.:J{JA{JlOlfl'Ltl1{J.:J'rI 2 ua::IllVi'rl 3.41, 3.42, 3.43 U~:: 3.44 "{J.:Jltl1{J.:J{JA{JlO1fl' 

A..l d "" <II '" A '" A ..l <II..l '" ~ ~ Ltl1{J.:J'rI 3 iil::LlftJl1 lfN~Llfll{JtJO'lJLtl1{J.:J{JA{JlO1fl'ltl1{J.:J'rI 1 tl{J 'rItll111AtJ n~11'r1 6 'lJ11 U~:: 

d	 1.1 ~,~ '" , ..I_~"..l '''' 
n~{J ~ 'lJ11 "IJVi~.:J.:J1tJ nl11tJ{J(J'rIq'Al'tl'tJOtJ 

....;	 ~ ~ ••1 _~... '" '" 
Viiil11W1 mVi'rl 3.29, 3.30, 3.31 un:: 3.32 • .:JI1JtJonnl1J1(J'UI'rl(J'U"tJ1A"{J.:Jt'l.:JViO~1I 

O'U011'~Vift.:J.:J1tJ '~~1 ~tll111AtJ n~1{'rI-n~{JtI 9i1.:JCOJ "{J.:JLtl~{J.:J6A{JlO1fl'ltl~{J.:J~ 1 mVi~ 
..., .. .; d
 

3.37, 3.38, 3.39 u~:: 3.40 "{J.:JLtl1{J.:J{JA{JlO1fl'Ltl1{J.:J'rI 2 u~:: IllVi'rl 3.45, 3.46. 3.47 U~:: 3.48
 

"{J.:JLfI~{J.:J6A{JlOlfl'LfI~{J.:J~3 Vi'U11 ~tll111AtJ n~1{'rI 6 'U1{ U~::f11111AtJ n~{JtI 7 'lJ1{ '!tJLrt{J 

... '" , "1.1" '" 11 11	 '" '" ..l, •.r " " L'rI(J'U0'U011 'tI' 1111W~1I{JA'1{J(J~:: 20 U~::'1{J(J~:: 40 "tJ1A"{J.:JmViO~1I'r1 lfqj"tJ'::'tI'l(J M 

t11::lf JAVift.:J .:J1U , ~~111100'ht1.:Ji0~1I" U1Al~ntl'i1 U~::lrt{Jlfi (J'UO'U 011, ~t1i1I1W~1I6A~f{J (J 

~:: O~'U'" '"	 'tI'Vi~.:J.:J1tJ '.J-~60 U~::1{J(J~::" 80 '" lfFoIa91H,.1110tJtl{Jt'l.:JViOnll'rl~ '" <II '" ..;,lfty"tJO~'U,.1 """ '" nl1111100'11, 
.	 " 

t1.:JiO~1I"tJ1Al~0 n1Llf~L;jtJLVin::11fitli1l1W011'~~1I6Ar{J(J~:: 20 u~::f{J(J~:: 40 UtJ,b.:J011 
" .	 .

fi1.:J1U"{J.:J1I{J191{J{iil::fftJO'hfitli1l1W011'~~1I6A!{J(J~:: 60 u~::f{J(J~:: 80 U~::lf10-niil11W1fi 

, " '" 11 t '" d , ~ '" '" ..;, ,.1 ,~1.1..1111W011 'tI'~lI{JA'1{J(J~r. 20 M1091.:Jfll111AtJ fI'~{JtI tJ'.:J011 -;- 'U11 mViO~lI'r1 lfty"U\l:: "IJ 

'" , ..I_~.r , '" d 1.1"; .1 .,"" , " , '" ,
Vi~.:J.:J1tJ nl111110"tJ1Vin::l1fll111AtJ n~{J 'rItJ'.:J"U'rI1 lf~{J.:J 'tI'n~1 tJ011n::nllfll111AtJ tJ 

"'''' .r4~ 1" ~ • .1~
t'l.:JViO~lI (JlltJ1tJ"tJ\l.:JL1JtJ n11M~ If11{JL91{J1 'rI1.:J1tJtJ1U"tJ tJ tJ L{J.:J 

I,	 t , , ,,~t1.. '" " .1 ,1.1tJlllfltJ91n1M01111uunltJ Mtyiil:: "IJ 1111W~1I{JA1I10nl11{J(J~:: 60"tJ U~::lf10 

-n\l11W1N~011'r1fl~{J.:J ~0111,*1Ji1l1W~1I6Af{J(J~::60 u~;,;f{J(J~:: 80 Vi'U'h ~f11l:JAU n~{J'J 

1110011 8 'lJ1{ t1.:JiO~1I"tJ1fl 1lftYo11\l::ijN~ 'l1'0111fy..ti.:J.:J1U~~~111{J(J011 i.:Jiifl.:JL;jtJn11lf~ 

1I1\l10 O11'r1A~{J~rl"A'1~n~1'r1fl~{J.mfi 1 illu~ 9i{J 1 mw fi1'l1'N~011'r1fl~{J.:J~'~fl{J1I{J1~{J{ 

fi1~1tJ91~{JAL1~1,T.:J 1 illl1~ ~~~t1~iO~1I"tJ1A 300 a~1 tll111AtJn::n1l1tJt1~iO~1I~fi1'~{Jd 
I I	 • 

'lJl1	 .. III '" '''''1.1'rI""1.1 8.7 ~ U~::'Ylf:l~ViO~1I"tJ1A "" '" '" 660 ~~1 II '"1::1I1W	 tll111AtJn::n1l1tJmViO~1I\l::{J~'rI 1::1J1tU 
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8.2	 1J1f fl111J~U~fh~ti'uifijfU'1M'fl1~1fti1a~'\lV~1JVlftVfR1~ti'U~1fJnftl1tiv fl111J~U~~~~ 
..'" 11! 0 ' • .I_~ .r ~ 01 • 01 '0 1 1" ,01	 I1JVlftVm\l:: 'Jrfl1n~ 111111J1n'\lUllJUa'~a'1u~vnu Uft111n'YI1fl1~'YI~nV~ ~fJ 'Jfl1n11J1nn11 1 

i111J~ a~inn1J~ij'\lU1~lgnn-i1V1~HI::ft~Nn1M'1Jvlftvf1fna~~1u '~Yl1,rVfJn-i1'~ ldv~~nn-i1 

a~inn1J'\lU1~lgnijltlfl1a'.yh 1M'lfi~fl1~ a'~V1.J '\lV~1Jvlftvf1J1nn-i1 a~inn1J'\lU1~1my 

II	 II 

fl11'Y1~nV~'\lV~~1U1ifJuij"v~~'nn1~vd1J1~tJ~::fl11tiv fl1~tJi'mi~tlftnfl1~1ftJi1J1W 

n1Jtl~ ~11ft1fl11JfJ1Jtlftnfl1~'l1n(~tJmWl11J1mn'\l 9 ltJ~ 2.9) 1~Ufl1~tJi'1J~1fJ;jV'\lv~G;h 
~,	 • ,.6.1 01 , .1 ..01	 "01 

m~'YI~nv~ un1V1Ufl1v~nm1 l1n 1l]l'~~1JmW1~Vftnm~ l1nltl~UfI'~~NnU1J1JfI'lOn (~1Jmw 

l11J1mn'U 6 ltJ~ 2.9) ,~,h1M'm~'YI~ntl~u~n::mW'\lv~m'I'YI~nv~ijm'ItJi'1Jt;'tlftnfl11'l1n~ 
• 01 '1' .... .1 .6 "'.... 01 , 0I.r I 01 01 1

1Jl'Y11nU ~ un::fI'1Ll1~Vn1J~::m~l1U~nflV V~11fl1~ l1n'\lv~n1Jv~'\lUV~n1Jfl111J~Ua'::a'1J u 

01 01 ... 0I.r 01 , '" .r ,.11' 0 1"l! 0 " 
"tH'nnn1J 11JVfl111J~U~~'Uuv~nfl1~ 'l1nml::tI~'\lUft11J 1J~1fJ 'YI1 l1~'YI1m1'Y1~nV~ftV~flVfJ 

.101" 01 , • ," .:.. 0 1" .. .. .1 
1J11J11n1fl11JfJ1JVftnm~ 'l1nV~1JVfJ '1 ~1fJa'1Ll1'JU\l~'YI1 l11O~fl111JN~'nn1~'\lU 

, IIIfo .Q.,d.cl'JI • 4J!'1 0 , .........
 

'YI1~flW::~'YI1m11\1fJM1J'\lVlfl'UVUU::11 l11n1J~ 1~\I::'YI1fl1~'YI~nV~ Ul~V~U~V fl1~
 

.1..1 .. 01 , .1" .1..1 ~ "'.I"~ 01 ..


11JnfJU11n1fl11JfJ1Jtlftnfl11 l1n (~1JmWl11J1fJLn'U 9 l1J'YI 2.9) llJUU1J1J 'n~V1J'nV1'JfUUn11n1 

(Proportional Valve) un::fl111fl~Ulll]l'vfi~tl~nfl1~'l1nU1J1JVu1gvn 1~tl.yhm~fl11JfJ1JU1J1J 

1~il~ (Close loop control) un::if~1fl11JfJ1JU1J1J PIO (PIO Controller) fl11JfJ1J \I::.yhi,n~Nn 
..I • 0 ~ .r 

m1'Y1~nV~'YIU1JUfJ11J1nfJ~'\lU 
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• 
lefll1'11Ua::i.:all.:ae.:a 

lJ1U1'n'Jf1 iUU'YI1, ~ityitJ ffU'YIi''nV111J\l1W. 2539. U1U1J~flt2~111't1flH1J. ;lgA~lfliu ~1nA 

(1J't11'JfU), fll~l'YI'n"'. 

... _I ... 0'.... J! ... 0' 
'na~ IJ1::fJ1J"11HW.2540. U1Jflfll'YI1tlUfl11. 11tlUUn1fl11'n'J'n, fll~l'YI'n"'. 

.. .. ~ _., .. 0' .. ..... 1.l! .. 0' 
1t'r.A1.1JU11 11{l11nftlJ, 1H~U fl'YI1tl1J1l)ft. 2543. t)1Jtlfl11 'Jr{l1U MATHLAB ~tJtJ111J\l1W. 

.oS ..... 0' ... ...1-.1
IllUfl'n1J'n tlU "1'n111, UU'YI1.J1. 

Peter Croser, Frank EOOI. 2002. Pneumatics Basic level. Festo Didactic, Gennany. 



72 

1l1tlN'Ulfl 



73 

.tlltlN1-nn n 



74
 



75 

. -,' 
~. ;-:=:;'(.1;-" 

ModeIPM130 Model PM13QP Model PM130E 
8uIc VoIIBge, Cumlnl AddsPower' AddaEnergy 
and Frequency 

MinIMax 
~rerncots

• __ .MIn. ...pet- per pl.­

• Max. Ampe • MIn. NIlps 
per..... per p/IaM 

• MaL NeutqI H..... 

RealTIme 
Measurements 

• VlIIIllge L-L' , 
• VcbgeLoH 

per ...... 

• eun.tper pi-. 
• HoulnlI cinent 
• Fftlquonc)'
• "-Fae:tllr 

Acti¥e ~ • 
• ~ I"llMer 
.~.-o-....."'-: 

kW, ..... kVA,PF...~ 

.CU'IIft~ 

RealTIme 
MeaslJr8rnenta 

MinIMax 
Measurements 

[I! 
'" 
~-

:- ..,.',.;.:'.. _,', ...<::"."~~,,;;, 

.=....1Ililn 

• AIoo~"" 
AlAomMIc llMIlliIlO 

• I'lleIie RoIatiaft 
• ~~ 

• ColdlIII"·'DD,;~ee-lIIIIllcation 
'. AIInt....CocIlt 

...... 

ArnpI ~ 

•	 Ma.Hz • un. Hz 
•	 Ma. PF • Min. Pf 
•	 MaL kW • Min. kW 
•	 Mu.k_ • Mln.lww' 
•	 MaL kVA ........ !M'
 
•	 MaL VolllI Oemend 

peril' ­
•	 MaL Amps Demlnd 

perpi-. 

• kW DlIlnImd IE) 
• IIVA DenWld (E) 
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Model PM130EH
 
Adds Harmonics
 

Multiple Unit IntegraUOO 

thet Wi,..~Uodt 

• Rber~ 
• PlIMr IJM CIIi'IIe'(PlCJ
.RFModem 
• ~Modem 

CTWire 
Termination Block 

Model PM130 
or otner 

SATECMeI..-.•• 
•... J.] 

BS:tM 

ETC 2002 

MOllIIUIlI MICII .. 
DNPa.O'A8Cll . 

Harmonic .~~ 

MeaSIJrernents 
(EH-Yel5on) 

.. .. 
c...... '=.J. ' 
• ~- ~ '\' L": . 

_ "-_..... "~.J 

.~r;: --;­ -1­ -,

...wc_.'l" ~~;~:...' .' ....... I' 
, 

Energy 
Measuremenbs 
(E-Vel"6fon) 

• MWI\ (l~ • % THO Vcltage Per PIIIIse 
• M\ItVIl (1mportIExpoItl • % THO Current ~ ~ 

• MIIAh • 1'- TDO C4.trn>n\ Par ~ 
per ph:&w: 

• MWh {lmportl 
• MYoth (Irnporf) 

• MIIIoh 
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..}~~~ 
/~~# ; 

'!( 4L ~ J!l~<;, ~»), :J t',,") ;~ 
p ~ , ,..- V L "- ~ "" \

,	 
,OGRAMMING... ..,;) r -. j>-" I : 

Front Panel Multl-Parameter local Display 

• 3 Bright LED =for HIgh Vilibillty· even In fUll 
•	 3-Ptu1eee-Al-Onoe lor QuIdc. Phase Balance 

Aauurnent 
• AdJI....DItPtaY Update TIme-from a 1m 

0.1 MC. to 1G.O.MC 
• PuIh Button Muld-P8IwMter Display 81&0

settabIe for AutomatIc ScroIlng with 
AdIuIC8bIe 8c:RlII TIme 

5 DiglI ~ Reeding (E,EH version)
Percent.()f-l.Olld LED....Gn1ph - Programmable· 

MimicsAnIIIog Meter Needle 

Meny Dt1yen local Set Up 
~. Mtng ConIIgtntioIl 

, • PT&CT 6et1lng$ 

••~ • Pnlgrwnmable Communi<:ations 
,. la:aI Max. 0enwJds and Ene'9Y Reset 

'. Disable I ENIbIe Local Reset 

• Pasworo Protection 
• AIInn I Event setpoints 
• Display Update TirM. Scroll EMhln 

L~· 
Pane' Mounting 1Vl30....n..........,.,,..
 4-lnch Round or 

~__oI_i1... 
92 x92mm DIN Square

pogilIi"III.IIld~1IlII........
 

Basic seti4J
 
POWERIRENO SQflWARElQotignaD
 



• • • • 
• • 
• • • • 
• • 
• • 
• • 
• • 
• • • • 

• • 
• • 
• • 
• • 

• • 
• • • • 

• • • 

• • • 

- -
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PM130 Series TRUEMETER™ The Low Cost Analog Replacement 

The PM130 TrueMeter™ Powenneters are a cost effective means of replacing numerous si~e function 
~ meters such as v~. ClMT'9I1I, fl'eqU8!lC.Y' etc.. willl an "all measurements in one- digital design,
reducll19 meter, switch, wiring, terminatIOn, and s9lal conditioning oosts. 

' .. \:f.I . 
" ... ,.. " 

TIue RM& VclIIIge=LoN ancIl~'Di'IltCt ~MplltI to IIlO vH.,., l.-It 
PTIlIfO: ~""01--, ,....v 
ADtitIIfIq: +Q.3'i15 (JO'Ilo III '""'" F$J 
1luIAMS C«IlWlt ~ 
~IIpr&'M.. tA 
CI,.., "O~ 
..ot~ 0«J,Il:lll A 
Ita;vrq: _ to.3'- FS ""'" /D. fliO'o FSJ 
NoiAQl=~""'01 . «11)" 
~ .~1'S12'1lI '~P.SJ 

,..~~~Hz 
IItJt:Anq t04KlIIdv 

PoiIIerFador'1!J 
-.",~ IlIll.DllOtIftNt 
Ar::ocu-r. t"'.... tJ"fl~/lIj 

"-1tlIIIItII 1"clIIIft.--"£miI 

1cfre1'fJ/llfltw8)AluIOt.......
 ~lXlO.2QlllGllO_ 
li«'nq: tAft FS. riPf1~ Q!iI 

ANl;tiw Paww(wn) 
1tliI'II"..~ ~lDz.em.oooK_ 

~ telAn (IA'I ~Q.Sl 

Applnnt ~tvAl 
RMgeof"""" DfO~QlQM 

~ !Oft,'s. (!f'F ll:l15I 

=-cof:'~fO"''''''''
Ar:ClnC)r: M~ 

~-=-~MY.r1l 
~ 

""~"" ~AedlfENltw~1IWAII 
~ AI"""" "". 

==-'~ 
=.O::::~) 
t::::,PJ:l:J:::r'{W8tIsl 

~PaMrDllntMd~ 
p-.~"" 

~;ii' 

'iltII VdtIge HIrmonie Distortiorl THO M% 

baI CU'Iwt HatmclnIc DIstortion THO 0)'" 

Total CU'Iwt Demand Distortion TOO PI~ 

,,- ...~. 

::::r:.lWSrwpl-. •
r-Il- · 

lAW""rw~ • 
\bbp~ · 
AwlDtltlllrw__ • 

·~"..--.."".,.,.",-- · 
~~ · 

~,..-,.,.,... • 
.....,...... .. · .-..,.,,.,.,... • 
IoIWMIr ·..--

· 

AowIge,...... ·......,...,.. · Alf.__....,.,........

••• A 

FIIICIlInefIlllI ~ FectDr (DIspIacemen1l PFIH'lI J\NlllIlllbCll_(1«"'" 
FII1ClImItItIf ArwIM ~ (IIW) AnrlIpI1bfII"".,,,,.. 

, _!,::=:;R '< 

/-e ~~r,*""~, ;~''''' {~~~/o: ~ 

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

• 
~ 

... • 

-.- · ­.-..,.,,..,... 
1ttIIUmt~.,.",.. ­...,.... -.- ­....."".. 

· 
·_.,..,.- · 

IIiItIUu"* ­
'lMI~I" e.,.11 ­
IInpotIr-pi-. 

Jb'-I1IMporf' ~ 
Mnpcwt"",.... -
TolIIIIlIt ... ­
rollol ·Pw.-- -

DomMd"..",.. 
. ",.DMIMl/twpllare · 
DemMdI8'" 

. .,.,,~,.~ • 
D«fIMd 
.......DItIWIt1 · 
~DntItIlI · · ::.,~ · 
D-rII8ItI1 · 
~0MtMIf ­
~~ · 
~o-.ntI · 
Powdd!Id~ · 

....... lHD/V....
 
,.",..
 

"""'lHDtIJ* 
/1K~,......lblIt.. 
rwpl.­

•• · 

·· 

-· 
·· 

., 
-....- · · AoMooI8'-- - • • 
~_I~ · · · 
.~,..." - ... • • 

• • 
­

·· • - · 
-	 • • 

-	 · 
·	 •• · • 

2ji"I~jllfllei"t"· 

·· 
·	 ­

.. 
-	 • • 

·· ·· · 
· -
· • • 
· -

·· .. .~'l!~~ 

• 

· 
· 

",,"3lI.P.E.SI• 
"""3OJ'£EH 
PIolI»,P,UH••	 P,!,EIl 

• PUl30.PUH 
PYI3O.P,E,fH

• P,UH
• P:£.EH 

• PU1»J\U" 
· PU13OJIlE.E"• PLEH 

"'I30.P,r,I"•- "'I1DJ',£,IlI
•	 P,£IH

•	 P.E.Bt 
l',E,EM• 
P,I,!H

•	 P,£.EN 
-• 
P,&,1ltt· • P,E,91 
PLEtt

• ~=• 
P,I,!H• 
P.E.91

• .. . P,E,EH

••-

...
 
.... 

P.Utl 
PLOI 
'.E.l!tt
PL. 

UN 
£.01 

£.94 
£.tH 
LSI 
£,91 
LEM 

P.u:H 
P,E,EH 

""I30Jl,fSl
 
"'U30.P.\!,EII
 

£,EM
 
£,at
 
£,!H
 
I,!H
 
Let
 
E.SI
 
Let
 
UH
 
E.EH
 
E.EH 

EM 

Ell 

£14 

EM 

EH 
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ORDERING IHFOAMATION 

f~'OV L·L and .OOV L·N 

1~ 
OlNdly c O.5VA, Via PT < O. "VA 

PM130 SERIES TRUEMETERT\1 

PM13OE.=~ .'"1
PM13OEH­
OPTIONS 

\'Ol.TAGE INPUTS 
o 6BW AC Nominal 

u =~neJ\foItage Input 

CURRENT INPUTS 
5 5Ampere
1 1 Aq)ere 

POWER SUPPlY --_._... 
lAC 90-144V AC 
2JC 185-284V AC 
N'AJC 85-29OV DC 

85-2&5VAC 

EXAMPLE:
 
PM13OP.tJ.5-1AC or PMt3OP-O-5·AClDC
 

SATEC. Ltd. 
Her Hotzvlm SCience Based Industrial Park 

P.O. Box 4S022. Jerusalem. 91450 Israel 
Tel: 972·2·541-1000.Fax: 972·2-68'-2371 

E-mail: satecOsatee.co.1I 
www.satec.co.i1 

SATEC,lnc. 
One Springfield Ave., Summit. NJ 07901 
Tet (108) lf08.05OO. Fax (908) 608-0535 

E-maIl: aatecOoksatec.com1 I WWWoobatec.com 

_ SATEC-POWefflifSOliiflOjjS 
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Pressure sensors SDE FE:STO 
IedlIllcaI.. 

-L,- "'1IIp
12_lOVDC 

-s- PmIIIIt 
0_16b1r 

-1 - ~~fIIIlt 
0_ .as'( 

,,';"',',";; ..... ':,;;"'::':H;.:10~10""', ..,:"",',"::,10-"16:::::.,,,;.=:::ii'~:;~'~;'::'::::': ..
""'-WkClllllltdloft G\4 

MiMlnlllllP••lIIl MI' 
welcht III 120 

/1_5 
10_20 

a.... "/336/m IEMQ 

, .. "", 

• 
c 

-10 Ie. a 'D -40 Z 4 • • III 
pllilrt pfNrl• .. 
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1. ~6	 (tl1'Hl"W) tJlt1rr1J'JSlt1 111ii6~rr~ 

(tl1'Hl,j'.mq'H) MR SOMCHAl LUANGSOD 

o' " ., QlQI lQ ..\ A 01
2. ~1Ul1tJ~ 61'1,.t1 2 ,.::~tJ 7 rr~fl~ rrl"11f'1'1fl,.,.1Jlm6,mn flW::1f'1'1m"1Jf'I'1rr~,. 

3. 111.htl~1tJ~6d~;j~9\6'1 
... .. ... '" 

rrl"11f'1'1m"1Jlfl"6~fln flW::1ff1m"1Jf'I'1rr~,. 

1J111il1t11~tIll1fl1tJ 1nvn'JS1J~fl" ...n::tJm 
, .-	 .... .

1381 D'''\It'1rr~fln1J U"1~tJ1~GJI'6 1"~tJl~GJI'6 fll~1""1 10800 

1l1,..02-9132424 9\6 138 

4.	 11,.::iiifl1,. ftfl'H1 

".f'I'. 2535 11"::fl1f'1'ijtl,j~,.,jweti~ fl1,.11,.::ntJfJWtl1"NS~tlWct1~~rrl11m"1J 

... '" '" lfl'H9I" 1J1111l1t11ntllfl'H~"f'I'1rr~,. (tJl~l"tJ)
 

"'''ff.2533 fl6.tJ. iff1m"1Jlfl~6~fl" fltu::lff1m,.1J1l1fl1tJ 1nv rrD1,j'tJ
 

1l1fl1tJ1nvn'JS1J~fln (ll1l1ff{)
 

5. rrl"1~ijfl111J'iltJlt1Jl~tJfiU;Y1l ,	 ... '" ... ... '" - 8m6nflrrun::tJ1U1J~flrr 

- fl1"fl1tJfJ1J~::tJ1Jtl~ 1tJ,j9j 

_I d'.dod"
6.	 lJ,.::rr1Jfl1"Wl1lfltl1"6~ 

... , 4" oQ, Clio" M" 
- rr6tJ1'JSl 8~"6"flrrUn::tJ1U1J~flrr (2542-lJ'1tJtJ) 

..., ... '" ... ... "'_I '" ~ '" - rr~tJ1'JSl 8~"6nflrrUn::tJ1U1J~flrrlJ"::tJfl" (2544-lJ'11JtJ) 

- 61J"1J11~fl~~" Mechanical Engineering, Technical Teacher Skills
 

Strengthening, UNIVERSIlY OF SOUTH AUSTRALIA 11"::1l1ff66rrl~"1~t1
 

(2539)
 

- 61J"1J11~fl~~" The Advance Mechatronics Training Course FESTO Co.Ltd.
 

11,.::ll1ff';1tI (2543)
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A, "~d':
1. "0 (tl1111 'rW) U1t10UU" lfl1Jl\Jtl1J 

(tl1l11ti·mqll) MR. ANAN TEMPIAM 
., .. ., ., Q -' A .. 

2. "1U11U./I onUti 2 1Z~tJ 6 d'./Ifl~ fl'1'U11fl'1fl1HJlfl10./lfln f1WZ1ff1m"1Jff1ff'" 

3. 11lhtl./l1U~tld~~~fitl'lf 
... A ... ~ 

fl'1'U11ff1fl111Jlfl1tl./lfln flWZ1fl'1fl111Jff1tl'fl1 

1J1111f1t11fttllflfllulnOn"1J./Iflll",ZUfl1 . . ... .. 
1381 tl."\latl'./Ifl111J U'U1./1Ul./lCJftl l'UfltJHCJftl -nl./llfl".., 10800 

lfl1.02-9132424 Atl 138 

4.	 th::1'iif111fffl1l1 

".fl'. 2547 1fl'.1J. (1fl'1fl111Jlfl~tl./lfln) 1J1111f1t11fttllflllfl1fl'1fl'flf (Ul./ll'UU) 

".fl'.2538 1fl'.tJ. (1fl'1fl111Jlfl~tl./lfla fftl1UUlflfl11..1 lnon"1J./Ifl1'l (fl'11J.) \l. 

t1lJ1J11111 

5. tl'1'U1~ijfl111J';1U1tyd1UMlfl'1!l , ... ... ...~ ~ 

- 8fl1tlaflfl'1&n::U1U1Jflfltl'
 

- f111fl1tJfJ1J1ZtJtJUfl lu,j~
 

6. th::fl'tJf111W~I~t11~O./l 
..., <llQr," .. A" ~., 

- fl'OU1"1 8~1tlllfltl'm,zU1U1JPlflfl' (2542-1J\l~tJU) 

- tl'tlU1"1'8~1tliimfun::i11u1J;}mftl1::~f191(2544-iJ \l ~UU) .	 ~ 

- ./I1U1itllitl./l f1111i"'U1f111tltlflUtJtJU1U~lT;hmh 1~t1'ffltl1JM1191tlf';1t1 

(fl'f11. tlUtl1t1U 2547) 

... '" ... ·	 · I:1 -,_.1' ~ ...- ./I1U1\ltll1tl./l f11n1nO./lf111f1~ffotJflHfln'UtNu1u"111t1U·1 ~t11ti " Uflltln 

11JUPl 
~ 

(2547) 
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