


INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES

Autarquia Associada a Universidade de Sao Paulo

PROJETO E IMPLANTACAO DE AUTOMAGCAO EM SISTEMAS DE
IRRADIACAO DE ALVOS SOLIDOS, LiQUIDOS E GASOSOS EM CICLOTRONS
VISANDO A PRODUCAO DE RADIOISOTOPOS

SUMAIR GOUVEIA DE ARAUJO

Tese apresentada como parte dos
requisitos para obtencado do grau de
Doutor em Ciéncias na Area de

Tecnologia Nuclear.

Orientador: Dr. Valdir Sciani

SAO PAULO
2001

SOMISSAD NACIONAL DE ENERGIA NUCLEAR/SP e






i

o



oy




















































CHE——x 111

it

S —











































LT3






Il. L -
o T
= . 7 3 1 : 0 4

. ' Sz H
PR ] - -I#': L - LN |

? o rl‘ A el ok i & b - L - d_‘
i s R BOSEDG R | S

i i b
oot 1 “m B —
R | '.1_"... i g =

i
ol g ¥ -
-7 - M — "

= o wte | e =il I LR LW am
o Ca I sy o
e —_— IHl"i-+-|—|—|-—l-- - . [ i = SR ~——

i 4T - :._l"..! =

a s M= L : N T
'...'q:u I all Jo= = e e T e L e I = T ]

T .:1.'.':“!“-_-_-!1-

: PRI UVOTAATESSIN AW F mEsR.
s i
- W MGE M DD A IRITE e e v e

LT S ALY s

e

T -‘-'.“'.‘.'-Ef' l-ll:l:: ':-:"..:.-

- TES S a_m @
H S i

N ssds o cdbda e e — did
= 2T e ATl
[ -:-'f?‘p-.'l‘ :I. 7 L 1-:-‘!}.:IH. wh e :_1.-. !"“-l-l.:l-....‘.l_—-r.'_‘:-.tl.:r e
. s
== - § o e emwkE [T
g e A R D TS SR 21
i ERELeA

R
. S -

L] ] e ] —'..T_:...'_ T T
- ' Tl oda= 5 . N - .
mTme g Ty o anmE Me—iafoTel )
—_ e =  featk- =" N = rat

-
% w g il e e L
L 2 [ LN B "

.

¥ g ud - iE E f ¥ [ R —
:;‘E p——— I51."---!—_-!' = e "‘-"'II' D Tl S S R -






i

#""'..n...,.- :;.._.:.’-.1_"-.:.: wi' e T
B ... = T ar oA — s __-.-.' - =% _|--T :-.I-_‘..._ A

— R !_. jﬂ-.--..'.r-.-—q.l R -'3— T R

3 Ik "-_." o e e MRBa, L, = A m "'rf.'-r o { .'"q."-r = = .

CEL T s toalla LA et e miey ET TR ) S T SR

i e R T
- = -ll-—'r'\.'rr"-

-

— Y [
e
._I.._.."-l' "1!1_r -

-

o Lo N L T g R PN LR

(= dZ a1 T @y 20 L TNl e e AL, K] -
]
¥ . s K : = 3 b, & - L ]
. = _ A .. B & - i - -
R e -l!-'i' '..-—"L_.." A b= rm g ks wm fakE b L " . :
AT (e wiape wmaemsoen T, g = FEE e Lol M s 8
————— R T el Bk e o - — e T
‘& L * : N e
- .:r ‘”I - m i : 1 p s, L I 1] f = =
- B e - [ - -




























(3



13y






e









Lo









=4




F: =l e — -
— ] - —— S
T
e —— ... ——— ——— — —— .
i
—_— e S —_——— TR e —— —_— ——— _——
AR A —u —— RS I— A S . = a
|- - —_— S ——— . == — e — —— o s
Y Lol ey S e e s’ e
= — vy =l —f —
‘ +]
i
= — T LI TP i 1 i
= — e ——— —_— - —_—




e - - S T & e e = Cmw =
A e T Lt S mem s Aty s e ke ]
= I’ = - o=
L -I—-l-!_; - ¥ _||—_. = g e o e g 1 e e Eeasa il - e e
e il A e =] L e e P = 5 st L et il o A S S
] = . = B o —— 4 s oo™ R - —— L T & ia v .9
- = - = — bpw b l--l_-_-l-'l- - .I.!,l.__ - - - - 1+l|-
- T8 - b 1 whe 1" . T 4 .
3 | -....!.. .,':"'. "'-':.r--. o Lk el e 2l s -_f'l._I" __.'-I.nd--- - . - .
s )
-
:'"-i-'i—h' ‘l:
P y-a-nes- " o S 1 — . —— ]
et e T *_,',,__-__._-,'..-__-_-.r,_: o

. .

3 a - - e = P = b = > =
—do— = MO TTEISLLT ariees s & SRR =S
MANsE—t Sl S VliWleE i

-!., .r - — — - e = S
L5 S i
o . N N
(IR = I, Sl - b A MR RPN
-q.,l- g r::'- - -
ﬂ -i_-_-i--lll_-l- I =t @4 i
T ey e e
T R

L L S W e

L] p— _'I_- w0 Y il
T 1 i-ﬂl" B -ll‘ll- . = b P
B | o Tl R b T g T
Cp e e e o ey B B e
B e e S | = P
=4 ke, Ly
i T
i

























i

L

o

L] —
¥




; —_

i

| O Pt g —_—
1

=



http://7t.mm.mrad
http://7i.mm.mrad







- TFTEF

- —— e — —

=















L _
I3

7
HH _nm.__.ﬁ
A=W =
L
S |
V27 WL T










CaMARA DE WACUD
IS0OLANTE

ok TR
LTk

41-I







e

S ﬁmwn *
B




Ezﬁ]\j\\
] |








































iem.T L A mrmg o mrel F L Lm CDIMTh BRIy B AR e AT NEFm i









TE,


















B 7 o

R

A g o
- - 1:; -
L N P - b o = SR e LT i
s m T EE W o b @ med” R Eeq - LI | - 1 L -
= a8 . g — L3
SIS o owre Do = sRfE S

i o
R T I
b i ! Wi
e ?...u:\..._..: ‘ .'.u".... -..:‘

£ = T, moaiemy o=
e i t i - F —_— B

J i
- - i = —E "

FEE
= oear vl ool 3w . L

R FHL I o T

. - ) .

o Lloraeed Tyl L L AT elfie
LGS T ) - i i . .
F":' Fy = ~= o= _:' '.‘ r-;' - # .

: !l = i .‘l — . |.. A |
e W R r----m-_--__. —— —y - 8 —




=

[Frzinn

B =181 %]
3 L 2 50 50 (=4 B
Clae-e S e || o] pdel [2 o] L0 2 o - el |
= =
| | :
F—
41| _ ‘._Jﬂ
EETT S|







Pty L e
ovle] o]

AEARSEAE Jha] [EEA IR ) P ES

Y I S L Lot 0 S W B = |

...........

e ——— A, e ———



file:///iiew

Inicio

SELECAD DO ALVO

- O

Gas0s0

NTEGRACAD
Ok

YL RN

L

F 3

ALVO NA
CApPsuLA OK




mm;:-:\

10 *mbar

PR

r

REFRIGERAGAD

NIVEL DE
.'*I.JL oK
-

N.L

i
L

-

:

-
"=
-

=

-

t

TeEMPo DE PURGA
Ok .
o

43
%f

N’u
| |
s




R
| 1
-'"--.-LH\-'\-\.
-
-r_\_hh --“:}
"'\-\.\_\_\_. - -

BEFRIGE=AZAN0 Q0K

HELIO
b
X
i
""'\- e
q_— ..... —
L
Cafiy
of}
L J
e B0 -
= o
i 50y .___.-" ke
e L
o

_i

X

20

+—
¥

Qﬁ} OK

—
T







1=1-





















-

¥=i

- e = b
- h .: LI ] . ll b [ - ..'-. |.._.|. '-'T_-
s ] Wi HOY e -II—.‘--- = | F 3 =
= FRwal .__—E'..." = £.'I'.='_:h-..- ——a 't:w:.. E e — - : =
& | i - f—
R A
M — il i— S o -y " - i i
. I !_F -l - by . .' 'H: - -t_—'--_: o T P!}. L i l_p-
ol - : I
e W S = R . — 3 .
H i — le=g b o el b= --F.J--*i 38 = 'i‘ B
iaw na B
R I e e A R e =
[ g rd B . . - _— e Nt ¥ (T
e = e e e e T | —_ T -t o m—_amy
=" e ==L i e e W == =l T O . ot e W gL
i P
.lr"‘:| - - -
i P - v — e = - o N
¥ L 2N ° F E.‘.::.: S LA ST
S —— - =W - B = - i - = . e
e e ] S b TEATL =T F = Al
- o T -..--l'—|1|"|.|—-—- Y ...1-.;---. — - .
: 5 s = s W e A i »
u— |--—-- -—_‘|:--.-I-.-| - — T _:_:-ir E’Iq_' I'-' = P —_— e e
o - K :
N N - - ] - o ann, ] o -l i —
._....,...._J:r_:,u....l =SLEREEY i e I b bod - -

R

—

—— . — L —t—l-l-— d- S — fe——
—_— = - &l _:' =__n.—'_"' = +|l.\_ "-I-I-“':‘rl‘ }l—ri- i bll_=_|...:|'..
. = B v - . - “',_., a0 1] == | —
[ B ks I'. Y | LR '—".;F"' ® i ol - r L= % ]
. I — =ikt T
i Tl asmhkE M s =D =23 E % =_4== | =—=ic=
k N . i =
e mw | E— - omw B o mm me We ri-q—pl-ll—--—q LR "=
=l [ L S
A — W b " " w3 e
q—?_ r—— -i'q-—. I--n--iq.l'—q.q.-'l.: F—q-p--ll.q I|I b -
b L - - " . - e o — - —
|l-.. Ers -I 1 :_I‘_ "‘-4 : |.. . . I".-- e :‘ ':.;_';_ ‘.:..' e ‘-_ ..Ei' I|I|,I'Irl1 —
" ' s ¥ ol e -  Sames e = [ — =
o= w" . e S = S — = g S R Ve
wa ] | I - ——— . = s — — - @
1 . = 4.5 = =5 - =] i = =
i . S

EE s ) e A CRcE ._.t.l.‘ﬂ..]u. = ...,_,.".

l! L Hl - " - b_ st
= ik w & W S ER
'-r-__l-l s g apey’ By | [m——— L
Pt BN S b i Eea womed ol
L == e — [a— o
e =r e = it e
- - e .,..-_-.-.1__....-1-" ok A o

lﬁ- -—"-trp—-‘—'-:. -\-‘-ll-.-ri #-H-I-“'l-" s

- o -|-- — — —_—
" WA S x| T T

- -_-! - | - .::-'l.J L F:-
e w blediTe mE e = @
















-AMARA

CRIOGENICA










.

l1|i|'l| 1
1 ' : -
# ! . F = [
"
-

‘t







SILEE i
-.: L -r-I-.-|J
o il =
rtl = rer =" ..F
- 1 il =
Filie T ®EF

et 2% Tt % M B i
E = e T3 -
S T 1 - e = e ] = g e T R L =
l-_';‘I"--- - Tzwl'i-: -;_-:-_—= -‘:"_'-i- fﬂ.*l 1 :._1‘“:‘:. [ ‘lh'_lr_'-_ =¥ ..r‘fi.-l- b‘I"_“- e : [
P i Yo Py
- R0 = " = H I saligm e =2
A R T v . _
s s — bl - ]
ez = =T [ [ - . Wi o .
1 N a sy - = . i = £ o 2
,rl' |, ¥ i - - T ity l* . o .
B patg— R sl el 80T e !-l-: el b By e  om L e, Ny T ; =K
- Pl R T S L P T i £ - . Lny
slgrr=Chagmt i Sa phAv T 00 W RFemu= B NS0T
= L L 1 a2 I
. i P " "4 = W .
alaly H L g A f y o
T T L e L Rl A T = =)
IS o=t :-"*'n = x| et e i 3 e = W = T
e W '-:i— o :-'
ey - a -
-l Ry '.l - .':‘-i
B
i - rll_'r:_.:—

R

P | R ==t .i."t_-.:;.:_ Pl

Ei S ML p VR
™ ' S I ot
UL E S EOTIAT e e B e =
L] - [ -l-.d..-tl - IHe . i
o = bty - Feam. IT T = 3N e e T
Sk TR Y = e . ] I 11 O T P ._.'E'l'-'ﬁf?-’- o BN Y A ) R Tt o0 v A R A S yar ot
-— = PR
" BT L
L L
b i .= .
A LR
A W . i
-
|-I-—l||'—'li-'|1-'. -rlr_-ll—llll- 1'""' :l*— ey
— = TP Y ., B Il o .
- e —_ -—-l'H-'-'l-:l' Hl-l--'-'rlll._ L e me eeme B i S

- = ';"""l"" . 1|Ir-_ P g

-“.-I e - o N
-I-I R l-tll ¥ 1|-t' - :--'---#l-_.uli - LS T T im
SPSYIT S, S SuesssRmRen:



RN







] PS4

3
| T BT e e
= L Lo by
[E i [ in
r i = 1 P =
5 A I [ =i | _ R v =
1[0 atdaiiba i

TCE T TR TS L]
rm m_._n[

!lJ!_lJ!.l-". el - A5 v
i_ -



file:///5ICMFNS/S

+ +

L T T

o

4










|2 Ee  ~Bx - & neRe |

-
A A
| s
A
> Ty

FERMACAD KLAPLAL
WY HH IS S

=71l

L1 1
- — o

e A N e

iz =5p e jme =
|— __
N+

2R

W Wbo
AT (58

L, weyc |H

a |

Sy



| /| W O | 3| 2 || | | PR 1T )

e 2] E ﬂ]_'l — % 5 '|i|l G A

= e — - -
i | —

= | = — — p—

- 5 :

— i e



HTEGRADCR
= [ roGRAMAnG - |tk |
E =
- =14
— 00uA 2 o =
0.0
00uA OO WA e
, ®
U] Q RESET
ﬁ s ——J-bl"‘l
(oo () Joc.~ P
g 00Ci

Alvos Shlidos lehqnlﬁntlﬂmﬁml Tiniln:l-l Alarmas l Comanda I Text




ALVOS GASOSOS

PA——— P = —|

Ftun

|'I!‘ -|#|ii

L 1o
‘- I'.I'I J
| v
0

Campresiar

| -
t= b A Aliris

| USUARIO : emg |

msanujmmmlm“ Gumoses | Tensdncian Alsrmes Comando |  Text |

g~

0o

Mves Solidos f Alvos Liquidos || Alvos Gesosos | Tendénclas Alarmes Comando Text



[ 03

SL VDRSS e







GO BETDON CIRCA




e































s



e



£



P









-





http://www.uic.com.au/mp26.htm
























http://www.siemens.com

154

APENDICE




) T
4 -
) Tt e
T me y E
4
—— s +
s :
- %
N AT T A

e = e



Fi = -
% B - ——

——— ——— ™
e s
T e
; e '
* =
— v
b == e E
& e o L5
ek -
IR e ik ek
—r——
¥
- i
|
{ PR - 1
T ——
_ ; : : |



llllll

£ .00 NOGICNEL [F ENERGIE NUCLEAR/SP 1w

T ——





