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ANNEXE 1 

Déterminat ion des nioments d ' i n e r t i e  par  r appor t  à l ' a x e  d ' o s c i l l a t i o n  des  

d i f f é r e n t s  é1Ements composant - l e  système r é e l  : ~ e i g n e  v i b r a n t ,  

- l e  système expérimental 

I - Etude du peigne v i b r a n t  

La m a t i è r e  composant l e s  d i f f é r e n t s  éléments e s t  supposée homogène, 

de masse volu~uiqiie p. 

1 - 1 .  Le peigne.  

Nous l P a ç s i m i l o n s  à un é l éncn t  para l lé lap ipGdique  

a 2  b 2  
= p e b l  ( -  + - - )  

12 12 



Application numérique -3 
-3 2 

(2,5-10 1: (24.10 )+ (90.10-3121 J peigne/z1z=7600x2,5. 1 0 - ~ ~ 2 4 . 1 0 - ~ x 2 , 5 ~  -- 12 -- 12 

1 - 2. Les colonnettes 
Elles sont composées de 3 cylindres dont l'axe de révolation est per- 

pendiculaire à l'axe d'oscillation 

en coordonnées cy  1i.ndriques 



Application numérique : 

-3 
- 3 

J colonnetre/zrz = 2800.V ~ ( 2 0 .  1 0 - ~ ) ~ [  (20110 ) '  + (5'10-3)2+ (1!6,5.10-j2]+ 
12 

-4 
J colonnette/zlz = 4,52.!0 kg m2 

- 3 
soit pour 14 colonnettes Jz'z = 6,33 .10  kg m2 

1 - 3. Les contrepoids 

R~ a2 
J contrepoids/z'i = p ?i a  R~ ( + - + d 2 )  (voir O 1 - 2 . )  

12 

Application numér ique  : 

- 3 - 3 -3 2 -3 2 (17,5.!0 ) (24 10 )+ ( 4 i .  10-3121 J contrepoids/z'z = 7600 x ?lx 24.10 x(17 ,5 .10  ) [ + -L-~ 4 12 
-4 - 3,17.10 kg  m 2  

- 3 
Soit 14 contrepoids J z ' z  = 4,A4.!0 kg rn2  



'1 - 4. Le t u b e  s u p p o r t  d e  p e i g n e  

e n  coordonnées  c y l i r i d r i q u e s  : 

A p p l i c a t i o n  numérique : 

1 - 5 .  Le manchon 



J P 7 4 4 
L 

manchon/zlz = - L li (Se. - R î i )  2 1 
i= 

Application numérique 

1 - 6. Arbre de torsion 
Hypothèse développée au 5 II - 1.2 : L e  moment d'inertie retenu sera égal 

3 la moitié du moment d'inertie de l'arbre par rapport B z'z. 

Moment d'inertie d'un cylindre par rapport 2 son axe de révolution z'z : 

en coordonnées cylindriques orthogonales 

A p p l  ication nu:néri.que 

J arbre de torsion/zv z=- [ 2 ~ 7 0 . 1 0 - ~ ( 2 3 . 1 0 - ~ ) ~ +  2,53 a (17 ,5 .10  

1 - 7. Rotor c i i l  mote-ir 
-3  

D'après  l e  constructeur J ~otor/z'z = 1 8 , 5 5  10 kg m2 



1 - 8. Moment d'inertie du mécanisme industriel par rapport à l'axe d'os- 

cillation z'z 

Nous appliquons l'additivité des moments d'inertie 
- 2 

J totallz'z = 5,26.10 kg m2 - 

1 - 9. Moment d'inertie de la monture : peigne, colonnettes, contrepoids,. 
tube : 

-3 J monturelz'z = 29,58.10 kg m2 

II - Détermination d'un dispositif de moment d'inertie par rapport à l'axe 

d'oscillation z'z égal à celui de la monture. 

11 - 1 .  Disque 

Des contraintes technologiques d'adaptation sur le manchon nous imposent 

le sctiérca de base suivant 

P 4 4 4 JZ'Z = -- [ a(r4 - ri) + b (P. -ri)] 2 e 

(voir 5 1 - 4 )  

Des contraintes d'adaptation du disque sur le banc d'essai nous ont 

amen6 à fixer certaines cotes r .  = 24 mm, b = 14 mm, r = 29 mm, a = 2 5  ma 
L e 

Nous pouvons donc calculer R : 



~p~licatio'n numérique 

LI - 2. Balourds 

II - 2. 1. Balourds de moment d'inertie/z'z égal 2 celui du peigne 

et des colonnettes 
-3 J ~eigne = 9,3.10 kg m2 

- 3 J - i5,66.i0-~kg mZ 
J colonnettes - 6,33.10 kg m2 

Nous avons choisi un cylindre de rayon r = 30 mm et d e  longueur 

H = 110 mn. (critères d'encombrement) 

Déterminons la distance d pour que le moment d'inertie par rap- 
- 3 

port à z'z de ce cylindre soit é g a l  à 15,66 10  kg m2 

R 
Jz'z = p !i h R~ ( - + d2) 

2 

Application nurnGrique 



II - 2.2. Balourd de moment d'inertie/zlz égal à celui des concre- 

poids 
- 3 

J contrepoids/zTz = 4,44.10 kg rn2 

Nous avons choisi un cylindre de rayon R = 2 5 m  et de longueur 
r 

H = 60 mm. Soit d, la distance entre l'axe de révolution du cy- 

lindre et l'axe d'oscillation z'z. Pour que J contrepoids/z'z 
-3 

soit égal à 4,44.10 kg m 2 ,  il faut que : 

R ' [ J z ' z - p h  7 - 1  
d = / p l l h X  2 

(voir 5 II - 2.1) 

Application numérique 



V é r i f i c a t i o n  e x p é r i m e n t a l e  de  l a  v a l i d i t é  de l a  s u b s t i t u t i o n  du d i s q u e  

d ' i n e r t i e  à l a  m o n t u r e  d l  p e i g n e  v i b r a n t .  



1 - Fiche d'étalonnage de Ira.ccéléromètre piézoélectrique 
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II - S p e c t r e s  d e  f r é q u e n c e  

S p e c t r e s  d e  f r é q u e n c e  d e s  s i g n a u x  v i b r a t o i r e s  mesurés  s u r  : 

+ l e  p a l i e r  d ' e n c a s t r e m e n t  

+ l e  p a l i e r  c ô t é  moteur  é l e c t r i q u e  

l o r s  du fonc t ionnement  du p e i g n e  v i b r a n t ,  e t  d e  l ' a r b r e  d e  t o r -  

s i o n  a v e c  d i s q u e .  Le p a r a m è t r e  a n a l y s é  e s t  l a  v i t e s s e .  



4lncik~ce cn tenps rée l  de l a  vitccso dzns le plan verticnl 

- p e i ~ n e  d é t  a c b e ~ . ~  rSe7 

- a-+*'ore de  t c ~ û i o n  e t  disque 
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P a l i e r  encas treizent 

A nal$:c eI: ti:;s TLCL de la vitcrse d'uis le plan h r i z o i i t a l  

- peLç::c <- ' t~c?~c~rx  r k l  

- arbre dc torni.cn e t  di-sque 
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P a l i e r  ~ o t e u r  
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1 - POSITIONSEMENT DES JAUGES DE CONTRAINTE SUR L'ARBRE DE TORSIOK 

Deux s é r i e s  d e  h u i t  j auges  de c o n t r a i n t e  s o n t  c o l l é e s  à i n t e r v a l l e s  

r é g u l i e r s  l e  long  de l ' a r b r e  de  t o r s i o n .  L'une est p l a c é e  s u i v a n t  un 

p l a n  t a n g e n t  h o r i z o n t a l  ( 1 ,  3, 5, 7, 9, 1 1 ,  151,  l ' a u t r e  s u i v a n t  un 

p l a n  t a n g e n t  v e r t i c a l  ( 2 ,  4 ,  6 ,  8, 10, 12, 14, 16 ) .  

Vue aggrandie d 'un p o i n t  : 

II - RAFPORTS DE MESURE. 





gairi pont 
ga in  

e n r e g i s  t r e t  
Remarques 

s t a b l e  

s t a b l e  

s t a b l e  

- - 

s t a b l e  

s t a b l e  

s t a b l e  

v a r i a t i o n  
de l l  PE 

s t a b l e '  

s t a b l e  

s t a b l e  

s t a b l e  

s t a b l e  

s t a b l e  

s t a b l e  

s t a b l e  

s e n s i b i l i t  
UEIV 

N o  cornp- 
t e u r  







N" Poin t  

2,2 

10,2 

16,2 

2,3 

10,3 

16,3 

- 

g a i n  pont gain s e n s i b i l i t é  
Remarques N O  comp- 

enregis  t reu:-  U E / V  n ' cas se t t e  t e u r  

+ - 1 100 O,] s t a b l e  92,3 2 480 - 530 

+ - 1 Y00 0, 1 s t a b l e  53,4 2 480 - 530 

+ - 2 300 0, 1 s t a b l e  44,l 2 48fP - 530 

+ - 2 100 1 s t a b l e  483,3 

+ - 2 100 1 s t a b l e  483,3 2 

+ 
- 2 100 1 s t a b l e  483,3 2 300 - 350 



111 - LISTING DU PKOGRAM?E ANADIG 

(Langage de programmation : BASIC) 



.? .A if w ! { V $ ~ W  il 3 
'C .+\'+'J-4-4 q r *  u<r$i 
3-4 ., 0 m c c  Q Q q q  ., .. * 

rnB+&-Sà o-i c o  m 3 4 n  
$7 $, TJ ..- O ..- u- '.- - 4  O-- 0 7  -- tn m i ; o ~  z z..-.,- i trm 4 = rwintb,etb, -G:t?IfJq z GJm 

Ln n i f r t h  W..!x rd - $ P O  
;O i r r f d  v 4 iir~r;it = W.-. CI n W C *  ln 



! Dec lenc :hemen t  de  l ' a r q u l s i t  i o n .  
OUTPUT 704;"ZTC 5 0 i , i S A v  
STATlJS 7 0 4 ; s  
T F  s o y a  THEN GCITO 6 7 0  
FOR X-i TO 37 
ENTER 704;H( ï 1  
NLXT 1 
ENTER 7 0 4 3 1 8  
ENTER 704;R$ 
ENTE"!? 7 0 4 ;  T4  
! T r a n s f e r t  d e 5  d o n n e e s  a n  mema.i.re c a l c u l a t e u r .  
FOR I=i  1'0 512 
ENTER 7 0 4 ; E p s S ( I )  
PRIN7 l , E p s % ( I )  
NiiX'T 1: 
! CREATION D't.1t.l FICI-i:E E:R S1JR 1.. 'IJNIJE DE BANDE HAGPIETIQUE 
! DU CALCULATE.1JR . DIEIEF4SICJN : 40Fbf  I NUIIERE I!El VOIES 13 y t e  
! L E  NOM DU FICHIER EST INTRQD11:i.T AU CLAVIER PAR L.'OPERATEUR 
PRIN'T' PAGE 
PRINT USING "27X,K/3UX,K//";"CRERTION Dl1 FZCI-1IEH SUR","BANDE I'1AENETIQl.fl:" 
PRXN'T IJSING "K / "  ;"INTROI)UIRE AU CLAVIER L.E NQMERE DE VOIES EN F)Al<ALtELE: l i T I  

EES" 
INPUT Np 
PHINT PAGE: 
PRXNT LJSIPIG "Z7X,K/3üX , K / / " ;  "CREATIQN DiJ FICHIER E ; 1 I R W ,  "BANDE MAGMF"T:CQ(JE:" 
PK:~.NT UÇING "K ; INTRODUIRE AU CI-AVIER LI: NOM I)I.I FICHIER soli..; LA FCIRME: : !" 
P R I N T  iJ!1ING "//2SX,I( ,K ,K//" :CI-- IR$(34),  "NCIM",Cl-i l?$!34) 
PRINT USING "K";  " 6  CARACTEREÇ AU MAXIMUPI" 
INPUT A $  
Pf4INT PAGE 
CREA'I'E A $ ,  Np , 4OC?6 
ASÇIGN Bi TO A$ 
PRINT  t i , i ; E p s i ( Z )  
PRTNT 8 i , % ; E p s 2 ( % )  
PRSNT P i  , 3 ; E p s 3 ( b )  
P R l N T  PAGE 

O PRIN'I' IJSING "///K";"L'ENREGIÇ'T'REMENT EST TEKMINE" 
O END 



TV - LISTING DU PROGRA%E CALANA 

(Langage de programmation : BASIC) 



A 3 / 1 1  
! P r o g r a m ~ a  "CAL-ANA" de t r a c e  de f i c h l e r  de d o n n e e s  s u r  t a b l e  t r a c a n t e .  
OPTION BASE i 
D I M  Epsi(512>,Epç2(512>,E~ns3~5i2~~H(37\I.,I4,It3l,R~C~~,T$~22l 
! P r e r e g l a q e  de l ' a n a l y s e u r  5 4 2 3 .  
P R I N l '  PAGE 
UUTPIJT 7 0 4 ;  " i T C  I F M  ÇT" 
WAIT 3 0 0 0  
OUTPLIT 7 0 4 ;  "0,OSY Ç O I  , i S A "  
ÇTATUS 7 0 4 ; s  
IF S096 THEN GOTO 9 0  
! E n t r e e  d e s  p a r a n e t r e s  de r e g l n q e  de 1 ' a n n l . y s e u r  v e r s  le c a l c u l n u e u r ,  
FOR I = i  1.0 37 
ENTER 704 ;  H( 1 ) 
N E - X T I  
ENTER 704;Tg  
ENTER 704;R$ 
ENTER 704;TS 
FUR Ill TO 512 
ENTER 7 0 4 ; E p s i ( I >  
NEX1' 1 
! 1 n t r a d u c t . i . o n  d u   no^ d u  f i c h . i e r  d e s i r e ,  
PRTNT IJSING "K";"IE4TRODIJSRt LE NOM DU F ICHIER EN SIJR'TIE SOU!; LA FORME3' 
PRTNT USING " / / 2 S X K , K , K / / " ; C H R $ ( 3 4 ) , " N O M " , C t l l a i i i ( 3 4 >  
3.MPUT A9 
PKXNT PAGE 
! T r a n s f e r t  d u  f i c h i e r  c a s s e t t e  e n  ~ e ~ o i r e  c a l c u l a l e u r ,  

A S S L G N  4% l ' i l  81 
K E A D  # i , S . ; E p s i ( t )  
READ # i , 2 ; E p s 2 ( t \ I  
READ # i , J ; E p ç 3 ( * )  
L_= i  
DUTPli7 7 0 4 ;  "501.) %RA" 
! T r a n s f e r t  d e  Ep5L.C 1) d a n s  l . ' a n a l y s e u r ,  
Sl-AT IJS 7 0 4 ; S 
I F  SOii.2 THEN GOTO 3 4 0  
FOR S = i  TU 37 
OUTPUT 7 0 4 ; H ( I )  
MEXT 1 
CJIJTPUT 7 0 4 ;  ï$ 
OIJTPIJ'T 7 0 4 ;  RB 
CIUTPUT 704;T$  
FUR 1st TO 512 
IF L..=i THEN OI.JTF'l5T 7 0 4  ; E p c ; l (  I 1 
I F '  L=2 l t l E N  IJUTPUT 7 0 4 ; E p s L ( S >  
TF ~ = 3  TWEN au.rt7u.r 7 0 4 ; ~ p ~ 3 (  I 
NEXT I 
! M i s e  e n  p a g e  e t  t r a c e  s u r  t a b l e  T r a c a n t e  d e  E p s L ( X ) ,  1 ,  
IF L = i  1HE.N CJUIPLJT 7 0 4 ;  " 2 ,  i 2 O Q  ,840QPL 3 ,7200 ,  408OOFL -i, ,@EPSilaPR" 
SF L.=S THEN OU'T'i"\.iT' 704;"2, !~200,4 '80 l fP l  ... 3 ,7200,7200PL.  -1 , ,BEPS2PPRL' 
I F  L=3 7I-iEN OUTPUT 704;"2, iËOQ, i2fFOPL 3,72110,3hOOPI_. - 5 . ,  ,i!?EPS"3@PR0 
ON XNT 87 GOBI.JB Sri P e r l s r e r _ . , s r q  
CONTROL. MkSK 7 ; 5 2 8  
CARD k.NABLLE 7 
OUl'P14'1' 7 0 4 ;  ", 1PLPL" 
IF.' S!>?8 THEN G&I"T' 5 5 0  
OFF I N T  %7 
RESE'T 7 
CJU'PPUS 704 ;  " UR!ii" 
wnal z o o 0  
OUTPI.IT 7 0 4 ;  "--.t, , @ @ P R "  
L=l,+i 
I F  L)? TMEN GOTO 6 5 0  
GQTCJ 3 2 0  
! Ti.tnr-ec;<lj fin r l i i  n a #  r!ti P i r h  i ~ r b  e;ilr r n h l ~  r rnrr inrP.  



. - .  .,-. -. .. - - - .. - - .. - .  , - - I - -... - - .  - -. . -- - .- .. -... .-.' . ... 
PLOlTER 1s 7 , 5 , " ? 8 7 2 A 1 '  
L I M I T  1 0 , 2 0 0 , 0 , 2 0 0  
SCALE 0 , 1 ? 0 , 0 , 2 0 0  
LDXR O 
C S I Z E  5 ,  .5 
t . O H G  4 
MUVE 95,s 
LABEL USING ' ' K n ; A B  
GOTO 2 2 0  

I n t e r p r e t - s r q  : STATUS 704;s 
1F S = 1 0 4  THEN SENDEUS 7;"?BXU 
1.F S=i2O 1MEN SENDElJS 7; " ? E $ "  
CARD ENABLE 7 
RFITURN 
END 



V - VARIATION DES DEFORWTIONS RELATIVES EPSILOX 1 ,  EPSILON 2, 

EPSILOX 3 = f (t) 

Points d e  mesure : 1 à 16.  



REAL 

-4.0BPiB 

a0 

EPS 1 

SEC 40.0CO m 

T I  AVG 1 R#: 581 #As . 1 

SEC 40. Pli30 m 

TI AVG 1 R#i 501 #As 1 

SEC 



0.0 

EPSl 

TI AVG 1 R#1 501 

SEC 

#Ar. 1 

TI AVG 1 R#i  5aI 

SEC 

#At 1 

SEC 



EL0 

EPS 1 

TI AVG 1 RB: 501 

SEC 

# A i '  1. 

SEC 40. G00 m 

TI AVG 1 R#r 501 # A i  1 

SEC 40.0%0 m 



A 3 / 1 7  
TI AVG 1 Ii#i SB1 #At 1 

la. 
EPS 1 

T I  AVG 1 Ri#: Sa1 

SEC 

Nha 1 

T I  AVG 1 R#i 581 

SEC ' 

#At t 

SEC 48.0011 m 



TI AVG 1 R#r 5131 

SEC 

#At 1 

SEC 

#At 1 

SEC 4E BBB m 



REAL 

-80.0BB 

SEC 

EPS 1 

R#r 501 

SEC 

%Ar 1 



ELB 

EPSl 

SEC 40.0Pi0 rn 

TI AVG 1 RB: 501 

TI AVG 1 R#i 501 

SEC 

#ha 1 



T I  AVG 1 

TI AVG 1 R#r 501 

SEC 

#At . 1 

TI AVG 1 R#i  501 

SEC 

#Ar 1 

SEC 40.8B0 m 



TI AVG 1 R#I 501 * #A: 1 

TI AVG 1 R#i 501 

SEC 

UA: 1 

SEC 

ff hi 1 

SEC 



TI AVG 1 R#I 5l31 

TI AVG 1 R#t 501 

SEC 

#A: 1 

TI AVG 1 R#t 501 

SEC 

#At 1 

SEC 



T I  AVG 1 RI: a1 

SEC 

#Eu ' 1 

T I  AVG 1 

SEC 

SEC 



T I  AVC 1 RBr 501 #A: 1 A3125 

k3.0 

EPSl 

TI AVG 1 R#I 501 

SEC 

1 

63.0 

EPç2 

T i  AVG 1 RaYi 581 

SEC 

#AI 1 

SEC 



113/26 TI AVG 1 ' RBt SB1 # A i  1 

T I  AVG 1 

TI AVG 1 R l s  501 

SEC 

#AI 1 



T I  AVG 1 R h  .513 1 

REAL 

-20.008 

ÇEC 

#A! 1 

T I  AVG 1 Rtflt Ci81 

SEC 

#At 1 

SEC 



SEC 

#ha 1 

TI AVG 1 Rla SB1 

SEC 

#As 1 

SEC 



REAL 

-EL 0BBB 

0.8 

EPS 1 

T I  AVG 1 RB: SB1 

GhZ 6383 

REAL 

SEC 

# A 8 .  1 

SEC 

UA; 1 

REAL 

-60L @B 

SEC 

PT16 



YI - LISTT!;C, DU PROGRhhLYE TRTDIG 

(Langage de programmation : BASIC) 



$ , I R ~ % G ~ A N H E  " t r t d i g " ,  C a l c u l  d e s  d i r e c t i o n s  e t  c o n t r a i n q e s  p r i n c i p a l e s .  

DEG 
QPTION BnSE 1 
R E A D  E , N v  
1 X n i t i n l i s a t i o n  d e . u a r i a b l e s .  
S z m i n = S y n i n = T m s n = P h a m ~ n = E p s z ~ i n = E p s y m i n = 1 ~ O Q O O  
Szmax-S m a x = T n a x = P h i m a x = E p ç z ~ 1 a  x=Epsyr~ax=-1OOOOO 
H = N = ~ h i ! = ~ h i ? = ~ r n o  y = ~ y ~ 6 r 1 : = ~ b i ~ Y = ~ P ~ ~ n ~ Y = ~ p s y ~ o y = ~ h i ~ o y = ~  

I ! D i n e n s i o n n e ~ e n t  d e s  t a  l e a u x ,  
i BIM E p s l ( 8 1 2 ) , E p s S ( 5 1 2 ) , E p ~ 3 ~ 5 1 2 ~ ~ E p s z ~ 5 1 2 ~ ~ E p ~ y ~ 5 1 2 ~ , P h i ~ 5 1 2 ~ , T ~ a x ~ 5 ~ 2 ~ ,  
r(512) Sig (512)  
I F O ~  1-7 TD 512 
1 E ç t ( X ~ - E p s 2 ( I ) - E p s 3 ( I ) = E ~ ~ s ~ ~ P ~ = E p ç y ~ I ~ = P h i ~ I l = T ~ a x ~ X ~ = S i q z ~ I ~ = S i q y ~ I ~ = O  
i N!XT I 
1 P R I N T P A G E  
1 ! E n t r e e  d u  n o m  d u  p o i n t  d e  fieçurr c o r r e s  o n d a n t  a u  f i c h i e r  s u r  c a s s ~ ? $ t e ,  
1 PRINT USiNG " K " q U I N T R O D U i R E  L E  NOH DU FICRIER EN SORTIE  SOUS LA F D R M t  
I PRINT U Ç I N G  " / / $ s x K , K , K / / " ; C H R B ( ~ ~ >  , " N C i M " ~ L W R $ < 3 4 )  
1 INPUT fi$ 
1 PKINT PAGE 
1 ! T r a n s f e r l  d e s  d o n n e e s  d u  f i c h i e r  casse:te e n  ~ e n o i r e  c a l c u l a î e u r  ( E p s l ,  

3 ~ 2 ~  " ~ 3 ) .  
1 J ~ u i 4 " A <  7-0 t i  
1 READ %l,f;E~sliw) 
1 READ$S,L:Eus2(X)  
1 READ 8 1 ' 3 : ~ b s 3 i . ~ >  
1 ! ~ a l c u i  de S i g ~ a  Z, Sigma Y ,  T a u ,  r e c h e r c h e  d e s  extrema d e  g r a n d e u r s  re-  

m a r q u a b l e s ,  
1 F O R  111 T Q  512 

S P ~ ; ( I ) = , ~ O ~ ~ O I K E ~ ( E ~ ~ ~ ( I ) + N U * E ~ ~ ~ ( L ) ) / ( ~ - H U ~ ~ )  
S i g y ( X ) = , 0 0 O O O 1 # E ~ ( E p s t  ( I ) - ~ H U ~ ( E ~ G X ( I ) ) / ( ~ - N U ' L ! )  
T ~ ~ X ( I > = ( S ~ ~ Z ( I ) - S ~ ~ ~ ( ~ ) ) / ~  
S z m o y = Ç z r n o y + S i g z ( I )  
S y w o y - S y ? ~ o v + S i  y ( i l  
S n o  y =Tt90  I+?ne x? L 1 
~ h i n o ~ = ~ k i : Q o ~ + ~ h i ( l >  
E p s z m o p = = E p ç z n c  y + E p s r ( I  l 
E s f i o y - t p s  ( n o  IF  F h i m i n l P ~ i  ( ! ~ E ~ ~ ~ h ' ~ 5 0  
GaTO 560 
P h i ~ i n = P h i  (1) 
I F  P h _ i ~ l a x ( P h i ( X )  TI-i.Et4 580 
GOTO 2'20 
P h i ~ a x - P h i ( I )  
I F  T ~ i n l T ~ l a x ( 1 )  THEN t510 
GOTO h2O 
T ~ i n = T ~ a x ( I )  
IF T f i a x < T m a x ( I )  THEN 6 4 0  
GOTO 6 5 0  
T ~ a x - T r i a  x ( 1) 
I F  S z ~ é n > S i g z ( L )  TWEN 6 7 0  
GOTO 6 9 0  

S l = S i g y < ~ )  ' 3  

1; Sznsx(Sigz(1) THEN 7 1 0  
GOTO 730 

S 2 = u i ( j y < 4 >  16 S y n i n ) Ç i g y ( l )  THEN 750 
GOTO 77s 
S y r t i n = S r n  1 (1) 
s z ~ = ~ i . ~ z O )  
I F  S y n n x ( Ç i g y ( T )  THEN 7 9 0  
GOTO 8 l l t  
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\ \ hcl 
E r - - - - a 
9 9 in in z - - - - 
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r< r. m Cr' Ln r E - - - - ai ai \ \ 

4 4 -C O -- - - T z 
n A - - a Cg 

a3 Co .r 4 tn u -0 
* .-. n CI Ill - - - - 
u u 9 Q JZ 4 4 

ffi in + + n h h 

a a u w cl e 
l- 1- iri a L c d 
- A  ... a c ET y .J 

0 x c  i- l- IP i4 
v-4 Ip -rl 0 -- -4 i;; ci 0 

4 2 - E  @ x C ai t- 1- 
ti) x x  4 CO -4 u CJ .L. .-. O 

X -  in In PJ t t r X C.-' + 
QPJ a o - .d -(.ri CJ r, a - 4 -  4 

f -  W  W +  x m  ç ç 4- - Li, t II- !I-J 
N J  .. - 4  m -  a o r .  CA 4 N NPJ -. 
L n r .  n mC.i f C J  4 -.-. rg" X N  LO Ln+ X PJ 
(Ui3 0' Ch+ -4 + - -PJ U'" rg - - *%ci rJ A 

W \  - -113 1: !~7 CD CI3 -* 5Q 0 E C J  - - A \  w n r C J  
0 -* a-ffi\ ci\ - wli) L 4  O . N e  fi fi% -Cr*.* 
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~ ~ O X Z ~ W O M ~ O ~ O ~ ~ ~ O X ~ ~ W O H ~ ~ ; C ~ Q H ~ [ ~ . O X Z ~ ~  ~ x ~ z ~ ~ ~ ~ a u o ~ ~ o ~ ~ n a u o x ~ ~ w o ~  
a o ~ w w u x J m a ~ a J m a o J w n o x J L n a J a ~ m a o J w w a  m ~ u w J m a H u x J m a ~ c ~ m a o J w H o x a  
J L L L Z  J ~ B ~ ~ ~ J ~ J ~ O J L L ~ Z A ~ ~ ~ O J L J R ~ J L L D Z R ~ - . ~ J ~ ~ ~ U - I J ~ ~ ~ O ~ Q J ~ ~ U J L L ~ Z J ~ C ~ I  

1 
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V I 1  - TABLEAUX DES DIFFERENTES GRANDELTRS CALCULEES DANS LE PROGKMLYk -- 
TRTDZG. 

Points 1 à 16 
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f3 
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W. 
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Ci. 

X 9 
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ric P, * r 
1 = N  
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X W. 
rir 
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m * 
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POINT 16 



1 - CARACTERISTIQUES DE L'EXCITATEUR ELECTRO-MAGNETIQUE 



Magnet ic  Transducer 

FEATURES: 
rn N o  physical contact w i t h  

structure under test 

H igh  sensit ivi ty 

rn Smal l  rncchanical 
d imensions 

ri No influence f rom 
hurnidi ty or pressure 

USES: 
Contact- f ree velociry 
detect ion 

E Contact- f ree vibration 
excitat ion 
Measurements  w i t h  
Cornplex Modulus 
Apparatus Type 3930 

te Vibrat ion rneasurement 
whe re  absolute values a r e  
no t  necessary 

ta Count ing mechanical 
events, or t ime  between 
events w i t h  eleçtronic 
counter 

ta A s  tr iggering device for 
stroboscopes, 
oscilloscopes, etc. 

>F-w'"s- *gP*..L-sr- -a- .- ' ,Ca -2o-Ci-"V - - - 
' .#e- .S.-= , - y a z ~ y ~ - ~ -  - * 

, , - ---- C r  '-... - - % 1 - , - <  -2 ---A-=- 
--;-=< p p ,%->-- ...Ta * h W -  *i 

The Magnrt ic  Transducer MM 
0002 is a variable rel i ictance de 
vice whict i  can be used as a veloc- 
~ t y  sensitive vibration pick-up or as 
an electromagnetic vibration exci- 
ter The rnoving part IS either the 
tesied structure itself, i f  this 1s fer- 
roniagnctrc, or one of the high perm- 
eability discs supplied. wh ich  is 
glued onto the vibrating structure i n  
front of the electromdgnet. 

The Magnetic Transducer is used 
where changes i n  mechanical mo-  
t ion have to be detected without 
contact or aclded mass, and where 
absoiute amplitude mêasLirements 
are no1 necessôry. Il covers a great 

variely of applications w n e n  iised 
w i t h  aiixil iary electronic equiprnent 
s i ~ c h  as counters, t i rne  lapse de- 
vices, fl ip-flops arid relay circuitry 

.etc.  11 is also part ici i larly siiitable 
for charting the nodûl patterns of vi- 
brating plates or th in-wal led shells, 
and it should be noted tha! the 
transducer w i l l  also be sensitive to 
motion of non-ferromaynetic con- 
ducting materials (parts made of al- 
uminium. copper, etc.) due ro ;tir 
formation of eddy-currrents. 

A typical use of rhe Transducer is 
for exciiing the iesonant vibration 
freq~ierjcy of plastic sarnpie bars 
clarnped i n  the B & K Cornpie;. Mod- 



u lus  Apparatus Type 3930.  The 
6 & K Generarors Types 1 0 2 3 .  
1 0 2 7  a n d  the generator section o f  
Type 2 0 1 0  are we l l  suited signal 
sources for the transducer. The re-  
gu la t ion  circuit of the generators 
may  be used to  give constant cur -  
ren t  dr ive to the  Transducer. provid- 
i n g  constant exciting force through 

an extensive f r e ~ u e n c y  range 

The Magnetic Transducer rnay be 
used as a contact-free detector o f  ro-  
t a : ~  speed i n  appiications w i t h  the 
Stroboscope Type 49 1 1 for exam- 
ple. and in  rnany cases the  Transdu- 
cer delivers sufficient voliage t o  tr ig- 
ger the Stroboscope directly 

F ig .1 .  C i o ~ ~ . s e c t i o n  v i cw  o f  the M a q n e i ~ c  Transdiicrtr w i t h  indicat ion of the m a i n  d in>en<ior~s 

in m m  ( 1  mm = 0 .0394  in! One  hagh pcrmcabi l i ty disc is rupresented 

Description 
The Mngnetic Transducer M M  cally isolated frorn the housing. 

0 0 0 2  consists of a cylindrical T i -  whic l i  is made of nickel plated 
. conal permanent magnet o n  wh ich  brass. The coaxial output terni inal 
a téf lon base c ~ i l  i s  wound. The is gold plated to ensure a yood con- 
w ind ing.  w i th  8 0 0 0  turns of polyes- tact. 

ter insula icd wire, combines h igh  
sensit ivi ty with low' interna1 i n i ~ e d -  A 1.2 meter ( 4  11) long l o w  noise 
ance Coi1 and rnagnet are electri- screened cat~ lc  iç suphlied w i t h  the 

Fig.2. Typ ics l  sensitivity versus m s a n  d is -  
tance curve. messured a! 50  Hz w t t h  

a con>tsn< R M S  veloci ty o f  5 0  c m / %  

Fig.3. Var ia t ion  of stat ic a t t rac t ion as s func 
l i o n  o f  d~s tnnce  

Type MM 0 0 0 2 .  The cable is teflon- 
insulatcd w i th  antistrttic coating aqd 
r a n  stand ternperaiures up to 
260°C (500°F)' 

Specifications MM 0002 
Sensitivit). 

1 5 0  m V  p r r  rn /s  w i t h  the mean dtstance 
b e t v i r r n  e!?cirorn-içnet housing a n d  

hiçh j~ d ;r 2 mm S P ~  Fiy 2 

The sen5ittv.ry an f ront  of a l a r g e  i r on  

p la te  is abou! 2 5 I lmes ( 8  del h ~ y h e r  

Frequency Response: 

Veloci ty sensativity is essentially i nde -  

pendent  of the f r~ r ; uency  lvarjes tess 
t h a n  5 10% u g  ta  2 0 0 9  Hz) 

M a x i m u m  Inpu t  Voltaqo: 
No rma l  Ambient  Temperature: 1 OOV 
M a x i m u m  Amb iec t  Temperature  

2 5 0 '  C (4803F) :  2 0 V  

M a x i m u m  C o n t i ~ i i i o u s  Curreot:  

No rma l  Arnbierit Temperature: 5 0  m A  
M a x i m u m  Arnbient Temperature  

2 5 0 - C  (480°F): 1 0  m A  

Stat ic Magnet ic  Attract ion: 

See Fig 3 

car  because of the square- law rclai ion- 
ship between force and d~stance)  

Env i ronment  

Temperature Range Frnqi approx 

-1503C (-240°F) up  to . 250ZC 
(480 'F)  Ambient Pressure and Hurnidity 

have p.arrically n o  in!iuence o n  the 

transducer's open clrcuit srnsitdvity 

Weight :  

52 grammes (wlthout cable) 

Interna! Impedance: 
18000 in ser!es w i t h  4 0 0 m H  
Tt ie res:stance n a y  tic titgher. (especially 

at  h i g h  I r e~uenczes  when operaliriy i n  

fro-r  of  massive troc parts) because of 

ed6, current losses 

- 

Distort ion: 
N o l  more than 5% i f  the relative peak- lo-  

peak amp l~ tude  (Ad/d,) is  smal ler t han  

5% 
Distortion is  mosi ly second t iarmonic 

(The movirig-irori Transducer is non- l in .  

Accessories included: 
High-temperature cab!e A C  0 0 3 8  

Adaptor JP 0 0 2 8  
1 0  h ;gh-p  discs Y 0  001 0 



II - (;KAPHES DCS ESSAIS khl, Bhl, Chl, AVI, E V I ,  CV1 

A112, Bh2, Ch2,  AV2, i3V2, CV2 

Bh?, ~ ' h 3  
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î v I INISTERE - DE L ' I N D U S T R I E  
- l'.Ir. 11' 920.002 

SERVICE i i i o  i ~ i ~ ~ t i o i i  : LI O:! c - 1: 06 IL  
de la P R O P R I E T E  INDUSTRIELLE - 

Société aiioiiyiiie clilc : A.  '1'1 I I  IliCAU Si Ci'! i.Csicl:iiit cl1 Fi.alicc (KorcI) . 

4,:1 ~ i i ~ C ~ c ~ i i ~ i -  . ~ I I V ~ ~ I I I ~ I I I I  coiiccrt3c 11;s t l i ~ ~ ~ i i ~ i t i f s  

i . l ~ : c . ~ r n - i i i ~ i ~ ~ i ~ C t i i i w s  j I I  olkrcs à riil rt:tc!iir les oct.ii- 
latioiis c i ' l ~ ~ ~  ~ I . : , I I I ~ ,  ~ : ~ i t ; ~ : i i ~ i i r i i t  [ I I I  pci;~iii: Ii;it~;iiit 

~ O I I ~  lc tlit;it,li.igi: (1t.s \.iiilt.s tlniis lcs iii;ii~liiiit~s 

~ c s i i l c s ,  t l i i  tylic t l . 1 1 1 -  Icrli~i'I It>tlil org;iiic t L i t  ri-lit.: 
. . 

ii 1111 ; I I  ljrc I ~ ~ I ~ I ~ I C I C  I ~ ~ . I ~ . I ~ I ~ I I ~ ~ ~ I I ( - I I ~  vers I I I I C  l i ~ ~ i t i ~ > i i  

n i ig~ l ; i i r c  iiii.ili,itic tl'!:iliiilii>rr. tic f.icoii Ii fc1riric:r 1111 

s)çtCriic cisc.ili,iiit ;iy;iiit i i i i i B  frc:iji~ciicc pi.ojirtx tioiit 

les osri1l.ili1.1iis soiil eiitrr-!criiirs I)nr le ~ y s i ~ r i i t :  

é l ( : r t r t ~ - r ~ i ~ ~ ~ ~ i i ~ t i ~ ~ i ~ t !  (Ir C ~ I I I ~ I I I ; I I ~ I ~ ~ - .  

. Siiivqiii[ l ' i i i ~ ~ : i i f i t ~ i ~ .  I f *  sy>[Ciiie ~ ' ~ I ~ t ~ ( r i ~ ~ ~ i i : i ~ ~ i i ~ ~ i i ~ i ~ t :  

i l t i  ~:t~iiirii ; i i i i~c ci t  c . i ~ i i - t i i i i t :  !);Ir iiii i i i r i i c i ~ r  C l t v . t r i i ; i i c  

i i s y ~ i t ~ l i r i ~ ~ ~ c  ,i1~1110~11i:i56 O I I  l ~ i ~ r l i : ~ ~ ~ ,  i l o r i t  II: r ~ ~ l o r  

pst n c t . f ~ i t ~ ~ l i ~  ?i l ' c i i l ~ ~ ~  ~v l i t !  i I'or~:.iric (jii'ori tlt:sir(: 
f;iirc ost:illt:r, i ~ ~ i ~ ~ i ~ i i i i ~ i i i  l';irl)rc qiii   orte te uii lwigiic 
l)ntt,,iit c i ( :  iii:icliir~c ii:siiic.. 

UII le1 i l i s p o ~ i ~ i f  clc I : ~ ! I I I I I ; I I I ( ~ C  ~ I ' o ~ i ~ ~ l l ~ i t i o ~ i  ti'iiii 

~i -ga~ i~r i i t : c ; i r : i~ i i : ! :  r i t  1ri.c sirii11!1., +:i coii~c~iiiiiinticm 

dr: ccriirniit cçt f ; i i l~ l<* .  ri. i l  cst niito-tli.iiiarrriir, airisi 
< I t i ' o ~ ~  tc ve r rn  plu;  loili. 

11 l ~ e r ~ n c t ,  C I I  ou t reL,  u n  rIg!:ig(* tic Ici. frc~tlrir.iicc, 

1i;w iiio(iifii.niioii ilcs <.;ir;ieii:risiicjrics c l i i i  tlt:icr- 
iniri(>i~t ILI  fréiliiciit:c propre cl11 sysibiiic I I I ( ! ~ : L I I I ~ ! ~ I I C  

osc.ili;iiii. 
I);iris iiii riitrilc~ tlc tt:;i!i~;i~ioii, Il:$ ~iioyt-iiq t l t :  

r;il)l>rI c.~l;is~i~lii~: t l t t .  i ' , ~ r i ; r c  \ crs i:o~itiirri ;ii~gi~l'iir(: 

iii~tli.irie cl'itliiilii~i-~t 511iiI t ~ o i i < t i t i i i : ~  Itiir iiiic I1,irri: 
. , , ,  ci,: t:tr-li-,ii i t~gq;  ,; !'li:;;:;-ib:::!. t.!ii,ii! .ii.i,:i., :i < . t a ;  

clfet tiil,iilnire, l'iiiic! c!r.s çstriiiiiiiJc:s iIc 1.11iitc I ~ n r r c  
(le t o r s i ~ r i  6 t ~ i l t  ~i~i i i1111:  s t i l i ~ i ~ ~ i r ~ :  ' (ic i3exkrCi i t i~& 
<li:t!it  ;:rlirc n c c i , : i I ~ l ~ ~ c  ;:II riiittr t l i i  iiioic.iir, i,iiitlii cjiie 

l7:iiitrc extrCi~ii t ( :  ilt: Ili  1,;1rre ilcx l~rr>ioi i  EL I I I ~ ? ~ I ~ ~ ~ . I I I I C  

lis(.. 
tji ic i ~ l i t :  s!: i i i~t~irc c . !  , ! ' i i i i  ( : r ~ r i ~ i ~ i ~ ! r c t ~ ~ ~ - i i t  1): irki-  

c:i!ii~ic~ii;c:iit i.i.t!-~i/t, i:t,iiii iltiiiii(: e l i i r :  t t ~ : i t  l ' ~ i ! ~ i , i ~ ~ i i l t :  

(lc l a i  1);trrt: ( l e :  f t~~: . ;or i  ; I ~ ~ I ~ ~ ~ I I I ~  Ic ( ' , l c ~ ? ~ i ~ l ~ ~ t :  

dii syst:.riic Csi 1 i ~ ~ C  :ii I'iiit(.riciir tlc I',ri,Lrc. 

I,'iiivciitioii ccrn riiiciis coniprisi: ii 1~ l ec tu re  
rlc 1:i c!csc~r.i~itit~:i siii~:iiitc r t  i l'c\,iiiicii tlcs i l cs i i i ;~  
;iiiii(:>:Cs q i i i  r ~ i r ~ i r t r t ~ : i t ,  i titre i l ' cx~ i i ip l c  iiciii iiiiii- 

tc i t i f ,  I I I I  i i ~ o ~ i c  (lc r C : i ] i ~ a i i o ~ ~  d e  l ' i i i ic[!! i~i i .  

Siir ccs <li.>siiis : 
1;igiirc 1 :rl1r6sc*1itc s i ~ I ~ ~ : ~ ~ ~ i ~ i t ~ ~ i t ~ ~ ~ i t ~ r i ~ ,  ri* CICI,;I- 

tioii, ;a\-cc (Ir- i i s r ; ~ c ~ ! i c ~ r ~ i r i i ~ ~ ,  iiii t l iz l lus i i i l '  tlc c - o i i r .  

i i i ; i i iilc ~ l c i ~ 1 i - : r ~ i r i n ~ : i : ~ ~ i i i ~ i 1 -  s i i i ; - n i i t  i ' i i i ~ ~ i i i i i i i i  .\>:<I- 
. ,  * ric ;i i i i i  11cigiic I~; i l i i i i t  tir i i i n c - i i i i i c  ic . r i i i is  ~ . r ,  

-. 
j*i{:iirrs 2 L ,5 s c ~ i ~  tlcs ~I i ; ig i~~i i i i i~ ic :~  tlt*?ti11::5 !! 

f:it.ili~cr I;I ( . ~ i r t ~ ~ ~ r t ; / ; ~ ~ i ~ ~ i t ~ i i  t i i t  ~ ~ I I I ~ I ~ I I I I I ~ ~ ~ I ~ I ~ ~ I ~ I  ( I I I  
( l i ~ l ~ ~ ) - i ~ i f  ~ i e c t ï ~ ~ - i ~ ~ ~ g ~ i ~ t i i ~ i i c  (~'t : iri tr; i i i ic~iiiciit  , ! I I  

I'"'P". 
J , ' ~ ~ r i . ~ r i ~ i l ~ I t -  l i t .  ~ i e i g ~ i c  1)st t n i i i  ct  ilc 5.1 ccti:tiri;i~;tlc 

i . l c i : ~ r o - i i i ; i ~ r i i ~ i i ~ i ~ ~ c  r ~ * : ~ r i : ~ c i i i C  çiir l a i  Tiriirc ! 
coriii)ortr 1,: ;~ei;!tic: !~rol)rmiif:iit ( l i t  1. solitl,iisi. tl'iiii 

;ir!rrc t i i l ~ i i l ; i ; : - ~  2, !!oiit \:lie c \ l r6 i : i i i (~  tc;iii.i!\ii!iiie 

(I;i~is 1111 11alie-r 3, t~li(1is si111 ;IU!I,C cxtr~.;riii[é 

est rciitliic si-b!it!:iirr d'iiii ~ t ~ c o i i i ~ l c r i i c r i t  4 f is6 srir 

!';irl)rt* 5 c l i l  r s i to r  t!'iii~ ~iio!c:iir 6Iccti-iquc a ~ y i ~ c l i r o ~ e  
i i ~ i ~ i ~ i i ~ ~ I i ; i s t ~  I > I I  I i i ~ > l i . ~ s G  6. 

iA'aï l~rfc  2 rql 11111i i l i1 i r i :  C I  re:ifcriiic I I I I C  11;ii-I-c [le 

itrrsioii t>o i ik i . i l c  11 tlcsti:i~i! :i r c ~ l l l ~ c i ( - r  ~ ~ l ~ i ~ ~ i t I ~ i c i i i ( : ~ i ~ ~  

Ictlii ;irl)rc (:t !r liîigrie 1 tl:iiis i i i i t x  ~)ositiiiri :iiigiil,iirt: 

i i i t ; i I i ; i i i ~ :  ( \ ' t~ i ; i i i~ i~ ; i - t~ .  /\ ct,L t>fÏrl, I ' l i11~  (1t.s v x l r ~ ~ : i i i l ! ~ s  

t l t .  l;i i ) c ~ r r c :  tic tor5i1111 [l c5t r ~ i i t l i i c  soli(l;iirc (le / I P r i i i i : i i i i i i  iic I ' . i i l~ic  2 fixi:c :i l':icroii!i!riiir:ii (1, 
I , , ! : , ! /~  ,;.i, :. ;; ,!v:!l,: ?,\~r,,',!:;:!,; z:.! ?.,*:.: :::,,: !l:,, 

1)1;11cnii '9. \ I ~ ~ - I I I < : I I : C  rci ici!~ s o l i c l ~ i ï c  (111 y ;~ l ic r  3. 
l , ' c i ~ s ~ ~ i ~ ; l ~ l ! ~  o.~(~iIl;iiit, c o ~ i s ~ i t 1 1 6  j ~ r  l t ;  p r i ~ r ~ e  l *  

I'arlirt: 2 ,  i ~ ~ i i ~ c o i i ~ ~ l c ~ ~ i t ~ ~ i t  .l-, le r i ) t r>r  elii ii.~r)iciir c.1 1;i 

11,irri: ior>iiilt t\, f t i r i i i f *  ~ I I I  S S S I ( : I I ~ C  t j ~ ~ ~ i / I . ~ ~ i l  t l i ~ i i !  la 
l~t:rit~tIr: l ~ r t ~ l t r t ;  (!sL ft!iit~iit>ii 1111 ~ I ! O J I : C , I L  iI 'iiic.rtit: 

tic I'ci:;cii;l~lt~ t l i i  s)st?;iic <:: (!CS c,ir~[:~Eristiqiics dc -- 
Ici lr;~ri.c: ( l e .  it,r>i;>ri. 

l 
1,r f ' i ~ r i c ~ i i c i i i i i r ~ i i i t * ~ ~ ~  tiii tli<l,osiiif c3sL !c siiiv;iiit : 
Ix fli!x iiingiiétii!iic a!tcrii;iiif ilrocluit p a r  !c 

64 2191 O 13 103 3 &p Priv d u  fcrscicuie: 2 irancc 
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s t a t o r  (Iii iiirili.iir se I ! I ( ( ~ ~ I I I ~ ~ ~ I s ~ ~  C I I  ( I ( : I I Y  f l u x  I:;;:IIIX 

rt iiiii!'i)riiic O!\ c t  O!{ (fig. 3) ioiir11;iiit ($11 ~ ( ' I I S  i l ] -  

verse tfts \iicisc.s ~ : g ~ t l ~ . s  cri v,iie:iir a l~sol i ic  c l  
ol)posb~~s.  1,c l l i i x  ~ ~ ' ~ S ~ I ~ I ~ I I I L  ~ : i r i ; i I i l c  0 1 )  se t r o t i v e  

S I I ~  1:t i l i r ~ , , t  i i ~ i i  1; \ t *  11,: I , I  1 1 i s 1 . e . 1  1 ic.c$ I I ( ,  ~ ' * I I I ~ I I !  III-s 
t l c i i x  {!i,x r o i i l l i i , ~ ~ r l l ~ s  (:t i l  csl l:I:,il, l , , , l l r  ~ . ~ l ~ l l l t l c  

~ i ~ i 5 ~ , ~ ~ l l ,  ( l t V s  ( ~ l , i i s  i l t l ,  ~ l i , l l ~ l t , l ~ t ~ 5 ,  ;, s ~ l l l l l l l , ~  s t . ( . i t , -  

r i c . l l c  c,.s , l t . i i u  , l i t i s ,  (11) v,ii ic.  t l l , f i l .  s i i l i i -  
s u , c ~ , i ~ e i l i t , i l t  f o r I i . 1 i c i i 1  ( l i t  ~ ~ ~ i i i i i s ,  c l  ; i i i i l , ~ i ~ i i c ~ t ~  

il: ~ ~ c , i t l i l c  < l e  ( l c  c ~ l ~ i c i i i i  , l e s  ~l~~~ ~ o , i r r i ~ l l l ~ s  

c y i r i ~ i o ~ . ~ i i t s .  

I,CS forces (:?~:clrori~otrii:c.s ci lcs c,oiir:irils iii(liiit9 

, l e  , , , , . l , i l , l  ~ l i , l l l ,  , 1 ,  
sor i i i i ic  ~ i ! K c : ~ i r i c i i l t ~  k,rrc.s , : ( i ~ , ~ ~ r c , r l i c i ~ r i i . c ~ s ;  c l  

à,.s r o i I r L i l i t s  s c . i . ~ i i r i i ~  r c . s l l c c ~ ; \ . c i l i l . ~  i i i c ~ i l i ~ s  
sC!~;ii.Criiciit 11a:is ic r o l t ~ r  1i;ir crs I ~ C I I S  i111x. . 

l i l , i , ,  , c l , , r l l l s  I l c i l s  , 
~ o t l r l l ~ ~ l ~  ~ ) ] i ~ l s c  ~i,',!l: j1,i, [je s l ) i ~ ~  11: r , l t c l r  
C l o l l l l C  I l i l i5s~111~c ,  , . ~ l l l l l l l ë  1(: S l ~ l l l ) r ,  , J ~ , ~ ~  1 1 ~ ~ ~  
t o i i r i i ~ i l l ~  s c ~ i i S  i i l v f . i s c . ;  lt:s n c . t i , i r i s  i i i ~ i i ~ i i i : ~ ~ l l , i i ~ s  

cie ccs :Icaiis Il:rs t~ii;ii;irit c'1i1i.c Ica iiGIr3 ti)iirri;irit.; 

cc)rrcil~~xiil , i i i is,  ~~s- . i i i i . ;<~i i t  tics V ! ) T I ~ I \ ~ S  c-olli~nrl[s 

I I  i ! i  I ,  C I  ' i 1 1 1 c  1 1  1 -  
. . 

tioils I*tirfi~::~li~.~r~:s, lc iiIOti'iir ite t l ( : r ~ i i ~ r r t :  11~15 C L  
clu'il frti!! le 1.rric~t3r ii:iris iiri sc:ris o i t  cl.111~ l'aiiire, 

ali .:lioix tlc I'iiri!i;;ii:.tir. 

k;t;iiit  t!~~i,il.; ( l i i t ;  !t: rotor ( I I I  i i i c ~ t ( - t i r  : i s y i ~ ~ ~ I ~ r o ~ i c  
r i i c r l i ~ , p ~ . ~ ~ i ~ ~  O t i  l , i i 1 i i  ,tqf; est ~ l i ~ r - i , l t l l ~ ~ ;  , . ; ~ ~ i t ~ , , i i l c i , i ,  ;, I;, 

fois, i iiiie c\:r~:fiii!c: rll.  \,i rrioiit i i~c t l i i  iic,igiic i n l -  

Laiil, ct  3 iiiic c z l r i ~ i r i i i c ~  cie la 11,iri.c t i t :  tor.ii111, cloril 

l ':i~t~r(: ( * x t r ( : r ~ i i t < :  c!-f I I I ~ I ~ I ~ I ~ ~ J I I I I :  f i l , . ,  i l  ~ i ~ i 1 1 1 1 1 1 :  ! j i i c ,  11; 
rotlir i i i l  t ( : i i i  l , r r i <  c. rr.sl(,t. t ~ ; : . i l i ~ r i r i : i i i  i i i i i i i o ~ ~ i ~ i :  

nicirir. !orsclii'ctri nliiririiic. Ic rii i~iriir .  Or, Iv r o l r ~ r  

:I mg,: ( i ' t~c i i i c~ t i l  i:bt s o ~ i ~ ~ i i s  I ' i i i~ l i i c r~c( :  ( I C S  t l l : t ~ x  

< t >  ~ I I I S  toilrri:i~it e r ~  s(:its ii!v(:rsc-, ct t l ~  ~ ~ i i I s ; l t i o i ~  ~- (/J 
1' 

I I  1 1 1 1 r c  ! i r  c l :  l i s  I I  t i r  1 

1 1 l c  5 ! i l i l e s  3 c 1, 1 I r i l : s  O i l l c l i l r  

r ~ s ~ ~ ~ ~ i i \ t : i i i c ~ r i t  ('II c! t ' i~x sc,liC~ii;is Ics ciciis rli,!iiiiis 

o t r i : ~  S : I : I ~ I I I  t s I I  t r i  t 
rcl~itifs iifii; f';~cilii~!r la c ~ ~ ~ ~ ~ ~ ~ r ~ ' ~ l i ~ ~ i ~ s i u ~ i ,  il CS! aisi 
(le sirivre cc 1 1 i i i  5,. j>:i:sc 1\11 r6,iIiic;. 

1,cs J e i l s  Iltis toiirii;iiiis s~;;ioticliics ?si r t  c?sz 
prEciti.5 ~)rotlii isciit  <les fcirces i: lcrtr»i~iotriccs 

x 
int i l i i lcs  Kvri  et I:",: tI;iiiii cc rotor, elCc:a];cs (le ' .. el) 

2 
nrri?re sur  cc:s ~i i~11111is  s!;i:cirii~iit:s corr-csf)uiiti.iri!s 

. . 
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