52/
T, 1 2,8 ] 2 f@@
I L )
REPUBLIQUE ALGERIENNE DEMOCRATIQUE ET POPULAIRE
«FE»

s R e > :Hj o L 3 | IS T

MINISTERE DE L'ENSEIGNEMENT ET DE LA RECHERCHE SCIENTIFIQUE

[\ 2 ’
«Fy ! k:.__h;\

ECOLE NATIONALE POLYTECHNIQUE

#*

DEPARTEMENT : GENIE MECANIQUE

PROJET DE FIN D’ETUDES

(En vue de I'obtention du Diplome d'Ingénieur d'Etat)

SUJET._ s-illl WSEE D

Calcul de Resistance des
Matrices de Filage a Froid
a Conteneur Non Cylindrique
Contournées Doublement Par
les Anneaux de Précontraintes

Proposé par : Etudié par : Dirigé par :

A. ELEOD ZEHANA A. A. ELEOD

PROMOTION : JUIN 1986

E.N.P. 10 , Avenue Hacen Badi — EL-HARRACH - ALGER







) OV S DN | G U ) ) s—ger]!
REPUBLIQUE ALGERIENNE DEMOCRATIQUE ET POPULAIRE

——— «H»
% R PR I \___»la_.J_ S HIRCAS S
MI;HSTERE DE L'ENSEIGNEMENT ET DE LA RECHERCHE SCIENTIFIQUE
—_— ¥y ——
ECOLE NATIONALE POLYTECHNIQUE
3>

olol sas) Lk

DEPARTEMENT : GENIE MECANIQUE BIBLIOTHEQUE
Ecole Nations
*f- a

PROJET DE FIN D’ETUDES

(En vue de I'obtention du Diplédme d'Ingénieur d’Etat)

__SUJET

Calcul de Resistance des
Matrices de Filage a Froid
a Conteneur Non Cylindrique
Contournées Doublement Par
les Anneaux de Précontraintes

Proposé par : Etudié par : Dirigé par :

A. ELEOD ZEHANA A. A. ELEOD

PROMOTION : JUIN 1986

E.N.P. 10 . Avenue Hacen Badi — EL-HABRACH - ALGEF



L-.J.Jl ,]_.“nu,n .|.J

BIBLI urusaus L acl
Ecole Nationale Polytechnigue

|

* ¥ g /s'\?j) QLG:*)J UQ))}AJ) %%

|



DEDICACES ' ol saand) isb ) L5

BIBLIOTHEQUE — i z<ad))
Ecole Nationale Polytechnique

.-/ =y /- /S -

/e oeote ce /Do‘c,"/e.!f"c ravaet g :

- @ /mere

— mon /’érc

- ses _f;e'r'es
WV

/ i |
Pl 222 </ f2US /2 ¢S T s



REMERCIMENT ol soacd b L0
BIBLIOTHEQUE — 1_. )
' Ecole Nationale Pelytechnique

Cfc)”" /t;  ELEOD andras 7{'0#&, cer , Mg /;a/onaé
A Jincere jmﬁ'/uoé /’oar Sor Aicte {/‘?’:"f;}:a.rc.

Lpac 7{)&.{5 /rr /?-a/c.rs:ur.r f()(an f{ conr ’[f/'éu ¢ J /N 7/::.-rmq 1‘«&_)»

G fr = sz % r
Soien? /Cimercic a’é /edr‘r r/»‘fc)r/r e’ Avoueme .

. 4 / q -
/q /)z’ama'/t'oﬂ e /q recherchc ,.//‘:/m: 770 7re quac /‘ED(:.




BIBLIOTHEQYE _ ; -

; —~Sa,l|
Ecole Nationaje Pulytechnique

a__th'J-—a-«&-_,,JJq—Jl ﬁ.,,,._, ‘h]_: T | 3 | ‘a....._____.__,.»“}f,___‘,_.‘lqa_____.’l

REPUBL IQUE ALGERIERNNE DEMOCRATIQUE
ET POPULAIRE

ECOLE NATIONALE POLYTECHNIQUE
DEPARTEMENT MECANIQUE

PROPOSE PAR - A.ELEOD

FETUDIE PAR = ZEHANA ABDELHA&LIM

£ 36 3t

bl el fmbd Sl Il o3 A ool ¥ o ol an
‘_,—-..IZ'-L;—.J...L._'-» i—m_’-—ﬂ)—-—&——“ 9 i._ua._:.ll_,_.h_.u a5t il
sald U e S

D s A L 4 1

Peadid Al obu . Alase ) s A wl a0 ol s i
JomE o e L F e b A B ft o3 Al s S A Jdls . 3 ba ]
o2 wddaleasn el s 0 a,L L 8 2 oL M 88 A st g
.‘,.__k,-__:.ﬂ.,.._L_nd.__.H A3 .l Al eue ) A g wa Jl AL gan !

sep—sdeA L b el b Hlea g el ocd _Fsdna I

SUJET:
CALCUL Dt RESISTANCE DES MATRICES DE FILAGE A
FROIO A CONTENEUR NOH CYLINDRIGUE DOUBLEFENT
CONTOURNEES PRR LES ANNEAUX 0OE PRECOMTRPAINTES .

RESUME =
CETTE ETUDE CONSISTE A ELABORER UN PROGRAMNE QUI
FURLUE L ETAT DE CONTRAINTE EN H IMPORTE RBUEL
POINT D UNE MATRICE DE FILAGE A FROID A CONTENEUR
POLYGONRL .CE PROGRAMHME S INSPIRE OE LA RESOLUTION
OES EQUTIONS DE MUSKHELTSHUILLT APPLIQUEE A UM
DOMAINE DOUBLEMENT CONNEXE .

SUBJECT = :
STRENGHT CRLCULATION OF COOL EXTUSION BIES UITH
NON CYLINDRICAL CONTAINER DOUBLE ROUNBED UITH
PRESTRESED WINGS .

ABSTRACT =
THIS STUDY CONSIST IN ELABORATING A PROGRAM UHICH
ESTIMATES THE STAT OF STRESS IH ANY POINT OF A
COOL EXTRUSION DIE UITH POLYGONAL .
THIS PROGRAM IS TIHSPIRED FROM THE RESOLUTION OF
PLANE ELASTICITY EQUARTIONS USING THE HUSKELISHUILLI
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MATRICE CYLINDRIQUE

r= B8.660254

Pl= 700

P2= 0

SUR LE CONTOUR DE RAYON Ro= ,288675"

SIGMA RO SIGMA TETA

1 =700 827.2728
2 =700 g27.2728
3 =700 827.2728
4 =700 827.2727
S =700 827.2726
6 =700 827.2725
7 -700 A 827.2725
g8 -700 827.2726
9 =700 827.2726
10 =700 827.2728
11 =700 827.2729
12 =700 827.273

MATRICE CYLINDRIQUE

r= 8.660254

Fl= 700

F2= 0

SUR LE CONTOQUR DE RAYON Rao= .5

S1GMA RO SIGMA TETA

1 -190.8914 318.1641
2 -190.9018 318.1745
3 -190.9164 318.18%2
9 -190.592¢8 318.1995
3 -190.5267 318.1995
& -150.9163 318.189

7 -190.9016 318.1744
8 -190.89123 318.164

9 -190.8514 318.1641
10 -190.9018 318.1745
11 -190.9165 318.1893

12 -150.9269 318.1997



MATRICE CYLINDRIQUE

r= 8.660254

Fl= 700
P2= 0

SUR LE CONTQUR DE RAYON Ro=

WO~~~ Wra =

SIGMA RO

-35.738883
-35.79z272
-35.79822
-35.8021

-35.80203
-35.79818
—-33.79267
-33.78879
-35.7888

-35.79271
-35.79824
-35.80214

MATRICE CYLINDRIQUE

r= 8.660254

Fl1= 700
P2= 0

SUR LE CONTOUR DE RAYON Ro= 1

P RPN E QRN

P = O

SIGMA RO

CODO0O D0 o ODO OO

.8

SIGMA TETA

163.0592
162.0645
163.0719
l163.0772
163.0772
163.0719
163.0644
163.0592
163.0592
163.0644
l163.072

163.0772

SIGMA TETA

127.2551
127.2654
127.28

127.2903
127.2903
127.28

127.2654
127.2551
127.2551
127.2654
127.28

127.2903
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MATRICE CYLINDRIQUE

= 8.660234

Fl= 0

FP2= 282.38926

SUR LE CONTOUR DE RAYON Ro= ,2886751

SIGMA RO SIGMA TETA

-617.2208
-617.2206
-617.2204
-86l17.22

-617.2196
-617.2194
-0l17.2194
-617.2195
-617.2199
-617.2205
-617.221

0 -617.2211

o oo

(s

RGO R R W e
oD OO oo

ko

MATRICE CYLINDRIQUE

r= 8.660254

Fl= 0

P2= 282.8926

SUR LE CONTOUR DE RAYON Ro= .S

SIGMA RO SIGMA TETA
1 -205.8256 -411.3944
2 —205.773%5 —411 .4447
3 -205.704¢6 -411.5157
4 -205.6545 =411 .5658
] -203.8544 -411.5659
& —-205.704¢& -411.5157
7 -205.7755 —-411.4447
8 -205.8256 -411.3944
9 -205.8256 -411.3944
10 —-205.7755 -411.4447
2 -205.7045 -411.3158
12 -205.6544 -411.5661



r=
P1=
P2=

SUR

Wm-dmnpbwra =

10

P1=
p2=
SUR

FREROOD~NOALEWNE

M&TRICE CYLINDRIQUE

8.660254

0

282.8926

LE CONTOUR DE RAYOM Ro=

SIGMA RO

-268.4586
-268.43298&
-268.4132
—-268.3944
-268.3944
-268.4132
-268.4398
-268.4586
-268.4586
-268.43298
-268.4132
-268.3944

MATRICE CYLINDRIQUE

8.660254

0

282.8926
LE CONTOUR DE RAYON Ro= 1

SI1GMA RO

-282.8926
—-282.8926
—-282.89326
-282.892¢6
-282.8926
-282.8926
—282.8926
-282.8926
—-282.8926
-282.892¢
-282.8926
-282.8926

.8

SIGMA TETA

-348.7502
-348.7758
-348.8118
=248,8374
-348.8373
-348.8118
—-348.7757
-3248.7502
-348.7501
-348.7735
-348.8118
—-348.8373

SIGMA TETA

—-334.2422
-334.2922
-334.363
-334.413
-334.4131
-334.363
=-334.29:22
-334,2422
-334.2421
-334.2922
-334.363
-334.41%
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re=

P1=
p2=
SUR

MW

P e
ra = o

=

Pl=
p2=
SUR

WO NMALWwr -

MATRICE CYLINDRIQUE

8.660254

0

282.8926

LE CONTOUR DE RAYON Ro= .28867¢1

SIGMA RO

fovs I Y o B o Y o e Y o e B e

MATRICE CYLINDRIQUE

8.660254

0

282.8926

LE CONTOUR DE RAYON Ro= .5

SIGMA RO

~205.8256
-205.7755
-205.7046
-205.654%5
-205.6544
-205.704¢6
-205.7755
-205.8256
=-205.8256
-205.77585
-205.7045
-205.6544

SIGMA TETA

-617.2208
-617.2206
-617.2204
-6l17.22
-617.2196
-617.21924
-617.2194
=617.2195
-617.2199
-617.2205
-617.221
-617.2211

SIGMA TETA

-411.3944
-411.4447
-411.5157
-411.5658
-411.5659
-411.5157
-411.4447
-411.3944
-411.3944
-411.4447
-411.5158
-411.5661



MATRICE CYLINDRIQUE

r= 3.6c0254

Fl= 200

P2= 282.8926

SUR LE CONTOUR DE RAYON Ro= .8

SIGMA RO SIGMA TETA
1 -304.2474 -185.6909
2 -304,2325 -185.7112
2 -2304.2114 ~-18%5.7398
4 -304.1965 : -125.7¢&01
S -304.1965 -185.7¢6
G -304.21149 -185.7398
7 -304.2325 -185.7112
g -204.2474 -185.651
9 -304.2474 -185.6909
10 -304.23z6 -185.7111
11 -304.2114 -185.7398
12 -304.19€5 -185.7¢
MATRICE CYLINDRIQUE
r= 8.680254
Fl= 200

P2= 282.38926
SUR LE CONTOUR DE RAYON Ra= 1

SIGMA RO SIGMA TETA
1 —-282.892¢ -206.987
& -282.892a -207.0z¢68
32 -282.8926 -207.083
4 —-282.8926 -207.1227
3 —-282.89a26 -207.1227
e -282.892a -207.083
7 —-282.8926 -207.0268
g -282.892¢6 -20&.9871
3 —282.8926 -206.987
10 -282.89z26 -207.0267
11 -282.8926 -207.0829

-282.8926 -207.1226

ra
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ler ARNEAU DE PRECONTRAINTE

282.68926

CONTOUR DE RAYON Ro=

S1GMA RO

-
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ler ARNEAU

2926

COMTOUR DE RAaYON Ros

-165.621
-le3.622
-le3.622
-led.622
-le3.622
-led.ez2
-le3.e2l
-l1e5.621
-165.621
-le3.6:21
-le5.622

[Sp=ged

GG mmmm

o oh 0 O

[y}

(RIS SR S B N AL |

Le000001

7

SIGMA TETA

601.1472
c01.1472
001.1471
©01.1463
c0l.1466
c01.1454
601.1463
e0l.146&
e0l.1466
o01.147

e01.1473
w01.1476

DE PRECOMTRAIMNTE

SIGMA TETA

483.876

483.8765
483.3769
483.8771
483.877

483.87e4
483, 8758
485, 68755
433.375B
483.8763
483.8771
4832.83776



ler ANNESU DE PRECONTRAINTE

r= 3u

Fa= 282.892%

F3= 0

SUR LE CONWNTOUR DE FAYON Ro= 84599399

SIGMs RO SIGHS TETS
1 -5l .11768 375.3717
z -£1.11751 379.3721
3 -5l.11321 379.3726
4 —cl.11244 A3 3
S -51l.115841 379.373
& -6l1.1182 379.3727
7 -6l1.11785 375.3721
a -&l.117€5 379.3717
= -6l.117a5 373.37°17
10 -=l.11788 3793.,.3721
14 -6l.11825 37r9.3727
1z -0l.1124% 379,373
ler aAMMEAU DE PRECONTRAINTE

r= 30

F2= 282.8926

PZ= 0

SUR LE CONTOUR DE RAYON Ro= 1

SIGMA RO SI1GMeEs TETE

31
o3y
318, 254?
318, ddg
318.2355

318.255
318.2541
218.253%5
318.2534
21&8.2538
318.2540
a 218.2551
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r= 2
P1= 700
P2= 0

SUR LE CONTOUR DE RAYON Ro=

VWoNOTUPWRE

r= 2
Pl1= 700
P2= 0

SUR LE CONTOUR DE RAYON Ro=

WO ANDdwrp e

SIGMA RO

=700
=700
=700
=700
=700
=700
-700
=700
=700
=700
=700
=700

SIGMA RO

-213.5603
-212.8848
—-211.7245
-210.3986
-209.2598
-208.601¢6
-208.591

-209,2332
-210.3688
-211.7047
-212.8803
-213.5659

. 3021298%

IS

SIGMA TETA

882.0571
866.7943
845.6448
827.0429
814.389%6
808.1693
808.1693
814.3896
827.0429
845.6449
866.7944
882.0574

SIGMA TETA

356.0258
334.8631
352.8719
350.5964
348.6456
347.5229
347.951=23
348.619

350.5667
352.8521
354.8606
356.0315



r= 6

Pl= 700

P2= 0

SUR LE CONTOUR DE RAYON Ro= « 2962394

SIGMA RO SIGMA TETA

1 =700 850.7078
2 =700 845.764
3 -700 837.9273
4 =700 829.865
S =700 823.6076
() =700 820.262
7 =700 820.262
8 =700 823.6076
9 =700 829.865
10 =700 837.9273
11 =700 845.7641
12 =700 850.7079
r= 8
Pl= 700
P2= 0

SUR LE CONTOUR DE RAYON Ro= .2908381

SIGMA RO SIGMA TETA

1 =700 832.6136
2 =700 831.7152
3 =700 830.1876
4 =700 828.4671
S =700 827.0135
6 =700 826.189

7’ =700 826.189

8 =700 827.0135
9 =700 828.4671
10 =700 830.1876
11 =700 831.7153
12 =700 €32.6138
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r= 2
Pl1= 700

Fz2= 0

SUR LE CONTOUR DE RAYON Ro= .3021293

SIGMA RO SIGMA TETA

1 -700 882.0571
2 -700 866.7943
3 =700 845.6448
4 -700 827.0429
S -700 814.38%6
e =700 808.1693
7 =700 808.1693
a8 =700 814.389%6
3 -700 827.0429
10 -700 845.644°
11 -700 866.7944
12 -700 882.0574
r= 4
P1= 700
P2= 0

SUR LE CONTOUR DE RAYON Ro= .2993807

SIGMA RO SIGMA TETA

1 =700 868.7808
2 =700 858.3838
3 —700 843.1136
4 =700 828.7768
5 =700 818.496

6 =700 813.2748
7 —-700 813.2748
8 =700 818.496

9 =700 828.7768
10 -700 843.1136
11 =700 858.3838

2 =700 868.7809



Y=

Pl=
P2=
SUR

Wo~NohU & wm B

P1=
pa=
SUR

UoNoOnAbWRE

2
700
0

LE CONTOUR DE RAYON Ro=

2
700
0

SIGMA& RO

—39.52899
-39.54051
—-39.55969
—-39.58039
—39.59622
-39.60295
—-39.59952
—-39.58795
-39.57211
-39.55628
—-39.9543924
-39.53723

.8

LE CONTQUR DE RAYON Ro= 1

sIGMA RO

OO0 00000000

SIGMA TETA

180.2702
180.26066
180.2593
180.2489
180.2371
180.2271
180.22249
180.226

180.2377
180.254¢6
180.2712
180.2813

SIGMA TETA

140.5235
140.5697
140.6477
140.7338
140.8028
140.8362
140.8272
140.781

140.712

140.6387
140.5787
140.5453
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r= 2
Pl1= 0
P2= 339.4711

SUR LE CONTOUR DE RAYON Ro=
SIGMA RO

1 0

2 Q0

3 0

4 0

S 0

6 Q

7 0

8 0

9 0

10 0

11 0

12 0
r= 2
Pl1= 0

P2= 339.4711
SUR LE CONTOUR DE RAYON Ro=

SIGMA RO

-231.7722
-233.0523
-235.2555
-237.7828
-239.9694
-241.256

-241.3123
-240.1102
—-237.9399
10 -235.3608
11 -233.0769
1z -231.7441

WoNOUDWN K

.3021293

-5

SiGMA TETA

-967.2232
-886.1355
-773.7738
-674.9462
-607.7227
=-574.6759
-574.6739
-607.7228
-674.9464
-773.7741
-886.1362
-967.2242

SIGMA TETA

-525.1108
-521.2525
-514.6246
-507.0528
-500.552

-496.7972
-496.7409
-500.411

-506.8954
-514.5193
-521.2281
-525.1393




r=
Pl1=

2
0

P2= 339.4711

SUR LE CONTOUR DE RAYON Ro=

CoNOUbBWNP

r=
P1=
p2=

VWoONGONARWONW

2
0

SIGMA RO

-320.563

-320.4626
-320.2924
-320.1039
-319.9514
-319.8762
-319.8943
-319.9951
-320.1474
-320.3104
-320.4445
-320.5198

339.4711
SUR LE CONTOUR DE RAYON Ro= 1

SIGMA RO

-339.4711
-339.4711
-339.4711
-339.4711
-339.4711
-339.4711
-339.4711
-339.4711
-339.4711
-339.4711
-339.4711
-339.4711

SIGMA TETA

-427.159

-427.1789
-427.20835
-427.232

-427.2378
-427.2238
-427.1992
-427.1786
-427.1729
-427.1839
-427.2035
-427.2178

SIGMA TETA

-407.095

-407.3402
-407.7545
-408.2113
-408.5776
-408.7553
-408.7073
-408.462

-408.0956
-407.7064
-407.3881
-407.2106
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r=
Pl1=

2
700

P2= 339.471

SUR LE CONT JUR DE RAYON Ro= .3021293

VoNONUDDWN M

e
N = o

r=
P1=

2
700

“i6GMA RO

-700
=700
=700
=700
=700
=700
=700
=700
=700
=700
=700
=700

P2= 339.4711

SUR LE CONTOUR DE RAYON Ro=

VWoNOTUNDWN -

SIGMA RO

-445.3326
-445.9373
-446.9799
-448.1812
-449,.2291
-449.8573
-449.9029
-449.3433
—448.3086
=447 .0655
=445.9574
=445.3101

-5

SIGMA TETA

-835.16614
-19.34131
71.8711
152.0966
206.6669
233.4933
233.4934
206.6667
152.0965
71.87073
-19.3418
-85.16693

SIGMA TETA

-169.0849
-166.3871
-161.733

-156.4564
-151.9066
-149.2747
-149.2291
-151.7922
-156.329

-161.6673
-166.3673
-169.1077




r=

Pl=
P2=
SUR

WoNOUbhWMPR

r=

P1=
pa=
SUR

WooONOUNDWMR e

2
0

339.4711

LE CONTOUR DE RAYON Ro=

2
0

SIGMA RO

-320.563

-320.4626
=320.2924
-320.1039
-319.9514
-319.8762
—-319.8943
=319.9951
-320.1474
-320.3104
=320.4445
-320.5198

339.4711
LE CONTOUR DE RAYON Ro= 1

SIGMA RO

-339.4711
=339.4711
-339.4711
-339.4711
-339.4711
-339.4711
=339.4711
-339.4711
—-339.4711
=339.4711
-339.4711
-339.4711

.8

SIGMA TETA

-427.159

-427.1789
=-427.2085
-427.232

—-427.2378
-427.2238
-427.1992
-427.1786
=427 .1729
-427.1839
=427 .2035
-427.2178

SIGMA TETA

-407.095
-407.3402
=407 .7545
-408.2113
-408.5776
-408.7553
-408.7073
-408.462
-408.0956
-407.7064
-407.3881
-407.2106
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ANNEXE

1 Calcul de la pression exlerieure
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10
15
17
20
25
30
32
35
40
45
=11}
55
c0
65
70
735
80
85
90
95
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
285
290
300
310
320
330
340
350
360
480
430
S00
510

REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM

* FFFFF ITIII L ARRAA GGGGGE EEEEE *
* F I L A A G G E *
* F I L A A G E *
* FFFF I L AREEA G GGG EEE *
* F I L A A GGG E *
* F - I L A “ G G E *
* F ITIITII LLLLLL A A GGGGG EEEEE %
FededededkFekFededededeode SUJET y FededeAedek et dede e A dode oAk
CALCUL DE RESISTANCE DES MATRICES ﬂ? FILAGE

A FROID A CONTENEUR NON CYLINDRIUE DOUBLEMENT

CONTOURNEES PAR LES ANNEAUX DE PRECONTRAINTES
Fedededededededohe Ao vk ke RESUME Fedededededededede ek dedodododk ok
CETTE ETUDE CONSISTE A ELABORER UN PROGRAMME Qul EVALUE

L“ETAT DE CONTRAINTE EN N‘IMPORTE QUEL POINT D“UNE
MATRICE DE FILAGE A FROID A CONTENEUR POLYGONAL.
CE PROGRAMME S’INSPIRE DE LA RESOLUTION DES EQUATION DE
L7ELASTICITE PLANE PAR LA METHODE DE MUSKHELISHVILLI
APPLIQUE A UN DOMAINE DOUBLEMENT CONNEXE.

INPUT"COTE DU POLYGONE a= " ;A0

INPUT"RAYON DE COURBURE r= ";RO

INPUT"RAYON EXTERIEUR R= *";

INPUT"NOMBRE D’AXES DE SYMETRIE q= *3;40
PI=3.14159265359%%

Sa=P1/2/Q

L=A0/(2*SIN(SA))-R0O/COS5(SA)

RA=L/R0O

BE=ATN(RO*SIN(SA)/(L+RO*XCOS(SA)))
MMIN=PI/0Q/BE+1

PRINT"LE NOMBRE DE POINTS m DOIT ETRE = "3 INT(MMIN+1)
INPUT"NOMBRE DE POINTS CONSIDERES m" ;M:PRINT

REM
REM
REM
DIM

XI(M),YI(M),XJ(M),YJ(M),CK(60) ,CMK(60)

PRINT 3 TAB(S) ;"XI(I1)";TAB(20) ;" YI(I)" ;TAB(35) ;"XJ(I)";
PRINT ; TAB(50) ;"YJ(I)" : PRINT

NUM=

FOR

0:DEN=0
I=1 TOM

AL=PI*x(2*%1-1)/2/0/M

IF AL>BE THEN 470 ELSE S10

IF AL <(PI/Q-BE) THEN 480 ELSE 550
XI(I)=(AD/(2*SIN(SA))*TAN(PIXE“SA))/(TAN(PIXE—SA)+TQN(AL))
YICI)=XI(I)YXTAN(AL)

GOTO 620

Gﬁ=ATN(RA*SIN(AL)/SQR(1—(RA*SIN(AL))*2)



520
530
540
550
260
570
580
550
600
610
620
&30
650
655
658
670
672
690
700
710
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
S00
910
920
230
940
950
960
980
985
986
987
990
592
1030
1050
1060
1070
1080
1090
1100

XI(I)=RO*XCOS(AL)*(COS(GA)Y+RAXCOS(AL))

YICI)=XICI)*TANCAL)

GOTO 620

IF AL=PI/0 THEN 600 ELSE 5&0

GA=ATN(RAXSIN(PI/0-AL) /SAQR(1-(RAXSIN(PI/Q-AL))}"*2))
XI(I)=ROXSIN(PI/Q-AL+GA)Y*COS(AL)/SIN(PI/Q-AL)
YICI)=XI(I)Y*TAN(AL)

GOTO 620

XI(I)=(L+R0O)*COS(AL)

YICI)=(L+RO)*XSINC(AL)

XJ(I)=R*xCOS5(AL)

YJ(I)=R%.SIN(AL)

PRINT I;TAB(S);XI(I);TAB(20);YI(I);TAB(35) :XJ(I);TAB(S0);
PRINT YJ(I)

Rm b
REM *¥kidkd RAYON DU CERCLE INTERIEUR DE L7ANNEAU  Fdcdodokdkk
REI‘1 e ——— ] et
S=SHXI(I)*COS(PI*(2%xI-1)/2/0/M)+YI(I)XSIN(PI*x(2*x]-1)/2/0/M)
P=P+XJ(I)*COS(PI*(2kI-1)/2/Q0/M)+YI(IIXSIN(PI*(2*x1-1)/27Q/M)
NEXT I

PRINT :PRINT

RH1=5/P

PRINT"Rhol= ";S;"/";P;"=";RH1

PRINT:PRINT

REM -

R s aEea e e = ===== ==

PRINT"CALCUL EN COURS®
PRINT;TAB(20);"CK(J)";TAB(45) ;"CMK(J) " :PRINT

FOR J=1 TO (2&M-1)*x0+1 STEP Q

IF J>30 THEN 1050 ELSE 860

S1=0:52=0:53=0:54=0

FOR I=1 TO M

P1=COS(PI*xJ*x(2xI-1)/2/70/M)

P2=SIN(PI*xJk(2%x1-1)/2/Q/M)

S1=S1+XJ(I)*P1+YJI(I)*P2

S2=S2+XI (I )*P1+YI(I)*xP2

P3=COS(PIX*x(J+Q-2)%*(2*xI1-1)/2-Q0/M)
P4=SIN(PIX*(J+Q-2)*(2%xI-1)/2/70M)

S3=S3+XI(I1)*XP3-YI(I1)*P4

S4=8S44+XJ(1)*P3-YJ(I1)*P4

MNEXT I

CK(J)=81-8S2%RH1" ( 2kQdM-J)

CK(J)=CK(J)/M

N=J+0-2

C=2%0*M

CMK(N)=(S3*RH1*N-S4%RH1"C)

CMK(N)=CMK(N)/M

NEXT J

FOR H=1 TO 30 STEP Q

PRINT H;TAB(15);CK(H) ;TAB(35) ; (H+Q-2) ;TAB(40) ; CMK(H+Q-2)
NEXT H

PRINT :PRINT

REM =============c==s==sS==SSSSSSSSSSSSSSSSSSSSSS=SSSSSSESSEES
REM Fodcdodedddedk VERIFICATION DE LA FONCTION Fedodcdrdcioiodcdok




1110
1130

1140
1145
1150

1160
1170
1180

11590

1200
1210
1220
1230
1240
1250
1260
1270
1560
1570
1580
1520
1600
1800
1820
1830
1840
1850
1860
2210
2220
2230
2240
22350
2260
2270
2280
2300
2310
2320
2330
2340
2350
2355
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470

PRINT;TAB;B);"zXI";TﬁB{25>;"zY:";TaB(40);"ZXJ";
PRINT TAB(SS5);"ZYJ" : PRINT

FOR I=1 TO M : '

AL=PI1/Q/(M-1)*(1-1)

ZXI=052Y1=0:ZXJ=0: ZYJ=0

FOR H=1 TO M+1 STEP Q

U=g+H-2 _
ZXT=ZXT+CK(H)*RH1~H*COS( HXAL ) +CMK (V) *COS (U*AL ) /RH1 U
ZYT=ZYI+CK(H)*RH1*H*SIN( HkAL ) ~CMK (U ) *SIN(UXAL ) /RH1 AU
ZXJI=ZXJ+CK(H)kCOS(HXAL ) +CMK (V) *COS (UXAL )

ZYJ=ZY J+CK(H) *SIN( H*AL ) ~CMK (V) *SIN(U*AL )

NEXT H seh

PRINT I;TAB(S);ZXI;TAB(20);ZY1;TAB(35) ;ZXJ;TAB(S0) ;2YJ
NEXT 1

PRINT : PRINT

REM =========================="_"===___“"___'""'__"'=—_-===========

Rm ::..._'_2=::===“:=============2=============================

PRINT :PRINT"CALCUL EN COURS" :PRINT

GOTO 3220

RE’"‘ :=====================:==================2__-== _______
REM Jkk  SOUS PROGRAMME DE RESOLUTION DU SYSTEM:AXE=F %%
REM Fodorkdedededcdodcdcke ALGORITHME DE GAUSS oAl dedodk Fedodde ke
Rm ===:"_‘=========:=========‘.:============._.__=_.____._..__==:==

INPUT"N= " ;N
DIM ACN,N) ,F(N) ,E(N)

FOR I=1 TO N

FOR J=1 TO N

INPUT"ACT,J)= ":A(I,J)

NEXT J

INPUT*F(I)= *;F(I)

NEXT

FOR H=N TO 2 STEP -1

FOR I=H-1 TO 1 STEP -1

IF A(H,H) >0 THEN 2440

FOR L=H-1 TO 1 STEP -1

IF A(L,H) >0 THEN 2355
NEXT L

PRINT*SYSTEM IRREGULIER"

FOR W=1 TO N

GO =ACL W)

ACL, W) =ACH,W)

ACH, W) =G (W)

NEXT W

Q=F(L}

F(L)=F(H)

F(H)=0

FOI)=F(I)-ACI ,H)/ACH, H)*F(H)
FOR J=1 TO H

AL, J)=ACL,J)-ACT H)/A(H, H)*A(H, J)
NEXT J




2480
2490
2500
2510
2520
2530
2540
2545
2550
2555
2570
2580
2590
2600
2610
2620
2630
2640
2649
2650
2660
2670
2730
2740
2750
2760
3220
3240
3250
3260
3270
3290
3295
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3431
3432
3433
3434
3435
3436
3437
3440
3450
3455

NEXT I
NEXT H

D=1

FOR I=1 TO N

D=D*A(I,I)

NEXT I

PRINT*LE DETERMINANT EST:D= ";D
PRINT

IF A(N,N)=0 THEN 2710
E(N)=F(N)/A(N,N)
ECI)=F(1)/A(1,1)

FOR I=2 TO N

S=0

FOR K=1 TO I-1

S=S+A(I ,KIXE(K)

NEXT K
ECI)=(F(I)-S)/A(I,1)
NEXT 1

RETURN

FOR J=1 TO N

PRINT "E(";J;")= ";E(J)
NEXT J

REM ========c==c=c====moseoeocc—csc e e e

REM =========cc=ccoo====—ccooocmommme e o o e

N=7
FOR I=1 TO N
FOR J=1 TO N
ACL,J)=0:F(I1)=0

NEXT J,1
FOR U=-3%Q TO 3*Q STEP Q
S1=0

FOR K=1-3%0 TO 1+43%0Q STEP Q
I=4+V/Q:J=4+(K-1)/0Q

S=UHK: D=K-V

IF S0 THEN C=CMK(ABS(S})
IF S >0 THEN C=CK(S)

IF D0 THEN F=CMK(ABS(D))
IF D >0 THEN F=CK{(D)

IF S >(1+3%0Q) THEN C=0

IF § . (1-3%Q) THEN C=0

IF D >(1+43%0Q) THEN F=0

IF D < (1-3%Q) THEN F=0

ACT ,J)=(1-RH1"(2%K) )*SkC+(1-RH1*(2%D) ) *KXxF
G=VU-K

IF G >0 THEN H=CMK(G)

IF G <0 THEN H=CK(ABS(G))
IF G >(14+3%0Q) THEN H=0

IF G < {(1-3%Q) THEN H=0
BK=-PE*H

AK=—PT*xH
S1=8S1+(BK-AK*RH1*2)*CkK
NEXT K

F(I)=S51




3460 NEXT V
3470 GOSUB 2300

3486 REM -_"====:=:===::::======:=_=_========.==:===================:
3487 REM dokkkkdk CALCUL DES CONTRAINTES en MPa FododedAodekek
3488 REM —————m————==———=——s——===S=SSSSSSSSSS TS SSSSSSSSSSESSESEEES

3490 DIM SIG(M),SR({M)

3500 FOR I=1 TO M

3505 AL=PI/Q/(M-1)*(I-1) \

3510 81=D:S2=D:53=G:54=D:35=0:SG=D:P1=U:P2=G:P8=ﬂ:P4=D:PS=D:P6=0

3515 FOR K=(1-3%Q) TO (1+3*Q) STEP Q

3520 J=4+(K-1)/0

3525 IF K 0 THEN C=CMK{(ABS(K)) ELSE C=CK(K)

3530 S1=S1+KXE(J)*RO*(K-1)*COS((K-1)*AL)

3535 P1l=P14+K*E(J)*RO*(K-1)*SIN((K-1)%*AL)

3540 S2=SZ+K*CAxRO*{K-1)*COS{(K-1)*AL)

3545 P2=P2+K*xC*xRO*(K-1)*SIN((K-1)*AL)

3550 S3=53+KXC*xCOS((K-1)*AL)

3555 P3=P3+K*xCHkSIN((K-1)*AL)

3560 S4=S4+KXE(J)IXCOS((K-1)*AL)

3565 P4=P4+K*XE(J)*SIN((K-1)*AL)

3570 S55=55+K*(K—-1)*CkRO*{K-2)*COS((K-2)*AL)

35?5_'P5=P5*K*(K—1)*E*RD“(K*Z)#SIN{(K—Q}*AL)

3580 S6=S6+K*(K-1)*E(J)*RD*(K-2)*COS((K-2)%AL)

3585 P6=P6+KX(K-1)*E(J)* RO (K-2)*SIN((K-2)*AL)

( 3590 NEXT K

3595 R1=((RD‘E*SE*SB)*SI+(RU“E*PQ—PS)*Pl)f((82“2+P2‘2)*RD“2)

32600 R2=((RD*2*51—S4)*52+(RD“Q*Pl—P4)*PE)/((52*2+P2*2)*RD*2)

3610 R3=—-PEX{52%53+P2kP3)/(RO*2*x(S2"2+P2"2))

3615 R4=(Eﬂ5(2*ﬁL)*(52—53)+SIN(2*AL)*(P2—P3))I(SEAE+P2“2)
I4=(SIN(2*AL}*(82—S3)—COS(E*AL)*(PE—PB))f(52“2+92*2)
R5=SE—(81*SS*S2+S1*PS*PE—SQ*Pl*PS+55*P1*P2)f{82*2+P2“2)
I5=P6—(P1*P2*P5+P1*82#55+P5*51*92—P2*81*85)/(52*2+P2“2)
SR(I)=R14+R24+R3-R4*XRS5+14*15 ;
SIG(1)=4%(S1xS2+P1*xP2)/(S2"2+P2"2)-5R(1I)

NEXT I '

PRINT TAB(10);"SIGMA RO";TAB(40);"5SIGMA TETA" :PRINT : PRINT
FOR I=1 TO M

PRINT TAB(10);SR(I);TAB(38);SIG(I)

NEXT I

END

Rm =:=——___......-..—___...._.=-_“:==._—==“:===========:======:==========
REM ** SOUS PROG INTRODUCTION DE LA PRESSION EXTERIEURE %%
REr"' ::..—_..—_:::::========='_”=:==__....=.____=— —— e =_——====
PRINT"Donner les modules d’‘elasticite longitudinal®
INPUT"E1= ";E1:INPUT"E2= ";EZ

PRINT"Donner les coefficients de POISSON®

INPUT"NUL= ";NU1:INPUT°NU2= " ;NU2

E=2%( (1-NU1*2)/E1+(1-NU2~2)/E2)"*-1

INPUT"Donner la valeur du serrage S= ";S
PE=E*S/(2%RX(1-NU1l"2))

PRINT:PRINT TAB(S);"LA PRESSION EXTERIEURE P2= *:PE
RETURN
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