Barres en arc de cercle Matrice de souplesse
Matrice de souplesse Modéle encastré-libre

Calcul des déformations des fils élastiques

Fils élastiques en arc de cercle - Matrice de souplesse
Modéle encastré - libre

Définitions

w limite d'intégration  y=a si o <= yg W= e si o> yp

we position angulaire des forces extérieures

a  position angulaire du déplacement désiré

Sjj déplacement dans la direction i due a une force unitaire dans la direction j

Matrice de souplesse

Déplacements unitaires dus a F,

R . . . . 1 , N
s11(1//,_-, v, a) = E.I”{yx-sm(m:)-sm(a) - (sm(a) + sm(t//,:))~(1 —cos(y)) + E-(://— sm(y/)-cos(l//))];

R [ . 1 .2 . N
321(1//,:, v, a) = = {sm(l//,:)sm(y/) - E-sm(y/) - !//~Sln(l//,:)~COS(0() + cos(a)-(1 - COS((//)):|~—

133 m
ssr(ve. v.a)=0 sar(ve v, a)=0 ss1(ve v, a)=0

R2
serlve. v.a) = 2 ,33-(1 - cos(v) - -sin(yg))-N

Déplacements unitaires dus a Fy

R , . . 1.2/ N
s12(1//,:, v, a) = E-l33. —l//-COS(l//F)~SIn(0() + cos(://,:)~(1 —cos(w)) + sin(w)-sin(a) — ?sm(l//) ;

IS , 1 , N
322(1//,:, v, a) = E-l33. w-cos( ://,:)~cos(a) - (cos(a) + cos( ://,:))-sm(w) + E-(y/+ sin(y)-cos(y)) ;
ss2(we. v, 0)=0 sa2(we. v, 0)=0 ss2(we. v, 0)=0

RZ
sezlve. v.a) = 2 /33~(—Sin(w) + y-cos(vg))-N

Déplacements unitaires dus a F,
s13(we. v.a)=0 szs(we. v.e)=0

s133(vE, v, @) = =-[(-2 + cos(a)-cos(y) + sin(a)-sin(y))-sin(y) + cos(a)-y]-cos(v)

s233(vE, v, @) = =-[(2 - sin(a)-sin(y) - cos(a)-cos(w))-cos(y) + sin(a)-y - 2 + cos(a)]-sin( we)

Nl= N =

s3t33(y/,:, v, a) = (y - cos(a)-sin(w) + sin(a)-cos(y) — sin(x))
3
swa(vr. v, a) = _t'(37t33('//Fa v, a) + s2g3(ve. w. @) + s3u3(ve. v, a))-

3=

R
G-J
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1 . . .
s1f33(¢//,:, v, a) = E-[(sm(a)-sm(t//) + cos(a)-cos(y))-cos(w) + sin(a)- v — cos(a)] -sm(y/,:)
1 , , .
s2f33(¢//,:, v, a) = E-[cos(a)- v + (sin(a)-cos(y) — cos(a)-sin(y))-cos(y) — sin(a)] -cos(y/,:)
3
R N
sa(vr v, a) = = (sTras(wr. v, a) + 32f33(‘/’F» v, 0!))-;
122

333(‘//1-'» v, 0!) = St33(‘/’F> v, 0!) + sts(V/F, v, 0!)

st43(1//,:, v, a) = m-[sin(y/)z-cos( y/F) + (—cos(y)-sin(y) + w)-sin(y/,:) -2+ 2-cos(z//)}~N
R
2:(E-13)

s43<‘/’F> v, 0!) = St43(‘/’F» v, 0!) + Sf43(‘/’Fa v, 0!)

st3( Ve, v, @) = -[(t// + cos(y)-sin(y))-sin(g) - sin(y)*-cos( ‘/’F)J'N

ses( v v, a) = ] -[(—cos(w)-sin(w) — )-cos(v) - sin(v)>-sin(v) + 2-sin<w>]-N

2:(G-J;

R2

2:(E Iy,

sa(ve. v, a) = ] -[(COS( v)-sin(y) - w)-cos(ye) + Sin(t//)z-sin(wF)J-N
353(1//Fa v, 0!) = St53(‘/’Fa v, Of) + 3f53(l///=, v, a) Sss(l//F» v, Of) =0

Déplacements unitaires dus a C,

s1a(ve. v.a)=0 S24( Ve v.a) =0
R2

st34(1//,:, v, a) = 2-(G~Jt) -[—cos(oz)-cos(y/)2 + (2 - sin(«)-sin(y))-cos(y) + cos(a) + sin(a) -y — 2]-N
R2

s ve. v, a) = 2.(E 1) -(—COS(a)-Sin(l//)Z + sin(a)-cos(y)-sin(y) + sin(a)-t//)-N

S34(‘/’Fa v, Of) = 31‘34(‘/’Fa v, a) + Sf34(‘//Fa v, 0!)

saa(ve. v, a) = {m'(—cos(‘//)'sm(l//) +y)+ 2_(,_5_/22) “(cos(y)-sin(y) + l//)}Nm
ssa(vE. v, a) = {i'sm(l//)2 + L'S/""(l//)z}‘/\/'m sea(we. v.a) =0
2:(G-vy) 2-(E 1)
Déplacements unitaires dus a Cy
s1s(we. v.a)=0 sas(we. v.a) =0
R (s 2 . . ()
st35(z//,:, v, a) = > (G J) \sin(a)-cos(y)" — cos(a)-cos(y)-sin(y) — cos(a)-w + 2-sin(y) — sin(a))-N
(G-

R2

(E-I '(‘S"”(O‘)'COS(l//)2 + cos(a)-cos(y)-sin(y) — cos(a)-y + Sin(a))-N

Sf35( YE Vs a) =

N

~——

S35(‘/’Fa v, 05) = St35(l//f=» v, Of) + Sf35(‘//F> v, a)
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R
2:(G-J;

-sin((//)2 +

sas(ve. v, a) = { .s,-n(l,,)ﬂ.N.m

~—

2:(E-13)

Py

(cos(y)-sin(y) + y) + ) -(—cos(y)-sin(y) + v/)}-N-m

_ R
2:(E Iy,

Soo{vr. v @) = {2_(

®

'Jl‘

~—

865((//F9 v, 0!) =0

Déplacements unitaires dus a C,

sto(ve. v a)i= Z—[ov-sin(a) + (1= cos(y))]-N

s2o(ve. v @) = —osin(y) + y-cos(a)-N

ss6(we. v.a) =0 sa6(ve. v.a) =0 sso(we. v.a) =0
R

ool v v- @) = = (y) Nem

Matrice de souplesse

311( 1//705) 312( s ¥ ) 313('//F’ '//705) S14(‘/’F,l//’0!) S15(‘//F’l//’05) S16(‘//F»‘//»05)
S21(1// ,y/,a) SZZ(‘/’F»‘/’» ) 523(V/F,l//,0!) 324(V/F,V/,a) 325(V/F,V/>05) 526(1//F,!//,0!)
S(I//F, l//,a) _ S31(1// ,l//,a) S32(‘/’Fa‘/’a0‘) S33(‘/’Fa V/,Of) S34(‘/’Fa‘/’aa> 335(‘//Fa‘//a0‘) S36(V/F,V/,a)
341(1// ,1//705) 342(1//1:51//’ ) 343('//F’ '//705) 344(‘/’5%“) S45(‘/’F’l//’0!) S46(V/F>V/>0‘)
$51(1// ,l//,a) 352(l//f=al//» ) S53(‘/’Fa V/,Of) 354(V/F,V/aa) SSS(‘/’Fa‘/’a“) Sse(l//F,‘//,a)
361( ¥ Of) 362( > ¥ ) S63<'//F: !//705) S64(‘/’F7‘/’:a> SGS(‘/’F:‘/’:“) Sse(l//F,l//,Ol)

Se(ve. a) = S(vr. a. a)(a < ve) + S(ve. ve. a)(a> v
Cas particulier d'une deéformation plane

s11(l//F7 v, C{) S12(‘//F7 v, C{) S16(V/F’ v, 0!)
Sp(ve. v, a):= sor(vr v, a) solvr. w.a) sxulve v.a)
361(‘//F9 v, a) Ssz(l//F, v, a) 366('//Fa v, 06)

Spe(vr. @) = Sp(vr. @, @) (a < we) + Sp(we. ve. a)(a > ve)
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