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INTRODUCTION 
'l Ji oJ .I o1<t .._ Ji oJ ~ 9J 
tit L fl'H) '1 'ii mm, U':i ~ L fl 'V1 '1111 'W " fl" fl onrn u ~ 'IJ tl '1 L fl ':i tl '1 'ii fl ':i fH'l 'Vl L ':il~ tl '1 fHi'Vl ':illJ • • 

I ~ -!! d I Ir) 9'~ I <:I o1 d 
tlt.l1'1'11'W '1 fltl ff)llJL ':il':itllJ'IJtl'1fll':i'l1lJ 'W11'11ll'W t~fl':i'eliJ~tl'Wl'Vl L 'V'-l':i1~flmlfl1111L ':i1':i'ellJ'lltN 

• • 
.!(\ o1 <:I I I o Ir). I'! 'JJ I d cf I 

fl1':il1ll'W'IJ'el'1Lfl':i'el'1'ilfl':illN"~tlfl11llL'l1"1~"1ll~elfl1':i'W 1 tu t 'li-:ll'W L 'tl'Wfl111JL ':i1'1J'el'1':itl£JU~£J flll • 
~ loJoJ d'I Ji cJ 
'IJ 'Wtl£J fl lJe) ~ ':i1ffJ11.J L ':i1 mm "J'l-Y:IJ 'W'IJ'el-1 L fl':iel'1£J 'W~ 

~ . 
Lfl~m~ ti~1 i'1"'fif1.,o/117fl17iJL 111 Un71VliJUl. 1 LJffJ 7 speedometer ~ tl~ r11LJn\1, Vl~lmLlJU 

, ,i 

L'lfUl.L1J1J0~unu~an"rn'\AJ~7"JJmLfl~tJ-:ril"'mn~ lfimbmt~1tl~m"'u generator o/1.,1L;n I JllLJlu 
~ CV " t.,, V I GI " ~ ~ ,A '11 

Lmm1<f\m1rn j1jt)lJ bb~11fi generated voltage illtllULUUfl11iJL j1jt)lJlJU Vl'U 71J'Ylil'YH1JU 

analog bblJlJ~~61Jm; LJfl tl n71LtllblnU "1Jtl'1bfl~mffi 1tJ~tin.,rn '\AJm"JJtl'1Lfl~m'il"'mn~n'il::L~Un71ii 1 

generator "1Jtl'1Lfl1m1.,ri lULUU load "1Jtl'1Lfl1~-:i~"'mn~u\ 1tJ 

1 ~ m11.,<flm1iiL 11jtJ1Jflm<flLfl~tiu 1tl'il1nfl11iiLtlu 'il1-J 

t.,, 0-1 ~ Ac::to u 1,, a o 

mL UUL fljt)-J'Yliln 1~ -JU tJLJn '\l::'Yl 1 

~1UUnbL1JUVl~-JL1LJffJ7 stroboflash l<flLJ 1i Vl~"'n"JJ'eJ-Jn71t'117-Jbbt'1-J 1~~~fl17lJRt'1-J'il7n 
,i 

imti<f\ Xenon gas ~ -:imn.,fir.rh l~l<flLJ tJ1.,1Jm1m11"1Jmm1m::'\AJ1lJ"JJtl-Jlbt'1-J 1~~fl17llt1L Ylln.,lJ 
" ~ V t.,,Q.I GI " ~ OJ~ 

fl11ilb 111tlU"JJtl-Jbfljtl-J'iJm bb~11hu scale rmnmLUUfl11ilb 11"1JtlJn71VliJ U "JJtl-JbfljtJ-J'ilmU U , 
;m; LJ"JJtl-.11fin71~flmi°'mb; m 1m 1 umjtJfrnim:i"~n1m1~ tl-Jt'117-J~tiu 1r1 L Y11n"'um1rn 11jtJ1J"JJm 

~ CV ~ 

Lfl1tJ-J'ilmn~u u 

~.::lb ~u 1~11Lfl1m1.,<flfl17lJL 111tl1J~n~71il16JJ1-Jo/1U~lh::;'Ylli Jll'\AJ 1~~b'Yl7~fl1j ,;i,::u~u 

~ -Jfl1j;n1jlbfl~tl,n ~ntiu~~1UtltlniJ7b1JUo/1.,1bfl"JJ l<flLJo/)j-J 1 U1771t'1n-J speedometer ~ 1 ;i~ 
detect pulse "1Jtl-Jbbb'l-J~t'1::Ylff\-!.lll'il7n Aluminium foil ~~<fltl~UUl. '\AJrl7Vl1tl llJ'\AJ.,fi"JJtl-Jbfl~tl-J 

,i 

., ~ 1 1.., Q'J 
'ilmU U <f\LJ '1f photo transistor LUU transducer 

<V <i .., !l A A Jti Iv 

ffl11<f\fl11il L 11tl 1LJj::lJU:U. llfl17llt'1::<fl1nl!1n m1::fl17l!L 'YlLJ-Jo/1j-J'1J UtJLJ nu time 
,i 

reference 17~fl17iJL~LJ-Jo/11-Jil7nLY17 l<f\ 
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CONSTRUCTION 
u v Au~ 

V\rlnn71'UlJ61JnJ speedometer project il'fl.J'U 

DISPLAY 
UNIT 

------1 PONER SUPPLY 

"TIME REFERE.NCE 
UNIT 

SHAPIN€, 
UNIT 

DELAY TIME 
UNIT 

DECORDER 
UNIT 

STORAEi:. El.£ 
UNIT 

COUNTER 
UNIT 

LEVEL D~C-T 
UNI, 

RECEIVER AMP 
8. !'.Mt.PINe 

UNIT 

UNIT 

I 

cit.In 1 -,. 

fllrl receiver 1h~rn:J1J'fl.,1tl photo transistor bb t'1 ~ resistor load 'il~1'17VIU7~ 
~ 'I a.., GI A t.., 

bUt'1tl'U pulse 61Jtl-Jbbt'l.J'il7n Aluminium foil bV\blJ'U voltage pulse ii magnitude ~ 50 mv bbt'11 

~ .J lUrJ.,.JJllfl receiver amplifier 
0 i, ,=ii 

fllrl receiver amplifier & shaping Yl7Vl'U 7Yl61Jt17tl pulse 'illnJllfl receiver 

o/11tl voltage gain= 100 'il~l~ output signal = 5V bbtf1u1~1'U monostable b~tlbU~tlyl,1U17.J . ,1 

t'l.,'1)qJ1ffi l~b~'U rectangular pulse ~~ pulse width = 700 ns lli1~.J LUrJ~Jllfl counter ~ti 'tu 

0 
OUTPUT 

,i~~tll'~'M'lH receiver amplifier ,i'u monostable 'il~~tl lUrJ.,.JJllfl level 
• ,d ., 0 .,,..,.1 

detector "1f .JU1~mirnnti d.c. amplifier llt'1~ LED Yl7Vl'U 7YlllJ'U indicator 

POS4a!Tl"I/E. INDICATOP, 

.------4Cl----o~ev 

-----~------o-~V 
fl£6ATIVE INOIC4l'OR 



Digital Speedometer 19 

A.Ji~ ~ G'I 
LED

1 
~:;flflL'lJtl,fl'Yl detect 'lJ potential L1JUU1n 

A Ji ~ A a1 
LED

1 
'iJ:;flflL'lJtl'°llfl'Yl detect 'lJ potential L1JU~1J , 

flt]\.l,'i]:;1i,11u 'i]:;f1mufu1-C, LED 'Yll::Jt'ltmi'rn;tJflUU L~mLt1'.h11 input signal ~ 
, .. 

d .c. level ml'Yl o V. 
,i 

0 S, ~ U 

fllrl counter 'YllVIU 1'YlU1J pulses 'illn1llfl receiver amplifier LL~:; shaping 
4l • I I ,., ( ) bU1u"lltlJ binary code decimal LL~:; information 'il:;tint'lJL"lll storage element DM 7475 

,i ,i 
t .,\ A . I I:: oJ 

1u1iJ1m binary L'lJtll.J strobe clock LL~:; DM 7448 'il:; decode information LV\mUULUU 
,i , . I 

L~"llllU 10 LL~:; 7-segment display 'iJ:;LLt'lfl,lfllm'lJ~1U1U'nU.,1JL~ 

Vl~.,J'illnLnfl strobe clock 1400 ns. n'il:;~ reset clock LU reset counter 1~LUU 

0 L~mi1m1L1'lJfi'UU.,U1VI~ 
,_, .,;A A 1 _,. 

flUl time reference 'il:;t1111J square wave 'Yl1J period 1 Ul'Yl, 10 Ul'Yl LL~:; 

160 U1l1 L~t11i'1um1 sampling 1flri~l'U1llfl shaping L~~-n11~Lnfl strobe clock mi:; reset 
I:: ,a ,., ,., AA ..i ~.., ,,j 

clock Q:;UU1llflU'il:;rimt'l11J square wave 'Yl'lJ stability t'lJ L"r'fEJ'il:; bfl1:;ri:;L1~l'Yl sampling 
,i 

A A 
'Y1 L 'Yl rJ Jfl1 J 

" 
" U ' I ,-i A 

LLt'lfl.Jfl171Jt'llJ~u1r'i':V111..1 waveform '!IO.J square wave mnmnn 

reference n"u strobe clock mi: reset clock 

DESIGN 

fllrl receiver 

time 

mfl receiver 1i photo transistor LUur1"'1f1m"qiqi1nmt'lJLL~:;Lu~riut11"qJqJJnt hl-w1 
,=ii CL.I ~ 

'lJ1J'iljflJ1U'Yl 5 
,i 

. LL~'J,j'iJjlU1U~ 5 1iJ1Ul~l~~ ;,1ufuiJ1J'lJ11.UU1J'il1lU1U~ 6 
..I ., 

L Yrn t'll'lJlj tl U 1 lJ 
,i , ,i 

potential ~ output 1vi'~ d.c. level = o 1flrim1iJfu R
2 

gJ ,,I A I o., A I 

R, LlJU load "lltlJ Q
1 

"lf .J'lJt:-mrrn output 'lJln m R, 'lJfll'lJln output voltage 'i]:; 

~fllt'lJ LL~'i]:;~ rise time ~L~:; fall time 'lJln Yi11~l~t'll'lJ11m"mn1'lJL11jtJ1Jt'l,j 1 'l~ LL~m 
,i ,i 
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R, ~fllUtltl rise time Llt'l~ fall time "il::~fll~l LL~ output voltage fl~fll~WU l,~~7lJ71Cl 

detect 1;{ 

"il7nn71'r1~~tlJ R, ~f11tl1::mru 1K LVllJ7::~lJ~~~ fitJ1~ output voltage~ 50. 

m V. LL~~~llJ71.f]frlfnllJL 111tl1J ,~;J 1,000,000 RPM. 

o'/ .. ., ""'., % 
R2 1.1J'U P.otentiometer 1. vrntl1u d.c. Jevel 6JJIJ'1 output R

2 
lJfllu1~lJ7ill 25 o 6JJtlJ 

R, R
2 

= 250 n 

R1,RS ~f11umm11 R2 1·ihuu~"1 limit 

over current 1 u R
2 

1u~~H R = 1000 R = 50n 
1 ' 8 

fllfl receiver amplifier um~ shaping Ull~fllfl level detector 

1... o'/ 

Jllfl receiver amplifier LW:: shaping 6lf OP-AMP 1.1JU d.c. amplifier 6JJtJltl 

~.,qJqJ'lill"illnJllfl receiver ll.~,.,1~Jltll~ monostable ~J'117VIU1~1.~U wave shaper l~LUU 

digital pulse L~tl~Jltlu"u1umn counter 

1
.., <>'I I 

Jllfl level detector 6lf OP-AMP 1.1JU d.c. amplifier ~1U transistor mi:: LED 
o'/ ~ A ., 

1.1JU level indicator ".i1 JL6JJ vu 1J'<\116JJIJ'11llfl receiver amplifier LL~:: shaping · numfl level 

detector l~~1J1u1tl~ 7 
,i 

IC
1 

l.lt'l~ IC
1 

Yl7VIU7~1.UU amplifier 1~m;an 1i OP-AMP ~~~ill~lJ1Jfl~.,J~ 

1. 1i supply 11lJn"u IC 1u 74-series l~~tl ± 5 V. 

2. ~ band width n'JlJ L~mil. 'rll:: IC
1 

.. 1 
t.,Ali,, o'IA 

3. lJ low input offset voltage drift ~mil.'rll:: IC
1 

'<\l::flmlJUIJmUU'rll.fl~ 

1 ,. J,j1i., o'/ ~ A ;• 

U'r1U 6lf LM 101 A l.1JU IC
1 

".il'.:!lJ input offset voltage drift=15µV C(max ) 
GI ~A o 

LM 301 A 1.1JU IC
2 

".il'JlJ input offset voltage drift= 30µV/ C(max ) 
GI J: ~ Q.I I,, A O 6-: ...,1.., I 

C
1
,C

1 
l.1JU compensation capacitor ".i1 J1J1~'r1~e-J~rnLu::u 7 lVI 'lffll 30 pf. 
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Digital Speedometer 

R5,Rll 

Rl,R2 

R1,Rs 

r-------- -~ -
I 
I 
I 
I : ._.t 
I 
I 
I 
I 
I 
I 
I 
I 
: .,..~ I 

'------- ---- - -----; -----ti' 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I• 

I I .,_ _______ ----------- ---" 

RS,R9 = 1 OM, R,,R10 = 5.1 M . 
... , 

LUU potentiometer = 50K 
!f I ., ,. ., 

"ll'U'EJ~nu voltage gain "llm IC
1 

'YlffeJJn71 

1ml Av "l)'e)J ICl = Rz + 1 
Rl 

!f '" As., 
"lJU'EJ~nu voltage gain "ll'EJJ IC

2 
'Ylfl'EJJn71 

Av "lJ'e).J IC
2 

= Rs + 1 
R7 

I o, 

21 

lUJllfl receiver amplifier ~ input voltage ::: 50 mV. LLm1mm1 ·output voltage 

L~'EJLU shaping u1:;lJ1ru 1.4 nJ 5 volts. 

IC
1 
~ voltage gain Av = 

5 
= 100 

50Xl0 - 3 

1; Rl = 1K ➔ R2 = (Av-1) Rl = 99K . n;fll 1 ooK) 

R LUU bleeder load ~fllfl~JLL~ 10K nJ 100K 1u~~1-ir 15K 6 . 

l UJ77fl level detector amplifier fl.,'EJJn71 Av = 10 

li R
7 
~ 1K ➔ R

8 
= (Av-1) R

7 
= 9K (1ir11 10K) 

Ql 1-ir 2N2222A, Q2 1-ir 2N2907 

h(remin) = 1 oo) 

d o ., ,. af 

"lf J'Yl 7Vl'U l'YlLlJ'U 

,. 
LlJ'EJ VB > o. 7VQ

1 
'i):; saturate, Q

2 
'i):; cut off 

VB< - 0.7VQ
1 

'i):; cutoff, Q
1 

'i):; saturate 

switching (~ transistor "' 
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·1"' 11 , ., Al ,,_, 

R15, R16 'Yl7 VI input impedance "1Jm Ql llt'l~ Q2 ~.J"l]'U, llfl'<ii~rtmlt'ltlnfll bVI Rl5, 
~ I U ~ 

R
10 

lJ~mrn level . indicator umJ'YltMI . 
' , 

a, .cl I 

m R
15

, R
10 

lJfll o.3 n 
1

input impedance = (hre + 1) RE = (100-1) (o.3) :::::: 30 Q 

D 
1

, D 
8 

lU,itCfl.,':nJmn.,u reverse voltage 1 ~ LED 
1 

llt'l~ LED 
2 

mlJ~ lfl.,lJ l ~ tl.J"illn 

LED 'Yl'U. reverse voltage L~lh~lJltu. 3 volts 

imm,1~m~llt'ILV1t'l~7U LED :::::: 10 mA l'V'l,1~ri11~ LED t'l17.J'V'ltllVllJ7~ LED 
A ~ ,:!ti 

"il~rtflllJtl Q
1 

Vl1tl Q 
2 

conduct 
... 

llJtl Q
1 

conduct, VcE = 0.2 V., Vo
2 

= 0.7 V, VLEo 
1 

VR
18 

:::::: 5 - VLEo
1 

- Vo
2 

- VcE (sat) 

= 5 -1.3 -- 0.7 - 0.2 = 2.8 volts 

IR
18 

= 10 mA . 

. . . R = R = 
2

"
8 = 280 o 

1I U 10 X 10- 8 

,,\ 11., I Jii G a, 

= RH = 220 n l'V'ltl"il~ VI LED t'l17J"lJ'U.lt'lnUmJ 

f: a, .cl -A ., ls!,11 
t:i.~U'U. D

2 
LLC'l~ D

8 
rttl.:llJ~tu.t'llJlJfWIJ'U.fltl 

41111 I I A I 

1. lJ reverse voltage lJ1nm 7 2 L'Yl7"1Jm supply fl t1mnm 1 1 o volts . 
.cl I 

2. lJ forward current mnm1 15 mA . 

. · .. 1i IN 3600 lU'U, D2 LLC'l~ D8 

1.3 V. 

1 11, .J ., "I a., .cl 

'U.1l7fl shaping 61f monostable OM 74121 ".lf.J"il~rtm bf! output t:rnnmii pulse 

width "lJUlfll;m~m ~ riun.,m1111Jl 11,mJ~"il~'J.,fl · lLr1r1mm1..:i'V'lt1~ "il~ 1 ~ counter u"u 't~ 

speedometer t'lllJ11Clffl L~n.J 999,800 RPM 

f: .cl t., "' I u 1 
t:i.~UU pulse "il~lJ period Utlrl'Ylt'lfll'YllnlJ :::::: - 6 x 60 sec = 60 µ s. 

, 10 

"I .,,. 
lLt'l~ OM 7490 t'lllJ71Cl count frequency bflCl.J 20 MHz. 

• 1 1 
. . T = - = -- = 50 ns. 

f 20 X 10
6 

~ 11 I ,t 

t:i.~U U pulse width "lltl.:l monostable "il~tl~ Wlf'J.J 50 ns m 60 /-1 s. 

1 ,.,si,11 1 ... , 
U'Yl'U.Lt'ltln "lffll pulse width = 700 ns. 

m.:iu11l'Ylq~;rin1V\Ufl 1~~1 R
12 

tli 1 u ,~V\11..:i 2 K ii.:i 40 K 

11 I ,t 

llt'l~ C tlrl U1~Vl17J 10 pf ClJ 1 0 µ f. 
8 ,i 
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___.it.____ 
Tp = R C In 2 

12 S 

1
1, I 

'lffll R = 10 K 
12 

I 

mnm1 25 

700 X lO_ g 

8 ;::::: 100 pf 
R12 In 2 10 x lo x 0.69 

Tp 

<>'I 1 "'!,:111., A -=I D 1,uu negative voltage protection UYlU '1f IN 914 I.WJ.J'i\llmJ forward current 
1 

mA (1,~'EW\l l n LM IOJA ~ short circuit protection ~ 25 mA) 

, 
fe;IOR:'"c.,.,_,..,. c.,,c-c.-,jt 

fllfl counter, fllrl storage element, fllrl decoder ua~fllrl display 

A u " C 1171'1 counter, 1llfl storage element, 1111'1 decoder 1,1,~~1llfl display lJffJ1lJf.'UJYlU1i 

n.,u . 1,1,~~l,l,~~~mfl~L ~ 'ElV!l l~lJlffU.,n i.J'\l~n~7111lJ 1 n.,u~-:i 1 u iun 11 

aJ 
OM 7 490 1,uu BCD decade counter 

aJ 
DM 7475 LUU four - bit storage element 

DM 7448 LUU BCD to 7 - segment display decoder/driver 
aJ 

FND 500 LUU 7 - segment LED display 

1 ) • .... "' aJ DM 7430 1,1,~~ 4 DM 7408 (gate 2 'Yl1VIU7Yll,1JU over range indicator 

t'll'U i DM 7408 (gate) YllV!Ul~l.~U h·old of control t1m~mn 1 LLlU logi

cal - 0 n'\l~Yll l~ strobe clock 1~t'illJ1'1'1~1U~.J storage element lrl u::ifu .. decoder 1,1,~~ 

display nEJ":,1,Lt'if1'1 information. 1,;j lJ'Elcl 1~11fi11lJL 11"iltl'1Lfl~tl'1'\l.,mU~ULU~ EJULLU~.J lULtlit'El~ 1-J h 
. 'II 

1,1,~Lrt'El"ill 1 l,UU logical - 1 n'\l~l~ ·strobe clock l,61Jll11'17U'El!'.J
1

l.JUnfi hold of control 1•ifL~tl 
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,--------+----------------t--------------♦S i, 

FND-500 /-/ 
CJ. 

a.bcdefg 
.2..\~.L 
....-.,,~
--/'\,•\.-- --i--_.,,_ ___ -1--1--

13 121110 9151' 
-1s 

13 12 II 10 9 15 I~ 
-16 

DM 7448 Dlfl 744a 

FNP-500 /-/ 

r CI. 
"'F o.bcdef.g ~, 

13 12 II 10 91514 
-16 

DM744B 

hold .f 

--, 

l.- 8 . r 8 6 r_ ... 8_....-...--........ .. 
.__..,6_2...,.;1......,.7__. .__...-2r-;1.......,.7__. 6 2 l 7 ~ _ LJ,-_;c: ~•6 

I ! "! Iii ~ ! I I ,om\4~g 
,----t--t---t-1--t--r--+--+--+--t--~--+--+--+--t-~---t--,-..--,t--t-+-+-~ _ rnput 

L i i - - rl~ "":,:~':'.'.!".""' 
13 10 15 iG 9 _ 13 10 15 16 9 _ 13 10 15 16 9 _ JS 10 15 16 9 .J_ 

L_ 4 DM 7'/-1'5 - 4 Dlfl 74-,5 - 4 Dlt' 7475 ~ 4 om 7'1-75 
a--5 ---s .,___5 ~5 -

_,;::- 12 6 3 _ 2 7 + 12 s 2 7 + 12 
6 3 ~ 7 r 1

2 
6 3 2 7 ,. 

~-----+~--l-+-l--_-t=_=--1=t=_=_=E:1_-.::t ............ _ e--. ..::..--+---=---_ =--+-.:i::-+=1=-+--:::i+:::._~=-=----,---_ -+<"11N: -
~ - =t l7 

7 

fllrl time reference 
• G'J ,=.j t.,, ,qA I u 111:ii 

111fl time reference LlJU111flYlt'l17.J square wave YllJ period LYl lnlJ 0.01 UlYl 0.1 

u1rimi~ 1 mri L~eJ¼llULU'U st;obe clock Lcttl.J'illnfl'El.JnTJ square wave ~~ period ~~ 
fl17lJL~tl~rl1.JlJ7n ;.J 1; crystal oscillator fl17lJ~ 5 MHz. lLtf1ii 7 LUVl71fl17lJ~i ... m IC '\l'U 

m~i'lo!,.J 't~ period ~rl.,tl.Jn71 ~Vl~.,nm1ri".J 111~ 1 2 

"" GI 

'II 

1 "' GI 
'U1UYl 13 LlJ'U scfiemaiic diagram "1J'El.J!11fl time, reference 

'II 

I "" <>'I 
muu crystal oscillator circuit LL~~t'l1Ui'lLlJ'U frequency divider 

I -!.<ll 
~1ll'V!L1J'I-J crystal oscillator circuit 

d .. I 

"1f .JU1~ntJuri1tit<i1u 

o ., A 01 
R

1
, R

2
, R

3 
YllVlU lYlLlJU d.c. 1

., d o'I 
bias Vl Q

1 
".lf .JLlJU VHF amplify transistor · 

'\ 

(2 N 2 2'2"2 A) 
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3 f 7 

,USM IUTTON RANCII 

+6 Jc, 
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.6 7 IO 
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+10 

lC ■ 
fJ If s ,. DM 7'+90 1 

7 

DM ?i/121 

3 ~ 7 

(ou+p.;!-)'to 
.,-.,"'e.be. 

10 

,. 

,_ _ _ ___ . _1 _____ -~ •iOO f,Q! . .:13 TJ-..,o ""fe.'<"em<e 

.. , 
L

1 
LUU load ".llth'l a.c. circuit. 

♦ SV, 

+5 
IC~ 

2 3 • 
T 

+10 

Jc, 
fl If s 

,i DM?f90 J 

• 3 6 7 ., 

5 Dfn?'t/£ 1 

3 f 7 

cl, c2, cs LLri:; crystal LU'Ufl...,1'Y171~Lnlfln71 oscillate Lri£Jlfif1m11 feedback 

output signal L".ll1lJ71U1'1'\l1 1riri crystal LUm,....1fl1UfllJfl17lJ~1,r1~ 5 MHz LLri:;~Jltl".lltmJ , 
1 " .,. CJ! 

fltl Q
1 

LLUU common collector ".1f JlJ L
1 

LLri:; R
8 

LllU load 

C~ LUU signal couple tfQJtJ.J7ll LU1~mfl~tl LU 

CJ! 
C

4 
LllU filter supply ".lltlJ crystal oscillator circuit. 

~1UJllfl frequency divider Uj:;n t111ri"1ri IC
1 

~J IC 
. 10 

CJ! ... 0 ~ .., - CJ! 
IC

1 
Lll:U schmitt trigger fltl'Yll bVI sine wave '\lln crysJal oscillator LlJU square 

wave, R, LLt'l:; R5 'nlV\Ul~LUU waveform control V\7~71riri1i potentiometer10k c~i'J1u~ 14) . 

LLri"11.lf11r1wu Lrl square wave ~~~trn LLri"1V17 , 
~7 fixed resistance ~1n~L~rJJl~LLYlU 

G'J o 1.,, .cii A 1., · 

IC
2 

LllU OM 7 492 Yl7V\U 7'YlV\71fl17lJClif11rJ 6 
G/ . o ..., A A 1.,, 

JC
9 

LlJU OM 7490 YllV\U 7'YlV\71fl17lJClifl1rJ 5 
o'I O I,, ,=i ~ I.,, 

IC, - IClO LlJU- DM 7 490 YllVIU 7'YlVl71fl17lJ(llfl1rJ 10 , 

flUI time reference shaping mt~ delay time 

Jllfl time reference 1i monostable 'nlV\Ul~LUU wave shaping L~tl 1~ period 
CJ! ,,l ~.., CJ! 

".llm time reference LllU pulse LLfl ll I L"v'W b61l'L'!J'U strobe clock 



.,. 
2L 'W Vl'J'Jff clJ 

llt'l~Jllfl delay time 1i' monostable 2 ri"1 
., .. 

clock 1400 ns fh'11.J'il11U'Yl 15 
,i 

r- - - - - - - - - - - - , - - - - - -- - - - - - - - - - - - - - - 7 
I 1 -1-~V 
I 
I 
I 

1111n ti111e .,~;.r•~c.e 
o~u1t 

-..:. 1 0 1 

!:> IC1 OM,4121 I 
~ 14- '11 10 _ 11 10 

l~z DM7.:!1211 ._Q""'"---' b IC& DM7'1121 6 <D 
b GU I 

:=- -1 7 I 4 7 "1 7 

I 
I ~ I ~ ~ 

: t, ... e <etf!!Y-eV\ce I~~ delay tii.,,e ._.t. clock 
L ____ s_:~1:_~ ____ t_ _______________ ...:. ____ _J 

1,tl~ 1~ 

DM 74121 h1;:nJ~ 15 L'LJ'U monostable 1-ir positive going trigger i.J'<\l~Lnfl 
,i 

waveform ri"".J1U~ 16 
,i 

R=R=R=10K 
1 2 3 

C = C = C = 1 oo pf 
1 ll 3 

l~tJ1Vi1~ pulse width (tp) = 700 ns. fl~LV\rlt:-lrlllrl~n71tl7U1lli1Umfl receiver 

shaping 
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MEASUREMENT AND RESULT 

fllfl receiver 

[\ 

fllfl receiver amplifier 

.. i 

fllfl receiver shaping 

fllfl time reference crystal oscillator 

fllfl schmitt trigger 
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60 <SO O 6 60 600 ' """' oi _,µS _,.u..S .... s ...... s ,..,s s ... c. g .,, ~ 
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shaping trn~ delay time 
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I'! 10 , ,'• 10 /IJ- 11 
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·~.;tsV ... ~ r 

~~ .. JJL 
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DISCUSSION 

~t"l~i.r1,i1 J'il7mJ,rm"ui:-it<i~L~ ,nnmjti 1u 1ru. iutnJn"iu~tJunnmn 
I, I 

L1ULLf!Jl7f1 , 
,t I \l ._,~ 

time reference mn receiver LLt"l~mn level detector ~ JVW'il~LLtmnm1 b~f1tl 

fllfl time reference 
"' ~ I .,._, 

'illn'Yl design u U 'Yl7Jt'l1U schmitt trigger "llmmn time reference 'ii~ bfl waveform 
al I p. ,., ,,., I, I "'\l t., ., t., I.., ._, 

L1JU square wave LLfli:-Jt"l'il7n1J'iJj'iJjJ biJ b~ square wave mnrn b~ design b1 LLfl b~ waveform 
., ,,; 

~JjUi1 1s 
~ 911!!!!!!!!!1~ ■-'!!!!111111 ~ 

waveform ~L~tltlnm divider 17t'l7iJ1'HlV\7jl~ i J L~~i:-Jt"lrltlll7f1tu I Lt"l£J 

ft1U~LUU divider "llmmn time reference . nV\71 frequency L~miin design L1 

LL~ output waveform L~l~ square wave ~;ii1nu"n ~~1U~ 19 
~ 

4 1, I .., ._, ' .d al "'\l I A I ""1 I A 1 
rlJLLiJ17'il~ b~ aquare wave ~JLlJ'U. time reference i1 biJ~ LLfln biJiJi:-Jt"l1J'il1 umn . 

~u L~m,i1n logical~lflfl1Jmii~ design l1 

fllrl level detector 

1umn level detector nL~i:-Jt'mtlniJ7l~f11Jfllil~ design L1 
+S'I 

~ 

flt) 

220,\ 
L~tll"J£J7£J7iJ adjust level "llmmn receiver 1~ d.c. level 1~~tl7 

L'Ylln"ur1u~ fo£Jt'l..,JLnrt'il7n LED LLt"l~ LEDS ~..,1J~1tliin"uLLt"l1 
~ 2 

41ffU(EMA. 
A,MPllFIER LLt'lm':ll~output "1ltlJ1l7f1 receiver ~t17L'Yl7n..,uf1U~ LL~i:-Jt"l~l~'il1J 

~ 

llOI\ 

~ ~., 1,., .,,.,, .., .., ~ 

uu u1Jr11Ju1utJr11J 1.1 LED
2 

LLt"l~ LED
3 

~u 1.iJ~jmmu i1J 

l,l,'1 "' 1 Al 

ULUm'il7n potentiometer i1 adjust level umn receiver iim 
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"1 I "" 
LlJt'l~LIWflYHJ 

.. ~,., 11, .., l:: I, 

1 'U,n71 set Lfl1tl.J speedometer 'U, LU 'lf1fl'U, 'U, "il~rlth'.IYWlmlJ 

set 1 ~ LED, LLt'l~ LEDs 1J'U, VIU71J'Yl~fl..,1JYl1tllJn..,'U, fll'Yl 7 l~L~n 

WtllFJllJ set 1v. LED~ L1lJlil~fifln1itri' 

fllil receiver 

~ •"" ., lillnm1 design pulse 1tl-JLLt'l.Jlil~L1J'U,1U"lltl.J pulse 'YllJ risetime LLt'l~ falltime WEJEJ 
'II 

inn I LLflL it th'.llillnm1V1lJ 'U,'j)tl.JLfl~tl-JliJ.,m'Yl 11 ~ LLt'l.JL mm l~WJtllJn.,'U, VllJfl'nL~FJ1LLfl"il~fi tlF.l I L 1lJ , 
L ,rl"il'U,n U1lJllliLLt'l.Jmn~t'l fl LLt'l~~ U1lJllliLLt'l.JUtlFJt'l.Jrl1lJ~ 1fl.,1J , 

~ .i-..,~--t 

1---1 '<o1cct ,on--.j 

-~,.u~, 

_ n _ ____.n-------=-----------n .. ~,~ 
~.Jii. ll 

U ~ ,i::ii I vi i,.., al d~ a., U 

fl .JWU signal output 1tl.J1llfl receiver 'Ylfllml"il~ LfiL1J'U, pulse n'Lflfl.J 

1 'U, 1U~ 22 LL fl L ~ tl-Jlillmi 7 signal ~lu "lltnFJLLt'l~ wave shaping n't~ Pulse fl1lJ~ 
'II ., 

m:i.Jm1 

-=-vii,.., A i,.., I \II I ~ \Iii,., 
signal output "lltl.J1llfl receiver 'Yl bm:ltlnlJlfl.JLLiJ111il~ LiJflj.JflliJ'Yl design L1 

LLflnl~~ (:.jt'lfltl1.JliJj 1 'U,mflE'U, 1 
""""''l ,, 4 0 I') ,, ., lt 
1'.fi L"lflrl'H)..:J speedometer 'Vil L~~..:J'U 

1.,,,. 1 .., 
1 set output "lltl-JJ77fl receiver VI iJ de. level = o f!FJt'l.JLnfl"il1n LED 

2 
LLt'l~ 

., 1 1._, 1 ,,j"1 I A ._, 
LED

3 fl1J 'U,n71 set VI ~et w1.1m:;'Yl biJiJLlt'l.Jt'l:;'YltlWilln Aluminium foil 
A o .d Ar~ ~ u.c:t 

2 flfl Aluminium foil liJ 11,l, 1U Vl'U,.JLLtl1J1J'U,L 'V-lt'll Vl1tlt'l1'U, 'YlVliJ'U, 1tl.JLfl1tl-J"iln1'Yl , 
._, u d 

fl tl.Jn711 flfl11iJL 111tl1J 

3 lil..,fl iJlJ~:;'Yl.,,tJ'U, 1~V!17.JVlt'ltlfl lvl~1 ~ LLt'l.Jt'l17.Jn.,1J Aluminium foil LLt'l~ photo , 
11,, t, 1,., I G ~ 

transistor VI LLt'l.J!:l::'YHJ'U,L "117 photo transistor tlFJl.JLfliJ'Yl 



32 

4 1um1--i'<i1fl1llJL111tl1Jl~1-if range X 10Q fle.JU L~t1tf.JLnrim1LuttJULLUt'l.Jlr!~lf.J 

5 '71VllnLfl~tl.J'il.,m~fl1llJb111tl1J~llJln 1 tll'il'il~ 1i Aluminium foil L~U 10 

~ .J'il~ri11~~1Ufl1llJL111e.11J l~lJlnLUU 10 Ll'llfl.,1 bb~~1-ir'il~rl..,tl'1Ul~lU1U~1.,'i1 l~V\11 
'II 

1,, ~ v d ,=,4v 2,1 ~ 

'i11ti 1 o b '\"J1l~Lfl1eJ.J'ilmVIU.J1tl1J'il~lJt'lqJqJlt\Ubt'l.Jl"lll photo transistor tl.J 1 o pulses 
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m1B.J;jB'J..,flr17-JLW117 (electrical instrument) 1ui/,rnJu i~o.lilluttmtuJJ,nnmj 
' 

1
S, o1 1"' , , .J o1 I 1,/ S, I q 
'iftllJlJ analog system JJ7LLJUn71 'iftllJlJ digital s:ystem rJl1JUl'ifUUWJ?7 analog system 'il~JJ 

~7 accuracy f'{.JffJ7 analog to digital system tt~rni~tV7JJ7j[l'i)~fl7Ui11BVUnn1ifr:1~lBllfll~ l'i!U 
l/ 

mnim scale 'llB.J analog meter 'il~flm1iH~f/~lOllflflnflBJtlfJJJ'17t~mn LL~ digital data 
l/ . 

I 1 ., 1/ .,'f l: .., d <II ., ... ., 1/., "' / 
tV7JJ7j[l'iJ~B7U U,jLJ']}B.JmtWlf W!L fllfflj .J rJ.Jll.JtVW7W'il~lnlJ i1rn1JU1?n'll BJJf/W7L 'J lWBmum~v,u 

l/ l/ 

~ 'Lf...,q t,, 

m1m.JflfJ.fftF17 ev m , fl B nm ll 
/ 

,,; 
fl1lrn '\IH.J..jflj J'llel.J 

CV ~ IV ,:Jo t.,~ Plf t.,, 

digital system iim~61Jummu1J~1'Yl'Yl7V\U l'YlbU~m-1,irniit'l'Yll..j 
, '!I 

analog me:i~1u1U'llm digital 
'IJ 'IJ 

~Jri1•1V:m1~11J analog to digital Lrn:; digital system rltlJ 

1i1J111~~~bEt.1~lL~~6:lf ... 1Jirmn11 analog system inn ri11v;11m~t1m1\1~J bb~b~m~1n1'-.i'-'ijjm 
'!I 

n7TY17Jb 'Ylfl 1 u fo~ mrt.11 V\~b 'il1qJ;UJJ7n . ~~111nm1fl'Uf\1l'Yl1J ·solid state b'll'JJ71m~~j1J1J,'i)j 

~7J 'l ~; ... iJ.;tJUbb~~~Jmn 1V:~'1lmrn;n~..jbb~~17fl7~7 b~U m1~17..j computer unit V\1tl 

ari th ma tic unit oE Jrl7~11Jl1t.1 discrete component b~tf1 'il~fitl~ 1 'lf b~ tl~ '1JU7~ 1 V\~Lb~:;11m~ J 
'II 

'" I~ ~a, ,!I 11) ,,. 2 
ll~ lil tlt'l".il..jEH'J Lu ".i 1.him iqte~rated circuit 'il~t'l7ill".it:ltWl'1l'Ul~t'!Jil7 L VI b vm tl'1l'Ul~ L'JJt:7 J 4 "lfil. 

'IJ 'IJ 

whiiu 'Yl~J17fl71lrlnn11 Discrete componen·t bUU;U I bYllYlbflt.11 ;Jri11~~m1~;o/lbfl~~J~tl 
'IJ 

~ 

1 u 1~iJiJ digital ~Jln61J'U 

l1m V\f\~~~--Jn~11~bit.1u;Jtlt.Jln'il~Lm~u 7 l~'YllU lo/1b11!11J.,nn ... urn1ri1J1U 61JtJJbfl~t)..j 
I 'II 'IJ 

~m ... ~~'Yl1J1U 1u1~uu digital :j Jb1'JJ~l'lfei~7JbL~1Vlmt.1n"u LUU'il'iliJ\L 1~t.11u~~ 11~n~11nJm1 
I 

'\117..jlU ,,•rn~"..jL 6iJUbL~~n71Yl7J7U61Jm frequency period counter & mu_ltimeter 1~tJ'il~LLD..jtJliiJ1tJ 

bUUJnfl I Lb~~b ;t.JU block diagram LL 'YlU~'il~bUU 1J'il1 l~t.Jf\1 Jb UU~1U 1 VI~ ~~..j~:; l.~bLU..jtJtin 
aJ ., )!l 

LiJUJllfl I mu 

1. COUNTER & DISPLAY UNIT 

counter LL~:; display unit u1:;nt1ui1t.11J~1 decade counter unit, decoder/ driver 

unit Lb~~ numerical display ~--J1U~ 1 
,i 
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,, 

L--------'----------'----<. llS.911T 
~•H;: 

I 

J,J;( • 1 OCA + OISPLA',l u N 1r 

input n1~1~n.,u decade counter bb~t'1~f~1'<\l~tl~1'U scaling factor "llm;u 'Yin.., 
11 , I 

1 o pulses ~,i:;b "111lJ1 ,i:;y171~'1~ output 1 pulse ~..,.J'U~'U . series "lltJ..:1 n decade counter 

t'illJl'Hl'<\l~ count 1 'U scaling factor "lltJ..:I 1 'on 

output n'1~,i1n decade counter '<\l~D7'UlrJ1m'YltllJ"lltl.J binary number ~~'U~'U b~tl 

~,i:;1~t'i7lJ11Cl~l'U~7'U1U pulsed input '1~1'U1U"llm jl'U;U ~.Jim1.if1.J'<\l1 binary to decimal 
II 

decoder lJllU~tl'U llel1~.JI.Utl.,.J numerical display b~'El1~Dl'U~l'U1'U pulsed input '1;1~ti'fl1.J · 

2. FREQUENCY MEASUREMENT 

m1f~m7lJ~~1in..,'U 1 'U1J'<\l'<\l1J.,'U lJ..,n,i~ 1 i electronic counter Lum1.,1f~ 1~timf'fti 
IV U ,~ I 

fl11lJ~ lJY-l 'U1i'Yl1 l 

, 

f = cycle of input 
T 

L~tl f -= fl17lJ~ (Hz) 

T = measurement time (sec.) 

1 ~..,.JU~'UCllUOi.-b electrical pulse ~ri.,mn111.,~ 1 ~n..,u electronic counter 1 iu 1m~ 

177V\'U~ 1l~llJ11'1'<\l~1fl17lJ~"llm electricai pulse ~fimm11.,~ifu LrJ1~mnrrml17lJ_tflJY-l.,'Uli"ll.,1.J 
II 

fl..,'U b6lr'U electronic counter 1ib 1m 1 'Um·n.,~ ( T) bi'lln.,u 1 sec. lrl cycle of input 100 n -~ 
Ut'i~.J11fl11lJ~~1~L"111lJ1LY17n.,u 100 Hz bUU'fl,.,U 

basic section "llm frequency counter bbt'i~.J 1 u'JU~ 2 
II 

' t., I I <V ~ 

'<\lln block diagram u1:;nou~1tlt'i1'Um.J I m'U 
GI I t., otl:ato t.,~v 

fl. INPUT AMPLIFIER AND TRIGGER lll'U1J'<\l1t'i1'UV\'U7 'Yl'Yl7V\'Ul'Yl11J 
V aj ,=ii t., Cl.I I ,' r-ii 

Wlt'i()JqJllli input 'Yll.Jl~l'll'Yl'fltJ..:in711~ b61f'U sine wave, square wave, pulse V\1tl complex 

A~ ~ ~ I ~ -

signal 'YllJ amplitude V\1tl frequency 61l'U7~V\_'U.J I mmu attenuator V\1tl -amplifier LY-10 
t I I I 

1V\
l,~:: I "'..,. "' ... ' ... 

bv, output pulse fltl input cycle 'YllJ amplitude m'Yl'flt'1tl~'Yln input signal ll'ltl'Yl'<\l~~1m1n 
. , 
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drive decade counter circuit l.~tl~l.Jrlnff"tl .J 
/ 

~ 

r - - - - - - - - - "TIM& 8A61i - - - -- - - - - - - - -
I >C-tAL 
I 00c. 
I 1 Ml-l% 

'll. MAIN GA TE output 1m trigger circuit "\l~fl tl Luti'.J decade counter Lrn.J 
1 ,::! aj V Al /Al v -. 

mu AND gate "1f .J"\l~bl.JUfl1 bl.J fl l.J fl output 1m trigger nu decade counter 
Al O .... ~ A A~ A Al 

fl. TI ME BASE time base Vl1fl clock YllVlU 1Yl~t"irl pulse YllJ fl11lJrlVl1m1m 

~uumm b~tl~.JI.Ufl 11.JfllJn71 bUfl! Ufl t'l.,qJ().J7lli1m main gate , 
A ~ I Al 

n m Yl time base mrnrn main gate b1 t.Jn1 7 gate time nm 1 sec. vi1m1m , 
~U I l.~"\llfln71Vl71fl17lJ~ 1 MHz 1m crystal oscill.ator l1 t"1~ 10 l flr.11i Decade counter 

( -:- 1 o) Vl1 tl"\l~ lflr.Jn11Vl11 50 Hz power line frequency fl.,1 r1 5 bL t"i~ 7 10 ~ tl 1 '1.uri'tri' "\l~ 
Q'J -.,o _,_it, U I , v~ 

bl.JUrl1n7Vl'Ufl range Yl flt!Jn711 fl L'lfU gate length 1 milli ·sec. counter "\l~ count 1,000 fl.JUU . 

fl11JJ~~l.~"\l~LUU 1-000 MHz ~ .J decimal point "\l~butrimLUt"i.Jfll lJ range ~ 1.J '7 fll lJ 

r _ cycle of input . . -
T 

timming diagram 1tl.J frequency counter LLt'lfl .Jl11U1U~ 3 
~ 
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3. PERIOD MEASUREMENT .. -

mm,nn P = : = ___ T __ _ 
f 1 cycle of input .. 

Lil fl P = period "lJnJ input signal 

f = frequency "lJnJ input signal 

T = time "1Jn.m11 count 

T = ~lU1U"lJnJ pulse ~ count x L1fll"lJnJ pulse (time base) 

., I::; V <tj C< I::: I "' ,,~ 

fl-JUU m T LUUL1flli'lt'IUn17 1 cycle "lJfr:I input L1t"l7Yl counter '<\l~ count Lr, 

a',::!,il t:1J I I CV 

nfHJ period "lJnJ input signal UULB.J L61fU L1t"l l"lJnJ clock pulse "lJ'El'1 time base Lmnu 1 

micro-sec. i17n71fri ,period "1Jfl'1 signal 1 cy~le counter '<\l~ count_ L'fi 1,275 pulses ri~iu 
L 1en 1 um1 count/ cycle input (period) nti fl 1,275 x 1 micro-sec. vi1mY11n"u 1.275 milli-sec . 

.. ~ ,., 1' 
".lf '1"1JUmmum1 ~ decimal point "lJnJ display unit 

'I) 

basic section "lJnJ period counter LL~m1u11.J~ 4 ,, 

.J..L 

r------------, 
-t ~-TAI.. I 
I _, . t-..-'--~ I 1-;;.- · .10 1----.. I 
L. --- ------ __ _. 

T1M9 .... · 

it.Jet. oA PIIAIOC) Q:3c.HraQ ac..oc::,,c. DIA41IIIAt.\ 

a' \JI&, I V I &!I Q.I 

'<\l~L VIU brl17 Vlt"lnn71YlffElt.ll'1"1JnJ period counter L Vlil'tl'Unu frequency counter , 
LLrtnfl7'1n"u~ · period counter 1; input signal control L1b'll"lJnJgate LLflfrequency counter 

Hi time base control L1~1 L~ri/~ri gate ('. · f = ~) 
. T 

period counter ~iflUflnLVIU'EllD'<\lln frequency counter L;ni1'mm1'1~ output "lJnJ 

A ( ) 1r:bl I 

trigger circuit ii divide by 2 flip - flop mi~ n decade counter fl'Elf1Umn~Vl17'1 gate 
' 'I) 

DIVIDE BY 2 (flip-flop) '<\l~i17Vli1'7~ --:- trigger out put L~'El 1~L~fl gate 1 period 

LLt"l~ n decade counter ~fl'El'El~~ '<\l~Yl7Vli1'7~Vl71 period "1Jt]'1 input signal L~'El 1 vi'm1count 
'I) 
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~ i,, - 5 , ~ a.1 I Q.I - 4 

fltl m time base clock = 10 sec period ~.rrn.J signal Yl'\l~'H1VY17nlJ2.451 x 10 sec 

'17 out put '\l ln trigger circuit rial ~rJrlj.Jn..,'lJ gate counter '\!~ count l~l~rJ .J 24pulses ~ .Jlr. 
I 

~ll~ mJ~ jffi ll~tll out put "nn trigg~r circuit_ ~tl~lU decade counter 2 ri"1 (-;- 100) '\l~'Yll 

1~nt'l7"lltl.Jnljb'U~ gate l~~;i;, 100 l'Yll V\1tl cycle input gate lr11n•iJ 100 cycle input ~..,,:iu~u 

counter '\I~ count l ~ 2451 'v'Jtl~ 
d 

1tlY1 5. uem,i tim ing diagram 'l1fl'1 period counter 
'II 

' ~ ,.., 
ACCURACY fl17~l 'YlrJ'1m.J"JJtl.Jn7-:if~ frequency mi~ period '\l~"llUtlrJnU factor 

'II 

I ,!j 

2 tlrJl.Jfl't') 
,-=i A A d A 

1. r111umu-.:i~H'lltM time base m nm1n crystal oscillator ~.J~t:--i~m'\11n 

fl. LONG TIME DRIFT 

lUUnT.m..l~tiUbbUt'l.J frequency "lltl.J crystal l~ tl 1-if'lumu 1 

specificati_on "ll tl.J crystal 

1.b nii'\l~u tina~ 1 u 
'II 

6\1. SHORT TERM STABILITY 

GI .-=i ,=,; ~ I 

li.J Un7jlUt'lrJULltlt-i.Jfl17i! Cl "lltl.J oscillator lUtl.J~ln random variable cause l'lfU 

oscillator circuit noise, supply voltage variation, etc. 

Tl. LINE VOLTAGE VARIATION 

nljltl~mmtl t-i.J"lltl.J line voltage lUUt'nlV\rl"ll tl.Jnl j drift 1u oscillator 
' , 

10 0 Q.I 0 

1 / 10 t'llV\j i.J 10% line voltage variation 
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-.'.I. TEMPERATURE CHANGE 

nljLU~ tl 'UbLUt'l,'.l"i)e),'.)t) rn Vl fl ~ "\l~i111 V: ~; n"ilm crystal Ln ~nlj~ ~Vl1 tlVl~fl.,1 ri11 v; 
, !J 

fl17lJ~~n1V1urnu ~m,ml.1 t'l,'.1 L~ 

2. GATE ERROR L~m"\l1n signal ~"\l~ count l ~ t"ll lJljrl"\J~ sync. n"'umjLU~ 

A/ ,-:t O ~ l,, A 

LLt'l~U~ gate "\l,'.!Yl l bVILn~ error ± 1 count 

4.DIGITAL VOLTMETER , 

Vl.,1 h~ lfl.,qJ "ilm digital voltmeter n~ tl analog to digital converter LLt'l~ counter, 

analog to digital converter ~ lJ"'m~'\AJlJ 1 U digital voltmeter "\l~LLU ,'.ltltl nL'LJU 4 LLlJlJ ~ tl 

1. direct comparison 

2. voltage to time or ramp 

3. voltage to frequency integration 

4. dual slope integration (up - down integrator) 

uuu~iitil-11i 'l~LLf1 dual slope integration ~ ,'.1117,'.!lU Lut'l"'m~m~"ilm pulse width 

( 

,!j ) ,i "' ., ~ ., ,!j 

modulator wrn voltage to time principle "lf ,'.JlJ Vlt'lnnljLlJ tJ,'.lflU fltl fll'i generate pulse 

1 y ~, ol T 1 o, 1 ti~ ~ I 

width 'Hl'U'UU~Hf1'U ~tJ~'Mfl1J analog input voltage ~tJfll'il 'Hl1Jl1'ltl1Jl1'1ll~'H1H 
t 

fll'i integrate 2 fl'i--l 

nlj integrate fljt:,'.! LL1n "\l~LUUn11 integrate input signal l it"lf1 '1L1 t'l 'lfl,'.I~ t
1 

Vl t'l.,,'.I 

t: . ., 

"\l lnu U input "ilm integrating circuit "\l~tln switch LU ti "l known reference voltage b 1t'll"\l 7nm 1 
!J 

~ ~ I ,::lj \Jl a.,. Q'I QJ 

switch "\l'Un1~Yl "l integrator output voltage rl"l fl7Yl fi x{'J reference Ltll n "\l~LlJ'Unl11~ 

analog input voltage 
. AJ AJ 

.'.;witch S, U~ LLt'l~ S
2 

LU~ 

U t: i I 

~ ,'.!U'U integrator "\l~ integrate input voltage Vin .~ 1., •• , '"' .a :..:grator out put r11m1 O volt 

L;nutlti somparator output "\l~Lll~tiu stage i17 l~ ga tL G1 LU~ counter "\l~ count pulse ,nn 
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~~ ~ GI r 1 

oscillator bUb"HJtl 1 'il'U.n1~'YlJ output 'Jltl--i flip - flop btJU 1 s condition mi~ pulse m:iin 
,. <>'I 1., o'1 

counter 'il~ bUl:WU stage bll'\,1, O trigger flip- flop 1 Vlb U¼ 1 stage output 'Jlth'l flip-flop 1 
~ .. , .. , .. ~ 

\.l.bth1 'il~bll~ switch S
1 

bbt'l~lJ~ switch S
2 

'Ylb11:11H voltage lJU capacitor 'Jlth'l integrator 

"'
1 'LI V c 'il~blJU bum ii expression 

tl 

Ve = (-
1

) f Yin dt 1 RC 

0 

= Vin -2 
RC 

,_ Ai I ,_,., 

LlJ'EJ switch S
2 

lJ~ 'il~rltl - VREF b'lllnlJintegrator 
0 1., 

'Yll Vl integrator out put 
..,: !t I t, ~ A ~ 

biltltlJ O volt comparator'il~bUt'W¼stage, inhibit clock L'V'lll'JJUtltllJ linear L'Jll'Vll O volt 

1 Al f 
pulse 'illn counter fWlJrl gate G

1 

l2 

Yc
2 

= 0 =V C -( ,2_1· VREF dt) 
RC 

0 
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.. 
'W 'Vll1f1 cl) 

l t 
V· - 1 = VREF - 2 

111 
RC RC 

"' bUih'l'\lln VREF bbrl:; tl constant 

i, A I 

bll Vin lJfllmn 

,,; 
V REF = 2 V ; t

1 
= b 1rll'Yl counter count = 20,000 pulses 

m 1 'fl Y in 
• ,,; 2 0 000 X 1 

= 1 V , t
2 

= b 1rll'Yl count = ' = 10,000 pulses 
2 

2 

A 20,000 X 1.999 
= 1.99 9 V; t

2 
= b1 rll'Yl count = 19,990 pulses 

t ~ G VJ i..- I 1 

··nnt:-Jrl'l!tl.J Vi n = VR EF __g mm '\l:;bV\U b'fl 17 accuracy 'l!nJ dual slope integration 
11 

Vj I~ I ~ .• : I ~ I 

'\l:; blJ61lU-m.Jffl.Jfll time constant RC Vl"HJ long term stability 6JlnJ clock oscillator brlrl ll~l'\l:; 
'II 

~ I Q.I A I A I~ A 

6Jlmmnu VR EF b'l"J rl -.lflrll-.l l'fl rl1b'YllUUmlJ'Yl~~~ 
'II 

PRECISION AC DC CONVERTER 
Q..I O '11 .2.,, 0 • 

m-:n'fl ac volt age 'l!Ih'l digita l voltmeter '\llb1JU'\l:;rim 'Yllm1 rectifier ac voltage 

1~mt:i~1u1 tl"11m de voltage b;t.lf76U bbfin71~'\l~1i diode rectifier 1i'11lJ'fllU~U LU voltage 
'II 'II 

"lf1-.l~l 1 'Yl l l~mn b ~Ih'l'\lln diode 'Yl nri'1i1~ 7 threshold voltage fl~ 1 WJ:;'f!..,1JV\~-.l~'\l:; conduct 1~ 
~ 'II 

( ) · 1... " '-1'"" ,;, ,,; ... o./ ~ ~ '-1 ..... 
Si ~ 0.6 V, Ge~ 0.2 V 'Yll V\ linearity6JlnJn71rectifier blJ'fl b'l"Jtl 'Yl '\l:;bbn 1J qJV\lU '\l-.l b'f!Ul 

high operat ing amplifier lJ761f1 rJ fi..,-.11-.J'\J j 1u1u~ 8. 

' 

" 

e· \ 

\dft ~e PREc1e10N HALF W.tMa QliCl'IPlaA. 

o !v ~ Gj 

D 
1 

uri:; D 
2 

'Yllit1U l'Ylb1JU feed back loop 

l~fl input signal rm applied ~lU R llfo..,-.1 summing node 6JJih'l inverting amplifier 
'II I 

rll input signal b~U negati ve DI '\] :; forew ard bias 'Yll1~ln'fl voltage drop across R2 

~ ~ , .., r R ) ., 
e

0 
'\l-.16JJUfl rJn1J gain 'l!Ih'l amplifier \ = ........! m R = R

2
; ei = eo 

'II R 2 I 
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,,i al 
llJtl input signal WU positive. D

1 
"\!~ off Yll 1 ~1~~ output voltage Vl1tl 

I 

e = o negative feedback path "\l ~t:-J'l'U D 
0 . 2 

rh1~t-i'fl negative output swing ii._, - o.7 wo1t 
o/ .., 

LLt'l~lHJ,mu amplifier "\lln saturate 
"'-'1~r 1,, w"I 1.J, 

"\l~LVlU L'fl 'JlLl.iJ ei LUU milli volt LLifllU tl.J"ulfl high gain61lm operational amplifier 

n!,'l7lJ11'1"\l~'Yll 1~ ei L'Ylln.,U . e LmJtl l~ (gain = 1) 
0 . 

1 11 i,,A ~ G 

'flt.lfl71 !,'l operational amplifier l"1lltlfl".lf 'flVlU.J half wave rectifier fl !,'lllJ71m~ 
j 

0onvert lUlUU full wave rectifier lrl 'fl..,.J1tl~ 9 
'll 

._IICTtFtait 

I 

half wave fectifier ~tltl~fl..,U inverting amplifier A 
' 'll ~ 

0 ... "" 

A
2 

"\l~'Yl1VlU l'Yl sum half 

wave rectifies n..,u input signal l ~tl 1 ~1~ full wave rectifier 

,,i ..-1 G'I ~ ' "' ~ 1 

Lml input signal LUU negative· output "l)tl.J Al "\l ~LllU 0 blJlJfl1~llf.'l bVlt'lt:-JlU R3 

,. "'I R? 
output "1ltl.J 'A

2 
"\l .J lU U - - Ein 

R6 

pure de 

~ '-"I I Q..I~ 

llJ tl input signal bUU possitive current mu R
3 

llt'l~ R
6 

muu 

'17 R =½ R 
3 6 

E = R L Ein _ Ein ] 
o 7 R s Re 

al R .., ~ al 
output LUU R 7 Ein . 'fl.JU U out put "\! ~LUU absolute value 61lm input 

6 
al _,. ,,i 1,._,~ ,._, 

"\l~lU'Ufll1 filter Vl1tl average pulsating de bVrn Vl L'fl 1mm111~ capacitor C 
1 

Q..I ~ A\11 t.,, GI I 

'fl.JU U output 61ltl.J A 'Y1 L'fl"u~ bU Ufll average value "lltl.J input, time constant 61ltl.J 
2 

m m tl 1 = 2.0 sec rh1~ 
'll 

filter R
7
C

1 
"\l ~~rmmnn11 maximum period "1ltl.J input signal 

11 % I 

converter U accuracy 1 o 1~Vl17.J 20-100 KHz 
r A 2,, 1 ~ 2' 1 i-- GI 1 

1 fl1 ac voltage 'Ylrltl.Jfll1tl1U"\llfl digital voltmeter U rimm1 VllUUf17611IJ.J rms 

value 
., ' 

'fl..,.J U..,UbU tl.J"ulfl~7"1ltl.J form factor = 1.1109 = rms value 

ave. value 

,. ... 0 

"u.Jrltl.J'Yll gain 61ltl.J A
2 

5. RESISTANCE MEASUREMENT 
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... 
'W 'VJ'j 'jfl .,, 

1mn:nf1...,rl digital voltmeter b~tl~lU constant current ~1~11~n...,u resistor voltage 
'II 

.. 
b~tl R = unknown resistor 

\ 

V = voltage developed by constant current source 

= constant current 

V = IR 

I = constant 

Va R 
t.., ~ A Q,.I 

'll~u"umn...,~ resistance 1~rimf1...,rl digital voltmeter '\I.J~~m~rn~"llm block diagram 
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6. CURRENT MEASUREMENT 

1m.1mri'r.1 digital voltmeter 
~ I d '11 v I 1 v 

voltage i'l 'flnmull resistor ff'\l~L'lJUtll rltll1'U rl t.l 'fl1--'.lnlJm~LLtll 
... 

Lll tl R = constant 

V a I 

vjA-----

A 

ANA LOG ,o 
0161,AI.. 

CO"-'VE~12R 

p F 

100K 101( 

IJUMl!l>ICAL Olf>PLAY 

oecooe,R ANO PR!VE.R 

11< 100 10 1 0.-1 

45 

pj1,., I 

Yl1fll 
,s 

I ~ l 2,, O QJ 'v d GI 
·,nnmflm--'.1 1 nnm1mmnu 1mnllnUL'inm1~L1J U block diagram "ll tl--'.11 --'.l'\11 digital 

frequency period counter LLt"l~ multimeter rl..,--'.11U~ 12 
,i 

,nn~1~n~nnJ!llttnnnT mm"'Jt'l/LJ'l/EJJ digital f requency period counter & multimeter 

tLt'/~ l;llU block diagram lMmfu ,J~lHUi~-i1mu1mmr1"nm1~n~nutf-n.nlinmrmnnn1 
I/ 

., N,p-,.,~., 0 lf "-'lf I V T • """' I ., ,i~t'117J DFCMM UL"JL'lf(fl lEJJ tm~'mLf!Wl17nUn fl l1U7 ::nteqrated circuit m.J'117l1Elllfl73J't1EJJ 
I/ 

fl t'i7f/JJ71iunu block diaqram '117.Jv?U ( data 'lJEJJ IC ,i~1.1EJm-'IU7~~7J 1 '1/EJ-Jnri1;J?Ull~ 

r1~waf15) iiJuiu-h 
. 1., ,: GJ ' 

fllfl Counter & display tll'\l'\l ~ "1f JC LlJm N 7490 LlJU decade counter 
a l 

7448 LlJU BCD to seven segment decoder 

read out DL 704 



46 
<> 
'W'Vl';i';ir{ cl) 

/ 

fllfl Trigger 
,: " I 

JC bUtl1 N 7413 bU'U Schmitt trigger 

fllfl AC/DC Converter tll'<\l 1-if 
. ,: 

OP amp Lum CM 30 1 '1t"l'1 

CONCLUSION 

1i ,t~mJ '1 vJ~1 '1~ ., ~ 
mu Frequency measurement 

2 Period measurement 

3 Voltage measurement (Ac/ oc) 

4 Ampere measurement (Ac/ oc) 

5 Ohm measurement 

fl rnmY-J6llmbfl~m~~iiJ;,u m r111~1n;L~ri,m"'u~~m1; m1ri hrnmLLY-JJ 1 
I 

m11h:;vm"'~ 1 um1; m fl~ m~ mJ11-if11,1, V1.,,m'Yl~~m~ ni'"m 
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~ 

QI ~ f8 

Wirl\1\1--iUtti1\1D--i11t1?1tl 

-•~ ""I . cJ QJ ~ ~n. u 1~1 11H'ltlcf1'1'~ 
qJ 

' "" A .. 

,01'\llitl 111fn'lf11 f!1n11lJLfl'Hl~nt'I 

., ., '-'I 

'Ym sl sll'UflU JJ'UlJU'lfl~ 
• 

il'il'ilU"iL~7U1 Ulh~'lf7m'llm 11:m1,~1,vhJ;uud1-111rn11 fnll-Jo/1,.,mnl'm ~1,1,~;,,~ , 
~~,ju,~u~u11u1um1~11-1i1o/lu"ui,;i-l1.n mV111 ~u~m!'l.,FJ 1,n~muJ~l-l a~~mfmn 

'I) , 

hnn1,~l-);1,rnd1-111rn 11i1FJ 'ilUm~'Ylo!,J l~m'\lVlllmm l'lf ml-!1)jjl-J'lf7iiL~lv1FJJVrn l-!U'M~ , 
'l~mr1"mmt111V1n11 l-!~;o/liJ'\l'\l.,FJ~ 1,1,~~;,iiilu 1F.Jfl17l-!t11~~1nt11U1FJ~u 1 1, ~u 1 ,;;;'Yl"un"u n11l-! , 
rltl'1n71 tlo/lt111Vlm1l-l1limm1•r•m",1,17u ~7U 1umnm l'lfl Un71~;o/1 fnll-ltl~ jtl~'llml-!U 'Mtl 

, • 'I) , 

'lf1ii1 uil'\l'\l1J.,u;_,;Utl~ n.,um1l-!t111m1ri,ml-!u M~ ~'\l~Vllll Vl~JV>Jf:l.,JJ7Ul-l11i1,;;;1, v1 FJJV>Jtl 
, 'I) , 

., ,., 
n u n11l-!o/1 m m 1 

o<:!I ., ""c! 
fl111Jllll UWlJtls!VH'I slsllt!UU slelll'l '11U 

l-!U M~L;i-m!'l.,FJY-i~.,J J1m1.t11-1mr1o/1; 'YllJEJtll-!mu 1u1.1.tf1 
I <V .J 

l'lfU irflvv71H1JJ "15 J , 
1,nrn 'V>Jjl~llt11Jm'Ylo/l~'Yl7 l ~r111iJV1U lbb U U'llmmm!'1~7Jn"u ;,11,n~nlj l,fl~tlU~ 
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SHELL MOLDING 
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SPRUE ATTACHED 
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rL:71 t R (7) CLEAN AND FINISH 

LJ) l_j) CASTINGS 

(5) POUR METAL 
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J,l 12, ., ( ,t A I AA I 1 I .J I '5' j,i 
m11 61f t'l71t'1.Jbfl17~VIV•nn Silicone resin °.lf-J~m11 1niuu 1 ULl.JYl1 7 u1mv,r.inU'YlU 

fl17JJiou L~t'l -i '1~r1 umm 1 V1ti. Ylb~ minm1JJ1ou ri".Jtiu b~ eJ'V'lU J 1m b VI~ 1~bfl;UULb~ 
,i ,i 

0JJYibbtf1 t'llJJ11e11i-11u L~VlmtJ I fl1~-J -;iun-J1,i~riniJJ"lf.,u 1rit1Y111t1LUV1JJ'flLLi1 ;-,Yiu 
,i 

1 I %' J,l %' "1 t, A 11,,1 ~ '5' 1 1 t, %' 
VIJJ U7tl1 Silicone Resin u mm1riri::mt1u1 brl 'Utl JJ 61f 'fltlt-i~mtl bUU1 'fltl 61fU7tl7 

5-10% 

6Wl'Uljj6\.16.:Jl\?ll61JU1J1J ""~ \?1"'1mluuu ltil'i~ (Pattern) . .. 
m1Y11-11uY1o!,1 Lu r1"1u~ bbuu,i~~u ru V111fa.h~JJ1ru 1 so-250° c Lbt-i~bm~uru Vl.r.;J 

, ,i , ,i 

·300-600°c 

tl ill VIJl~"1Jtl-JWi'1bb~Lb u u 'il~b~Url.,1fl1Ufl JJ fl17 JJ VIU 7"110-JLLUUVl~mu;un~l; 
, ,i , 

t1nri"·:rnd1-idu ~mirn11~ 180°c -;i:; 1~mJrnu;onV1m ¾" H n ri1 20-25 imri 1'U"11ru~ 
, ,i 

~ontv111~ 250°c 1-ifnri1 10 imri 
, ,i 

u ru vir1~"1JtJ-Jbm'il~b~uri"1fl11JflJJt1""qi11b111 um1uuuurn1.J;un~i,; b"lfU~ 300° c 
, ,i , 

1,, i..- G t.,~ ~ ~ ~f A o t., ,=:i ,d 
11nri1UULbUULVlbb0n-JL'fl'Yl 1m1ri1u1~mru 2 Ul'Yl Vl1tl'YltllliVIJlJJ 500 C 1,nt-i7b')AJtl-Jfld-'J 

, ,i 

A <ti ,_, 

Ul'Yl bUUrlU 

fl11JJ1tJU "1JtJ.JLmtJU0iri -m L ~n.,1.JLLUU'il:bUUn71U~f-J; m1JJftJU 

~ ~ ~,v , 1 o 

lrl16.:JJJtJ'YI 'li6lS'1U 'WflU 'Yl lUUU 

~ o I 1t,, I I ct.J, o 

mnT':i'Yl7fl17JJt'l:mriLbJJLLUU n1m,i 61l'Lbu1-itn~rrnu 1 61f1tJU'fli11fl17JJt'l:mri 

vi1m: 1 ~~ L 11f1111 i flJJeJ.,ri11ri 'V'lun 1-;i""ri ~u V11 u; -i t'lnu1n~,i""u~hu~ bb urn:rnn 1 um1LLn: , 
bbUULU~eJmrnn,i1rnb~UUU b 17 l'n~'flUl-J I "lf1tl 1 Un71Lbn~ b~elrl.,tl-Jn71'il~U llbUULurnm 

UlJ I ~tl rnbn~'El tln '111 l 11'<\l~ Hfoumru ~YllflITTtlrl1:Lbm-J iJ JUfll ~ 'fllJJrlel"lf1tl 1 um1Yrnb uu 
,i , 

bu;ani'Elu I LuLnu-;m "l11~L~uri ... 1ri-1 m11b~nrnLurnu;tlrnm~,.,1m""u ntlm 'Ylii11rivi~ 

-;i: Y11m1mri,.,1t1m1ri1Lrin Vl1'Eln71LLVl~b11tu 1 1ri t1~~uV1uuV1mt1 1 ti""u "1i1t1uu 1~iiri 
I ., u 

Lmum~61funu 



' 

. 
l. 1,'L~ SAOIIY snom).:J UON Ut..M'11,LW~l<tJ:t;:I\,, 1,'Ll1UQ~[1m~l<tl1f111~l<ttttt..~ 

tttt-rt@m\@muumt ~tt.ttttt-JC.Lttu 
l /6 /6 

~ff~~=~=~=~=~=~=~=~=;~====;;:=.=;;:==:::=:~=.=~====~~~ 
a 

~~~::Ji:!1-~~~~~~~~~~i.LJIP,-,-.IJI 
C • ., . •• .• C •• e •• 

: ;~f ~~z -·. -=-.:'~): 
~_,....1£_.._.....,___ ___ 1/1/ •. 

:i 9 H :J 

b 

I 

_, 

uaa11m1::um.Lua~raL,"'~ t a~ir.t..~QMlA mren~1L0,rn,.i;;:l\,,11a.wrnrr.nt 11arr. 

faU>l ummm,::um.LUQ~fal r::1,m UQ~[11Q~l/bl1f111W!T.11Q!T.Ui,..UL~flt..~Q~ 1 l. 1,'Lf1'11~11U ~1/1, 1 

ras_11i11a.wnl~1L0,rn,.i;;:I\,, :llB[d Ul:lllBd rnrr. l. [1Qf.f1Q!T. '11,Q'l1, ;1,11rn,.tAU~~l.';l,l/b 11L ~-mt n,..u 
b 11, 

lli~~tQ~l/i,[1[11111U::t[1UU~trat..~Q~1 :llBTd Ul:lllBd '1111 l'tl't v l,'~l},~Ql,'~ij!li~ (S:lfOH pu-e 
II, 

sr:iMoa ~up-e::io1) u,..utJ1;:1,rn u,..utJ ~rn ... ~;:1\,,1.',..ran,,.nuLwan .1:!'l na,.1reLt..~'11,Lu,n~i;rtLUJ 
.... II, 

~~lli!;JT.,E,t UQ~1;:l\,,I,' ff1tJ t..,.m,uaa11m,::u,m,..UiULl\,,1.',..Ul/bfaLl! l't~11.';l,l/b 11L~'11, t ~QLl'tf1,,,UU ll!d 
II, 11, II, 

~t n,,,11ia~, U!d uop::i:if3 11,,,U~Qlli~rtU.tJI.' ff1tJ~ f1t1.',,,lli~Qlli~I.' ~ :i1-e1d 1oi:,:if3 ra11i1 Ql'ttJ1 

L ~tJ::ra::trat..,.11it..,,,i; L. u u n,..urea,.1M n,,,11iu ~;:I\,, 11m, ~11ULl\,,Uaa11i ~1/b~ t 11mm,,,Ui,E, ta~, Ui~ L. raLUl/b 

11, 

l,''11,l/b11W'11,tr.JQrnUii;;:I\,, llil/b1UQ!lifaLmKl/l,'11,f11Ll},1,'jl. (U!d uop:,;if3) [1[111'11,lliU~tJ t,'11,1,'W 
IO '::l"" p ,. rb IP•p ,..,.. )if' 

11, ll, 

L '111/bl'tlt..~}: tf1l L,,.l,Wlli1 I,'~ ;)lB[d UJ:JH Bd n~11u ~1/1, m11 ra11i~11i ~u l);:I\,, (:JIOH ~U!l00d) 

ll, 

;:111,ulL '111.A.1tl.'Q!T.'11t..tJ::U1111f1111't111.'Q!T.rt.t..tJ'l1,)T. U,..'11'11,L '11,!'tk '11,LI,' ,E,t,~LU::U11 faQ_'11,Qtl/bU ~UUQ1
\A 

,% I I l)i ·• -

ll, 

'11,Li.A.ttWl'tlt..~~11 l:'IJ'11,Qf.l'tLWL tttLUl't 
~ I ~ o f=t 

ll, 

~ faL ,"'I.' ~11Ui; U llWLt ~ ULrtn,..u~ t l'tfa1JI.' ~Q~l<tU ~1/1, 1 rt~ 11.'L rat..JUfa b'LJtJtLU'11, t Ut..Ui::tJ 
II, 

rtLt..~::u11 tjt rn~ ma ... nuLrtnLI.' N uu11,..u~an~ L0,uun t Uit::1/bul~t ua~,;:l\,,~UU l.'t,ma ... n 

~Q~l/l,'11,LrnLtt!T.b'Q!T.'11,Q~~1~LU~UUL.W,,,a~t L~;:l\,,;:LtM 1 l.'~1.'LrQtl~1L~I.' ~ faQ,.'11,'11,Q}l'tLt..tg 

r1,..ta~1t..,..uraLrair.uuL.r.i;,..a~"' ~ L. n~::1/bul a~111, rera~ ,~~a 't..ra~l/b ,u 2111,, 'f na.r.11 ·rn~1t1., 

ml.A. a~111,u~1t1. ms_11iL~rtra!: l.'L!1UQ~[1m~1t1.11m1L~11,..tl/bL ~11m1~11t..,,,lh ULrtra11i1 

(UJalJ'Bd) fl.lltl fnlt ~t-UJUlfl.UU@Q.tl U 
l to (6 

ONlCT10W 113HS 
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1."lfU v-nn 1riV1:;~~lJ"llmtmiJ1. Uf.JlJ, uiinu l.~f.JlJ, 'Ylm l. Vl;m, 1Jjf.JU'lf u~nmii11r11; 
'II 

VI~ f.J1AJ1m1u 1. VI; nVI~ tl "l~ I, iun"i.i du rn; nVI~ tl; I, 'Yl7 Vl1 tl I, VI; nVl~tllJll.muri ~ J~t'h'llU 

~"'ln'\l:;~ ~11.1f.J1J1tlf.J'\1Ul.fl tlU'\l:; '1Jr1mflml.~ Jl.t-m 
A k d ., 

m1ii~fl"v'm1fl"llm"llu 7f16.lf u,:i1unu tJf.llJ7n 
~ A A u AA o ~ 

rn m1h f.lrn 'Ylf.lUn un11m 1i m1m1.1.1J1J'Yl17f.ltJU 1 
-c:! 0 .., ' 91 ' _,"'¼ 
'll vi 'ii l fl vi 'lHN fl Tnrn tJ vi 1 U U 'U'U l'i{I tJ l u tl tl fl 

1) 1-nvi~m1u~~"llU1flfitJU"lllJ1.;n V11m.hunm,:i1.r11u~u mJ7U~"llm~1VI~ 

"" "'1 °1.., e!I "1 ' ., .,%'1 "1.., iifl11mu1 riV1:;i11n '\l:;m muritJn1J1J I blJm--u1rn1.1J~um riV1:; b~ , 
2) uu u"llmJ1u Vl~tJ~--u:; 1-iri;~ --u:;flm~1u11J~iiii1mn.,u 1. iu 1u 'm'1m:;utJn 

'II 'II 
e!I e!I ' 

Vl1tJ'Yl1 ,:inriii Vl1tl'Yl1 Jt-i n1J1fln 
'II 

Referenec 
1. Modern Work shop technology Part 1 Material: Primary and intermediate By H. Wright 

Baker 

2. Workshop techn ology Part 3 By W .A J. Chapman 

3. Industria l Plastics : Basic Chemistry, Major Resins By Ronald J. Bai rd" 

"" .., 
tlfl'W'WVl'Wlfll'i 

'illfl 

.::.o., l:o ~£:tic: 0 CU 

1.J "a ti '1/1 i1 "JU i1 ll.J'W H I, DU~ I, U U "a \1 ~ 'In 1?1 

9' ..,. o , !II a c:l 
r,.., t:m \>Urn~ '1 l l'i u 1 u \>l ll'i" m fl rn tJ fl an 
~ ~ 

.., d a "" _1 a 91 
fl 'i fl Ol C}'J ll'l {I fl VI fl 6lf 'W vi u 'i ~ \>I ll'i {I fl JJ 1 U 
q~ q ~ 

1'Vl1. 816168 , 813912 

I, 
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a 
r-11 A 

n"l~fJU1:'°1~t:IJU:IJLl,21\1 
'I 

HARD CHROMIUM PLATING 
-• ~ c1 1 c1 QJ u 1~1 fltl 11l 'IHHl 1lUlUltl 

unfi n~7111fl1'lf71 mm·aioflfl7~n71 , 

"lllYH 'ill ~fl11iit'lu hi 'lf1nTn ~a.:i m1'1frnfl~au~1i1ti i. ~v!1V11a ELECTRO , 
PLATING mri~.JLL~wim..ta~uVl~.J "ll7'1"1L'il7L~iu~m~mm.h:rn ~.J L~L~U"llm 1i1h:;~11"u ,, 
, ~ ... ~ 1., .., <} (A .. "'I A 

L 'lf U- Lfl1milmfl1e),'J '1f VIU 71J'Ylil1 'Yltl "n ,'JLlJ'U '1"1t-l7t'lfln 
~ J,, A A 

rin'lfULflt-ltllJrt')tJ 'YleJ,'JLLrl.J, ULnt-i, , ,, , 
1fl1Lttiii ~.:iri11~amn~'il:;fluflf1V11m1ii1m.Jmu~ VlU ... .J;eJVlmm~ii 1 uimt'liiri"llm ,, , 

., 1._, 1, ._, ,!I ._, 'II\ >} o1 I A ~ ., 

t'lrll'LJU 1 Vlfl17il1'Yl7.Jmum1'1f1JLflt-ltllJr!')tJ b~'YnLUUtltl 7.Jfl Utln'illnU U Vlt-int'lfl1"1JtJ,'J ,, , ,, 
mr11'1f11 mn11iiawimV1m1 L~m1"t'lri1mn.;-1ii \l~n~11~.:im1ii1ITL V1~1~i.1i1ti "1J1m ,i1 , , 
l~ 'il.,rtVl7tJUn1lli LLt-i:;t'l17.JLfl~m'Ylrtt-ltl.J"lleJ,'JflULm t'l1U~t-ltltlnm l~17 U eJn'il7n1'1f7n71 , , 
'Yll.J'Yl ~M~~fl"um1'il1nV1u~;mLtf1 m1'il:;~ m1r1ri~mufluri 1 ifo,'; u 'il1.Ji1ti 

I .J. gJ gJ ~ ~ "\" .J. c:l gJ gJ ~ ~ ~ 
fHJ'WVl6U Wll'il l'il~'V'l~tl ..:iL 'HN Lfl'HlJtllJLL 6U..:i °U l'V'IL'1 l'il~'V'l~tl ..:iL l'tN'V'l'Wjl'Wfl116ll'1J 

~ ~ ~ q 

-!j gJIIJ.19.tJ, IIJ.11 I -II -!I 9'11J.J!!t r;;I .,.c,1.J.0'191"\" 
LrHHJ1J~1cJ Ll''l'V'l1Vl1 '-7 LUfHJ'W mn1flflfll'j6]j'1JLfl'1fl1J~1tl m'V'll L1J'Wfl'j'jlJ11i'Yl'Yll L'l1 L'1'11~ 

• 
""IIJ.IOI .,. "\" ~ o,oc,\ I 4 o, .J.L91'l o 

1Jl..:i6ll''W~ LU,JlJLfll~Ul..:i '-7 1.J'WN16Ufl..:i L'1'11~'11,fl\?11'Wl't)flflc!1..:i'l1'W..:i vrn..:i..:i1uV1 6ll' L'Wfl11Vll 

• I"" .,. ~IIJ 91 llJ • .I !It • ( . ) ~ .J. 9' -!I I 9' oJ 

ut]fl 1rll'W t~iolfl rn'V'llm~LL '/;l\?11..:i direct current ,ru..:i1uV1\?lfl..:ifl116ll'1JLfl'1fl1J'1~\?lm 6U lfl 1J 
• 

!: ( ) I t ( ) I o, "\" .J. 9' IIJ. l'l 91 -II .J. 
6U1'11J cathode 'i;l1'W6U11J1fl anode 6UD..:i1..:J'11\?l'Dfl1J t'1'ttt'Yl\?l'el..:J'il~ LU L'l1Lfl'1'el1J'Vl..:Jlll 

~ ~ 
1~t1'i)~'1;ln111011.hmrv11m16ll'u 

~ ~ ~ I '1 ,o ol A 1 
'Yl.J"ll 11J1nLLt-i:;"1J ')~U'iJ:;-;JiJtJtl Ut'lTrn:;e-i1ti"n .JLlJUeJL~fl fl 1-

• , ,, 
· Lt-il'l "l)e],'j lt-iVl:;~1 v;i.tlbfl;tlULnl:; wi"1ad 7.JL 'liu imm1tur1mLLrl.J Ernfl 1ri1'te-it1~tJfltJtl-. , 
LUfff-n"m ~fl ( Cu SO), fltJULUtl1fl111Jffl,l,b wn ( Cu CO s) Vl1tJfieJ,'Jn71~UULn t-l u bt-lfl 1ri1-

Lt-il'l~ tl ULn~-n"mvlri (NiSO) ULnt-ifl~tl l,j~ (NiCt) L~uiu 'Yl~M~~tlli1Jltl17 tl~n1m 

i. ~YI1Lfl~rt.,.Jn~11ri11 ~Lnrtmn ... rnm:; i.~ad1.:i h I,~ bbfl'Yl~M5ULt-lfl 1r11 i.e-iit'l"lltJ.Jvl717LrlJ 

(Faraday's law of electrolysis) u"n1 'Yltllf17t'lfl1'1f71tJ.,.Jn~M; .J l~fl'Ufl1l'Ylrtt-ith'.ib~ti1n..,1J~Lt-ifl-

1ri1 i.~it'l 11 mn ~1um1'lf u 1fl1Lttiiim'ilLLwin~1.JL;mfati~ULftfl 1r11 i.m-1--u:;Lilun1~ 1fl1~n , 
(H

2 
Cro) "1J~1u1rnL 'YlU ~'il:;Lilu 1~Vl:; 1fl1Lttiiine-i"rn~itfl:;n.!,1~t'liiLLtJU~1iiii1~ti 1iLuuf1"1u 1 

I, vl1v;~1m~1ilu L~LflanVl;tl i.tln"utl~n1ri1LL~tJd1.J 1.1 1ftVl:; 1fl1Lttiii~Ltlbfl;tJU'il.,U~.Jl'U. 



66 
~ c:I 

fll':i"lf'U 1fl':iUJ£.JlJt16l.l-l 

t~ imnmrumfl LffntimJ 1 imrn Lff:ijjnu"\u m vi~ua:un-rn 1m·jj n 1 ul.'l1w~m~,1~L; mn-J Lu , 
~ 

L-:itl~ I 
' . 

1) r1ruttJJuw11Q/11u,JtN lr111i1uu 
'I 

1 ~ GI 1 A I t,, A a ~ v 

fl1Limmuu tlVl~l.'l 6JJ71fltl'U"1l1-JL 'Yl1 iJ fl17iJLL 6JJ -JLLt"l~LU11~ LLt'l~l.'lliJ7j1.lY],J~6]Jr] 

l~L-J1Luuu1~m~ L~flt1~n1~,in flilll.'liJUrJ6JJtl-J lrlV\~ Lfl1Ltim,11wi~r1.!,1 LUfltl , 
u u. tl~tfltliJ 

A V f{ 

ti~tfltiiiiinuiiLum 

,i flV\fltliJL V\l.'11 - , 
Q.I A " CV .t, 

l.'lJJth~l.'lYl1in716JJm~tfl1mi1Lt'lU 
., ,., ~ 

fl11iJtfll'UYll'U b~'Y'll 

1u11--16JJmr-J;n 1fl1-Jl.'l11--1 
SJ 

0 ., 

n71U 1fl11iJ1tl'U 
oA I d 

52.01 

24 

1sso·c 

8.1 X 10 
6 

I S 

13 micro ohm tfltl cm 

body centred cubic 

0.165 calls cm
8 0

c ~ 18°c 

fl illl.'liJUtflYll-JLLiJ L V\t'ln paramagnetic substance , 
6 · 2 

Yo1:1ng's modulus 15 x 10 lb/in 

-Jl'U~Yhm1'lf~i1~ 1rm~~iiui-J ,!~~~1LLi-J~L-J1LU'UU1~n7~V\1tl~;mu LLt1 , 
LL~m1ii1TI~'1fu ~1LL i--16.lJm 1fl1Ltillii~mm11.1r1uti~ L~1 uf!11iiiuul.'l-Jn-J 400· "1f ~fl11ii 

, ~ SJ 

mur11u~f.lm1gnV11ti LLt'l~m1n"'rin1tiw11ml.'l11Lfl~~1-J I L~ 

"""~ o '1 91~ ~ <4 '1 -,, ll] 91 I 
flfl!i1lJ1J\?l'YJ'l'l1 tr'I trl':itlJr.JlJl.J'U'Vl'Ul'VI t'l-!1-l-17'W1ft1fl':i':il.J L~ llfl 
• 
1.1) m1~LLi-JLLt'l~m1iii1u Yl7'U~tln71;nV\Tu ( wear) 

1.2) . fl11JJITT~ Yll'U~ tln71n"'win1tl'U (corrosion) LLt'l~Yl'Ufl17JJ1'El'U 

1.3) l.'l.,iJU"J~;Ylifl11iJL;~rlYll'U (friction) ~1 LLl.'1~~1~-J~flilll.'li!Url L~,i"'u , 
Ln7~!.'l71 (non-adhesive properties) 

" 
1.4) Lfl;tlU~1-J7UL ~-emmL~-J 1~ l.'l1ll-JliJ!.'l~rlrltfl1 , 
1.5) LU'Ul.'ll"J'Y'l711LLiJm urifl (paramagnetic) 
~ 91 cl g., ~ 

1.1 iltlHflJU\?l')')l,:j\?Jll!rl111JWll-:iU{l~\?lll!')')ll!ill'.Hfillilt> 
• 

1 ... " "' " ,,. 
fl1LiJ~i!LL6JJ-J,J~JJfl11iJLL6JJ-J 65-70 Rockwell c V\1tlU1~iJ7ill 800 Brinell fl11iJ 

LL i--1m,1LLtfln~1--1n"'u i.ui,~ ;un"'um1ii1im1'lfu 1ri~r1.!,1 Lu m1tfl11,1l.'lt1um1iiLL i-J ,i~ , . 

'Y!1m1ri11,11.'ltiun"'urn1i1V1U1~'lfrnh~mru o.o 1 o ~1 .; -J,i~ 1.,";;m1ii~rl'Y'lt'l1riifti~ Lfl~tJ-J~tl , 

... 

.. 
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UVl'l'"l'fl' cl) 67 

~1ifl11'<\l~tlllf117iJU ;.JfiUbf1~tl.J Hardometer Llfi'<\l~'l17nTH111'<\l~tlllfl17iJLL i-:ii1t1 11rm 1i 

1rn;t1t1~ri1i1m v,;n high speed steel m1,~t1tl~"J~"lfrnr1~t1ll '<\l~VJu111,1,tu~1rn~t1m vi;n . , 
i,., ~ ~ d d\11 I A ~ ~ i., f/ 1 "' 

mnY1i1fl11m1,"1l.Jtlj~mm 65-68 Re n biJt'l7iJ7jm~mt1~1Y1rin"lfrnr1t'lt11Jfl1tl'tl11fl f1jLiJtliJ 
11 , . 

r111i1u;-:i~'1~ ,i1nmj"lf1J'\l~utJ11,tJ~mi '1tJmi1n11i11i1,1,t'l~t'lmVJu 1fltft1i1~ -:i '1r1un , 
I ·IIJ • .1 I I ~ cl. "" 

1.1.1 fl11lJ'l1'W lll U U'lJ'fl..:!fl'l'tll 'ef t TI\?l'fl'n'W 1UW'WV1 ll~~'fltlJ'nfllJ . .., 

,i1nmj'Ylflt'lmri1ut'l~t1 m~1VJu11 mj,i"'rnm~~1 ~fl11i11,1, i-:i '1r1iu ;ut1~n"'ufl"'1 
11 

1,1,tJj 2 tl~l\l~ r111m1,i.J"llU1fl 68-70 Re ,i~t<11i111riri1'1~~IlruVl.nii 30-40° C fl17iJVlU7 
, 11 

1,1,uun-J~1,1,~'1v-l 1 oo 1,1, t1i1D~t1mj1.J'V'lfl vi1t1~t1ruviJ1ii 55-60° c i1t1n1~1,1,~'1v-l 300-500 
, , 11 

ut1i1~~t1mj1.J'V'lfl 1,1,~1fl t1'Yl.,1 '1tJ~ut1mhn"'u~t1 ti ru VlJlii 50-52° c LLt'l~fl11i1vim1,1, u U"llm 
, , 11 

nj~1,1,~ 250-300 1,1,t1i1~~t1mj1.J'V'lfl mJi1;i111, 11fl~.Jm~1,1,t<1'1'V'l1.:,m~ui11 ~tiru vinii.1 uu1-:i 
, , 11 

"lfllbl,Ujl,U~tlU lU'<\l~VJ1J11 rrmru VlJliit'lfl~lt'l.J '1tJ,i1ni11rn11u fl11iJ1,.J1"1ltl.JiJ1'<\l~t'lfl '1.tJ 
, . , 11 

'Yl"'uri m1rnLi.J'1~tJj~iJllli 58 Re Vl1tlUtltln17 u~rrmmw1ii~-:i1,nu'1tJ 1.h~mru 70° C 
, 11 11 . 

iJ1-:i1u~'1~,i~1,uu;"1l11iJ"'1 I f117iJl,1,;.J'<\l~Utltln17 58 Re L"lfUn"'u 
9'9' ~c::ll lq · o"' 

1.1.2 fl11lJl'lJlJ'lJ'W'lJ'fl..:!'ef7'l'~~~lUCJ5..:!l1J'W fl'l'~ fl';ilJfl l1'l~fl'l'~flllJ~fl'W 

ii1m~1 i1.uuuLt'lfl 1fl j '1eiri~1vifu"lf u 1r111,~t1i11,1, i-:i ,i~tJ1~miui1t1njfl 1r1jiin , 
(cro

3
) 250 m"'i1~t1;fl1 uei~mfln1i1~ri"'u (H

2
so) 2.s m"i1~1t1;~n t1.,fl j7~1U'Yl.,1ltlfit1 100: 1 

rllfl11iJ1, "1JiJ"1J..,U 61Jti.Jmfl 1rnii fll, VllJ; u f117iJ1,1,; .J"1Jtl.J.J7U ~,i.,rnm~'\l~t'lflt'l.J njflflliJ~ri.,un I, "lfU 

n.,u r111i11, "1l ~.;u ~ 1, wi1;m1,tJj~n~.,un"um1i11,1, ;-:i~'1r1 

°" cl. ,;;.~ I ~ 
• 1.1.s t:>Ufllfl°l.leM tmUJ£JlJ'VllJfl117l'1Wll' s iut1ni1::m£J • 

1rnLtt.Ji1,i~~111.eiwi s ~1fiu 6, 3 LLt'l~ 2 1umfl 1flj~n (cro) 1ml~tliJ , 

'<\)~~111.trni 6 Ut'l~ell'<\JLllfl 1fljl,tt1i1~~111,irni = 3 ;u1utJ~n1tlll,fl~ lUnlj"lf1J~'<\l~1~'1~ , 
d ._, v A + 8 ~ I~ I o, I A i, "I I ~ 

fl17iJLL"1l .J '\J~flm1m~1tJjmru Cr u uti bU"lf1.J 3-25 miJfl'ut'lflj mi11n btlm1u,i~ 
11 

'11'1l ;fl'"JllJl,I, i.J~L~t'lflt'l.J 

011)1 ~ c:l4~ cl 
'l11 UJ fllUJtJlJU'll..:J'iMlJfl1llJU'lMlJlfl 

'17L 11w'i111rn 1 'il7n 1m-.1t'l11-.1~;nm-.11fiV1:;1Y1t11~t1-.1 1fi1L~mJ ~'tt1,1nn11'il.,1JLn1:; 

"1 .. ' 0 ( ) 'il::L1JULL1J1J Body Centred Cubic i!fl1~'fl-.'I Cell Parameter 2.86 A 2.86 x 10-10 mm 
,q A ..., ,:t 1 ~ d d ,.4 di . A 

L1Jrnrn'Ylt11Jn1J~fin fl1-.'lt'l11-.'l~tl-.'I Martensite ~tl'1LVlt'ln'lflJLl'll-.'I ".lf-.'IL1J'U.Ll1J1J Tetragonal Alpha ii , 
Cell Parameter 2.97 A

0 

X 2.86 A
0 

'\i:;LV.'U.11 ~t1-.'l 1tmtt1iit1u-.'l"'JJU1flL;nn11 



L'ltls'\,l'tLtLmU. 
., f' 

'ltLL'JT. 1 !:.LU 'tUUUf1hl;:!:.f1ULll!- ,. b ;, 

• tlLMist, IA.rtG IJ.ijlf1R,1LUNMI.L tll-tftltij 
t6 'i" Ii' 

b 11, 

(,!1-kH.!:.U,!,ll\,,L'Q,,,!,lU!at,.ijb'Q~W,.~) ~L~\,'1, ,rn ,,~Wl111rn~~'lt,,,l11't; ,~I\,, '11,Q~Uij,.UUll 

~Mm~itl!ll~!:.LU tt.,.rernir.~LM. m~l1rthl't11 un~,L' ~ f1l ~ t,,.u.raijl \lb 11L'L~n1~1L'\/b ,,~wl1nuu11M. 

~!\,,~,, L'~,,~!,lm~ra~,~!,lrtLW~~ll!-L1t~11 ~l~L':11rm~1tl!ll rnir.e.,~ (P!OV O!Jl!N)_ e.,~~r.rin~ 

lM.U (PPV O!JO{l-{OOJPAH) . Q~U1ijW~,,~l rtla~1!:.l!ll 'l1,Q ~Uij,.Ul1UrtL~~~ij1f.LhlL'L pGt,.~ 

r. I r. 
Ula~I\,, ~f1l G~ '11,Q~Uij,.UUl1Q~ls'1.Q.tls'1.U~laQ~~l L'~ rtla~1.tijl L'QIT. L.. L'U1l~11Q~ij1Ul1~'11,LL't1,: 

rel L~.L~ramll!-t U!,lf1 ,,rn,,,~~lL'~n,.nL',.~ AIIBO!P04lB:) t1.G~~1t-,.l1L1"-rtra~1.tijl~~mir.n t 1uarBAa1d 
"' ' ' 

;:utJ~rt:ll!-rtf"3rt1w1r3e.,ij ~ L'L11u1n;Q!,lij1uu1,1,t1uf1, uw~1 uop!puo:::> o!UBAieo ;:e.,w~ QijU 
f:=' ~ '1" '=" li:t ~ ~ q.> ~p 

' b I\, ' b ' 11, 

G.tls'1.U~f"3G ~~irLG~ljmJT.uu~mL'~t L:trtf"3~1.tljl~!,lr1 L&ls'1.1 UafUgf1LiA.tLUG~r3L,L'L' ~ ~ L'tJ 
11, b 11, 

rtl!ls'1.'tUQ'11,1 faQ'ltLL''l1.Jr.Ll1~LM.~mij1 ~1 'ltLL"l1.Jr.WIT.'lt1 Q'11,1'l1.QWijUf11 LIT.1l1.tlrtLIJl'C1 L'Lf"3Qf"3L~\/b 
"' b1 !$i '11 '11 /,\ !$i b " I ,. IA-,, I IA I 

L' J[.t,~t ;:mi L' J[.ij1 J[.UQQUIJ 'ltUWf1UL ~'11,l111s'1.tLU. ULrtU~1ijf"3Q1~!,lrtLt,ijf'tL' J[.U~f';JL'QIT.L'L.tlJ 
1::1 'Cf f=I' ~ ~'Cf n {'a t,:, '1" o p f=I' p:::, ~ ~ l'lt 

-b 

L'.t~l ULl\,,L'Q ~ 1 ~l~ij1U~'l1,LU,'l1,t;_l1rtLt,lj~L' ~11rtf"3~1.tl!ll~l1\/b 1 '11,Q~Uij,.UUUL ~L'L ,f"3Q L'Lf1~1J1Uhl 
b 

ls'1.tm nurn11r,~nmJr.1 GM.1 r,, L'ir.mmm.w111Q!,llj1L' Jlof"3LrtULrt'ltttJ'ltJr.'t11Wf1Grt 
"' I IA ,. I< ,. IP .... b \" .... IA p f" "" F' I "il' ., 

tl(Hftlt~tt.Lt::am tl@.tU~ lH,LU@~tlll.A.tll ~ftltY ~·1 
{f; I /0 I {fj 

L. 
~ • 

'11.,..U tLrJ~ll1.1::Ul!t,m t r[lrJ~1 11Jr,~l~l~tl.t~'l1. ~rnl!.L!A1 

0 ~-9 t1.LL' ~ t t.LU ~LrJ~ t :;l\,, t,.~11L'! 111'tfl~1W1 flL~m~t.LU~Sl'tf.Wtl.L~~l;•L ~111.111.t~tl.!L,.ll L ~(tuL!.flLl't 

L, 11M~ULll. L, n,IA'l1.LL'L~Mm;ll1. -~~111.m,.l!.L~M, 11~'11.L,.U u~.wi11i nu,, t,[l~,U~ w,..r.rn~lj1t1,~111.l'tL,.ij 

n~, L. [ll'tt,i,r[lt1. ... Ul1M~rJ.t.111.U~!.LU L. tl.~::111.~1 L,LU~rJ.t.111.U ~!.LUtl.LU. tl.L,.1A'!.f11'tt,i1'U~~l'tfl~,w1~i L~L'~ 
• '" t,,' 

ULl'tl9fl ~,::~l'tLW~::r.L'~ 11b' ~C,~ULl\,,L'[l ~ 1 n.,ir,~t,~L'[ll!.L'! 111'tLWl'tWfll !:.fl 11 ~'11.,..rJ'!.111'tt,iffllj 

t-n.111111ruw1 t-QR,QUWJH,llHtlltJtlh)llltY 
I" 'I> ll-/6 

. . ~ 

L'~ 1111Jr,u ~111.1L ~urn rtfl~1WFrJl!.L'~ 1mLw ~t 
l'tfl~1w1 ml!. L~UULl'tt1.;tnrtLW~::f>m L~UU~1ijL'l1.l!.~L' ~ U~f1L'L}t>iL'W1~!.LU LU.L'l\,, . ., 

• Nlo 11J'trlft1tijl lll&tLU 
::, 't 

[oc;;-"":fl S.U<aN3J.°l:l'l>'lti 
"lO ,'<1N019 '<>'al.al. 
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~ 

~ 

~ 

u 'Vl'l''l'fl' "'I 69 

"' 1" -i .... .... , , , 
0.0003-0.0004 u1 "lfumnum1n~muu-mn.Juuu 1 

"' 1" -i .... ., , 
0.0005-0.0001 u1 "Jfumnum1n~muu,nnu"J1mmr1 

"' 1" -i , .... .... , "' 
0.002 _ -0.003 u1 "Jfuu,mum1n~mumnntn1bfllJ 

,, ,, 
flll~lUVl1Ur111lJ'l''OU 

cf 

~l l~1fl'jlJ ~r111iiY1ufl11ii1uut1.Jii1n '\lff\t'll.'ltllJ!.'l::mri~ 1850° c 1wnm::~ 
'II , 

LVl;n L1lJ!.'l::mri~tllliV\J1~ 1200°c ~"__,Ju ~tlffiV\J1iJ1-n.Jl'U'Ylo!,1Ltl ~.Jtll'\lf.'1.Jn.J 400°C 
, 'II , 'II 'II 

""1 I A ,!i ., 

n blJlJ t:-Jl.'ln1::Y1um::b 'Yloumnu n ut m::u~unmlJ fl11lJ1tlUn'\l::~t:-Jt'rl'l11 ~fl11lJLbi.J"lltl.J 

e11-f~ 1r11iil.'l~t'l.JLtlL~b'lfun..,u L'lfu 

~tllliV\J1~tfm LU'\lUn.J ~1n11 400°C fl11lJLLi.Jtl1::ii1m 850 Vicker 
, 'II 

,_, A ~ ~ 0 a' ,!i tl 
mum VIJ1lJt1.J"l!U '\lUr1.J 400 c fl17lJbb"ll .J'\l::L Vlt'ltl 1::ii1m 450 Vicker 

, 'II 'II 

V A ,:::9 O d ~ 

t71tllliV\J1lJt1.J'\l'Utl.J 1200 C fl11lJbb"ll J'\l::l.'l~L V\l.'ltl 300 Vicker 
, 'II 'II 

'\l7nrl.,1Lt'l"l!L 1!\~1~ mm11,ir .J7U'Ylo!,1 LU ~~tllli VlJ1iJL~1tlUU..,n u"r111m1;nV\1tl 
, 'II 

A ~ IV 

'<\l::b 'jf.jlJ"lJU U tlrllJln 

- ~ QI q ~ -,! ~ 
1.8 rlOHfJJ U\?I l1~Nff JJ1.h :::: ff'Vl 1i' rl11JJHHJvl'Vll'l-! (Friction Coefficient) \?11 

• 
~Tnnn'\l.,lJLfl;tllJ;1rJ el71~ lfl1lJ '\l::~t1"iitl1::~'Yl:fl11lJb;rJ~'Yl1U~7 lun·n 

'II 

ttl1rirn ririun"u ll.'lVl::~1-ir .J7U'Yl1.J~1w1f 1.J'Ylo!,1 'ttl '\l::~u11 m-f ~ 1n1ii~n1 t1tlt1. fl17lJL; ri~ 
A ,. 

mu m'Yl t1 ~ , 

1 um1r11.J1UY1,!,1 'ttl m-f ~ lfl1ii~"lf1Jbfl~uuuu.J1u t11ii11nu 1 'ttlb ;ri1::'tu bL!.'l:: , 
, .... rnJ7 Lrl "l!U7ri~nnieJ.JmlJm11; .Jl'U L"lfU bbnUt'lnt.'1u Le! 1~1;n Lb~~iut'r.JLnrltl~ t1d1.JV1it.J 

'II 'II 'II 'II 

11 ~1"llmel11~ l fljlJiJ.,m::'t~ntlrJ'\l..,Ufi~ t171~1.J I b'lfU J1ii..,J,rn~tl~U 1um;1-n.J7UlJ1.j 

A I 1 ,J o <tJ IV A f( ,_. I ,_ '-'"1 
n1m L "Jl'U J17rJ U "llmm::uont1 lJ "n .J '\l1LlJUfle3.JlJU 1~ U V\l.'ltlt'l Ufll.'ltl~L1 !."l1 L 11tl1'\lLLn b"ll 

'II 

o./ "1 2, j ,_. A "1 A IV o 1'-'A .. <tJ f;' j <tJ a' 

llqJVll b~ b~rJJ11rJV\l.'l.J'\l1nm1b'\lrJ1:: bUt:-J1LLl.'l 1 b11'\l::Y11 Vlt:-J1".il' -'.lbuue111~ Lfl1il LUU1btm 1 'II 

L~tlLUU~"ll~"llmJ1ii"u 1~ri u1'1tln..,~m~ (Etching) Vl1tl~n1ITV\~.j~t) U1~1~~1Un71 

A "1 IV "1 A A ,_, a' ,;J ( ) 

L'\rn1:: b'ULbl.'l1 bUrl.Jl!-l1~1rJ biJrnvmn Shotblasting 

'\llnft rut1iiu-; m1~'t~noririt1ii 1~tn1~w111m1'\l..,rnm::~~1 ~~Jum-f ~ 1n1ii , 
;__,r;i nu 1 LUL6nLfl;tllJ~'JbltllJ (die) L "JfU Plasti~ mold Y171~ i;<l7lJ11mLn::.J7Utl tln'l\!1nLLUU 

'II 
"1'-' ,!i I A 6'1 ,J IV ~ ,;J o I 

b~t1::r11n V11mLlJ'jf.jiJ'j/.jfl1.J 1 ".il'.Jrie:i.Jm1'Yl.Jfl17lJLL"ll.J 'YlU'YllU mi::Y11m1iit1::mm1r.1 



70 1 .J. ~ 
tn'l'"lllJ fl'l'UJcJlJ1l'll~ 

• 
°'""" ~ "" "' 1.4 rHl!''1lJU \?1 ~1Ufll'l'l fHHlUN1~1U l'YHIT11llJU1 U~llJU~~~\?ll • • 

1n-nttilJ~6Jf1JLfl;'eJ1J~11J1.J 1 1h~ii1ru 0.0003-0.002 ~1 'il~l~fl17lJt'ln 1t'I , , 
bb11171 t'l1i1Trnif m n"'unTm"'rin1'eJu "1Jm1n1mmr1 ur1 m1~'il~t'l1m1n'lf 1J 1 ~ i.~ fl17lJL.J7rn lJ , 

.t,, ~ ~ I v A A I t., I i,, A I U 

fl'eJ.Jn71U U "1J U'eJtin1Jn71bifl1tllJ ~1.J7Ufl'eJW1f1Jfl1tl VllJ7tlfl17lJ17 '17~1.J7Un'eJU'lflmn"llfl 
~ , , ~ 

I ~ 1 <i ~ I~ 
b.J7lJ7nL 'Yl7 bf! fl17lJt'ln t'lbl11171 'il7fln716Jf 1Jfl'il~lJln"llUb 'YllU U 1 UlJ7.Jfl1~.J~1.J7Ufl'eJU , , 
l17n716Jf1J'eJl'il'1nu1i.tln"'flmfl (Etching) L~'eJ1~~1tf71fl 1fl1lJ~flbbUU;U bl~l17l~~1~~7U , ~ 

m16lfrnLtf1 i.~t'lfl 1t'I m-;iunuqJ1111m1lJlJ"'1 i.~1riml 1 i.tl"1J.,rn.J1unn u'eJrn1nm1'lf UiflmLr1.J , , 
L~'eJfl17JJL.J7bbITT Ul.Jfl1~.J~.J7U1J7.J'eJ~7.J~Wl'eJ.Jn71'lf1Jtf~1-f fl 1fl1lJ LL1J1J"1J71"1J

1 

u I L61fU , , 
L1'eJ1b'U tl1fll;ULU'eJ1 Vl1'eJllJ 1fl1falfl'eJ1 ~1.J7U'il ~Wlm~1um1~.Ji1t1 L~flLVl;n (Shotblast) 

LLt"l~n.,flmfl (Etching) fl'eJUl17n716lf1J , 
...,. 61 ,;!I ""' .;. 

1.6 TI WUlJU\?l !Ufll'l'tuUUl'i l'fl'i llllJfllU\?l fl G\l ~N lr1'illJUlJ • 
1fl1L~tilJ'il~nnri1U1'ilLL~LV1;n~.Jmrn~1.Jt1 'eJU I flllit'llJlJrJ"ll.,'eJ~n nu 1 'ltl1i lu 

~ ~ , ~ 

n1m~ iu~1UVl1'eJiitlmrn ~l~Wl'eJ.Jn71l~'1mumui1tit'!UllJLL~L't,~;n i1LUU'il~imri1 , ~ 

fl.,1ti fo111~5u I Liu Ylu.JLVl;m Vl1'eJ 'eJt"l~LUtilJ LLr1~1-;i~nn'lfrnfl;'eJ1Ji1t1 m-fri 1fl1lJ 
' ~ ~ , . . 

L~'eJ l ~ Lnflfl17lJLb i~Lbt'l~YlUn71; flV\1'eJ 
~ ~ G'I 9'GJ cf l 

2 ) '111€1~€11UU1Ul'YI g6lf g'Ufl116li'1J elll'~ tfll'lJ 
" 

lU'eJiflmV1m1m'J'lflJ n11ri 1fl1lJ J 1tJ1~1in"'uY1~1i.tl~'eJci 3 t'lifl1 fltJ , , ~ ~ 

2. 1 Standard hard chromium plating solution 

2.2 Self regulating high speed chromium sol ution 

2.3 Crack-free solution 

2.1 Standard Hard Chromium Plating Solution 

U1~n'eJlJi1tit'l71Lfl~ 2 'eJ~ 7.JfltJ mfl 1m·;Jn bLt'l~n1fln7lJ~'1.,U fl17lJL "lJ.,lJ"lJ.,U"lJ'eJ.J 

n1fl 1fl1;Jn 'il~U1~lJllli 150-500 m"'lJ/;ifl1 bbt'l~~ mfln7lJ~'1.,U ~t'llJ'eJ~ l U'eJ.,~117~1U 
~ 

80-120 o/]'e] 1 1fl t1 '1'l~11tlutilJl6lf 100 : 1 rl7t'171t'l~t'lltl~fl17lJb~tJ'il7.J'il~l~tl j~;'Ylim~~l'eJ-.J 

"1J~1t"llJt'I .J LL~'17t'l11t'l~t'l7tl~fn7lJL ilJ61J.,U 'il~l17 l ~ ; bt'lfl 11f11 lt"lr'l LUUifl.,1U 7~~ fl17lJITTU 'Yl7U 
~ 

~1 Lrn~n m6lf1Jli 11t'lvi'~1n-J1 J1mL;m1.J~~n-m 1fl1iJn 250 nflJ/;ifl1 LLt'l~'eJ.,lfl11~1u , 
~t'llJ 100 : 1 LUU ~it tilJ 1 in"'u L ~11~u 11.J1"'rn~1~ 1t1 n71ifl11'il':i"'flfl17lJ L "JJlJ"ll"it "JJmn1fl , 
1fl1Jjn l17 'l$i1rn.i 1! h 1f11iJLlfl'eJ1 bL~tl1mrummi1lJ~'1..,U'il~ifl11'ilt'l'eJU 1rmu 7ifl.,1 tJ~7.J i.tl 

rin-;i 1 uifm 'Ylflt'l'eJ.JLfl~ 



u,,,nk'l.LJtr.l§,1 ~ttJlo ifl1f1i 8 Qreqd1ns wn!1uo;1s u,,,nk'l.LjtrJl§,1 ~ttJlo ifl1f1i oo ~ u~tl!l l§,f.ll 

~~~ f1l L'U l'ttJH uu Lt~,,.Q ~r.Jl§,1 Qppon1.:1 o::,!I!S wn!sst,qod ~Uii QJuqdrns wn!JUOJJS ~n 

~l f1ll'tJL'Lrm·u1 lS/\{BlB:) l'.,,,.lll't!!itLUfal§,1 ~ren1 ~,,.Qf!l§,1 n,,,Li~l'tL~l§,tll f1,,,U Utttl!l l§,_W 
b b b b 

{;Qf[.ftlJf-j't1,l'.,~Lt~,,.l11'tl!f11'.,l!tLU't1, t ~rmtJm l!~~ t c-tf1r1,..Lf1~1'tr.~lW1 f1JI.UaLJt n~, 
UO!JDlOS WD!WOJq::) paads q~!H ~U!JB(n~an JI.JS ~-~ 

rnlI.rttJHnr,~L~nMJii raL ,L'~l ~u~~ L~L~~bl n :l iiL nk'l.rtLUJ~~ mr, ifm t~ mc-n!.r,~nri 
n; 

l'.,[a~j flAr~Ps~tM, r.JL;_Ul!l;_l'.,1 rbt l\~i Ql'tlJi L~tJ~l~~Lum,,.HLUL'QfT.tLULQl.lYi~~ Q ~~mlt~Ll't 

rt,,.l§,~f.llLPsf1lL'Ul§,U 'tt,,.Li'.!l'tl~l§,WL~ ~Ui~Q,.IT.11,..,U-1.L~ Ql'tlJiL~tJr.ll§,1 '11,Q,~iQ~k'1.¥1-Wf1J~r.~t 

L. UL,t ~l!if1Uii rn,..k'l.n t rtQIJ!§,lA.f1FLrQl,,.~L 11 [al§,l~l L~111Ll't:f1LHU,,.t~!: 'ttLL' .}t tLUrnrr. 

LUI'., jl§,QU~f1l ffi~tLU ~~n,..Li~i'tl~l§,Wl;QIT.1'\1Ll'tf f1~Uii L. l!L,C-~sr.L.11~1 l§,,,.1'.,PsU~HQ~l faLU~UtLIJ 

n t n,.u~rtL ~l§,W ~r.wr. ~iL ;l~ n~, re ~ml1 ~vi, inJrt ,.rr. mLu1~ttPsf1l rnu~tl!l l§,Wrt ~,rn,.~~rs 

L'Uc-Lrn~ m~iL!!LfULvt~Li ~mll!.,hL'G 8G rt,.l§,~t~H LHU,_tf1l r,,..u.r.l§,1 ·tv1, ·u L'QIT.L ~ GrttJm l!i 
b 

11,Q~V,, i~ t Lr.Lrrnrr.n ... rr.rt,..rr. il'tLWrt,,.l§,~UHU,,.W~ i n,,,wu.UJ,.1'.,PsU~rn,.~u~tl!l l§,f..UL'QIT. 'tvt"Li l§,,.1'., 
• n; b 

PsU.UtLUQl'tlJi ~Qf1QIJ&U~tLUL ~rnJ rt Jr.L r.Jlr 'lt t ~l!itLIJWIT.l'ttJt':l'ttl'.,~Lt~,.Q 

·r-tJr. 8-G L'r.JMiQUk'l.iLl'tttl'.,L'ttk'1.ULHr.JLttL'QIT.lA.l§,1 UULUl'.,inr.Jf!l'.,Jr.tttLWll'.,i;Jlo PstQML'M 
"' f;" ,,. f' ,% r"" IA I I 1'i "'"' f' Ii" 

b 

L ;l~ n~mJr.tLUUt':l ~l L',..lA.~Wt,'bPs n .... unG~vt if1l l;.ir, iL ~~ llJii~wm~r, ... ~1mur,~rr.~ nr,rr. iif1l u ~vi,, 
b 

c-yi, iiL 11uu~rn--~~~ii ~Ul§,rttJ'ltPs i:+J:) rnrr.l§,~itLULl!f ugf1c-~, rn~ n~mG~i~ t L:I, f1l rnr-t!!i 

t~~/r-t,,.w s mLr-t~tf1 ::,pl!'.) l§,W! t r.Jl§,1 ~l~Lr.Jf ugf1L' ~ i~PsPsWLt, raLu~UtLtJL'GIT.mLrtff1 

~,,um· '11,l'.,'11,iliLUl'.,iJT.tHQ ULl'tL)T.l§,UmLratu(if1~ii l§,1 '11,LL'Jr.t~Psl'tl1tMlA.Ll!L'l1,l§,1 ~Uiil§i~l!\.L'Ps ,1£ 
I '5 n, IP ..... ..... t,~ t, t, I l"Jt\ ..... ..... ~ ,%1"11,\ ~ Y-

b b 

Lr.~ugf1 g ~nmLr, rerau1tL1l l!Ll!HQrt,,.u~ul§,rt1Jl§,~i~ 111Ll't&f1L',..u.~w·tu s ~nu1Lr,rer.u1tl!1rnrr. • 
b . • • • • , 

LIUJ'ltl1l§,~i~ t L~~Ps~l!iL~~ l Ll!fUgf1 r.Lu~uutJn tf1l 1;.rr. iL~~ ltJi1~wm~uu_rnrr.ut 1mG~ 

n t n,,,u~rr. iL!!Lf ~ t G~, c-re1 r,f z mLrt~tf1LUr, ,n~, r1ur,~rr.n~mr,1I.1if1l u~k'l. il-'yl, iiL 11ral§,1 

f!LU~fJUtJ'tt tf1l L~~ lt.'lii~W'ttL ~l;Q,fJl§,[)..~(k S,Ui1l§,f.llrt~m ~i L',..,1'.,~tl§,,,.l't~tl;L rl1f1l L'l'l'tt-:-Li~l'tL ~ 

l§,f.llf't~ib'~l'.,--Ui1r.Ul~fJU~tl!l l§,f.llQ~j f!L ,C'~l 'tt,,.U~IT. iLr.Lrmif':ltLU ~ t L~~Ps~LtM i :) .o9 mLrt~tf1 
' . 
nGtrtLWrtlA.l§,LQ~tJL nnturttL11l§iwrn1I. l§,Uumu:,1~uuur.l§,1rer.w, wLnrt11t~Jtru rr~ ,.. . "'r" ,% "' p "' :Is \=» 

/ 

1l It> ,kb!.f.lA, rt 
t:. 
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~ rs . 
ll'flJ6llU 1'UllJn11 

n) nTJ1i'rnm~"1Jmu;lJ1ru 1fmt8lJmrnl~~n~l11;'U 

,) 1 ~fl17lJlJ7ll~~u 11111L~'Uu1~m8uu~1J1'U 
v l, t., I 

fl) n71'<i!Ubn7~t'llJ7bt'llJfl bl~~fl17lJ"ll1"1J1~'U fl8n11 , 
J) J18lrn~u1~vi8"'~ 1'Um1u11Jfm~1 , 

) 

A At, 

'<\l jflmLrim~ll V1JjJ'Ut:-J1J7'UlJ'U fl8~J 

2.3 Crack-Free Solution 

<j' -!. c:I 
f11l"lf1J tfllll.HJJJLl'lM 

• 

J1m'1fu~~ 1i~1vifrn1'U'lfumitJJnlj ; b'Yll r.1 ll~~l~~11rmt8lJ ~ , 
flfJWll7Jlb;JbVIU81 (Ductile) fl17lJll;J~l~'<\l~U1~mru 600 Vicker 1~flllit'llJU~~l'U m1 , 
fltJWl'l'Um1n.,rin1eJ'U '1ri'~~t'l~ U8lJ H'lfuvnneJumntlfl~tJJ~tJ~1J I u~~t'l1m1nri1m1,"'~ , , , 
LJ1'1~ Jl18V1~.,Jm1'lfu eJntvi11iJ~1iri1m1'1fu'il~nnmufllJ1~eJ~h n~~.,u 65.5 ± 1°c 

, , 'IJ , 'IJ , 'II 

fi.,t)Jj~1J '1~1 ~~tJ'UJllfl fl~t) h~ b;tJUU~J '1111 i,j,t'l7j~~~1m Vl17~'<\l~l171 ~Ln~n71 llrln , 
1~a VIJ ~ ~ 1J1'U '1~ m1lJV1'Ulbb u 'U ,mn1~at'l '1 ~~1; u1~lJ1m 1-5 ll tJlJLl/ rn11J~1 

U8lJ1in.,'U s LLtJlJLl/rn11J~1 

~ ~ • f d ~, 9/1 . c! 'l 
3) !fl'HNlJfl U€1~fluffHUl1 6lf 'Uflll6lf'UeJl'l~ Afl'.llJ 

q q 

-!l o ""' 111_,1 u 
3.1 lfl'HHDllU~ &l"ll'flffi~ll'1\o'IH 

n71'1fU't171~ 1fl1lJrl.,tlJn71 l ~W1m~llt'lfljJ ~~ ll'J Jlflt tl'U hlw1u1~lJllli l~Ln'U , 
15 11~l'1Lb~;m~Lbt'l~1i U'J~lJllli 200-1500 LbtJlJLl bfl~mri1Lu~'1~;1m~LLt'lfljJ~ tll'<\ll11 

Lri''il1n DC Motor Generator Vl1tl AC Transformer Rectifier 1 u1JJ7'U1.Jl'Ub 1.7U8lJ 1i 

UUUVl~Jfltl viJmLU~J L~W7m~Llt'lfl1J ,i1nm1tfJLn'fi'VlU17 n71'1fU tl71~ 1fl1lJ itJJn71 . , 
~ ~ ~ I t,, A ~ ,=,4,:::i ~ ~ l, 

n1~LLt'l L~Vl7fl1JYlfltlU"1J7JL18Ufltln1~Llt'l'fi1JYllJ LUtJ1L61fU'fi Ripple Voltage m n71LLU~J 

'1~111nn-i~LLt'lt'l~.,u~~11~l'lt'lJ 220-sso Volt LUL~'U '1~m~LLt'l'fi1~~~11~l'lt'lJL~8J 15 
'IJ 'IJ 

Volt tll'<\ll17L~1~81i Step Down Transformer LL~~'Ylln71LbU~Jff'J~Lbt'lL'V'Jfi1Ji18 Silicon 
d,ej "1 I v11o1"1 

Rectifier 6.lJ'JlJ1J'<\l1n71LLU~J b~LL1JUrrn I m'fifl bUU 
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·~Li~ /4f\ ---S··· . 
o ,r ,zv- 8 ,r w l 

e, INGLE PHA'i:>E ~All=' W AVE QE.C T1fiER. 

A, 

·j.J 

~

II~ "'· I ·r '2 DC 
. AC 

2'f eu-6-
'olN6LE P-I-IA<ol= Flll.L WA\JE REC,l'FJEg 

'°7\ L ibwu!,•& ~ 
::::J I l wt 

"TJ4REE PHA'oE 9T4R. REC, iFIER. 

1111-1 

.,i, 

Ac 
f+ 

pc,. 
o.>t.. 

cix !=>~ASE eJ"AR REcrlFIER. 

·;nn Wave Form 61J~.JnTrntl rh'l LYH~ti1fii1~.J 4 'il~~u11 LLU1J~ 4 ~fl17l.J 

_,. \l "' ~ IIL_f~,q ,q ' 1 \ 'JI 
L ·n1u61Jmm~u~ b Yl m nm:i~ fl11JJt~rnu6ll't'Mfl'i~Utf mJJ e:>1111vrn~t1fll'i6lf1J it~l'Ufl11JJ 

~ . 
~ OI O 1"11J9'~ ,, d ~ ~IIJ_f -!! ~ ~ 

ffJJ1lffJJtl6Utl-!lfll'i~1Jlfll~ 111 l1 A~ &fl'i-!ltflH'Utl-!leJl'i~ &fl'iJJ'Yl AUlr1'ltl1J'U'UJJfl11JJ 

eel ' ,l .,. 1 "'"l ., <I 
a~rntJ~ ua~U'U'Ul1'Ul ".ll'.Jtl.Jt,m VI b~ fl11l.JLL"l!.J fl11l.JL.J1 

., ., 
uri~fl11iimu 'Yl1um·m ~ 



~ ca: 
7 4 fll'l'"lilJ 1fl'HlJt!lJU6l.l-i 

• 

ffJtl~ '<\lln~ '1bl 1v1tfmJ 1ri' b UV.tJd 7'1fi bfl~mm.lri'1 i, ~"1ltJJb j7fl1j~11riri~ brJt11~1V1f1n ... v1fl11ii 

~7'1rfnJ~"1l~1'Yl~'1t'ltJJ uri~fl'Jj~ lb mJ~~ brltl1~ 1V1f u1 ... v1m~lU'l~ rinfl1tllJ 1 u 1'1'-Jj "1lm~rh 

n7j"lf U n7jfl'JUfl ii m~lb~ 1 V:i, V1t-i'lJ1nutm 1 u 1'11iJnm~"lf 1J'17U '<\l~mur1'lJ1rn.11 imjufu , , , , 
t, -=::o I CV 

m1llmu mu'Ylu 1mritJtJU miinu1'1'<\lj 71j,J 
, lJ lJ 

AC INPUT =r VARIABLE RESISTOR 

/ 

/0 I\; 

/0 I\; 

/0 I\J 
---' 

SWITCH ANO 
FUSES .___ ___ -.J 

TRANSFORMER 
AND 

RECTIFIER 

PIATING TANK 

REVERSING 
SWITCH 

'-./ C , / I 7 
;J_ 

/ '
/ " 

+' ✓ "' 

' 

Utlff<il7nVllJmb~t'l'1 L ~bbi1 fltlU ~'J'1'-Jj'<\)~~mmn ... uri"1tu '<\)~ itJ'1~t'l1i'l"lf mtu , 
~ \I .,I ( ) ,d .., ~ \I I ., ., "1 

"lJ'J bn Reversing Switch °lf'1'<\l::rnnJ"1!1 b~ntlitb"1l7tl'1'1fU '<\lln Cathode bUU Anode '<\lrl , , 
( A A ( V J,j ,. ~ .... 0 k I ,d VI.... I .,f ~ 

U";i~t'l'1fl"1ltJJn7jlJ t'l'J'Yl°lf ri1u b'l"HH'lf'Yll Anodic "lfU'17itntJWlf1J "1f '1'<\l~ Lrlnm1ri'1 mmm , 
~tJLu 

oJ "6 ,..,. 
s.2 o,mn-,nnt11 

• 
rl~1Jjj'<\lJ1m~ 7Vlj ... 1Jn7j"lf 1Jtl71v1 lfljlJ 1v1rm"'1 LULUitri"'1t1 ... '1'Ylj '1~ b Vl;r.JlJt''lnUl!'ln 

, , ,i 

fl17lJffJ7'1 fl17'lJ m1 bLt-i~fl17:lJt'l '1'<\l~; un ... uri ... mim~'17U ~ '<\l~thmj6.lf U lflj '1tffl'1'ilmri"'1'<\lt'Yl 1 
lJ , 

ri1m Vl;nu 1n Cv1;Jv1vi"1m V1;mL~tmri~~fl11rnLi m j'1Y-Jtl~'\l~ l~tJ'JlJY-JtJJ L~m1mfu 

u j'1V)..,itl~m1nnJ1r.11~1Jjj'i)t)~ i1u 1 U"1Jel'1rl-:,'<>J~117n7jl.Ji1mb~U PVC ~~fl'JllJVlitl 
, lJ ' , 

,Jj~mm s iJri;LlJrJj LL~u PVC ~Luu1 ... t'lv1'n'Ylitmv1Y1u~1'1 bLfl~iir.iii 1in"'uii1n 1 uuliJ'\lU ... u , ' , 
1 u ti~ ri L ";iltll'\lLflr.J 1ri'~ u 11ri~"lf u LfljLt r.JlJ'\l~umr.i 1 uri-:ivi"1ml~uri~n"'1lLt1u~1ii~ ; '1t'l7lJ7jrJ , ' , 
'Yl'Unljn ... v1"1Jmmv1 lflj~n l~ Uflb~tl 1i1umu I b'lll b~~uri~n"'1nr.nn ... v1n1t1u lULrJtld7'1"1f7 I 
,=l af t • ~ t, t.., A cv ~ I tb 1,.,Qj I A 

r.i '1LUUU 1m"lfut11";iv1 Lfl";ilJv11r.JUfl1 ii Catalyst Ul'1rl1t'l7lJ7Wn<f1mt1uri~n1 Lvi LUUtltJ7'1v1 , 
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fl.,Ju\1. mL~um1tue111fl 1f11iiutf-:m111ir:i"J~rnrn11 ul1ti PV~ ~n'"Jl l1u 1 w11rm1"J mii , , 
t-JU.,J'Yl~J 4 l1w\l~~m1b;jUYltl PVC lJlJ '7 '11 ~tJt1mX1b~u~1·ifofltJillVlJl;jr;i1J181~f111ii , ~ 

.., "'Ill , %'a !;l, ~ %'"4 •~,.,%'a , ..i 'Ill'-',. • 
1tJ'Uf;lJJbn u LU 'YltJU 1w u Wu~rltliJl"\lln iJiJu l"n J"il~'Yll L viu lbti u 1un ti'Utlti Lfl biJtJ"llm~mm1 

~ ~ 

~fltlill vin;j utJm1n-nmh~ Ubbfi..,1"\l~~ virrnmi1f111iiitJul1t1 hh~h YJ 7fl1 t1~1flmu mu~ , ~ 

U11"\ltl~ 1 u Vl~tlrnbf11'YlU L'v'l ~rnb"ll1Utl~mu lflmUVl~J"lltlJCl-:, J181 LUf:l.,J"\l~f:lnl'll 1,;,1vi~1u , ~ , ~ ~ 

b1tiul1tim11 ibfi~mmuJ181 Vl1tlm"il 1;bfi~m IJiimm Centrifugal pump :j Jri1l1t1PVC 

flfl,r781"il7n~1u;n 1 ,;,'1, vitnu;uiJ1~~11Ju ~fltl"IJ 1 ~J1mr;inmuvi1mm1tiunb ~m~n11-i,, 
~ ~ 

tlill vi11iJ "1JmJ1811 un-:,b Yll '7 n.,uri~tlfl tJm viniJ"1JmJ181"il~ffll1m 'Yltl1liJfafltJ1~1Uf117iJ 
, '.I) , '.I) 

..,.., %' .,..,\Ill A' v%' •~'-' ~ v%' 
b"lliJ"lJU"lltlJU 781 "\l~1'flfl1tl bel fl1iJbfltl1 U7n"lltJJrlJU 181"\l~'Yl1 bVlf;llJ"1JUiJ7"\lln1~mJU 781 

~ 

• I k ~ !,l .. ~ ., Ill ·~ '-'Ill ,'I ' %' I ., 

Ll1~iJlill 10 U 1 'YlJUb 'V'H]lJ mnu biJ b Vl btlVl1 tl~~tltlJU 781'1-'-J ~tltlnmu tlnm b Y-l11~n7161f 1J , , 
' 1 A .,, Ill 1 A ~ ,,.,,. ~ .., I ~ 

ell1fl f)jiJ "\l~iJ'v'ltJJ"lltl<lnl"n bel fl1b "ilUbnmumn'Ylt-J1J1U "n J'v'lmm"nl Vlftl'U "\l~Y-llbtll~~tltl.J 
%' ~ .., Ii) t ij ..:I c::, t 91 t -ii -ii 91 _ I 

U 781"1JtJJn1fl1~b Vltl"ll UiJlfl1tl ltln1'1 l'l-H 1J'W'Y'flfflU1-lllU U 'i-:J\?16UHl\?11 U '1~lU6ltlJut>~ 
q 

v_ , .,. aA ., ~ " ..4 • ~ .., ~ ., %' " ., Ill ' ~ ., 
6\16-:J Wul)UW-:Jl'W bbiJm~wunmii "lltllJ"n J'Yll bVl!;ll J"1JUiJ1"\l1n1~fllJU ltll mJJ LiJtlTillJtlJffU 

"' ~ 

'~v(lf' ~pJ 
~ . -~f>1,J!}- IJ.'1(l.J!~~ ~{e?.i 

of/~• ·~ "'!)~ 

~e.l~~ ~-,✓~:u 

,;, t- ...... ~:..n..iu.,E11 
Glet~q,.-· 

~~ttt'e11 

/ 
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fl1'i'lflJ Lfl'HJJ tllJH 61.l~ 
• 

i.~ 100% fl~U~Un"1mrni',:i1\l:;L~U Yltl~ b V\~VlJLUU~'"J"lj't),'.j'lJtJUrl~ L 1)7:;j'lJt),'.)YltJ~ b V\tvi,1 ~ 
'II 

'1"1'JUITTU 1 u 'Yltl~ 1):;r)t) LUrJ.,Jbfl~t),'.jo/)fltllnlfl tl11\l'\l:;LUU IJJJ~lJV\tlrJ 1~J L ~tlflflbtllfll"lf~M 
1 'II 'II 

L V1~1u~u LUfl11JLLuu V11t1ri11~LuumnJ~t1 Lu 
u ~ ~ ~ I 

uwut1ummuuu '\l:;ii111'Yl'El'1L V1~m11,:it1v 
'II 

3 111 171ITTWJJ7J 2 111 '\l:;1iLL'lJ1ULLYlJfl:;n"'1"1JL~U'lJ~1u1nV11t1 anode ~1U171fi1Jn~1,:i . 

al 1., k ,. ., ,,. ll ., "" 1 
'\l:;LUU cathode 'lf LL 'lJ1U'lfUJ1U 'Ylflt1Jn71'lf1J 'lJU1fl'lJtJJ'J11'YlflJb V\~tlJU 1\l:;fltJJlJ"l!Ulfl fl 

1 

'1"1tl~'\l:;fuuu. "1Jt1JU~Ufl:;n"'1 anode LL~:;~'1"1'Yl. V\'Wlfl.,fllJ7n'V'1t1~1\l:;fum:;LLt'I L ~'lJU1flt'IJ I i.~ 
'II 

1rivi.~1t1ULL~wn:;n"'1 anode '\):;ri1ri"1vfl:;n"'1 LLtlu~1iiu ~~.,nMrn;bUUbb~ULLUU 1 LL'lJ1Utl~ 
'II 

uu11T111;Jt<1mri"1u 1riv~1Luut1d1J~ JrJtJJ lCi't<1iiJJ1f11n"u'Yl~Jt'lt1Jri"-,u 'Yl~J~b~tl 1 ~Lt'l.,ULL 'J'1 

'lJtlJftU llJ L ~W1t<1J1bt'llJt1n.,Ufl~tlfl'lJUl,:;Yilm1'lf 1J ~ 7U 1ULL~U Anode nLL 'lJ1U~;un.,u~u~ 
1 

~1"1Jtl'1J7U~'\l:;']f1J 1mm"'1 LU rnn:; L ;~Un~1"1JtlJLL~Ufl:;n"'1LY1ln.,U Vl1tllJ7nn17~U n~1 
1 

k ,. • 
'lfUJlU 'Yl'Ylln71'lf1J 

- 1 

- I c! ~ 191 rdl ' - I O ,q I "1 l;1 al ( .. 
3.3 tlUJl'Hl!ll 'lf!U'U'11'Uu'i~fltl1J6Utl-:iill'i~lL'Ul!fll'i'lf1J fill LUU LUUtlUmrn'Yl 

Cl I ' 'I ~ 

'lJU1Un71,1Jfl.,1rJ L ~Wl'Yl.,1 1 LUfl.,t)J~ 

~ 
3.3.1 1mo-i61J.,~nhfl11JJ'el'~m~ Polishing Machine 

11,, 0 QJ QJ O k ~ t,..,,::;IA ,=:f o'I CV 

'lf ft 1V\j1J'lJfl'Yl1fl11lJt'l:;mri'lf uJ7U LV\ lJ ~1ft:;mrnL~:;L 1 rJUL1JULJ1 n71"1J m:; 

'lJ"muwiurmu '\lln1Jtfo'lJ.,f\V\rJ71J'\lU i.u~J1J~"'m.;rnJ7 ihn~1'lf~T\,'\j.,1J'lJ.,f\'\l:;LUU'V'11n~J'lJ.,fl 

( 
A A w "1 ') ,,. ( " .., "1 ') 0, k l;1 ., 

emery mu1mmJuem b°ll'fl V\1tl Crocus bV\t'lnm:m L"lffl n71"1JflLJ1'lfUJ7UUb111\l:;'fitJJ 
'II 

ri1:;V1u"'mt<1lJtl'J1 ffiJ7Url n'lJ.,f\ft:;mrnL~:;LJ7lJ7m 'Yll l j tf11fl 1n1JJn'lf1J;UJJ1'\l:;b,'.17Lrn:;L 1 vu 
'II 1 

bbU1 LUmJJn°'u 
_, c! 0 ., 91 ., IJl . ., -!I ~ ., 

3. 3.2 ~U.f)'ifU"11l1'iUflTrn7~6Ulfl~ L6UlJ'W'tt'i'eJfl'i1lJ'W 7JJU 
~ ., ., ., 0, k 0, ., ., d A"1 0, ' 

'\lln"l!UU 1n n71"1Jflfl1tJ1J~ tl"llfl 'lf UJlU'\l:;ri n"l!f1LJ7f\1tJ~J'lJfl"n ,'.jlJ L'lJllU~t'llJ'ElV 
'II 'II 

f\~u\ L 'lJlJO,U V\1'EJflj11JJ1ii°'u '\l:;r1mn1'\l°'fl 1;V\lJfltJd lJt'llJU 1m ri"'1vm1m.Jri"1vm1 
., 

f\1tJ 
'II 

bfl~Vl~tlrll.Jri"1vi.~w1 n71~l~fl.,1tlt'l11bfl~'11tl 1 i.fabn ~.J"n.,mfonVl1tl 1-nmi.~ ~1um1 

ITT'1fl.,1£J i. ~w lbUU 1linn~ITTJ i.~ t<1:;mmLt'l:;nrn11 1rim1:;r1m~ri.,Jnu11'\lJ1m;1.J ~~°'n1;rn:; 
1 

LL~:;LL1JUrl~1J11'\lflITTrm°'rn1°',:i~1V11.,U'lf U ~ ti~ 171LL "111U anode LLt-i:; cathode Lb~ anode 1-if 
1 1 

' d ' k I GI 
bb~ULV\~nLLYlU t'11U'lfU.J7U1\l:;LL'lJ1UtlrJLUU cathode 

I ~ ~ 91 o 'Ilg/ !It _,. 

'11'WP.H'flJ6UV~u 1t11'VI t'lfl'l7fl17ll'1~m~~1v i-wvn fl t1 

n. 1-nL~rmLl!ri1t1nL"lf~ 1 ut1u~ 

-
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'1. 1 "lf 1.~ m/l1J"lf.,1."1 L ~~ 1 tlrJu~ 

'\l. 1.1.tJlJ 1lJ1.ut.1lJ 1e1frrnn L"lf~ ¾ 1uu 
%-' 

U. U lb'l~tllrl 1 1.1.nt''mtl'U 

~ v'1 • .I «£ <,( 4 '1 • .1 '1/, • I '1 ' .,. 'l" r/ 
l 'Jf rn '[]j::: llff ?]j v'J1 JJ llN l flflfJU l r0171Jj::: J.17 fJJ , mnu 6 l WY/ 

gJ g, A%-' 
3.3.3 fl~l!l 3 6U.,'W~tl'W 1. UUri~61J'Ulrl 1 ~~ 3 11J';rnirin"u lJU 7b'l~tl7711J11'\l , 

vci m11'1f '11unnm~mt"l1'\l61J1::u~mm1Y11m1lJ!:l~mrir1"1t.11~~11.1.1."1"1 iu'11U'\l~t1n~11."1'1 LU 
'lJ 'lJ 

~lJ1uti-:,~~~'1 1.~mmJ1tJ1rJrJn '\l1nu1::u;'1~1;u~lJl."1JLu1ut1-:,~ 2 1.w~ s ~rJn"u1u ti-:,~ s , , 
OA .,.,.i, Ill ., ""1._,i,,. 

'\l~'YllVHff~fltJlJU 1u1~u1 b~l."11."1Ufli."1rJrn 11."17 1. v-n:i ~u 7lJfl17lJt"l~mrnt"llJtJ 
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'il.Jmn:1J1n 
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!;: I Ag_, 0 ,t:::il 9.,, ~ O 

1. '1f U~1U 'Ylfi tl.Jnlj'lf 'LJ '\l~nnri lbt'ltJJL "IJ 7:!J7mL0lUn'Yllfl17:!J~~mri 
, 'lJ 

2. Y11m1"IJ.,rii1mfl~t1.J"IJ.,ri 1 iri nit1"Il.,ri m:1J~1ri.,u"IJ1::u 'illnV!mu 'tt!V11ri~Lvtiri 
• 'lJ 

i,., CV 6°' I ' 

ri1tim"IJrnumm--1 1 
3. u 1iu--11u ~ "IJ.,ri 1,tlm--1ri..,1titf1:1J.,u L ~mi 7'\l.,ri 

%' ., A 

fl171JU 7:!JU '\l71Utltln 

4. m--1ri..,1tir-1.J"lf.,nvfon V11t11 "lf ml 'l"l 

5. '\l .,rJnljr-J n:1J.,rii1tiri1~ LLi1u 7 'lt!LL "Il1UITTJi1ti i, Ylw 11 im.,JJ1m 
'lJ 

6. tint1t1mLri..,1~ :!Jt-i.J 1,tl~1.J 1 un.,--1J1~~mri 3 "IJi::urrnu , 
7. '\"17 Anodic Etching 

s. tint1t1rnLi1~:!Jt-i.J 1,tli1--11 un.,,1J1~~mri 3 "IJi::urimt , 
9. tinoim1u LULL mu 't11un.,.J'lfum1ri Lfl1:!J , 

10. rii::.Jm~LL~lYl ui1~.,u~~vnu 1,Yl 1~1Ylw1'tV1ri 1u1--1'\l1 ~1Luumj'lfuu1u , 
L 'Yl 7~ rlth'ln71 l 61f JlU 

11. tiniuJ1umm ~:!Jt'lJ'i.tl1un.,JJ1 3 "IJi::umm , 
,=Ju 2-'"lv G 

12. un~t-i1rJ'Yl0ln:!JrJtltlnLLt'l1LUUtlUL~1'\l 
'lJ 

m'l fl ml'fl 1 u nu D a1 vn 1 m'l fl n Vfl ;7 ti m fl 11 av um 'll um m JJ7:: fl JJ Pl-; an J 
V V 

c.'/ oJ ~ ~ ~ <\ o cf"J V 

WU llll llfl llelflW lf'l'H l'tlfJ'lOJ'll 1Jv?Uf17U7U JJ?fJ 7 fJ l fl 
9 

~ "'I . c! 
4.2 1h~ff'Yl'IH'llt1~tHfll$6lfUeJTHl lr1n1 

q 

Uj~;'YlIT J17V'J"Iltl.Jn7':i'lf Uei71rJ lflj:!J • 1 u ~~ L jl'\l~V'JrJ 1 ULL~ u1inrnn1~u~ i, Yl~ 
, 'lJ . 

1ii.tlhtm1LLtin lfljL~mJ' 1;;;1,.J'\l.,rnm~~oiU.JlU fltlU~'\l:;V'J~nJL~mu1:;;'YlITJ11YJ '\):;"IJtJUl 
'lJ 

.., Ill ~ ,: d I Ill'-' I 

nlJn71LLtinm1ri:;mtiri1ti L Ylvn "IJm~ 111Lriti "1f --1nm1 n11 

"iJ1mrnmri~11~Lwnri.,1t1t1n:iJ1'\l1n VLt-ifl 1r11lbi'rl 1ritim:;u~ i, Yl'W1iu LUU 
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., ~ 

muu M = elt ................... (1) 
A I <Ii 
:iJVIU1tJLUit 

., 
m:iJ 

e = t'l :iJ:iJ!."1JLvh~7Lfl~ 61l'Eh'.l lfl1L~tl:iJ 17L!."1W1 6 
,i 

._, I ,t 

= 0.0000898 m:iJ rrn r1mmu 
,i 

1 = m~LLfl~LV1 !."1 ~1uuLl."1fl 1~1L!."1Y1~V1u1muuLLt1:iJLLu1 

t = L1mLuu1u1~~1ihim1~1ummt'1lvtlu1u1.J'll1 

'll7nt'1:iJm1 ( 1) M n-r":iJ61!tJ.J 1r11Ltt1:iJ nmwne:ie:in:iJ1'\l1nu1mrum~LLflLYl; h~ 
,i 

~7UL61!1 i.u l'?1t1U1~;Ylim"v'l 100% Lb~'\l7nfl17:iJLUU'\l1.JUt11 Un716JJ'U lfl1btt1:iJiiu u1mru , 
n1~Lb~ i, Yl~1ii.uu~u i.~i.~u 71.Ubbtln lfl1bti mrne:im 1nu b!."1 fl 1~1 \l!."1i1 Yl~.JVl:iJ!flb!."1tll1 b~ t11 'Yl~.JJ 

I AA A f(.,~ ~~., A <iJ ,'I~ 

b 'l"J11~1~vi11.Jul)mm 'll~minm1Lwnu 1in1t1 bvl_Y-l761!U!fl1t1 '\lULniflbUU YlmLint1in"llu:iJ1 

; .,1,11L~ut1d1.J~ .J~b 1l'i ~wi'mvi1u1~;Yl; m'l"l 1 um16Jfu 1 u 1~urn1mn~6JJ'U61lt1.Jb 11 1inti , , 
~ ~ .. 

1h~i1'VITifl1'V'I == uu. 'U'fMlm'1~UlJ'l'lllUfl'tl'ilfllJ1'1H 'l x 100% 
.. ~ 11)., <4 

uu. 'U'il.:Jlfl'HlJUlJ'l'lfl1111Ufl L\1l\111lJ'l'lt]'1,Jt) 

0, ' -• q q 
~1aUHfll';i'Hlu1:::il111ifll'Yi4lta~1:::1nmn6lf1J 

' 
1

.,, ., I k k d A A 

b 17 6.lf rl1tltl 7.J6Jf U.J7U6JJ'U VIU.J:iJ '\Al. YlJ..J1 

ri1m11u1uJ1mm-fin Lfl1:iJ m~Lbt111.vl = , 
1unmri1m11u 120 Ul~ , 
i,~tJ1n1-f in 1r11:iJvim 

96.12884 m11.J81J':iJ. 

100 bbtl:iJbbU1 
A A 

7200 1U7Yl 

0.006985 "lfil. 
8 

u1mrinm 1fl1bt tJ:iJ~ lLt1n:iJ1 L~ 0.006985 X 96.12884 "lf:iJ • 
s 

o. 6714599 

7. 14 

".lf:iJ • 

b ~m,nnm1i1V1u 7Lb u u 61!'Eh'.I Lfl1bti tJ:iJ 

• • • U'U.lfl1bttl:iJ~6JJ'Ul~ 

M 

4. 7942236 

elt 

0.0000898 X 100 X 7200 
., 

64.656 n1:iJ 

4,7942236 X 
1 

OO 
64.656 

7.41497 % 
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fll'l'lf U trl'lllJcJlJ 1L 611'1 .:-.. 
• 

~-i'1Lt'l"1J~u1mLLtWh'l~LUULt'l"1J~1u1u"'ui1 1 ~L~"'u1nm1ri1m1r1~t'lm "'u:;L~U'J7 

n71'1f1Je17171 Lfljd\J~th:;;YlITJll'V'J"lltl,'.ln11'1f1J~7mn bbfl 7.4 % an 92.6 % t"JqJJ,;tJ\hJ1um 1 
, , 'jJ 

%'.,"1 t-1<11 !f 
LWnu 1Ti1tl b°v'l'V'JlLUULLnt"Jt'ltltl"llUm -'ti .,. .,. - 4" Ill 
l ll'Hlrll 1~'1Vl fifll'V-161Jtl-:.t1~U1Jflll6HUL VHltl~ &1 

• 
WltJU i.~11 L 11V11L ~tl~"'u:;u 1n11h:;;r1rr m'V'J~i.iJfi1u1rnnm 1 um1'1fu:i1u~u1 , 

~ ,'.JL11r1mm1 L~m"'u1mi~'1fue11f ~ Lfl1ll~t'l.,n'.jjrn:;"1Ju1~~1,'.l I n.,u ~till~il1:;;r1i m'V'Jl ~ , 
I V ~ l\ellf I u I %' o ~ ,,j I ., ., ~ 

LYllnu Y],'.J'U,"1JUtltlnUt"11U~t"Jd\!"1Jth'JU7tilbbt'l:;"'u1U1U'V'JUYl"1Jth'l cathode m,'.lnU ~,'.JUU 
'jJ 

;,'.)'V'J~J ltl 111 111:;; YlIT Jll'V'J"1Jth'lt7.,,'.)'1f 1JYl ntl.,,'.J ~7LUUrlth'JV\1tJtJnmL ~tl~ "'u:;U 11u1i1 um-r 
'jJ , , 

fi1u1rnn m 1um1'1fum~,'.)~tJ i.iJ , 
., , k .. ., , 

1 
,,. 

1 
., %' ,,.,,. .. .. % 

tlfi~1el~1-3 ,'.JlU'lf U VIU,'.lb 11Wlth'ln71'1fUe171~ fljbd\Jtid\l umu 1tl1Yll1Uj:;!,';Y]1) Jll'V'J 7.41497 o , 
k J;1A ~ ,,. .. s ., , 

1 
!f 

,'.llU'lfUUd\l'V'JUYl~1 120 ~d\l . riti,'.J n71'1f1Je171~ fl1d\JV\U1"1JU m 0.0127 ~ d\l. , 
L11"'u:;1iL11:'l71um1'1fUU1Ul'Ylll1 mn-r:;LLt<iLvl~1i = 56 bbtlil~ , 

U1 d\! 7Wlj"l)th'J Lfl1Lt ri JJ~Wl.,th'J n7 j"lf1J = 120 X 0.0127 ~ll. 
8 Ado 

11i~1U1nl. , 
• J1V\Ufl"1Jt),'.l Lfl1bttld\l 

., 
= 7.14X120X0.0127 n1d\l 

., 
= 10.88136 n1ll 

"'u7nt"JWl1 M = elt 
'jJ 

t = M = · 1 0 ,88 186 

el o.oooosos xs6 
A A 

= 2163.8 1 U7Yl 

101 A A % 
bbrl u1:;t"JY11l Jll'V'J"1Jth'Jj:;U1J = 7 .41497 o 

:. L1m~1i'lfuoij1,'.167 = 2168
'
8

x
100 = 29181 .simr1 = 8 '1fa!,1Lll,'.l 6 u1i121 1 m r1 

, 7 414 97 

111V.,. c!'l 
fll'l &'HJJ61J tl '1N1fll1~ &rlUf 

m1i.V1~'ilm~1e111~ Lfl1JJ fimh1nlJm1rn~~1e11f~ Lfl1ll~L11,rnnrni!u;LY11 

rnf1 V\1mn~m-rurinfn ll"'mnri;u 1 Un71'1f1J~rlth'ln71fl11d\JV\U7JJ7n I LL!.'1:; 1inmmu I , 
A ~ A CV "' I ~ ~~ I ~ P( A ~ A 

1Jjb'J ffiYlLn~d\ln"'u:;LUUt"J1U "1Jtl1J d\)d\) V\1tlUt'lltlY1d\lt"J1ULL V\t'id\ltlUtltJnm LV\rJ'Ylbn~"1JUtl1i 1Jl tl , , 
i.~11 LUU1JjjJJ'lflrl"1ltl,'.llh:;"'u i. Ylw1~'1ftlUd\!111lln.,utJ~ Wl1 ,'.1~1Ud\lll V\1tlUt'lltlbb V\t'ld\l"llth'l 

, 'jJ , 

ri"'1u1 hm11'1f1J"1Jth'lb11 OtltlU"llth'l Lfljb~tJJJ ~LLWlnWl.,1[)~1um-rb'i:;1;'lltl~bt'lfl LWl1lt'li'lflb"lrU 
, 'jJ 

., Pl A I k ., ~ A ~ .. A I "1 ... 
nu "'u:;1 ,'.JiJ7Ln7:;Wlj,'.)1J jb'Jllit"J1Ull V\t'lJJ"llth'l'lfU,'.Jl'U, ~,'.JU UU1 b 1 ru U U"'u,'.Jd\Jfl17JJV\UlblU U byj'V'Jl 

mnn11u1nru~u 1 1uiU,'.l7Ul~ ri--:m"'u m1~~m1JJV\U1llUU"llm1.yjw1mnn11~LtJ,'.l ; ,'.I t'll 
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- , 

"1 . I ., ~ ,. 'l I A "1 ... ~ 
blJ f!J 'UW\)J bd\lln~m'J bVl dJ61J U 
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vm tu a111fln ::11v1w rn1 r1 flUfln r111 r1nam1r1 un:: r1nnn um m ur1u 

'1 
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A d~a,%'., <11 ~ A 

n. c-mn,nmm open heart °.6Jb".lf'UllJUbU'\Wlf tlb'V'.Jt'l~ 
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611. bm hh~lbbUUUlfl 

fl . bm L ~WlbbUUb V!~~nu 1m1ii~~~ 
'II 

~- bm converter 
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%-' <J 
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-b~W raw material · bV!t'll'U~~rin61JU1'Un71n7~71~~b~tlU'Ufll~ ""1 b'U'U 7 t'lV!~ 

'II 

b"lri-t c Si Mn P Ut'l~ s 1~~bV!;ati~1uu1ii1ru~bV!m~~ii l~muvrn: P ttv s yf-.:i 
.,~9/oQJ91~91.J. 1.J. !91 

'1tM~1'W~'El-:Jfl1'il~,m'I-H'l'El'W'Eltl'Vl'1m'Vl1V1'l~'Vl1,~ 
• 

I o, ,ol 

m~ 1 nu mi 

1) ;uticin.,uu1ii1run-'-1~;~~m.,u 11~~ 1u 1uii1mfmm~ri~ l71 
'II -

2) ;uticin.,unrum~61Jmb vi;n~imm1~;~ b ~tim1 H ~1u~bviii1::~ii 
'II , 

3) ;utit1h.,U61JU171ii1viu.,n61Jm:u~1u~fi'mm1t-J;~ 11~61JU171 l Vl~b;m ~ri~ 1ri 
'II -

4) ; ua~n.,um1~;u~1u ~imm1vi~v11~1u11~~ ~ri1n-.6.,u-i'tiu viu 1rn~ti~ 1~ L 1 
'II 'II , 

5) 1.,~ri~u~1i1 um1t-J;~ nii'Yl~~11m~miiTrn~.,m,,1 i,~~1n~m71 , 
5) lb V!~~l ;m 'V'.J;~ bbt'l~'V'.Jt'l~~l'U L ~W1~--r~vi1 Lfl~~rnn bbt'l~17fll~L V!lll~~lJ 



q cl ◄ 
84 fl11N?1(JIL '\fflfll H\UJ1'11fll(Jl1 

7) ~ lU 'JULJ U "1Jth'ln71t'l'1'Yl'\.W~l'1 l1 '1'17U , 
s) fl11l.J"lf7U 7qJLLt'l::1J1~~V'ln71m ~~lJlfltlU Uflflt'l7n1Lbt'l::U..,n1'1f7n71 , 

q c:I ◄ GI ..... ... ... I ... 

fllUmAl'Hi'lfll'H'Ut.n,:nm~n Converter 'il::LUU n11l.J11i 'Yl 'il:: Lt'ltin ntn'J tl'1 
..... .. .,.,. 0 %'1 ... 1 n11l.J'J1i"1Jth'ln71m'W'\nfltl U lU 1 t'lV1::'il1mm Blast Vl1mm Cupola il7U11'\lt'l'1 UL'fll , 

Converter LLtf1Yi1m1~UmJVl1tltltJniL'ilU~1UJ1 foVl::LVlt'l'J 'il::LnmJ~n1muuniL~.; 1~~ 
utiniL 'ilU'il:: 'ttJniiri ... ,·m..,u;JL ~mJu~1J I L"lfU c Si Mn utf1Lm L V1lJLWnfl':'rnun'il1nJ11~VI:: 

n71~Ut'll.JL"1Jl 'ttJ1uJ1L Vl;mii i.~1~~it~t'liii '1~fl11lJ~..,U~1U'Yl7'1UlJVIU.; '1~'1'1.,1 'tl~ 1 u 'J..,~~ 'YlU 
'!I '!I , 

L w~1 iunuLm LL~ n11lJ1fi~UmJ'il7nn"uLm~~6JJm; ~tl~~'J 1 "1Jlli::'Ylln71VtJniL~ft r]j J 
, '!I 

A 4 2,., v A A o1 .J: ,:::;i1 1,., A -=t 

U1L 'Jill Lnft 67 Ul.JVIU Vl1'i:h~~lJ'il::Ln~LUU hot spot -:6 '1l.Jfl11l.Jj't)'U,~'1 urn Vl11lJ'il::~Jtl'1 
'!I '!I , ,, '!I 

17 40-2 100 ° C i '11.,~~l'YlU i. w~ 1~1 iYi 7UlJ VIU Vl1tl 1 iunuLm ii'-'m::; n'Vlj't) l~ 'tl~ 1'1 j'J~L 11 , ,, , 
71.,'1U~U;'1~crfi~fl.,Un11lJ1fi1 VI~ 1~~n71~U 'il7ntJ1mm Converter 1~~ 1i'Yl'tlftlJ (Lance) ,, 
V11u~u 'il1nmumJ"1JtJ.JLmvi1ii l.JV'l'tl~l.Jfl11~'il:: 1 ~~ 1"1Jmmmffm::'Ylu~ 1V1m"1JmJ11t-iVl::L ~ti , 

0 A A I GI i,, 

n71'Yl7U~mm L6JJ''l,lM11 Side Blown Converter LUUrlU 
--~ ~ A A I I I,., A QJ I !' r:i 

m1'YlLUft~u 11in71V'lUt'lJJt:-i7U'Yl1'1nmmm~wmmmffLL rnnri1t:-i 1uu 1L Vlt'ln JJ1 
l<ll I q ~'i' g/ ~ 

tu u m1vn.r"" m:: LL vi n N 1tn t" '11t~ 1 u u u u 

~ --Coo-
~'-":'\ 

~ ·;:::1 ····•:>j \ 
(a.) Chol"ging · .::;·; Burned cues 

Nose . • 

Unburned gases - ' 
1ning 

Slag Trun 

Met - ~-

(b) Blowing 

Tropenas 
Side Blow 
Convertu 

-,,,_ ~ 
, / 

f,:;::{; 

~

' 
. 

Windlloll 
• • ~ ... ~ ·.,.:- , Tuwwa 

T "mine ladle 

/ 

~ g/ ~-!! 
JJ'\J()~flfl 

0 'l g/tlq ~ 
'Vl 1 t 'H lJJltllflllLL 'YllfltHJJ"llfl..:J 

Atmospheric air oxidizes \ 
Fe-droplets to Fc2O 3 "- \ 

"'-. ~ Wastegas · 

In the g, 
bubbles, 
vapor 
condcn 
Hot $ 

(T = 1740 to 
2100 ° C) 

~~Pro~ 

,2P' )k \"" 

Slag } 1500 to 
1600 o C 

Metal · 

Blast 

(21 to 40%02) . 

• 
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"1 'I" L 'Ii cl "'4 91 -4 "4 c4 -II 11191 t d. <\"'4 <:! _,. ., 
LU l~ll'ilU UU1llinfllJUV£Jn..:i GJS'1l1.JUp.Jn~ fl!) t~u,mnflYIJJfltllfll'Yi~ lJfl11lJL 'Vl~1ifl1 

• 
I \I ( ) <J .. ,,, &, _,. "" ( ) ~ 4 A 

fl'EJnlj 1.'V\~ Fluidity t'l.J LVl~n'\1 L~lJfl'JllJLVl'IUn Ductility ii1n,iim-1Jj7:; FeN, "i]'JLMl 
~ . 

'illnLU LlfljL'ilU'il7mllmf1Lnin;uum.J 

11191"'491 .le:! c4 q cl <:! 111 . . 1 tt 
t~JJ~Lul[J'lJL 'VJ[JlJflT'rnn~ll1'1fll 'HU£11'il1fll~1 Open Heart LLn::'il1fll~1 lTI'Yil 

., 11191 ., ~ 
fl'Ul~l Side Blown Converter n~..:iu 

91 ◄ 
'110~ 

1) ~1m·n1vi1n11t-i;mV1;m VIU£J1 htl1t11ruL;num1't;; -1 ,'.IL Vltn::n"u h,1V1~m;n '1; "~ 
,11uV1~mV1;mV1ua1 t~mnu"n 

2) vit1,in11ri 1~",1 t ·rh~ 11 u11 u1um1t-i't1ati 1n 

3) n1tlDtJflfi7lJ1J~Ufit1Ulfinnvit1J "il~l~tl1~;~in1~lun11t-i;fi~J 
~ ~ 

4) t1tlmm~i,,,t~J1a ~:u~1u t~~,1a1n•luit1u n11~m.Junu,11uri1 t;;~,a , , 
6) ~1lJ ·11n~"il~ri m-1;nn;,t-i~lJ t~ Trian11L~lJm1 Ferro Alloys ~" 1 uLu1,iru~ri1 

A 

n71t-J~f1 
,, .,. 

,rnaau 
1) flt1'1n11J1 t~V1~"il1mm Blast V11t1 Cupola ~~ % S LL~~ P fit1u;1J~1 1u 

mm~i'~ri~u t vl~1irnm~~mmDumri 
' ' 

2) ~tl1ii1run11~qJL~;,1~,1lJ1n 
~ ~ 

LLfi,i'iiunYJ-rmL V1~1~mii11rin1'il"'in 'i.fi 1rnm111iimniL 'ilULLY1ummfl~Ut'lJ Lu 

1mf1LV!;n · uei:;m11-if-:i"'t'lin'YlUL~~~t'lmill~ 7JLL'YlU V!1'Eltll'il'il:;1in11ii1i Vacuum Treat 
~ 

ment Jllf.lV!t'l~nlWJUt'llJLLtf1nLfl 

.... .. IA! Al , l1 " , A 1 'il7n,imu1f.llJLi1f.llJLV!t'llU'il:;LV!U17 n71t:-JtH7 inmm Side Blown Converter 
~ A I ~ 1 I 2, A AA ... I o, 2, f{ ~ 

1,1,uinm1. Yl.J 'ULLJ fl'I..J.i1'Un71t:-lt'l'fl n11lJ11:i'i1Jlf.l 1 LLt'l:;mT'\lint'l1'7J'ElUmrn "ir.JLV!l.Jl:; 
~ ~ 

n..,uriminlJlUL 11-# J h.JV!~m;n I L1?1f.llJlfl~n1t'l~nT'J"t:-J;r!U'Elf.1 LLt'l:;~1u 1 V!~fl~Lm Cupola 
• ,,t A fs' G if ~ ._,,,, I,, I ._, 

~ Jt'llm1rit:-ieiriu 7L V!t'lnuuu 1.vi 1.inumLei1 
~ 

Al 0.,1 Oll] • <l q 

U7Jfl'Utll'illJfl'JllJt'IJt'W17 111 nn~n Side blown Converter 'il-lffllJ11ilNil\JI 
G "" ~~ ..,. 111" ., .,., A ~ ~ A A .., I \I !I 

tliiltllli1-UJ1l1lJ~Wli~lJ\1~ i~ flJ'il:; 1.inu1i'rnf.lm,iurim1."llmulJmminJV1'El 1.uu 

(;10'UU1fl L~m17L1lJLY1J11eiV1:; 'il1mm Cupola eiJ1u converter 'EllliWl~"ll'Eh'l , ~ 

1~vi:;LV1,n 1 u,irn:;u~u'\l:;u1:;ii1rn 1250° C LLei:;iJ1V1m,imJ1LV1;n'\l:;f.l..,J ,~~ Slag Unflt'llJ'El~ , ,, 
t~ f.l L~'ElL 11L1ii~ueii1t'lJ 1u mmiL 'ilU'\l:;rhu~n1mn"uJ1L 'Vl;n 'tfa~uL ~nft'luun L"ir~ (FeO) 

1l'Eln L"ir~~Lf)u\uuJ~:;L-riiri1u~nrmn"u;JL~'EJU'Uf1lJ 11uJ11~V1:: LLt'l:;L"rlJflU~urnrniJ.1J1 

"le 



86 

1 
... !,!I 

t'lVl~r!.JU 

""' d -.4 
n T'H·m ~11 lm m tttrn1'11m \JI, 

1) 2 FeO + Si ➔ 2 Fe + SiO + 78,990,000 LLflm:J1 
2 

2) FeO + Mn ➔ Fe + MnO ..:. 32,290,000 LLflt'lU1 

tlnn1mri"'1tum11 1) LLf.'l~ 2) LUutlnn1m Exothermic Reaction fiUU~n1m 

~L~un:wri"'1m-JLt1~mf11~m1:wiuuLnri;u ri"'-Ju1::um1,1,vi11~"llmJ11f.'lVl~L1:JJt'I-J;w;nn 1250° c 
~ , ~ ~ 
~ A A O 

"llU:IJ l 'ilUrl-JUillV\11:IJ .1450 C , ~ t... ,,\ !'1 A A ~ d 0 ,_, , !' 1 <J 
'lJ'U't'HHN L:IJUU7 t'l Vl~:IJUnl.V!11:1Jt'I-J"ll'U,rl'1 1450 C LLf.'l1 Carbon b'U.Ul f.'lVl~n 

L 1:wY11m·nm 1vi~ 
, ~ ~ 

3) C + 0
2 
➔ CO

2 
+ 97,650,000 lbfl f.'lU1 

4) C + ¼ 0
2 
➔ CO + 29,970,000 LL fl f.'lU1 

5) co + ¼ o ➔ co· + 67,630,000 LLt1 t-iu1 
l! 2 

6) FeO + C ➔ Fe + CO - 34,460,000 LLflt'lU1 
A A AA A ~ t' d I 

'illnn71l'J'il11nl. l fiUUL1:IJ61lU-Jtlnmm 'il~Lnri FeO "1l umn:JJltJUnflt'l:IJU l b Vlt'mm.J ::-1 , ~ 

LLi1;-JL1:IJU~n1m Exothermic "lltl-J Si LLf.'l:; Mn rll lU61lnl.:;U\n"'t'lriYlU LvJ~lirnm 
I • 1 Cj , 

Converter ~Unl.V\ll,j'f°i7n-J1 1250° C fl17:JJ1m-tril~'illntlfin1m~1uviii-J 'il:;rin~-Jblltl , ~ ~ 

'ttl1~ri ... 1Lmi-Juri"1E.Ji"t<1ri'Ylu 1 vJi -J~fllfl17:JJ'ilfl11:wiour1owV1-Jt'I-J 'ilu~u m vi11iiri.,1Lmt'I-J;u , , , ~ , ~ ~ 

,., .., "1.1 All ... ""!' I ... 0 ' ., 

mLuu Lum:wmmu 'il~tl11nlJmUt'IU 1mf.'lYJU oon 'illn tl1mm mtJ Vlt'l-J 'illn 'I'll m1YJu f.'l:JJ LLf.'l1 , 

15-20 'Ul'n Ldo~mJnn1mLLi1 Unl.Vlllii"llmJ1rn;m:;t'lri t-i-J ~-J:JJ ... m:;r111{;;LnV1U!.lJV\7 ~ , ~ ~ 

,,\ <J ,!I A !' 1 "1 I A oj 0 ~ I.,~ "" I A "1 '-' 
L 1tl-JLL "ll-JfllLfll Vl1flflnl. Vlll:IJL 'Yl"lltl-JU 1 t'lVI:; L:!Jt'I -J'V'lfl LMIUqJV\lYll bV16Jl'U-J 7UYlVlt'lflLt'I tJVlltl LV1 , ~ ~ 

fl.,-Ju~u 1 Un71V\;m~tJ-JUqJV\1L V\~7~ ri"'1Lm Converter 'il:;ri"mrimrn l vJri""1tJn1u 1fi'mu~ 

umV111iiu1:;inm 135~
0 

c ~ 1400° c nou~'il:;1uJ1Lvi;nt'l-JLu ~ , , ~ 

,nntlnn1m'Ylt:-J 6 t'l:JJm·m.,-JLLt'lri-Jl1flOUfl..,U n1tl~n1tJ7LV\~l~;Ut'lflLL;1 L11 , 
tl.,-J'il~~mWJUf.'l:IJl'l-J1tJ~u tJ~n1m'il:;Lnfl~i"'-J~ 

7) 2 P + 8 (FeO) (Fe0)
8

• P
2
0

5 
+ 5 Fe - 78450 LLflflt'lU1 

) 
.., ~ 

s 0
2 

+ 2 Fe ➔ 2 FeO nt'l1muu slag t'lOtJ61lU:JJ7 

'tUJlt.lfl'JllJ,jl mtlnn1mmn-J"1lt:U~ 8 LLf.'l,.,1 rlltJ~Ylln71YJUfl0 lU ~fl~l~'il:: 

LUU Slag U~l-JL~rn i-J:1Jtl-JL~U6Jl'.,V117 % s 1uJ1LVl;n1~~m-J~'il:;rinn1'il.,V1l;,LmlV\~
1hJ't~ 

- ~ 

Lf.'ltl n71~'il~fl11.Jfi:JJU1:1Jlnl. s hi.J1LV\;ntfu 'il~f1mri1ii1nou~'il:;1Uf.'l-J~ Converter LLt'IV1-J< , ~ 

17L1~'il~f1U-JL;on!1rn;n'il1mm Cupola ~~ % s ~UWJJ7-J~7 vi1u 't~nt1u-Jn1~"vi s 1vitJnT, 

.. 



• 

,, 

q 

u 'Yin ff <'I 87 

,!i 1 ., %' <I .., ,=j,,j %' " 
mUJ Na

2
CO

8
, FeMg Vl 'Hl CaC

2 
UL1J7U7LVlt'ln'YlU'Yl'YH'ill~U1LVlt'lffEltlmllmfl7 Cupola 

V • J"' «. r ~ r «. ., V v I: ~ r1n JJ rnu'V aw [J nun it, u l'l'lfJJ fl:: m Plfl?fl mu r11, "JJ'V m Si mu u tU 11?-J 
l:: _,{ lf r;:/ <I J «. ., • / !II «. ., • /~ V .iJ _,{ r1unu1mt1nJJ % Si mtnuw tnfl::WflvlWJJ Ferro Silicon mw ,utmroe1 manfl:: 

., V V • J"' «. <I <I , Pl fl n JJ'I au fl m IJ on 'Imm ll mm w a 

Kryanin 6Jf7'n"'mi~ 't~V11m1~;r!LVl;nni1'il1n Side Blown Conver ter 1fm 
A A .., I "1 f!!I 
~11~t'l~Ltl~~'fh'.lfltl bUU 

HIGH SILICON PROCESS 
, %' <t Al AVl"l !,j 

UlLW,'lmnmrn Cupola ~t'11U~t'l~Lfmmriu bUU 

~{ c % Si %Mn 

3.25-3.60 1.17-1.18 0.55-0.85 

A %' <J o 

tllliVl1lW1Jtl'1U 7LV\t'ln'illnLfl7 Cupola 1260 C 
, 'lJ 

um Vl1l~"IJmri"1LmL~ flt'I~ t ~LLi1 1350° C , 'lJ , 

• I" "' A '-1 1 %' " / %' " u1~7nt FeSi 'YlLfl~t'lJ bU uu 7L Vlt'ln 35 Kg ton ¼ 7L Vlt'ln 

L1t'l1~1ivhuBnim 20 Ulr1 
\1 a, I A %' 1 ._, !,j 
b~t'l1U~t'l~'Yl1JLfl~6Iltl'1U 1 t'lVI~ mu 

%c % Si 

0.04-0.10 0.01-0.20 

%Mn 

0.04-0.06 

A %'1 1 o umwm"IJmu1 t'lVI~ mm 1120-1150 c , 'lJ 

A o 

"EllliVl1l~6Illli~L'Yl 1550-1585 C 
, • 'lJ 

, 

%S %P 

0.036-0.056 0.060-0.03 

, 

%s % p> 

0.034-0.044 0,052-0.07 

Al 
fl17~~.,U6Iltl-:lt'l~~1i1um1~uii1Lv,;n 1mm Side Blown Converter "\l~~m 

1.h ~mm 0.2- 0.4 u11mmr1 

~m~ 1 ½ ri"u 'il~ 't~u"'m.iffJ 1 

fl17rn 116Ilmm~LLt'lt'l~~~UL "ITT LU'11wtrnrn Converter 

' I A 75 t'l nrnr1m~ri1 u l'Yl 
'lJ 

~m~ 2½ ri"u 'il~'t~uu~n-J1 100 t'lnu1flnb~tn/m~ 
r 

'lJ 

9' • I'°" ~, "i ' Ii: c:l °' II) I t t tl11lJ~6~fl1'l6llfl~1J'HJ1W~lJ'VI 'lf Ufl1'lViUU1Ll'rnfl 1 ~u LlJtl1'l~1m1 800 
cf ,,, ' 'i i"(I'// q i" oJ 'llm.nffn LlJ~'j fl 1 Ufll'lViU L~tl 'lffl 1CJf66flCJ:IL '1UU YIU61fl1f1 L 11'1:: 'lftl11lJ~U-1.16~~lJ 

~ 
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88 m·n•m(J)L lrnm 'tti.tv111m~1 

.I .I d I ~ 
u,::JJlt)J 145 U!l'U~(J)!l(J)1'l1'3U1 

uiiV1u~1ivlut"l2JL61J1Lu1uLm 'il::irn~,u1ri~u~V1Ulfl.,flri'iivJ'u1rn"'uu1mmJ1 ' ,, 
L 'Vlftn~b 111Jjj'i) L m 'tu 1riti'Yl,!,1 LU J1b 'Vl~n 1 ri"'wil::fl'ii.J 1 iuiiviu ~ .J~VIUlfl.,flj'JlJn"u l~Um.J , ,, . 

n'Jl 30-40 m11.JL "ll'ufiLiiri1 uiiviu ~Hvlut"l2Jtll'il'il::~L~t1.Ju"m~t11vi1uvit11ffeJ.,u 11.Jrivt 1 
; q I l_;.o 91 I q q I 

'1::im•m~m, ii.tll-3VIVl1i'tt'UU1Ufl1'l'Vi'U l'ltJU ~fl11 
u I '191 ol 

nu LLflnl'l t'lft!JJ'ttumnvu .. 
LL n::ff::Lfl ~U'l::flltJ, wJ'vun11 -:4 ~ QI o i 91. I QI -4 91 QI ILi -:4 'I 91 

'elfi'Vl-3tl-3Vl1 'ttH1H'INL(J)lGJl-3U~1tl1ff~VIU mlJV1Vfl1'l t'lf 
• • • 

'31UU1U~t! tlltl m11i .J7ULQ~tJ61J'El.J1.,t1lflllLm'il::u1::2J~lli 100 r11~.J61J'El.Jn71~U ci1uii1m:: , , , 
A A u I 

rlnV11tlflj .JlJjL 1lliLL U 11::fl 1J1Ymt'llJ ,, 
..J I A A %' 1 '1 "' ~ 1 U "1.,1 

n71'YlL17'il::'Yl11U17Ul)n1 tl761Jtl.JU7 t'lVI:: bUCl.J61JUfltlU fl L17'il::rl.JLnfl~7murn LY'i 

.<t I I ,!I ,,l .J ,!I Ai I a\ uAI 

"ll'.JYmmm'il1nu1mm nt'l11fltl blJtlVIU.JV\jtlt1ltl.JU1'YlLL1n61Jtl.Jn7jy.JU'iJ::U11nl)b1JUfl1Ut1l 
I' I I a\ .,.,. • ., "I ., gJ .I I~ 

u 1mt'lw1tiw ,rnumJ1 1rnmnt'l1muumurimt1it'l 1JLUt'l1 LvlLLt'l1'il::nmmuuL ut'l1t1l17.J61JU , . 

~.Jmniim1,m LUt'l1 hl 'il::;u u~ n"u fl11ii1uLL1.J 61Jmu~ n1mm1r1"umu ,m m-fuuu 1uJ1 
'II , 

1t'lvi:: ti 1vi1"'rnm61JU1fl 1 o fl.,u rium 1iiff mut'l1 L vl~~.JuumJ1'il::lu 'ilU 1 u ~rimn~~" 
. , , , 

uunii1 Lnt'ln.J 3-4 LlJflj fl11lJ 1-ir~"lf1.J61Jtl.JLUt'l1 L vl'il::U.Jlrnnii.Jum V1Jl~J11tl 1 ui1t1 LUt'l1 
, ,i 

uAt' ,ft Gov \IIJ.; OCLIO AA~~ I ~ 

fl1Ur/U 1mmi::LLrlm11u lL Vlt'lnnlt'l.Jtlmm LVllJ LLt'l:: Si n7t'l.J'Yl1Ul)n1tl161JU 'Yl 1 "lf1.JL1ftlfltl'U.U 
'II 

•' A ,!I I !l I A d .,, • I 

'il::u1::2J1m 5-s U1'YlV11t12J1nm1u fltlm 'il::Lnrit1i::Lnriu1::mt1 LvlLLrinm::,ntiw.Jtrnmnn 
. , . 

UlnLfll LLt'lf}.j'Jlfl711.JtlU l uJ11t'lVl::f17t'l.,.Jtlnt1l"umlJLLt1 tllli V\Jl~'il:: L~~7n17 1450° C 
,, , 'II 

• I '1 •. 1 _,. 1 0 ., ., GI "I ~ .d 
Lufl1 Ln'il::lJflt'l.J Lbt1lfl.J11 co nlfl.Jt'IUmu nt'l1muu co~ LUt'l1 Lvl'il::V\'i)rl'Ut'l.J "11'.J 

\ ~ I , I 10, A ,ai ,!I d "1 .,., . I' 1 ,!I 

LLrlm11 61Jm::u Un71WUt'llJ'il::ntl VI Lnflt:-imrl tJ fl m Vlfln'il::rlmm L VllJ bU U 1 t'lVl::'il::Lfl tlfl ,, 
W~lUflt1tin"uuEn 1 m 1 mm Open heart 1.!7.Jflj~.Jtll'ilL~ tlfl'\AJ~ 7U 'il'U. 61Jtl.JL 'Vlt'l1'Yl::t'l"nut1n'il1n 
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1i'r111 Deoxidized LfilJt'lJLu1m1J1tf.lLVl;n . liu LL~Utlt"l~LUtllJ~UL;n I 1.!7-_, 11uiJ1mm 
,, '\ 

~ 

• 

.. 

,, 



~ 

• 

... 
Ul'lllff ~ 89 

~ O IV A • t' '¥ O· A A Q..I .i::11 
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~ 
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fl71~Ul:llJLbtf1 l.'l .J tiJ1 Ubl.J1 
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Tll'Hl'U~'lfl 
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VIU.,m1J1~t'l.,m~m~1,1,f}n~1,:in"irnt1n LU n~ 71~tl VI~,'.) ri11~1,lJl 171t1m1ri11~1,n71~mmmr1 

1u1.~mrnun1fl (aerated concrete) ri m ri11V1flt1Un1rnn71im1 1,:i l71tlL~1-iri11t'l11lJ 

A ( ) 11, ""A %' ., ( 
t'l~l.mm no-fines concrete t'l'llJ 61flJ1t'l11lJVlrlllJYllJU 7VIUmlJ7 light weight aggregate 

) 

A %' ., I jel 1 \l A t,v v ,.\.., I J;I 
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, i ., 1 .I I A A ( 1 ., A A %' 
trn ~fl':i,'.Jt'l17'1 ~m-w, '\All~u':i~t'YlflnmJfltJiJil1Ut'lritl 1tJr1~1ut1tJn fl17il"'il1 ,:i flt1Umlflu 1 , , 
V1U.,m1J1 'l~1i"nm 1 Vl~l.t'ltl 61f1111ii"ue1ii"'m1t1ufl1t'lflfl.,m161f1.flt1t171flUl.1.t'l~u 11,m1"e1mf1V1u"n , 

A 
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m11,m pumice VIU1'1AJ1'1-l. 
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(cast-in place) ~urrnt1nmJ1JV1mt1flU L~flUfl17~71,7"'il 1um1ri11V1J1VIU.,n"llm lflj,'.)fi17,'.Jt'l71 
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fij 7'1flUUn1flU 7VIU m1JllJ1,'.JflUi!U lVIUnu omn t)Ul,lJUt'lt]._'JI, 'Yll"llm flj '1t'l17,'.JfltJUn1fl1i11lJm 

1~t1~ ~fl11iiLL i "u 1 ,:i1, ~1n"u 1'1tiunfi flt1un-1r1J1V1u.,nLu1"'il~~fl11i1V1mL1. ,1 ut1~ 1 u~1" 
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Utlff"il7n~ fl17'lJV\U 7LL U U~7"1Jmflt1Un1'fnr1VIU.,flLlHi"'J~~ 1Wlf 1FJ L ~n71fltlt'l17J 
A "-' <Y lf I , a.., I , I I A 

'lJtl'fl17L11~m LL~~~if)fll b"1f'il7FJ bUn71"1JUt'lJCl7m'YlfltlUn1'1l 
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fl ru t'1 n-M ru~w L ff Mu nuu VIUJ'Yl , 
A 1.,,ci., 16 &:!i Olvo 1,,Ai 

LnFJ1"1lfl.Jnl.lfl17'lJVIU7LLU um flt) n71LUUmU 7f117UdtlU'Ylbt'l1 
..loJA ,AO.., 
"lfJLUU~Jif1mV11U 

1h~L 'Ylrtmmff1uu v-m I n..,rn.h~L 'YlflmmffVIU 11 

' q ~ '/,' GI 

6lf'U ~ 'llD~ mri.ir11 \?l'U l 'H'U mu 1 
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fltlUn1rnr1V1u"mrn'Yl~JVl'lJfl~f111'lJWU 7Lb u 'U,~71.r!L w11~m1n..,m~mmff '1.11 Wlfm 

17JJ17FJ 1u lf11Jt'l17J"llnJL~tlfltJUn1'1l - mmrtritl~ 1 UfltlUn1'1l~t'l7'lJ7jmi1 L~Lnfl~U '1.~ 3 
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1) 1inF.Jm1ri1 L~Lnfl ~nJLLnt'l LUiL'lJU~LWttYl~ JLttl'lJ..,'ULLiJ'fl..,1LLi1'il~'Yl7 L~it'l~ 
A"I t.,, A V o'I 2., %-' A A ~ ,::,I Q.I I " " ~ 

'Yl bfl'lJt'ln"Mru~LUU1W1Uflt'17FJ~nJU 7. fmummfUflUL1F.Jnnu11 Aerated concrete ....._ Vl1tl 'I! , 

"Tl fl 1..1 fl~ \JI vfo ..:J 'e'l1 fl1 ~ " 

) 
'f !,. a ., ' "" ~., 

2 b'fWn71t'l~'YlJ'lJ1t'l11'lJ"llU 1rnt'l n'il7nn71fl flbbUJ "l!U 7if1"1Jfl.JlJ1t'l 11lJlbt'l~b Vlt'ltl b1 
I Avi_ 1,., GI A Ai A V I " ,, 

LLfl'lJ1t'111'lJVIFJ71.J t:-m'Yl bfl'il~LUUflt1Umm1nF.Jnnu11 No-fines concrete "" " V\1tl fltlU 

Tl1'1l l1'lJ1t'l11'lJt'l~Ltlf.Jfl" -

) 
"f , a.., ,,j,,i u GJ "" A I I ,, J!i OJ 

3 bflfJn71 b'Jf'lJ1t'l11'lJ'Yl'lJ t'ln'Mlli~LUU 1W1U V\1tl'lJ"1ftJJ17Jtlf.J b'U L umt'l!f1lJlt,Jt'l'lJ 
'I! , 'II , 

.., A < 
n u •'.JH ii urn b 'Yl u :in t'l n ii 1n 1 ii m 

A A\11 t., A O,J I ,, 

fltJUm'fl'Yl bm"Hmnu--:11 Light weight aggregate 
" ~ " A %-' CV " concrete V\1tl fltlUn1fl'lJ1t'l11'lJU 7V\UnL1J7 

A %-' v ~ A OJ "' A I GJ 
fltlUn1'1lU lVIUn L1J7'YlJt'l7'lJ 'JfU!f1tll'il 'il~bLt'lm t'ln'Mlli~"lltlJLU tl fltlUn1'1l tlf.J1JLUU 

• 1 11 .... ., ll "' %-' ... .., ... ~ 11 ..,1 ., 
1umw bif1f!JjU 1 Utln'il7nU fltlUn1'1lU7V\UnL1J7FJJt'll'lJ71bli:--Jt'l'fl"llU bfl 'fWn71i:--Jt'l'lJnU 
'I! 'I! 

1~V111,:i"1fuin~u 1 3 'lfuin~n~11ii1 'fl.,1u~1,:immn1'fl l1'lJ1t'l11'lJt'l~LUF.JflVl1tlflt1Un1'fl~m 
.., %-' .., 01 ., 

flln7ffi:--Jt'l'lJnU'lJ1t'l11'lJU 7VIUnL1J7 Ll.JU'flU 

~ 
flD'Ufl'i\?ll~tMDlfllfl (Aerated concrete) 

fltJUn1'1l'lf'Ufl~i:--J;'fll~1flFJ nwYhL~Lnfl ~mmmff V\1tJLLnt'l 1uiL'lJUJ LWt'l'YlLU 

t'l.,n"Mru~0 L~tl'lJ..,ULL iJ'fl..,1LLi1L~tlfltJUn1'1l'il~~61f nJmn7ff Ln!f1;Utl~ 7Jt'lJ_7Lt'l'lJtl fl17'lJ'il1 J LU 
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A I ..41 << ( ) 
Ilntlf.J7JVIUJ'"J7'lJtl1rl71~tlJtlln7f1 Aerated mortar 
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raa,.n~l~lA;U'l'l,Q,~l,'Q,f!.~~L ~I.'~ !!LlT.l't.t.t!IWLULQ!t 1.'Q.,...L0;:lk.lk.LQl'tr.tLu nan ;n, ,, ~ n i Q,~tti: -
i; 

.tLUf1 ... .tls'l,L~ l.'l;_.ttJI.' _tijl l.'LlA '11.LI.' ! t .tLUf1,.f.v1.L ~~l r1nf.rtQ,lal1.tLl'tLtJI.' ~lg[!. mair. n t ran ... rtl.'Q.IT.l.',.ls'l,,, 

Q,~it,,_IA~ls'l,.tLU ;:~111.' ... ~L~ ~;:mir.~i ls I.' &umu,..nvi, LjiklLUWl.'Qt,i l!;UnQ.Ul!~t1l1.tLl'tLtJ~n::tnL~ i 
i; I i; 

(8U!AB(OOlOB) 1.'tJn,.UirtLWLJtQl rar.. ... ~rtruu l.9 l.'ho'ln ... UirtLt,~~t laLlJL,%na1 rat.,,,Uirtr~uf11aUil &fr iL~ 

Q~\(1. nr.,~n: ~ n t Q~l(1.;:~111k.; 1L ~Q,~ls'l, Q, ~ f1f1111.'Q,IJl,'~l).~l L~klLULQl.'Q,t,iij;U'l'l,Q,~ 
. 86 Lo U.t.tLUt 'I::,, 



q 1// ., q 

94 flDUfl'l'~U1llUf1L1J1Ll"~fl17~HWI 

1-irn"u'Ylo!,11 LU b'lfU m1ffV\1tl~U V\1t1'1fumt'1V1u"'mrn b'lfU mm;m'\AJ;-:Jbe-Jl (sintered 

pulverised-fuel ash) ;1rlV\~'\l1mmV1rltl'JJ (foamed blastfurnace slag) V\1tlrlUbV\'Urrnm 

(expanded clay) 
%' <V A A !,i,=< I 3 ,'l 2 I %' <V A 

u 1V1umimfrnumri'lfuriuiim,Jj~mm 4 V\jtJ 3 b'Yl761Jmu 1V1umwumri 

1)11ilm~ri 1711tl'JJ1t'l11il'lfUrlb~ t11n"'u ri 7rl.,'161Jtl-:JlJ.,'U;'UtJci n"umt'lnii~1-ir bbt'l~bbU1~-ru trirJ ,, 
ri1 '1n"'ui1u 1u~bil'U~~1-if (

,_ ft ~ o u Pi ~ ) 

"nbil'Url'JJ7rnl'U n7rl'1'\l~b'\AJ'JJ61J'U ~1'U~t'lii~1-irnu~u 1 : s 

1rit1u1mfl1bbt'l~t1.,fl11~1u61JmJ1~t1~biiuJw11n"'u o.45 ri 1t'l.,-:it1 ... rimt1 28 1 ... u 61Jmnt1un1o/l , 
'1furi{tt1~1u111 1 50-80 nn./".i1ii 

2 

(5-8 MN/m
2

) b~m'\l1nn1t'l..,-:ifuJ1V1u"'n~1 U1~ 1t1'lfif 

61JmJtu~1u 1 Vl~ft1V1fuvi1ri1bb'\AJ-:JV11u~u..,'1~L~fit1-:ifuJ1V1u"'n b'lf'U ~u"'-:in~uim 'Yl7f17bb '\AJ-:J 

~ o ,,, ._,1 ~ o I ,al u 

11 'Yl7 bt'I 'U'\AJ'U bbt'l~'Yl7bb~'Ufltl'Un1'flUV\t'l-:Jf17 ,, 
m11-if frn'U n1ri'lfuri~ 'Yl7~U-:JV\1tl ri7bb'\AJ-:J rrmuun~7 b'.Li'Ufltl-:J'iAi71J ~1V\'Ulb'\AJ17~ 

b~m'\AJ1U61Jt1-:i ii"'urh 1~J1-iii ~1u i,~J1t1 u~i,~~ 1JqjV111u uJm1ririJ1 ud1-:ibbf1~t'lt'l71 ,, , ,, 
I::: <V~ GI~ I Ao v ~ t J.., I v 

b '\AJ17~tl.~'U u lJU'\l-:Jb1JU'\AJ'Ut1tll'1rlt'l lV11um1,;i, 1uuu'Y111ffv11uuu '\i'Jmmo/lm "1Jmbrinm-:inu 
,i ,, 

frnun1o/lJ1V1u ... mrn'1fu115u I flt! nt1un1ri L1lJ1rl11lJt'l~but1ri~~m1V1rifl ... 1b~mb~um1 

ii1m~ mu1t11Jb 'Yl riun ... 1Jf1tl'Unr rlli11ilm~'Yl 7'JJ7'\l7mJ1t'l11iiW.J71Jf)d 7-:Jb~ t11n"'u n71b'.Li'U~ ti 
0 J.., V p( 0 J.., A A !:aA I V V A A I V O V 

u 1m1ii1uu 61Jm~u-:i'Ylmri1riflt1umri'lfuriuiim'\AJt1 1 nu61Jm ~u-:it1j'YlV1U1b mnu mV11u 
l; I ,'I I %' ~ l; ,al , A ._,,,,._,,_ 

fl17lJf17U mummTd°lflJC-Jl'U.61J'El.JU l~U U U miinTd'iA> 7lJ1..lU~1VIU 7 b1'¥1 ,, fl11"\l:;b 'U1tllJL 'Ylf'.JU 

't~n ... 1Jfl17lJfl7'U'Yl7U"l1m~u..,-:i~1nt'l1-:i"1J1-:i 1u~V\'U7 280 iiii. 

A ~ a.., A 

fltl'Un1fl b1lnt'l11lJt-i:;btlrJ fl 1,~ b vi·~t1un.,1Jflt1un1o/l1J11iimfl1-:i~11ii"u~ m1ii· . 
11~t1m1bu~ t1UbbUt'l-:i"1Jmi1u 1uJ1~1 -if 

O %"~ A O CV I 

'\ll'U 1'U 'U 7'Yl b V\m:;t'liJ'Ylt'I 'fl t'l7V\11JlJ1t'l11lJbb'fl rl~: , 
'll'Ufl vi1 Lf11ririm1'Yl~t'lmV1mt1 1 fl1~-:i ~1,,1,1uJ1~~nri"'mi1in"rnwun1ri Wii1t'l11ii. 

t'l~bUt1rlbbflt'l~'lfu~'\l~~'\l11m 1 l~'<\11n~t'l~u11nlJ;U 
A ,,,._, A 

flt1Unw1 b1aJ'Jt'l11lJt'l~btltl~ 
J.., J.., O V I 

rimm1bb1'1-:i1um1iimuurimnt<11V11um1n-v: 

t'l17-:J tl11-if111riiu '\AJ-:J'<\l:;11~b11ff17~'Yl7711tlfltlUn7'fl'lfUrl5U Url~'<\l:;u1:;V1t1..,rllJlnm1iJbb1J1J. ,, 
%' .., 

61Jmmm1".i11 1 nu 

b~t11n"um1V1riri ... 1L~mb i-:i (drying shrinkage) L~ mu1rirn 'Yl riun ... 1Jflt1un1riJ1-

Vl'{m rn'lfu~~ULbft1 flt1Un1ri11ii1t'l11iJt'l:;LUtlrl~n71Vlrlfl.,1UtlrJn11 Lbfl tl..,fl17n71'V\~f~1-

61)t].,'jfltJUn1fl'lfUrl~b'~1ffJ7fltl'Un1'fl1511iJm b iu mt11 u 1 oo 1"'u m1V1flri"'161Jmfluun1n 

) 

t 

• 



b 
nu' L'tl Q,;\(\, L~~l n1 ULl\?,~l rmuM m1 n~,r u1:,ir. rtU m,rtL~ 11,.tVi.L~ 11~L'1~,.t.. 

UU\,'\, 1rtt~1lHUttlJ~ p ... I=' 

11,.tVi.L~n,.rt~t rtl;_Vi.11,.UL'~klU 1::tf1W1 1'3L ~~l re1:~m~1uym~~,u~Vi.1~ t L~Ut'j ~ s1;;i)[U!P n t 't1 f1 

Q,~ 1L'~::Lf.M, U~\,'\, 1rt~~,~;Unm~nLrn t l9,.UL~U~~~U?;JlsrtUUl'..,f'tL'Q,!T. _!1Jl.1'31::tf1 
. ~ 

u11tLUL~~::mrr.u~Vi. 1~1mt..,..l9UUtLUIJUl~l UlJQ ummurtL~~ ttf1lJ~ 1L'~ !:fl ~;u· 

-nm~ntrt?;f.'lr3lJtuy1~tL~L'ltLrtUJL'~U~Vi.1 lJ~ ~~1<1,n,.uu~f1l L. t..,,_Unf1lJ~1L'~ nLL'!9tLrtLri, 

::l\?,~nlJµ~~~w s-<3 Lut..m~m~~nt~l s1;;i)(u!r::> 11~1tLU1Jl9l~lL~L'ltLrtLf.'lrr.lv11tLU t..,.li 
-~ . ~ ~ 

1'3Ll'3!T.tLuuy, s1;;i)[U!J:> ~t L~m ~nf1n t LjiULl\?,rn~ mt..11tLUuy1m ~nf1~t L~::l\?, n,.rt t1.f111L ~ 

tLU~~ ~wn t LJtU Lm,.rtlJ ~, L. l}~L ~lJt..,.LMJLf3!T.::l\?, ~L' ~ ~lJtl.f1 (;;iwn )[:>!nb) Ljir1,.u11lJu::q1 
~ I b • 

~l~l L',.r3~U!\JT.nf1n~L't'j~tl.L~L'Ll1 ~ 1;;i)(u!P lJ~Vi. na,..un~1r,,..u11Lt'j1~Uf.'l,.L 

tl,~~~_l;Vi. l Lt'j1tlUQ,~ 1Ll~1 

rtU~ L L'ltLrtL~~ Lt-j1nyl, 11nl1 ~\(\, L Lt'j1Lrtf1,_f,'JU ~l ~ULUL !1!.LUf3ijl ~l UlJQ,Uf311 L'ltLrtLf.'lijf't\(\, ~l~\(\, l 
W1L'IJUL'UM 1lJ,!l.1 

t"O~W " 

L'ml.L'LUUlJ u, tLUWIAi'tLU~rtWl9L nrr.um,::f,'j ,,umrtL tl.L'ltLrtL~L' Jlol1Lf31/1, p 1=1 ,. IA ,.. • p 
b 
u~t..nmm,m,une.,~ n:i/p~~ I 

l9f't\,'\,rti rtl/1,i Lt'j,UNlM, m,ir.mm::ll?,/u\,'\,ttl.t..~L' Jlo UlJQ,ijf3lJ1::f;JUtl,t,f,'!Uf311 
I IA,.. IA t" ... " IP I I p "' t" I 

'tULl't~f1 99L ~ SB HUUL',.lJ'ttLft~L~nt (lS;;ll ss;;iupunos) t..,.Uil91/1,l9~tLUl1lJf.'lUUtLU11,.tVi.L~ 
b 

~11gf1U,.Ul/l,L'~Urtu ureVi.~l!;Vi.l Lt'j1~l9~,.t't11Lrt~f1::m,u~ m,_Jlo 't11Ll'tf f111,.t\,'\,L ~u,.uL~Ufr n~t 
~ b b 

~l l9tl.Vi.L~~ nLft~Lrtrtwrn,.~u L'lMLll'tU u::u11~11re~m u~L',..u::wnl\?, nlJ,.un,~,~ t rtaUVi.lJ;;Vi.Lt'jl 

Ll't~l w,n t~L'LrlJ_l;Vi.l Lt'j1tLUULl\?,Q,~\(\, 1~ULULlJ1L !1,tLUIJijl tl,~[A~t'j~ijJ;Jr.l'tUUt..l't 

J3Jfll!JJ 3JUUJD~ 

1;;inJ-p;;isp;;iAJnd p;;i1;;i)U!S '8e1s ;;i:,eumJlSBJq p;;iwBoJ 'J;;l)(U!(:> ;;i:,gumJ a ~l'.,L~U _!;!fl. l Lt'j1 
b 

tLUULWU\,'\, ,U 'ttL L'lL L'l1ULthLl'tL U,ij~U,/u LIL ~l,l,Lf11U tl,lfl,L nreuut..rt g:,,wnd n,ir.1 f3Q, t1. tl,t,f,'j t;:, !==' I l"li o ~ nt o ~ n:i ,% I ,g I 

n~1L'l;_l1~~L,!l.rtttfi!Jijl L'lJ1t1, :ijy, ~L111U,.tl,\s'l,Lr ~~,.t.. L. n~rttWVLL~tA~rnrr. ~l f3Q,UM,Ut-jULl\,, 
b . 

lJtVbl'tHUVLL~~Q, ULl\?,L't!Af3ijl Lf'ttl,[T.ljf,'Jt'jtlU Ult\?, l9, /uVLttl,l'., f,'l Ll11U tl,1/1,L t1, rtUUl'.,rt ii" !Ji ... ,alA, I ,. ,% 

(3J3Jauoa aJuSaJS~u JqS!a.t.qqS!'J) UUl.HUUM.ftttl!tft~.tl!M.Ql! 
/0 ~ .,.. 

t1. tl.LU 1 

96 IP U.t.tlA.tl. b, 



c:i i QI q 

96 flvun-s~u 7lt'W m 11111 n::m1Hn~ 

tlflt'nVlm1lJ~7J 1 ~1in1u~iUUUL;mYJ;J mi:: h,1-:11uiJuiLlJUfi 11m 1rnrn.,1111.Jrm , ,, ,, 
lb~thv1f u iJ1::L'Ylf1l'Ylf.J1 .. t'l~~m-;i-;i::~ iJ1lJ1ru 't~mnwtl~'il::u1mYi1 LUU1 .. t'l~fltl t'l17Jtl~7JLUU , , . 

~7LUutru i,~ 

Foamed blastfurnace slag .. 
1 ... t'l~ 'Jl'U~~r--J;fl lflhwm1u lb tlllJ t'l 1m!\:: (slag) ~ Ln~;u 1 UbfllV\t'ltllJ fovi::lJ l , ,, 

LLt'l:: 1i;,llJr--i ... t'ln ... uJ1~1u 1u i1n ... fl~ 1u 1u vi~-:i "ll ru::~lJfi 1t'lvi::f.l ... J1t1m Vlt'l1tl~ Vl1tl 1~f.lmwlu ~ 

,, ,, 
~1 'tt1if1Llfi::mmflt1~m 1,1 'tiJf.l ... JlJt'l 1t'lvi::i'Elm V1 t'l1~LV1t'ltlt1nm m1Yi1L"Ii u ~1~f.l1fi1~1fivi~ -:i • ,, -
Yi11'V,lJt'l 1m;1::ln~m1"1!f.Jlf.Jfl ... 1LL't'l::nt'11muu1 ... t'l~~J~1YJ1UflITTf.ln'-'iJ pumice 1 ... t'lfl~l~'il::rin ,, , ,, , , ,, 
U llJ 71.J~lli11DUllf.Jn"l!'U 7~ 11ifl~ "l!U 7~mlJ~fltl-:ln71~7VlfUlJ1 t'1 11lJ fl17lJ Vl'U lll ,1 U "ll tl-:llJ\1 

'El~nvi11-:i 320-880 nn./lJ
8 

'Yl~__,~;utl~n ... u "11 U1~~Lwn't1 ,, ,, 
lJ1fi11lJ'Jl'Ufl~l'6°r17fltlUff~flVl~tl 1 u~~1V1frnuu~ U1U Vlt'l ... Jmn ... Ufl17lJ1tlU ll~ 

~1u 1 vi~1ir11ntlun1fl1.J;tlnJ'1viu ... mrn utln-;i1n~f.l..,-:imm1ri 1i1 u-:11untlun1mt'l1lJl vi;n 

~&,,,:::t t,.,, 

- b~tln~1f.J 

llV1~-:11 ... flri~u~1vifulJ'm11lJ'Jf'U~~ ~'El h-:i-:11urit'iJLV1;n h,1-:11u V1t'ltllJl'tA;n , , 
1 0 " .. ,d O ... "' "' 1 .,, 

llt'l:: 1-:i-:11u 'Ylll V1t'innme-_if Jnlt'lJ'il::iiii1n"11u u1.h::mr1 L'Ylf.l 

Sintered pulverised-fuel ash 
J,1.,.5' A ll ai """' ,.,., , ,,. l!!lo/ "' 
"11 LrllL'lftll Ylt'1Jll1.JUULUUmnm Vlt'itl'illnm1lr--Jl LVllJ"lltl-:lr--JJmu V\U mnUlUUr--JJt'l 

L 'Yl7 lLt'l::~fl17lJt'l::lOf.J~ 1n~Lflf.JJn ... u r--i-:iirnufiiJ'El1<mrnu~ r--JJ; L'11l;m YJ;Jtit'l1m1riu 7lJ7'Y17 

"1 i- ... ,,, t,1 0 "' l,l O 1 t,"' ., 0 ~ ., ~ ... 

L1.JUlJ1 t'111lJU 7VIUnlU7 b~ ~f.JnljU 7Ltllr--J~t'l::Ltlf.J~UlJ7'Yl1 Vl'JfULm1'Yl1 bVILUUt'l nnt'llJ 1 V\t'lJ ,, 
-;i1nm1 Lm~tlru vi11~1h :: ii1ru_ 1200 tlJff7LO'_lfmi f.l t'l i°'t'l~~'t~-;i::~fi ... n~ru::u i-:i Luuilii llt'l~~ , ,, ' , , 
1Yl1U 1 ... t'l~ L Vl~l~t'l1m1riu 1 i.tlu~ll t'l::lLf.ln"llu 1VlL ~tl 1iLUUlJ1t'l11lJJ1vi.u'"'m 1.J1~1V1fu ri1 ,, , , . 

A O o I A %-' u o A A O Q.!., o A 

fltlUn"J'rlUt'ltlfl 'Yllllr--JUfltlUmriu 1V\UnL1.J7 'Yllflmtmm~"J'lJL Vlt'in m::'Yl-J'Yllffemm fi 

tJ ... flLL 1-:imm1vi~tlflt1un1fl 't~1 ... um1Yi11~uiiu'El~1-:i~ 

l~l~'\'1171.J 1utl1::L'Ylffl'Ylf.J ; LC11r--JJ'11Uiu~t'nlJ71'1V11L~~h-:i 't~vhn1uiu 

;n 'tu l'l LL~Lm:: -;i ... -:1V1i°'~~1tl1-:i ll~r--Jt'l'l"lt'ltlf.l L~~ m-;i-;i::~'t~m nYJtl~1V1fur11t1 flmvim1ii , __ 
... i- ... 

fltlUm riu 1VIUnL1.J7 

Expanded clay, shale, and slate 
· A A A A ~ A A O ,::M ,-C lU 

LlJtlrlUL V\Uf.J11.J7J'Jl'Uf\V11 'EJVIUL '1ft'l1.J7J'Jl'U flrlnU 1lJ7Lr--Jl'ilULntl1.Jrl.J'il '11VlfttllJ lJU 'il:: ,, , 
-., -'! 1",,1 A "' 1 "' U ,,lg 1 .... ... 

"1lf.Jlf.Jfl1Vl1tl 'l"l'EJJ"1! UlU tlJ'il7nn71 Ln flLLn~"11 UJ11f.J ULU m ~fl lLfi::LlJm f.lit ftJ fl "j Jt'l11J'Yl 



.. 

• 

• 

.,. 
'U'Vll'aff cl) 

• I iv 1 d ., I ., %' .., "'"I t, ~ <'1 "' 1 t, df 
u1:;rn:iurnt1 'V-l1 ,mrn I tJ-Jfh'l'Eltl 1t'1riu 1V\umrn'Yl LrJW\l-JLV\m:;mJ'Yl'\l:; ·nuu'JJ1r111'JJ 

'IJ q 

i1Vl1..,Ufrn'Un1ritfl't~u""mrn ~'l;U V\Utl'JlJl.j'lf'UrJ l~~m1tl1~ml1J~'\):;ti11 vi Lnri,~mbbnt'l~i,l, \llo/1 

L~ 'El 1~ fufl17'JJ1tJU Lb~ '11m1nti11vi'V-lmri""11~1rit1m1Lii m""'1ri lJl-J'El~ 1-Jtl1~'JJ1ru 1tJt1r1:; 1 
q 

1rit1Jl'1rm""m~'El"lfltl 1viLnrivhJ-Jbbnt'1 ;'U l~b~tl 1~fUfl1ldJ1'El'U 1"",mri""1b~'JJbVl~l~l~m1 rll'U~'U 
q 

; Lt tltl LLnriu ~7-J 'JJ rif1 uri:;J1t1'Eltl 
'lJ 

.,~ ,.,.,<=l., <>'I ;'f l 
'JJ1ri11'JJUU1J'l/-lt].jri1u m'\l'\l:;t:-.irirn Vl'JJfl m1ru~b1JUt'I nnt'l'JJbrit1m1Lm mmLmuuu 

I . 'lJ 

( ) 

,=l A 1t, df ~ d ~ t, t, v "'o 
Vl'JJU. rotary kiln V\1'El'Ell'\l'\l:;t:-.iriri V\LUUL fl~'limt'in'lfu u 'Eltl'\llnm1urin mi 1 '1rl1'V-l1U 'Yl 'Yll 

q q 'lJ q 

~ 1 ""I ._, 1 ti ., ~ t, 0 r-l d O ~ 1 

"l/U rl tln71bt:-.ll1Ji-Um sinter-strand n Lr! 1..h:; tl"lf'U"l/t].j'JJ'U L'lf'Yllfl'El'Un1rl1Jb'l.'Elfl - 'Yll'lf'Ut'll'U 
A A d o ~ I A v 

fltium rnt'11m Vlfl mLt'i~'Yll'lfUt'11Ufl'ElUm ritJrnL 1 -J 

'U'Eln'\lln~ ~um~mU'lf'Ul'UlJl.j'lf'Url b~tlU l'JJlbt:-Jl 1viit1ut1~1-J11ril11 '\l~bnrl 

m1"llmt1r1""1V\1 t1'V-lmri.,1;uflri1t1 1 n.,u~ m vrut11bLt'l~~ iu 'lfri ,tt'lri ~1~ L u1,1, 1V-l1'Ubbt'i~~J1V\u""n 
q 'lJ q 

.J ~t, <>'f %' v o u A "It, <>'J I ,:j 

b1Jl°lf .jt'll'JJ11b1 b 'lf blJ'UdJ1rl11JJ'U lV\Um 1Jlt'17V\11Jfl'El'UnWI LmlJUtltl 7-Jrl 

L Htl1~b 'Ylfll'YltJ ~'Ub 'lliUtll~~fl illt'1'JJ1Jflb V\'JJl:;t'l'JJi 1V\1.,1Jn71t:-.i;rnuuft'1ml'1V\U.,n 
q q 

LlJl~'El~ 'JJ1n 1u'\l..,-JV\1.,rit1t11itJ1Lbr1:;'\l.,-JVlfmJr1'JJ1ilU bb~b~m 'il1nm1bmr1..,t].jm1t1ru V\Jl~t'l-J 
'IJ q q q 'lJ 'IJ 

mn ( tl1:;'JJ1ru 1 ooo mmL "lfm itit'l) ri"u 'YlUm1t:-.i;rnnm1JJJ1V\u""mu1'\l1n~urnut11m'\l 
- q 

'\l:;t'l-J'JJ1mu 1~ti'mh~ 1ti'lfu 
'lJ 

fllldJ V\Ul bb U'U '.l)jj'JJ"lflri "1/'EJ.j 'JJ1 fl 11dJJ1viu.,mrn'lfuri~ tl~ 1 'U 1:; W)l.j 300-900 
'IJ 

nn./'JJ 
8 

cl1tn"'uriurnurrnm bbb'I:; 400-1200 nn./'JJ 
8 

ci1Vl-r"'UVl'Ub 'lfrllbb'l~V\Um:;mu'lf'U1Ubm 

Pumice 

'1/-l.,'JJ~t'l bUU1.,t'1rJJ1viu""mrn~Lnri;mmmiil'l11'JJ'lflri'\l1nm11~bUri6JJtlJ.flb "1/1 l ~ 
q 'IJ 

m1•]mt1ri""1V1u "1/t].jbbnt'l~ 1~buri;u~ t:-.itw11·1vi1"'t'1 ri Lrl 'JJ Ltlri..,1m'V-l1u 1rit1tlnri1"t'lri~~;~ tiu 
q 'IJ q q 

bbrl~~btmuu 1 V-l1-Jb;n 1 b~m.J 1t1Jriri~t1n"ut1~l-Jt'1J1bt'1 'JJ'El Vl'UJlb "1/1 l~Dn'lfUrlV\~.j~ .j~ 
'lJ 

ri""nMru~fli1t1 1 n"'u'V-l"''JJ~t'l~tl Coria VlU'lfuri~1rimJnii~;b.;'JJn'J7 L"lfrit1mtm"''1ri~1tl11-J 
q 'lJ 

· "l/1"1/1~bbt'l:;"llmri 1 VltuffJl bbb'l~L "lfriJrn~1~1~riri~t1n.,u 
q ~ 

'V-l.,'JJ~t'l~"ll ri 1~ rn 1rit1'Ylo!,1 Ltl'\l~n m; titlu ~hJri"1t1~\it:-.i-Jm "1/7 L ~ ~ Ub V\Ut11 
A 

bbt'l:;V\U 
q IJ q IJ 

b 'lfri , ;-Jb;'Eltlm Vl~l~fl11'\l:;r1mm-J 1viv1'JJri LtlV1b'l..,-J'\llnm1uri 'V-l"":wiib1~uri'\lu '1~~mrim'JJ 

~rJt].jn71bbi1'11m-rnri11 viLLi-Jun-i -J~,1;u 'tuDn 1~ 1ritin71bt:-Jl l vi imi '\l'Ubntiun J'\lr!V\rlmJ 
q 

ri:;ri1t1 
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~ I A A rJ I 

1h~ Lti'lfU"llm~u'1fu'i1~1-ifrhrrnun1o/11J;t1fl '1fUt'l1UflmmrnLt'l1 lJLV\t'l n'\/\b'ltl 

i 7L 1'\l i11t'lniiihv1u..,mrn'1fu~~L~L Vlm~~'\l~u 1m 1-irn''rn1uf1t1u n1o/l'Vl~t11 u~b °v'J11~11~LL u 1 

1uii~'il~t'lt1t1t1,d~11Ju~ JU 11u~m 1Lwno/l..,1"llmflt1un1o/l 1um11-irn''rn'Vl;mt1i1ii ii1.t'l11ii 
'II 'II 

A J:1 t., I t., 1 A~ uA ~ 

'1fUf\U '\l~o/lnJmUn71b'l 7'1tltl 7'1'ilb°v'J tl"ll'\lflt'l Jt'lnu1m '\l tlUU 
I <V %' <V A 1,,l ,li ,,,... 1 ,,,, 

1t'l'ilU7VlUnLlJ7'1fU'i1WilLVllJtlU'\l~Vl1 b~Wlnmn mh~L'Ylf1 b'YW fnllJVlU 7Lb U U 
, 'II 

1511i1'1f1ri"llm°v'J.,dJ~t'lt1~ 1 u 1~Vl1 7'1 350-650 nn./ ii s 
'II 

Expanded per!ite and vermiculite 

Lum Lb'li'1LDU~Ull b "ll1 L~~~t'l.,m~m~flITTmLfl1 ~1UL1tlJ~fl Lb'li'1LUULL1~ ~ 
'II 'II 

.., rJI rJ .., ,,, ( ) 

t'ln1~Ul,~LlJULnt'l71flt'lltl blJnl mica 1"t1i'il 'Yl~'1t'ltJJ"lf'U'il~L~tl ~h;flJfl11lJ1tlU~'1'EJUI, VlJl~~ 
, , 'II 

L V\lJl~t'llJ'\l~'llmtlo/1..,1'\lUnmmuin"'t'l'ilj°v'JjUL VllJ1~~'\l~U 1m 1 '1fLUUlJ1b'l11l-Jir1Vl u"rnrn 1 '\,!,flt)U-
, 'II , 

n1o/1~1V!f1Jumn"'itfl17lJ1'EJU LL~l~LVllJ1~~71)1j..,lJHf1urmun1o/l Lfl1'1t'l17'1LW11~fltlUn1o/l~ 

o t., %" CV i:: A ~Ao U 6 
'Yl1'il 1tllJ1b'l 11lJ'U l'VlU m lJl'Yl '1t'ltJJ'1fU 'flU lJ n7b'l '1o/ll 

~ U'Yl~'1t'ltl'1'1fU'il~ w11~mnmn 1 u 1..h-~L 'Ylf1 L 'Ylti m1ii'Vlu 7LLU U1i11ii'lf1ri"llmii"um1 

1 I /30., Ill" / so.., .. ,,, .. 
u1~Vl17'1 40-200 nn. ii t'l 7Vl1rntlm bt'l'Yl Ut'l~ 50-200 nn. ii t'l1Vl1rn1u1iifl bt'l'Yl 

'II 

Diatomite 

'II 

1..,t'lmr1Vlu"'m lJ1'1fU'il~Lnr1; ULmmiJ15jjlJ'l!lri Lbb'l~~~tJ1i1'\l"nn"'u 'Ylo!,1 I LU'Vlb'll tl 
, 'II 

~ I GI t., 1 6'.d O CV QJ 1 I .., I 

'1ftl b'.lfU Kieselguhr, tripoli te, fossil flour LlJUrlU U1~ tl'1fU'Ylt'llflqJ"lltl'1lJU U'17Untlt'l17'1 

"'1._,GJ UI 1._, Ao ,,, ... A~ 1 o1._,.., ,.l;j 
fHJ 'lfblJUrl1'1f1tl VlfltJUmrl'YllJli,l, b'il'il'IIU bLrl~n71bm U ro tary ki ln 'il~'Yll V\1t'l'il'lfU'ilU , 

GJ %" v I Ao u A I A 

nmmlJ UJJ1b'l"'.i1lJU l'VlU 17biJ7tltl 7'1flb'l 7Vl1 lJfltlUn1o/l fl17lJVlU7LL U U1511lJ'.lf7o/l"lltlJlJ1b'l11lJ 

A 1,,l I 1 8 

'liU'ilU'El~ U171 1 430 nn./ii 

LL Vl~'1--.i°'o/ln;iu 1 u1h~L'Ylf1 L'Ylt1t1~~ri1L11mm~m 'il..,J'Vl1.,'i1~1u1'1 
-Ji I A GI 

LLb'l~L '.lftl17lJ blJU 
, 'II 

o QJ A A ~I t., ~ 

'\llU'JUlJln 17fl71rl'1rllJ'1fU'i1Ufl'EJU"ll7'1o/ll , 
Organ ic aggregates 

A A 6" t::4 A 1' A A o 12,, dj o QJ 

t'l71tlU'Yl"HJ ~ '1Ln'il"lJUmlJ '.l)jjlJ 'lflo/llJ7'1 '1fWflt'lllJ71'1U llJl 'lf blJ U lJ1b'l11lJt'l 7'Vl1 lJ 

flt1un1mr1Vlu..,mrn I,~ fllj;U 'Yl1J~n~71lJ7~L~Llfln7n"lltl'1Yl'lf~b'l L'lf U LU;tln"ll71Vl1tlLLnb'llJ 

Lb~~~ lfl.,qJ~t'l 'il 1 uunmmt'lnii'.lfu'il~ ~tl ~t'l°v'J t'l tltl 1~ '\l1nt1o/lt'l7Vlnnii 1~ ; L~eJt1t'l1ii11n 
1 , 

1-irLuumrinii~t'liin..,lJfltlUn1o/l 1~ LLb'l~ h~~;o/1Jl.,lli'n~b1tlffJ7 's awdust-cement' Utln'illn~ 

?,;j rJ 1._, rJI o .., A %' .., "1 ._,A ._, 

'llnlJntll'\l'il: '1fLlJUlJ1b'l11lJt'l7Vl11JfltlUn1o/lU l'VlUmlJl b'iltln'i11tl 
t., A A !1 e!:l ~ A 2-' A QJ v ~ 

"lltlbb'ltl"lltlJlJ1b'lj1lJ'1fU'ilU flt) LlJtlfrnumrnLVl'1'\l~lJn71Vl'ilo/11lJln 'i1'1UU 

; 

, 
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1.h~ 1rJ'JfU "1Jn:l}J1t'lj1lJ'JfUrt~t'l~61mrn "1Jfl 1i.Jl'U~'1n.,fJ n7':iV\fJfl.,1tl~7.JlJlm~tlLL-i'l~m'\l'\lmn 

1 "11 L~1firJn7':iLWllJ'Yl':i7m"11.,7L1J11i~1ut-Jt<1lJ;Liiu~;Lttl rJ u~in:iLLe-inn.,um1~fl11i1V1u 7LL u u 
-=I~ <>'I ., ._, 

L V'-llJ"ll'ULLt'i~fl17lJL uu,;i, U 1unUfl17lJ':itlUt'ifJt'l.J 

1 UD'\l'\l1J.,u~m1;u 'Yl1; l.JLrn1~~ Luu~ 1u 1uii1n~t'l1ii11ci1 ·1fauuii1t'iniiJ1V1u.,n 
. , 

\11,, I ~ ,=j 1 6 o ., o'I "' 
LlJl bf! L'JfU foamed polystyrene LLb'l ~polypropylene fibres "1f .JlJtb~ rJ'JfUmnt'llVl':i1Jl.lJUfl1 

u u 1un.,um1lJ1tlUt'l.J 1 L ~ tl'1'\l7nt'17':it'l.,Jbfljl~~L V1~1~n11mLL V'-l.JlJln 1 mh~L 'Ylfl l'Ylrl fJ.,.J,;U 
'II 

~ e::ilt.,o o .i:!i A~ i,, OJ ~ o 2,,~ 2,, v CV ( 

'\l .JlJ t-J'Yll nl':i 'YlfJ b'ltlJU 7 Lt)lbfll'.'f V'-l'lft-Jb'l'Y1'Yl JLLb'l1lJ7fif!bLUrlJ L l'W'Yl 7 VIU l'Yl flrllrl n 1.Jt'll':i t'l JLfl':il~VI 
'II 

o., I I \II 2,., ~ ~ \112.,, I 2,, 1 ._, 
f!.Jnm1 LLe-i~i.J11nlJ17 bf!t-Jt'i Lf1!'.'fi"l61ft-Jb'lU bf!Lrn "lf7J"ll71 V'-lf!mmLVl-:J 

0 .I q "/{ GI o/ f 

fl l 'Hll U imu 'j~lfl'Yl'lltM rHl'Wfl'i ~lJ1'111lJ'U l'H'U flt 111 ~ llJ fl 1 llJt) vi U 'Wit 

1 A oA A %' .., I <>'I .I e!i 

U'Yll.JUl)Ufl fltJumv1ii1riniiu 1V1umrnLL1J.Jffumuu 2 u':i~Lil'Yl fltl 

n) fltJun1v1me-iniiJ1V1u..,rnrntJ..,fJLLUU1J1.J~1u 

(Partially compacted lightweight aggregate concrete) 

LLt'i:; "ll) fltJun1rii11t'lniiJ1V1u.,mrn~ 11~1..,u 1fl1 .J~n.J 

(Structural lightweight aggregate concrete) 

,rii v1 (fl) 1 in"uii1ni 1V11.,u01;u~ 1ufltJun1v1u; tlflV\1 mL~ ummn1 v1J1V1u.,n 

Lrnci' 7L 1,111.J LLt'i~YllVlt'i.,.JmLLri~t-Ju.,.Jn"i1m1iiiDuLL1J1JVl~tl 1 u ~ rrnun1ri'Jfuf!~L~L V1i11~n''u 
'II 

.J7UfltlUn1rnt'l1lJL Vl;n LLt'i:; l~fl1j 1-ifruufltJUn1fl 1flj.Jt'l17.Jj.,1Jl,L j.JlJln 1 m1~miun1v1 

'Jf'UfJ~ 'i):;nmllJLL;.JLL j.JL ~rl.JV'-ltl~lVlfU.JlU Vl~.J , V\1tl L~ ~mllJV\U lLLUU~li"ltl~'\l~LUU 

u Vo 1Ufl17lJ1'EJU ~~ V\1 'El 1~ bbb'l~n n7':iV\fJfl.,1L~ mL Vl.,.JUtlrli"l'El~ '\]~ 't~ L UUL Vlfl 1 ~Ln fJnl':iLLflnn1 , 
V11tJ 1~u~u ; JL V1~1~;utJ~n.,u'lfuf!"llmmt'lnii~1-if ~1ut-Jb'1ii m1tJ.,mL u u LLe-i~1im1tJi1 

'II . 

tl~ 1-J 11nmii m1~'\l:; L~fltJun1v1J1V1u.,mrn~~fl mt'liiuri~ fl':i1J'Ylni.J1~m1m'\l'\l~Luu; .J~Yl 1 , , 
1~ mn ~ 1V1fu~1rini1Jl'lf\U.,m1J1V1~.J I 1firJunwim1mJrnL1JlJfl'ElUn1fl61f'UfJ~ ,i:;imi.J1:;u 

12.,,"1 2-- 6' A o v ~ ,=i GI a ~ GI 

1.h~utlii VI bf! '\lf!U':i~t'l.Jfl 'Ylt'l lfl QJ'Ylt'l f!"1Jtl.JJ7U "1f .Jtll'\l'\l:;L1JUfl11iiLL "llJLL 1 .J V11tJm1rnuu u 1u , , 
V ~ cv~ i.,, I o uG'I u 2,, A2,, 

fl17lJj tlU Vl':itln7':iVlfJfl1LlJtlLL VI.J L 61f U t'llV\j1Jl,lJ Uu U 1un Ufl1 7lJ':i'EJU fltlUn':iflfl n:Jn7j 

,i:Je::it I d 6 , · ~ r-t 

lJ1t'iJ1lJ'YllJfl17lJVIU 7LLU ULLt-i:'.m7lJLL"1J.JLL ':i.Jfll nri71fltl expanded per lite Vl':itl vermiculite 

V\1'EllJ1rl':i1lJL ~ mLuun.,u~1~~b'1lJ~~U1lJ7lli;LlJUfi~7 LL~1umrn~fl17lJLL i.JLL j .JLUU '\lfJ , 
,AO Q.I A f ,i:::i .2,, A ,i:::i ( ~ 

u1:'.b'1.Jfl 'Ylb'17fl QJ'Y1~ fl ~ 1ut-Jt'lii"llmfltJumriv1 tJJn ni.J1ii1m "lf Liiuri mn"llULLb'l:'.lJ1 ~11iifl11'\l:; , 
<>'I e!i 

LlJUV'-J1n pulverised- fuel ash wrn expanded clay 
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'liU~ ( 'lJ ) bUUflt1un1r1~1V11"'u lfl1'1b'l17J~'1$i'fu m1-rtribbuut1d1'1~b'lfUb~t.J1n"'u 

flt1un1mb'l1lJb V\;mJnwi fltlUn1 riii1V1u"'mrn'lfurJ~b'lllJ71rl 1in"'rn V\;nbb'l1lJ 't~t1d1'1~ mri-
~ o QJ A A ~ ,..!f 

11lJ'Ylb V\lJ7:;b'llJb'l 7V\1 1JfltJUn1 rl 'lfUriu fl tl foamed slag.sintered pul verised-fuel ash, expa-
. i!,l,t.,j , ,-4 1i,, V .,j A ~.., i,, .,.., I 

anded clay, shale and slate utimnnunlJ pumice "1f '1tll"il"il:; 'lfnUfltJUmri'lfu riu Lri m blJ 

~;'1b'lm.hm;mlut1~ bbri:;'1;{~1um1bmb~lJfl17lJ bb; '1 bb 1'1bbrl,_,1 t1d1'1 '11nmlJ m 1 H pumice 
'II 

bUUlJ1rl11lJ~ 1wt1JfltlUff~ rlV\~tl 1 u ~tl71)1):;~uru~1~ lJ.,Ub1JllJlnbb('l:;tl71)1):;bUUb V\rl 1 ~bnrim1 
~ , 

v I 

bbt.JnrJ1"1J tl\Jb'l 1U~b'llJ 
aA ' -,! SI( oJ 

fl ilHf lJ 1J vi vi l ..'.I 'l 'lJ tl ..'.I fl tll-Ul Hl'W l l1lHH 1J 1 
q 

c:: 
fflllJ U 'I! ..'.I l1 ':i ..:I 

fl l"lltl\Jnlrl~t1.,rimu 28 1"'u~1V\f1Jflt1Un1riii1V1u"'nm7'1fU<fl~7'1 1 mlri'1 l1m17'11 , 
0 ., "" I l!,l O 1., ~ "" Ill ,.,1 ~ .., A "" 

n le'l '1"1Jtl\Jflt1Umm vm l U tl71)1):;'Y] 1 Vlb'l '1"1JUtl n bri rnJnljb 'lf 'Yljlt.J'.D1jdJ'lf7mb 'YlUdJ1rl11lJt'1:;btJ t.Jri 
'II 

%-' ., 
UT1,mmrn bb~nlj'fllb'lf U~ "i):;'(l11~fltlUn1r1~1~~J1V\u"'rn ~ii;u 

~ GI A 

UblJU'.D11lJ'lfl rl"lltl '1 
A A .-=:JA I ~ I A cv A rJ 2.,, 

fltlUmri fltlUn1rl'YllJfnldJV\Ulbb 'U um b'lfU fltJUm n v~mmmfl lJm:;iim7lJbb"ll'1bb 1 JU tl t.l 
I A ~A ~ I I I A %' v . A <v 

n17fltJUn1rl'Yl lJb UtlbbU um 1 b'lf U flt1Umrimri11iiu 7V\Unb1J71J7'16Jl'U_ri dJilf11j7UtJJn~M 

BS 2028 '1~11JV\ri"'mJBuri '1111 flt1un1ri ii1V1u"'rnu1~ 1wtuY11u; t1m:;im~ri1ri~ '1~~1n-i1 

2.8 MN/ m 
2 

vi1t1111 1 28.12 nn/ "lilJ 
2 

flt1un1nvJmmmf1bb'l1m vi;n~~n1t'l~t1"'ri 2.8·3.5 

/ 2 ( / 2) \! I,, A Ji, <1 '-' I V 1 I,, <ti ,:1 '-' 
MN m 28.12-35.1 5 nn "lilJ bflt.J bri 'Y'l b'l"iJUlV\bWUbbe'l117dJUb'lldJ71rl 'lf bUUtl\Jfl fljJb'l-:i7 '1 

-i1Jii1viu.,n '1~ tJd 1 Jb uu~ri~ l b 1 "il 
'II 

r11lii1.h~;'Yli611mm1bbrlnV\"'n (modulus of rupture) 611tl\JfltlUn1rilJ1rinlJJ1 

vi1trnrn'Yl~1 1 '1iJitm:;b'lJn11"1Jmflt1im1rimr.n1lJJ1viu"'nlJ1n~~ri1ri.,,;t1.,mrhn"'u 
'II . 

1 u 1JTrn1rit1u n1ri~ ~ n1t"l~ ti.,m ~ 1n"'u fl1;jn.,mb'i '1m1ii~ri vi~ u vi1t1r11 E , 
(modulus of elasticity) "lltl\Jflt1un1riii1'Vlu"'mrn1rim.Jnri 1l:;~1n11"1Jt1'1flt1U n1r1~1;ii1t-inii 

J1viu.,nii1n fl17lJbbrin~7'11ufl1 E ~1vifurrnun1rin1t'l.,'1~'1 1 1l:;~mnn11~1vifrnrnun1ri 

o v /, 1 ~ '1 I ,_ %-' ., '1 I 1 _. 2 
mt-i'1m I ri~m1 1 11 m E "llmrrnumrim~11lJu 1V1umrnt1~ u1:;V111'1 3 rI '1 3 
"lltJJflt1un1ri'.D11iim~1;mr;irn,lj1tJ~uum uuii1t-inii ~1V1fuflt1un1r1Ylmt1_1mr1 fll E ~ 
~'1~1t-i'1LuBn 

m11:;;n'11lb'llJtl17 fl l E 
~A o v v A I I ru 

U dJfl17lJ~ lfl qJlJlm yjj7:;iiuii ~t-imln71bbtJUfl1"1Jtl\J 

mu ·tum 1ri.,mbt-i:;m1 l n '1rl.,1"lltl\JbmV\1tl~U ... -JflJLb j ,rn"'ri 

1 uni-rnmm uunub'l11'1 

A I ~ i,., 0 A 

b'l Jb Vlt'll 'U 1):;rimu 7dJ7'W"il71nb 7bb'l HEJ 

• 

; 



\ 
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fl111JiN11'U 
~~ ~ cv ~ I 1 ,_ 

mTlJfh'.l'YlU 1 u 'YlU 'Vi'JJltitl.J m1'JJt'll'JJ11t1"1Jm1 t<ir1 Vl·a:it11mh:;m:i1J um1w,1:;f1.:i , 
'YlU~tJt<im'l"lLL 1rit-1t1'JJ 1riti~'1~ri1 h~Lnrim1b;t11u1/l1t1;nn-ioueiJL~tlti 1 1 uJ1u lfl1.:i~11.:i 

A o CV P4 2..- o A A 0~ v I ~ A ., 
mm1 t'l.:lt'llflqJ'Ylrimmu.:itl.J nfltl m1mm1t1umm'\l1nm1Lfl'JJ fl17'JJbfi U 'Yll.:lnlrJJll'l"l 

"" I LLei:;m1m:;Y11Jm:;u 'Ylrn u m<il1rnL 1 Jmtiut1nm.:i 1 
n71n.,'fln1tJUb ~ t).j'\J7nt'l71bfi~ :1tm:;Ln m1nJ11~;i U tllnl!'fb; ti bbt<i:;t111ei:;mti~ 

~tl5n1mrn.:i'1furi . fimm1r1J1Vlu.,mrn'Yl~1 1 1tl'1~t11'JJ11t1~'\l:;'Ylu~t1;.:i~1.:i 1 ~nci11m~ 

~ .., ~ !,! A 1 
., ., ., ~ A %' ., "'1 '1 , .. .II .., 

b'fl 'Vl.:lUb '\"lj7:;fl17'JJ'JJ1Ynumn Url1'JJU ri.:iu U fltJUnrnu 7VlUnb1J7'\l J 'JJb Vl'JJ7:;t'1'JJ'Yl'\l;; b'1f 
'll , 

ci 1Vlf1J;.:ino~11.:i 1 u;iu;u~~m1vnn•.ir"'m °v'J'Yltluo~ m1n.,rin1EJUL ~m'il1nmmm;tiu~u '\l:;~ 
'll 

t-Jt<i'JJ7n1umrn~mmmau'JJ7n I Lb~tl~1.:i'11nmiJ1urm I mm fltlun1riJ1VlU.,m1J1ffJj'i):; , 
i,~f1Jn11.,;i, 71J~1b ~mJmn.,um1n.,rin-it1u 

fl17'JJbflU 'YllJnlrJJlll~~~ t-Jt'i~ tlfimtniriJTt,'\U.,m1J7 i,;{ bb1l fi17'JJbf1U ~ bfl 'fl; U 

b ~ e}.j'\J7nn71Lfl'flbDU J 1wn.:imti 1 U1'\"l1U 'illrin71Vl'flrJ.,1b~mbVl".:i uei:;'\l1nm1,1, VlJllJ~bU~rJU 
'll , , 'll 

Lbtlei.:i b ~ m'\l1n~.,'JJtl1:;; 'Yli"1Jt1.:imnti 1tir1.,1'Yl7Jfi17'JJit1u "lltJJflt1un1 riJ1Vlu.,m rn~~ 11:;w"J 1J 

8-9x 10 -
6 

~ .j '1~mn i.tln17"1JtlJfltJUn1rlli11'JJmb l'l7 l 1Un ri.,.:iu~u t-Jb'l"lltlJn71Lnrnuuti1Lb ;.j 

~ m:;ri 1n.,1Jfit1Un1 ri J1Vlu.,rnrn; .:lfitnti I n.,u~ Lnri h-bflt1un1 rlli11iJmmti 1~ ~m1:;L~ tnn.,u 

n71Vlo/lrl.,1b~eJbb°l-f.:imi:;m1 bU~rJU bbUt'i.:lb~tl;U 1u fitlU n1ri J1 VlU.,nL1J7~ 'JJln n111urit1u n;ri 

'J)jj'JJm 1 urn.:imrn ~lb Vlci7~t'1 J'JJlmLei:;~lbUUtl~l.j~.j~rJmu l'JJlflo/11~t<i:;bUrJ'fl 1 Un71 
'll 

tltlnbb U1J 

..., A ~ A uA 

m1LbrlnVl n"lltJ.JfltiUnrnm m ··nrnL 1.:imm,rnnm,r'il::;'JJt-Jt-1'JJT'illnm1".llrit'l m1m::-
Q.I f,' V A 'JI A f( v A I A 

'Ylum:;LL'Yln mi:;m11uu 1V1uniJ1mnu bU fltiumriu 1Vlumrn1J1.:i'1furi L'lfU fitlumri'v'Jm 

mm!'f tlW'\l:;Ln'fln71bbrlnVl.,n 1~ J 1m~ tl '1~·tum1"1J.,'fla fl17'JJCtlUbbtl"lltlJ1.,t'l 'fl 'lfU'fl~ tll"\IU 7 
' , 

'1tl~ fi17'JJL; t1Vllti"1Jmmm1ri~.:ivir1.,.:in LDu i,~ ri.,.:iu~u 1um11 i rit1un1riJ1Vlu.,mrnu~ei:;'1furi 
'll 

fi111 v.fl11'JJ1:;ii.,ri1:;1.,.:io~ 1.:it1nr1m 1rim,;i, 'l"l1:; 1u1:;vi11.:im1not<i11.:i 
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fnllJVIU 1"1JU.jf1'tJUffH71tl.Jyj'U,'U, blJf111mm1 40 lJ.lJ. 
I .d. GI cu 

LLrn 'l.ljmuu,::i, u1unu 
2"' Cl.I • 2"' I ~ A A t' CV A 0 

fl11lJ1UU"1JUJVll:'l.jfll fl11lJVIU 1UT'il'il~fltl-0~7nm1u '15Wil"llmrnrnmriu 1VIUnL'IJ1'YlU 1m 
~ t,1 ~ A ., I \1 ~ ,!I A 

b'.15 U'17UUlJ~JflU bUU vnn expanded perlite V11U vermiculite LLl:'l~f1UUffH7v1m 

m-mfl; J'Yl11 ~J1V1u"'mu1Lrn~LUUil u 1un"'um1lJ1mt~~ bL~r1"'1fl"mm11 ~f1mm1fl~~1!:'l.,J 
2"' ~~ ~ 

~'1~1rl fl11 b'J5'1.\j'Jn foamed slag, sintered pulverised~fuel ash V11U expanded clay, 
~ . 

shale and slate l UU..,fl11~1UUUiLlJU~o/1UlJ11:'l11lJ 1 : 8 nJ 1 : 10 
~ 

anl 
• 

~ 6' V ~ _,{'l V f ')" ,!, 'l• / -./, r;;; '1,/ r 
fJfJUflUJU711Ufli117Ylv'J1JJp]'J1 Plfltl??JJ7 tP!ll'J1?? vJJfl?7JJU'llvli'F/UtJllm7 

-./, !!f r O V • J"" .• / -./, G V r 6' -./, G f V r f 

fJfJUfl'UllUfJUUUff711j 11V j JJ7fJJvU'lJ WUl/1 tlfJ::tJI/Jj7i'f')UU7-'1J WUl/ll'J1 mu lll/lfJ7fJ?7JJ 
'II 

,4 V -./, 6' V -./, f -./, f ')" 

l1JUfJU?U'J1NfJ?7 JJj fJU'llfJ-JfltJUm I/JU7YIU fll117PI fl?7'llfJ-JflfJUflJl/lti''n JJPl7YI fJW l'J17 t Pill 
./ r ,4 V --1, ,4 .., r r .., .., 
vJ:: JJ7fJJ fJ7f/J7JJ lJJUfJUJUfJJ?JJj fJU'lJfJ-JflfJUm l/ll1JU[1Plff?UfJll7v NflNUfl 1JfJJ7JJYIU7 

f V r;;; V V -./, -./, 6' V r;;;</1 ,4 
uu u tw::n 11m1JJ tt'llvUJv'llaJJJU 'll tJPl'll amaum l/lumunw1 flfl a m1JJ w uuum 

V V O <ojV <{ ,%' 'lV')" 'l r O <ojV -./, r;;; q 6' 
fJJ?JJj fJU'lJ fJvJJU f17JJ7'JfJ'J17 tYI lW JJ'll U Pl t Pill JJrn lYI lf1 llf/J7 JJ U'llv W vJ./7fl fJf)'tJflUIU7 

V ~ "" q ..._ '-'f V _,{--i, o ., o <ojV V f ~ ii 
Y!Ufl l117'M vf17JJ'JJU p]JJfJ f}J[f JJ1Hll11UfJ1DUfJJ7JJjf)'tJ'J1PI [17Yfj 11117 lY/ 117U tJ 1Jf)Ul U j ::mf'f 

9 9 

tnfl7f'/YIU7Jllfl::'117 ,;:,in lYflWrJ7fJ?7 JJ ,tuo nm tu zh ::l'J1f'f f}7fl7f'frau 
'II 

~ Vf<oj ~ .r V -./, f !!{ f 

flWJJ?? lUJJNflHJJWJ?JJumunww1vv::JJnm w1v nn JJWJ?JJ lU auuu 
f <oj'V -./, 6' v O !/{ ., f <f V "J'V ~ 'V 

ill/Jfl7j t'JJ flfJUflJI/JU7Y!Ufll117'M7WU tlfJ::NUvff7 JJ7W'J1 U U7Y!Ufl'llfJvtJ7fl7j t ~ JJ7flflvJ fJll fl:: 
9 

~ ~fo} zl V ... o!1 
1/lflffv'JJJfJW? 'JJUtU J::l'J1f'f[f'JlfjjtJWJfl7'J17WU 

'II 

.., ' ,4 .I .., --i, q 
20 u 11nwunnvJ::YlllP1JJmmmn 

V v V -./, 6' ._, t r~ 7 ./ 
f./Uv llfl::Y/flvfJ7PIJllfJfJlJfljl/J'tJ7Y/Ufll117JJ?l/lWl//1J W.rl. 2488 llfl:: UvJ::mrt 

v ~ r ~ V q Vv ./ "i" rf --1, • .I 
tNfltJYmur1111 w.rt. 2498 J::trmm rnurnnvJ::, ll'JJU'lltJ-JfltJUflJl/lrravmmrtJJ7 
~ '~ 

1/lvlll/lV W.rl. 2468 

j ,iQ 0" ' _,4,, 

M 
· · ' 

AflU~QWl'<J~cl1mf'l 

( AERATED CONCRETE) 

~ 1 

'II 

!fli .I. I.~• 
.,.1°"1 v A ,.I :' ti 

~OUfr'Wl I ~1-11ffillJ IUL'1Jf.Jyi Fri~fn-1716.J'lffl'l&Jlmnuw,n 
( NO FINES -CONCRETE) ( LIGHTWEIGHT AGGREGATE CONCRETE) 

... I ~ fr' u A " '"' 

7u 1 f1'DUffH1U 1'VlUnLlJ1'JfUflV'i¼ I 3 'JfUfl 
'II 
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, 
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'U't'lllff r1J 

' .,. f .., 
mUJ'llfNfl8'1-tfl1'<ll\fl'Hltn&Ul 

• 

"' flf>U fl7 flrJ fl~V1fl1fl "' .. ~ "' flf)Ufl1fl L1JJ'.Hl11lHl:atltJ~ 

I 
r I 

Chemical aerating Foaming mixture 

I I 
Aluminium powder Preformed foam 

method Air-entrained 

Hydrogen peroxide foam 

and bleaching 

~ powder method 

-
,, ... 

l8fl'1l'H>HtH 

Gravel 

Crushed stone 

Coarse clinker 

Sintered pulverised

fuel: ash 

Expanded clay or 

sh\ le 

Expanded slate 

Foamed slag 
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flt)Ufl1flJJ'Hl11JJU 111U fll1J1 

Clinker . 

Foamed slag 

Expanded clay 

Expanded shale 

Expanded slate 

Sintered pulverised

· fuel ash 

Exfoliated vermiculite 

Expanded perlite 

Pumice 

Organic aggregates 

1) "Manual Lightweight Concrete," by the Building Research Establishment of the 

Department of the Environment, Watford, England ; second draft-May 1972, 

2) ''Lightweight Concrete," by Andrew Short and William Kinniburgh, CR Books 

Ltd. 1968, Second edition (revised), London. 

3) ''Recommended Practice for Selecting Properties for Structural Lightweight Concrete," 

by ACI Committee 211, 213, 613 ; American Concrete Institute, Detroit, 19511 

4) "Lightweight concrete ma~e with expanded clay-Strength and Functional Problems," 

by H. Haegermann, Betonstein-Zeitung 86 (1970) 

5) "Concrete Technology." volume 1, by D.F. Orchard ; Properties of Material, 1962 

6) ' 'Composition and Properties of Concrete,' by G.E. Troxell , H.E. Davis and 

J.W. Kelly, (second edition) New York. 111611. 



~l'il-:JJ 1 ~1Y1"'1 '1 t tl'Jlfl .Jn 1t'l ... .Jfl..,fl~ 1wtumiun1mt 1V1ti."mu1'1f¼flfl 1.J 1 

' ' <l 0 ., ., d ~ ., .. <l fl11 lJ'li'W 1 ll'W WIIVsllJ1"l1'llJ fl11lJ'li'W1Ll'W'W 'IIVslflV'Wfl'J'~ mn.:iv~nn1J1flfHlJVV1t1 2s 1u 'l5'W\Jl'IIVslfltJ'Wfl'J'\Jl lJ1"l'l'1lJ .. • 
00./lJ 8 (kg./m.8

) fl0./lJ 8 (kg./m .8 ) MN/m.2 
00./cillJ.2 

<l 
fltJ'Wfl'J'~l'JMV701ft 

400 - BOO 1.4 - 4 .9 14 - 49 (Aerated concrete) 

<l t ., 
flV'WO'J~lJ1m1lJ'W l'li'W 011J1 Expanded vermiculite and ., 

' ' V~ll'WU1J1'3'11'W per lite 64 - 240 4 0 0 . 1120 0.5 - 8.5 50 - 85 

(Partially compacted 
pumice 320 - 880 7 20 - 1120 1.4 - 4.9 14 - 49 
Foanied slag 480 - 960 960 - 1520 1.4 - 5.6 14 - 66 lightweight 
Sintered pulverised -fuel ash 64 0 - 960 1120 - 1280 2,8 - 7,0 28 - 7 0 aggregate concrete ) 
Expanded clay or shale 560 - 1040 960 - 1200 5.6 - 8 .4 56 - 84 
Clinker 720 - 1040 1040 - 1520 2.1 - 7.0 21 - 70 

<l ,, <l 
fin um~ 1 ·rn1n11JJn::1 v v~ Natural aggregate 1860 - 1600 1600 - 1920 4..2 - 14 .0 42 - 140 
(No-fines concrete) Lightweight aggregate 4.80 - 1040 880 - 12{)0 2.8 - 7.0 28 - 70 

<l t ., - -- - ..,-flV'Wfl'J'~lJ1"l'J1lJ'W 1'1ilJ Ol1J7 Pumice 48 0 - 880 1040 - 1600 -~ 10.5 - 21.0 . 105 - 210 
0 ., 1 s, -=---- _ .J_ 

ff l'li'H.J m .:J '1 'J N Foamed slag 480 - 960 1680 - 2oso* 10.5 - 42. 0 105 - 420 
(Structural lightweight Sintered pulverised- fuel ash 640 - 960 1 360 - 1760* 14.0 - 42 . 0 140 - 420 
aggregate concrete ) Expanded clay or shale 560 - 1040 1860 - 1840. 14.0 - 42.0 140 - 420 

<l 
flV'WO'J~!i'Jrn~1 Gravel 1 6 00 2240 28.0 280 (Dense concrete ) 

<l ' 1'<1 .ri ' ~,, <l <l t ., 
*m.1um~1 ttn 1UlJL 'W tJll'W u 1~vm1 L'lf'Vl'J1VTI::rnv~LL 'Vl'WlJ1"l'J1lJ"l~lt){J~U 1'1i'W 011.11 

' " 
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., 
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llY111fl "'I 

"' I J,, \1 .., ,4 a., • u .. t' .., 
(!111H'tl 2 fl1'Yl1 '7 LU1'fl ,ln17Vlflfl1LJJf!LLVI.Jt'l7Vli1Jfffl\J.fflfl\J. 1Vl'\.J.nL1J1 

., 
1ff'1 

(Materlal) 

"' ,,, "' 
flt)'\.Jfn~ 1JJ1t'l':i1JJt'l:::Ltltl'1 (No-fines concrete) 

Natural aggregate 

Lightweight aggregate 
"' ,: ., 

flf}'\.Jfl1~JJ1t'l'I1JJ'\.J 1'tt'\.JnLU1 (Lightweight aggregate concrete) 

Expanded vermiculite 

Pumice 

Foamed slag 

Sintered pulverised- fuel ash 

Expanded clay 

Clinker 

"' flf}'\.JflHlvJt>~tllfllfl (Aerated concrete ) 

Precast 
in-situ 

"' fl nu m ~ 'Ii n" '11 
Dense gravel concrete 
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., ~ ,, 
fll'I'tt'1~ 1L>JtlLL 11~ 

(Drying shrinkage) 

per cent 

0.018 

0,025 

0.25 - 0 .85 

0.04 - 0.10 

0.08 - 0.07 

0.04 - 0.07 

0.04 - 0.07 

o.o4 - 0.08 

0.05 

0.5 

0.085 

(!111H~ 8 n ,r"'11 'l Lt11'fl .J nl'"lLU\J.fl.,1U 1f11 7JJ1'fJU~lVl7.,1Jfl'flUn1mr,...,u"mm 

I "' ~ ., 0 ,, 
., fl11JJ11'\.J 1 LL '\.J '\.J'llt>~ fltl'\.J m ~ fll'IL1J'\.J~1'\.J 1fl11JJ'jf>'\.J 

1i'lv! 
(Dry density of concrete) (Thermal Conductivity 'K' value) . 

(Material) 
flfl./JJ 8 (kg./m 8

) W/m degC Btu in/ft2 deg F 

Aerated c;oncrete 400 - 800 0.08 - 0.20 0.60 - 1.4 

Lightweight aggregate 

concrete : 

Expanded vermiculi te 

and perlite 400 - 1120 , 0.11 - 0.29 0.75 - 2.0 

Pumice 720 - 1280 0.14 - 0.86 1.0 - 2.5 

Foamed slag 960 - 1520 0.22 - 0.43 1.5 - 3.0 

Expanded clay or shale 960 - 1200 0.33 - 0.46 2. 3 - 3.2 

Clinker 1040 - 1520 0.35 - 0.58 2.4 - 4.0 

Dense concrete 2820 1.2 - 1.7 8 - 12 

-
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~ 

. t:-l;flrlllJ'iltJ1Un71t:-J;fllL1JtJ l V\~JlltJV\ft.,.J'illn l.rl~n71U~1rl'Yl7.Jf~u1511lJ ( Cultural Revolu-
-. 

) 
0, ~ A .... ( tion LLft1 'il1nm1w-iu11mtit'l11l1m10-itl1::1i1Uf1nt::m1lJnTJUl)1fl Revolutionary , 

) 
. , • • ., '-'I"' I I ... r! I of Committee u1::'il7tllL1lmLft1 L'l1U b~f117lJ17 'll1U1'YIU1ff1rl\Jllfl11Lfl~\?ll bblJ.JtltlnLtJ'U, 

., ., ~ 
4 1::~umu 

1. 1::~.,m11L11t1 (~L'lmii 'Yl~ftt1.J1'Ylmfllt1fl1L vi~) 
2. 1::~.,Uf1tllJlJU ( Commune) 

11 

3. 1::~"unmm1t:-J;fl LV\~ (Production Prigade) 

4. 1::~.,uno-im1t:-J;rn;n (Production team) 

u 1f'.JtJ7f'.J~~ltl1'Yltllf17t'lfl1n71Ln~fn 1 'U 1::~.,Ufll.J I '<\l::flm~lL uum1ut:u L~fu 
0 ~ ~ ~ G..I' I A ,i::C U 

f11L'I .J'il1nr1m::nniim1nm-i"l.lmw11r1 t'l.Jm'Yl1::~ UlJ m 6Yl ftf!VL u tJ.Jft .JlJ7'\JUrn1::~unmm1 
A " u ~ CV o'I I ,::ii c:l .. lq Qq ( A 

t:-Jt'lf!Lftn -i1uY1m::~ulJnT1tl1::mu-i1unuLuuoti1-i~ 1Ln::1JflW::f1111Jfl1'i1J{)1\Jl mnlfn , . 
\II._,., I t: ) 0 ti q o/ L~1um1umm'\l1nr1m::m1lJm1mn-J10-iw11r1 1 'Y17fl1lfl11JfltJLrn:: -s::11Ji.um'Ylf11::~u • • 
.JlU ~u 1L'IU L '\l'Yll.J~l'U ;J; nft ~i,~ L ~ u 'illrnJ 1tl1 'YlrJ7f11t1fl'foTnn~fl1i'f fl tl 

1. n11,~uun~n~n~~"'uJ1'lJt1..:ir-l1tnl1lu 1~tJ1liLD~tJu1::~.,uf1':i1lJt1.J'iltJ.J 
11 

e1°'m;oit L;t1u~1.tlilJi'f~io V\-J,11L;u tri',ine111-i;u1u~ r1.r1. 1958 LUULLuu~1m!1tfu 
11 

1 "" A u ~ "" ( ) I \II t.,,A ., J!i "" rJ !' "" l,l nm1f1t1lJC1UL"l.lt1Ut'1.Jf1.JYl fixed height rimJ7 b~lJm1tl1utl1-iwummJUlLVIUtl~ltJU Y-JtJ _ 11 , 

11L'll lJ71mnuJ1L~lJ;U 1.ri'un tllL~lJf111lJt'l.J'iltl.Jt1.,UL;tl'U;U i.iJum.h::mm 2.50 LlJfl"j t, 
11 

'tri'~nTrn.,mLllft-i 1v;~m1Ltl~m~ 1::v1.,rnimlm ;ou;u 1~tJ 1ift'l~LLft::LL 1-i-i1u ~nnYlm~u iu , 
1v1tJfl1.J 'Ylt:-ii'f L ~tl 1 v; LUU i.tlmlJU 1tJtJ1tl"l.ltJ.Jf1u1ft~l ~~ v1Vlft.,n"lr1tlfl.,1Lm (Self reliance) 

., 'Ill.., • ., 1 ., I _, o/ Ii)" ti d ' ,,. m1v1rnLtlt1-i Lv1'Yllnu Uftnwm::-J1tJ 1, u'i~'HU~ un~ ,~r-rn~UJflllJJ ,~,Nfl nm1r10 



~ 

4 

• 

" 

U 'Vll'jfllcll 118 

b ~lJfl17lJt'I.J"ll'Eh'.lt'l..,Ub;UU 1~m 1i''Ylmn-:i LV!q/b;UlJ~fln"'ut'l..,Ub;UUbiilJ nmn-:i~'Yll l~V-Jm 1J-:i 
,i 

,., &, • ~ &,1 •I ~ 
1 

&, %' "'I .., .., ,., .. ~ , A 

bbt'l:;bb V'lu bf! n71'Yll bVI lJ.Jbbt'l:;bb V'luu U "lfU lblJUfl1b "ll l b1..hl'YJU'Ylmn7f1 bU'Yltltll.J bthtiu 
•I 1 

11 , .., .., ·~ ~, &, %' , %' .., , ~ 

1h:;m1L1Jlt'ln lJ.J b\'IV-J'Eh'.llJlnUUtJ bbfl b Un71U b"ll'U lbb 'YlU m'1tlcrnm,rn "ll lUUn'YlUtll.JU U 
, ,i 

1 Ak Al Al %' ( ~ ) 1 · A 
fl11JfllJ fltllJb'lU rn1-blJ fl ' 1:;rnt1u 1 fl bU1U fl t11:;uu gravitational flow n71bV-JlJ 

, ,i ,i 

~1Ut'I.J"llmt'l"Ub;UuJu'Ylll~th:;mrn 0-3 bllfl1 (Lbt'l1bb~611Ulfl61lmnum-:i) n71fl..,mbtlt'l.J 
,i 

b"lfU ~ 1.h:;vm"'fl~l WlJU~l~fl..,U.Jt'l.J'YlUflUnbt'Jlb; ll'Ylllh:;riti1 b V-J11:;ri"'u-:inu i,~~bfl~U.J~Unt'l 
, ,i 

V!u"n u~1-:i't1nrnlJ im;tin~u 1:;uu~1i1ut'lm1:;61JmurnV111ii~1n11 0°C l~~u"n LV-J17:; 
, ,i 

%'Gu I Ai.,,, , .2J ,Ai .:::I/ 

u lbb "ll.Jfl1 m-:ibt.111:;-:i ltl tlnmbt'l1 'Yl um-:i-;i:;fl mbtl1:1t1u 'Yl n 1 2-3 u , 
~'1 ti ,I_. 
t411~fl.Sm 

' 

1:fl'mt~~~~fltlm,11™ .3 ~31611' i_ 

I 

rnim~ 
AV .t.! ." y I 
1H4 ur16f1U1L '!J1Vl8fl7~ 

All~ .c\ 

fHU'll8UM~ 

( 1tfi!~wnn~1iflt1~~ ~O¾) 

DI -!! Q/ cf 91 91 o DI 91 1 ~ ,_,,.A .., A 

2. fll'ifl\?lHHlflNt'UJl1U'fi'Ul1l\llilll1'i1JlJWC)')'1fl11'1~ '1 fl tl b°lf115"UllJ1 .Jt'I • • 
(irradiation) b ~ m-;i1nlJru •rmm1.J'fl.J~ mJmt'llJV-J.,f!U:;'Y):;b "lllbt'll!U 'Yllfl11lJb; tJVllmbn U 1"1111 , , . 

lJUtJ 1 ;.J~n71V-JtlltlllJfl.,m~t1nV-J"uii11L~tl (Short) bbfl 1~t-J;flt-Jt'l (Yield) t'I.J 1flff~ITU71J 
, ,i 

VA "' .., A ,: ( ) ,!I .,A ,: \II 
1.Jt'ILlJt"lfl"ll71 -;i1mmtll)n1rn 1.hl!1rn nuclear reactor V11UU71J1.Jt'l"llfl.Jfl111JUU bfl-

,i 

uun L"]'~Lm "]'e:J1 m1mui,;u~uii't~n1:;ri11 u-J:;fl.,UflUlJlJU V11rnLfim:;ri11ut'lmu"'ui-;i.,ti 
' ,i 

Vl1U 1 UlJ°v'\11'Yltllt'l.,tl bbt-11~ .JblJ;flV-i"'ui61171 l'Vl'Yll.J1:;f}"'lJl'lU.Jn u 'Ylflt'lU-:!Ut'ln 
, ,i 

-;i1nm1fl _ ~ 1t11'Ylmfllt'lfl1m1Lmjfl1 V-Jm:;t'l1tl'tri'11 1"1u11:1nm-:161lm;Ubbt'l:; 
,i ' , 

·t1rnt'l1:;f!.,1JlJill6Ylt'l ~u lm.J1t1ri-;i:; 1 ~ 
1. 'Yl,..,mnU'lf1tlflUb'Eh'.l bb t"l:;~u VILJ.,fl 1 Ubb 'YltJ'YlnfllU~b 1tJn17bb1JlJ self reliance , 
2. V-JtlltlllJ Li''Yl1..,l•lftJ1m~~U~ 1 U'YlU.JnU V-J.,\'JJU l'Yl"'mnu bLl:l:;t'IUU'1fl11lJrl'Eh'.ln71 

,i 
S., A 

"lJUJ'Ylfl.JrlUbU.J 

3. ~m1tl1:;mu-:11un"u 1 u Y1m:;f!.,rnu~:;~m1viflmllt-Jb'lV~ bt'l>JV 
, ,i 
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q d ~ ~ q q 
1'YIU1~1~\Jl'rn n::l'Ylfl t'U LilU"U6'3\llllL~..:J 

A U I QJ I ~ 4.,11 <v "4 "4 I I V 

4. m11'<\lt1nlJnu i1mvienmu ri~ t1mu11J'W.J1JQJV17"il7nV1u1t1m.J 1 'Ylm:;~u , 
ri11 ~'Yl171JUqJVl7~LLl1'<\l1.JLLt'l:;LLnu illV\7 l~Cln"il~ 

~ 'll , 

v .., IA 1 v , ,C 1 I 

5.- 1l1J7t'l blJlJi\ tirnti~uu~u UC-Jt'l.J1u61Jm1Jflflt'l b~Uflflt'lVIU.J flm,;i, 'W1:; LLri , , , 
'<\l~~u.,u~u uNn..:i1ul1lJ 1~~1Jflfl~ lf11Jflflt'lVl~.J "'t~vim" , 

g/'i "" " ~l'U g'H-:Jl'Utl\?1'11'l1fl'i'UJU1:l~Ul1'i'ifftll'ifll'iill 
'I 

1:;wJ7.Jn71 LUfl.J7U~Ufl1n17.JL "ill L ~ti.J i,ir LLt'l~L•Jfum.JC Vl1m~m Mukden 
'll 

Lr1lJ) L"il7VIU7~61Jmf~rnt'l;u 1~'W76ll'lJ h J.J1uarimvim1lJ~1.J 61 ri~t1~'<\lu u Y111r1m1m.J 
"' , I 

m1m~ufl1m1.JL "ill LLt'l~'U fl1 L ~ti.Ji,; \~ 'W1J17LL~ LL~1 u l 1.J.J1uarimVim1lJJu V1~.,nm1 , 
'Yll.Jv!;n; rlt'ltl~'<\l'U,l, 'Ylfl'Ufl 1 VI~ 67 l~Cl nu 7 LUl;tl~ 7.J LL 'W1Vlt'l7t1 tl7r1L"lfU n711i L 'Ylfl'Ufl61Jt],j 

'11 

~lLL~.JLm "ll't11 1~m,;i, 'Wl~n 1,; tllJ-U tltl'U.Lt'lL "ll't11l um1tJ1~nt11JLfl~ tl.J"il.,mnt'lVIU.,n n~71 

fit1 't~1i1,m "ll't111 um111.JLL u1V1t'l.,m ~t1m1tJ1~nt1rnfl~t1.J"il.,mn~ LLt'l ~ 't~1.,11m1ut1m~1,i1n 

1, "il7Vlt-t7~ 1 um1~m 1t1 1, 'Ylf1Ufl61JmLm "1J't111 u fl1um1"il.,m7.JLVi,n LLt'l~n11ii-rmJm11i 
'11 

flt1i1~1Lrit11 "il.,fl1~uum1~11J m1tJ1~nt1u 't~cimi 1m 1i .J1u 
'll 

~Ufl1L~ti.J i,~i,~~1amm 61J7"1flJ 11.J.J1uarimV1m1 lJ'Yll.J'Yl.,f1Ufll~ri1 'W1J11 L;ilJ , 
1 l,j.., "-' ~ ~ ,,i 1 o J,( I 2, I \IJ "-' A "1 

1J.J7UU bflrl.J61JULlJtl fl.fl. 1953 fltl'Yl76ll'U~1U'Yl1.Jmtul,~.J r!tlill bfllJn7161Jt17tJ.J7UL1JU 

m1C-J;rtt1t!n1rn 'Yl1J'Yl.,f1Uf17~rl1Ltl.J 't~ 1 UU'<\ll\llJ"it ~h.JJ7U 9 Vlt'l.,.J l1.J'Yl7n711 "il.,tJ'Ylfl~tl1J , , 
1 Vlt'l.,.J 1,1,l;'l:;t:,J;rit1umm 'Yl7.J'Yl.,f1um~r11'tr1 130 'lfUfl t1umrn1,1,l;'l:;1,fl~t1.J~t1Vlt'l.,n~t:,J;rt 't~ riu , 

( 

1. Lt'lU~n1tl.JLb~.J 
,., ., ( 

2. mrnJ"ilt'l'YlflU , 
,., 0 

3. n~m~1n"il 

4. m.Jmnh.,~'Yl1J'Yl.,f1Ufl7M11 , 
~ 0 QJ i,., ' 

5. l,~U~~7Vl11Jn~mJ77'Wt1Url1 

6. nt'l,.,tl.JClltJ.fll'W bbt'l ~t1umm n71'17 t1 117'W'Yl1.J;11'Yltl71,l,(;'l~ Lt'lV1~1'Ylt1 7 , 
( ., ( ,., ,.,~ ( 

7. tl Un1nL'Yl f1Ufll~rJj'Y) b6ll' b'Un71LL'W 'Ylt1 , 
8. ri1ri.,1riuLrnrn ~ti 1 ~h JJ1utuc-J;rt 

otJmrn ~ C-J;rt l~L V\~7~ 't~~Utl.Jfl17lJrltl.Jn7161Jtl.JU1~1, Ylfl LL~~'t~iJt1t1n 'ttJ~1-, 
VIU 1t11 u~1.Ju1::1, Y1flLLt'l~"lf1m V1~t1tJ1:;1, rifl ltm~~llJ 

-t 



fl, 

1\ nuuwQn l' fil?.1111~f.f tt!J;, mrn .... l,'1,U~Q~, nLl'l't 1 Q~l,'1,u,11nJr.uQQtLUn tf1l~t~ll?.LFLU~u,.n 

~rtl,'1,l'~u,Luurnir. %09 mLrt~f.[1 ~H ~ttl,'1,L~~Lut 11:tnL~n t ~ f8 -s mLrt~f.[1 ~l ~tii,'1,L~Lfb 
M fl, b 

-rllff111,.~~.r. n t tLHJU .... Ul,'1, uun .... t~uklu, ,~t[1n t mv1.n~~~~l,'1, t uuuJu,smu~!!LFLU~rtLflLflM~u,,~u ri 
fl, 

-~t[1rn~~l'Ll.,l,f1l u,,,m1.n,,,n,~u~~ nmJuu~~l u~ul',,,~fl,,,ULfll.,l,SLl,'1,rtrtw ~ll'fl~ium nwt,,ul.u 
b b 

-Lfll.,l,tll,'1,l't~f,m l'UUl1f.~'t1, t,l,'1,l',Q'.flULfll.,l,t,Ll,'1,l't l'Ul'LWUU..mrt Lil?.1l'Lt,Uf.~'t1, '!1,L,Q'.l'il?.fl~Lfll.,l,t,Ll,'1,l't 'ti ~~ n 'tfn 't::1 ,g t'b t:t 

rnir.uull?.~rti~ir.1LM~l n~uLr1t,,,.r.rnir.~1;.nl,'1,1;.ll?.1 rn,.ir.tri~,~ L. l'L~fl,,,il?.Smt1tJ~u,m,,,uLriu,SLls'1,rtl'~ 

't1,il?,l'tfl~,,,rtl1,,,~~WLil?. n,,,urn~ m~nLtJ~f.[1f.LU~~l 't1,~l,!l.,I, ,~ t[1't1, wu~~ 't1,~~LFLU~f.LU 

Jl t!LJllA.tlH.rttttl!Ul!~ ,... I>,. ? I>,. I>,. 

b 

!'..lA,l'ttJ't1,~iG;1f1}.ltl.L~ l'Q~L~JttJ~1 l;_~!'..1l.el~~!'..LU'l1.~~lJf,Jl.el ;}i\BMOJO,!lli b'~l'lJ~~,l'~!'..tJ!'..LU~.!fl~ 

l'tl<hL 't1,l't~w.11111~f.l'Qf. m, l'tU l!TIOl!O P;}lBJiJ;}lU! 11rnmrnl'LflQ,l'Ll1~m, WUW!,ll.'!1,Lf.l.,I, 'L 't1,t,U 
~ ~ i:=,p IP I , 'ti O l"b 

l'~Ut,M~t 't1,~'t1, l. l'L~f.il?.l'tl'Qlr.1111~f. ~l,l,M.11f.LU't1,U·t~~!1,f.l.,l,1 l,hl,;!1~Q~l'Q~~,~~'t1,~'t1,ULil?.UQ't1, ~i 
b fl, 

~lL~l',,,IJ puo::>;}S omm ~~~f.'t1,~lr. ~L't1,Sl'Qlr.'t1,l;_U't1,tl'~ls'1,l'flti,1~tJl'tJ ;}lBJ d;};}MS ;}W!.1 ~~lL~ 

~f1LhltJU1 ~_g.tJQQl'O~~, 11~pm1 ~z-tJQQW~~, l' .... ~M~!;,1L~rn~l.<h1 L~(All'Ll.,l,~,,,tfQU1~ fQU1 
' b I I b 

-t~rtQ~ ;tkl,,,u,tu,l riu,s n~, ~!1,Jr.flL~l,'1,LrtUQQU~~~ ~~:)f.lAl Lhm~nu,_!11W[1Q ris.~u~u~ 

-~tf1l'L~Q~l<1.~1 rm~i~,,,uuunt!t Q~, fQ,ll. rn,~,ll.l UQQ~l t1,Ql1fWU~t-:il',,,fl n~nULil?.UQn ULrt 

W,ll.m1 
:, 

fl, fl, 

l'tJ11J:t ri~1 il?.UL~Q~rn~~,u~t-:in~ L~~un~, L,.nls'1,tl;_Ul'L,.tr.nQ~~11,,,~~.r.n t ~Q~m, ULrt~Q~n~n 
b 

~U~MLJT.Ufr.L~l1Ul'Q rr.rnu,u, 't1,L~l'tUUk'\.L~UQLt,111v1. 't1, 't1,f.LUklf.W. t1,'t1,Ll'l'tJT.f.LUULil?. ULl't't1,t,'t1, 
, t1' 'tJ '='# n "5 F' ~ ,g I ~ 1:-' 

-L~ n~,L~~t1,~Q~l'f~~,mJT.Lrtu~1 t,..lA L. l'L~kllA. t:.r.11uLll?.l;_~f.LUil?.~thu,,,n~L~f1M ~lkllA ,~tf1l'L~ 

riLir. Q~ls'l, nLl' ~tf1l l'~~ll,.ftQ}M.~ L. l'L~rtf.Wls'1,L~ua~~,,.r.uguwLlA.~t-:iu~t-:irnt,:J11tLU~,ifl n~n ml' 

n t l;_Lhf.LUl'LlA. uui;nu, !}l'tlT.f1l~LUQl~~l~l rn~,~~,,Lil?.1l'LWW't1~'11.~nuLll?.UQn 

• • 
!l!l.M 

,t► 

ll 1 IJIJ/1 t,W fl lit U.UH(lfl t(ll:-LULU0 M1!l fl.flUJ:::t(lft I{,;:: t(lUUrt !tt 1 MBM 1 fllN:-!,11:-LU lllM 
"'l, ... ► ... ,.. fr-h'fr-0 ► /1, l, ,.. "'ft, "' 

• IJIJ/1 UU fllfl n.t-011.U !lUU11:-t(lfU(l:::IJ11lfWMlft fUWWl:-PflBMGIJ/Ji !lll:-Hlfl 1 !llWMlft 
... ... ,.. S> p ' l, IS>. fl, 

UWMU fll:-JJ!,WftM 1 Ii 11:-1] ll.1 U!ll/J Mf]IJWU llldft :::1111 1:-UlJfl U lllf:-f{,lllJWUllllrt ll U0 rt s,ro, i,.11,ftt 11,ft, r'r' /'",.. ts. ,""fr" re.,_,.. .,_ ro li>-

(t(,!',(.jl !lll:-Hl llfl/J!lfl1 fllN:-!,ll:-011.IJIJ/1!',WflUl!l.ll (jf:-0 !l.lf}U1lf{,llfl.W0 !UWCUUJ rt U 
,11, '/1, /P .,_ ro /5 J"' .,_ Ii>-ts. ►r-

1., 1:-l!Jf]IJWU llllftfl UM f{,IJ(j L l:-lll00 ft ft(,!,ftllUftM l !l!lll:-Hl 0UIJU1 l:-Pl!l0 fl.ft 
' ,.. ... ,. ""'"' ' Ii'> ' ►"' Ji( Ii>-,.. ' ,. ► 

9It Lo ,JJ,t t L1, ti. 
... 

f 

' 
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"" d ~ ~ q q 
1'VltJ1fl1~\Jl'rnn::L 'Vlrl L lJ t'1tJ'llV-:l,JlJLL~-3 

t.1""''1'\l:;r1m 1iL 1mumJ1:;mru, 10-15% "IlmL 1t"l7'Ylt:'1VllJ71L"Il7~neJ1JjlJbLt"l:;fim~1f.'l..,'YlITn71L~mLLf.'l:; 

e]lJj:lJf~Ufi-:i_llJLLt-JU 1 VI~ Cl~~m11.h""'rnJ1 ✓f ~U1ijjiJeJd1'1mn 1rn.JV1t"l..,'1'\llmn 71n11ufrJri 

._, I ~ ) 

'Yl1'11~U1ijjlJ 1:;V111'11J fl. ti. 1966-1970 

"'> ':'.I"'> d ~ "" oJ 91 lJJ 91 q 91 91 
fllrl1'ti1TitHl~ 'VllJ'l111'VltJ 1'1 tl,J-:l'til'U J.J tlNlnfl11-:I\Jl-:I L~J.Jf11'H lJ l-Jfl TH'l''l 1-:1, 

• • 
"'>oJ .I d-!. oJ d I q 
1,imrn::u-s::t1fl~Lfltl1fl'l.Jl'1LtJfV-S "1J11J.J Argon Laser, CO Laser, Helium Neon Laser, 

• 2 

N2 - Laser '11Ult"ll"lltl1'Ylt:'1VllJ71~LVl~tlUL~'1'\l:;L1lJrJU 1 UL 1m L~muu""'n tl~7'1hnmii l~~nlj 

1...., " Q.I '2,, J. u '2,, 1.., 
'Yl71f.'lm 61f C0-

2 
Laser it 7milf.'l71'\AJU1i "Il 71L 'l"ltl71 Mutation LLr1:;Y-JtJ1tlllJil:;m'! i1'l"JU1i "1171 VI 

, 'II , 

Lr1'\AJ.,u1i' 6JJ71L~t.l L ~aviriur1iii11tn1~~a~ Lt'liia 1 u~71'117Ul"IleJ'1ilill'rlrim1'1~'1 1ri'~m111ii~a 
, , 'II 'II , 

n""'umfl161f1i11'Ylm 1 u 711un~1u1:;t.1 n~161f1 nuclear physics 171t.11i1a 1 "lf 1 'YlUfl m~1L~t.11n""'u , 
A A 1 ,!I I 1"' 1( ~ '1 ,!I ~ A QJ genetics LLr1:;m1L'\l-:iq)bfllJ fl"Ilm'l"J61f b61l'U 61f C 1'1nM7e1m lJU"Iltl'1'\AJ61f bUn71Ln71n71t'l'1 

Lf111:;1,fo,t'l'1 lllfl161f7~;n;"IlmiJVl71'Yltllf.'l..,t.l'\l '161f7U ~u""'nrinMllllflUn~u1:;mru, 300 flU , 
( "'"' 1 "' "' 1::: 1 ) "' 'l"J1nt'liJ'YllJmm~n 71t.1i11m1mm1L-:it.JULL1J1Jt'IU short course m ii 1'1'17UUf.'l~fltl lJ~U ii 

ft A oA 1 o J!'l,=1 ft A A ( ) 
ell'\J7jt.JUf.'l~fliu:Drnm11u1~mru, 170 flU U'\17 U'JUUlJ tll'iJ7jt.Jl ~ Ujq) q)7Ltln Ph.D 

1.h~ii1rn 2-3 flU 1~tJ1qiqi11 'Yl (M.Sc) u1~mrn 10-15 flu uamfu1~ B.Sc vi1a~1 , ' , 
ffJ7 ad1'1 hnmii71mlJeJ.,flj7~1U tll'iJ7j~/u""'nrirn~7 LLtf1 L ~ 1n.,u 1 :2 mi1Lii1V1mt.1~171Vl'U71l1 

'II 

'\l:;1""'u-u.,nfinM1L~ii~1-ua.,ri11~1u m'\111~ /-u"nrinM7LU'U 1 :5 
' A A ,A A QJ A 0.., ~ Q,., V"' 

nl"JU"J::tJno/1'Yl7-.'.l'Wt'lnt'l'Yl:lJVl71'Yltllt'W6Jf-.'.lV11'UU LUUVIUn LU'Yll-.'.l micro electronics , 
L~t.11n"uvnn transistor Lbf.'l~ integrated circuit L~~nl-:i~n 1 mfmunurm11 electronics 

~1V1fu-u.,nrinM161f1:::-uu~ 1 171mmr1a:1J~1Lria-fri.,1'il1 '1~ '1LUULLUU~ 1t.1 1 Yi11 -u ;-um1 ~-u.,nrin-

A ( I I 4 I I 11::: 
-M71Lfl17~Vl711.J'\l1LLf.'l:;t'l1uu1:;naum'1 '7 LLr1:;1'1nM1 characteristics "Ilmt'11Ufl1'1 1 U61f'U 

'II 

Ut'171'Yllt.l (u~ 3) u""'nrinM1'iJ:;r1m~t-Jb'l'1l'Uffi'UUn uri (project) ~mm1r,u 71u161f'Yl7'1l'U I,~ , 
A t., I , I .2., A ( O k I ( ) 0 QJ I 

iln711t.l b61fU 61f1t.lt'l17.Jfltiil'l"l1bflm Yn61f 'Ut'l1U chip "Ilm integrated circuit mrn eJt.ll.J 

ft 1 I <II .., 
Lm"lfmbblJlJ Vl:!J jt'lj LlJ 'UflU 

~lJVl71'Yltllb'l.,t.J~m'U 'UfljL ~t.1'1 L'~ l,~~Ltinlt'IL "Ill"lfdJVl.,munurinTHm "lf U1'nm'U"'n 
'II 

ri nM1Lrn:;61f:1Jifmu~urim1'Yll'1U1Lfl; t.1f w; n; ;; '1 ~LL 1Ub71tl1n17~"Il'U 771~1~'V-1t"l.,'1'17ULU71u1 

fltlUb~ln.,u 2 - 4 Mev. (million electron volts) lrl~n71finM7'Yl1JU1Lfl;t.l1W;nJ'l"JC'l.,'1.J7U 

A o 1 ,_ _t:~_. •1i,,A I 

fl7Ut"l:;m1'Yl l ion implantation 71t.lbfl1tl.J Van de Graff 'Yl'1UL'l"Jtl'Yl7 VILn71 junction b61fU 

p-n junction 1uf~71~.Jfl.,1U7 b'Ylfl'Uf\LblJU ion implantation ~L~t-JftU'UUeJULLft~fin171;n71 , 

~ .• ~ ->'· ,.,·,~· 

.- j, 

* 

l 
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0 ~ Q..11 Vj &,, A 1,, 4 A A '1 t., .., ' 
1'17 p-n junction ll1J1J diffusion 'l-Ulml7n'U Ut.1 .J LrllJnT'H u unT'H'ln~7l'Jf.'lnf.'l Urll'U.Ylfl'U.f17f.'lfl1" 

1ri t.1 ~ m 111ii~t1t1~ 7-J ln~i rin"u 1,-.J .J1ut1rimvinniim ,m"r1umf.'l ri11 uu1L 1m 1n~Lt1t.1.J~ni1t.1 , 
L~'U,~U7f.'l..,.jbnfl'J7 LL~LL~l'U.lJ'Vl71 '\'lm~"'mmnt.1~~flnt::nniim1iJ~1fl i.JLL~.jfl~.J 

1mm1 .J"il1nmu,::m1iimjn~1'1"1JtJ'1"r'Jj1"flffEJi1~1uf.'lfi; u r11vim~fl11Jfl iih11~ 7L ii U.J7U Yln , , 
I J.,, I CL.I la A O I A A d 

Ti t.1 7-J LLlJLLflV\~nf.'lflj flnt::mjlJn7j'U,i]'E)'U, n1"jlJn7jUj::"il7tlt.1 Yln117fl1"1f7 t1nu1::fi1jV\'U,.j 
,i , ,i , 

q 1 q o, t 1f1 Ye:! I ..ii 
1~1.J1.Jftl'i1.Jll11'i 1-UJ 1111 VIUUHJ 'lfU UJ lJ ftlHlU--1 disciplinary 66ft l1.J1Hl W~ 

( ) 
I l r.!I q )'l ..,, I 

Faculty U~Hl ~U 1.J'100fU1.J'l-ifllfl1'lfl (Department gflUvlHHlU fl1tlm '1 L "lf'U. 

1m11Y1m~"'t.1"il.J"lf1u~ 11 mfl1"1f1 iivi11'\'lm~"'t.1i.Jvi"1~ 14177fl1"1f7 Luuri"u i11~u1f.'luh , 
TI~ 7'1~ .Jfl~ ti vi~"nf.'l fn1::ri"uu1qiqi1 3-3 ¼ uu~u m V\~t]'U, 'J 7LU'U.n71L'fl1 t.JlJtltln LU'Y17.J7UmlJ 

,i ,i 

fl t1iiii u vi1t11 ~ .J.J1ut1rif.'l 1V\mjJJ L ~t1f.'l u rnfl11iifl.,mm1m.Jri.,1u,11u 1"il"t.11::ri"uf.'l .J 1 um:nu"'u 
,i , ,i • 

1"il..,t.1"r'J1J11iivi11Y1m~.,t.1~mu"il::Lurif.'lt1UV1~..,nf.'lrij 2 u ~t1t1t1mi1n 3 ½ ULL1n lv1mimrnu 
,i ,i 

"'I t G) <!f ij ., -=<I ~ ., ., ,,. .., 

tu'UflH Ulft &'UU'U Tl.fl . 19'Z 6 vi~nf.'lfl j 2 lJ'IH::LUUV\Un'Yrn course work LL~::1"ilt.1 

, h 
i nn"ilu 

,i 

q f q c!1 .., q QI / 

l'itf fltf Utffll1J'l.fl'iW ,Research Institute) 

Institute of Physics, Peking 
.,..,.. ~ \II ... ~ 

,nnm1u11mt.1f.'l1U"ilmi:-J1tJt:--lrl"lftl tJ Institute of physics u u Institute Lrl'fl.J 
, ,i 

~ ~"4 ~1 ~ ,_,..,,,..., •"A • ._,AI o 

"1.l 'U.LlJtllJ fl.ff . 1950 "lf .J 'U."illli::UU'\'l171J17lJ'UffJ "il m.h::"il7t.1 .JlJ"il 7'U.1'U.Utlt.1 lJtlt.1 2-3 fl'U. '\'l7 
,i 

m11"il"'t.11umu spectroscopy mi::n~lJ'Yrn crystallography 17t.1.,.JLUUn~lJL;n Lfl~t).j~t]V\~..,n , , 

1 ,_.,A<i) ._, I 1 ~ V~ .., ._, 

Un7j1 "\WlJ LU U'flU17 spectroscope compton spectrometer UlJ"il "illJUU Institute Lrl "ilmt.1 , 
n"iln71r.mn LUV1mt.1m"il71"1f7 l 'U, '\'l7.J~i1 n; LL~::~ b"illV\Ul~LL~::~1"il..,t.11JlJ'\'l~.J;'U.U1"::lJ1rn 700 flU 

,i 

.J7'U.1"il.,t.11 U"ilnt::itLL1.J .Jr.rnm uuf.'l7"il7~7.j I i.ri' 8 f.'l7"il7 (Departments) '17'U.1 "il..,t.JitLU'U..J7U1 "il..,t.1 

.., A ._, v \II ~ 1 A dA I ,!I 

1::ri1J"lf7fl u~m.i u viun LU'\'l7.J Basic and applied research "if .J urn,m1rnn iimj-:i1lJlJt1 

n"'un"rn1tnuti~uu~::lJvi11Y1m~.,t.1~1.;i I L"lfU m11Lfl11::~ri l fl1.Jf.'lTI.J"ilm;u"lf;unffrll!u 
,i ,i 

,J U (i.., I,., -=- A "r .I,, 

~ .Jf.'l .J bfl1"7::V\ Lrl'\'l Institute of Biochemistry, Shanghai n71"1Lfl17::V\ Lfl1" .Jt'l17.J '\'l7.J Institute 
>'! t.,1 t., I ,!I A ._, ~ ~ 

of Physics, Peking brl V\fl1 7lJ-:i1lJlJtl Ll'U.1"iltl.Jn711 WJU U Academy of Science "if .Jfl1U 

IVA CV a) ' t., o 

fl ii f.'l mu u 1 "il mu ui:-J n7V\ u ri 
, ,i 

.J7U"il tl.J Institute of Physics LLU.JtltlnLU'U.f.'ll"il7 (Departments) 1 VI~ 1 i.~ B 

... 
t'l 7"il7 fl tl 
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!;1"1" ,oi ,. Ai 
1. 'c;'fl'lJTVll-:J High Temperature LL'tl:: plasma .J7UU Lm1 lJLlJ'eJU fl .fl . 1960 

1~1tl~"ilrl~.JVllJl tJ1um1t111"il .... m~ti1n .... u Thermo nuclear Fusion bUUVlt-1 .... n 1u iJ"il"ilU .... U~ , , 
it, ~ ~ I .d. ~ CV 

tnlJT:iT1~1 1.Jbfl1mlJum.:i I w.:i bfl1mlJUV1t-1n :-

- Plasma focusing device 

- Zeta pinch apparatus. 

- Laser Plasma System. 

- Ta komak. 

bfl~m Takomak b~.J~17Jb~1"ilb~m~uumn~7fllJU~ ucf1 '1llli~~i,~1ibfl~m 
l:!il I ~ A cu 

lJ'tlrll.J 1 r1m~rnnti1nu plasma diagnostic study. 

2. ff1'll7 Magnetism lrl~n711"il .... m~ri1n .... 1J permanent magnet bb~~'YllJ Soft 

magnetic materia l (silicon steel) 1rimtf uv,u"n 'hJm.:imub Ylfl'Uflb~t11n"u Thin film, ferrite 

1unl'1lm Bulk bbt'l~lu11..l61!EJ.Jn71U7LU1i1u computer core memory bbt-1~m 11h~tim11u 
" 11 ' , 

ri"1u microwave n711"il .... tl 1u 1~tl~Vlt't.J~ nb~ m"illn l~~n71U~1rl'Yl7.J1.,~U1i11lJ ( Cultural 

Revolution) ;Jl17n711 "il.,tJVIU.,n l U'Yl7Jn71U1~tinJ bmn .... u computer bbt'I~ microwave. 
!sl..:ctt, I ..: ~ ... .. I 

3. ffl'll7 Laser ~76ll7Ub y,muum61!1 l VllJ b1lJrl.JblJ'eJ1J fl .fl . 1969 (l.J1~lJ1ru 

9-1 o u V1 t-1.,.J"il1m11.:i l.J1~b Y1fl~V11.,JmlJ1m L~fl"u 'W1Jm1lJ1;~;ri~1bb~.Jbm "lfu11~) tn6ll7 

1"1J'1~'1~1"il"riud 7.J"il1.J "il.,J Lbt'l~L 1mLuu1..l~u11uL ~ um 11"il"ti 1 uuu 7flri ri".:iboiu i,~~V1u1m v-n~ 
,.,. 0 ~ ,'!J ,r::( I,, "' s., ,=:ii t,.., ~ 

mm (crystal growing unit) 'Vl7~~nm.:i1 'Vl"il~ l 6lfbUU Laser medium lrllJn71~17.J6llUbtlJ 
6 A 6 ~t,.., u k 1 

61! 'eJ.Jbm "lf 'e]j Vlt'lltl"ll'Urilbt'l~VI mmb 1Jl.J 1J7.jbb 1J1Jmfl1..l1~n'eJU61)tlJj~l.J1J Laser brl mrW"lf U~ 'JU 

"il7n~7JU1~b 'Vlfl bb~~1U l Vl~~U'l17btlJ r1"16llt1Jbm "lf'eJ1Vlt'l .... n~'eJ Gax Asy Laser ~ JbU~tJU 

~1u1umr11.J1~n 'eJU61lm Ga bbt'I~ As b~ muttiwlf1Jfltu (x), He-Ne Laser, Argon Laser, 

CO2 Laser, NS Laser, Nd: Glass bbt'I~ Nd: YAG Laser ~ii1~uhnu n711"il.,tl'Yl7.J 

Thermonuclear Fusion 1rm 1i' Nd : Glass Laser lrlb1lJ~Ubbcf1 bb~ti".:i 1i Laser pulse 

1 ~"I ., 1'"1 U 61!U7rl nanosecond regime "lf .Jb1JU~t'IJ7U6ll'eJ.JU1~b 'VlflrJ~1urin U"lf1.JU fl.fl . 1964-1967 

(buum1mrifl~b Ub'Yll~L 6111 Lri'"il"ri 1~"1J'mfo.:iu~uri ;; .:imri11m"il"il~~m11"il"timnn11~1 Ubl Vl~J 
A u~ ) ~ \11 t,., A A i.,; t., i,, 1 
1"iltl 'eJU uum1nu brllJn71L1lJ rl'U. J7UflUfl17 u m6ll7 Non linear optics bL~~ opto 

electronics Lbt'l~n711-if Laser 1ul1u information processing bb~~ communication 

4. tll'\11 Crysta llography L~~.J7U1"il .... mbU .J'eJ 'eJmUUVIU1tl~tltl I nu 

n. n71'117~; n (crystal growing) i1V1f u 1i'bUU laser medium boium1 
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.. ( ) .. .. I 

1.v-n:;t:-mn YAG. Yittrium Aluminium Garnet., Li
1
O

3 
1~1 1.1.~:;flm~1t1'1~1ll'V'jfl1'1 1 

1-um11. 'V'j7:;t:-i;n 

A 't ... ... A 

"ll. Crystal structure analysis 1.1.~:;m111.ffn:;vi fl1'1~17'1"llfl'1fl'U°lf~'U 
,i 

( ,_ V '"I ._, ,,j 1 Ai ) A ( 

, "1f '1ft'11.fl".i1:;VI L\9l'Yl Institute of Biochemistry, Shanghai 'UU fl .fl. 1965 '11'U 11.fl11:;VI 

A A M A 
1 

"" t 1"' 1 , M 
fl'U°lf~'U'U I. ".iii 'UU fl.fl. 1967 mi 6D' X-rays diffraction technique '17'U 'U Vl'U 1~ 'U 

,i 

(m1i1.fl11:;~1.n~1n"'u Btophysics) --u:;'1.~~7~ i.tlo~n"'u Institute of Biophysics ~ Shanghai 
,i 

1-u1:;~:;m1 

5. 't'116l.17 Low Temperature Physics 1.n~1n"'u cryogenic technique l~ 

A~1"'' t 2' A1 A <t 
l.'JlJ"ll'U 'UU fl.fl. 1965 \9l~'V'jmmiifl'UVl71.'Ylfl'Ufl 'Un7".it:-i~fl Liquid Helium 1.1.~:;m1i.nu 

1.,m~1m1ii1i1.1.~:;Lfl~tl'1~01-um1t:-i;fl Liquid Helium ~ ;-u''l~~j7'1'1'17Ltl'1 Lfl~tl'1~flt:-i;fl 

if~i\9lfl11lJ~1lJ11tll11 Liquid Helium lrl 20 ;fl1/-!11ii'1 

\II a.,A ~ ,:::( u 1 2' I v 

b\9llJ n7".if1n'lfl.n~1nu Super conduction -umu characteristic m'1 1 "lltl'11fltl 
' , 

.. 0 "' 1"' ., 
vim~tl1:;1.n'Yl f1ffM1 Josephson Effect., n7".ii11 Super conducting magnet 1. vrn 6D' ~".i1'1 

Particle Accelerator "ll'U 71911 Vl~~ ~7lJ1".itl 1.1 '1 fl'U fllfl 1 ~ ~ 'V'j~..,'1 '11'Uft '1 
, ,i 

~mo \91 '"il'U Super 

conducting gravity meter. 

6. 't'll'\11 High Pres~ure Physics m"ll7~L~~Ll.'t).1"lltl'1n7".ii--u"'~ 1-um11"'fl 

compressibility "llmffltl V\~1~'.lfU \91 1.1.~:; 1f1mtl. 'V'j7:; l~l11n71ft..,'11.fl11:;~1. y,j61f'JI. Yi ~lJ (Synthetic 
I , ! I 

diamond) 1.~otl1:; t~1u1'Ui17'1tlflmVlm1ilrl1'1 1 1."lf'U l11U~7~"lltl'1Lfl1tl'1L--U7:;~'UL~fl"llfl , , 
V\1J1i1.,'U Lfl~tl'1l17Ly,j6.D'"Hrim,11.~'ULfl~mo"1911.1.1'1ft'1 mm1t1tl..,\9llrl 35-100 kilo bar. 

,i 

A ll,_,..,,,. .. .. .., 'l , 
1 

, 
7. "11'\ll Acoustic t'll'll71"1!'7U bflilLLU1flm.:t7Tiltl bUnT-r1..h:;£Jnfl flmLU'1 , 

n. Linguistical Acoustic l\9l~L~~m11--u"'~1-ui1-u frequency spectrum 

~el,'.! Chinese dialects fi1'1 1 L~tlL ~1mi•f191 l 'Un7".itlflm; ~" i1~'1~flL ~mi 1 '1.tl1i1.n~1n"'u 
,i 

Computer typing from speech. 
• J ( I O 

"11. n71u1:;tinfl"lltl'1 Ultra sonic L'.lf'U n71Yl7 microwave natography , 
fl. 1.n~1n"'um1~m~1 noise pollution mii h'1'17'Url7'11 L"lf'U h'1'17'UYlflt:-Jl 

!l.o1 .., ,,j ._, I"" "" .., 1 ' ,!I ., ~ A 

L 'V'jj1:;"llnt:'U '"u'Ut:-l~fll.fljfl,'.)'Ylflt:-llLm LL fl ii L~~,'.1\91,'.!lJln 'Unl'J'Ylfll.L~:;niiiitJnrn Ylfl1J1~'Ufl1Unn'1 

"" 1 .., "" "" 1 LL~:;'Ufl1fl'U 1 'Un71Vl7i17'1"ll'"il\9l noise pollution °1f '1--u:;iimiim 'Utl'Ulflfl 

"Ill,"" .. ., ""~ ~ 
8. 't'11-U1 Theoretical Study L\9liln711'"il~Yl7'1'Yltl1!1lJ"ll'Uil~J7'U Lu vimmL "ll'U'1 

,i 
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I 

L"lfU 

"" d 1 1 "" "" 1l'lt11ff1ff\Jl"JU ma Ylfl \.J 'j;\fJ\10.:J'l\.JU~.:f 

- LL'llU'1UU1llfl'lJt"lj7U (elementary particles) 
, 'IJ 

- Relativity. 

- Solid State Physics 1 U'fll'U Statistical Method, phase transition. 

critical phenomena. 
..., t.,,::ll I I AA-' ~ 

- Astrophysics L'fl'lJ Observations m1vm1mLV1'1 mJ"lfUflU Observation 
'IJ 

A P' ..., i,..,A ,-::51 

Station 'Yl Nanking bbt"l~'Yl Peking L'fl'lJn71flffl~7 Radio astronomy 
., 

'fl1£J 

1 ll , 11 I A1 Un71'fl Institute of Physics U V'l1J17'Yl1'1 t17'1l7 Nuclear Physics L'lJ'lJ 'flrlfl1J 
'IJ 

I I ~ .., t, v o'j 

bbflV'lU17'Yl7'1t17"117 Nuclear Physics U U L'fl11Jn71rlnJ7U~LUU Institute of Nuclear 
I I Vj d " I A V V . 

Physics tl£Jfl7'1V!7nt1t1n LU Institute of Physics "11''1nL"lfUL'fl£J1nunu Institute of Biophysics. 'IJ • 
., ~ll I ., I ~ 

Shanghai LLrinri1t1umi1n Institute of Physics 'Yl'1U fl7'fl17 LLt"l1 Llfl m 1 'lJ m1 nm'1 m m1 

U1V!71U1~L 'Ylf1'1ltJ'1V'ljjflflU'lJii1ut1~ 'il~LUUfl17'lJft7fl.,qJ 1 um11-i'ri L ~'tlbt11'lJLLt"l~l1 '1r-mi:-J;fl 

1111 Ubb u 1 't VIU 

iHllUU1itn.h>J1W (Institute of Nuclear Physics.) .. 
t1mu"u~ u~uum~mtfnn'11.h~ii1rn 50-60 km 1'flri 1i'nmu.!,'11'11'1'tl'tlmJ7n 

'IJ 

h'1bL1'lJth~mrn 1 "lf.!,11ii'1 t1mu.,u~u~mri1ri'm1fl1Ufl'lJ'll'El'1 Academy of Science L~~ 
'IJ , 

n71'Yl7n711'il.,rl'Yrn Nuclear Phys.ics 1 UITTUFundamental researchtl~7'1 l u1.h~L Ylfl 

fl~1.,Ufln nu L~L uu 'tu1 U'Yl1'1 application 'll'El'1t17'1l71"1f7 V\7nLLfi~'1fiUfl17Lbt"l~'Yl'flt"ltl'1V!t"l.,n , -
A A~ 1 ~ i; ( Ai;~ 
1"1f7bbt"l~'Yl~]j!l"lfUt1'1 Ut17'1!7 Nuclear Physics LU'fl7Un71U1~£J nflU7'il'lJUlJ LUt17"117 Isotope. 

'IJ , 
.;. QI !il<:1 ~ -14 QI 

l'lff tnlJ\.J'WlJLfl"J'fl-llJ'fl'Hi;\fi :-

-l ,,i 1 ~., o'j ~--- Reactor "ll''1'lJ'llU7'fl 7-10 kw 'flrl L"lf D
2
O LUU moderator bbt''l~ L"lf enriched 

% 
o'j " A , 

uranium 2.2 o LUUL'lfm V'lt"l'1 

- Van de Graff accelerator U1~1lli 3 Mw. (Proton) 

- Cyclotron accelerator 24 Mw. (a-particle) 
a.,A ' AIIA 

- ~'tJ.J'Jbfl17~Vlbbt"l~Ul)Ufln71 isotope 

• 
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lfl~tl-J~tlVlt'l.,m Vl~l~ fm imuu~t'l11-J l ~ 1~titltlnLl1J1Jrin Vl.,tl-JYWl~tl-J "1ff1 
'II 

~.,&;!( 
1 

..... &; ., ... "'1 "'~ "'I , \II 
b'Vl'Yl-Jt'IU ~m1iirt~Wl-JlLt'l:;t'l"Jl-Jrtmh:;mm1J fUi. 1956 llt'l:;Lt'ln bUU fl.fl. 1958 tl81-J bd 

n mii--J:;1.~'U1ri'·n-"m1nm1~t11r1..,t161f1ri~uii1v111 ~ 
.J I ., ,:j ~ >,,:j ,:j,:l 

"1f -JYJ1J171t'lb "1f 8tltlnLl1J1J b Vl'"J UlJ"ll ~fl17lJ 

t'lllJ71tl 1 Un71'Yl71--J.,8Yll-J Nuclear Physics ud1~~1n..,~ dmfl~tl-J Cyclotron 1 m1J irm~ 

fl.,1lfl1tl-Jfi&;-Jt1cin17-J"ll17-J ll~'U1l1lli'Ylln71'Yl~t'ltl-J scattering experiment ifu (~-Jucin..,~Ltl) 
'II , 'II 

o ~l,,o ~ A A ( ~ 
llfl1JlJ7n 'Yll experiment b~mrnn wrnmmnT'J1lm1:;V1 isotope u u rintl~1Jrim1 

A ' I I · . "I IA I 

11.fl"n:;Vl isotope tl8Vl7-J--J7n reactor tl1:;i11m 500-600 LlJm Ut'l:; blJlJ1:;uum1t'l-J isotope 
'II 

t1d1-J~ ~eJ1i'1:;urn11tit1d1-J1i1"JlJm ri11~m11--J.,m~t11n.,u short half life L~l~~t'l~ ~LUU 

tl'Yl1i7tnru ~8..,-Jrltl-Jtllrl..,861flri~ut1ci l umu advanced technology. 
, 'II 

l~~nw1--J.,m~t11n..,u neutron diffraction. 

o v A 61 F>-,: &:J '1' 
t'l1Vl"J1J isotope production lJ 8 section bUn7"J1bfl"J7:;VlLL~:;LmtilJ t'l1U Vlt]J 

,:j 1 t{ ~,:j V I A \II I 

Lfi18lJ isotope u 'Yll-Jll YJ'Ylti ue=,:;m1Ln1?Jrn "llm:;mJm1iir1mm1ii1n llrt~t'lrt blJYJ-C 

cf/ .J. f QJ ~ f .{ <ij fiJ fiJV V fiJ J:{ ~ .. 
wunu7ffvlfJ/1JtJntJtnv11Uv fltJ Detector ,unn,'lf/11'.i'Jfl1P7tUv7UU vUNfJ/11 

~ l;: , o V 

6/JUltJvmtm Geiger Counter, Na! fl7'Jf'.i1J Scintillation Cpunter UrJ::: Solid State 

Detector. 
ii 

Yll-J Cyclotron Accelerator u&;u 1urrnu1,1iiri'u 1.,mimf'J1Jl~ll1J1J1i"J1i!m 

I A\11,,cv 4._,.o'I i.'1 A D'J 
fl'tllJl'\lU b~~~UUt'l-J bVll1JU isochronous Ut'll ~8lJ spiral ridge magnet LUU s.ector 4 u,::i,n 

l~LV4lJth:;arii 117'\Alllt'l:;YJt'l~-JlU 1 ~Ufl'eJUlllfl~l'UUrl.,11-J'lfU (incident particle) "llm:;~"lo/lri 1 , 
"' A A I I 12 ( ) 16 ( ) 16 ( ) .J D'J 

m1111n1?J7Ul)n18lm-J I l61l'U C d, a ., 0 d, a ., 0 a, p "1f -Jl1JUlllJ1J stripping 

,,. .J ., '1 ... !el <>'I Al 
Vl1'tl pick up reaction "1f -J'<u~'tl8 U direction nuclear reaction m1rtn1?J7Ul1JUn71l1Jl?lY17-J 

'II 

11,, '-'1 ~ ,_ .. I ~ ,_ 

Vll"lll 'oJ bUL1'tl-J structure Ut'l:;n1Jlnmsnm-J I bUl1tl-J nuclear force. 

-
"' I ., ,:j .J -" I u ~ 'J! I I "l 1,1 a, 

'YlU lt'I-JLnrit1ntl1:;m1VlU-J fl'e) facilities m-J 1 6lltl-Jt'ltl11JUU blJfltl8 ~ 61f-J1U 

d P='4 L, o'J ~ ~ I ~ 1 A AA u ,:-l u u I ~A 

lrtlJ'Yl 1?1 1 flt'llm1JUlf11tl-JlJtlln7 l'lftl11lJt'ltllU1--J8 Nuclear Physics 'Yl'Yl'l,WllJ8n11Utln 
'II 

~~Ul~l~'<u.,l?ll~61flJ l61!
1

U n711--J.,8'Yl1-J neutron physics ~-JU7LU~n71Yl7 Atomic Bomb. 
'II 
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"" c! 'i'ic,i c,i 
1'Vlt.11fl1"1~'HL'i:l::L'Vlfl t'W t'i:lt.16Utl-:Jll'WLL~-:J 

t.l 'i' .!, l1U qi"" d 
ff'i t~tll'l1 A 'llcMil1'i~ '11Ul'l1'1VHf fltl . ~ 

w tl1~rn,rn11111w1"';it.11~'lf1•1ru~u 
"" 

,,. 

1. '1.vi'ri-:11u m-:11'Jf1n11~;n~"il1 J I th ::mrn 5 1uu "il1mi 1u1u 21 1uu ~'1.tlvci;u 
~ ~ 

~1UL1t'11~LVl; tl'Ut:'ULU 'Un7i L tlri-:11ui1u~u LLt'l::i1u~u 1~;nJ'1.u1-ii'1 u 1::ri"lJ 11-J-JlULLt'l::fltl 'lJlJ U 1u 
' ~ O ...,,a A U 

"il1U1U 5 1uu rimmJVl11YltJ7t'1£JLLt'l:: Institute of Physics, Insti tute of Nuclear Physics. 
~ 

,l~ I,, U A ( 1 1 .. I .. t: 
2. "il1nn7iYl LmlJnTl"'V'll'JflJ"il1nt'lmfllJ'Ji1FJ1 1'11t'lmLLt'l::LYlfl U t'lulLVI -Jlh::LYlfl"ilU'UU VllJ 

111.h::L Ylfl;U~n1iLfl1tllJJ1U11J~Uj1U 1umit'ltl'U nn L1tl'U LLt'l::u 1£J1J1£Ji::ri"u'Jf1;~ L~tnn"1J~;n~~ 
.., . A 1 .., 1:: J!a" d '1 .. A 

LLt'l::u1::e11unuotJ 1-JtJ.j urim::rilJ YlJUnL'Y'ltl~ flUi::t'lJfl UnliL'Y'llJC-lt'lC-lt'lflYl1-JLn~mmilJ LLt'l::Oflt'l1VI-' , , 
niilJ 1fl£Jtl1frm~t'l ... n~11 (1) te1.:i~nu1h~in1.ui'u (2) 1"t11'HJJ1H'lf'l-! ( 'Jfu'lf\m"lmi'Y'l) 

(s) tiuuuim.J'.:i•tHMY!Ulel.:J (self reliance) 1urim::ri"u , 
' 1 I A IV t:: !f I IV 1 0 A ,}, 

3. m,m11m.,i I rit'lomunin"iltJUU ·1mmmuu £JtJ1£J n11mLuun11ut'l::t'lJn7i'llV-J 
~ 

t'l1111'Yltl7f11t'lri1 (Academy of Science) :; J·:i"uu 1£Jtl1£J 1ri£Jm-J"il1nmll.::m1lJn11nt'l1-J ( Central 

committee) 
.. 1 A ~ I "'1 A U A A/A ( ~ 

4. iJnL i1fl"il u, UL ilJLL 1nY1mt11 lJtJ Yiu 11u otJ 1-:iri u n11e-it'l riurn'Y1fi'Yl1..l'Y1l'lmrnon LU 
' 

1"u 1-if'lfUtJ'YlLLt'l:: 11-J-J1Utlflt'11Vlni1lJ "ilU~J1::fl"tJVl~J~'lfUtJi1LLt'l::Oflt'l1Vlni1lJ'Y1.,'nJU 1~'Y1tl ~ -JL1lJ~ 
' ' 

u 1mJ7£J C-J;flV-Jfl'lJflflt'l~t'l1lJ11r1'111 "il ... tl'JJt:Ut:'IJf1V '1.tl (m7£JJ1U"il7n · Futan University hv1t'l"ne1m 
, '11 ,, '11 

A Ai I "' ~) 

YlLfl~ 2 l.J fltl"il1n'Y1Uj1U 3 'lJ 

'j' 'j' .. .. 1 Aj A ( U I ~ ~ I,,~ Id u 1 

5. L'Y1fl LU Lt:W'Jl rhnh:;L'Y1f1'ilU U'Y17JV1t:'l n t1 u1J11 LU L'il Lmnnn LLrin£JJ'lil7J'il1ntl1:;LY1f1 

ri::1"urinvci :;-J'Vitl1tl1lJ '1.~1~Y~Utl~1-Ji1m! 1 1rJ"il::L~'\,I, L~'il1~n7iUi ... 1JU i-JVlt'l ... nt'lmLLt'l::115n7it:'ltl 'U 1u 
~ , ~ 

v <V A GA u ) t, ~ );a ~ '1 I'" 
rim::'flu J11£JVlf.'lJn7iUlJ1m'n.l¼1ii"l'lJ ( Cultural Revolut ion LLtn rnuL'Y'ltl'il'ilU"i'::t'lJfl VltlJfltl , - , 
mlJ l½'Yl"u 1':'t'lL~tJLLt'l::mlJ1n11ritJ1lit'l ... mmJ1h::L'Ylfi;ulm ~ J'il1nn11t'l ... JLnriri~11IT'lJe]JL'JJ7 '1.~e-it'lfi "il) J 

~ 

oci 'lJrn::~e-i;~mt'lf17 -J ., tl ... -J 'l~Y1on"um1:iJf1tl-.'lnl"i 'lJtl,1th::'lf1 '1f¼ Lifl!l~ Ll '\,I, 11u lJ11C-J;fll ~lJ;'i), 1uv"m1 
,s::,i'il I ,,,. 

Ylt'l-.l 
' I 

6. 1un11L~lJC-Jt'l~;fi hwi linl"i'U 1L 'YlflUfl'Yl1-.'11'YltJ7f11t'lfi1L'JJ1 '1.u1i fit'ltlfl"il'Un111"il ... tl 'lJ~U 

ii t'111u m-.11Y1 tJ 1fl1 t'lr11¼t:u Y11J1 1tl1::L 'Ylfl; u ( tl1::L i1flt'l ... -Jfl lJUtJm"ri) ri~fl-.1mfl"'tJnnlJ1; 'lJoJ1::1J1J 
~ 

u1tJ'YlU (capitalism) t'iv1~;m!1h1u1iJ'lJmL:iurivrnL'Yl¼t'l-.l ri"-.11~'Yl·nu11 L'Jfu 01"il1,~1u 
, ~ ' 

lJVl11'Y1 tl1 t'l.,tJ L~L~ ¼Lfiou iJ1::mrn 1 00-300 £J1¼flm~o¼ u"ni i1£J7t11t'lri11::ri"u'lf1fi ( ri1.,i1u he1mtJ"u 

f1Ufl11VJ1J 1 '1.~iJ1::mrn 500 - 600 tJT\,tflm~vu ~ -.1L~m~tJun"m1tJ '1.~L'il,~tl'lJuJm1lJm;-.1 '1.~ 60 

tl'l¼fim~vu 1ritJi1"1 1 '1.u i1rim1lJLUuoci'lJoJ¼ ... n1i1tJ7fl1t'lfl1~iw"-:i~n11i1ri'lJv-.1m11JmlJ1n u"lJ 
' 

11L~'ULi 1-JnWfi¼tl~l-JVl~-J 1 ¼n71'lf.,n'\l-J'\,l, ... n1'lf7n711~t'l'U, 1 "il1'lf11771'lJtl-.'lfi'UlLt'l::L1-JC-Jt'le-J;fl. , ~ 

• 
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1) 1Jl'ltll m1u l'l''lb'l.,-Jl.'llJlJl 1i1.h:; 1ri"lful~l 'lf;-J~l'\,'l~~l'l,!\1.,U1.h:;L 'Ylrll'Ylrl ~ -J 

u~ lJ'\l'\l u"'unri.,J 1 in",rv.,IU!.'llJ1 ~J~L "Ill'U 761171Vl1fl'U lln;fl LLfil~1fl1~ 1,rn.,n11u 1.h1nn17Lflrl , 
uJ~rm·rm.,-Jl.'llJLULUU1U~U~L1J'UUj:; 1ri"lfuinn~J;U L'lf'U '1"11.'l':iJ1u\lvlw1 LL!.'l:;m1~m111'flri~ 

'II 

V1!:'l ... n1"lf11mm1lJrflt'lri1L1hirnrn"n~V11mn ~ Jo/11-Jn.,wJJ1lJn.,u 1ufi1Ju1:;L'Ylfl L'lfU ml"1m, 

-r"t1L;ri, ~lJLflt'l, t'l1m"lffl1bL!.'lU~, LUL1HJ1LWU~bL!.'l:;~u 1 ~~m11n.,ulJ1mu Lflri~hJJ1u 

A ~ o1 ., ' i, ..,, Q/ -1\ ..,. ~ 
~-m rim:;LL!:l 1 vl'l"l1-nu 1'flLUml"nn:;1 m1 mLL!.'l 1 1J'il'iluunrn-n1 lflfll1~l1Ht ff';j'i:j~fl 'il ua~ff -:i 

~ 

g/ ~, ..,. 0 191 ., ~ QI c,I 1) '"" t ~ . ., ., "\I\.., 
U 1 vi '1 tJ lU 1J 1-! l'1 'l:j 'YI l '11 l'1'1-l '1 lH nm t'l 1Jl.l UJ U'YI 1J TYi 'ttl.l tJ fl fl 'H 'tt'IN n71fl Um 1n b'fl 

j.,1Jm1mtrn1u Ufi fl VI u 1rJJ7U -nm·t,rnl.'l L 'lf'U NASA LL!,'l:; NSF -nmmlJ1 m 
, cf c:! "' Q/ 

2) ffonun1whrn~(?Hrn~u,1,1uu 
q 

hJ-Jlut.J;rim:;u!:lLvlW1~1vi~~t1'fl 1ufl~fi~fl~ Grandpa's Knob 1u1.,j , 
Vermont "Ilfl-JmlJ1m ~;fi 't~ 1.25 Ll"nn~1.,ri~ L 1lJ!:l11J fl. rl. 1939 Lbl.'l~b 1lJ~7rim:;LLt1 

fl. fl. 1941 Luun1:;LL!:lt'll.'l.,1J ri.,1Lfl~mn 7L ¼'fl Lvh~1v,u.,n 250 ri.,u ri~Jfl~ uu VlflflflrJ~ J 11 o 
'II 'II 

'\Alri l1J'l"l.,'fl'JJU'fl propeller vi1i1ri stainless steel VIUn 7.5 fi.,U Lt'l.,'U~lf1U~nl.'l7J 175 
, 'II 

'\j~ I,, d 'j d A I 

vlri Lbl.'l~"IJru:;'\l1rJ bi'l'l"l7VllJU'fl1rlflT1lJL11 28.7 rpm. b'Ufl11lJL11!.'l"1Lnu 30 mps. fl7 , , 
'l.,' ~!,;'l ~ .. ., ,, o'IAIA , 11A ~ 
b"1f'\l1ri'Yl-Jt'lum-nru:;uuu1~mruLmi 1 muf,fll.'ll.'l71 rnu'Ylu1Lt'lrimri11rnfl u rm-nru:;uu 

ri.,J 1~1fl1!:llJu1rual.'l:;m1!:l11Jb-i-J1u '\JU L17 'U Lu Lum '\l1m:i~ 1 u 1:; vd 1~ t'lJ fl17lJ 1,m fl1~J~ t'lm 
'II 'II 

;.;ivi11 V:~1JqJV11lJ1n'\JUflfl-JU'fll.'l-J 1 UL~mt~u 7fllJ fl. ri. 1945 L ~ m'\l1n 1 U'l"l..,'fli11'fl . , 
1.,t1b;ri~hJ~;fil~W1n1:;m~fijJ"IJUl'fl 100 n1!.'l1.,fiWJ 1u~ fl.rl. 1931 ~"I!Ul'fl 

1rnt1"u~1r1u~ nl.'l7J 30 LlJfi1 
' 'II 

• fl.fl. 1942 Lrlfl1lJ..,Ut'l17Jh-JJ7U"I!Ul'fl 50 n1!.'lfrifi ~;flm:;LLt'1t'1!.'l.,lJ 

fl.fl. 1958-1960 ~l-Jbrlt'1t'117J"IJU7'fl 800 nfoi'rifi bt'lU~lfl'l-1,~ ntnJ"Ilfl-Jn ... JVI ... U 
'II 

31 LlJfl1 

n71'1"1.,7JJU 7n71~;rim:;LLt1 '1.vlw 1'\lln'l"ll.'l.,-Jl.'llJVlrJ fl LU"lf.!,1-nrn:;v,~J b~ fl~ m11 iJ1lJ.,U , 
., fs' A A I I~ <V A "" v A ~ A 

LL!.'l:;'\"11,'l-JU lfin"lf J'J.J17fl7Clnm1 Lbo/11J '\l'\llJUb13Jo/1Ufl1flnfl1-JVIUJ 
'II , 

• 
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]J'\l'\llJ\t N ASA LLC'l~ NSF 11iJti\tt'!i-t"lJt'IUU1~t'117J"i!U771 100 n1t"l1 ... rl~~ , 
Lewis Research Center Plum Brook, Sandusky, Ohio LUU"i!U7711Vl~~~711ut'1Vlf1'J , ... 
tlliJ1n7 rl~JbLrJ fl j~J Grandpa's Knob 1uu 1939 f1171171i' r:rn 18 mph. ~;rl 430 bm1 

I O ~ I &=f t., ~ 

3-phase 60 Hz. AC. LLC'l ~'Yl171J17fl11'\l~YllJ7UmLLrJmn?J7flaJ'YIUt"l1iJ1U 

m1mV111m1n hJ 1v-lw1"i!U1771 V1~Lbi1 m1~;r11vlw1"i!U177Y-Jm~t.1J 1i'mri 1u 

lJlU V\1tl hJU7LUWil 71~t'IU hei,.l,Vl~J ~"i!U771rl~JU~ 5 nfo1 ... rl~t'lJ i,t] ]J'i)'\]lJ ... U~U~];.,Yl 1u , , 
~1m"lft11LLC'lU~t'li7JLfl~tlJ"i!U771 5 nhn"m1"illtl ~n ... JV1"iuiu~ 1rlWJnm~ 5 LiJrJj 11mlu 

'll 

1ut'IV11 ... jmaJ1mn~tr~;o/l"il1rJ'Yl~J"JJU177 200 mi~' 750 1 ... o/1~ 
'll • 

I ~ """' ., d ,q O ., 91 ~ ~ J,i I ,., I A A 

11lfl'H)..'.!'ll'W1~ 2 f1 b'11\?l\?l fl1'Hl~l'VW..:JV'l'tl?l7'11~lJU1'W'l1-W-:l c-i 'YI JUt.ltliJLLC'l1 LLrlt'ICWlfl17iJ 

t'lJ l Lt'liJtl"i!mtl1in1.11,t'li,J~ '\"J ... ~ Lbt'l~fl17iJ,1 ,mLL urno/lt11~1; Lll lJ'\"Jt'l ... ~ 1~,;i11 ;1; "lllli~~1~~ , 
;J~'\"JtllFJliJl'll L 'l,l,]J'\]'\]lJ ... Ufl tl'\"JtlltlliJ 1 ~~11i~1ri 1 Un71t'fY7Jh ... fW1 t'l71t'l'1 

3) 11 ti" a fll <J ~tl ~ U irrrnQ/~ All l ~ irvu-t-:i, rh~ 1 
' 

~7L V1ri~m1ri"ut111Y-JmtJ1iJLtl~riu 1~Luu 11m",11vlw1L 'l"J17~'\"Jt'l.,JJ7U 1 tl~ 
,., ,. 

'\"Jj tliJ 'YI 
'll 

'JI 1,,_, 'JI._, V A I I 

'\l~Lm LU 6JfJ7¼ L77YlU'Yl t'l~m77LLt-i~t'l~mnunnT:i"ilUt'l'1 ~Jn-J1ifu h JJ7U"JJU7771 V1~ '\l~~1m6JJ1 

1~1JlJlvlW7]J'\l'\llfa tilLt"ltl (National Grid System) , 
V\~ ... mn rusn1 Un71LU~tJU '\lln'\"Jt'l ... Jt"liJbUU '\"Jt"l.,J i.vlw1]J'\l'\llJ ... U~ 4 LL lJU miJ1tl~ 1 , 'll 

Putting the wind to wor.k: four alternatives for generating electricity 

Slm?le, on-site domestic unit (two lo five kw) 

Voltage 
reg. Storage batteries 

Resistance 
heater; for 
water, space, 

_greenhouse 

-To DC load; 
lights, appli
ances, tools 

DC out; Constant voltage 
AC out 

'v-
lnverter To AC loads; radios; 

TVs, motor appliances 
and tools. 

Complex, Intermediate energy conversion : medium power range 

.-.-1-----...--AC power to bus 

d 
'aUYl 
'II 

Alternate concepts. Raw 
power drives pump to 
elevate wnter or compress 
air lor later use in water 
turbine. air motor, or other 

Gas prime mover 
turbine or engine gen. 

Simple syslem wilh mechanical storage 
(can couple with s_olar inpul) 

~ - A , 
, gen. C out II Solar source 

Surplus 

Roesel 
const.- freq. 
gen. motor 

·l..__J input 

AC out during 
no-sun, no-wind 
periods 

Motor mode accelerates 
flywhee l; gen. mode 
produces power 

Simple, direct leed to moin bus: megawatl range 

_,r Multiple windmills 

along hlghllne ~r 
AC to mains 

Constant- · 

frequency Switch ge8r · 
AC output and anll -reverse 

device forlow-wind 
conditions 
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L 17!.'17lJ71r:l~ ,i:r1 lU 1 nb l.rl 11l"lt'l.,""1U ~lJln~~ ~~ ., ~llj" 
3.1 TIII-I-J'l'l-11'1 t~,llfHUJ 

1 t,"
1 t, I:; A I "1 

tUJ'<\l:; V\ L~U UiJL'Yll L1 
. . 

specific weight "11mmmr!Vl7Lrl"'il7n 

%' ,._, ctJ ''"j ,._, I / ( 1 ) 
U lV\Um:nmr!LUUn Lt'm'nJlfl'e)flU.LlJflj m = 1.3 x p 760 1 + - t 

273 

1~rJ~ p = fl17:iJn~~..,um'1unmmrfLuu:wt-i;LlJlfl1 
.. at • 

t = mU,V\JllJLUU C , ~ 

, 

<i at /"' A "1 t, I ,._, I at 
Vl7nfl17lJL11mJ LUU V LlJflj 1Ul'Yl ,i:; L~11YJfl'1'17Unt'l"11'eJ.Jt'ilJlfl'e) flU.lJ. LUU 

2 

½ mV 
... ., 
U 1flU-LlJlfl1 

I:; o ,._, I at 
,;i,:;u Un7fl'1'fl'eJ flU.lJ. LUU 

s ., ' 
= ½ mV 1flfl 

2 

½ mV xv 
t m(~

0
) s n1flfriri' 

~1Um7lJ~llJ11rl~n.,'1Vl~¼fllJV\~'1'<\l:;U 1f17t'l':i~1u1U~lJl l; '11U lrl nLUU1L-ff uJ U1:;U~ UlJ;UU~n.,u 
A A Q.I IV ~ 

1h:;~'Yl1i117l"l"11mmviuu u 1 
~ 

3.2 'i~UU!fl~cMrHl Ln r.nn.,uu\JVlln71UUnLLUUn':iVl.,Ut'l~(turbine blades) 

i l"lt'll(shafts) 1:;uuvi~u~ u( bearings) LLt'l:;1:;uun~i 1u 1u 1uu (gears) m1if u~n..,um1 

lu~:;L~tJU(vibrations)~UTilLn~;u 11lJLU~'11:;uumur1iim1m11~"~~"11m~1u1u1uu 
' , ~ , 

LJl~Lf1¼;~~7n.,~ lUmruri~l"llrJ , 
., ,._, 1 </ ., I I "1 t, <I) ,,t I 

1b:;um"11mmvi-ut'ilJ uu,iiuuYJmLu'1m11 1 uun Lrnuu s ;h:;um "lf "LLflt'l:; 
GA ~ i,, 'VI t., A A A d CV CV 

1h:;Ln'Y:nlJ'Yl'1"1J'e) b~L1.hrirnLri:;L~mu1r11J".1f '1nULLt'l:;n1,1, 

'U'i:::tnllU'iil ~ '1bUU~UmJ 1-irn.,ULLt'i:;irm:;LUULLUU~fl ULmJfi'e)LbUU 1ul"Ji:Lfl~m , 
iiu (propeller) LLUU~l~fl17lJL11~umri 1u(blade tip speed)~'1Ltiu~1u1uvimmr11"11U" 

~ 

-r111m11rilJ u1:;viri.,m--~~ 1um1~i1" u~~'jj.,m;ri~m1m~vi1'1L;ufmrivi.,u 1uYJ.,~ 1V:L"117Vl7 , 
i1f1'Yl1JfllJ 1~rimnfimril:;'1V\llfl'eJrJ~ LL ;'1bb j Ji y.i·n:;fimri~ril:;'1Lfl~mri lL u~ l v1;1u1,1, V\Uflm.JrJ1rJ 

~ "v%-'v I,=',, -J~ A PA~ ~ 

'U'i:::lflmHN flt) bbUU bl'1U7lJUt:-Jlfl1'1 ".1J'J6lfmj£Jn'YlblnflU Savonius flllJ"ll'U 
~ 

~m61f11YiuLLt'iU~ ~-L 1lJ 1-if LuUflULL 1n 11,1,u fl. fl. 1920 LLuu~~fn~~u L~ ~1Lu1,1,vim~ 

'Vl7'1L;u mii11rn:;~lJ¼ LrJL~iiu i.~11t'ii1'<\l:;YJ.,~ 1urirf'Yl7.J 1~ Lfl~mri1Lii~ i.vJ~1 i.~wi'mfl1:;Juu , 
1M)fl'e)rJ 11"U~UU~U~uni.ri' 'nl l ~u1:;viri.,~r111i~lrJV\UflmJ LL~~"llm~ri~LU;mf~~ 1um1 

~ , 
.¥ rl17'1 1~muYJ1:;m~.:iimnT~Tllt'l~~.J~.J;Ubtl;m 

~ 

# 



oJ 

126 · Y·m,nm 

1h::mn~mu LUULL1J1J~mm 1V1~LLt-i:;ri1t-i",whm1'YW1t'lth'lfl~L1tlffJ7 Egg beater 
. ~ 

L '\Al17~rl.,mJm~flITTtJ~~1 ~ "llth'l'lf71tl 111.J LUULLU1Jt:-i1:1ii1~V111.Jn.,JV1.,u "llth'l'1f71~·t.JLrlt'l-iu G .J.M. , 
Darrieus (fl.fl. 1925) LLt'l~LL1J1J"1JEJJSa vonius 

V cu a1 V 

n.JV\U SavoniusL1JUfl1starter- Ll,t'l~Ll,1JU 

aJ QJ ~1.., 0 QJ ~ QJ A O I ~ ' 

Darrieusl,1JUfl1'Yl V\nlt'lJ 1J1il1illJU'Yl'Yl171J'Ylln71'Ylrlt'ltlJtltl'Yl Atomic Energy Commissions , ~ 

. . ~ v A A I ,::!I .,::,l ' 

Sandia Laboratories 'Yl Albuquerque t'lWJlmii1m tlnll,VI.Jfltl'Yl NASA s La~gley 
A i,, A,::!f ~ u t., ~ o A ~ zj !(i 

Laboratories lJ'iitl'flflmUrltlJ1t'lrlUtltlt'l.J1il7mLUlJ Savonius 1,fi1tlJn71,U'fl bvl'\Al717J1JU'\AlU , 
i.~ 1mri 1 V1ru~1H1~.!:l11.J 1 uit,i,iu"u~Ld'u~1r1 uJ nri1-.1 15 Ylwi 

~ , , ,i , 

(a) Propeller type (b) Savoniua type (c) Egg beater type 

l'LJ 9f ., ., "" I ~ o ., "" <>'! "" \IJ 
3.3 "i~1J1J mrn n.JVl"At'liJ'Ylnri11riJ'YllV\U TYJL1JU prime mover'Yl"il~ bUV\il'l,l, .· , 

,,l o A \IJ I} <>'! ., o v \IJ I ... 11, ,,l n v \IJ I} 

l,flj'El.Jnll,Url bvl'V'll V\lmuu j~lJlJn1~1,1,t'lt'lrlU"1JU7rln7rlJt'l J"il~ blJflt}J 'lf!,fljth'Jt'l:;t'llJ'V'lrl.J b'VJ'V'l1 
,i 

( ) 

I j ., . .,j \IJ ""\IJ I A d 

storage batteries l,'\Al17~'il7tl b'rltlfl1.J1,"1J7 National Grid System 1,iie:i L1'Yl billJrllJnwm 
. , 

I <>'! 1._, t, o <>'! ., 11, A <>'! v \IJ '-I ., ., 
1illt.ln1~1,1,t'l V\lnllJU '1f1,i!.'\Al7~1J7U'\Jll,1JUfltlJ '1fbb1JfMleJ11,lJUfl1t'l~t'llJ bvl'\All'fl1tl Ltrl11illf1 

1,1,umrieJ1~1,fl;tlJbU~tJUn·1~ut'lr11.JLtJUm~1,1,f;'lt'lri"u;n'YlV1~.J(inverte.rs) 

i) lfl~6~01l'U~ hh11 r]t}J~fl llit'llJ1Jfi~~lfl.,Q,lfltl'Vi7.J7U~fl17lJl,111'EJU~7 Yi, , 
L~Lrltl 1i1,fl~t1Jn11,uri 1v1vr1~~"1J~1 (pole) inn '\Alt} mm1n 1-V: bril'll,fl'i) fl.J~ '1llli~~fl17lJ1,11 

jt)1J"lJEJJn ... JVl.,UrllJLl,Ujl, u~ t1un"ufn-1rn 11 rllJ mii'Yl~~ l 1,1,ri"1Yi 11~1mim1uf lJ "lJU l'fl"lltl.Jm~ml 

1u1riri1rit'lU1lJLLJm;n(field curreut) 'illn 

E = kn0 
I 

= k nlr 

1 ' ,,l o A 'l o/ 
E = 1t'l'YlLfl1il"lltlJLfl1tl.Jn7LU'fl Lvlvn 

" 

J,. 
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n = 

0 

0 1 ,: 
fl1lrn111tlU611tJ.J 1Lrltl1 

., , a 
m1rn611 lJ6lltl.J~U llJLLlJ L V\l.'l n 

~ t, I d 

Ir m:LLt'l'Yl~jl.J~U llJLLlJL \mn 
, ' ., 

k,k = fllfl.Jrl1 
~ ' ' 

,;i,:u UL~tl n LU;riu LU 
' ., I ("' <>1 

LLrJV\1nmii11t1~17.J1.J'il1 regulator °1f .Jm'ilLUULL1JU 

n ~1m1m:1"m~n 1 ~ E m~"lr1 electronic) tlfur116llt1.J Ir fl~ L~lJtl 
'lJ 

ii) uu~lvrn~ L~m,i1nl.'l"n~m:TI"nii'lf1~~!.'llJ 1uY1mnu 1fl I rimiiiJ"lr1v.rflt1~ 

fll.'ltl71L 11.'ll V\1mi!um1~11.J h.JnlLUfl "lYlW7"11Ulfl 1 V\~ 1JqJV\7;lfl.,qJfitlrltl.J~n71r1111'ilVl1 

fi1ul.'l~~t'ltl~l.'llJY.i"'fl'il.,fl~~fl t1d1.JL"lfU~ Grandpa's Knob 1m~tl'UVl~.J I ~l.'llJ'Vrf!t11:mm , . 

10% LL~V11muumw11.J611Ulf!dtllJ (n~11~m;nn11 5 n11.'l1 ... fl~) ~1"1fLul"n:ci1uri ... 1 
A <>1 ,. ._. \l ~ \l ._,1._,1 ,_ \l ._, ,: 

U1Jrlbfltl1LU'Ubfljtl.Jb'J:~ii'Vm.J Lvl'Vn L1 'Jf UtlllJ'YlUl.'ltlfll.'llJ brl 611Ulfl611[].Jfl'JllJ'il LL tllJLL1.h-
~ , ~ 

61f,b11ii.J dtJlJ"llUtl~n.,Ufl17lJrl.,tl.Jn71"1ltl.J 1 Vll.'lrl Lrn:~n~m1vrmrn.Jl.'llJ 1 UYltl.JrlUU"'u I 
~ ~ 91 I 'l I 91 -!I I 91 91 o Q/ liJ • .I 2t I Ii) ...... .;I 

\l::a..l'l-lflUlfl'U'lJr)JHl11 &'1-..!U~it:::'Ul'l-l'H'H>'HlJ'Ul'l-l~tHflllflla-:l mrrnm &l ,Hl~'llfl-1"1Jl1J\l 

,.J1..1h ;-:i,,1uu:,-i'viui'qi1m~tN~ ( ~~1 .JLLi1;.J~L~£J11t1.J "ltl~.Jn71L;tln6lJUlfl1lll.'l':16lltJ.J 

Lfl~fl.Jf)lLUfl "lvlw1r1"1ri) 

~ !1/<i( Q/ ,'I A ~ ~ 
iii) 1ma-:iu1.h1-:im:::ut1\;'IH1muum:::umrnu Vl1fl!ll'.lflYl7.J1r11nnii .Ylvn 

L 1rin11Lfl~tl.J Inverter L~tl.J'illmfl~tl.J 1-ir1m.J1umi: 1u h.J.J1u~mntl1:LJl'Yl~rltl.Jn11 
OJ ,c:t o df t, 1i,., ,d- ~ A I I o'I .a:t I 

n1:LL~t'll.'l1J 'il.J'il7L1JU~ltl.J 'lfbff:itl.JLLUl.'l.Jm:LL~U 'Yl']~l;J"lltl.Jinverter Lil l'lf L1JUL 1tl.J 1 VllJ 
vi ~ A d ,,=; A I ~ 

u: L1 Lff:itl.J'ilrl1:LU rlLr11tl.JrJUfl'YlL1 tln17 super spark ignition V\1tl transistorized ignition , 
system nl"lf't-m..,nm1611t1.Jinverter m1161f .J7ULLU1JJ mimL 1JUJ ltJL Y-J11:r1mm1n1!.'l ... .J~l 

(
"J I A OJ () <} u 1 ( A I !,j -, 1 ,_ o ._. 
Li!LnU soo 1rl fl 1J'il'il1J'UU1: tJ'lfWllEh'I inverter iiii1nm1'Uii1nun rimuY-Jl:'Ylnll.'l.J~.J 

, 'lJ 
<ii ""1 Q.I ( ,=!I QJ ( 0 di t, 1---

L1JUn l.'l1flflV\1tJLlJnn:1flfl 'illLUUfltl.J 61f Silicon Controlled RectifierLL'YlUtransistor 
ot O Q/ .\g1 0 .,_ ,!! q... ..;. ~! 
uqima 1n t\!Vl~cMl'WltJllJfl 19 l>lfl aih:::ann fll't'l'llt>-:J inverter 11>1vl'im1::; n fl11lJO l>ll'll'l-lHl 

G AA <'I <'I 1,, o ., ,~ ,,t A 

50 urn,~~ 11ln71Ll.'lt1nflt1~11.Jinverter611Ulflll.'lnY-Jm vim:nu~tlmm".lfu Vl'U.J 1 ,i:ii 

1.h:;'Yli Jll'V-JlJ7nn-;hm11-ir inverter 611U1fl 1 Vl~ l fl~tl.JL~£J1r11Vl1.,1Jt1 tln1n! 'Yln 1 ;u 
I ,_ I ~ o'J A U • , ,,t , 0 U 0, 

4. umnu L 'Yll'Ylnl.'l11muL1JUL Y-Jt1.JV1!.'lnm1ll1:LJ1'YlVIU.J 1 um1'Yl7Y-Jl.'l.Ji:llJm 1 'lf 
• 

tl1: ltl"lfu1rimLUl.'l.JLUU'V-Jl.'l.,.JLYlW1 ~'il1.JLLi1~611~m~umm:LLU1J~U I L"lfU tll'il 1im:LL~LYlW7 

\I\.) ,_ %'1a.,<>1..., 1 A O ...,._, "'1._,.., ~ ""11,u 
bULUl.'ltJUUl VIL1JU b'e1 fljL'ilULLl.'l:t1t1n°lf L'il'U mu~:~lJ b'J L'V'-l tl 61fL1JUL6.lfmY-Jl.'l.J VlnU fuel cell 

"' Vl1tl 1il~ 1ri1L ,iu LUUL;mY-J;.J611 ... ULfl~t1u1ririu~vi1mfl~m,i"n1Eu i.~ m1flufl11~u1 



., 
128 Vf'1,rnl-f 

t'lti 1--amn6llru:;if rium1t'lii'1Lfl~ tl'1n7L Ufl 1 ~w 1m:;LLt'lt'l~..,u 1 ~lrlfl17~~m~t~ mhn'"'im11~L 11 
A ,::it A I AA l1 

~~ 'YlOklahoma State University 'YlL'HJn17 field-modulated alternator Li"l11:;115u 

V\;nL~f.l'1lLUr!Lfitl1LL~:; inverter '1171~1.h:;fl'Ylli11li"l~;UlJln 
cf I ~ I V v V V .,_..{ 

l'lf tJnvnm1JJUfl::'lf':Jlfflj::I/JUfJnJ.muifl iumn1u JJ? i'lf Wflvv?U !in JJ'lf?l//'11 . 

' 11J I ~ <.'/ ", ", ~ .{'l I V ., ii .,_ '1. / '1 I V 1tj 1tj .,_ 
fl:: fJ1 <fll JJ 'H JJ ~ if U W U l'11 fJ t U t fl lJ 11 JJ fl fl JJ'J/ JJ'lf tJ U fl U lfJ Urn OJI/I t)-J'lf tJ '/J/7 l 'lf tJ lW fN fl 7n 

Vi <.'f ., ..{ ~ I V /4 o ., ~ <.'f ~ ..{ ./, .,_ 
N ~ l1J U '1J j rf l/1 fl m JJ fJ lJ ll fl 7 ll fl ::n if 7fJ f1J fJ tJ l1J U f/7 j '}J/ fl fll fl lf.:J 11 fll 'JJ/7117 v lf'lj 'H v fl fl ll fl~ 
,, tJ u u "" 

cf .,£ d • v., V T",c,( 4'1,o~~., ., ~ 
fl7jlJJ tJwnun JJU'Hl/fl::JJvif'l?vrf flvv?U~W lnfJ u l fltl "1f v l JJfl1UvtlvtJUI/Jj7tft} Ufl::JJ 

' ' 
ntJ'lfUj

1

Urtfl"'vt 'f, 
' 

.., "I 'JI q 

'H\l ·HHH> HtM 

1) J.R. Williams Solar Energy Technology and Applications . Ann Arbor Science 1974 

2) E.F. Lindsley Wind Power, Popular Science 1974, pp 54-61 

s) P.C. Putnam Power from the Wind. Van Nostand Reinhold Co . 

4) W.B. Edmonson A 100 kw Windmill Generator, Solar Energy Digest Vol2. No 4. 

pp4, April 1974 

5) H.M. Clews Wind Power Systems for Individual Applications. Wind Energy 

Conversion Systems Workshop Proceedings, NSF/RA/W-78-006 pp 164-169. December 1978 
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1JWVl7L VJw'nJJuJ5mh~tVwfw L U'llm:;u FJ'fJmrtwJJ'll umumrim'll'fJ-J1h~'lf1m '1f -JU7 

0..- GI , V " 

If I 1" ., A/ " I ~,, ., ,,/ " i ., "" . i" ., I §' ., l:T 
L1it1n11 'lfWfl-JJ7Ulwmm t'lfunr:n6JfuwutwJJ'll ~ U'f1mwt1~ 6 ~ m irnmnwnuwun-J fin 

II 

i q V £:: ~ o CJ7 Y &:;,,
1 ii,, o,., I "" ,=4/ f' __, A 

_'fJ~VIJ.Jlflf/-Jf/W Ui?f/7 35 1J f/-JUU'1-J'iJ7i1JUf/'fJ-JV/7t'{-J V/Wfl-J-J7U'fJl17-J'fJUU'fJniVIU B'17nU7JJUlmllJJ, 

Fi mm,nniu nT'i~LJj~'lf7n1iWJJ;Ul~U 1iud nrn11mu;-Jll'Jf!ti'EJJJ 'Y/7L'0 trmmmfli; ll ii'wi1 
II 

i l4 ~t, I .,, '/ cJ o ., I l4 """ s, ,j ~ I t( 

1fl1 u11nrmJJu ,i~ Lr, nfl nn -J 1J wmntV 7FJ QI nm m tm~, 1m 11 un 1J QJV/7 lW 'fJF1JW'fJ~1 EJrJ'lf EJ-JJJ~J5ll 

1. 1h~G)flill . 
0 1 1 q ., "' ,., ~1 

'\11u1u1.h:;'lf1nnm t'ln U1J'\l'\11JUlJ1.h:;mm4,ooo muflu bbt'l:-.."JJm1.h:;brw1 rm , 
~1.h:;mm 40 t'llUflU t1"m1m1b ~i1"JJeJ-:l1.h:;'lf1m"JJm 1m1 ,Lbt'l:;"JJt1-:i1.h:;-rnfll'Ylt1t1~ 1 u 

'II 

r111~m:;'Yl1fl m (exponential) ri"-:iu~u n71bbflUWVl7tJ"ibri"rnb 1n~t1 m1'lft'ltlt1..,~n1m1b 1AllJ~ 
'II • ~ 

bb~:;V1t1rim1b~lJ1~1~1rim11~~ri 1uV1t'l1m.h:;b'Ylf1 mvi t1\rnn~ ~~u ti111511mf~1h:;'1f1'1fu , ~ ., , ~ 

;u 1t'l1 i.~mm1riwmm1b~'JJ Lr.bbt'l1 1rw 1i'rn1ibb '\1-:J 1~'Yl11u~-:ifl11ii~1LUU~'\l:;r1mV1t1ri , , 
m1L ~iit1u1u 1~'Yl11un-:i-1itl~uf! b ~t1V1t1rim1b 1AJ'JJ ~t'lt1rl'\1Um11 iii1wi1m1 b'lf'U m1~1 , 
n"rimV1111~bbrJt'l:;f)jtJ1Jm"11~1"rn1rnn'\l:;b;li-:lt'lnl~lJbnU 2 fl'U bU'\Ml'U 1h:;b'Ylfll'Ylli 1u 

'II 
al ~ l-' A .di u 1 .di ~~ r v 1,., 'JI i,., v 1 ~ 1 

1:;t1:; 2-3 1J 'Ylbb1:nmiimw1uwi1 Ub1fl-JWJJUmn bb~li-:J'\l:;W)f]-J brl11Jfl1-,l.n1lli!tltltll-:l 

n17-:l"JJ17-:lffJ7~mn n tl'U~ ,i:; LUCl-:l'\l r!VllJltl ~ tln71'1ft'ltltl.,Wl17n71b ~lJ'\IUm:;'Yl,!,-:l 1 uril."1 ri 1~~ , 
n71L~'JJU1:;'1f1m 

g.l O "" ,., 

2. \?IUilllU~'Yi'1,Hl'W 

wrunlbUr!Vm~-:JlU~~lfl.,qJntrn ht"JJill~~ flt] J 1ii"u 65 % "JJfh'.l'Vm"-:i-:i1u'Yl~-:!VllJrl , 
• ~lJU ~~1-if ii7'\17mi1ii"u Utln'\lln'liUL 11tl.,'11-iiiZ7lJ..,UbUU1.,rlrlr!1J ftlVlf1Jt1rll."11Vlm1'JJLfi~ L 'lf'U , . ' , , . 

A i,,Ao A ,::I, ,::I, ~ O %'CJ f,::!il 

'V-Jt'llt'lrlfl C-Jl"JSUL'YlW1fl t'1 lil-:JL'YllilJ lil bfljtl-:Jt'lltll-:l m-:ii1:;W1tlli Ul'JJUVlt'ltlt'lU jt'lj '\lln 

Q.I AA Q..I ,::I, f( Q.I Pl • 1 1 ... ., , ( , 
m11h:;mm1mun151m1'Ylm t1-:iiiu1i1ubV1t'lt1t1t1 u t'ln 100 'V-Jumurn1L1t'l 1 1J71L1t'l = 

'II 

159 ;wi1) 56 % "JJmti1ii.,u~b Vl~tltl~~ fl~ 1 uih:;b 'Ylf1~:;;"ut1t1nnt'l1-:i tl1:;L'Ylf1~i1J1ii"uii1n 
'II 'II ,, 

• ~l."1 ri fi t1tl1:;b'Ylf!"lfltlb~titljlbUli ~ 111:;mm 150 'V-J..,Ut'l.,7U1J71 b 1t'l rl
1

~m"r111n11 HrJ1ii"ub ~ lJ , , 
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,, ., ,: . ., .i.,,, 
1mrn:: IJ:J::rnnu 1JJ un ,s 

A i.vl~ I 
~ ., ... 

1. m1t:-1em "ylllLLft::.J1u~mrn1mniim.J 1 35 U llJULfllLLft::~Wlffl 

I ., A ., .cl A 

2. n71"1!Ut'l .Jt'l71i71rn::LLft::1rl1JUYl nt'l '1,1,fll 25 rn ".lfmLft::LUWlfU , 
' ,b 

,., ... ( d A A 

3. 1rlEJ'l,l,fi'l,l,.j LLYln".lf 1rlLilftLfln L'H)Vll.JEJl') 17 LUU".lfU 

I 
~ ., .., .,l A 

• 4. "1!Ut'l .JYll.Jtllnlfl 10 u 1iiumriLmmuu 

- -- Ln'Mfi1ninJ 1.h::ii.J m1not'l11.J 
... A 

5. 8 m "if m rn:: LUU".lfU 

I Lr t'uw t., 

6. LL~.Jt'l17.J LLfl:: Vl.JrllJ 5 '1,1, llJUfflrlLLft::LLnt'lVl.JfilJ , , 
0 ., 1 .. , ""1"' ~ ., ., A ~ '1., ., ll 

t'l7Vl11J '1,1,U 2516 Yl "lfU llJ'l,l, 8,500 fl7Uflr11U U LLEJnoonrniith::Lll'Yl brlri.Ju: 

- f( U A 

4,J, llJULUU".lfU 1.h::rnrn 
t, A 

1,500 fl7Uftrl1 

~ ., "" ., ... 
U llJUriL".lfft " 

3,250 fl7Uftrl1 
t U I,, A 

U 7lJULlfl7 ,, 2,400 fl7Uftfi1 

n.JLL~L~m~f.lun"rn.h::LYlfltu flit. h1m1:: 1-iJ,ii"'uu"'mm11ii1nri".J~ 

El 111.I LLfl::~~U , , 
A • I ~ I 

4,800 ftrl1ffrJ1J flflfl'l,l, 
., ... A I 4C:1.J I 

t'lVl1jflLlJ1n7 9,600 ftrl1fifl1J fiflflU 

LYlEJ 
A I ~ I 

320 ftfi1rlfl1J rlflflU 
._, A I Al I 

b'Y1EJLQY'17::m.JLYl"ylj "J 1,120 ftfi1rlfl1J rlflflU , 
LL~ ri111.l1::vm"'riJ'1ii"un LUUL ~El.J~ft lfl.,t)Jrnnci 1vifrnr11~1n 1\l "1Jtl.JU1::L°r1f1 L "yll17:: 

'i: QI q 1JJ 91!/i I ., 'l "'41 ., )l 

U7JJ'W~1J L~6U'W'l'lf11 7.5 L'Yll\?11 LUL1°"1 5 lJ Vl.JU 

' 11n-nf111 2s13 11n11f111 2515 11m1f111 2518 

fr'v A t., A A A 

17fl7U 7lJUrl1JrJU'Yl1.J FOB 0.18 'U1'Yl/~~1 0.28 'Ul'Yl/~~, 1.35 'Ul'Yl/~~, 

A ""1 t, 1& $' U 1 "'/ ._, ~ A ctJ 0 

L.Jt-1.Yl "lf".lfElU_llJU uu 2516 4,500 ft7U1J7YlU Uflr\LUt-1.1.!1::mru 11 % "1Jtl.J 

I A ._, ,.j ,., )¼ ~ '1 "'f ,., t, A A 

lJ ftfllt'l umrii.11::L Ylfl b Yl!'.J".lf flYl.JVllJrl LLfi uu 2518 1.11::L 'Ylfl b 'YlEJ"\l::rJ tl.JLt'l EJL.j ui.11::rnru 

• 
'IJ 

t, d \ o I A "-' ;,j ~ t, t 
13,ooo muu1Y1 .V\101.!1::mru 21 % "1Jfl.JlJftfll~Uflli'l".lfm"1111.l1::rnr1Y1.JV1lJfl 

'IJ 

ilot "' if O q 0, 

S. tlllUtl1Jfl!ll11HNvl'Ufl11'UA'Y'HH-HU 
'It .... 

fl. \llJJ\l 
.,l 

O

f ,,, 0 ctJ t, I¼ ~ <V I ,tf O "' ,., ...... 

LU fl.J1\llnu1::L Ylfl b 'YlEJ1\l 7L1JUfifl.J".lf flU llJ'U 1\llnm.Ji.11::b i'lf!LUU 1\17'1,l, 1'1,1,lJln 1\l .J brilJ 

• o ""r .,. ..: ., , ""' o 11 ., ~ "' 
m1L1\l1::t'l1111\lu brJ1LftEJlJ L1iiriuurillmtiu Y-l.fl. 2514 L1\l1::t'l1111\l bULLft111lJ'Yl.Jt'lU 11 

,, 



132 1 1 
,q ., ,q"" cf 

l'VI fl 'W tit! fl ll'lf 1 \>I lJ 'W fltl • q 

vm11 ~el L --a1::~ 71T 'iluuun 1 t-1.m flr1::1"'uDel rn~t1.J L V\U el 1 Vl ft 11 LLt'l::uuum wu el~ 11 lr1ti~L "1J ri , , 
ri1L11elm,;'L--a1 qJ m .JL'Yl'\Aj lJV\7Ufl1 1 Vlt'llJ tl11n[J11 i,~y.iu,j

1
1ri1L;rfm1~--1 2 Vl t'llJ , , , 

'17Vl-r"u 1 Wr'l::Lt'lU71 L 'Yl tl ~L~ L --a1::~ 1n --a lULLt'l1 25 Vlt'l lJ (n11, --a1::r1111 --atl1::111rn 60 , ., , ~ ) Al1 ,=,I ~ ,,, A ,,.. A 

ft 7UU1'Ylrl el VIU.JVlt'l lJ '\AjlJlJ rl1Lt'l tl lJ11lJ 7 Vlt'l lJ fl el Y-l lJLLn ~1i11lJ'lf 7fi LL t"l::LLn ~1i11lJ'lf1fi , , 
LV\t'l1~ 7U 1U 3 Vlt'l1J Y-11Jti111""u~ ULLt"l::LLn ~1ijjlJ'lf7rl LLb'ld V\1 El LL!l ~1ijjlJ'lf 1rl L Vlt'l1 4 Vlt'l lJ , , 
LLn~1ij jlJ 'lfl r1tl1::neluo/i"1 ti LL17~ltr1o/11m1rnm ~1u1Vl~LlJUbL17~~L'YlU (CH) tl1mrnu1m- • 
L;mJ~ y.J1J mnY-lel~'<iJ::LUU~U l~U h ~11 ~m~ l ~ 1 7f117lJVl1,.J~"J::Y-luu1ri1L;tllJ~.J"1J~ULi .J 

A (,_ I I t, I 1 t ~¾ IQ/ O ~O Q/ O "" I 1/J!IJ ,q 
Y-l l lli 'lftl lJ tl tl fl tlU"1J 1-J LL '<iJlJ ~ 'Vl..:JWU 'W'eltl fl'LJ[}-H.'1fl1'H'il1~"1 l';i"J'il'Vlfl1"..:J~1l 'W 'W'eltl 'Hlfl t~ ~,rn~ 

~ ~ . ~ 

o, --! t 'lt IIJ!V I "" -.(1 c;\ ¾ "l !VIIJ!V ,q( 
fl';ilJ'Vl1W£J1fl ';i'.li';itlJ \>l..:Jlll1'11lJ1tl L111 'il~'c11lJ11t1Ni'i \>l ll \>l'H'1tllJ6UtU.J1 t'lf t~111'U W.fl'. 

91 o IIJ!VcS I .I ., "" - . .I lll!IJ.,j( ., ., 91 
2 5 20- 2 5 22 m'VI 1 t~fl'i)~951tl1J'l'~'Htl ~l..:J 'W\>l';i16\.l'el..:JU';i~l'Vlfl' t~lli'i~'W 1JW'Wi'i 1'Wlll'VI 

o/ ..,. <id 
'll. 'Y-liN.:Jl'U'U11fl '1tJ1 

'\Ajb'j.,.J.J1U u 1Lfl; tl1L u ui~n l b Uo/1Y-lft ... .J.J lU ~1 ~fl11lJVl1.,.JlJ7n~~ ~ ~ "\l::L "1JlYllVIU7~ , 
LL 'YlU J111"'u 1J"\l"\JU.,U~ l'Jft.,.J.J7UU1Lfl;tl1l~"\l7ntl~n1mw~'lfo!,U (1,1,rinr1""1) "1Jtl.Jm jl, u ti ii' 235 

, 'II 
.d ~ I A A I A d A '1 A O QJ "ll,; 
"lf.JlJflrJL'\Aj tJ.J 0.7 % mlJ1i111J'lf7fi b1 1UrJL'JbUtllJ 238 6lf.JlJtl tl U1i11lJ'lf1fi 99.3 % nlfl.J b~ 

'II 'II 'II 

1.,u m11 "\l""m ~ mh1111 "1f 
I l,j1 \1 ~ ,_, ._, ., I 1 , 

"1Jrn::u 1 -J b~Y-111.hmntbLUU Thermal Power Reactor lJ b".lfn Utltl 138 1J bU 
'II 'II 11 I I t, A 1 , 19 tl1::L'Yl f'l mi::rn u1::V111Jm1ntJ~1lJtln 293 1J m 25 tl1::L'Ylf1 

'II 

;1V1·trnh::b'l'Wll'Ylt1 m1L vh~h~1m-1;r, L~1,1iifimj11,~mm1ri~J h .J Lvh~1tl·rn1rn 
'II 

rl~.JbL~U '\Aj , f1 . 25 11 1 uu ~'ilu\:i,m j 1 vh~1nn1t-i"'--111iin"um1 Y-1 b'l.,.J .J lULb~.J'lfl;; 
., 

!.'lrnuum1 , 
fim~l~l.J "l tl1r1 A IT "\l'Wlt'l.JmllilJVl11 'Yltllt'tti mnu""m'Ylfl 1u 1t'l~Y-l1::"\ltllJLnt"l..,1 1iUU11t'l1 , , 
1 um1fimj1V\1"ll.,tllJt'l 1, ~tJumn"ui'.i1 ~mTn 1--11u"1Jm 11--1 't l'l;1tl1lJ1rn1,uutJ.,um 1ti~t1;--11,n~ 

'II 'II 

tft111 L~ ~ m1~11~"\l::~11.:i h.:i i, l'l;1tl1mrn ~"lflti'Yl::Lt"lf1111'lf1 1,1,m"1 t1"1JU 1~ 600 L11nn::1.,ri~ 
'II 

L~i"il171~ 2526 LL b"l ::Lfl~tJ.Jn 2 "1JU7~ 600 rnnn::1 'r1~ L~1'<iJ LU171~ 2528 

Fast Breeder Reactor • 

~ JbL~ tl l,jl,UtJ lJ 238 --a ::u 1m 1i 1~ tim.J l~l~ fltll '<iJ~ .JU 1 r11 tlUL"lll LU'lfULL t'l :: 
'II 

LU~tl'ULUUY-lt"l 1murm 239 ~ .J 1 n 1t'lm"11 l ~Y-lft.,J.J7Ulrll~ 7n"'u ri1u ~ u 3 tf1un1t'ln-r""11 ,J~-
'11 

m m LLUU~L 1 mi 11 Fast Breeder 1 wvhu mL~ ti1n.,u tll"\l"\l::LLU t'l .J1itlL 1 tl lJ 232 LU Um 1L UtllJ 
'II 

~ 1" aJ ~ A O <V A f{ \1 " -'i o, 

233 ".lf .J 'lfL1Jm'lfmY.Jt"lJt<i 1V11utllJmrntl1mrn bo/1 LV\lJtiunu 
'II 



• 

.. 

• 

"' 
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lJ 'Vl 'j'jf)' cl) 183 

Fusion Process 
,:!ii o cvuQ'J 1'., 

"1J1J1'Un7j fusion fltlnl";i'U 1t1::flt1lJ"1Jth'l1ilf!L1JllJl";i'JlJfl'Jn'Ub1J'U1ilfl V\lJLLCn , , 
i.J~mJwei'JJl'UtltlnlJl nl";i";i'JlJfl.,1L"lf'U~ '<\l:: Lnfl i,~~m~tl1ilf!L~lJ ti~ 1ut'lmWWC'llt'llJ1 (ionized , ,, 
gas) m1ri11 ~1h::'<\lu1mLmrt.,1t1t1m1ni.J1::'<\lt'l1J t11V1fu Deuterium V\1tl Tritium im 1-ir , , 
tlill V\Jl~t'lJnJ1h::mrn 50 mumm C 1 um1::L 6lf 'U~ '<\l::Lnflmj";i'JlJfl.,1"1JtlJU 'Jbfl;LJt'l lJ1t'l1JlJ , ,, ,, 
~1u'<\l::V11r1 L ,J nt'l1mtlu Wt'l.,JJ7UmlJ'Yl~~5"1Jm Lt1u t'l Lriu ·wm~lJ7 L utlfin1m~fl'J1JfllJ i,;; 

t., I ., ~ ,d ., , 

( controlled fusion) fltJJtlLJ l'Ufl11lJfl'Ufl7"1J'U lf!V\'UJ 1 uLL~U"1Jth'lfl17lJf!U"1JtJJ1J11LJ7n71'1 Lt'ln ,, 
tl1::L 'Ylfl~'Vl 1mT~ '<\l.,LJ"1J1J1'Un71 fusion ~ mn~~ fl L~ Llf1~Vlf~mlJ1nlbbt'l::~ ~u 

Iii , d8 , 

U1J1J~n71V\Ulri~~Jbbt'l::fllfl17'<\l::U llJl 1-iri.~ut:u fltlbb1J1.J~1i laser beam 1 um1ri11~Lnfl , . 

Ym7~lJ7~L V1iJ'1::~lJ U'\l'\l u.,u~1m1nri1wm~lJlfl~n~11 L;;LLtf1 LL~~rim1'<\l.,LJ~ t1 Lu nt1 m1 
, I 

fl11JfllJ 1,i;ri1J1u 1;;mlJ~r1t1Jm1 mf!17'\l::im 1-ifnr'l11um11'<\l.,r1tl1::lJ1rn 25 u mlJ Lfl1J , 
m11 '\l.,LJ"1JtJJ~V\1.,jtlLlJ1n7 rhV\Uf!'<\l::~11J h J l~Yh Lf!LJt111'1'i1"1Ju1um1 fusion bfl~tJJLL 1m ~ti 

1'limm~~fll~~lfl.,1LJ"1J'Ulflfllt'l~~~fl 500 LlJnn::frt~ 1u111u ·W.1'1 . 2543 bbt'l::'<\l::~11JhJ 

"I 2./ I 1IJ 1t.,<tj "' ,: 1 I a) 

b~W lrttl bU V\L1JULL1J1J'Yl~lJu1rn u1::V111Ju w.1'1. 2543-2553 ,, 
<ii ,.,; ., ., , "" • ~ ... If tJ If" r "' N 

mu.nvrnnu:n Wfltv7JJ7WU?'lf1J'JU.nTj fusion U.JJ7MfflLWY-17Lfl tmrn,i:;m'Jffl 

"' ..,i~ "If"[ ..,i If I cl ., I( f: ~ ,.J ~ [ cl I ~ 
mr1Jni~ w, flll!Lrl1Jrl'iJ:;WJJ'JU.VIJJfltvU rJJULUfJJ'i17nrn tmtnJJ deuterium mmmmt1 1mm 

1/ , 

t-JtvJJattluJ1~11JJm1uci"v1rnhu. 1 ~EJ 6,666 ff'JU 
1/ 

ti 
.., Q/ 

fl. fll'i 'i~'YltJvlVHl-.:i,:ni, 
.,. c! 

fllleJW'i;1Tl1f1'.i''.i'lJ tl ~~01'.i'Ynru %cl 
• 

'<\llnn71t11"j'J'<\J 1Ut1 flmV1mnJ LLC'l::n71Wllli61f~W1J11 
• 

( 1) m1tlf1.Jtl1 Jtl1::;'Yli JlW~V\lJ.,mi1-LmLm '<\l::tl1::V1r1.,rn ;m W~J 1ri 10 % ii , 
~1-if1 v.m1L WlJtl1::;'Yli JllY1"1JtJJV\lJ.,mi1 fltl m11,i;L;m YJ~JLm LV\~tl~ 1J 

~lJ1Jjillfl.,1LJn711"1fmmf1~Ln'U (excess air) 'UtlLJ~t'l71 LL~::wmmlJ~Jfl'JllJ ,, , 
1tl'U 1 uLLnm; LJ i.ut-if Luutl1:: LLJ 61fu1,i;mn~~ fl f1tl'UU~tlrltltln~tl~m , ,, 

(2) m11itmf1t1~1J~tl1::;'Ylimw '\l::tl1::V1LJ.,f!L;mw;Ji,~ 16 % mrim1ii1 

condensate nt'l.,1Jb61J7V\~ml'1 "1J'\l.,fln711.!,1"1JtJJ i.ml'1mlJVIUlLLUt'l'U mu11~1 

, m1u11Jfn~1~~lJLL'Yl";iU m1ilJu'U'J'U'Ylt1Lml'1 "Jt'lj , , 
(3) 1um-1mV1n11iitlu iLlJU~ m1Ltl~rmniJlJ1ITm1~;mLurniJLJmili-iuu11 , ,, 

t., u M A,.,.... o 

bbV\J '\l::tJ1::V\LJf!b61ftlLWC'lJ bf! 50 ~ 
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'I' 'I' q ., qq d 

LVlfl L'U 1ntJ01J'lfl\JllJU1!1tJ 
• 

, s, d 
fl1l' 'lf'l'OUU~ 

t1., d , .I ., ,: ., 
H'lllJ'H'ltJU\Jl'1::t11lJ1'rn1J'j::'11tJ ~u llJ U '11 91 ' II ' ti un::m L'H'11tJ L'Unl'J'C)ftJlJUCJflJ fl1Vl'J'11J 
" ,, '111" 

-uvlJn\Jlv iiJu 
" 

1. m1•1i'1rH1L11 100 n1mlJrl1~tl'D'.;11lJJ 'il~LU;tlJJllJ ... Un'Jl "1l"'rn11 80 n1fi

LlJifi1'1tl"lt11lJJ U1::lJ7lli 20 % 

2. m11<.iLfl~mtlfummf!YJ11~LtlfttJJJ1lJ ... m;mw;JL~lJ;U tl1~mm 6-8 % 

3. L~ffrnfiflLum 1mu 1u ti 1V1f1JLfl~tJJf'.JUfiLUU-~u m1wiflLfl~m1u 't1 1 u 1ri 

'Yl 11 ~~UL; m w; JlJ1nn1 lf,...lJL fl~ tlJLLtf1ftm1'Yl 1 Vl~ 

4. ·m1ft1JfilJf'.JlJ~ln11~nlV\Ufl 4 U'EJUfi (f)m1711J~;) 'il~L;f'.JL;tlLW;JL~lJ;U 
'II 

1.h:mru o.4 n1miJr11 '1t1;ri1 

5. m11imJL 1L~f'.Jfi LL 'YlU ~'il: 1imJ1l11lJm 'il~lh~Vlf'.J.,fl,rl'lJ"'u 't~t11~lJ1lli 8 % 
o u o u ,b A 

~1Vl11J1rl1J11'1'1 n LLfi~U"a'~lJ llli 3 % ft 1Vl1lJ1rl'UJ L W11~f'.J1JL 1Lfl f'.JfififlLL 1 J , 
ri"1u (rolling resistance) i.~iiJ 20-30 % U'Elmnnilu'il~ri11~L1J1rll~~ 
1' 1 P4 o!, 0 I,, A, 1' 
"llU LLfi~ tlnlft'Yl f'.JlJ'il~n L ,~11~ri~tlm'il~'U tlf'.Jt'lJ'lJlnL U UJ'illJL 'U tlf'.JlJVl'U 1 

'II 
,,; .oil::~ u,,j I:: I:: ( ) . 

6. n71LUt-if'.JU Vl1tlflJL"llf'.l1Vl1L'Ylf'.J'U flJ'YltJJ"ll71 mnm ignition timing 'il~ 
U ~ A 'ti,, 

tl1~Vlf'.lflL".lfmWt-iJ mh~'l-l1ru 1 o % 

7. m'lJtl nwi 1t1'Yl nfl.,U~ L 'Yl'El11mw1"''Yl 'Yl 7VlITT~ ri"'n i.~ 1 ~J1Vl~m~ u mm i.tl~~j~ J 
, 'II 

,!, A i- ,v ~ .. 11,, A .. 6' ~ 
'ilUm:'YlJUlli Wl'lJ"lltl.JU 1ft JWU flJ'ULWU V\Ulli V\JllJ'll'EJJLfl"a'tl.Jf'.J'UflftJ"llU , 'II 'II . , 'II 'II 

1wim 11 riimlflUtlnL; f'.J Vl1tlt77L 'YlU-rliJ~fl..,'YlU~ Uf'.J,rl'Yll::J 'l ~m1,1, Vlfl ~fil 
, 'II 

'il~'Yl 7 l~Lfl~'EJJf'.JUo/lLrinnu 1i.J 1rimuW1~'El~1J~J L~m·t11J1:f'.J~'Y11J 1n; 'l 
Y111~Lfl~EJJf'.lu~~,_h:;Y1;mw~1 Lrn:'il:Y111~LuftmL;mw;J 

8. m1d Jbfl~mf'.luJnuuwi.,rnfl~m ·r111~Li.J~mJ111.,u 1flf'.l 1-iL Vlfl LLfi~Luu , 
a"u~nlf'.lfimfl~mf'.lui L w11~'il:~J111"m;m w;J~1u Vl~J~f'.l-:, l~L~l l'Vl~L"lll 

i.tJ1 um~utJmm L ;m w;J~ 'il~mJJ1lJ.,ULfl~m~iiritJci~~u.,Jm~1J'Elnft1J 
'II 'II 'II 

ti'Eln Y111~Lfl~mf'.lui;nwrnL~'El~m1Y11 Vl~ 

9. 1um1~U.Lfl~tl-Jfl11'Yl1~1tl1J~11 LLt'l~L~tl'Eltln1rl1lfl'Jj6jj"'lJ1flf'.J 1oi1tilJ~l 1-2 

n1mlJfi1 rltl'U'il:1Jfl1f'.Jfl11lJL 111.Jnfi nl"a'b,i JLfl~ tlJlJlnL~tlfoflLfl;UJ1 Vl~ I 
'il~i111~m ~m~utJnftlJLaf'.JVllf'.J 1~1 L w11~J1lJ"u Vl~'EJ~Uf'.J':iemnlJ7 l~'Yl,!,1nJ 

'II 

.. 

, 



.. ranY~~l~l.'Q.,.1tt.nt~ln;,.~ ·g 
II, b -

~-Wt~~ia~,1F~ !JU.£, ;tiJ,.u..t.u.1 u~1Lpa ·v 
II, II, 

_"rt.Ile 2:/~ n~iLn1Art,.~l.'~11Ljt~tLrQt1.~1~"111U 
0

£ 

nu~rnM. ,. 

UU't!.'LIJQ 

~l nLl.'~"1M.U,.rJk1.;;.t.[1::~~ ~l rJ~1!JLUWrt,.t[1rn~u,!t u~, c,,.t,l,,~l t1.L~rtt,l~ 
b 

~ t rJUl t1.L,,,rt!.'t;ftJULk1. !!lf1l n1;1t;.u;;m1 Uk1.1N m~1 t1.Ll.'!.',."1M.rn~11,~t LlA!.' ~ 

" b 

f1l nym~,::~rn ... 1tt.t1. t~l!k1. ma n ~1!.'t;.ir.t1.a~uat1.rJLl!\JLUW ~ n,.c,n t t1.~t1.l.'L pa 

t.l 1.'V.!.'ULll t1. t1.UL~UQt1. t1.lr.C,t 1t1.IJ1!.'QIAk1.tL!A.f'ti ;;~ l. ULrtLLH,i !.' U.tLU 
,.. !Ii~ ,. ~ ,i P P ,. ,. •' k ? ... ~ $1 

II. II, b 

rm1.,.UL~tu,.l't~!.',.ij l. ULl'tL~!.'~lALrattl!k1.'IUQ!.'l.tLU'11,t UU11!.',,.TT~LlA~ n~n;;~ 

~Q.;k1. (j~,,,.u~1 mi~~l~n1;_uu~ !.'L~l;_t1.111.1g~n;rn_11JLUWTT,.t.f1rn;uiz.t 1;.u • ~ 

tteH.lM.LfLtlltlLN:•llM~fll-1.~.trr.tLU 
~ " ,. ,. 1· 

11, b 

%9 U.t t1.,.rtLftg,.rJl(1.;;_t[1;;~ t£lf\(\ 'IU llfJC,,.Urt,,.Y~rttl.QJl'tLC,YfJLrt::.trtt,lU,.M.~t l,,,ll ·g ~ 
b II, 

%02: C,L.t ~l t1.,,.rtL,:tU,,.rJk1.::.t[1::~ (BL0"0 U.t) ijtJl.'tJ!.',.t,lL~tl 

~ t nc,~L.t.u,.ml;;~~nu. ,, ~Uf1!.'~::mir. 90·0 C,L.t (U,.ttl(l,LfrJijl) iJLuw 

a~l.'~M. m~ ,n ~k1.::.t ne,~Ltu,,.a!.'ll;_ll t1.~t1.mt1.,.rtLjt! t~t1.rJrn;um,.tk1.L ~ ·v ~ 

fJ e, ij t. t1. Q t1. '11, ll 
... "' II, 

~t ll.t~u~a~fbwt.~rtLlUL lA!.',,.rJ l,,,m1!.'~M.1Q! ,rn~[11.t.LUt1.1; ,::~UL~Ulltl. 

n$1nt1.~~~l!.'~m.t~t Q.~1 L~n .... w!:t (j~C,,.IAl.'l.t.LU t,lJle1~~t1.rJm~um,..t1tt.L~ '£ ~ 
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4. fll'H>'l-Alfl'l:lU-:JU1 AtHUJ • 

'I! ' n. innn 

1 A%'1 1%'0 A AA u I <>1 11 I 
~rJ1ijjlJ'lflrlU 7 ¼bblJU ltnflt'ltlJ '\l:lJbblJflYJLjffeJlflmm bbtimJt1muunt'llJ VltJ.!1 

'II , 

l~ 2 n~lJ ~tl aerobic bacteria i.JnUtllV\71 ;uvrurr LLt'l:VllrJL'\l 1~rimtfmLflt<ltJtJnib'\lU , , 
r-1 11 %' A I r-1 ,!I r-1 A ,!I U ~1 ,., I 

".11' .Jt'l:t'llrltlrl uu 7 onnt'llJVIU.J fltl anaerobic bacteria ".11' .Jn'UtllV\71 bbt'l:t<l lJ'V'fL!1i ~ri bl! 'II , , 

ri"mmfl.,mbflt'<ltlt1niL '\JU i .Jt-i:t'llrltl~ 1 uJ1rnri 
'II 

.l, A 1' <tA u I A I .; %'12, ,., 
LlJm..h:'lf1mLvrn"JJu m1mnumw1Jt1.JLM L'lfU t1'\l'\l11: ut<1~11: u 1 ·:irri.J bU , 

1 %' A 

1 .. ~ %' d A ,., A , u u 71i11ll'lf 7ri u11m 1.J.J1ut1 ri~1V1m1l!n rn·u 7".11' .Jll ~11t'l:mriu1.:iunL11'Ylri.J bU ~.:im.:i 1 , 
~L"Jl~.Jt'l.JlU ~~lrlLUUtllV\71Ut'l7 n'\l:LUUtJ7Vllj6]tl.J aerobic bacteria f)tJU~LV\;milu 
I., ..t<tl ., k A"'i A 

t11UU tlrl '\l.JLlJUtllV\7161Jtl.J anaerobic bacteria Cllb 17'Yl.J61Jtl.Jbt'<lrlblJUU1lJ7ill:IJln aerobic 
A A ~ I., ~ QJ ' A, 0 Gj A O 1)1 A ~ I bacteria '\l:nU61Jtl.Jbt'lrJU ULLt'l'Jt'l lJ'V'fU1ib '\AllJ'\llU 1UblJU'Yl1flill 'Yl lbLn @tln"lfL '\lU'Ylt'l:mrim, 

I 'II ' 'II 

1 uJ1~~1:'iJLUUt'il~.,lJ L '\Al17:U1lJ7ill ~,in bacteria 1-irlJ1nm' 1iJ1mrn ~tri'1"rn ~mnnmmfl 
'II 

1u~t'l~U1lJ7illtJtJniL 'ilH 1uJ1--u:~.:i1:~.,lJ~ aerobic bacteria l~t<lllJ71n~i1rit1~lrl'\Alln"u 
I - 'II 

A~ ,ct Q'I .d A~ vff,A 

mrit'l.J 61ltl.Jbt<l tl'Yl .JV\t'llrl'il .JrlnLlJUtllV\7161Jtl.J anaerobic bacteria "1f .J'\l:;L 'il1 qJ!.'l lJ'\Alit15" L '\Al ii 
I 

o di A ,d v I A t,, w 
'\llit1itblJU'Yl1flill mm'il1nm161J1JrllrJ61lt1.Jbt'lrJ61JtJ.J anaerobic bacteria u1:nt1u~1mrnri 

'II 

ltf 1~1L 'ilU"lf.,t'l l Yl~ LLt'l:LLn 1.'l5u bbt'l:Y171 ;,J1~;flJ1 ~.,.JU!::U ;.Jbfl~buitJ1;wil ~.Jn;UL V\~U 
A I %' I 

L1rln17 Ulbitl 

' .J v d-. s, v 1' ' "' I "" I , umrn 1mnJJ m1t'll JJ,rmnumn'llu , Ut1B-Jm11Jr1Bll'll1JJU'I mnm 1 JJ7UBmrnmnJ.J , , 
;m?BJN1U'lllJ?Um1'11fm1BJt;llfl[)U~'iJ~I./~[Jmrw[Jnff;7J7l'{?fj7j[U~ . r1wI.Jn;iJ1'il~t~-i"vunrr 

1/ 
.q lf 1,1 IC/ 11V ,q ,, ,::f O o'/ t'· d I ,.., 

f)[Jn'ift'ilU'i/7n[J7mf1fl~f;/WflJ,I.lmwflrnn ttfl~f/7JJflJJWf/N'JU7 V/j[}Y/7tLJUU7W n'il~'lfWLVI , 
"' lf §'o7,. 1' l:/ <!/,,,._,§' I 4 

flfln'lf t'i/Ufl~f/Wf/.JLI.J U7WU'U1 JJ7!UJJ7n'll U Ufln'il?nUU W'ffl'fi'll ll'J LUU7'U1~tl1rll'f7V/1 W tJJ D 

{rnmJmnrit nu~ [J[Jtl{)l'f[)fln:; t'i/U[J[)nJJ7i w,;; iJflJ 1 uJ1a nfiw T f/l/Yl,!,'J tzl mw 1fli1iJ flfln'5 

"' . ., 'If" f' d 11 , , 
rnutw llJWfJ aerobic bacteria 'il~mf'! llfJll rn ,m~inn'il~W tu 7 

1/ 
<,I 

"'· a1numrn 

;.J~YJ11;,mmm;ri t1t1 

1) tlU117fl Liu rn"u (particulates) , 
2) ~Lnt:1 

3) n;u 

.. 
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L ~tl 1 ~L ~uii'ri11~1U61llh'ln71'Yh 1 ~Ln~mmflL; t.11~ t.J i;'l7L iiri~7'1 1 ;'161lilit 7fl.,1W61! , 
61l tl '1 t'lVlfJmlJ1m1u~ yj ,fl. 251 2 mLLt'lm 

HC co 
I 

n7j61JUt'l'1 19.8 111 .5 

' . 
n7jtfumtl61lmLfl1lh'!tJcin.,uri 0.9 1.8 

'II 

61! 1J1Un71tlfl l:l7Vln11lJ 5.5 12.0 , 
k A "' <>'I d 

n71'Yl'161llh'!L~ t.l'YlLUU61llh'll l 61! '1 2.0 7.9 

,,l 

tlU 1 9.2 18.2 

'J'1JJ 37.4 151 .4 

t,., ~ t,., I 

LL t-i~m'\l~flL'il yj7~ mmumnitt'l'1 
'II 

HC co 
,: 

1rl t.lUfl 

1;J1lJ.,UbUuiu 16.9 96.8 
-

1"' %' ., A 
'1fU7lJU~ L"nft 0. 2 1.0 

,,l A 

brr:rmuu 0. 4 2.9 

1ri1~ 0.1 0.1 

,!l 

L1tl 0.3 1.7 

., ., I"" rnmm u 

NO x SOx Particulates Total% 

11.2 

10.0 

0.2 

0.4 

2.0 

23.8 

1.1 0.8 

24.4 7.2 

7.5 14.4 

0.2 1.4 

0.2 11.4 

33.4 35.2 

., ., /Al 
ft7UflU U 

NOx SOx 
. 

7.6 0.2 

1.1 0.1 

0.4 0.1 

0.1 . 0.2 

0.2 0.3 

144.A. 

44.3 

39.6 

11.9 

41.1 

281 .2 

Particulates 

0.3 

0.1 

0.1 

0.1 

0.1 

Total 

51.4 

15.8 

14.1 

4.2 

14.6 

t.11~mu;u~1~1i'riuu 1.9 

~ 
1.8 0.2 0.1 

rm 19.8 11.2 1.1 0.8 5 

'\l1nm11'1'\l~l ~u-1 1Lfl~mt.1u~~1;J 1lJ"muu i u 'Yi11 ~ m m m; mLft~Luua"ufl11t.1 

I ,,l ,: "'~ t, %' ., A .J <tJ ., I f{ "' 

m 7Lfl1lh'lt.lUfl'Yl b 'lfU 7lJU~ L "Jf ft Carbon monoxide (CO) "JS '1LUUtl 'Ufl17t.lfl tllJU l;t.JlJ7n'Yltrn , , 

L uunm; '1~'Yl 7tlln7f1l;t.l'Yl~Vl trniifu Lfl~'\l7nn7jt'l.,itmtJ~ L~t'llJU jlli 61llh'llfl~tl'1t.lUfinLi 
'II 
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~ q 91.,., 
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• f I cJ ~q 91 oJ oJ I oJ oJ o ( ) I t 
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U~tfl1'W~11Jel'W~11tl'Wtltlf111 CO lJlf1 

U"il"m.,u ~ u tlJV1lnTrn1ur1 lJm1tl~tlrJ; Jt'{nUW"llln'YleJ "lmfl rJ1cmu~ eJ~~ m1 , , 'II 

fl1UfllJ l~ 1ri1m1U'EJU (HC) co LL~~ "lu 1ri1L "\lUeJeJn "l "lf~ (NOx) L~U~1U h,~ ~1U , 
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'II 'II ., 1 I I; k ..., .,A I; 6' ot .... I I; .., 
t'llJrJ V\lJLL 'YlU'YlJt'{U Lrlfi rlr!JeJUmruumnum1'J~LV\rJ61Jf.l,'J HC LV\~l'U ULLfl1 , 
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n71'Yl l.J'U. ~tl "il::fltJ 'Hlflm£Jfl'U 'U. 
, 'IJ 

m11"i1 ... £JV11iuri1Luri"v'l~ ... ,1,11u 1 VI~ 

"\lln1U"\l~L~U1 lrll 1~eJ.,fi11~1UeJlnlfl~eJ 
'lJ 

L;eJL'l"l;Jt'lJ (lean mixture) NOx HC LLfl~ 
'lJ 

co ~~rlrl~J UeJn"\llnU~Url.,J'nn~11 l1"111'1fi..,U 

11,, QJ I QJ I o 1"' u 1!i 
m1 'JfeJr11~,t'{1umnm1t'lJ"\l~'Yll V\1.h~VlrJrlL'lf'El 

'lJ 
~ ~ 2,, 

L 'l"JflJEJnrl1rJ 

If u u C I u 

'lJ'U.nUfl'Jl.J'U, ~tlbtl-:l n7ifl1Ufll.Jl.l1::'lf1m n71lJ1~V\tlf\ , , 
rl~tlfl"il'U.n71tl'U. 1"n~;JLL 1f\;tll.J "ii:: l~t-J~Vl1fl L~;'U.nuU , 
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AoA.. 

1 , - ,.., ... 
tll)um'V-lmh:: £J'lf'U.t'l'll'llmL "v'louiiu ~tJm£Jnu , , 

.. 

' 



.,,,.. 

• 

.,. 
'W 'VI n rt ., 139 

., 

1 . Energy Conservation : Wh y we must, How we can 
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8. '•Eiectricity " Thai - American Business, July- August 1975 • 

.._. ' I .di 

n "l 'ii "a n 'M"l t.1 i'I U 'ii~ t rn:1 u 21 o \1 '111 "l u no \1 "l u 21 o \11. "a "l 

- I ~ d U4E:a 

ti i'l'l.J"a~tuf:lu 21 D\1'111 "lU~~IJ UR\1 1,u olf:lu"a n"l"a21D\11."a"l 

.r:::a. Ill 0 

1.J ~1!1-1/1 3J Vi"lVI U qJ "ln f?I 
ca 

GRANDTRUST & SECURITIES CO., LTD. 
c! qq ~ ~ q QI c! 

l"Mff ff 1 rn r1rn u GJf 1'lftl '11ll1tll'U'Ul1 
... V 

... ., 
nnllnTH-n:rin11 n11 lln111o~~~fin11 

~ ~ 

l! 
t1 ~n ~HJ m 1m t., 1""" ffl'1' WW1 'lH..:iit .... 

., 
9.00 % 7 TU. 

. ... 
1 o.oo % 1 LmllJ. 

... 
11.00 % 3 Lmm 

- .; 
U"i'tt\11 IJU"1111U 'il"IODI 

• 
... 

11 .50 % 6 LmJU. 
~ 

215-217 CllJ.'\.\1 1'1f1~f1 

... 
12.00 % 9 Lmm m ~L'l'lill llVl7Ufli , 

... 
12.50 % 12 LfltllJ. 1 m. 215491, 21 061 a, 224523 



• 
- <Cl I 1,-a ■i n :u 1. ~ 'Ill uu "Ju-a "121 n■i "a t "a\HI ■iu om i1 ■i «un"a "a 1,1 

'U Ill U 'I ■ -cu a, o l<CI e!!I IU .c!III u -ttn~'l.l"ati'llli!IUU"lt'Un"lU t~"l~~\Unon121tlPl"aD\11?1'l.lt'Wn\1 
- caca fl ,s:. ,,, 
01,1w1,-aun . l!lut'llo"a ' 1,on21 

'I 

0 

t. fl1JJ\?lll1'il 
cf 

2. fl1JJ1.h::'lflt1'1lfl'il::Yt 

3. n11u1::U1Ufl1ticl1'1 
111__1 2t ,, ... 

4. on mrnmuNcl\?l 
"" ., d 

5. JJtil1't'ltJlcltJt fl'l:H>llffltl\?11 ... ., 
6. 'il 'Yflcl'1fl1fl! JJtil1l1tJlcl tJ 

•..,., cf-sl Oo/ 

7. 'UUl't'I HUJJcltf'iUfl'i 'illfl~ 

s. h-1u1JJam111 

C'" ,,..._ 

! -~ 
c:: C" <.: 
~ Gj 3 
~ C"· "' 
C ~ p 
;i a crt l'.:: 

l 
9,/ . ' cf 

9. fl1tJa'::JJfll\?l()'i 
:;:: (";I C 

l;:? .a ~ 
;:? ~~ q:; qo1J d a/Ool 

10. 'UHJ11 fJcl\?lflfl!crttlrnlWlfU't'llcl 'illfl~ 
'G:: "G 10 l'.:: 

r.> ~ C 

11. 

12. 

13. 

..,., ""l o.1c!oo1 
unrn l'il1t)! flflflfl!crt 'il m~ 

... ., "' ... ., d cf,1 d O ., 

u nm rn tJ t1 UJ 10 u m n ttf n a 'il 1 n ~ 
'Ul'lrn tl\?ltlmfl11JJftlll,11tJ 'illfr~ • qQ/ aJ q OOI 

14. unrn t1ti't'f~'ln1ua 'illfl~ 
,. 

q .. cf ., ., 

15. ,m mu t1u u1~ 1umrnu ua::fl\?l\?11m1 
... ., ...... ~ 0 ., 

16. 'U':il:111 U11lf\?l 'illfl~ 
., 

17. fl \?l\?11m1t>rn11n::rn 
-.t u !Q .Ji ,u A A A A .. cc d .. ,, 
1J'\1'.l1JU\Hfl'HJ'1fi1JL'l"l~'1 O'lJ'l"lL1EJ~ 8.lfuLum LEJn8.lf , , 

O'f Pli A A 

Luum'lfmrn 

"1 AA 1 ~ll LLt"l::EJvmu u1h::t>1Y1li111'1"l u'Yln1,1n11 'YI-JUL'l"l11:: , 

'Ui· ) ;: 
a C" ~~ .. 

1. 1tl11,1m::'Yl"~rtri 
.. ., 

2. Lflt-i vuEJ 1EJt'l::mn 3. \11'11'U.fl1EJ1Z1J1Jfl.,fl 1 'U.lJfl 
~ 

4. t'lllJ11r1ri"u 't 'l'l't;'Yln-ll'¼ri 
A A 

5 1Jdn71fl 
lj .J.g, I lj , ., 

1 'l"l'flm rn-tl'l'Ui'lrl >Jfll L rrn0111.h::'Ht1fl l'Uh1;1'U • 4 ., .. ,J· 
1m"<MilUlVHH1aumh::a-:ir1 

.:It. c8 .::I - 11 S;I ,,, 

D IJ'Wl,"a UH 21 ,J1,1.Jo"i 1,0 n21 
. . 
~ c!I .., .:a 

1.rJor.10 l1R'fllii101 
'I 'II 

J at, .,., ◄ o1 
fl'l-tUU'l-t~'l-tlU8-:tft'l-t6flflftU 
" - u f6 - f6 :, 0 u 1J"a1:t111 a.J'l"iU\llnu ou.1.111o"a1.ut1uuun C'l.J"a::1.111ill111tJJ 1il'lna;s 

1m. 35534, 865978 I 
• 34936 \116 6 

865271-9 1116 243 

- .. ,, 
... r. ~:,. , • ~"W,._j, 

<· 

\ ·, 

• 

• 

--~ 

• 



.. 
~ ~ o OJ ' <:\ 1~ I 

!fl'lel"U Utl1Hlal'H'lU!Wl'HiH1U 1J1Jfl1 u(ll 
q 

DUST COLLECTING EQUIPMENT OF CUPOLA 
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lJ'Vlfl~m t111tMTW project 1t~1Ju 1ruru1~1 fl1fl161571fl'1m11Jt1 ~f!Tnm1 
<I u • 

• "" c1 ., 1 1 ~ 91 ~ q 
flfl.lt1fl'1mllJfl'1'rf~l f!tlllJ'WL'Vlfl 'W '1UY-llt'1tllJlfl"'1 '.fi'W1Jl 31 lJ'W1fllJ 2518 

• • 0 1 .; .... .; A ., "1 .; 1 ,d I 

ff'JlJJ'Wl : U1J'il'il1JU1Jt)Jt~lt'1 JU 1flt'ltliJL1JU1Jt)JV11 Vlt)J"lf JLWrn:;1.h:;L 'YlftYWlrJl'JJ , 
'<\]:;Unl"ll 'illnm-rthn'ilmf.l 1u 1-rJJlUVl~tl r--Jt'l~Lflfl'illn~UIT;~tlt1nm'il1mmV1~tl"lfUfl , , 
ti11tlmY111 ~utlmnfoei:;Lfl~m'il .... m mf.l 1u11 JJ7U vi~aL; f.lVllf.l '1~ ri .... Ju~u; JYl 1m1LLn1JqJV11 , 
1~mmn'il..,fl~UIT;1flf.l 1i'r'lt1t'l'JJV1'JJU (cyclone) ~ J'il:;LnlJ~ULLt'l:;IT;~lJ 1 ~t1t1mJl'illntl1n , , , , , 

tl~mLmn11tlm 1rif.l1fi~t'17'JJ7jbl•1hf.J 1 ~t jJJlU V1~tlt'lflfl17iJL;f.JV11f.J'il7nm1;nn1uu 'ttl 

't~mn 
I ~ ,v ~ AA~ o 'IJ! 1.,1 A 

m1Lwn uumfl "llme-Ju LLei:; ITmrnn 'illn urnrn u 1IT'Yl'Yl7 Lfi u11mrimLei:;ii 
, , , 'II 

.. .. 1 "\11 ., "" 1" "' 1 " .... , , 
1h:;t>1 'Ylll Jll'l"JVW "1f bfifl un11 6Jf cyclone collector "lf Jt'1l'JJ71'1 6Jf n1JJ1.u Vlt'llf.ltlf.l 7JL 6JfU 

I CV t.., W 

1. n71"1JUt'1J1t'1flfl1f.JLLnt'1 , 
2. n71"1l..,1JIT;tltln'il7rnmn11tJrn 1rif.l 16nmJ"lltJJLmLtlJ , 
3. m1"1J:u~um1:;IT;'illnLfl~t1J shot blast 1rif.l l 6nn1ei~iimrit11flf!Lm~u V11ti 

, , 'II , 

1l;'JJ7L"lll'Yltlt'li!V1i!U (cyclone) 
, q, -!.9'o1 ,J, q 

615'W~'lltl-.:J cyclone collector 'V11Gtrfl'WtlU'Yn1iJJJ (ri1tl 1) 
'" '!I'll 

A. LL1J1JIT11iim Lu UlllJlJ~'lf m~ Jrl~Jili!i:nnn .... u'lim"ll'il .... fl ~u ( tangential , , 
inlet with axial dust discharge) 

~ 

I I 11 I:: I I u I 11 I ( 

B. 6JftJJt'1J'<\l~'fm u~m1mu1n t'11U'Yltl"ll'<\lfle-Ju'il~tlf.l uuu11t11J'Ylt1 tangential 
'II , 'II 

inlet with peripheral dust ·discharge) 

C. 'lft]J~J~rJ uci 1 u LL 'U, 1 LL n uririn"'u 1u 'l"J.,fl llt'l~'Yltlt'l
1 

~~'U, uci hrn 'U,1 LLnUl'lfUn .... u 
'II , 'II 

(axial in.let through axial vanes, with axial dust discharge) 

D. 'lft]J~Jrl~Jt1ci 1 UllU1LLnuirin"'u'l"J .... 7lt'lil~ Jt1ci 1uLlU1lLnu ~1U'Ylt1"1Ji'fl~Ut1ci 
'II 'II , 'II 

1 Ull U 11t11J"llt1J'Yltl (axial inlet through axial vanes, with peripheral dust discharge) 

fl .... 1"1lt1J cyclone collector 'il~ L~Lfl;tlU '1 V11 ;J 't~ri"mm1fllLt'l1 .... m~1mnu .... n 
'II 
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I 

~---, 
{ ·.:.:-.:-, ,_< ___ ,. ol 0 

1m flfllll'll-ll'U6UtN cyclone 
Eddv -

"" nJn 2 
~ . 

I 
I 

,' ... ..:::::, '\ ~ 

i.:;;:-~ 
( 

~
,----., 
·- --::-,....:_ 

' ' \ . \::_:_--, -' ,,,.---,... __ -> 

Main yortex 

Vortex core 

collector l'flm:nriim~"M5nT'HLfJn 

flU111fHHln'\llnLL1l t1! l'fltJLL j .JL~ mJ , 
(inertia force) 1wnm:;~LLnt'l~ 7U 

._, ._, I 

L"1nYll.Jf!7UtJUt'l'fl61Jt:l'1 cyclone "il:;ntl , 
1~ Ln'flnl'Hfl;'EJU ~1 Ut'l..,ml lli~V\iJU , 

o'I A ,,. 

1 
A 

L tJULnt'ltl1V\1tl vortex U 'Y1 F1'Yll.Jt'l.J, 

lJA I U "1 
vortex UL'Hln'Jl main vortex U 

I I 

t'11Ut'll.Jt'l'fl61Jtl.J'Yl1.Jn11~ n71V\iJU61Jtl.J , , 
W Cl.IA IV CV A 

LLn t'l1il:;nmm!"1'Y17.J uri ~ .Jfl.Jjn"M7'Ylf1 

1 
,d O .,, 

'Yll.J Un71Vll!U"lf .J ."i):;U lL'm LLntrntJn , , 
u u A I " 

vortex tlUV.t'l.J"il:;L1~m1 inner 

vortex" ('fl1U 2) 
'IJ 'IJ 

• "" rR 1n 
n7'jfl7U1ill 'Y1 main vortex Vt = Vtp / J 

Vt = t11·1rn111uLLu1liJ~.,'1_n.,ufff~ r, ~viu1muuLiJrn/1mri 

Vtp = fl17iJLi1 LULL'U1t'l.,iJ~..,t'ln"'rntf·u:rnu:nJ c~u~"1Jtl,jfl1 cyclone) 
'IJ 

<>'I /"' A 
LU ULiJflj 1 Ul'Yl 
a..,~ a.., ~ I di 

Rp = 'jfliJ61Jtl.Jf11 cyclone, iJV\U1mUULiJfl1 

cv A ,=:I, I G') 

R = 1f\iJ 61Jtl.J main vortex, iJV\U 1m1JULiJfl1 

A I 

ilVIU1~ 

I A A ~ I I d ~ · I CV Cl.I 

n = fllfl.JYl miJUnfl"il:;iJm'j:;V\17.J o.s-1.0 "lf.J•1JUtlf.JntJfl1 cyclone LLt'l:; 
'IJ 

A r,, 

Elli V\JliJ61Jtl.JLbnt'l 
, 'IJ 

ffl~61JtJ.Jfl11rn111 ULL u1 ~..,iJ~.,t'l t'l.Jt'l 'fl"il:; L;nn11Lt'l..,it~1f\u; nt'l7.J 61JtJ.J'lf tJ.J 'Yll.Jmm 
'IJ , 'lJ 

"lltl.JLLflt'l (outlet) tJj :;iJllli 0.4-0.8 L ~ 7 LLt'l:;ril 1 ~~nljVil!U 61Jtl.JLL17 t'ltl~1JU~1U 'IJU"lltl.J 
9 'IJ 

'Yltl cyclone L1~n11 eddy ~.JLUU~1U~r17lVitlU117fl~7.J "7 Vlt'l'fltltlniJ1n.,rnLnr1"'lr1 nljLLn , , 

eddy l17 l~l'fl~n71r17 l~~u.J•1Jtl.J~tlt'liJV\iJU (cyclone) ~'fltltln ('fljU 3) 
, 'IJ 'lJ 
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Lfl'Hl-:JlltJflYi€Hf1'11llJL~1'I'f'c\'fllL'U'Ufl1 t "1 • 
0 

fll'ifll'U1W6\l'Ulv16\ltN cyclone 

611U 7fl"lltlJ cyclone ~un"um1rn 11'~HJJbb!lfl~b"ll7 ltll u cyclone 'il7nn71'Ylflt'ltl'1 

D = 55VR/V lJlJ. 

R tl.,~717'U lb "il7Unrl "lltlJ bbfl fl 
8 

llJflj /611iJ. 
rd W /A A v = m1rnn"llmbLnfl Li1r11 1m'Yl 

~1 ;fl17lJb 11"l!tl'1bbn m vn1:;ii tl17 U1lJ7flj61Jt)'1tl'l,Ullfl~f17Umm1m~t1b ri rJun"ut11i11fl1"lltl'1 
.,.. " ,:::c 2,J' 1 QJ " ,,, Llnfl llt'l:f111rn 11"lltJJtlUJ17fl'Ylb 6117 cyclone l'Yl7n1Jfl17rn 116.lJtJJllnfl 

~1utl1:nt1utu .., "llmr.1"1, cyclone U~UflV\7 l~ 'il7nn71'Ylfl t'lml6Jf Ub~ rJ1n"u ( fl1U~ 4) 
I '"ii 

) 
!)I I cf al al I ( ) fl L'i;ft!N7ff'Wtlfl'c\1-:J'IJ0-:!~1 cycl6neU~~O~l7ff1'W6ll0-:J'IJ'WWl dimension ratio · .., 

1 Un71tltlnLl1J1J cyclone ~~tl1:a 'Ylli J17'V'lflJlbt'l: 1 ~~fl17lJfl.,'U,~fl (pressure drop) mn 'il:'Yll 
,i • 

lflf'.Jn71l ~lJfl17lJf'.J71"lltlJ cyclone bl~:~flfl17lJn'JlJ"lltl'1'Yl7J'n :bn flt] tJnV\1m ~lJt] ... flj7~1U 

() 
t..,I ~ I 12'1' ( Ratio 611t1'1lflUC-J7fl'Uf'.l n~7J"lltl'1'Yltl~lJV\lJ'Ufltlbfl UC-J lf!Uf'.l nmJ"lltl'1'YllJt1t1n body diameter I ,i , ,i -

outlet diameter) 

'll) fll1tl (cone) i 'WOllOOflll'U'U cyclone Ll1J1J~~m1rJtl1:nt11J '<\l·:; 1 ~f'.ltlfl 

"lltlJnnrJ lV\qjn''Jl'Yl1Jtltln"lltJJLlnfltl1:;mm 1-4 l'Yl7611tJJbtf U~7flU; nmJ"lltlJ'Yltl b~mjmn"u 
,i 

~1 ~ vortex core fl ... lJC-J.,fln°'u~1~mnnf'.l ll~rl7 cyclone ~"l]'U,1fl 1 V\qjfll~'Yll 1 ~bnflC-J~t]:; 1.1~·1-1, 

) !)I"'( )1 ._, I ~ fl 'Vll-:Jl'IJl'IJO-:JLLflff Gas inlet Un71tltlnLl1J1J'Yl7Jl"lll"lltl~'Yltl cyclone U U 

ti 1ri"'qii11n l y.Jj7:;~f111mrJJv-i"uun"uu1:;; 'YlIT 1l7Y-l'lltlJYltl~JJV\JJ'U.ll~::fl11JJfl.,'U.~fl (pressure 
d o!.- "' ., 

drop) "lf J lflf'.l'Yl1 Ltl'<\l:;iJ bb1J1J 
....._ 

' 
1. Axial inlet forJl~Ll!lt'lb'll7lU'Yl7Jfl.,7U\971J (ri1tl 1.C brn:: 1.D) 

2.' Tangential inlet lflf'.J 1 ~ bbn m "ll7'Yl7-Jfll'U,61]1J 

-:i) ~0-:J"J,i~Wuu~~Yiti (dust discharge) • • 

,i,i 

Lflf'.l'Ylo!,11.tl'il::'Yl1Luu n~m t'i1V11"u bllU bl~,1:;wi'mt1t1mLuu 1 ~tl'U1llfl~7m '1l7 ltll~ 
' , 

fl:f11n lL~:;~c-J1urnufl l~"lllJ 1ri' t'i 1V1fu~1mm ~'\.-1,bl~:;rr;titln lUL~m~lJrl.,JbllU , , 
'ii) ~0-:J'Vll-:JOOfl'IJO-:Jllflff (gas outlet) 

imt1t1mLuu Lflf'.l'YllL~U'Ylt1tm"1J1ltllu\97.,1"llt1J'Ylt1t'liJV\iJU b~mjtiJn"u 1.~1~ · 

tl'U.1llfltlt1ni11n"'rnLnfl 'Yl~J~b ~tlJ'il7nn71bnflV\~ilflln7fl (eddy c~rrent) lflrJ'V'lmmiJ 1~ , , . 

t1Umflriflt1t1nm 1 ~Utlf'.l~flfl Lflf'.l'Ylo!,11.11'<\l:mmuuu 1 ~L "1J11.t11 Ufl.,1'Ylvtl1:;mmL'Yl1n"rntf u~1 , , 
( I w 

m.w nmJ611tJJ'lf t1J'YllJt1t1n"llt1JbLnfl 
,i 

.. 

• 

.. 
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_, ... ... .ft "" 
u'i~'1'1'1'.6fll\1'lliHlfl'HHUUfl1Hl (collector efficiency) 

q 

o u o A A ,d_ A 

t'Hl"H'l 7Vl1 umu 1 rn th~~ 'Ylli .rn'l"l"lltJ.JL fl1 m1,1,t1nm-i 
'II , 

efficiency of collector (n) IOOC + IOOC - 100 I A-B) 
A B+C A 

u I \I !,j 

~.Jflfl LUU 

-' 
Lilfl A 

B 

U1lJ7lli "1lfl,'.ln71U 71, m ( the entering loading or concen

tration) 

U'1lJ7nt"llfl.J~1U ~flfln (th~ leaving loading or c~ncen

tration) 

c = U1lJllli'1ltl.JflU.fl7fl~fld1um'lJ'u~1,nu 
, 'II 

Gi~ 1~ri1iviu1m~ri1n'"'u) ~.JUj~;'r1ITJ17'\AJ"lltl.J cyclone ue::u;uu~n.,Uft.Jfil.J '1 
- 'II 

fl17lJVl'U.7UUU"lltl.Jli; (dust specific gravity) , 
fi lfl 17lJVl¼ ~"lltl.J 1,1,n ~ (gas viscosity) 

ll1mnt"lltl.Jli; (dust loading) , 
I fl1llJ1,11"1ltl.Jl,1,fl~~'lft).J'Yll.Jl,m (inlet velocity) 

'llU l~"ll'EJ.Jli; (size of dust) , 
~"~ 'l~,nmtl~ 4 

'II 'II 

fl17lJVlrllU"1Jtl.J~1'1ltl.Jfl.,1'Y1fl cyclone 1,uu~1u~ri11v;1,n~ local eddy current lfl ~~"'J~ 

'Yll 1~'EJ'U,J17flo/l~ 'tun"uun~(1,t'l~ 'tmi1 ri11 v;,Jj~;'Yl; J17'\AJ"lltl.Jn71't17.J7Ut'lrlt'l.J ~':,Ju 07j , 
m:imLUlJjfltJ~umri 1 uri"1r1uviiiu cyclone rim~fl17lJL 1EJU~fl~~fl11 1 Un7jLfl~'EJU ~'llm , . 

\1 I I I \I I I 2, I I:: 

uumfl LUrlll-Jfl17l-Jrl71'1ltl.J'Ylfl --J1ntl1ntlt'lfl.J'llt1.JLmVlt'lt1 LU~'Yltl'Yl7.JL"ll7~ cyclone u u 
, 'II 'II 

uumnm--J--J~finm.J 1 u 1~vi11.Jnt'l1.Jr1u 't~ ~.,._,ii,1::u fl11m 11~~"1, "1lll-J1ri"'ml-J1n'l"lu 1, ~m~ , 
1~1 v;uumflrint'l.Jnm.Jm.Jn uu ~--J~L m1,fl{murinli; Ut'l~C11~m1rinm.J~~~l-Ji11n 1 ~~ri1 , , 
1 ~ m11,fltuu ~'llmun~ 't~~~~nn ~.,._,u~u n1t'l.,.J 1 umj~'<\J~'\AJ1uumfl 'ti.Jri':,1,fl~'EJ.JLWnli; 

., 0 ,,. 

rimu 1mfl~ 

'<\lln W = PAV 

w 
p 

f17t'l~~" n1m"fl~ 

fl17lJ~i'u "l]t].Jl,1,n 1:11 n1mi 1fl"u/ l,lJf]j s 

, , 
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I I 2 
A = fl7 correction area "llth'.l'Yltl'Vfl Lllfl"a 

V 
d /A A 

fl1711L11"1lth'.ltl'U1llfl rnfl"r 1Ul'Yl , 
'I -!\ -1. t ,q d. I .;.. I .J. o 'I 91 .,, °' -!I 
L 'Wf11'Hfl'1 D'W'Yl'W 'WlJ D-:Jfl 1J':i~f)DlJff 1J':i~f) 1-:i'Yl'Vl 1 L lHf) \?lfl11lJ\?l'W '1\?lfl D 

1. fl17llfl.,U~Ln~'<\l7nm1L;rl rl'Yl1U"llth'.16lltlJ l V\t'ln.,Ut-JU.,.J"lln;)~tlt'lllV\llU , 
V""A "4,,lA ,., ..... ( ) 2. fl17llrlU'YlLnri'<\l1nfn1rn,mmnri'<\l1nm1 brlt'lV\"atlt'lU sliding t riction 'lltl.J 

d 

6llmLL61J-J 

3. fl1111ri"u ~rimm1ci' 1V1fu LUL ~ m ·m.,.J.J7Ufl.,nJ 61Jtl.J61Jm L VlmLt-i:;61JmLL; -J 

4. fl17llf!.,U ~fl.,tl.Jn7"aci' l'V\11.IL ~ll'l"Jt'l~.Jl'U '<\lt'l¼ "lltl.J"lln;) l V\t'lLLt'l:;61J'[).JLL; .J 
oJ.;...,, ,q IJJ ., oJ ' 

1. fl11lJ\?l'W'Vllf1\?11illf1f171L ff U\?l'Yll'W"Utl-:J"l.ltl-:J tl1'1f1 lJN'W-:JGlJD-:J'Vl D'1l.JltlJ'W ' . 
fl 'IV2 A A A ( ) Pr = - 2 ; f = 1h:;r:rn15'Jll'l"J61Jtl.Jn71Lt'rnrl'Yl7U coefficient of friction 

~ I ., 

1ut1rinu 
'II m 

A A I #::II I I 

m1rn "arJU"lltlJWJ"lltl.J'Yltl llfll"a:;V\17.J 0.002-0.01 
,: ,r::1 I I ~ ,=t1._, <> u = fl17llrl71t'lllmm (equivalent length) ~-:iu1nfllt'l1-Ubt-Jtl'\'1 61ft'l7V\111 'II 

n71.Jtl LL~:;ufu 1~L;t'l.,fl~1U 

r = m111V1 u 7LL ii u "llm"llm L V\t'l fl"u/ t'lnrnrui Lllfl1 
'II 

d \l /A A 
v = fl1711L11"11tl'.J"lltlJ LV\t'l Lllfl"al----3 Ul'Yl 

m = hydraulic mean radius = A/P 
~ .. ., ... ( ) A = 'l"JU'Ylll'Yl'il"J'.J correction area 

., ~ "" P = Lt'lU1tlU1UUU'l"JU'Yl A 
'II 

Vl7Ltf U "atlU1U1 Un-:illi ~tln~ll 
'II 

t, I ,: 

p = 77D • 0 = Lt'l'Ut-Jlf!UrJ nm.J , 'II 

r. D 2 t D 
m = - - = - lllfl"a 

4 1b 4 
°'.;...,, .!ll.;..,, IJJ ~Ji cJ 

2. fl1 llJ\?l 'W'Yllf1 \?11illf1fl11lJN\?l'Yllf1 \?11il1f1f171 L t1'1'11':i D'1 WUD-:JGlJD-:J 11 GlJ-:J 

Ps = µ kclhg (s-r) 
CV A,(' A d 10 

µ = t<111u1:;t'l'Yl15"11t1-m11LMri '\'11u "lltJJ"lltl.JLL "ll .JllU'Yl t1u 1 
I ,=ii~ rev d ' A w k = fllfl-J'Yl "11UtltJnUfl1711L 11, fl1711V!ih7LLU U U1mll"llmn7~ LL~:; 

'II 
d A I I 

"llUlrl"lltl.J"lltlJLL"ll.J '<\l:;11m1:;vi11.J 0.1-1.0 
~UA ,., Q c = volumetric concentration, "11Un11U1117fl'rn71 LV!t'l"lltlJ solid; c = ---..:! 

Q. 

!I 

\ 



# 

• 
1-

• 

ii 

... 
l!Vlllfl "'I 

Q5 = tl~iJ7fl1"1lth'l"lln:mi-:i~LVltWll7Ltl1ut1a1u 1 imr1 

Qa = tl1mfl161ltl-:J"llth'llVl!.'1~LV1m61J1Ltl1ut1t1 1u 1 1U7l1 
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~ "J I G'J ~Io 

Jh - 1 cos0 l.iltl J 1.1JUfl17ilt.l71"1lth'l'Yltll.l.!.'1:; 0 1.UUilil'Yl'Yltl'Yll , 
n.,UI.LU1!.'17fl 1umm~t1m1-:ihum1~-:i lh = 0 ~-:irh1V:L'YltllJ 

"lltl-:l p s Vlilfl LU 

I 1 ., I 1 /A ,,iZ 
g = flll.l.1-:l Uilrr"J-:l"lltl-:J !.'1/7 = 9.8 Lilfl1 1Ul'Yl 

I Q u 8 

s = fl17iJVIU7LI.U U "llth'l"llth'ILL "ll-:l fl Ufi.ilfl1 
I ., 8 

r = fl17ilVIU7Lb U U "llth'l'lltl-:ll. Vl!.'11 flu/ l.ilfl1 

o1J.!11 0 °'1/)tlJ. ol o1c! II) cl 

8. fl11tl~l!'Vl~'eNfl11"11'H'nJ L tV'llJV-1''1-:J-nl!flflU'Utl-:J'Utl-:J mi, Ui1~'Utl-:JU'U-:J 

Pp = gh Jr+ c (s-r)] 

h = fl17il~-:l"lltl-:li'ltl~tl~ 1 Ubl.'U, 1fl~-:l . 1 umm ~i'l1ltl~ lu1.1. WJ17U'Yl~-:JV\lJfl h = 0 
~ ~ ~ 

•1i,.., I~ ~ u'°'1..., I t.,, 

'Yll VI Pp = o flltlUUUo/"1 -:l LflnrJ71lJ7LLfl1 

o1J.!II O o1J. ol rJ II) cl 

4. fl11tl~ l!VI~ 'e),:J fl11l'f 1r111Jt V'ltl V'l,M-:i 1'U'il'1l! 'll'eN'lltl-:J mml '1~'Utl-:JU '11-:J 
2 

Pk = ~ [ y +c (s-r) ] 
2 

1umm~ S>>Y 

Pp = ghcs 
2 

Pk = csv 

LI.fl:; 1 itn1rn ~~ n71fl.,flVl1tlVl.,nlJ iJ '\l:;~m1~tl)I.; t1vm"-:i-:i1it '\lm1 U1:;lJ1nt 50-70% , ~ 

., ,: ~ ., ~ ., ,,i ,_ \IJ t.,1 A !;I ., 

"lltl-:JYlt'l-:J-:llU'\lt'lU 'Yl-:JV\lJfl fl-:JU Ufltl-:llJn71b~tl b1 umrn Uflltl 
., 

fl17lJfl.,ULUn71y.J71.tll"llth'ILLi-:i 1~1.6111LllrrnJYltl Pi= Pr+ Ps +Pp+ Pk ur:i:;m 

fl17ilfl.,ULU cyclone = P0 

fl17lJfl.,U 'Yl~-:JVllJfl~'\):; 1 vi' LI.fl 1:;rnJ = Pt = Pi + p O n1r:iiilfl.,it/ m17-:Jl.lJflj 

. . . power = Pt A V n1r:ifno/l 

'\lln power ~Lri'nmm1C1Vll611Ulfl"llth'l blowers 't~ 
blowers = 75% 

1flt1~flu1:;ft'Yli 1ll''r'l~tl'1 

( ,,. ) AV ""'1 ., ,: 
blowers V\1tl motors powers = Pt- n tnm1 

0.75 

V <!l.lif V c.f <{f 

v1nw au o'lf'i am amw1v11uv::wum'Jaanu1111 m mnu um 
I/ 

.,; l: 
'l/ v 1/?v FJH 
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Spot Welding Machine 
c! ~ 

ti 'Yi l"l lffi ff ll un tY 
itn;mmnfl1'll'11mnnii, vh::, 

.., A A A d d 1"' ... 1 , 
Spot welding machine LU'Ulfl1th'.IL"lfEliJ"lf¼flVl¼.J"n.J "lfL"lfUiJ t-iVl~LLC-J¼ 

L mri"1rm"¼ '°il~ Lrl 1um ;UlJLLi.JLL 1.JL'Yl7n"um1L;UillLU1J~'U LLrl~L'.U'U,~Um.J 1i'1 '\,l,U'flm"J\ff'j1lJ. , 

1h~nuu1bltJ¼WJ 'Yll~L~ ¼ 'Yl1wi'rn;n 
'II 'II 

• .., AA ... d d 

Spot welding LU¼ 11rn11L"lf UJ-JLLU'lJV\'U,.J 61lth'.I Resistance welding "n.JYll.J 

AA , , J. 11,, ~ ~ I 1 k ~ v CV CV , ~A 

'YlnB~iJUtJ17 LiJU Vln1~LLt'l bvlW7LVlrlC-lr'U t'lVl~t'lth'.l"lfWt'lt'liJC-Jt'ln¼ t'l1'UYlil resistance t'l.J'°il~ 
·1 ~ 

'II 

A 2, l, A \1 o} 1 ~ ,'I A ... ctJ 

Lnflfl11il"Hl'Ut'l .J m1.hii1mm~LLt'l b vl"v'l lt'l .J t'lVl~Yl.Jt'lU.J ,l~V\rlUilbl.JO Ul. V\11 iJYlLU'\,I, plastic 
'II 'II , 'II 

~ 

1 
~ ., ., ., ., A ., d \1"' ... .., 

rnunri t'lVl~Yl.Jt'lth'.IL61!7fl1tJnuii¼'°il~Vmuiiririnu "n.J'°il~ bri1um"lfuiJLUU'°ilfl 1 , 
tl 91 - 1 o oJ I -!I 

Spot welding machine 'j~fl'flv~1t'.1'11'Wff1rlqj 3 il1'Wrl'fl 

1. electrical circuit 1.h~nuuri1tJ transformer, electrode 
., \1 ... 

2. mechanical system ll1~nuurntJ frame, fixture LLt'l~nt'l mu¼ 1 
o'I I o Ji I 

3. control equipment LUUt'l1¼fnUfliln71'Y17.J1W1lth'.ILfl1U.J L"lf¼ n71fl1Uflil , , 
L 1t'll fl1Ufliln1~LLt'l L yj~7 

J I ! ~ 
fl1'j'fl'flfll11JU't'fn-.:Jff1'W~1-.:J G') 'lJ'fl-.:JLrJ'j'fl-.:J 

1. frame 

2. transr ormer 

3. welding electrode 

4. manipulating mechanism 

5. control equipment 

FRAME : LU'U~1'U,~'°il.,ULLt'l~~fl~1'U~1.J 1 61lth'.1Lfl~U.J ri"~'U,~'U,l'U,n71UtlnLLUU 

t., t., o&:9:~ ,:::( V I 

t'ldl.J'°il~'flU.Jfll'U,.Jbl.J load Yl frame 1th'.11U L"lf'U transformer, mechanism, electrode, LLfl~ 

, .,i 1 """' 1,f d A~ 

t'l1¼D1~nuuuu I flm -i;h°V'll~bL1.J'YlLnrl"ll¼"n.Jil'Yl.J tension, compres'sion, transverse shear 

d ., 1 
, "" 

~ .JL 17'-il~'fl El.JVl7 stress iiumi~m m 

m1~ frame LU¼1D~LVl~m.J-i.JLt'l~U'U, column Vl~.J LLfl~ load 'Yl'll~LL~¼lflVI~ 

Lflfl bending 

'II 

~ I ,-;:ii o I 1 11, 
L17'1m7ii moment ii1m~'Yll'flU column flt! "lft'l'fl1 

'II 



150 Spot Welding Machine 

MACHINE SETTINGS FOR SPOT WELDING MILD-STEEL SHEET 

Shr<'I Thickness 
Elcctrou Miilimum 

(S111glc Sheet) Elcctrou Welding Weld 
T,p Diam. 

Force Current Time 
(in.) (amps) (cycles) (s.w.g. ) (in . ) (lb) 

30 0·012 t , 120 6,000 ' 2-l 0·022 .Ji 190 7,000 6 
20 0·036 ¼ 270 8,000 10 
18 0·048 tr 375 9,000 12 
16 0·064 ¼ 500 10,000 16 u 0·080 If 625 11,000 20 
12 0·014 fr 750 12,000 25 
10 0·128 H 900 14,000 30 - 0·250 i 2,000 21,000 60 

(Sciaky £1.,ctr,c ll'tldrng Machines Ltd.) 

TABLE 2 

DATA FOR SPOT WELDING 18/ 8 STAINLESS STEEL AND NIMONIC 75 

Shut Tl11ck11ess Electr.ou Tips .Minimum 
Electrou Weld Welding 

I Time Current Domed Flat Force 
(cycles) (amps) (s.w.g.) j (in.) 

(rad., in .) (diam., in.) (lb) 

I 
z8 /8 Stauiless Steel 

30 0·012 3 t 340 3 2,500 
2, 0·022 3 I,; 380 5 ,,ooo 
20 0·036 3 ¼ 5,0 7 5,500 
18 0·048 3 ti 750 9 7,000 
16 0·064 3 ¼ 1,000 11 8,500 u 0·080 3 Ir 1,250 13 11,000 
12 . 0-10, 3 *n 1,500 16 13,500 
10 0 ·128 3 1,800 20 17,000 

N,,nqni& 75 
30 0·012 3 

• I,; 360 3 2,200 
24 0 ·022 3 570 5 3,600 
20 0·036 3 

/rif 800 7 5,000 
18 0·048 3 1,120 9 6·500 
16 006' 3 ¼ 1,500 ll 8,000 
u 0 080 3 ¼Ir 1·870 13 10,500 
12 0·104 3 2,250 16 13,000 
10 0·128 3 li 2,700 20 16,000 

(Scuzky E lu:tric Weld1rrg Machin,:s Ltd.} 

Sb= MC. 
,. 

L~tl Sb = stress, psi 

M bending moment, lb 
I <'I 

C 1~tl~Vl7'1'\l1n C.G. m section, inch 
4 

rectangular moment of inertia of section, (in) I 

<ti .. ~ i,I "" 1.., .J TRANSFORMER : LlJUtiumrn b~ 'V'JlYl step up current Vlt'l'1 °n'1 welding 
1 11 !,l1., 

transformer u "lfm~LLt'lt'l '1~7n 
11 

~ '1;un"'1J'17U ~1 iLL~t'l~"ll'Ufl tl1~1rn current ci1V1frn1u 

LL~t'l~"ll'Uflfl L~'\l1nm11'1 
,i 
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TAllLE S 

SETTINGS FOR SPOT WELDING ALUMINIUM SltEEl', USl:!fG A.C. MACHnml 

Shut Thickness Electrode Tips Initial a.nd 
Welding R ccom• Welding 

Domed Flat Pressure pression Current 

(s.w,g.) (in.) (rad., (diam., (lb) Pressure (amps) 

(in.) (in.) (lb) 

30 0·012 1 t 180-360 16,000 

24 0·022 2 t 180-360 18,000 

20 0·036 2 If 300- 600 }'"'"' 
22,000 

18 0·048 3 ·¼ .400-700 twice 25,000 

16 0·064 4 .;,,_ 550-800 Weld ing 28,000 

14 0·080 4 ¼ 700-1,000 Pressure 32,000 

12 0·104 4 ¼ 900-1,000 37,00tl 

10 0·128 5 ¼ 1,100-1,500 42,000 

TABLE 4 

SE'lTINGS FOR SPOT WELDING ALUMINIUM &m:ET, USING 

INDUCTANCE STORED E!fEF.GY WELDERS 

Sheet Thickness Electrode Tips I11i!ial and 
Welding Recom• 

Flat Pressure prcssion 

(s.w.g.) (in.) 
Domed (diam . (lb Pressure 

(rad., in. ) (in . ) (lb) 

30 0·012 1 t 180 800 

24 0·022 2 t 180 800 

22 0·028 2 A 300 900 

20 0·036 2 Ir 300 1,000 

18 0·048 3 - ¼ 400 1,200 

16 0·064 4 ti 550 1,500 

Weld 
Time. 

(cycles) 

2 
3 
5 
6 
8 

10 
13 
16 

Primary 
Direct 

Current 
Settings 
(amps) 

160 
175 
200 
220 . 275 
310 

(Sciaky Electric Welding Mo.cAines Lul.) 

E.M.F. equation of transformer 

No. of turns of primary 

No. of turns of secondary 

V 
1 

applied voltage 

~ "' QJ ~ ~ o'J t,, 

mm--ii1n V1 lUU sinusoidal ri,mu flux --iJ...'.llUU sinusoidal 711~ 

¢ c/> m sin u:t 

induced e.m.f. "JJt)..,j •primary 

E = 
1 

d> 
Nl 

dt 

- </>m N ro COS Wt 
1 

- 27Tf N
1 

c/>m COS o. t 

151 



152 Spot Welding Machine 

Emax = - 27Tf N
1 

</>m 
Ii 

Erms = - --=- 7Tf N
1 

¢m 
.J2 

Erms = - 4.44 f N
1 

¢m 

v1 :::::: E1 

vl ~ 4.44 ¢m f Nl 
..l ... ~ ., ,J,.,. 

flux mnfl"llU i'l1.J primary 'i):; link nurrn secondary "lf .Jil'il 7U 1u N
2 

.'. V
2 

= 4.44 f if>m N
2 

A o., ,oj U !,j 
Ut'l:;L 11trniiri"il:;t111.J welding transformer il"llU lflfl.JU 

output voltage 

output current 

input 

3 V. 

:::::: 4000 A. 

220 V. 

'\l:;L~ KVA rating:::::: 10 KVA 

(3) 

1um1t1t1mL1J1Jt'l17.JL17rltl.JL~tln net cross section (A) net window area 
2 • S 

(Am) 'illn flux density (Bm, Wb/ m ) LLt'l:; current density (.s ) Alm· LLt'l:; window 

space factor (k0J 
. '11flifJJfll'i 1 

I u 

Li'llnlJ 

E.M.F. per turn is 

Et = 4.44 f ¢ m 

= 4.44 f Bm Ai 

Li"l17:;17 ¢ m = Bm Ai 

1 
... ~ ... ct/ 

umrn U Vli!tlLLUt'l.JLlJU single phase shell type. The active window area 

LLt<i:; a
1 

N
1 

= a
2 

N
2 

• _ kro A ,o a ---
1 2N1 



q 

u 'YI ·n· ff ""I 

m:;mirn:i primary = l
1 

I = a o 
1 1 

= kco A~ o 
2Nl 

Ampere- turn 'YllJ primary (secondary) L 'Ylln"'u IN 

IN = I N = I N 
1 I 2 2 

= J kco Aco o 
O V I CV 

~7V\11J single phase rating Volt-Ampere L'YllnlJ S 

S = V J 
1 1 

= v1 I N 
Nl 1 l 

,,l .., 

LlJ U V
1 

mi:; l
1 

LUU phase value 

bb'Yl 'Ufll~lJnlj (4) Ul,'i :; (g) LU~lJnlj (11) 

S = 4.44 f Bm Ai · ½ kw A w o 

= 2.22 f Bm Ai A w kw o 

ci'1V1f1Jf117lJn 50 cycle per second, power transformer. 

flu x~ctensity = 1.1 -1 .4 weber per square metre 

' . 

153 

(s) 

(g) 

~ ' V L V V . , IIJV ') ~ 
,nn n n m ? JJ?llmm JJ1rnae1n u1111 ff'J?v'Jf JJ a u11 fN, Pl , Plt/11 <Pm tn ff1 JJ7UJ 

IIJV "J V ( ) ,;;'/ a., o lif .,( V a., 

m,Mnn core section t PI llfi:: IN ampere-turn v::WUf9J'Jn7'JfUPIWU'l1 HU7f9JW/JiJv 

fn P111iJvllPlv ( Total copper area) 

u"'r111~1u1:;vi11'1 ¢ m ~ti IN ~:;m~i1V1f 1JV1'-JULLUt'i'1 'Yl n"lfu~ , 
1~ r = <?m 

IN 

out put KVA per phase = S 
_ s 

S = 4.44 f <?m IN X 10 
2 8 

= 4.44 f [ ¢m/r ] x 10-

<?m = -J~. -Jr x 10
3

/4.44 f 

LL'Yl'Ufl l if>m L'U~lJnlj (4) 



154 ---=--- Spot Welding Machine 

Et = 4.44 f -v;. ✓ r x 10 
3 

/ 4.44 f 

'11 
LUU KVA 

= -J~ . V 4.44 f r x 1 o 
3 

= K 'V~ (15) 

ci'1vi-.t'1J · toad 'Yl maximum efficiency 

TYPE 

Three phase shell 

core power 

distribution 

single phase shell 

core 

K 

1.8 

0.6-0 .7 

0.45 

1.0-1.2 

0.75-0.85 

.. . 
LdJ tl ratmg 

n71tl'eJnLLU1JmdJ1"Hlb;eJnfi7 Bm, o LLrl~ Ai, Aro "illmldJn71 ( 12) fil Et "illn 

~dJnlj ( 15) LLfl~fl 1 K "il7nm17'1"1J7'1rl"i!. 

~1'1,!, Aj Vlll~"illn~dJnlj (5) 1minT\~'U7lf11 Bm ~L'VldJl~~dJ 

ctl ., ~ 
1'U171 frame L1J'U71-:!U 

______ ---'II 

T 
r---

3W 
-

-
T 
J_ 

I L I 

'f 



.. 

"'I 

'W 'Vlllff -1 

'illfH1JJflll' (15) Et = KV~ 
1.0 v; 
3.1 6 

'illmUJml' (4) E t = 4.44 f ¢m 

</im =~ 
4 .4 4 f 

8.16 

4.44 X 60 

= 0.0143 weber 
2 

1 ~ flux density = 1. 1 Wb/ m 

A . - <pm .-Bm 
0.0 143 

1.1 
2 

0.01 30 m 
2 

130 cm 

'illfH'llJflll' (12) S = 2.22 f Ai Aco Bm o kw ,. 
bll tl S = 10 KVA 

·s 
o = 2.2 A/m 

kro = 0.4 

A _ 10 X 10
3 

(I) - 2 . 22 X 5 0 X 1.1 X 2 , 2 X 0, 4 X 10 6 X 180 X 10-4 

2 

= 0. 0077 m 
2 

= 77 cm 
.. 

61J'Ulif1 61J tl'1 core mi:: window "il::m'Yl 

core section area = 13 long x 10 width 
2 

= 130 cm . net 

:::::: 20 (inch) 
2 

2 

window section = 15 x 5 cm 
2 \ 

= 75 cm 
DIM ENSION IN CM . 
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windings 

~7U1l-r'HJ1J 1 U 61Jfl secondary 

N = v 2 = - 3
- ~ 1 turn 

2 Et 3.16 

i 1u1u1Eu1u"1lfl primary 

N = v 1 = 220 = 70 turns 
1 Et 3.16 

tap 5 % °lltl'1 out put voltage . ... 
• • tap 'YllellJ 75-80-85 

n1:;LLt'l 'Yll-.'.l primary 
s 

I = 10 X 10 ~ 45 A 
1 220 

n1:;Ut'l'Yll-.'.l secondary 

I = 10 X 108 = 3300 A 
1 3.16 

The corresponding conductor section 

a = conductor section 
\ 

45 
2 

a
1 

= - = 20 mm 
2.2 

3300 2 2 
a

2 
= -- = 1500 mm = 15 cm 

2,2 

Spot Welding Machine 

ol I -=t o 

Welding Electrode : LlJUt'l 1U'YlU 1m:;LLmnn secondary 

<iJ I 

- electrode tips LlJUt'l 1UUt:ntlt'lfl , 
<iJ I ~~ ~ 

- machine arm LlJUt'l1U'Yl tlfl electrode ii 

- movable arm 

- stationary arm 
~ oA .., !,I 

electrode dJfl llit'lillJrlfl-.'.lU , 
- ii1m:;LLt'ILvh~1'1~~ 

- ii 1fl17il1elU l~~ 
~ " - il fl1 7iJ LL61J-.'.lLL1-.'.l 

- ~ri11ii11iiri..,1n..,u 1t'lVl:;~,i:;L~EiiLfi'u-emrnn 

IV Pi o o I g! 

1 t'lfli1U 7illi'll electrode t'1 1urnmuuvn n copper alloy , 



.. 

q 

'W 'Vl'J 'jff di 157 

electrode tips ~1umn~1V1U7"\l~luirnJ1fi'-:inmJ ~.,-:111.J 
~ ~ 

~ .,.,,:., !,; 

"15-:111~~ lJY-JU1rn U"il'U 7~f117lJV\U l"iltl-J'll'U-Jl'U "illn~ o/11 
~ 

.. !,; 
ll-Jtl t = f117lJV!U l"iln:l"lf 'U-Jl'U 

d = tip diameter 

MANIPULATING MECHANISM 

s· 
TAPER 

TIP RADIUS 

l~1d1u~~-:ia1-:1111mmi.urr-:1 electrode 4-:ilUUlllJU foot operated n~1u 

1. Foot Lever 4. Pressure Spring 

2. Switch · 5. Machine Lock Arm 
I ,. ., 

3. f17Ut1-:lbl1-J 6. Spring ~-J Mechanism mm 
CONTROL EQUIPMENT 

1. Limit Switch 3. Main Contact 

2. Timer 4. Selector Switch 

C
ELECTRODE J . SW 

1 tlLL riri"m1~ m"'il1 
'll 

~r ~Vv o r 

spot welding machine J.J at111 flW ttJJJJ'Jf fJWYU flrr:wnu nnnn?U"ll tN ll'll fl:: ., 
~ d v ~ ., cf/ <!/ ~ .£ ~ qv OJ q . 

'JJU f]f} fJfJWfJfl-JnU llfJ::,llJU lfl'j fNJ.J anu [JJ.J t'JJ nu J.J?n t'JJ')v-J7U a Plff7'Jfn'J'JJ.J6/JU1fl 
9 

d ~ q , qv.,v OJ d , 
lfl n flu m vu m m fJJ m n:: fl:: t YI t.vl 'J 11 m 1 J.J ff:: m n nm nu a:: ff W v 7 J.J '17 a nu 
, v qv d ~ · v ~ v v o 

fl':JU nn aan uvmn nfl:: t 11 ff J.JJJ'JfJI Ufl::ff':JtN1J.Juu 1/lflv"llun JJfJ':J1J.J'J m1J.J'Jl?U1w 
., ., u 

, "' <ii tlfl::ff':JUJJ'l::navau? 

... ~ -4 «II <& 
"illfJ '11'W-:J1:l'fl project 'lf'fl spot welding machine 1Jf11lflf1'1:ll 2516-17 
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lb:1Jlll'V,HU::t(lt1l l, 11.011.Ln 
~ ~ t " 
ruuu t-LllOtlil11.m11ol.!l11"1111tl\ I A~ I ,. j:> I ,. II-,. 

,11111.l11.t-L1101t1umLtijf'\J,2::tr 
t • ' p • fl> 

lllHl,1 t-(}11,U tll,2tl,UHijl llltl'\1'11,2 
;> • ► l' 

1'11.!lGUtlJ.2 1.!Hl.!\1 UU1 NJllll~m ► ,..,.,,h ll I" 
t-ll 121 111.!lGll lilt\ Uf11ll.!rl 1t\ lltlt\rtH ll' II> ,. ,-1· .. 

l.!ll2U,.H::ll11 G[l t-,.ll"::flLJ211,.1'1 

l.!lMLtLn. ftl t-lil11 llLH t-141'1 
A ~ II :1► 

tllU111U1"1 Gll.11.llH.ll,M UtlP 
'I" .... ~ I II-► • 

t:L'l.!ll0::1,2}211.!"I lt\ t\t\t UL' 
1 ~ h J ll' ,. 
lllt-UGt-1'1t1UUtll,2 11.Ullt~ 

't "''" ,. " 
lll,1t-lll01'1ll,2t-l.4.1'1ttom rrnt-lllU 
A I :I t ,. 0 

1'1lltll211.ll'\rt". 11.lt-lblt\lll.Hl'1 
►► • A I o A► 

tUl.1'111.lt\lWMtlUl'1tU t\H111'11.!l.?Sli1 
,. ►;> 

o"i~l"rit-tt"::tu~,.Utj!M.l 

MJl.1'1il.LttlWMtlUl'1LUl'\Urt0,tM 
,. ,. " 

lJ tll2M.ll1rt"t-Ull'1121.!.11,! 60Si 
► A I ► ;> 

11 1'1lHtUl'111.G~1t\l N\"M.t 
► "' -~ t ,, 

lM.~tn.::ttM! t-"11::t 
J • 

Ui'UlM.t-G"tl t-0" lllll.!ltn.::Ul,U 
A • h A I+ 

tum~ tt~nu11.1,2n~Inr tLP 
-,. ► 

runriu num NJMl[ll t-1.!"M.Gll 
"I ►'ti"h ► "'" " 

,"lb~a~"L IJllL 1Jt!"1l!J1.1,, 
UUHijlf1L tt1Kt1Jlit1lt-\!tUQUUUll Utlla 

t :ir .. .. .. 

6-l,69989 ' ZH.989 "!,Ltl 9-v9o999 •tt,tl 

b 

L> MLttHU 

b n, 

t-~n~tfT.~!,M ·a !.l~Hll -~ l!M~ll!~ t-@Ltl!~ft~ll!~rm.lb I:,, 

~l!,,,tl!lblu-1,t\~ g /99 H,Lt-Hl 
;, 

... I:!! fl, l n r. o rtu, n L l4l u o ra 1 a.a I:!! n n -=-,. ..,, 'Cll'q 

I, 

nt..t..unt..paa a t..B~'lt..t..nna .. np ·u·~·n 

!to LU L '11.1/L '11. '11. U D 



~ 

,. , 

n'l-Jl,l,n~ n'l"al,~ on12J n'l-Ji1 '1U-i'lJ\1'1U lu 
tm1 ~n. 'l-!l~ flJ.JUlJ.J'1 

'II 
<:I ., 

6lfl fl'l~ ffHliillJW 
0 <:I ~'i 

111!':itl! ff 'j i'l1 

q Cl 

II) ~ d <:i 

Hl':ifl'H tlff ':iVHHl W tltl'.fitll 
<\J q 

ol ~ IJ)g/9I <,! ool") o lit91 ol lit!l/ t 

VlflT W'W fl11 L\?l L "U ll.JllJ1JVl1Jl'Vl"1 7rltlJ t 'WO \?l 'iJ1 '11flnl.J 'Vl l tlJ'eJ \?l U "'1::-ll'WblJ'l'l -:J lHntr 
• ~ q 

.;I I O lit 91~ d oJ !II .;I lit 9' ~ ., I 91 oJ ' .;I <; <; <! 

11J'W01'..1 1'1 l.Jlfl flll'WlL'eJl blJ'li'Wt"1fl '7 l.Jl'eJ \?lb"lllb1J'W UJGJf 'W b'l1~\?l1U fl11'W1J1 1b1J'Wb'l'lrl L'W t"11'..1 

°'"I ,~ 0 6191 6191 1JJ 91 "".;I lit.I I .I ol <! _, "" "" lit91 oJ ~<! 

'tllJ l'..I IMlJ'Vl 'Vl 1 L'Hflll L GJ5 tlJ 1illlJGJ51\?lL1J'W L1J'eJ l'..l l'11Jl~'l11'..1 \?l U "1~lJ ul::'tl'Vl'.fi fll'W blJO \?l fl11'WlJ 

o o1 I lit 91 c:, 91 J, I t o1 o1 <! o o1 I d 91 .!,<,! i o1 

fl 1"1-:'l 'tl \J fl11 blJ 1il'l'lJ'lil \?l"1 1'W '7 U\Jfl1 l'W 'W 1Jl\J'eJtW \JlJ fllM'tl-:Jfl11 b'l1"1flfl"1 l'YnJ 'W 1'11l! fl 
~ 

~ 

I o,c,! 91 J, 2(i r-:1 ,q 19/ 91 9/c:, 9/oJ I"! 91 "'> .!, 91 

1 'Vl lfl uu fl \?1 11'..1 i1-:iu 1il ~L1JWil'l'-:J tJJ t 1?1rnut11N N"'1\?l tJJU\?l LJJ rn vfl 1 GJ5fl71'li'W \?l'Vltl fl \?l u-:iu i,:: 
~ ~ 

mm~"1lJfl.,1N1u ~ -.:J~ ~fl1Ufl lJfl mmYJ61lm~;mi'm 6nL~a.,~m 1ii.,m::iim"JJ1lJ \ltl n a m f.l 
'II , , , 

m11-ir -.'.l lU 61lt1'1n71'lfU~~ 1-.'.l 1 u~:;a lU 1'ilfl11lJW17U 'r11U~ a~mYJmmr1~ n71bb~ ~::'lfu~im 

~'ilru fl17lJ1Jn'\i-J1m 1 u61l""a~b~u~m; t1~mmtl1::~-.:Jfl 61l'EJJnT'j'Yl7 '1ta.,~m1t1~ 1-.:Jt -.'.l n~71fl'EJ 
~ r , 

m1~mf.l 1'1f-.:J1U~l::U61l'EJJ~;rl1l.,ill 6YILta.,~m1U.,lJ17bUUn71'Yl7mtJ 'YlfYJmmu1 llJ..,6]fJ .,j 'lfl~t-.:J b;f.J 
, 

n11m1u lb 'EJ1 liJ1ijjlJ'lflrl m 1 i1~f.Jr)j .,j 1J'Ylfl11lJ~;-.'.lb~U'EJlJlb ~'EJ61l'il~l61l..,'EJ1JnYJ1mu1.t ~ 
"" - 0 ol 111" 

1. 6lf'W v'!U'tl ~rlWffJJ1J ~ 'lJtMrl11ffl'Hl1Hl'W U.J 
• 

A 

1i11lJ'lf1Wl 

m1~1'1fn"'irn~'YlnfuJ~1ii11mbu-.:Juan'1~buu 2 1.b::b11'YlLV\~ 1 n~11;u m 1 
'II , 

bbt'l::m1~.,-.'.lbfl11:;..;' tJ1:;mrunnuu YJ .fl . 2470 n71~L;n.,ui~1r1frn1u Lt'YlllJl 

V A A A ,::::I &:I. A I A A A V ~ l.,,A 

·,nm ml1i11lJ'lflrl n711JjjlJ'lflrl V\mtJ'lfUo/llJ fl11lJb V\Ut11mm U U'?lbt'l f1 lJ l-.'.l'lfU 'flt] JlJ l!-JUf.J~ 
, 

'II 

L'lf
1

1ilum::'Ylo!,-.'.l'Ylff.i"'u~ 1::V111-.:J 40 u~bb~"1m u.,mfl~L~iu m1YJum1~.,Jbfl11::~1VI~ 1 m n-
, 

m t1 ~~ri 11~ tivimV1n11iim1btltt1ubb tl~-.'.l Ltlmn , 
fl) fl111i'.i'.i lJ 'lfl~ (natural glues) ~ mii11t11-iriTtJ\j.,lJn71~7faU'Yllt~ 2 'lfU'fl 

,,. 111 ..,..,.,( ) "' ( ) do ' ~ 

fl'EJn71 b61llJU~m hot animal or h ide glue bb~:;m1bfl".lJ'H case in glue 6.i1' -.'.l'Yll'illnU 7 
., 

UlJ11 

m1 i, 61llJ.,u~.,ri1 'Yl 1iii-'il1n-t u ~'1~ ,nnm1b~ tJ1V\UJbb~::m:;ri n~.,ri-f 
., <ti 

lJUblJUn71 
, 'II 

'lfU'?l~bf11bbf1~~ri~1in.,u~11,,n.,rn1u 1~ bbt-;:;'Y) m.,u~n tl.,Jfl.j~~Hru~ lJln L lAJ17::fl11 lJ 
, , 'II 'II 

iiri1~.,J~ '?lbnl::~ 6]t].,jlJ.,Ubb~::-rnt.Jm1nb"JJ7n.,U;b t 'E) i,ii~ri""1t1 'EJ~lJ 11nrnii th:: ltJ'lfU 6]'E).,jlJ.,U 

~1V1fu 1i1 um1m~b u'Yl i,~~-61ltirn 61lr1~1n.,ri tl1::m1bl 1n ii.,Ubb~Jb11bnu '1tl'Yl~~b~m 

lll'il1nm1~ri""aJri11~itiur1 tJU'Yll 
t., !v I CV 

mm1bbV1Jnm1.m1ari 1tltJ~tl61J'EJJn71'EJl'il'il: l~~fll~ ... -.'.l 
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-!I .. 91 o o, 11)91 

fl11U cl~ fll'jUHlfl l 'lf fl1Ttf lM'HJ..:J 1 'W llJ • 
1.h:;m1¢it'lnJ m1'lfuriJ "1l77lfl17~murnu~flm,ii;u L~flfl~ 1 ut11mY-Jmmr1~;uii1n 1 'II 

,,l I ~ A o ~ ._,,., t., A A , "" 

f.HJ.l,1ll'\i'J"1lfl,'.lnl1bt'lflilt'IJ.J 7tl"lf J'\l:;m,mm bVI bilbt'l tl t'l Jll'Vm11mm U 'Yl b U 'Ylt'l7l , , 
A o'J A l=ii I ~ A ~o 'V 

n71bfl"lf UbUUn71'1f'U7lbb 1n'Ylt'llil71tl'l1'Urlflm7iJ'lf U n71'1f'U7l'U 'Yl lill'\llnum 1 

u i .Jmi:;~ 1viu 1ti 1 ut'l"'m~m:;Luu~J-# Jt'l1m1rit'l:;t'l1ti 1 u J1 i.~ un~m1~t'liin"'uJ1r11titJ.,ri11 

~ 1U ~tl nri..,m'\l:;YJlfl tlU L i't11mt'lliJU ltl n71fl.,fl L~rt1tim1'lfUr!JL~imm1fl17ilfl.,'UillnLV\~flU 
'II 

n"u~1im1t'l.,JLfl11:;V:~,m 1 vi~ rn1Lfl"1U riurnit~tJfl11ii;utJd 1.J~ "1lfl1Jb "1lr1~1n"ri m 1'lfuri 

~ Lviii1:;t11ii~1vifrn1u i.~mti 1 u~~t'lm0v'm1mr1i.~1u LL 1 JLY11u~u - L Y-J11:;ii"u i.~n"'uJ1 "1l..,fl~ , 
A ~,!I , t., I A t., I !,!\ 

"1lfl.Jn71'1f'Uf!Uflfl 11mri n b'lfJl tl ilfl17ilrllU'Yl7'Url flfl1liJ6.D'U l.~bbvi':ib11'\lUbflU LU bbt'l:; 
'II 

m1u"ri i.~iu.Jm1m1iiri"'uii1n 
"" ., d 

'U. fl11l'ictrt!ff -:J lfl'i1 :: '11 (Synthetic resin glues) 

rl1.Jn"'u miin"'um11i11il 6.D'l~ 1 uit '<\l'\JU.,U~n71~t'l.,.Jbfl11:;vi; uii1nii1tivimti 6.D'Ufl , . 

m 1L vi~1J\l~f1Jm1·v·-i°'WJu 1~um 1 u 1:;vi11.J so ~~LLt'l1L ~mm'lfu:;"1l..,flunv-rim"1lmm 11511ii-

61f1~ n.JLL~'Jl L U1J'\l'\l1JU~n71t'l.,.Jbfl17:;t,1 ~;rlflflnillV\ffltl'lf'Uflrl1tln"u bb~~V\l~eJ l.rl~b ~ tl.J , 
A I f:: I A o, ( A A ,, 1 t., o ,.,._, <>f 

t'lfl.Jt'llil 'lfUflb 'Yll'U 'U nt'l iln71b 1"lfUt'l Jbfl17:;viriiimJ bU 'Yl mrimflt'llil71tl'\l 7bb u ntJfln bfl b1JU 2 
, 'II 

~1vnn u"'uLL 1n n71L 1iu thermosetting m 1~mii11mLi.Jr1"'1u81Jm11~mJ.1, V!Jl~L iriii 
. , 'II 

L7ltl~t'l"1lfl.JU~n1mbfl~ u"'u~t'lm m1L1iu thermoplastic ~bUUUiJ.,t'l6.D'~Ub"lfUn711u;1Ut'l 

l ~do,1 A%' do, °'\IJ ' ., A\IJt.,t., 

n71b V\t'll'Ubb "1l.Jrl1 fltln71t'lqjbf:WU 1 n71bb"1l.Jrl1"1lfl.JiJU bil rll11bbt'l:;fl7'\l'\l:;nt'l1Jb V!t'l1fln bfltll 
'II 

U~fltl~.J 111 'U,f]t"J.l, V!Jli'.it'l .J 61 Ufln'\l7n~ii"'uti"'.J~fl1lil~l'U'Yl7U~7~ flfl1lilb~Ubbt'l:;fl17il;Ut'l.J 67 
, 'II 'II I 'II 

m1m~ r1n-iiJj:;Ln'Yl1 YJ;i. 1u,m:;iLriri~ ~;ri;u1 u u1:;L 'Ylfl i. 'Ylml '\).,flfl~ l Un71~ l '\AJ:Jn~ t'lfl.J~rl1tl 
'II 

n71'lf'Ufl~fll'\l'\l:;~n~t'l~t'lJbb~l.~r."'uJ1bbt'l:;f11liJ;'Ut'lJ 67 n71L1iutfJLfl11:;J~1-ifn"'umn~1-
'II 'II 

V\1.,U.JlU l~bbt'l:;mmwV!l''l~~ltl 67 LU'Yl..,mrimrin~ 
q ~ ~ ~A u I A 

fl11 ~ l'itll'ittft! (Urea-resin glue) V\1flU7Jfl1 JL1tmnu11 m1YJmt'lrin m1 

'lfU7l~LU'Un71t'l-:,Lfljl:;i ~~~1 i n"''Uii1n~t'l7lLLt'l:;~ 1viil 1ti 1 mi"'n~m:;L~'U~JLLvi".J~ Jt'l1ii11ri~t'lii 
'II , 

n"'rn1'1 i.ri' mti 1~u nmmri~ L vim:;t'liiii"'u~mr.i m11 i .Jl'U 'U 1u YJflt'lilfl'"Jj L~ mL V\~LLi11uri 

m 1Lnuu i.~ ~; LLt'l:;~fl mt'lii1Jrir11uri1t'l.,J~ mn nljfl.,ri i.tri..,1tim16.D'uri~1-irfl11iiri"'ui.J1unm.J , 
m 1~~fl1l ilITTU 'Yl7Ut'l .J~ uJ1b~ Ubbt'l:;fl17il;U 'lf 1 ~b 1t'llbb i .Jrl.,1"1lfl.Jil.,UflU l'Ub ~ fl.J'\Ajf]~ 'i):; Hr 

'II 

~1vi1"'iJ.J1'Uu1:;nu1J Lfl1 Jt'lTIJ t~~ t'lt'l.,1J"lf.,u•1fou L 'lf UL~-ri1n"'um1L 1iut'l.,JLfl11:;J~u I u"'r111 

d d v A ~ I cu A A A I I:: 
fl17iJL 11"1lmm1u "1l.Jrl1"1lmm1ri L 1ri"1lu rnnuu m vinii bilflflill V!Jlilt'l.J L 1mui1'\l:;t'lut'lJ 

'II 'II , 'II , 'II 'II 



~ 

, 

• 
• 

• 

... 
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n71tl L 1ti'<il:LL; -Jrl.,1ii-J;rlf11~ ... .jt;<l .jt;<l 71 l UL 1~7~b'lt:Ul-llnm~n711JlJ l U ifmfl11Jf1 lJtl ffi VIJ1~~f:ln~m. 
'!l '!11 ,, '!l '!l 

. '"' ,!,q ~ 1 A ~ • 

fl1'l'lc1rn'lllJf 1-HHU 'ltH u ( Resorcinol resin glue) uu11mm1L 1~U 'Yl-JVllJrl 

1~t11iut1m1imuum161fUrlV1~.j 1u~7U1Ui;<lt).j t;<lllJ "lfUrl~ ~ '<il11ffi117n ... uif1 '1~ uci1-JLLYl'<iJ1.j 

51~t;<llJU~:1'1it1ci1-JDnr1m~1ulJn.,u~m1ulJ~~ jtJti~m1mm1"lfuri~'<il:~ri1u1'<ilmumu~u 
'!l . 

m1mnurin<\J.,rnL~:mn~u'<il.,ri~i1 1 ~1n 't~uci1-Jt<l1J1ti ri.,1m 1M1m~u.,u~ L"lll;-Jutii11'1ilJ.,uti1vifu 
. , 

1.h:nurn1u 'tii viiu cl1v,fum1m~m'Yl-iu~-mti1vifrn1u m11uri~~"1J1ti 1u·t-i"mrim711u 

o ., A 1 1 1 ,4 A A 1 ,4 V I 

'<il7U1UUtltl llnri'<il:1J11'il U1l1'1l'U:t;<lm U UVIU.j1J'jj"i)~.jb'J~U LL~:e:Jn UVIU-JU11'<ilfl1L'J.j , . , , 
1~ LL6n.j~ .jLUU"llmL Vlt'l1;J1mf."lLLf1 nminm l'lf L;ni1'uti;.j'<i]:;Y]7n7ji:,Jl,'<jlJ"1Jt).j'Y]l:.jl,'<lt).jL 61J171.,1tln ... U 

I A I V A i,, I A CV A .J: Cl.I I A !g~ I qJ A 

tJtJ7.jlJi;<l1Ut;<lrl'Yl~nflm L'lfULrlti1n1Jn71"1fUrltlU 1 tlfl11n711JlJn71'1l'Url'U"lJ'l,Ltl~nu~ru Vl~lJ 

1mm.!,1 1 'tll tlffiVlll~~.jt;<l.j;U n7117'<il:LLi-Jri.,1L11:u tllliV11lii~LV1lJ1:;i;<llJci1vifum11JlJn71 
, '!l '!l , '!l 

"lfuri~u~ 1 u"1i1-J 21-25 mmL ~mitit;<l ri~ut:u m11uri~;-JL v,m:;t;<llJ~1V11.,um11'1i~ 
'!l 

u ru vinii1 u11Jlln~ u~'1Jfl11 H~uru vi11ii~1n-J1 21 mf'l1L ~mitit;<l v,~.,-J'<il1nmjUlJ'<ilUU~.J 
, '!l , '!l • . . 

~u~1 lJ.,U'<il: 1~ 1uti~t1~~n1t'l~t<l-:i~t11 n.,un1t'l.,-J"llmL ~ u 'tii .;m; ti"1Jmm1"lfuri~~'El;"llmlJ.,U 
'!l 

~ ., ., ot1 ... %' "1 .,-4"1 , otl,,; 1 ' 
LlJ'ElLL V1JLL~11'Eltim1'<il:;ll·nnlJLUUl;<lU 1m~ L"0.lJ~ -J LlJL1JU'YlU17jf:lU7 uu1-Jt;<lmumjru 

0 

2. fl l'Hll U U fl fl 11 vi 1 JJ U fl 1 Vi 'lJ ti ..:i ,:nit 

lU1J'<il'il1J.,U n7jU1Ltlln71lJ1 L'lflUJ7U Lflj.jt;<lTI.J l~LL~:;~.J Lf1j.jt;<l17.j liJLUU~UtllJ , . 

n ... u'Elci1.JLL~1vimti mj1-irm1L~'Elm1ll1:;n'El1J~1u~1.J 1 'ilm Lflj.Jt;<lTI-Jlii'Luu1i~ll1:;rufl 

LL~:;~l.]j:;;'Ylim~'El ... UVl~-J 1um1r:trnr1~ 't~L;n I Lmi1tin.,milu 'tiiu~u 1vi~ 1ITn7jL"lfu~1i' 

n.,ulJ1n 1um1~;fl LiJLL~1-1. L"lfU LiJ'El.,rl~~1t11rnrn:'t~LL~m1tiu nn'<il.,1JLLUU"llmm1r1m 1-i,;'t~ 
'!l 

n 1~.,-JmlJf117lJfl.,mm1r11-1 Lfl1 -Jt;<ln-J 
o'I A o G'J ,=,j v I !,i t., I 

LLt'l:L1JUl;<l.J'<i] 1l1JUlJln'Yl n71'<il1Jll U U U '<il:fi'EJJ'YlU 'YllU~rn 

t<lm~mmfl~lJ.,UL~iqJti~ fl~'Elrii1rim11 '1f .JlU 'iJt).jlJ.,U n71~.,~m ltJflt;<l7V1fljjlJ'Yl7.jfl1Un71 '1~ 
'!l , 

U 1 'tll~ n71~;fln71'1l'Urlfl1.j J mnmtirl ... J~'t~ n~71lJ1LLi1 nnuntt::avniJrr:nJJ l11317::ff Jlfl? 
'!l ' ' 

u r v o ,;;'/ r <{..,{ ~~ V v ~._, 

'lfj 1Jv?'llmv "I flU Utt::fl?lV Ufltnvllmflr:m l{tf]f]JJ?fl'Jjfl::flfl,Jf]vfl lJf:tfJ?W'IJ tNv?'ll'/1 JIU ., 

ffe7fJvi17 U'Ylf111lJ~n~71LUUL~111 ~'Yl17Un Jt;<l1l11:;~7.j 1 ~n71~'El llJ711tln71tll'<il'<il:vreJ-J~U 

1 u1:;wJ1-Jm11'1f-J1U'ilmlJ"'u un'Yl~ 1~ri1uu:;u lb ~'E)~!;it;<l.jt;<l7l~'<i]:;Lr1'<il1nmj 1'1fm1u~~:;61furi 
'!l , 

91 

~ fl Trrn 1 m flu 1 ~urn JJ 

61J'El~'El~1.j 1 1 u Lflj .jt;<lj7.J l~~1'1im1LUULfl~'E).jrr7lb VIU~1tll'<il'<il:~un"ut;<lm~"1Jt).j 

mmrm 1rii'EllJLLrin~1.Jn.,utrnn 'tllmn rit:JLL~ t;<lm~mmrt 1 u 7'JJ '<ilUii.J~mwmmrtnm.JLLrlrl 
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fl11ll~~fll'in-t'Ofl t6ll'fl11"11'H"i1N1'W UJ 

mn,~u V11t1mt11~~mYJm1n.,191n1t1wnmt1111Ln~~1J 1 ~m"WmmrtL V\~7~ V-Jm1:;LLt1nmm 

LUUV\.,1"1lti 1VI~ 1 Lri' 5 "lltl n~,1~t1 ~mV-Jmmrtmriut1n (t1.,wm1rimn LLt'l:;t1.,u~n1mfori) 

~11l"v1.JtJ7n7rf1lltl 1 U (t1.,ml17tl117n LW:;tl.,U~117mfm.1) LLt'l:;b'imV-Jmmrtn1rnviLrf'M m17J~ 1 

11unl-!m1'lfuri~1J I L 1V-J1,.,t1l-!n.,rnJJn11lJL Vll-17:;~lJ~ 1vif u~mV-JmmrtVl~J 1 
fl1 lJJ't1Ul11U'llcN flTJ 

;J~LUULV\rl'Yl71~fl17lJLV\Utl1"1JtJJn71LamJ~ mllJ;U f117lJ1tlU LLt'l:;m1n.,ri , 
~mt1111Ln~ u1Jt1d 7J f117l-!mu "r11U~t1m1L#t1l-!r1.,1"1Jmm1rn V1uri11 um1~ rnm:;"1Jmm1LLtl1 

i:tumnmlJ~rl1n71~7J I tl~7Jl1flmlJ "r1"'1, Li.J ~;rl1l.,lli611n71trJLf117:;~"r1nfu~~m7lJ 
~ , 

"r1U"r11U~n11m1'lfurnn1 I 1rimu V,J7:;~vi1m,nni'm1riU'.D11lJ6Jf7~ L'lfU n71'Yl7'\17nUt'l7LLt'l:; , 
u ~ f;' cu 1,., ,b 1 I v ~ I O d Vjt.,,v 

~m .LLt'l:;m1u 1um1 LLl-lm:mJmri un~l-ln71fiJLf111:;V1f117lJLLrinmJmV1u Lrl'lfri ml-lmr11 , 
j1UB~n~'M~L~t11·n"mn.,rn:.J;rl1l.,lli"Yll~B.,\91n71L1iu LY11~Jlurm.,u1uu'\l'\IU.,U L"ll7~7LLUnm7lJ , 
YIU "r17U "1JtlJ1Btl~ tl 1 u 1U"lltlJf117lJrl1U "r17U"lltlJlJ.,U~ tl~1ll'V-Jtlln7rf"r1~JV\t'lltl~lJ.,U 'j):;r]tJJ'V-JU n71 

~ . 
'Yl\91t'ltJJ1Btl~tl~7J 1 1flt1~J 1~·mmLflrimn~·v1,Luunt'l11:;ri:;m1 L~ri1n.,ul-!1LLtf1~ Princes 

1 
., <ii Ai ,., ,ll 

Risborough Laboratory ui.J1:;rnrtt1Jn~'MLUUL1t'l7V\t'l7tlU t:,mn71"r1rlt'ltlJnt'l7JLL'\IJLV\t'llU 

1ri'u 1 Li.JL ~t1UL~t1Jn.,1J~t'ln71"r1rlt'ltJJ1tlt!~mLurn~ri1n.,uu~Y1rit'lm 1 uV1~mi.J~urim11\91t1m1w1r 

1 
%'o' %'u ,!i %'_,. o <ii ,t,.., 

UU7Lt!U U71tlU V\1tl'U7Lmlrl n71'\17LLUnm1ii"r1U"r17U"lltJJn71tltlnLUU 4 V-J1n '\IJ11~U7-
~ ., 11 

n71"11-U\91JU 

o) ff1fl't1UUvlvl't1'U~UlHl::fl11lJlflU\l"'vi ( WBP: Weather and boil proof) 

~n71 phenol-formaldehyde (PF) LLt'l:;m1 resorcinol-formaldehyde (RF) 
V\1Bn71~~lJ"ll0'1"r1~J~tlJ'JfUrl '\17nn71'Ylrlt'ltlJtl~ 7J~Vlt'l.,nn71Llt'l:;u1:;1~m11;J7ULUUL 1t'l7 . 

Vlt'lltl 67 ~ 1ri'vJ~ 'ilu1~LV1inLtf111m1ri.,Jn~11~m1l-!mu "r17U~ J~tlnTJmmLflrimn~u f117l-l . ~ ~ 

~ l, A ..... I 

'JfU f117lJ1tlUbLt'l:;'\lt'lU"r11tlrllJ 1 , ' 
'U) ff1fl't1Ufl11JJ;'au\l"'vi (BR: Boil resistant) 

"' I ( / .,,.,. ., lJn71 melamine urea- formaldehyde MF UF) nnmrnn1l-lfl17l-lmU"r17U 

~ t1m1rnnuririmn~uu~ m'\l '\l:;Y1u L~L~ u 1u V11u~ L ri 1m1V-J1n w BP 
ij -• ' fl) l'l1fl'l1Ufl1llJ'll'UlH'l::11uuv1v1V1UHUflflU ~ 

(MR: Moisture resistant and moderately weather resistant) 
'°' ( ) A !,j I I l-ln71 urea-formaldehyde UF m1'Jfuriu '\l:;t1t11tlrl"r17l-lnt'l7JLLrlrlLLt'l:;~u 

~ 
"' Ai ~ 1 I,!\,.,., L 'V-JtlJ~BJt1lllJU LLt'l:;'\l:;L~ tllJf1 rnmV-J u~mV-Jmn7rf'lfULLt'l:;1tJU'\lrl , 

~ 

< 

• 



~ 

.. 
• 

.. 
• 

... 
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.:i) Vf1fl1l!lll (INT: Interior) 
A ll,i I "l I 

iim1 urea-formaldehyde mi:;m1 casein m1vnnu tlJ'YlUllflfl'YlU~Ublbl:; blJ 

u 1 A~ I t, %' o, 

LVllJ7::t'liinut'lmYJmtJ U'Yl6lf'U l6lfU V\tl-:JU 1 711£.J 
~ 

3. fll"l'HHlflfll1 

m1~ l17yJI\JTHU, 1 tJci ~~1u 1V1q)1i1u-:num11.h:: miu u~::mni"fl '1iI1fl1-:it'l11-:i 
'II 

V\1fl~.J lfl1.Jt'l17.J fl~iu mt11i .J1w11mm1~1V1-r"u lffJ.Jt'l17.J'Ylo!,11 'hl fl111\l::mfl11imaci , 'II 
~.J 50 iJ V\~flmnn11 n-:iuiI11~;rin"ru6rlm11Vl~ 1 ~n~11m1u~~tJ.,.Jl~~1.h::t'lYJm1ru 

m-:i·1; .J7UU7Un.J 50 iJ tJci1-:i '11rimii ri lllU::u 1i1V11.,1Jn71fi1.J 1 ~~ad 1 U1Jl\ll\JU.,Ut'lllJ11'1 
. . 'II , 

~ lo/11\llnm1ri1-:i1U"1lfl.Jn716lf'UflflITTtJ 1 n.,u ~1-irn"'uii7ll~1n'J1 20 n-:i 25 iJ th::naun"ufl11lJ 

11um1n7V\UfltHl1~1.J 1 "llfl.JlJ.,U lUm17.J 1 l':i'l'\11llUnn71'1f'Ufl~1.J 1 ~yJl\l11lli1Lltf111 
1) o Q.11} ~ . IV V (tu V 

l V\lJl::t'llJt'l 1V\11Jt'lil1'\AJffl_n7f1V\U.J 1 flfln'flllJfl11lJt'l lJ'\AJU1rn 1Jfl11lJ'YlU 'YllWllfl.JlJU 

fl11iit'l-:it'lri~1~ fl"llmt'lm'l"Jmmfl ( aut'l11flmt1uant'l-:it'lrnl~::m.Jt'l11flmri 1 u~1 'II,, , 'II, , 

t'lfl) ~1JqJV11aci lJl.J 1 ULLJ "1leJ.Jn71l;eJnm1~l V1m::t'liid'1vifu~;ri.n"rn6r1'1iia"71m1 i1V1-r"ilm1 
, 'II ' 

mmlflflmn~uaci1-:il~irn n716lf'Ufl WBP lUU;.J~llUUlJln d'1V11.,1Jt'lil1'\AJil1t1luun~ m1 

I "l I A <} '1 A !,j 1 o!, 
resorcinol lL~:: phenol-formaldehyde l V!lJ7::t'llJfltJ7.J blJ:!JlJ t)JV\1 llrl umrn U fltl'Yl1 1 
"l 1" o'G'I A I 

bU m1 6lfn71 casein lrn:: urea-formaldehyde nl1JUn71l'\AJtl.J'\AJtl lJfltJ I m1~t'l:W mela-

/ 
,, a!AA 1'-' a!AI 1 i!!lA ., 

mine urea-formaldehyde llJU 'YlUtllJLl~:: V!~muu 'YIU 7'\AJfl 1\1 n71~t'llJU :!Jf117lJmU 'YllU 

~flfl17:W;U; n11m1 urea-form a Idehyde ;1u I fl17:Wl\l1.Jlltf1 d' 1'Vl11Jt'l1l1'1A.Jmmf1mt11 u 
,. A ~ "l I u 1._,"1 i.,A A A 

'Yl:!Jfl17:W6lfU b:!J:Wlnun m1 urea-formaldehyde t'lllJ11'1 6lf bflfl'Yllfltl1 

lfl1.Jt'l11-:i '1iia"rim1V1~.J I ml\ll\l::immqJn"ut<imYJmmfl~llrim-11-:in"irn1n ri~-:i 

lL~ n71fl~ 1 U'f :!J~1AJULLflfl~ULL~::fl11:!J;U I\JUn .Jt'lJll'\AJt'l .Jt'l fl~lt'l fl"llfl.Jn71mmlflflflln~U n71 
'II 'II , , . 

,,. 12., I A ~ "' d, 0 I A J: AA ~ 0 CV t.,, 

l~fln 6lfn71llrl ~:; 6lf'Ufll\l.Jl1JU l 1eJ.Jmrnn l6lfU n716lfUfl V!U.J'Yl:!J fl11:!J mu 'Yllli''illnfrnll\11\l::t'l 
'II 

1,'rn1'1"Jmmrw"'u1uu1-:i'1~d'1V1fumt1m11-ir-:i1ltlu 1 , , 
1 q.,/ 1 q 1' I ' I §' 

ummrmmwmll uJJmw1uJJ1n t6Jfu LUflmTn'n:;,wm ,md 1 .. w1m1rhf JJ 

nn6Jfu~ WBP ,n11tu~m1unm1tLUtU1LY.Ui EJ~1Jl1nmJJ EJ1fl71W11JJV/t'iWV/t'i.,J~i1m11.Jiu 

mmf1 ' ,mti1mnt11wmmff;WEJ tV1JJ11tJDEJ"J1tVU'rVJn "nwlu" 1;j d1v,{1JnnfmtrJa nn 
CV I 11::J/ .r::/ 

urea-formaldehyde lmtnn casein U1J71f/Wfltw!JJ · 

lYll~U17nlJ m1 urea- formaldehyde 1J1.Jfl.,u~1in"m~a 25 u ~lli1 l#aiiflm , 
Jl1'\AJ'Vi~~'<\l7nn71 li'11U l U1:!J 10 U ll~nlfltl~1J1.Jttft1~1m1m.,m11n1~~~mm:l~~"llfl.Jii"u l~ 



164 "" ,91 0 ~ 11) 9' 
fl11 U il ~fll~iUHlfl 6lf fl71t'f l'H'HJ..:I l'W UJ 

n'1 25 u m1ufrn.h'11Uf.'lfi1LL!:'i~rl.,1L1'11~LL"r'1rl.,1"1Jt1Jn71 urea-formaldehyde ~1in.,u1u , 'II • 
<} U • 1!,,i,, A ~ U U1 ~I.; A ~ U'1l'1lUU 'Yll Vl~t:-mfin71'Yl '1Vli:'ilrJmt111mutJ1~nu 'j,j,'EJlrJnl".ib".lf '17U j~f.j~rJ71"1JtlJn71".lfUrJU rntl - , . 'II , 

"1Jt1n1viuri1mt17fl1j7Ut1-:,mp~ BS 1204: 1964: Part 1 ~1w:i-"rn1u Lfl".JJ!.'111'1 L"1J7LLU~U7 

1 i,,1 i,, A I 1 t, A 1 i,, 1 ll, VI 6.lf"lfUrl gap-filling t11nm1m1 ".lf".lfUrl close-contact m1 ".lfn71 caseins mn~ VI 

LDU '1umt1"1ltlfl7V\Url~7Vl1.,U"lfUrl A "lJtlJ BS 1444 : 1970 Lbri~m1~m"JJ1Lbtli:'i'1bbl:'i~m"JJ1L~rl 

17t:-Jf.'ltlmjri°''JrJ 1umrn~ri"mm11~m11im1LUU lUtl~7'1~U1~;'YliJn'l"lf.'1'1 n~11nt1 1~1~ 'II 'II 

n1ri-:,mmLri~~mr1~u ~l'lffi ... tl'1U1n~7Vl71tln"'u~~;fin71b~tlf117i!bbi-i'.uuu 1um1L;t1n"lf'Url ' , 'II 'II 

1mm11~Lvit11~!.'lt1n.,rn1u 

;_,~fl111~1.,Jtl.,U Vl~'1 1rim~ 'l"l7~n711i' m1 casein 1 U'17U Lfl1'1!.'117'1Jl7rJ 1 u nu 
k I L .., 0 

" 1 ., ., ., & ".lfU f.'11U fl1'1 f.'117J U".i~ nt1Uf.'l lb 1'1l 117rJ U U7'1tlU tl7'1l'<\l~ Vl tl'1'l"lUnUfl11tlf.'1 '1!.'lrlmf.'lri "lJt)J t'lm'l"l 
'!I , , 

mmr1mr1u um~wi 7'1".i~rJ~LL 1n 1 1mm1nt1!.'ID'1 ri.,_,u~u m11-ifm1tJ1~L11'Ylmr11 UL V\~7~ 

fl11'1l~ '1~fufl11t11~t1.,ri 1~1.,J L ~mjmn.,u iu~1u 1m Jf.'111'1t1.,rim11~vi11,m11tJ1~nt1u 

1 umm ~mf1Lfl1 '1!.'111'1117rJ 1 'UWltlJ'l"lUn"'u~m'l"l VltlUb 1 rJU "lJt)Jt)Ul, Vl11~ bbi:'i~fl17tl 
, , 'II 

;u L~u 1uu1nrn~~'11~u1r1mmr11r1'1l..,1viri"''1m L~tl 1~nn 1-ifm1Luw1Jurn~r11n"'u viim 

~7'1fltlf.'l'nJtl7'1l'1l~ H'm1 resorcinol (RF) 1rir1rimm 
,. i,, A 

fl17tl'<\l1~LL!:'i1 n71t:-Jf.'ltl".lfUrl mela-

mine/ urea-formaldehyde (MF /UF) n1i'l'l1~'l"lm~rJJ 1 ULLi"1Jt1Jfl17tl'YlU'Yl7U 

;_,~ m1n~11n'1ant1.,U vit1J fitl I,~ m~mUbb~Utl.,rl n71~1'1f Ufi fltlUb'YlUbUtl"r 
, 'II 

A t., I ~ V,2-- I l1 2,, 16l I I ,d QJ 2,, CV 
u·r-r'<ilf.'IUfllf.'1'1'Yl7'1b 10 b:JJL V1ri1um'<\l'<\J~flfl'1flti m1:U1Tv-m1mt1m'1 1 um.J 1 'Y1iJUflfl'1'l"lUnu , 'II 

f.'ll17WEJ7n7fltl.,U1Ubb1'1 bL~bcttlJ'<j)lntllrJ 1'1f '17U"1JtlJJ.ru l~bflU 10 u rl.,Jifu ;J l~~fl17tl , , 
o "1 i,, 12., A I A ~ A / d 12,,\fl i.,,&!l 2,, A '1l·7bUU'fltlJ ".lfn71rl I b"lfU ".lfUrl RF Vl".itl PF n71".lfUrl MF UF n'l"ltl ".lf brlt7'1bbd-J'<\l~d-J 

.., ' 
fl1TJJYJU muu ur1m 1 

1 l:: II!:# " qr 1' ,., .., .., 
urnJm J mrnm ur1:;mrr, ttWi mrnv m J,v-r 7Jflwmw1:;JJm~'J Jflrlflfifl7l!'llf/J 

I/ ' 

[ m Jf'l17J [ fliJ'J)n~'il:;llflf/W'llf/Jjf/t}f/ fl~limnrummrnuuf/lll~ LLv1f/7'il'il~lLJUn71t~ t1Jt'W17:; 
' 

WtJLLflntWtJJttnufltJ 'llf/JttNU; ~tF);f)1Jf/lj f/7'i}'i)!;LJ~ f)t} lHif1-i JJL'b7 tu nww nnimfltlf/ fJvl7J '7 
I/ 

~., ., If ,., -. ., ' ,J ., 4 fl ., "'< 4 4 
if/ f!JU u nn i'lf nn'lfur,nurnuuflm utVmwmmr1nrntt1 Jur1~voJwJm111f/Jnuv1nf'I mr1 f/1/'il-J 

I 

. lLJUff Jti"umw,m~i,j ttU~U 7 mn:;;~tfl;f/11fmll m Jf'l17Jf/7'il'ilttnflmnl 1jfl t~Jw '7 iu 
I I 

j:;V/'J 7Jm1 if J7U 

G} 91 "' 11 V ~<:l_lq ij 
4. flll &'tifll1il1.J lJ'YllJulJJ1Wil1llJ'li'Wff..:j C') ... 

tJ1:t1ivmTnu1um11-ifm1n.,u1ii'1~m~m1~L~u11 m-i~'1l~Lr1fuf.'IJ!.'lrl'1l7nm1 
'!I , 

~ 

~ 

, 

• 



" 

~ 

.., 

.., 

• 

,q 
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,,I,.,.,~,.,.,,_, "'A 1-. 2, I 

l.lJtl blJUU L'fl11Jn7jtJULl.1JlJ ki ln- dry Ut-1~ii1hmmf117lJ61fUjtltJt'l~ 12-15 61Jlli~'Ylln71 tltJVI 

\1 d 1 '1 2' A 1-. 'VJ t., I 1t., I v 

b1nmii uu1Jb'lmu~m1m rim,::i, 'l"l1~m1hmmn1.1iitwnm LlJ1~Vl17J 61f J1utsi .:im1r11rn61J 
'll 

mJlJU 11..,U '\l~I.UU;J i,;{LU1tJ1JtJci 1J61f..,'fll. '\JU 1 im11 Hrm1n..,1J Lt~~iJ1mmn11lJ;Ut'lJ;U Lf1tJii 
'll 

~'Yl'flt<itJJ1~L~ULl.t'l111 m1~1V1fu1ii''Yl,!,11 l tl1ri I t'lllJljrJHrn..,lJL~tllJLLlJlJ air- dry~~ 
'll 

... IA ~ 2,, ,ct 1 JI.,, , v GI ,=ii , ~ , l,o A " 

JJ1illllif117lJ61fUjtltJt'l~ 18 rlJ 22 Lbt'l~ V\jtJtJmJmUlJU-'YlUl'l"Jtl L'\l LLm:7U1lJ1llifl17lJ61fU 

t1J;U Luun L"lfU ri.:iimm~ 26 n7161fU'fl RF V\1tl RF / PF L~1u\1~'\l~LlU~U 71~1ii,~ 
'll . 

1" °'Ill" 9t °' ~ lllv 9t '111 . .1 
5. fll 1 1Hl11fl U &l.l't>Utl l UUfllfll\.Hl UJU" ~'W ltJll1'W1 '1 &TI 

u~n1rnmt11 u j~V\17Jm1n..,uJ1mfm~rn~ tl 1tLLU1~,rumii61fU'fl61J tlJJ1m~1i J1 

.., i..'IJJ., I -'I "' dJ A Q./ ,: .,, d 

tJ11ffM7lUtl Lil 1.6/fU tributyltin oxide Vl1tl pentachlorophenol mml.lJUUl) lJ TlML'l"JtJJl.t'l n 

tiat1n..,uflmm'l"lm1~ mm~611mm1 1,~11'\l~Luum161furi 1rinmii 1.1.~Lrla~ m11. YJiiu1lJ1mm.:i , 
1. V1Ut11 V11t1ri..,1Lriii~u 1 1~tsi.:i;u l utsiri1ri1m1'Yl~JV1t-11m~t11~~ri1u 7'\ln7161J..,1J L~J1tsi J m1ii 

'JI 'II 'll 

1.# t1111 um1n1.:11u611t1Jm1V1t-11t1 1 "lfU'fl'\l~u11nnaanii1tJci1JL~u L~"lf..,ri m161furi RF Lrn~ 

RF/ PF 1~t:-Jt<i~~tsiri L~t1~u1mmri'-'11.o/liitsi.:i m161furi RF 1.Lt-1~ PF n..,um<Jh;a hnn11a-
, 'll 

j -'I %' V ~ "1 2,"'"' / -'I 1 AA A A 

b".1!i'1 V\1tlt11'\-b 11nMlLUtl LlJ'YllJ copper/ chrome arsenate wrn boron 'fltJUmllJU!lmm 

mt11 u 'YllJl.fl~UtitJ t116JJ7L ;ti 1-rnn11a 1".1f'Y1~1m1nn11~ u1~;'Ylli J11'1"J611mm1"lfuri UF 1,;alJ 

m lfi I.W~Lrltit<itJJ 1i'n..,uJ1mtsi11t-1~mt1 copper/ chrome/ arsen.atc t:-Jt'l~l~1..,lJLt'l11."lfUn..,u 

m1 PF , RF V\1tl case in 'Yl,!,1, lUI.Lt'lll~LV\m~b'llJ~lVlfrnuum11in..,1.iLttirnn 

VIU1J 1,vJm1uuu'Y11~ L vn1~ii..,u'\l~t111 ~flmm'l"lm1~fi 1.m~611mm1~1t-1J aci1J 't1rimii m1 , 
U F 1rit1unri 1.1.t'l1L Vlm~t'lJJ~ 1V1f u'\lriu1~tsiJflt1..,u ~ ~-n"au~11cf1 i,~ 1.1. ru~ 611m~~n1m1u1~nau , 
1 ue1mu~m1ru ~m1u1~nauimri11 ~ ~Jll 'l"J tlln7f1~~fl11lJ;Utl~1Jl.'UUUfiun~ m1 lim1 

/ 1 t., 1 ''t" A J,j _,, o 0., ~ ~ 
(!..Jt'jlJ MF UF mm1n Vlih~ tl61f'\-b 'fll.'l"Jj l~n7161fWf1 '\-LJJtl1Ul'\ln7jm'\-b'Y11Uf117JJ6lf'\-bt'l~"iJU 

'II 

lum1iim-m""1Jrn~i~t1m11fJ1JJ'w1inH?t~EJ£t V/1f1Jw1v,u7J£W n71'17J7U 

1/ / 1/., N I V .. I l1 I N I .; ,J ., ., ,4 <ii I :/;( .,, ., 

4JJFJJnrm.1 ifl'lJ '1-Wll n mruw11vvm?tmu uim'lJUEJt1n1JllVf [}'1JflJnnmll tJJ BWUt"lfuu t-i ,•lfm1 
l/ . II I/ 

-=t di ~ ~ , ,J 't., ~ ,, ' ' I, ~ t,I ~ s., "" 11/,_,q (V ,... 

'i/~z../rn H7Vl11 f}C-J C-Jr'I f)[}lf UV :JJEUW fJ L'lll tnflfl'J7:JJll'U L 'llL unn L "if ll'n BY/ lV/JJ?'r,t'/ JJ!Lt/'r,l'Jllnu,min 1JU W? 
j/ ,, 

If"'°''., LJ-.JYIL"lf 

1,., °' 111 " ~ ,q 
6 . (111 6lHll1flU t:IJll\>l fl fl l 'J tJlfl 

i,~~1'\-b 1 Vl~1 u~Jll 'l"J lijjlJ61f1~61ltlJJJ.,Uo/l'fln71 l~~ltJ'l"Jtl~lJm1 l~61fum~m1.uu 

,., Ut'l~V\U..,nun~o/l 'fl ffl1 lfimnn111~61furn~ tll.1J7V\1tlV\U.,nu1unmJ 1.1.~1UU7Jfljt;J l,~61fU'flV\U..,n 



' 

166 ~ 'lg.I O Q/ 11191 
fl11Ll'1~fl11n'ltlfl t6llfl11"1'1'111'lJ-11'U tlJ 

1.humn~n~UqJVll l~UmJ i,ii~;i~m1mn~'m 1 Vl~lUU l,~61fU~~~t.ll~Vl1tlJ1ii"u"u·im~mlJ~1 
'lJ 

;~m1 i,~miiTrn~~ 1~J1ti m11'1f m1n"1J i.ii'rn~1~m"il"u~ri1 i.~1~tim1"1J"u.,~~1V1m~lu~uu 

mJ 1 ~mf~t1~m~ llel1'Ylln71!.'l~Yi'uri1~l11~t1rnri1~"u~ri1 i.~ 'Yll~~~i1V11.,1Jm11im1n"1J i.t , 
A d A I ,:::iQ_J O O l,., A I 

tu~uul.'ln 1 'YlflffJl~~ii 1JqJV17fl11"u~lt'11~Vl7fllllu~u n1n~ ~l.'lrim1m~ 1 
c:! (;q 

7. fll1 W BP : fll16Ul~UrHl'U'111HHl'lC)f1-HJ'1 .,, 

mn1rnlflf.'l'Ut'171~Wnn resorcinol 'r'l.,1 Ll.'ln 1r:~11~uqi~11Vlllfl ~~;rln71 RF 
'lJ 

1 Un71~ "u~vlt\'1"u.,~Vlln7161fU~t u ~ l Vl:!Jl~l'11J1Jl ll 'Yl'U ~1 im161fu~~ l 'lf'U ~ ~;r1~1u1.h~mJ1J. 
'lJ 'lJ 

Lfl1~l'111~ i,~~1~ I ri"ml~iqin"rn:f lUVl1n71flJ~~'lftl1J~tl~;rlJl.,ill6n"1Jt\'1fi'U1~~~ rnmmuu LU 
miiimi 7VIU~"llmfl17lJ'YlU 'Yll'Ul 'lf Ul~ ti1n",j~~r!Jlt1!, -n~Hm1 RF ~71"ll7rnlfl~Ut'171 resor-

"'~ ._,,=i I A I A~ 1 V 1 ._, ),j V ~ A t, Vj ._, J,! cinol ii b~lJ'Yl7'Yl1Til~~"lJU Utl'UlflrltlU nl.'lu ~~uu l1"nU RF l.'l1U I m"il~Vl'I b~t.lln"llU 

uci1~ l 1nmii l1"1U RF /PF ~,~~;fitltlniJ7lli1l'171J11tll'1Ut!'1ff:lliJri"mm~ l~l'.LJ'Utl~l~~ 

l1°1U PF l llJlJtl.,rn~u l~1.,1Jn71Y.r~U71Jln'l"Jtll'11Jfl11 u~~Vll ''l~1~mnu.,n 1 'UU"u"u ,. 
1.J.,u u~1~ hrimii m11it11~ Lti61fu"JJmm161furn!Ll'r'lUm1 RF ~7lUUv7E1~~m 1lU~tJULlU!.'l~ 

1J1~uci 1~ 1 u1lim1~~r!Ll l.'l~;m~m1ii1~ii.,'in~i'~ii1n;u 1 um11~m1 

' 8. fll'HJJJfll1 

1 um11hm11~V1mti1lii1t1n.,u ~i,;{f 1Jm1Y-J"~u 1; uii1l ~ t1m11 VI m1iiiuulln 1uti 
I I I 1t, <i ., <i ~ 

r!Un71lW:;61f1m1 ~ Vl n71ll"1J~fi1l11"1J U 

1lin71U~ uriJ 1tl~l'1 ~ 1 u m 11 ~fl111l1t!Ullf1j[JtJ~ Un71 ~ 'e) n71i171llmfl171l1t!U , 
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"11' .j'i):; bVlfl17lJ1tlU L~'Vl--'.!VllJrl 615X 10 n mLfl~t)j 

fl. J,,.tu LLVl~--'.l,IllJ.,Uiu1uu1:;rnffl'VltJ]J'i)'i)1J°'it~Ll~--'.JL~t!1~ ti. ~7--'.l'il. LitJ.j-, 
, 

1 VI~ ~1.l1rnrnu1:;mti-i 2,500,000 Ull jrl c-J;fi 1i'LLi11.l1:;rnm 500,000 Ulb j~ 1~£.iiJ'eJU 

h--'.!mtu61lmn1lJYJ~~--'.!1u '11V111~ 'eJ. ~7--'.l 4--'.l~ri,~~c-J;rii'irn:; 1,000 u1L 1~ ]J'iJ'ilu..,uf1u1~ , 
Lrilvi't{lJU'VllU 1um1L'<\ll:;~111'ilVllLLVlci--'.JJ1lJ..,U 1rimL1J.jt)t)n L~umfo--'.l 1 11lJ 30 LLU~.jfit) 

1 UU71 l'Vlt! 19 LLU~.j ~.j'V]:;Lrifl:;1..,iwmmUlJVllt'llJ'V]j;ULrit1 9 LLUrl--'.l 1 itmflOt'llU' 1 LLU~--'.l , 
JI 4--'.!nl~'Ylln71L'il7:;~111'<\llULL~1 23 Vl~lJ ~t)~ 5 Vl~lJ~YJuii1lJ.,ULL~:;n1"lf1ijjlJ"lflfi 'Yl71v; 

, 'I/ , 
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A u I 1 u 1 2' ~ 't A1 A f;' u I \I) 11,, \I) 2, iivi1.J11 ut1u 1flrit1u nrim .. h~L 'Ylfl 'Ylt.J'\l~lJ t1mt'l ~t'lriu 7lJU '\l1nm1 b 'Ylt.Jt1t1n 'lfL m bfl 
~ 9t U A f;' U <JI I,, O A f;' U A A •' ~ 1 •' 't '1. HU'WlJJU Vl'U'U 7JJ 'ULU'Url'Un7L'Ufl"1Jtl.J'U 7lJ'Ufl1Jeln1uVl'U.J 'Uu1~L'Ylfl ml 

'II 
A,=( I ,:-l k O IQ.IIA,=( , JJ'V'JU'Yl tl. LLJJb'ltl~ '\l. mn LLt'l~Yl tl. t'l '\l. t'l l'V'l'U '\lln~t'ln71Ylflfltl.J'yljU'J7ifi1tlt.J 7-JVl 'U'Yl'V'JU 

'II 

~ tl. LL~~tlrt 'lfuri~miiTn11~J1lJ"'u 1,~~.J 300 ;ri1~m~uJ1lJ"'u 1 ifi..,U ~1u'1furnt'l11~ 
%' IV A A 1 V I • I A %' V ~ ~ A 11,., %' Q.I A u llJUL'V'lt.J.J 30 mnrit1riu ~1uuviri.Jviuu 1iiu'Yl tJ. t'l JJfllliJ11'V'Jtl1unm.J viu 1iiuriutl1~ , 

dJ O Pl I 

LU'Un71b '\11~~111'\l'IJ.bb 'U 'Utl'ULLt'l~ ii1m 90 ;ri1~t1ri"'iL U'\l'\lu"uri1t'l..,.Jfl~1u1~v.11.Jnwril. 
, 'II 

I 

ifi11'\l~tl1Jfl lli1ll'V'Jtlt.J 
, 'II 

T GI _( u A~ A\ 'il. Ul'YHH'11UulJJ1W mlJ11t.J.J7U"JJtl.Jn1lJ'Yl1'V'lt.Jln11illi b'UU 2498 1~~ .. 
o I 1 ~ I ,!l A A '1 't ( I 2, i:: v A m1t'l111'\l'V'lu11 U"JJLL1mlJLVllJtJ.Jrtun, 1mLvhJJ:JJLL1 lJ'\,l,7 61fY1tlum1ri1t.J ut1m1nuitt.J.JJJ -. , , 'II 

I A 2., I I I ~ ~ 
LL1U1JJ7llitl'\,l, 1 fl1t.JL'lf'ULL1 Samarskite Lbt'l~ Torbernite rltl'\lln'U'UU 'V'J.fl. 2513-2514 'II 

;.J 'tri'~m1i 111'\lVll"JJ.,mJm1~m~i'iu~t11n"utl1 mm "]Jfl.JLL'rllJ'l,l, 1 i, 61f~ .b ~tl.J'\llnm1 l v-1vt1t.Jun 
'II 

't~"JJt1fl11JJ11JJ~eJ 1um1i111'\lvi11..,~riu1Lfl;t.JJL ~mi 1:nt1 L1tiiim 1inJJ n..,u t.JL 1LUt.JJJ LU'UL;tl , 'II 

L'V'l~.J 1 mmt1Emtl1mm '\l1nm1ti111'\l.'V'l1J11~LL11iim L61f~tlut1~ l'\,l,;LL1tl1~JJ1ru 3% ~ 
'II I 'II 

fl11lJL"JJ.,JJ61rw11m ThO ifi~LL~ 0.1 '1.J 10% Lbt'l~t.J..,.J'V'l1Jtlb 1b¼t.JJJ l '1,J,LL1'Yltl.JLLfl.J~"1Jtl'ULLfl'U;n 2 'IJ 

, "' 9t v 1 v ¾ ~ , i- ., ...., ..,1.,~ A 'il. um,..:irrn-HlUillilUll'tH)U \?lrtlmit LLVlt'l.J'Ul'V'l1tl'U bf! '1f b'Un71t:-mri q , 

'V'Jt'l.,.J.Jl'U i. v-l~1fll.JLL 1n 1 u 1rimtit1 'V'l.fl. 244 7 LL~L~.J'\l~L 1ii~fl11iii lfl.,!JJ ht 1~t.J~Vlt'l.,.J 1 1 u 
A\ A A "' 9-1 %' ., <JI O "'1 ., '. I 0 U 2515 tl1ii1mm1~~ 1f'l b °V'l'V'll'\lln'U 7'V'J1tl'ULU'U'\l 7'U 1'U 850,000 n ~1rlrl ]Jj~JJln!, 0.1 % , 
1mfl11iiri"mm1'V'lt'l':i.J1u 1m fon ~1 i1 utl1~b 'Ylfl-u1i LLriu~, ~ ~u. 1"m "1tl, rnni1n .u~~ , 
\I) ,; ( I ~ A\ ., "l >; f;' 2, A <JI "'1 ., ( btl61fbbt'l'\,l,fl mm1 b'UU 2527 'V'J~.J.Jl'U b°V'l'V'J1'\l7mn'V'J1tl'U'\l~b'V'l1Jb1J'l,J, 1,600,000 n mm1 , 
bbfi'\l~EJ':i l~bn'U 10% "1Jtl.Jfl17JJri"mm1'V'lt'l.,.J.JlW1lel.J lt'ln 

• ., If If" ., I ... T ., T .i I ., .J • tVm1111..h~mf'I mil ,m 11rr:m.1'lfWlVlijflmmu,1u, FmJJ 1...1'1! .JtV.Jm'll m'lf1wmtV1n,1 
l/ ~ 

t I' ., 1 s, ~ ~ r ~ T o d 1,1 qA ~ s, ~ A ,:J ..., tlVlft.JU7W1flU fllflUvJ.Jttr111 2516 lflmnn11m1...1'1JflJJftm.J1I1m1·tw1mD-Jv/U flrmmmn1...1 
' l/ 

,..fimmtmtDtuV/J)ij ,tmi1n,u!Jo.Jv?UL1ll1..J1[)iflli'Jnvti7tUUn71l'iJ7tt171'J,J~[)t1../ llflf771f117 
' l/ 

I I' ., ... If If '1 I '., ., ., "' "" .J ~ T If a/ d llVIN.JU, 7Wj[)U,lJJEJ.JLrWvtLJJ VIW lmtrnWft.J.J7UJJ7nUn llflnm il.JW[)n'iJ~v/.J 1 .J LWW7'11U?lflmn ' ~ 
"'l .., 'If" 1htmtu 1,000-5,ooo n wmr1,lfl 

. -• 0 O <JI ~ A "l 2, .j <JI \II>, 'ti'. 'lf U~JHlf,rtJU "llt.J~JJ m.JtJt.Jtll'\l'U 7JJl'Y17LUUb 'lf tlb '\Al~ J bri 61f .Jb1J Ui;.Jt'l'V'Jt'ltlt.J bf! 
"' 'II 

l'Un71177'\l.,fll'Un1.Jb'Yl'V'J 1J~'l"lm~tJ.Jl'Ub"JJ!fi1llt.J1utl1~ii1m 3.6 mmm i,~~"]Jt.J~JJfl~-ltlmnri , 'IJ 

;utl1:mruCt'l: 1 muri"u 1u~1u1uJ 20% LY111iu~t~1fiJ1dt.J6..C'Ulflt.Jn71mh~m'V'JLU 

... 

• 
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<If + A ,ol ( I:; ., "1 Js: o 'l I, <If I I "' 1 'j I 'tt., 
LUU ifouu n·rnuunu u so% rim"llu bll'Y1J 'Y17 b'Vl LUUbrnt'rnL YJ''H'lff.l 1fl bUmJ,J1:;L 'Y1f1 fl 

• 
~m1u l"]JtJ:; "lllLUUL;m YJ;Jc-.l;flJ1·fou~J "lt.1ri1fl17iltl1JUUmillJ7UL1tlU Vl1tlU 7 'ti.Jc-.i;fl 

.... , 
i, 

~"11,, 'l ., A ( I .,._, ._, 

n1:;LLt'l ~'\All bf! "]Jt]:; bUm JL 'Y)'\AJ °'.I U 'U "\l7nn711bflj7:;Vl YJ1J17t'l7m1tHVl fl17iJjtJ'U 2,000 , 
ri1riLLflt'ltl~fltlf1Lt'lnfiiVl1tlLY17n"un1u~U'lfUf!Ltn t'l7il71bl 1iLUUL;m YJ;J 't$i'/ fl.,JUl::U 1 'U 

"1 d \1._, 1 6' ., I 

f.lU7flmh:;Lnf1 mt1n~1"\l b1?11.l1:; tJ'lf'U"\lln"lltJ~f!Jnm1 

g/ !! "" <If "' A A <If "l._, ,ol .... A %' 

C)f. UfHlU-6lil'l-HHlU-6U!'iHH.I LU'UL'lf m Ylt'JJ'Y1b1JUc-.lt'lYJrrntl 1?1:!Jl"\llnn71t'l"JJ71n71c-.lt'lflU 1 

"1.., d ., "l,., I <If I "' A A "' ., A'l ,., ., 

mri LLt'l:;m1LLll1 ~JJnu u fl17Ll.l'ULL Vlt'l JL'lf m YJt'lJ"llm1h:;L nr1,J1:;L11n V\U~ 'Y1tl Jm ii b01f nu 
I 1 %' 1 A 'l I A 'l .., 0 ., I 1 , "' A i,., d 

tl~ mii jJJlU'Ulrllt'l uri:; jJrl<pUlfl bVHlJ "lf Jnlj b'lf'illnfleJ~b'ilYJl:; jJJ7U'Y1c-.lt'lfl fin 

L vn1:;~ii'qJVll L Un71c-.l;fl~fl.,UJL; tlfi 11 ;~ ltlrl J i,~ri ilfi l'Y17Jbr11~jn"\l LLri:;~ Jtllnmn ; l'Vlfu 
'lJ , , 

t11fl11ii1uu~L~"\l1nfm1LV1~1~tiu , 
Lbnt'l1J 

.., 
6lf7Utltltl 
~ ,. 

2,900 

1,900 

fiLmLrlrltl~ nLrinfii 

" " 
"lJ Lt'l tlt.J 4,000 ,, ,, 

liJ SI "!I \ f '4 U "' A "4 f O ., "1 
UJ fi'W!Hl~ill\.! 1J"\l"\l1JUL'lf m Wt'lJ"\llnYJ'Ubbt'l:;mut'lflfnllJ rl lfH)Jt'lJ b'U , . L w11:;u1 "ltt1n 

'lJ 

ri1mt1 "lt!ii1n ri11 ~~ULLt'l~n1uV11mmLt'l:;11mLL WJ ' 1.h:;nuun"u~ L;m YJ;J1iJEu Liu 
'lJ 

%'u A._, r rd ''l 'l._, 1 "'i1._,, ._,"' 
u 1iiu-unr1"lf JLLi111mu YJJml LLrinr1:;1?11nm1 mm1 b'lf muLLt'l:;wu Vlfllfl11m uum 
~ ... 
Ufltl 

I 

mu 5,900 nLmLflt'ltl~ ~tl nfonfii 
"'i . 
WU 3,300 ,, ,, 

fl11ultHn1111,i"-:J -nu 1wrnuw1 1 wir1J 1 o il ~~1um"\l1n 2507-2517 u"'ri11m1L ~ii 

m~t1"lleJJfl11ii;mm1v-Jt1JJ1uut'l:; 14.s % u"rnuuu"'ri11~r1Ji11n LLt'l:;m1L ~i11?1Jn~11 1u 
'lJ 

~1 t., 2,, I '1 I O d ,~ Q.I u Q.I 'V ~ ..... 
11 U "lllJVl'U 7fllfl11"\l:;Uti 'U6Jf1J 9-10 % "1f Jn71Yltllff'.itll, 'U tllfltlfl17ilrl lJYJ'U1i'n1J17tl .fl 

'lJ 

1h:;'lf16Jf1~ LLri:;Lll1t.1rn ~ t1umr1"mb u 1rrnm1L ~ i161Jmm1m1"mm11 u,J1:;L 'YlflEu ~~ r1m1~ 

2,, .,ct CV "l '1 ~ It,, 2., " I 1 .., 
flernmriJnrn.h:;L Ylfl Yltl c-Jt'l"\11nm1wmmm u 1:;ti~ 1 o U"ll lJVlU 1 "\l~LVlU17 fl1 Jrl17J "JJUJ 

1t., ~ A cu A A Q.I €Al1 A <If ., 1 I I 0 

m1 6lfb'lftlbYJt'lJYlt'lJJl'U"\l:;iJc-.it'lfl11lli6YlU fljbt'ltliJLU'UVlt'ln Vlt)Jtl!'.Hrliltl 1.h:;mm 80 % "]Jt)J 
.., 'lJ t; ' 

Wt'l.,JJl'U'Y1-:,VllJfl m11;'),~t'l.,JJ1mr1"\l:;fn~11:;ri'u 8.4 % "JJUJYlt'l.,JJ7'U'Y1JVlilfltl~fltllll L¼tlJ 
. 'lJ 

·,nn Lfl1 Jm1wt'l"'JJ1"\l:;ri .... m 1i L 1t'l1w.,~u 1~u Lfl1 Jm11h:;mru, 6 il Luuu~ 1Juut1 ci' 1V11.,um1 

1.t,., I A I A CV A h, !' cv !'f ,:$ cv 

'lfmu VlUfllm 1"\l:;immlLYJ :1-J'll'UlJln b w11:;m:1-J'Ubflljlfll~ J'llUblJ'fl'Ut'l:; 1,500 Ul'Y1 
I 

Lbfl 
'lJ 

I A Q.I -d t., A I 2,, t., 

!ll'UVlU 17fl11h~lJllliflUt'l:; 270-308 Ul'Y1 "if Jrll'VllnL'Y1tlUfllfl1llJ1tlULLt'l1 
I A 

tllUVlU 



174 tn'li'wiuTvm°'--:i--:i1u l u1.h~t ~rt1 vm 
'illmL~Lm~ 3 fl.,U 'i\l~LY11n"uJ'1:tuLm 1 fl.,u V11tl~1uii;u'i\l1n; (tl~lu~1wu) 1.5 fl.,U'il~ 

'II 'II 

Lr11n"uJ'1ii"uLm 1 ri"u· ~".;iu\1,11m~1uii;m~mvi~un"uJ1~"mm 1 ri"u 'il~~11mtl1~mm 
I~ 1 Al"'I 1._,I A of O U ~ 462-810 1Jli'1L'Yl7UU 'U,j~t]~ 10 lJ'YH·.JlUm nlj 61fmUVIUL1JU 2.2 % "lltl.JWC'l.J.JlU'Yl.J 

1 ,.I.., .., I "" of I "'1 I Vlilfl U j~t]~ 10 lJ"lll.JVIU lfllfl17'i\l~LWiJL1JUU1~illill 10 % ~1U wu-mu-LLnt'llJ-61f7U 

tl..,tltlfl17il~ lfi'qin '\l~t'lflt'l.J l UtlU lflfl 
ol 1!! ""I .{I 'JI _f 1._, A I fll'Hlvl'HWlHH'V'H'M l 'V'H>~H)Ucftttl'1fl1llJ\>ltMfn'l6Utl~ u'l~::l'tlfl J17tl fl ~il ilfl ]1U17 , 

L 11ti"'.J i,~~liJljtl~;riJ1ii"'u'\11nu11 l'Yltl i,$i' LLt'l~tl-:, i,J~1m1t1 l'lrWt'l-:,.JlU1ijjiJ'lflfi~tlWt'l-:,.JlU 
U !, "' '1._, J!l 1 .., ._, .., d !, U J!l A fiiJWt'l.J.JlULL~.JLLflfl LLt'l~fl17il1tlU'Yl1~tltltl flWU t'ln Lfl tl1~L'Ylrl L'Yltin'i\l~fltl.Jtllrlm'lfmW~.J , 'II 

I I "I o Aj • I 'illnrn.Jtlj~L 'Ylr11~Vl17.J1J 2518-2526 tl1~mm 83.42 % LLt'l~lJ 2626-2528 uj~iJlill 

80 /~ Ll~tllVllm 11~1mw 1'1f J1ii.,u '\llnu 71 i, 'Yltl i,~lu w. fl. 2523 LLt'l~~lil71tlnt'lo!,U J1ii.,u 
A %' ., .., ..,1 .., .., !ii A I .. • 1"" "1. I of 'illnVIUUliJU L~ U W.fl. 2526 LLt'l1 fl17ilfltl.Jn71L'lftlLWfi.J'\llnfll.JUj~L'\'lf1n'i\l~L1Jt'ltlU L1JL1JU 

W.fl. 2518-2521 

,, 2521-2523 . 
,, 2523-2526 

84.35 % 

84.00 % 

54.88 % 

,, 2526-2528 53.27 % 

l,L~l umn7.JLL~.U.J7U '\)~q)t)J~ flVlt'l.,nfl17iJUt'ltlflJl.,mm Hn tlU 1flj .J.JlU ~tl.,.J i,~ LL u UtlUn'\l~tl.,.J 't~ 
'U lillfifl fl.,.JU~Ufl17ilo/ltl.Jn71Wt'l.,.J.J7U 1 UtlU lflfl 1l tll'\l'<\l.,~Vll i,;{ri.,.J~ 

1. J11J°'u U'\l'iltJ.,u h.Jnt'lo!,U"lltJ.JL'Ylti 4 h.;i ~fllt'l.,J~;ri , 
' ., 1: h Jnt'lo!,u u1ii"u '1 rm 65,000 1J7L1t'l fltlTU 

2. 

3. 

4. 

,, Ltlt:11".lf 
_, A 

" "]' iiii 'Yl 

" t-J1.J 

30,000 

65,000 

1,000 

nii 161,000 

" " 

" " 

" " 

" " ., i 1 . "" .., ... 2. vrn-N1'W'W1 '\-1,j~t]~ 10 1J "lll.JV!Ul W.rl . 2518-2528 

1 .., <{ U %' .., <{ II A A 
fljJ.JlU LvJW7Wt'l.JU7"1ltl.Jn7j Lvlw1mti~fiflil 

,!j oJ "" 
1. Liim urimu nlt'l.J~t'l'fl 60,000 

... 
2. ,, LLfl1U tltl 

" 420,000 

3. ,, LLm 1 VI~ 
" 360,000 

4. L;uu '1vJ;h 1u 1fl1.Jm1mfl 1ri 
" 135,000 

nii 975,000 

., 
LL~U.J1UWiruU7 

n1t'l1 ... riJ 

" 

" 

" 

" 

• 

,. 
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I q ""1 1 t., I A I Aj ,d A \IJ ••' i} 
3. fll'Wl1'W ~ flj.Jfllj 61frl7UVIU1:;Vl17.JU 251 8-2528 b'l"Jtl~t.'lfl b-n'l"Jl 

a( ~ A I u !,j,!I 

L1Jm"lfm'l"Je1.JYW1LLY1Ullnnnm1t'nvin11~ fl.JUfltJ , 
fl. ll'Jlli1vfl7'tJHUllllW7:: t'l17.J h.Ji.l"lw1i.mh11u1f12X75, 100 n1e11.,fl~1i,hu 

/ 

A di ~ A !./ <J 1 "'1 11, I A .. , t., V o, %' o, ~1.,.clj 

VIUbUUL"lftlb'l"Jf.'lJ'<\):;llt'l1bt'lT'il UlJ 2521 "i]:; "lfbllUVIUUt'l:; 1 mum-1, 1h:;V1rJflUl~mm bf!Ut'l:; 

200 ITTUftflj Ut'l:;n1e1.,.Jft711'<\lU1il7ll~711'<\ll~lJLriii t77Vl7n~muu LUr11rJ~ nmm1n•1m1ri 

1 11J i}\IJ %'~ If A di v ~ ~._,I Ad A di ._, ., 

j.J bl"lWl btlt-bl bVlqJn17bfllJLUU 150-200 lilnn:;1rmm1 b°lfbllUVlUn"il~b'l"JlJblJU 2 mu~m 

'II. ll'Jlli1vfl7'tJnuZ 1uu 25.17 Lrlt:-Jftfln7U~U"il7mlVl~.J1Lub~tln7jtJflt'l7Vl-, 
nnii 35,000 fl.,U Ufl:; 55,000 fl"'u1uu 2514 fllfl17l'UU 2519-2522 u1mru"il:;L~lJ 

;ULUU 100,000 fl.,U~tl~ ~ .J6Jln1,:;~n7fl.,.J'Yl7fl71;m~7l~tlbt'l'UtlblU:;~tlYl7.JfjlJ7fl l Un71 

1iu vi~ Jn1u ~u~ mrt11n1mii11n~ftflL~t1m1t1flt'l1Vlm1iit1~ 1.JL~ll~L~e1"1 1,1iiiu 1 uu , 
A I A I ~'JI t., ie:t\ OJ OJ ~\1 ~ 

2523 t'l1m1n~flflmuviu'<\l,mlvie1.Ju bf!u1:;ii1rnrn-i:; 300,000 flU llfl:;flJ1:;mm bUL1t1ri 1 
~ , AA o A t.,v 

l'UtlJ'<\lln~iJjlJlill ~71tlJL'l"JrJ.J 23 t'll'Ufl'U 
' r r ~ ~ q o, 1" I A I !,j .clJ 

fl. ll'JllfND?U'JI/UfJ'J::11 lJ'<\l"illJU "lfbllUVlU"illnlbVlt'l.J'UUj:;mruut'l:; 240,000 , 
fl.,m~mJtiu h.J L~~1~u1rnvi~m mrt11'<\J:;t'l1ii11n~;flt11u~u 't~u1:;ii1rn 5-6 mufl.,u 

A o t., I ~ I I \IJ <IA!./ %' ., A ~ A 

·,nniJ·rn1ntt'lljtlJ 10 t'll'Ufl.,Ubi'll'Ull. Lbfltlrll.J b°Jnflrl1UllJ'UlJjlfllt'l.J61JU t'lllJljbl~flfl 
. 'U 

t17U~U 1 u jlfllt'l.J;U i,~ flt'l7lJlj(l61JfltllU~U; Um Hfo~iib~lJ ,~;n llt'l:;ti"il"\llJ.,Unlt'l-:,~lj'J'<\) 
'U , , 

VlltllU~mvhJ;U tll'l"JlJ17'<\l:;t'l1m1ci6JlmEJnlfl.,.Jt:-J;fl Ll"l~ll,~~;u '1.~E n . 

~1ULL Vl~.Jci1u~uiu I ri~ti~ 1 u 1~vi11.Jm1~111'<\JL ~tl vi1u1~1rnft 11m~LLU utiu 
'U • 

4. -w~;,nwtl'Jmt1.1 m1'tv-l~1J1ri~fJfl ~1fl1Jm1t'ln.J h.J '1.v-l~1u1~1rnL~1"il 
~ 

'U 

1 .clj A ''L.I i} 1IJ t.,"'i 2/ "'1 ., ~ ,}, 1 .. %' ., 1IJ ., .. , 

uu 2525 t:-Jt.'lfl b-n'l"Jl bflUt.'l~ 54,204.8 mu n fl1'flfl"Jf1 ~.J "n.J'<\J~LL'\'7UU l'JJ'U:Lfll bfilJt.'l:; 

1, 1 oo.58 fl1u;r11 ~1L;m'l"J;_, 1um1t:-J;fl 'tv-lW1'<\l1n h,:i lvh~1u1mrn1h:;mrn 8.18 tH17J~ 
. 'U 

~tltlUfl nnn1761JtlJ h.J1l"lv!11,1,uutiJ1ii.,muuL;mYJ;J ~.Jflnri'Uflt'l:; 30 t'lfll.Jf1 
'U 'U ' 'U 

u luuiu'lltH..tJ U'1~Ul\?l'aflll 1-wl1u'W,t-:i-11u 
d Q.I ~ A Af O IV f fU A G1 .a_J, Q.I 

LU t!J'<illn'l"Jt'l J.JlULLfl::L "lf m 'l"Jt', .J~fl17lJt'l 7fl qJfltlfl17lJlJUfl j6Jlt]j'.lflfl LlJUlJ'<\l'<\l rJ 

~lfl.,qJ 1 U177j'l"J.,~U7Uj:;L Ylrl Yl~Ji'l7Jfl.,7U~ 'flt'l7Vlm1~ n71"11'U~ J n71bn'Mflj bbfl:;~1n'<\Jmj 

fll~ 7.J I rt.,.Ju~u f~;.Jfl11L "JJl'Yl 1m1fl1tJfliJIT1n '<\IL~ri1n.,uvm.,.J.J1u LL fl:;L ;m-w; .Jtl~ 1.J 1n;irt 

o ., .I Ill "" t <:lat "I ,, 9 9J o1 -!4 

"11l11'Uul~l'Vlft !'Vltl'W'W l17lJ'Uqjl11 L'Hqj °') 'Vll..:l~l'W'l"J~..:l..:ll'WfltJ 

1. L jl Lt'l"Jt'l.,.J.J7U~1U 1viru 1 U1Ut:-J;flli°'ru6nii1ii.,u ~ .JrltJ.J~m1n~l.JUj:;l Ylrl 
~ 'U 

rh 1 {;;Lnrtu qJWlfl'"JllJ l~lJ,},Ufl.J 1 Unlj~;fl mi:;; ULU;tJ.JLJ UWJj7~7.:JU1::L YlrllJln 



176 m,w wiu Trm"'.:i .:i TW i u 1h~L 'Vlff, 'Vl u 
2. nl"H-J;rlbb~:;m11-irvm.,JJ7\UJ7VIU7LLUU'El~ 1um JL YlW j ri11i;;bnrI1JqJV17Yl7J 

'll , 
V A t, 

t'lJfliJ bf11~jn'\l mi:;t<imWLb1fl~tliJ 

3. tl.,J LJL~W.,~UlbbVl~Jw,tJJ7U 1uu1:;rnff 1~ii1rn~t1JWmLri:;b'r1Y1"ur11Jr1 1~ 
.., • I 1 ' ·~ A., ,. • ..., ., LlJUu1:; tl'lf'Ubbt'l:;tltl bU1t'ltlYlYl7 Lfl 

'll 

4. b 11 LJmm1rim1Jr1 iit1rit'l1V1m1iiti1ii"u 1 ~ t'lt1ririimn.,uu1t11J1t1"1J EJJf~rnriL~ , , d8 

QI t -;i <:I 1 ~ g.llJJ at ' !1lJJ 91-& ~.:J'Wt.!L"Jlll.:Jfl1"JlJ'W £11.J7tl 'Vli'fllJl"JtlUfl t'll1.Jty'l11rtt'11'W t~ffel 

1. ri"t1~~ 11. uum·H-J;r1V11t1 ,i"riV11Wt'l~J1u1 ~ b ~tJJWmbn m1iiri"mmnm1.h:;1. Ylfl ~1 A YlJ umiit'lJrnrn:;,::i,m,::i,u , 
2. rimm1.Jflii11m~1V1u 1t1wt'l~J1u 1ifo~·1 u 1:;ri.,1.J~L V1m:;t<1ii 

3. 

~7JUj:;1,Y]fl 

, 'll 

fl11W.,~U 71.1.t'l:; 1iwt'l~J7UL ;m W;J~~tlci 1 UU1:;b Ylfl mnn11~,i:;1,t 7L6ll7'il7n 
'll 

L ~t1m1iiut'ltim1.,t11 umii,::i,m,1 u 1.rn:;t<1J1u1.~ uri11~1Ju1:;L Ylfl , 
4. f1YiJm1JfliJnlj~;ri ~J uri:;n11161fWt'l~J7Ul.l.t'l:;I, ;m w;JLu1 u YllJ~Uj:;-, , 

Vltl.,fll.l.t'l:;1.uuu1:; 1ti'lfumn~~rn b~tl 1i;;m1161fYJt'l~J7UbUUU1:; 1t1'1fUl.l.flUj:;l,Y]f1'1f1rimn~t'lfl , , , 
~ Jtll'ilfle:JJ 1 immm11J.,Jfl.,UY11Jr11JV11t1Y11Jt1t1ii 

5. 1lfl11~ J1.t<11iim1~111,ib ~t1"1Jmm1.V1~J~;riw~.,JJ1umt11 mh:;1. Ylf! 1.1.t'l:;~.:i 

l.~1iln711'il~ 1Un71U1:;Vltl.,f1Wt'l~J7Ul.l.t'l:;m1161fWt'l~J7U 1u1 V1J 
'll 

6. 1lviJm:;,i1t1tirit<11V1nnii1.1.t'l:;1.1.V1~J~;riwt'l.,JJ1ut1tin Lut1~11~mfl 1riti~ , 'll 

mrl':in71~ .:i bt'l1lJ~~ nr1t1.:imlJV1fl.,m f11~1n 'il lbt'l~t'ltl~fltfmn"rnL~um1v.r~u 11.h~L Ylf! 

7. 1.,jfl11~i17r11n711 Un71fl11.JfllJl.l.~:;r111'il t'l tl1.J n71~7b 'U U15'1n'<\lVm.,JJ7UYln , , , 
1.h~bJ1Y1t1ci 1.:11n~iri b ~ti 1 ~Lri' m~ .:J"ll.,mJ t'l~rI nr1mt1ci 7Jbb'Yl'<\l1 J 1. ~ t1n1V1uriu 1t1rnt1Y11Jmu 

'll 'll 

YJt'l~J7U ~ Jmmm11 u 1:;t1:;~ tl LU "f1mw1J1 LU~71. uun'ilm1li1ii"u 1 uti"r111~1u ~t'liJfl1j 

1.1.nm1iiri.,mm1"1Jtl.:JUj:;I, Ylfl tl.,U'il:;rh 1 ~~l.t'lrltl1Jl7YJY17Jl.flj~jn'<\l l.l.t'l:;m1iiiio!,Uf!J"1Jt)J 
~1 A 1.h:;1. Ylf!Yl J umiit<1Jrn1.~:;,::i, m,::i, u , 

8. 717b UU U 1t11.J1m~ t11n"un'iln71W~.,JJ7U 1 ~ ~tlriflimn.,1Jb1J7VllJ7tl 0rJ.,~U 7 
A 

bf!1~jn'<\l 

Tiil~-nuhrninr1(?1 1.~m'<\l1nwt'l.,.:i.:11u1S"11ii'lf1r11.~1~~t1~ 1uu'<\l'il1.J.,u'<\l~fltit1 1 V1iiri Lu1u 'll , 

t!Ulflrl ri".:iu~u;.:i~n71fl'Ufl17Vl7Wt'l.,JJ7U 1u1 V1J i .:i~u1mm ~LJ"J'<\l.,nVllJfl;U uri:; 
'll • 'll 

t<i:;mrim 1in.,u Lri'un 

1. vm"'.:i.:i1mnmllJ '<\l7nt<1iiriw1.J11 n".:1V1.,ur1i1'<\l:;ri1.:i1u 40% "1Jt:w.d1.:i1.1m1.Ju 

fA 

. 
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I .., ~ '1 d . ., ., 1,1 .., ,. 0 A II i./ 

· un llri: 50- 80% 6Jlm"lf 1-,jnmmmt1t1 u 'Yl:lri "lf -,jrnvmmJW'il:m ulfl1mmlu~ i..vh"l7 
'II 

m:Ut'lrl1-,j l~t1il1'tu1i'llrmif1lU'Ut1t1nil'\l'Ull rl:l'E! 1~1l '\l'U '\l1mhh:u1'ter 1~1l'\l'U 1uif~u 

!!I A ,. A "I g./ 1 IA "I 1 ,; A \IJ !,, d 

l"lfm"lfm'l"Jri-,j l 'v'Jt1t:-Jr1rim:lLt'l bvJ'v'J1 ut-i: u1:t1illJl..!mJ bel ~1 L'\lU'Ylt:-Jriri b~n'\l:1:rnrmt1nlJ1 

b ~tJt:-J;rim:bbt'l L vJ; Trm' l-,jt'lJ1l t'llJt1 'il1nm1M m~1b~mr1u 'v'JU11;u 'YI um1t:-J~riiJ1:lJ1ru 

A cv ( ,::4 .2,, CV I ,::!:I A
1

cv~ 

65.4 t<iri./n 1ri1rir1-"JflJ. "lf-,jrll'l"Jij_)U1rJt1lUt1T'\l'\l:ri~ri-,jlV\t'lt1 34 t'lri ./n 1ri1rir1-"JflJ. 

2. v-nt-:i-:i1-w•i)1f1J l'Vl~nl 1~t.1mrrt.1if1Y1:lrit1ru V\Jl~t'l-,jU1:lJlffi 77° -80°F ~~1 
. , 'll 'll 

lJlbl lt.lb'Ylfl17lJ1tlU 1vi'n"u lbtl lJ 1lJLUt.1 ~-,j~'\Jrn~IJ~~11vi'nmmuu l tl L ~ti 1-ir1t1~lUlUUnJ V1"it 
' , 

t:-J ; rim:lLt'l l vJ; 1 L~ t11t1~1un"-,jV1.,uu;1 
0 1"' d 1 %" 1 ., ,;i 

'il:'Yll V\lt.! U ~t.!t'l1JU l 'Yl:bt-i'\lln'Yl:brl U 1:~rnrn 
'll 

s.so lJ. t1ruV1n~iJ1:mm 45°-48° F VllJUL1t.1u11.JL~t1t.1 1 ~-,j1:uu~m~11'\l:mm 1t1fi~ 
, 'll , 

rJ~-,jbfl~m6JJU7~ 25,000 nfo1"m1 1~t.1~ lt'1-,j'YJU1.h: mru 11,000-16,000 Ul'Yl~t11l1m"fl~ , 
3. y,n,'-:i,n'W'il1f1LL't1'1fl1vi\?lt tll'\l1.,1Jfl17lJ1tlU l.~1~t.1mrrmbt:-J-,jf1Jfn 7lJ1tlU 

V\1tl Hr Solar cell ~-,jfllr!JY17n71'Ylm1mn"ut1ci 1 u~1--11.J1: L 'Yl fl ~-,jf111'il:ri~mlJ6JJ..,tllJrl lJ7 
' 'll 'll 

~m~lb ~tlV\7~ 'Y17-,jlJ7'Yl~b'ltl.:J 1-if 1 uiJ1: b 'Yl fl l'Ylt.!~tl 'tu 
'll 

., ., ., gJ cv cv I Al ~ .2,, u 

fll1TIWfltlTI'1·Hlltfl1J'1fllTIU1vmcUJ n71'v'J ij_)U 7'v'Jb'l-,j -,j7Ut.! tllJ lJt'l1Ubn t.11 6Jl m n1Jt'l Jlll"l 

.2/ i., Al ~ ~ ~ A I I 

Lb1~t'lt1 lJ L 'V'J11:,i:;nmlJt'l1ULU t-it.1ULLUt'l-,j mi:;m : Y1um:mt1u m t'lm1: L~lJt1t.11-,j l bU ut1u 

~Ju~um1l"l"mu1'1"J t'lJ -,j7U;-,j~7LUU'\l:r.m~1Luum11~t.11t11Jfl t11J LL t'l:;~lJ1r11m11um1fl11J 

fl lJ1"m~7t'lJll 'v'Jbb1~rltllJn"ut1~7-,j'\J1-,j'\lJ L~tl ~'\l71ffi7bU1 t.!1JL'Yl t.1 1J ~1U~-~1Ub; t.l 17tl~7.J , 
LV1Umnu"'t1m~t.1-,j l 1 fl~f17U-,jn-,jfl17lJb;t.lV\7t.l~'\l:Ln~;u bbb'l:t!QJV\7'Yl7-,jbf11~]1l'\l LUl"l1tllJ I 

n"u b~tl hln~,J1:; 1t.1"ll'U Ub'l:1"n~1t:-J ril.J1:; 1mri1~1u 1V1~6l!mU1:;L'Y1f1"lf lfiltll 't11VllJ7n~t'l ~ 
, , , 

.f "'> .., . / c;/ "'> q V q o .., q .., 

ff 1 U f7 fl fl7j W iN v7 U'IJ fN 11 j :: l'J1 Pl l1J un fl fl7j'J1 m N'IJ'J? v mn:: jJ fO 7 jJ fJ 1fl fll lfl flW U 
q • V 

, GJ .., ... ., 4 , ., c1 <ii .t, 

fl fl N l f7 f1 'lJ Pl f7 11 fl n JJ l1J U fl fl 'II fN IJ j:: '11711 U fl 'J115 fl 7 fJ Pl 'l fl7 j l:J.J tN ll fl:: m 7)./jJ U 
~ . . 

• I .,![ • I~ ~ G/ 9.1 .., • I '1 .., • I 
flv'IJ fN 11 'l :: l'J1 Pl lJ.J fJl 11 UJ 11 l'J1 tJ 11 fl7 j l'Jf W f1 N 7U'IJ fN 11 j :: l'J1 fl l'l1 fl f7 V 11 'l:: l'J1 Pl 11N 

tJ l'J'Vllii? Hfl::W1177fJ7 j 'JYpJJU7lf/ j 'Jol vnfl fl::PltN ,;; Wf1"'vv7U l ; JJ:uamrnwa V l'J17 . "" 
.., ~ .., .., G/ ~ 4 ..if '1.., .., G/ 

PlvU U fl7 j 'J1.:JllNUWpJJ1J7WiNv1U l UeJU7fJPJ flvllJUlUNfJJJfl? jfj ::t Pl'l llfl??JJfJU l fl 

r ~ u 2/~ U~ ~ <!{ V 

fltJNtN tU'l ::P111N V'l '/,f7'lv?U'll flvV:'l:: mfl u rmnY1 trn::1..h ::Ywun,t Ji 11.:ifl::na.:i 
'If 

C , , G-J V V 

JJ flvl'JJ/U mnnnw l UfJU7flrl'IJN'/,fU7 
' 0 ti .,cf ti ◄ 0 

t<11iJ ,11nmrn1a1a,ir1,1 ,.nu 1~vn11i , 'lJJJJW mJ..'!t'l11Til 

Lb~~11..'! Lb~'\.l. t'l¼1. 'r'lt"lu..'! ..'!1ULb~..'!1f1fi L; t1..'!n11'V'lu©J '\.l.1'V-lt"lu..'!..'!1U1'\.l. 

l.Ji~L 'Ylfl l YlEJ lJ11EJ1EJLLf1 '\.l.fl. t:lunl~1f11t'l fl1 lJVl11'Yl £J 1t"luEJ;t"ll.J1m 

..I 
LlJ fl 23 lJn11f1lJ 2518 
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snua IIAGIGOSiua&i,s 225 . ' 

1110,u,nuA,uoo 10u 
'H"l'U\?\Ufl\?l 225 . " 

9' Q/ ~ ,! 
U1~fltl1J\?l 1tl'l"lMff -.:J'Utl--'.l Lfl'Jtl-.'.!tl'W\?l 

,q 91 IOQ/~, 
vHl:Jf'1 320s, 125 m·•t1J1 U"1~1~uu'1'-.:ifl1"1-mnmuu 
II] "" ~Ill I 91 91 <,! ,! 0 Q/ 

bel'\?l 'HHWl YI blJ\,J'tJ-,'.J 1<iHfHJ'J''ffllJl')'tJV11-.:Jl'W'U\?I, ~fl . . 
61 91 l 1119' <:> I I I l Ill '1' .J. l 
b'H'l'll'W b\?1illf1'15'W \?ltltl 1-.:JU fl'1 ')fl" tJ,:r:rn-.:i n L\?ltl'Vl'Vll'W 

,91 ~r·, -!I ., 91 ,~ 
L:JJ\?1 ti-.:itu 'W '111--:J t 'J'ti-.:i \?I u '1 'J' fl1:ll t Vi'n~ 1615 1t1J1J '11'1 tl"1U 

" ., ¾ !II T I 
1 'W\?11 'WtlfHllfl'l-HL '11'1°1'W1htfltlll\>17'1 61 'Utl-.'.11tl~\?l 

Q/ ,q c:l ' ,q_ f "" "" • 225 tl-.:JlJfl11lJH'lMLlflHV1'W'Vll'W Ll'1~lJU'J'tffV1'fifll'l"l 
61 .o /4 I 91 Q/ I 
b 'Wfll'J'Vll-.:Jl'Wff -.:J CJ:f-.'.l'Vll'W'ilt\?l tl-.:JVtllJ 'J'1J1 1 1tl'U\?I 225 " . 

C) !II • ""> I "'> 
b '1Nl'Wtf1'Wfll'Utl-.'.I L--:JU 

<:> I Ill 91 ,;_ 
\>l\?l\>ltlfftlllmiJ b\?l'Vl ••••• 

[B ~~LJ~~ cA-rER!9!_LLAe_C?.~LEA_~ 

ml 
I 

'LI~ttcri ™buio~uuiiiuii6l bouijbutt~\1 ~1nm 
614 "'"~ 6l~1-6ri jij \.J.{U. 39 n"i\ltfl'Wt-l'Vl7Ufil"a L'1"a 910722 . . ~ . 

Caterpillar, Cat and m are Trademarks of Caterpillar Tractor Co. 
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lR ~\'I \'I 'lU it~ w riu u i!.l"JU 1,1, uu tu \11'71 um~ \'I 

(Cable-Stayed Girder Bridges) 
'1 -::! 1HU'ff VcJ U'fftl 
'" .I oJ cJ ,I ~ cJ oJ -::!cl 

U'i~'W'.fi'U Ul~~l:li'Ylff'Utl 
"" ~ cJ 

d:tJ'Yl'.fi '.fi'i~(?ll 
q 

~ cf I ,,! ci; 
'1t1W'W~'ff tM!'Wtl'i:tJU 

d ~ <£?.q 

f.ll'ill'itl'Yl1hfll41 ~'j. lfi~ fl:tJ'Ul:tJtl 

I '1_,._; ·,•;- ' 

.I~ ~<I .I ., 
'l'1Ji'l I Nordereble Bridge '1'1LlJtl'1 Hamburg 1J"J::;L'YlffLUtl'JlJll 

" 
0 

1. U1'1'1-fl 

<\J 

1u 1 VI~ "1Jm~:;Y11u "ll mfl 1 VI~~ b ~-J L;{ fu m1~.,~m btitl L~ {1 L~ mum~ fitl 
'II 

tii:;v-nUbb"ll1UbbUU l tJ -J l fl tJ'fl1-J (Cable-stayed girder bridge) t-i.,m~ru:;bbUt-in"llmii"u ~fl 

m11m1.,rn11~:;Y11u ( main girder) iJ1:;ntJUfl.,1tJ'fltl~ m.,rnb 1-Jbb u 1UtlU (abutments) Lrn:; 

I v %' v A ( ) l\!lv,:i A t, 4 ., ( 

rimJmuu 1V1umm1m piers utimnnut1-Jii1:;uummmum~U'fl1-JtJfl'fl1~:;Y11u main 

) 1 1 
~ I ,l A e!I '111) t., ~\'J t., 

span fltJ tJ-J"illnbt'll~-J"llUl<iHVlqJ 6.1!'-Jfll"i)"i):;JJ 1 bmVl1tl 2 bmn Lfl LLt-i:;~:;Y11UbLUUU Lfl 
- 'II 

1.,Un71V-i"~u ltl~ l-J"il1-J"ilJblJUfl1~-Jbb 1n L UiJ1:;L YlflbtJeJ1JJ°'il,<f1:;1\1,C?m - VlrlJ~-Jfl1lil lt'lnfl1~-J~ 2 

'1t, , .. 1 "" ~., ~ • ., ,,..,~ 

bt-inUtltJ 1~Vl17-JU 11'1 .rf. 2498-2512 i){;l:;Y11ULUrlmJru:;utJtJl\!UtltJ I 9 ~:;1!'11U'Yl~11-J"lJU 

.. 
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1 uth:L 'YlrlWmll"'uri:1"'urin 

lr11..:i..:i1u-cr~vnwu6UTWU1J1J lu..:i 1~u~1..:i 

u~ t'l:LLV\ ,1n;1uLL~~~m; ti'1LLt'l:fl17llth:'Yl.,'LJ l-rnci 1 ur1"'1ll"'u 
'lJ 

I ~ ~ ~ ~ 
b".lfU Knie Bridge bbt'l: North Bridge 'Yllllcl'1 Dusseldorf, Severin Bridge 'YlLdJI.l'1 Cologne 

oi t, !,;j !,;j.,,.,.,., A 1 of 
LLt'l: Rhine Bridge Rees LU'UflU uamnnut'l:vnuuuuuti ,:i Lfl1Ufl17llUtlll uu1:L 'Ylrl 
' . uu 1 ;n L ~u tJ1:L r,r1a"',1nriM tJ1:rnr1~1.!,,1Lrlt'l tJ1:L 'Ylrl~ Du tJ1:L 'YlrlLLflmm , 

U1:b 'YlflL 1b U"lfL tlt'll bbt'l:tJ1:L 'Ylrltltlmfl1b; ti , 
t'l:w1utJ1:LJl'Yl~L~l~t'ln,1n.,ull1~1tJ11,1ri"'riutlt'l'1tlt1n 1111 u1tJ~1,1 1 L uut<1.,m1rn~ 

'lJ 'lJ 

bb'LJU fan LLUU harp LLUU modified fan LLt'l:LLU'lJ externally anchored harp fl~Lbt'lfl'1 LU 

.f"" 1 1 !,;j o ., I 1 1u'Yl 2 t'l:W7Ubb "ll1ULLUU tl'1 fltlfl1 '1Ub 'V\ll7:t'lllt'll'V\1U".lf 1'1t'l:W7U U 1:t.1: 105-350 bllo/11 
'lJ 

1 I <V 6" ._, I !,l "1 I A 1 '1 1 ,!I I Ubb'1".llcl'1fl'"JlllU1:'V\tifl bl '1bbll17t'l:W7ULLUU W'il: bll lJ fl17ll 'V\t)J fl lJ VI W71 b 'V\ll tlU tltl 7'1 

t'l:W7Ubb"ll1U'Yl.!,1 67 LU L~U The golden gate Suspension Bridge ~b~tl'1°.il'7UVh7Uit'l ln 
,.,,.. ., ~ ., ~ o1 ,., .,~, 

Lbo/1 lJUll fl17llll'V\ rl'\JjjtJ llln'IAJtl 1 nu t'l:w1u 'Yl '1t'lcl'1tll'il 'il:LUUt'l:W7Ubb UULL "ll1Ufl1t.ln u 'Yl'1~ 

U~1 ULLJfl llit'lllUrlLLt'l.,1ll.,U 'Yl~'1t'lcl'1Lbfln~1,1n.,Ullln n71tltlnLb UU fll U 1llifl LL'fln ~ 7'1 n°'uin1t.1 , 
t'l:1~7ULL"ll1Ufld1,1~f inn.,U'Yl1 67 LU~Wr]~n~·rnad1,1L~LUULtfur11,1 (nonlinear behaviour) 

Lbt'l: L~; 'il:~ Lt'l~ tl1 mwm,:i aerodynamic LL~i 1V1f1m:w1uu "ll1ULLUU lt1'1 lflt1ri1,1~ tl.,'1 L~ 
'lJ 

• , , ... o.} 

1 
.. , !,;I 

u17nlJ17llUqJ'V\71Ubb d✓ 'UL jt.J'1b 'V\t'llU , 
~ ti ~ 2. r1 orn fl'l:lW ~'llt>.:til~'Y'llU 1~m11u 

~ 

1. m11-irt'l1mmu mi lt'l~t'l ,:if rnL d✓~ ✓ hi, 1:uu lflj '1t'l17'1'U 7 LU~ fl17ll tJ1:'V\t1"'ri 1 u 
'lJ 'lJ ., %' ., 

1t'lfl Ul'V\Un LLt'l:11m , 
1,_, A 11 u t.., pj di t,, 1" A 1" 2. n71 'V\t'llmmUt'ltltl Ut'lm~m:Lt'lUfi1'1bb'YlU'Yl'\l:LUUbt'lU fl ✓ lli:--Jt'l 'V\1:Uu 

'lJ 

1 ., A <J ., ( ) ~ o.} A ., 
fl1'1t'l17'1llf117llbb "1.1'1m:m,:i stiffness t'l'1".llULW:Uill'V\7 nonlinearity. llU tlt.lt'l'1 

'lJ ~ 

3. n71~flt'l7mmum"JJ1n1Jr1"'1t'l:w1u (deck) Ylll~bnflLL1'1tl.,flhj,WJ.,1t'l:W7U ti1 

'VlfUn71tltlnLLUU~tJ1:wrri ~1UU"lltl'1fl.,1t'l:W7Uo/ltl'1~~1Ub"ll711ll L Un711.,ULL 1'1b 'V\~7~ l U 

1 
., A !,;loi ,!I ., ~ ., 

f11'1t'l17JfltlUmri Lb 1'1mllLLU 1LLnu ULUUbt'llltlUn71tlflbb d✓ b Uo/11fl7U 

4. n71b;tlnLLUU"lltl'1 lfl1'1t'l17'1~".lltl'LJL6Jlfin17'1 

5. t'lltlLflLUtm~'1'V\llflLL~t'l:bt'l.,U lflt1Un~Y1lin1mtfUt'l1fl"lJUlflb;il'V\t'llt.l I bt'l.,U 11ll 

n.,u W1tllln.,Ubfl~mt11:nau~tlt'llt.lt'lf1tld1,1flj'LJ".lf fl ~rimne.1u bb~L~Wu 1fin71~flfl~'1t'llt.l , , 
bflLUmL~n~ 7'1 '\17nn71~ flo/1~'1t'llmrnu t'l"llmt'l:WlULb "ll1U 'Yl.!,1 1 LU 

,,i A A ., ( ) 
6. rnmtl1t.1UL'Ylt.lUnut'l:W7ULL"ll1U stiffened suspension bridge t'l:WlULLUU 

♦, 

.. 

r 

" 

... 



'11.LM;!~l;-QIT.'11.IT.~Lm-Ll}. 't\11'.., ltl1'11.LM;!~UM1U 
Ji "=" t'b l"tl 

b 

fJ[_til!lmL~rnrr.1:rJ1 ~&l;-tl1>'11.LM;!~t, .... lM1 .... W~Ql1>~ drnq p::iJOq:mu A(IBUJ::llXtf (1:) 

dJBl{ ;!fJii 

" UBj l;-~;!'tUFLU .... fJ~;!fJii l;-~L~i~'l1. .... UUL&UQQUrJii;!Ml[_tmmL~ UBJ p::!!J!POW (lj) 

L. '11.f '11.1~m,.,u'l1.L '11.IT.fJ!}iljifJL~ dJBH (IT.) 

" b I 

l;-~Lt.'lil:QIT.~QfJ~& ~ 'r\.,Ul'tUf11 fJ[liij1fJL~ UB.:1 (U) 

~U.l!1::.tf1'11.LM.::t.lrnl!. L, l'L ~11m,::'tUFtu,.,bl g ~rii 

(~) (~) 

~~ ~"~ 
(~) (u) 

~~ -~~,"w '!1.111111'11.LM;!tJ 
~ 

ntrn1t1.trn flm n11nd1uLtf1 m rn :,!wBuApo1::iu 1:Lu. MLL!'tmrni rem reLu~ ·o ~ 
I ~ I~ I I V\ro p::# 1="1 ~ 

~, '11.LM;!tJl'..,l1>1;-ll>~l1>'11.LrnLJT.1.1Ul'tLtJ'11.'11.JT. il;-fJ1fJ 11mmL~l1i1;!tJT.tUU ·5 
..-.:V\ rt> ~ 'Cl I ~ I t;::, ..-g 

'11.IT.1:LfJU 
Ji! 

1:'t,JT.'11.LM;!tJl;-~UU '11.JT.il;-L [JQl'..,ll> rnml'tLll>U'11.lt1.L '11.UL&rn '11. i'l1.lj1i'tLl'..,ljfJL&;!tUtLUl;-fJf1ii~~. 
I P, I ll"tl l"tll"lll"b ,% 'f""5 l'tl 

UUQM iJl'. t &LQ'l1.1;-t i11't ii f,if111j1fJLtJ'l1. t (dJ::iJ:,) Ll1>11ijf.LU !'ti.A. 't\1W'l1. b Qf.1{1. (Snjnpow :,psB[::!) 
l, r' ,g ~ I t1 nt g:, F='f='1=" ty . 

'11.rlt1.~ ~l'tLUJ l:Y6 im,,,u~ L~tf1i1'11.rJ~f1itLUl't~ i Q~kl. fJ[_tmirJLtJi;Qil'.UfJi'tLL!j'l1. t ~LfJM~~Q,.IT.~ii 

" Q;;1t1. UrJ'11.fitLL!j11,..tf1UU'11. t;tJT.rJPtf1Q~ 1~1;::1tA 1; ~LtJirnrr.~QrJ~ Q;;lt1. ~[}mmLtJ~ ~nyt ii~ 

b 

'11.~ i l't~;!Ll'tlt1. i~~&Itll1>1F::1ll>~!!l;t ii~i11111;!t~U .... l't rr1mrn[_tiljifJL~l1l1;!t '11. t ·g 

" " '11.LM;!tJ'l1.11~ [til-hmLtJrnrr.1;LLrr.~ ~uu~ .... u;:~11 '11. ~rJL ,rn1;L_,.ttJI; tl-hl rnrr.1;L~[1t ~ t L~ 

~fJ~UL&UQ'l1. rnLtJi'11.L'l1.L~~~[Jt,~;!~ii '(W::!JSAS J::!Pl!~ JBJnqm) Qyll111ii'l1.~i~ '11.LM,;!tJL,,,ll>l;QIT. 

nw1111;:t n t ( ,<1!:,Bdu:, uo!sJ01) ~G~~L ~rnrr.,11JT.r:iptf1~t~l~t L~I: ~ ~1~'11.LM;!tJL,,,ll>I: ;lj 

" i;~ii'11.jli rnrr. t,L[J t,'11, iil'tll1>'11.,,,ULfJ~i 11L'l1.;!t '11. b rQ~t ~,..&;!&&LQ~i'tifbi;,,,U.~[_til.-hmLtJ "L 
lb I ,. b 

L. ULl'tUfJl;-t,~ '11.LM;!~l1 .... tlt1.L pu,,,n~ .... fJk't;!tf1J~l I;~ r11rni'l1.LM,;!tJ r '11. .... QfJt'j ll>lfb m~~L ~u ~t& 

U,,,'11.lt1.Lf11,..ttLU'l1. b MLU' ~U.~;!t[1~~ii 

I8I 

L~UrJQ,.mQi'11.,..ItLJU,..'11.lt1.Lf~ULU'l1.bMLU'~U.~~t[1~~ 

Lo UttlA ft ta. 

♦ 



182 1m-:i-nw'i.1~vnwu6U1'WU1J1J 1£J..:i 1~w~'l'..:J • ,! <, 0 ~ 
3. '1~'t_h~~..:Jrl6lltM·HW11'Yll6ll'l-! 

q 

+ 

m'lJ 1m '1nT:it1lTI'1t1i~v-nm~'lJ1,;iiiu1nmt1i~'\AJ1u '\AJ'Yl1ilJtJm~h 1 611m mii 1ri 1:J1im1 , 
~ SI I V £/ ,::J I I/ ,:f u u 'il::-t'111-Jt<1::-wm1v,JJ'lJU?unmv::-wmwmwf1flW? "J T mmi:v::-wmimn::-tv1?-JlVJ,JJfJUt'1::-wru 

' 
w1::-1.iutntf'1 1, Vl~~r1mt1i11'1t1i~'l"l1u1, ~ iii,~iiu~u 1, '\AJ17~t1l~'\AJ7U VfYl1:irltlrl; 7 1 l~t1ll'lJTHl11J , q 

-J1mm 'il17'il"J 1 Ut1lJ77'\AJU'il'il'IJ.,u l~ 'il1nm1~1"J1'il61lmflm~~1,~rn6lf1t1J61lm1h~rnr1a':,mp~ 1,1,~~ , 'lJ • 
l,rlt]j'lJQJU 11iin.,'Lim'lJ 1ri1i7lin7"J ~'1t1lJ77'\AJn71'\l"Jl'il"J'IJ1b1lli 1riri1aut1i~'l"llU'V'l'Yl1:irltlrl;l j , 
u~~ t1im'V'lm1'iJ11'iJ11~mi"11ulum '11,'Yl'V'l 1 1.61l~~u 1 cw EJ~1u1ririJa11 , , 

.cit. ,:;,}J, J.I ~o ~ A ~ 1..h JJ ?mWrl'll nft'f::,'W7U'WrJ1ItlfJflWT'JJJ'il ?U'JUC/J 47~ 'lJfJJLJ1 JJ?{Ull"Jf/tJ?UrJJVIJJfl 
' ,J J/ / I-' 

rJ'lJnf lW'U ?rl nt'l::-W?U 

' 
I i 1,::J J/ t,I J/ q I CV ~ mmnutV'JU VIQ/rJ'll n1t'l::,wmwn1it1fJfl'W?"Jfl fJ-Jmrnmmn1J 1J1 t'Jm1fJ1Jt'l::-wm 

' ,l:,; d/ t ... 
mmu tUfJJ,11nmumu151n,1 , 

- u'r JJWI, wntv::-W7U'Wrlfitlf)f/W7 "J ,1::,t1Ji~T fltllJ-1 tnflfJ.,U,flj?tJLJj::,JJ?tu 110,000 , 
., (" ~ <'4 1,/aq "" "" ., ., ) d "" F)'J.I, 61f-JLU1J W.fl. 2518 unJJLJjJJ?{UOJ 110,000 F/UW'/'J 'lf-JLJjJJ?f,U,j[l " 
~ I i t:::l,::;t ,v I V d I ~ &:J t:!/ J/ nmunuu, flt11fJ1J'i/::.JJn-J 1 so,000 f!UflfJ'J u ,1::,mu'J 11.h mmn l'nt'IEJ'i/::,flfJJ 

.,; ., "' 'f II ti., . ,; 
lLJt'/tJUlr:'/Un?Jlf/UWWW 'lft'f::.W?UeJU 

d cit ~ I iJ/ ~' 
61f Jl1JUn71lW J.Jj::,[J::,n?Jllt'l~nEJ V/lnfl 

~ s., -=-- I 

m1i..t~ Q! uv t1m-Jmutm'H 1n,1fJm-Jmn 

'f ... ., " 'f t'lmw, m Jt'l17-J'lJfJJmt'l::,wmwn15t1fJflW? "J nrninn.1mn iJJu f/f)f/Jltl --' ' 



• 

., 

---

• 

.,. 
'W'VJ"j'j'fl clJ 183 

A t;' I A~ </ ., ( ) r A <'4 
- 1nnt.1fin71'Jlfl17~1!1 fl7t"lrlfffU1J'ii'ii1JU Net Present Value fWflfllJ W.f1. 

' ' ~ I=::/ IJ' '1 ~ "' J,, 

2520 LUf/J'ii7nn71t"1qJU'vllr17Jf17U'ii17'ii1l77lJLU 20 1J Vlr/J'ii7nt117.Ji'l~W7U 
2/ 

1mJ l!r/~~WJrlU1unnf7flt117Jt1~W7U1VIJJ'ii~i;,trm7t'l'JW77i1~f/n71ri-Jrl'U 

' ' 
( ) 

, ., ., ,,;~., ., .,. .I 

Benefit-cost ratio m1n1110.B ttri~flm7flfl1JllrlUYJLflnm1flUu1~3J7[U63'/, 

t., 0..,1 V t., A d i ,=:; V 

,nn61J tl'JJI.Wl Jrnn:n.h~nmJn lJb Vlfl t:-JI.WllJmUL fl1Mjn "\l "\l~b Vl U17t'l:lJfl1j'r, "\l~t'l17J 
2/ , 

t<J:;'\AllU; UUn l U1J1b 1ill61J1JbntJJt'l:;'\Al7U '\Al'Yllitltlrl;l 1 b ~m.,rn.J1mm '\l17"\l1~"\l:;L ~'JJ;U LU , 
tlU lflfl 

1 A '°'"'\'-' 1 ._, 1%' A 

'YllJnj:lJ tllillin71"\JJ brl17J fljJnlj bb~:;m1mL1J1Jt'l:;YnU61Jl'JJLb'JJU 7bb1J1JfltJUmfl 

u"rnL 1J 6 L~u;u ~ J"\l~Yl 1m1u1.,rnh Jriuu 1rit11t11J1J1nm u~uri1t1 LL~~t'l:;'l"11it 1 vi~~ "\l~ , 
t'll'JJ71m.,1Ji.J1rnm"\Jjl,Jjl,~~J 700,000 fl.,U~m~vl. ( 1ui'.l '\Al.fl. 2540) fllrl'Jl'\l:;L;tl~l 

fltlt'l17JUj~'JJ7ill 180 t'l7U1Jl'Yl ) 
. ll'l 

'\l1nLfl1Jn1161Jt1Jn1'JJLtllillin11u ri"1L 11'\l:;u 7LmL 'Ylfl 1 u 1~~~LL1l~nmmJ~n L "\l 

l!Tvr~u 11 uth~L 'Ylfl L 'Ylm.J7'1 1rimu~ tlU 1ULL 1J1Jt'l~'\Al7UfltJUn1 fltl.,rlbb j JbDUt'l:;Y-JlUbb 61J1Ubb 1J1J 
2/ 

LtJ'1 LrJtJfl1 J 1 u ~~L 111~ri1m1fl"um1L~ t11n.,1J1lim1nt1t'l11JLL~:;1 Lfl11~~ u~ 1J ~~Lutiri 

~1vi1.,ut'l~Y-JlULL1J1J~ LL~~L~L '\l\91U 1"\l~Lu1 tirn 'YltJ1J6JJt1~61J..,m;t11~vi11Jt'l~Y-J1mL 61J1ULL1J1J LtJJ 

lrltJflj Jn.,ut'l~'\AllU ~m~ ltl1illif17j,J:;t'l17J;il, b ~m~ '\l~bl:lUmuu Project rl1vi1.,1JU1qJqJ7fl1 

~761J71f11mj'JJ ltllil 1uri"uu '\Al .fl . 25 19 Ut1m1n~L17tl.,JLri"\l.,TiY17Lb1J'IJ~l~tlJ61JtlJl.'l:;Y-JTU 

u 61J1ULL uu LtJJ 1rimnJ ri"11..1mri11 ~1u 1 : 500 ~.,nMm~LL~:;1i.JLL 1JlJbfl17 1 61JtJJ t'l:;Y-J1ULLt'lm 
2/ 

rl.,Jj,J~ 3 
2/ 

a"'flliW~'l.leMtt~vnu ( 1un 3) 
2/ 

Cl.I o'I A I~ 

rnt'l:;'VHUl1J'l,I Lb1JlJ twin steel box- gird7rs LLt:'l:;'JJfl17'JJtl71fl mum 244.0 L:Wfl1 

fl17'JJ; mmmuvi~.,n (g irde r) 61Jmt'l~Y-J7U 2.0 L:1Jfl1 

fl17'JJnf1J'Yl~JVl'JJrJ61Jm~1t'l~Y-J1u (6 ..dmriuu + 2 'YllJL'Yl1) 34.o L'JJfl1 

Lml.'i JL vi;nnt-i'1rl 1vif1J LtJJmmmu~ri~Jt1~rn-1,riu~t11 ULL~.J1t'l J 5 o. 0 b'JJfl j 
2/ • 'II 2/ 

t'lltlbflbU~o/17"\lln cold-drawn, zinc-coated steel wire 

.,::, 2,, I ~ 

bb~~:lJ bt'l 'Ut:-JlflUtl nmJ 15 "lf .'JJ . 
2/ 

.,. cJ 
fll'i1lflll~l1 

~ I V pt o 12,, A A I Vj I 0I 2,, 

t:-J~m:;'Vlum~L 'YltlU6JJDJn71bbtlUfl1 'Yl ,J:;'Y]7 Vl Lnrl Y-lrJfl n1j'JJ tltllJ biJ LUU bt'l Uflj.J 
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I 

" "' ,,, l>l/10.J 

5341~.---~..,C..,,t.Lal~ 
-2512 

I 

~ ~I:::::============="""~ 
8-rid.je J,~~J Co{".!}ne 

w.,{ e.502 ~H.01 t4 "1-6f M 301 Al.------ l.50~. ,
50•4f 

'F 
(10':'f(1f/n~);!.J Leve Yk u. 'l. e"' 

.2. 5 JJ. 

::::1>. 

~ lit 

.u t 97.4 JI I ID4'-1 "t 

Julicherstrasse Bridge 
at Dusseldorf 

t..Jf.61 ft.51 a,.,) 
w.,(, 2.507 

12 

No-tfh l3o.,,;-; E'lf'1d3e 

'If.,(. P.5 /0 

No-rf/2 B-r/d3e. ;;'i,.J Ju!.se/Joy f 

r,.,/.,t501 

'Rhme. BYt'r!Je ~~es 

,,.!(. 2 l} to 

Maracaibo Bridge 

, lfo, oe.eac., l'oJ 
w.d.•aos 

Baiman Bridge, Tasmania 

'601 .201, 41 '~,, .. ,.7J 
'ft, ;(. 2.5 IJ 

"' T T -- ◄, " ., 'iUll 4 a'~'t'llUU'IITlUIUU UM &AU\;'IHlll.J UU'il'ilUU 
V • 
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• 
(nonlinear) lUt'l :;YflUbL"ll1UbL'IJ1J 1ti,:i 1~ tiflj,'.J,Itltl3Jln 1miJU~~.,~~Ln~ ;Wil1,'.1 1 ll.,mi:;uim 

I 1 ff U ,=:J'4 I.,, QJ A ff I "I G A ff 

m1 illl!Ufl ~ ~ YI b~1U'il1nm11Lfl11:;vmuu linear-elastic t1t11,:i b1nmll n711Lfl17:;V! 

·1.,, ..,.,.,i!,;j 
LLlJlJ nonlinear t'l73J71blYl7 Vl,'.17tlt'l,'.1 b~ m1,1, 

o A ft 11, %' U .& 1 11, A 

1. Y11mnLrn1:;V1LLlJ'IJ linear- elastic mti fi'U,7'1,mm.!)1,1,,:i 1 ~ ti •JHn7flllifl 

,=i I A GI QJ ~ I CV I 

V11mtJ11,:iLL 1m 1 l!Lu u Vltrn L ~t1V17LL 1 ,'.ILLt"l:;m1LLt1i,1,fl 1m,:i 1 
~ 

. .., 2. 1im1u~uri.,1~!.~ri11,1, 1m Vl7L 1"1J1flm~V11mtJ11,:iu.,1,1, 1 V1~"1Jm1:;u'IJ Lfl1,:it:111,:i 
.. ~ . 

~ 
O A ~ Pil ~ 1 11,., A ~ I ~\1 I,., 

3. · Yl7n711Lfl17:;Vl UlJlJ linear-elastic t1nfl1 ,'.I ~tl •1JU'JJ7fllliflVl1mU17,'.!YI b~ 
~ 

., <ti ., 

,i1n"1Jt1 2 LlJU Vlt'ln 

4. ri1-i1 1 L'lfu~,11,1,m:;YI,!,,'.!LL1,:i~1,:i 1 ~'t$i'rinri"u,:imiJt:1rn~uV1,:ifl11iJt:1ll~t'l~ 
~ , 

LLt'l:;m1LtJ~ m,1, 11.JL u -1,1, 1tJmiJt:1Jl1~"1Jmflt1~Yi 1Lmrf 
~ 

:; ;,i'-Jn~rmnnn, Hi I 1.httm JJf/EJJJW?lf/EJ1m i? lf117tMFn?JJlfryU'l/EJJl m-JtV17-J ri'? 

Ell/7-J Stress Ell/7-J hnmJJm1? mn~HFn7JJlf'JU'JJEJ-JtV~'W1Ult'll?Ult1111T llvT fll/f/j-J{.V?JJ?jf)r77t~ 

r "" ,tr s, o!, If tJ I v I l: ,J I ' y '"' I If ,a, 

~wmnmn~vi m-JtVn-Jn? 1 ,t..l 11q;mm1tmumtmuunm,rn~nammflmwq-JllmLfl 

flllflflfl U UU 
AouA 1.,, o~APllv~ 

t:l ,:Jt:l 7fl qJ'Yiflmmu,:iri,:iiJmU 

1, ·:n_foj'~ (cross section) 
"' 

n. 1tJri.,~1u,:iri11:1:;~1u 
~ 

"ll. ri 7LLVl'U,'.!LLt'l:;1tJrJ.,rl "llmLt:11!:l ,'.!LLt'l:;t:11mmu t'l 
~ ~ .. 

2. l::: 'lJ 'lJ 'U tl ·H'I 1 tH fl 11.HI 
A 

n. 61J'U~ 

"ll. 1:;ti:;~1,:i1:;WJ7,'.1,J~fitl flli-1, Vlt'l.,n (girder) n.,ut:11mmut'l , 
A A 

fl. r111iJt'l1rnuti,:i1m t:11mmut'l 

3. lffliH (tower) ., 

~ 
n. t'l.,mim:; 1fl1,:i1:111,:i 

I U A 

,. m1riunummmut"l 

I q, v I 

fl. n71fl flnlJf11!:l:;~7'1,ULt'l~fltllltl 

11m"l:;L;t1~~7'1 1 ,i:; L~Utl 1 u Project ~7 Vl11J tJ1qi q/7 ri11f!1 n11ii 1ti rr1if m1 

,t 

flmj1 2s1s 
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.,-!4 'JI ... 

11'1H'1tH>l·H>..:J 1. Structural Steel Desig~ers' Handbook Frederick S. Merritt, Editor (1972) 

2. Great Buildings of the World Bridges Derrick Beckett 

tt,umnul,"'y 565 'lJ rhL~e,..~ tJil'!~ 

e.tfie:t~,m.Ja,.ti;i u.a:Ln~B\J~Lllfl 
e:t'l1-1'1iin'lritn fl'l.te11 £! n ew1&1't1 

Ltlul~1Ju;\.lo1,u.~1Ju.~nlu\.l~:mfl1'1t1 
l~\'.11J'lui1JLiie vu~ . 2462 

!U a., 
0 .cl O U 

u --i'l.J n--im u --iu n--i u 111 

.ca. 

1/IW~i1 
o 91 - I 

l11A1Uu€11UA '1 ,llfll'l~rn 

,~ui,hnu u·oA 1ttrtWfl1V1 Ofll1'1.,flt>tt1i.tu 
q "' 

~~ ~ ' <II 
ll6lftl&UU..:Jll1tt1ttfl11 60 11 

6)91 ~ ., ., ., 

& 61H fl1 tl'11ilfl1l1'ltUllU 

~, T ' mu &H'11ttUl1..:JU1fl 

,rn~111w~uA1tt1h~i11r1111u 
.. q 

PERSONNEL WANTED 
You'v e had a good education., 
You're looking for a good job. 

You'll find it in. the Bangkok Post 
and Bangkok World Classified 

ad vertisemen.ts. 

BANGKOK POSrr 
BANGKOK WORi..D 

SUBSCRIBE TO THE BANGKOK POST AND WORLD
YOUR FUTURE DEPENDS ON IT. 
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• 

' 

.:::,,,. u .a, 0 U 

u"ii H 'Ill ii1 u "l :Un n "l ii1 1i1 "l n M 

,. ~ ~ ~ 

rn"ll'Yl 16 6.lfU 6 mm1u161f~ bY-Jrnm 
,i 

1n1. 827646, 827647 

ii O f 

NUl1'U\ll'H'UlU 
"' 

""lo1c!il ii ii ii 
W'1(,lflWC}') 01UUfl1 ,nitUfl1 'tillJUfl1 

c! ii l 6UtHtNilfll'iUfl1 ffi~l1'i1-lfltll 'H:I.J 

. ,q ., 

tlflll'Ul1'Ulfll'i 

., ., .:a 

ii1 :u u -J" "a 111 u "l "ii "l:U n 

... ., 
lJHJll 

II) cl c! ~J,~,q !lie! 
tl.11-l U 61-l~ fltl'Uff (,l'i fl'ti'U tl fl1'YUlJ 1-ll1 

0 ., 

\llflfl 

lni. 9105s3, 910312 

~ ~ " 
6\llU!fl'itl-1 AIR COMPRESSOR U'Htl 

" ,, 
INGERSOIL- RAND 

, 
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f ... 

~ 

i 

.. & 

e.Jiit\'l"l u. i'.JEJ\'lu.nritn~"l 

11UJti!lUl'll1fllllmlfl LULl'ltiflf~~ 2 ~ 'lu\11lJ1111111J11"11Vl'l:l~U\llll!l~1U 

'IIMUllfllllllJ~11m11~ .i"1m~n~111:.i11J~Jnu ~~'llll1'11tl1.iuun ~~N11ui~111m111 
◄ -, ~ ~ • •, ~ • t II • 

'lllJNMlU lll'l:flllll111Ul'l:l!lUoilWlJL\lllJ Loi U~1UUY111f!l111!1HU 

mfl1'!111r11m·m'h~ri, 

... .., .. ..... ., If "' • 
1. Magnetic Amplifier lli1UJIIJ1\llf!JJ\.10f1n1,/1U1'1 5 tl11JlfULW!J\.lllJ1 

Wiim;1nJn,, control saturation of the iron core 1w1t1JJ lab. 
_, ~ • ~ II 
lJ11ilf1011TIH1UA~U :-
• ~ . . ,,. 
lJ a.c. winding ~fl\,I\.IJW\.l!J~'l"!JU iron core fl!J 1\JaJ a.c. supply 1m: load 

,rw.:1iia1n·urh:ii d.c. winding iinlffl\,l~JW.\.l!JEJU\.I core 1iia1n·u l'i1\,l'ITTn1um1 control 
' . 

, sa turation of the iror core 1flam1tJiu d.c. supply 'lln~lllf!JJ saturation of the iron 

core tlllJ1'l't1UlltJ control power across load rrn,i"1u a.c. winding 

2. Digital E lectroni c Sto p Watch IU\.llfl~BJjjB~1ih.fl " Time Period" 

n,1l'i1Jl\l'!l!JJ magnetic relay 1'1~1ltJ1fla1·f1,1n,i1J11111n17lJ supply current l'!lllua·J 

magnetic coil ,uiim111n relay l'imu ·(on \,17!) off nlfl 111111111Wfllf!JJ magnelic 

relay il'u 1) 1rnn,1nil'u1f1~!JJjj!J~!J1,li 1ltJ1i1um11·flma,rmn,11f J1\.l,r!JJ component 

UlJ!J[JlJn'\iJ1iiu 1,000 ,t11lJJ lfl~!)Jjj!J~IU\.l~IIJl\.llf!JJll~iim,11un 3 

3. Speedometer IU\.l~nJl\.l'!l!JJllniimnun 3 

IU\.llfl~!JJ1f11!JUnl1\,llJ\.l'!l!JJ!JUn7tllU1J!J[J1Jnfl·!JJ01110J speed 011\,llJ\.111 \) 

"'~Ju1n 1-iu 1uw·fl lJ!llfl!l7 ill ~Jv,1r1m1~umtJ~:111Ju11t1Jl~tJ:iimi1n·u111u~ri1JJ 

011,:111 1iu 1w111 m~ ,,uti'v 1111J,,n,.,,t11Jflhl,:11:111Ju11~1.11l'ltJt1:11mmt1J~1i1 . 
lJla·J detector~ Jl'IJ~lll1!l lt!a·J counter 1111: display !l!JOlJlLU\.l\ll~,rn 'll11nflJ h'i1 ..iuuu· 

., ~ ' . ... 
\,l\.l lUl'llJ ,r!)Jl'f11!JJ 

di .., ... ◄-
4. Impedance Bridge meler IU\.l~IIJl\.l,r!JJ\.lnf!nMlU1'1 3 

IU\.llfl~!JJjj!l1f1111 Resistance, Inductance 1m: Capacitance 1flamr1•a,.,,11·n 

nl'l''!l!JJ 
0

Bridge Balance" 

al .., .. ,....; 

5. Solid State Multimeter lU\.l~IIJl\.l'!l!JJ\.IOflnl,tlUl'I 3 

IU\.llfl~!JJ1fll'l1\.lliia1n·u Multimeter (111 ·voltage, Ampere, Resistance l;;) 

1111ii Input Impedance ~JO'llli71lJf11 1fla 1i1J'l1 Transistor 1iimtJ1:n!lu 

' . 
, I~ o· II I 
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0

io1:-i 
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UV!nfl'1 

Cll .., ,c ◄ ..i 
6. Passive Filter Demonstration LU'\.L~t1J1'\.L'!lflJ'\.LOl"lnlflUYI 5 

LU'\.Lll~Jll~flJnJ1J~'l''llflJ Passive Filter L~flu'l'zla'lf¼lum1tJ1:nf1Un11t'lfl'\.L 

Cll .., ,. ◄ ..i 

7. F.M. Stereo Multiplex Demonstration LUlU./t1J7'\.L'!lfJJ'\.lnl"lmnur1 

LU,.m~.JLLt1fl.Jii.J1.J'i1LLf'l::t-uci"nnTni1J1U1lfl.J F.M. Stereo Multiplex L~flli 
lum1n·nmh:t1f1J ( labora tory) lLt1ZU'l'ZOflUn7'l'n@ 

"1 .., .. ◄"'" 
8. Oscilloscope Demonstration LU'\.L~t1J1'\.L'!l!JJ'\.Lnl"IOl,J7UYI 3 

LU'\.L 1i1:llt1ZlL~JLl~flJnJ1J~'l'lLt1Zn7'l'n7J1'\.L'll!JJ Oscilloscope LLUU Double 

Beam l~fl \11 '\.Ln7'l'n7n7'l'U'l':t'iflJLLt1ZU'l':nfJU01'l'nfl'\.L 

9. Stabilized Power Supply LU'\.L~t1J11.l'll!JJ/11111'!f111"11m'l'lJ1vh;j7 

LU'\.LLf1;flJ Variable Voltage Supply ~U1Ul11 Voltage Output 1fifl\mi 0.8 

iiJ JO v ~mm~m1~111i.fu 1 LLt1i~11J11n,1am:LLn1fi o-2A 

~'\.L,!7'\.L~fl~flJ 11 fl!l7JlJ~n lun111.h:t1om1Jhh:/1-iiL;111miimi' 

.. .. la di ~ 

Lfl'l'flJlJfl'\.LLU'\.L~UO'l'tLI 

10. Frequency Counter and Digital Multimeter Li1iu.J~.J7U11fl-l'U..,nftm;i 
-,.; 
UYI 3 

LU'\.Llf1;!lJ~\.ii1t1m1lJ~'!l!JJ signal 117J •1 lm:LU'\.L multimeter !l1alm11;!JJ 

Lfltnri'u~ ~-:1,:: display fllfl1.J I l1ft11flLUufl..,1Lf'l111JU~,;1u'l1,.t11o~Lf11oJ 



• 

.. 

""' ""' .. fl1Tl1'1f11fflfllUllmtMfl~ 

Alf .., .... ......: 

1. Solar Water Heater Lll1-l~ftJ1W!l!JJ1-lnf1n1'111Jl'I 

Solar Water Heater LW!l~mciri1J11!l1-1ltm 1iiwft.JJ71-lf117lJ7•01-1~1mL~J 

01Ylflt 'Ylt:.JU1f1Utl1f'1U1..,'1flflfln~Uf117l.Jifl~ ~~tl11lJrl7lJ11(l 1imT1n.J~1Ufl11l.Jiflu 't~n.J " , 
L'lf1-I l'IOJLtf)J \110 1mfoualJ LU1-lf11nft1Jl1-1n111riu~z~lJWft.JJl1,\f11llJ'l01-l,10LL~J!l11111t! 

LLfl"1ri "~ 1u 1 ~ur1'1'1~ .J\ ,..,r,~1u'Ylm! 1~ ~ Jfl~ 1 uu~u ft11flfl t1nfiufl11l.Jiou ~ 1::uu,i1ti1fuu . " . - ' llllll1,\L7am, Flat Plate Collector 

,1n'l!11otJmci1111J1tJt ~1m1n~;11J1101-1lfl11omw1i'.;tJ1zlJ1m 50°C-60°c 

11-1tl11J1m 100 im~o11-1 11!l:tlmci 1 '!!fl (,imt1~1-111 /35 ;111JLlJm) 
' ' 

"' .., ....... 
2. Sola r Stea m Generator Lll1-l~ftJ71,1,i!JJ1-lnf1n1'!71Jl'I 5 

Solar Steam Generator LU1-1otlmci~~lll!JJ1t1•1aw~°'.iJ11-ILL~J!l111f1U 1fla1ii 
' 

Wft.JJ11-1m1lJ1!l1-1 ,1m1~Jm1111a~J~11-11tJ1,:;n·11J1~1-1mzl'l•JJ1nft1mu1-1 l!l mmtJ~otJmci 

'l!f1~1ii1zut1 Fla t r·1ate Collector hnmi11,:;J,n~1mu1,1 l!J 1!1am11·a1~11~~11~nm1J 
' ' 

~-11,1m1lJ'l@ lfl~JLU1-1f1·1nft1J 11-1n11f1fmii1-1 w~·JJmtnllJ'l!lU,1nLL~Jm1111a L1if1~J~11,11tJ , , 
1,:;Jwiimiia1n"1-1n·111~11u Solar Water Heater L'f1UJLLl'l,ia1a~1-111n11i11tl1 lJ-1t\Lfi11lJ'l!l1-I 

,1mL~J!l111!1[),i!JJ Flat Plate Collector 1,:;~~1-111lJ1n;1,1 

~1notlmm'l!f1~ ~1imn~~lll!l,rllflU7ZlJlt\L11,\~Z 1.5 ~m 5.; 2 ;m h 
' ' 

,imt1~1-111 1.2 11111JLlJm lfla 1,:;~mi,~i'.i,imJ1Lii!l1111 95"c 

ell .., ... """' 3. Variable Compression Ratio Engine LU1-l~ftJ11,l,i!JJ1-1nrln1'111Jl'I 

~m11•1-\Ll'lfi fo fou W,Z, OlJLnif1 1i1-1~1 
• ,J • 

11'1~ 1:lMfl 

1. L0011n1,11~lJ11n1-1~,ioJLfi~mam1 L~!l!ll111!l•f1 (compression rat io) 

• ,J • 
11'11! n-a~fl 

1. L0!ll1n1'11n77l\l~,im fl uid ~11-1 two dimensional aerofoil 11lJiJ 

fl uid ang le 11!l!ln~,n tra iling edge L~mtl~a1-lfi1,i!JJ~lJUZllZ 

2. 11n1,11 path line 'l!!JJ fl uid L1-l'l!t\L~11,111-I model 117J I LLft~l1n1,110.; 

wake 'Vifl..,.J model 

3. 11n1'17n77 flow ,i!)J fl uid ~71-1 model 

and drag 

. " ' 111.; 1 W1!llJl'IJ1,nm li ft 

191 

Solar W :1lrr I l ea 1cr 

Wind Tunnel 
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Ce ntr ifugal Casting ~l a<hlne 

...... 
fllfl1~11fl10ll"~~ffl~Oll 

1. 111rn~1111uu11Jl1m~ (Die Casting) 

Die Castin g LU\ln1"l"IJ1fi\.lfiO 1n1,1:iin1ii\.l~J iJJ11n1,1:,:~no",11i1'h.Jh1 

LL1J1JLL"W1JW (Die) ~~m11Jn:Liia,m:oo ,i1um11JL11~J mu lii~tUWJ~LLn:m11Jf111 

IIJ n71\.lfi001u1ii~,:,iiJ1\l\.lfiO~~m11Jn:Liia11n:ooaJ ~1J111,:L1uun:Liia11 a1lJ11t1 
' ' 1-1n111iiLU\IU11J1tUIJ1n '1 l11nn1n"111 n71\.lfi0LL!.!1JLL"WIJW11m1J1n lin"rn1\l\.lfiO ln\.1:1-itllJ 

~fi0Jn71f1111JL~UJ111JIIJ ~,m,mOIJL\.la1~1 L,i\l Vi1nOfilJL\IUIJl-ltllJ a"Jn~i.ialJ ' , ' 
YIOJLLt111-1a1J ,Lfi: LL1JniiL-ia1J1-1t11J Lu1111•11 1ii~u·J H1-1;11;11ti111L11;0Jimnn~iimn11 

m11JL~aJmJiin1,1fi1a,rii11 ;11ti111111u1111~iioJn11m11JL~UJmJt1J otlmnil1h!l1LL~• 

L11;0JjjD~oa111m111J111111J L11;0Jjjo{11 1w1 1,110,rm H~i1Lu11~1:;11\ L,im11;0J li 

hh::wal\l\J1\I otlmmti111"nJi\l ,a, n11mimL1JlJ~LvimL,;;IJ;\10~1J11t1L11 Lrto'" 

11111mtrnJ LLn:,it1iutl; JY11JLY111ii11111J '1 l11fi111m11J1ii111uo·11 folJfl LLlJU\.lfiO 1~1,1: 

LLfi:J111~,ii,1nn11\.lfiOLL1J1JLL"~lJW 

Die Casting Machine 
al ,.; .. • " t ,.; .., .. t: ~ -LlJ\ILl11DJlJOtl1\.11U\.lfiO Die Casting Y1\lnflm,1,mun 5 111m,r11mn11lJ 

m1a11,1n11 amu"mn11l111niim:,omn~•1 n111J1 ,ii,11111;11l1Lm iJnmiiL11;0Jjjo , , 
Die Cas1 ing ,tt Li11.u·hu,..,it-3,io..11,1 PE. 5407 Production Engineering Projecl ,..,u1u 
ii11 3 1~fo"nnm,ni 1\11\1 3 11\1111 

Lfl;tl.J Die Casting ~ L,j\ULlJ1JLfl;O.Ji'O.JL~U (Cold Chamber) ~ .J\UJ1U 
... ' ' ..i mL111\.lao1Jo~111J1,11n,1mmm 

(Horizontal) .. 
ff1J1111\l t 'llll~li1lll~ 

- al ... ' - ' LLfi:Ylfl1'11Jn711Jl1LLn:L1Jt1LL1JlJLLlJWlJW o~bLL\1111011 
' 

Ll1;0J Die Casting ~1-1nnm,11111li~L\•11J°l:n\m11\.lfiOO~~LiialJLLfi:U70\l'Jf 

a11J11mi1J1110"111iit11:lJ1lll 8-10 1111 <l11uHLA;u1 3 tl1niu1,1"1011) La°'11~1~\lllnfi7J 

'!IOJ\.1·1of1tl1:1J1m 50 IJ.IJ . J11,111·n~o·f1L;,,;;,; J I tl1:1J1m 1,0 n.n. (o~faiiu1J) 

l1111Jlfl'!IOJJ1\l~0-11\.lfi01iit11:lJ7lll 90 IJ ,IJ, \,l\11U7:IJ1lll 10 IJ,IJ. l11111117J1\I 311\1 

mlJ71tl\.lfiO "1'!1~1 LIJJfi: 30-40 ;\I 

2, Centrifugal Casting ri1111:'h 
Centrifugal Casting LU\ln11lJ1iim1\.lfiOln\.l:1ii\.l~J lt1a01fl"mmL\.l~UJ 

(Centrifugal force) J1fo1,1::Y1ri1n"mno1JL\.ln1,:t1nLY1nJ~LLUU 111'!1!11::YILLUU\.lt'IO..,lJ\IOU 

n"uri .J11a-.,:,:nm -.,~uJ ltit!:n:n·u~uJLL1Ju111~11111J11:ur.v11,nJaJ fi1mL 7JL -.,~aJ;\I~ 

LOJ ,:111 h'i;11J~\l~\,lfiOfi1uiiit"L~OLL\IUiin11Jl\l\,lt,Dn \.lt'IOfi1:LLU1Jm 1un111J111 l'i1 

h'iJ7\l\.1~0"11llltllJUfi1'11Jnaiin11fi1u n11lJ1fi Centrifuga l Casting ~ L \.11J1: n"m111 , 
\.lt10njj1tJ11J symmetric L,i\l Cylindrical Shape (1tlmJm:1JDn) ~nn1JLt1U,"fiOJ11 

' ' 'tnLLlJlJ (Core) ,ii 
Centrifugal Casting Machine 

LLliufl~O.J~[l~,,.,,,-"'u,.,,fln 1tiiw,::fl~1tJ1; Centrifugal Casting ~li'nnmflfl1fl11f1 
1fl1n111J011tl1\.ln71 jj~ 5 amu"mn111111~iiv,1:,mnmn n11ull'i ,,;11 liLOJ 1111'!11 , . 
PE. 5407 Production Engineering Project 1,1u1uii11 3 li11"niim,1~1\11\l 4 ~\1111 

Ll1~0J\.lt'IOL\.l~UJ~LLUJtl1 \ln1t1"tj/oOnLiiLU\I 3 ~1\1 iio 

n, . H1'U~L~\1Lf1~!l~n~n1n~~ 11lJOLf101'!1\11t1 5 LL1JlJ1 1111lJL11101J 1,450 

1ou110111n 
I "' liJ d "' d 1~ .; 'IL \'11\IYILlJ'U~tlm11mlav111111lJll1101J '!11:uu Cone Pulley LUM\111111J 

L1110U1:Wl1J 900 101Jfl0\l1YJ ~J 3,500 101Jfl0\11Y\Lfi 
' ""' ' ( ) 1· • ' • • ~ ti 11. \'11\IYILlJ\ILLlJIJ)l\'I!) Pattern llL\.IM\.lnOnfiJ L1UULU\I; mJm:uon 

n11J11t1\.lfiOJ1U~Lu\.11tlmJm:uon lii Ln111-11f1',\a nn1J111a11onaJat1 

s ¼" ui1 23" LL1J1J\.1~01,11om:a111~m1J11mtl~u~ ,ii1111J111111~iio~n;1 

ff1J11fl\lt'IJ!JJ , 
,oll I - ... I , .... ~ d I fl .,,I 1 ' LmOJ\IML\.11UJ\l tl1lJ11tl\.lfiO t1YIJL\.ln n\.lM L\.lfi nL..,\I U1LLa: n11:11onn~1J 

L\.l; n LY\L ~~iiLiiU IJ lLn:YIOJL\.lnOJ LU\111·11 nllJ11!1\.l t'IOJ1\l~LU\l;tlmJm:uon 
nfi1J,ii1fl (110n) 1111 s¼ " ui1 23" lii,r•1LlJJn: 8-10 o'i. 111111111 2-4 1111 n"JJ 
.J1 fo 1,1:n,:1J1L Yl \.lt'IO:\.l~UJfiOJf111J l1lJO!ll W1~liinniimt11u (110\IL YI) 

,. 

1 



• ◄ 
Na~,\l~fl~\lnffm,n 

s. ~tln1liJ~•n.~\lli111{1mnmiaii1 hhn (Dust Collecting for Cupol•) 

u,,uU~U{U\.11;JLL1f1tii11JLUt.n~1:1 ~Lrif111n hJJ7\.l~flR7\.1n1·nJfl1,3 '7 n,a .. J 
..i ,ii JI I ., • "'I .,. I ,,I 

mm1";11L11JvJ,r11 11m,r1ni1LL,r11JmJ 1mnJ1rn1Jmn:,r,nnJLIJIIW1,JmJ111 

11 JJ1\lofin11,,n11;tltiovoon"11 ;;.,,"ft ttlfom ;, L ~otl1: 1v,rli'n ,r,rmmn,r111nv11"1 ttl 

' fovt1niim,.,,tim.,,;nii11t1n1 "·n,:tltiov~ll~J ;L~•,,;m;mwiiJ (ci1111iin) 

oon tt11un111u1L1rn 1niiLiivJ"1n Yi, 1iimmnnntl,n 111Jmn1,r11mn11"~fin111n·1 

nmu·11L 11n 1111niiw1:,o"Lnti1 fi\lU1 tiim:\111°niiJn°vo"11t't;J tiih111"nrin1,11,r0Jmn1,r1 

1mn11"~nn111ni1 Jii s ;nYi1L;40Jn°n~11tt1iinL'll1n"rnmii11tln1Luo1 1 ,r0Jnmu11 ~ 
iiiio1LLri1 iinLmlltio11nnoJ Nntl11nl)111,i'ni1tii~nii 

.. ., 11 
1tuu,rnmmH~mp1 

Ln40Jtin~11ti1llirnmlltioii1 hJn1iiYi~11t't 

-imn11"onn1\lm1 nmu"11mn 1111niim:,o"Lnri, fi11u1 i,11111 , flll 
.. ~ ' 'lfJLU\ln1\I 

' ' .. - ' .. 
\lUJ'llflJ111'1 PE. 5407 Production Engineering Project "\.l'JtJnf'l 3 

ti,.,,im:uuii1,i'n"rnn4oJt'ttiiLLri 1:uu "cyclone" (n"\1~11) foa1~1iiw"n 

n"~n LLf11 ii LL 1 Jn",1mmwi~11 ,,mm tt1.,,"11oti 111n°J ~11.,,i,i'n,:nnotino11ti1J,r0Jci'J 

n1m1mriuoontii111mv\le1J ' ti,.,,iummn~,:;ontJtioJt~ Yi11iim~1niioonlt111\ 

• ., ., ' Iii ., • "" ' ... n 1111u,r111nLLn:nnn111 ,roJ1:uu Cyclone 11 ,:noJoomuum111rnLU\IOV1Jft 

;J,:n1"11nn·n~11tii ,r111mLn:n"nti111,i1J 1 iiYi1Lrn:1iitiiiin":11111tl (LLuu) fl~: L~1\.1~ofh 1tknn4 \1u ''"?tld1t1 riL~ut-mJ1U'll

1

flJU.,nnn1:11u~::01,11U 

,r0Jnmu
0

11L11n 1111ntiw1:,o"mti1 fi\1~1 ti1a 

4. Shell !\lolding :an~lh 
Shell Molding \1"1aiij n11"1ii'Yi1LLUU\ltio ti1\11UNnm1\lf11J 1 111111J 

lltiflllno"1nll: LU111ii'n110°11\l~Jii,i'ml-iim1viiini (Silica Sand) ot11JLLiJnii11 Nn" 

n"'urn,·vm1nfit1;1vnn Thermosetting resin L°!f".4. Phenolformaldehydes, Ureaformaldehy 

des, Alkydes LlC'I::: Polyesters Lii,ulu v•m1t,fiflfl ... ,m~11~,:::1Uu Binder ri1h1,rnu~flfifln"u 

fl11lJLLiJLL7J,ioJLLU1J\-1~0 Shell mold ~,:::~lJln luri"'n,;m:::,io-1 plast ic ll1!l\-1ri ... J~'tf1ti1 

LL1J1J-V,~OlJ101JW1ut1111J{OULLti.,1 ~ri--J11n~'Vl1LLUUVl~OflflnlJ1Lm.,1 .,,,,u,:::nfl11lJ\-1U1 

1.h:::mru } " - i" mlJtJnfl shell mold ,fo,:::'tl1LUu 2 ff1u flmLuu,r~uum'lun "cope" 

LLri:::LLuu,run,..,L'lun "orag" ti1l-1i'uuru~1 (Parting line) ,.rn,:::o~luLLU1flt:J (Vertical 

plane) LLUULLf1~:::~utioJ~Liiuu (Dowels or pins) 't'Jffrn, ... uUt1uuu'tfioU1J~nfloJ ,j~:.,tu 

,:::fl1l~uuuflrilflLfl;O_!.ntt1Cfluuu ...,~ ... ..,,,ntJ1:::nul-17nLlflLLtJtJLLt°f1,loJUfl cope LLri::: drag 

1\lmi11 L~m1n1L11il'1fo\l:LLC1~,:tiit~n·111iiLLUULLanoon,1nn°11 LLn:liiLLuu (Corel ri 

n°0Jim1Jl\1L1auioariouunLLurn,r11L~a1n°ULLUU!'l11Vfi11"m 
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WITH COMPLIMENTS 

HAI KANSAI PAINT CO., LTD., 

MANUFACTURER OF "FAN BRAND" PAINTS SUCH AS STANDARD 

PYROXYLIN LACQUER, ACRYLIC EMULSION PAINT, SYNTHETIC 

RESIN ENAMEL, COPAL VARNISH, HIGH CLASS MELAMINE RESIN 

BAKING ENAMEL, THINNER AND HIGH SOLID LACQUER WHICH 

IS A FAMOUS AUTOMOTIVE FINISH. 

180 THAPARUG ROAD, SOMRONG - NUA, SAMUTPRAKARN. · 

TEL: 940976 940992 

" " CABLE ADDRESS : THAIKANSAI SAMUTPRAKARN, THAILAND. 

SOLE AGENT: 

THAI HUAT R. O. P. 
133-137 WAT TUK SQUARE 

BANGKOK, ,.rHAILAND. 
TEL: 221322 225296 225600 225601 
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