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W% tude des wvibrations longitudinales d'un vehicule praduit par |
! ST de Rouiba '
fResumeiMotre projer consiste 2 etudier les vibrations longirtudinsles!
Pd un vehicule produlit par S.M.W.] de Ruiba.Dans ce Equt an & propo—!
lee une methoede de cslcul sstimatif des dispersiones des zccocelerationc!
tet des deplacements relstifs des massec prises en considerstion =0 0 |
Ifonction de ls witesse et du coerfficient de frotrement.ls orocedure |
fde caloul =4t les programmes ont 202 presentes |, !
i A I
PSuniectimstudy of longitudinsl wvibrations of a truch made by S0 TH
! Fouilbks . g
'MpstractiThis study consiste in analisis of langitudinal :
boar =z truch made by S.M.WLT Rouibs The disperzions of ac !
' ana displacements relative to the masces tacken under con !
t nave been calculated a3z fonctions of wvelacitw and coeerficient of '
D damping .The praocedure of calcoulatian and the programmes have been !

D oresented,
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EGENDE DES SYMIBOLES

M = masse Combince de Pessieu et les dewx roves avont
M, = mase Combinée du pont et les Quatres roes GIYYeras.

My = mose de lp Corroterye

_ 2/ :
= moment J?/inerka BIBLIOTHEQUE — i__: )|

ol soacd) &by L ul I

Ecole Nationaie Polytec:nique

7= Energre C,}veﬁ'g we |

L/= Energ/e poltentiele

L = lograngien

D = Fonclion de &:‘Ss/'/ay/?bn

Li,L, = Sopt rf:s/oecﬁ'remeﬁ(‘ les distancesentre less/ecs
avanl et arriere et le Copnke de j/‘a?w}’/aé Vehreuta.

Xo Yo = Sonl respecsvement les excitations des rowves

avant et arr ere.

G, C3 = Sonf respectivement les Constantes de plasticite” des
roves avenl el ariere.

G6;G = Sont res /?em‘z':/f'mc‘ﬁf les Constonles de ra/dowur e
roues  owgnt ef arsvére .

dfjdg'—“ Sont r?.r/Decﬁ'Yé’meWZl les Cbcﬁ'(’/}’ﬂl’-r a’/df?zol‘/é.'ﬁc“ﬂ?c‘ﬁzz

des rous qvamt et arviere.
%) & = respeciement fes e flyecents d amorlsssement des
amor Bss~urs  avont et arriére .
V = Vilesse du a/é’/b/ac‘c’meﬂf A  Yehsedde.
Mp = masse o2 pont arviere
Mg = rosse < 'une roye

M'g = Mave dec /a benne :

Mz = rigsse de [?essfec



: 3 o i
pIBLIOTREQU ytechnique

! . jonaie ¥o
Mcc = masse c/q chassis cqbine f‘l‘:ﬂ-—’/’

MSAY = maise Suwus /oe’/)a/éfe avanl

i

=

MSAR = masse Sus /Dena’ue arr/ere

MEAD = rnasses des Elemments aoldibionnes Pour e ;
ma/)/dje de lo berne

CSEAV = C/'Jdr'jf a Sous essiew avonl

CSEAR = z:./wrgf a Sous eSS/fe d/w';—ff

Cu = c:baf"je Ltrle .

2 = Le q/e;o/oce-menf' Vertical oy Centre e j/'OI//'/P'/

de la ca/sse

Z; % = Sopt respectvement les deplocements Verfcoue
de [Pavant eof e P arriere e lo Zojsse.



CH1 MISE EN THEME
11 INTRODUCTION

On sa/t ?u’cm Vetycule roubier est Caf‘acfe"m'.se,/)aﬂ
Upe jﬁqmg/e Varieted de mowverm ept , Un vebrcyle Suy
Ses ressorts et Se PrevxE est e ensemble vibrapnt
 fres cam/aﬁf'ycfe/ Gui Comprend lrois  pases distinck

a Sauor celle die chassis et de fr Oprrasere Combimes,
Celle e Pissice avanl s el Celle e /ess/per orriere . Pc/f:.r?(/e
le Vebroule est Cﬂf)ﬂ/OaJE/ e Lot Corps one en rea/le”
v /a/m'/}’a'm c?éjreis de [berkos ) mais o /p/g_r part Fer
molryements 170 uralc Sont /)e:?/xfaé/es. Les /D/w' 177 feressa pis Sont.
7°- Movvement vierka/ .p//frméf de toute [a cprrosserie

(mou vemenl e /aom/dzz?e) les ersrear  Sont preigue 1m0, /es.
2°- U éo/avce-mmz" de ‘t’dfycv?f' de toule o Larvoserse

[ Avtour de are trans versal) les esgmx Sont prsguc immols fa.
3% Un mouyemert Verlia/ é’/fé/'lé/\é)[ de chegee espre | Sur
[es Precx | Lorroscnie prssve lmmelk.
Dans ['ensembl- ona Corns/dere ff‘"‘"" ?049/43 c/fjm’; e Lberl
trois  lransfelions ef upe rofelon . Les degx PrEmIErs mou-
~Vements ?nf olos jﬁye}wcﬂrg ,f/'t:r /prr.;, les deax olerpsers ot~
encore des _7[}"{’ Quen cex hrer Yo/sines 5 72/ é?ﬂ(a(‘oz//os //w
:?/F!/e;J c?'(/.:’ fes /ff’('"t' dentes .
Les Vibrobons e Vehicule Sont dues auyr excilatons
9w’ Sont ole c((‘ﬂnem‘u notecres | lec Sourcer /)rfﬂc.:'/ao/e.r
des Vibrabions Sont:

gre L rrregy leritel sle /g Scrfj‘ﬂ(e de [0 reowhe



b- Excenlrécite ef de-’s;'?c//‘ﬁ'éraﬂe des roues .

e. Des excitaltons par les mécanismes fone Fronna st
(motecrs ), bojle. dle vilesse | etc.-.)

-la chawsée /Jreﬂa/ /oazyfw‘s a Cavse de Yasure, /s 7énwe a’erne
Seiccession de Vagues , 4 Ve hiceles gar Y Cirealent a une Cerfain
Vitesz /p&zww‘ entrer en reSennance ) Ce 9 pro Vogue dey Vibrafors
PSS antes ef a/"‘fﬂ erewes . ley Vijrations de Vememble du Vo hyoule
Sont tacheues pour les Voyageurs et les marchandses Y Compris [z
Vehicule [ mewe | elles peuven! provoguer de Sollditations peissants
a’aﬂffe;é/ewen& e Swy /Om,rq’an et pres enle Uy aéfyr/‘ poer lo Stabilike” o
Vehieule qux Vitwses elevets |

12 0bjet de Iséhude:

Cons/dlerons “°n !/e;zé/'aafé ?a/'.se c/c;O/d?'@ Syr tne route donl le pro-
-:{;’/ /Dr:fre»?/c des /rr{ﬁa’/yxx}‘;‘;- A cgue e ce /;mf// (21 rower auapl
et arriese Sont Souwises & e Vibrations de noture aleafvire
?m' se trans metient gux b et au chasrs du Veheule.
On Suppose gue les Vipabows Sont Wrhiog/er 7 /)m}?w Ces derniors
Sont Sachesses pour les Vo agewrs et les marchancliie Y Compr/s /e
Vehicule  fier miome . Pour des {7//4& des depsites &/ﬂfc/}z:%vf et oes
cofficients of Dumorkissemert chossi 01‘?/}/0(.‘(.‘:3/? & un @leal ooy
c/%/en/ﬂ s pers/ons o ‘acceleration ef oles a/e?;é?mweﬂ/‘s relaf 4
enfonchon de la Vilewe a/e/a/ﬂa%mf o Vetneule .
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CH2 DESCRIPTION 'MICROPROF]|L

DeE LA ROUTE PAR UNE DENSITE
SPECTRALE S\WW)

27 Repré.sen/-ah'on des enretc)i.sh*ements
du microprofil cle la roufe.

- micrO/aroJf.«'/ de o royle est une fonchon aleotore
du chemin /Daraowy x(t); cet a ire les ond?mw;f pour xt)
?Uf/cion?i/e Sont des Valeyrs gleatoincs. 2in Z/?/‘eyﬁ/f?maf
F'upe fonchon qleafoire decrivonk e micro profi/ e (o rowle
est represente sur la frgure €0 desous.

X[t)

Y
x@)
E
1 A . I.L.h il
~= i X Z— L)% £ -
5 wup-- \Ur \K-.// + LWL " \\(/ =
—T
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les cond/tons /‘em/o/;'es par /a /éﬁi:‘/b/‘) alegtoire donl-

0n a,/oaf"/f-'f Sonkt :
12 La fonchon aleatvire et Stat'onnes/re of e?:?aq//'?fm

27 Les lopguecre e f'rx\{?u/an‘/réf Sont [imjtees e
hawut et e baos.

B2 Les Ordonnecer o m/'c/b/waj&'/ sont a’;'_r/f‘x'éae’;v Sees Vot
la [o/ normale.

42 e m/zfo/angjﬁry Vare aleatolrewrenl™ Sec/ecmert dpys /e

plan Verbhea/ ef (ong Fudina/ de (o oyt

22 Les f)r/oes des densifes spectrales chossies:
Lans petre Calew! on a whlise ewx Sormes oe densifs
Spectrale;:

cim Line Aensite” Speds ol breit 6/anc ; cest o dbre Zime
cxelfetron Copstante , z 7 PO EXPrEsos; é‘(w) = AP

¢~ ne densite” s pechale Varable of a".f;a@ﬂa"&/?z‘ el

v bere L of é-/o/d(‘fw et clee vehicule ef e ﬂ?}cx?ﬂf&r

clos Vibratons ales reses Const'gdéreer , / (/nzynﬂ_&b/?

e Cefte Aeasite” esf Soppes R sz 74»7;70/. g

2 -
Sley) = 72088V (5 + 43 V)
cut _ Z, 9p-2 y&co% +18,4. 0 v

¢l les jrapbes des _;(onch'ons Si(w); Sy(w) sonk:
S, (w)

9raphique de T

S(w) = N?




285

SZ(w) [M2/83]

l'\ U=28 [KM/H]

|

} U= 48 [KM/H]
s | ™
/ a\ \ S U= 68 [KM/HI
= e
W /A\ AP | \._}u: 88 [KM/H]
Rl v g/{ peie el
S . b > e H“--\. -~
A #,v&:,g}:_\_-_-;;-_—;i{_..ﬁ_ G Sl ~~-lf?;~_-..ﬁ__ﬂu: 1881 KM/H]
ot '____F__:::___,_._:___._Po— ____,_:—__ L mr : "———-_..T_—-g.-—-::-—-—- -—_h_¢ -—...'_______\'_"‘"—-—____-____—-__.._______
b 12
-12 -b w [RAD/S]

GRAPHIQUE DE S2(w) EN FONCTION
DE 5 VALEURS DE LA VITESSE
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CH3:CHOIX DU VEHICULE A ETUDIER
31_ Présentation de/a gamme Sonacome
Lo SNVT Songcome Produ/t Sans Sorn tsine oo Rouibe
lne gamme ole Vetreules /ndushn'els tré Varree tedg e
des Comions broclears | ef des Comions forleans of des Fatobu,
Les Pringpovs Vehicules Sort:
Camions ¢ K 66 5 KI20 a Cabine quorn cee

B170 , B230 4G cebine baiculante .

Cr70 . C230(4xz); C230 (6x4) ; ole chanter

MI1F0 5 M210 nuli taire .

78230, 7¢230 toyt Ferrosn
Autobus: 49 Ve 5, 49 V&

700 V& .
Symbolisetion : 170; 230; 210 : puwissances respectsver
des moteurs en Cy.

665 120 - c/;arje totele ole vet/cu/o

(6,6 ou 12 tommes) .

49, 100 : pombre de ploces cles A Herents bus.

V6, V8 ¢ molewr diese/ avec Eou 8 cylindpe

ern. 2.



32_ Shéma du modele physigue

=3 = “ - -1
- =0 “
R )y
I / o 4 G e
.r_. - i = == ==
\ e
—_
My M4
0(3 3 % Cg G‘({ Ej % C-f
X, (€) T X&)
Lz Ly _




£3
33 _ Choix des c/eﬁpés ce //bertés

Or W&onsx‘de}e dans rrolre projet que 4 de grés e fbertes
Bhrars lokons YD) 5 Y, ) 5 ER) et wne rofatkon ).
34 _ Choix et representation ou vepicule

Le type oy vehicule gu'on q chois/ dans motre Studk
est &n Cagmion for/ew/' KE6 normal et a cabine croncée
Vo/r fr'qure : page: 9

35 _ Types cles paramelres de Suspension
Des ressorts g lames Semi - elliptiques avec amorhis—
-euprs /gc/ﬂa{/é"ﬁvae a Povont et & /[20riere

360 _ Donneés cle base.

La masse du chossis Cobine Mee = 2467/kg/

La masse de /a betrne Ms= 843 [kq]

La rmasse de [essiew M = 743 [kg]

La masse d'une rove Mer= 45[kg]

Lo masse e pont Grrere /Mp = 230 [K&q7 .

La c/fm/ye Ubkle Cq¢ = 3290 k9]

Dans le Cas ow [e Cemvorn el pu o5 o

‘o masse fotale My = 2392 [~9]

L2 charge @ Souws essiew ovont CSEAV= 7640 (k5]

Lo c/;vprjc a Sous essieq armere CSE AR = 7520{3]
embatenent! L= 2 6[m)

‘o distance eptre [tessiew avapt ef fe Cemdre oo Gravitd

Y vébriewle L, = 0,260 [m]

es CopsStantes de raz/dewr das ressortds:



CAISSE CO1107544 A \:.:\_C.de G.
LIAISON 001106040, | N ' o

|
| \
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La eh arg e due a lo mase ole /o bepne Sow

l'essiew arriere esfs B43x 2340 e 775‘8)?[@9]—
Z 600

Done la cu‘)d?/jif a Sous essjets arriere €si

CSEAR= 775,58, 758,7= 7534,28/[k4].
Considémns [e Cominn ep charge :

La c/mfrﬁc" Hzed 5 o c/y?{jf" Lhle Sur 2ews)ew @Vonl er/s

3290x260 - 329 [ks] .

2600
Donc la c/qar-jf‘ a Sous ess)éy 6’1/4/71(' esk:

CS&Aav = 1775,72 r 329 = 2104, ;51[/3],
Lo Ciéé?ff"' 4/45(:: a /d chorge é/fér/d S#f/’t‘fﬁ'ﬂ’ Grerere ef?
3290x2340 _ 29¢ 4 [ij.

26006
Donec /47 C/vafje' = Sogd /’e’fj/'ﬂ:/ A7) ere e.n"i_-

CSEAR= 7534,28 +2987 = 424.95,28 [%37 .
Calculons /es ) psfes S&J/De/?a/c/es
72 Awlc:/?
La masse Sa.r/ﬂ errclva  ern Vol -
MSAV= ESEAV - (1ME ¢ 2 r70)

= 177522 - (193 4+ 2-45) = 1522,72 [/a] .
laa ;masse Suspendre €y arrere s
ITISAR= CSE AR~ (MP+ 4 MR)

= 4534, 28 —(230+¢ &« 457: 7724 ,28Llks].
2°. £ cbarye
la masfe Scspenduwe e ovant:
IS4V = 2704,72 - (143+2x25) = 18 77,72 [k g]
L4 /nadle .Su_t/DC/Jc/ae e arriere :

JISAR = 4-495,2.8 _ (230,&4)(45) = 4085, 28/k%7
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Calcwlons (g maise M3.

Mz= MSAY » MSAR

7. A vide : 3= 71542,72+ 124,28 = ZGG?[ij
22 En charge: Mz = 1871,72 + 4085,28 = 5957 k97 .
D eterminons /s rpasses My, ef pg,.
Lag masse de I?essiec ¢ los Sewzr roves ests
M, = Me 2r8 = 143 + 90 =233 [k5] .
La masse d’ur’);}oﬁ&" arviere 4 Les c}z/ﬁ#re-_r royes eskhr
MZ = MP+ 4 Mr = 230, 780 = 4;70[/(5]
Coleeslons lesrmoments o/inerbe
L = MLSE,H/L;Z + MsEmeéz
72 Avide

= 7775, F2 (z,syz,c 7534,2% /0,26d2: 9826,85 /{9./»2’.
2. En C/var:ye

2

T = 270472 (339) ¢ 449528 (0,260) = 11628,485 4905
R ls gl fortr

|

A vide En charge
M, = 233[k9q] 233/[kq ]
My = 10lk3] 410 [kq ]

M3 = 2667[ks] 5957 Lkq]

Z = 9826,85/.m] | 11828485 [ky-ri/
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CH4 CALCUL DES FREQUENCES PRO-
PRES POUR LES VIBRATIONS LIBRES
NON AMORTIES

4] Determination de | e’yuah’an donnont les
Fr'é’?uen Ces propres des vibrations

_lex pression e /95ﬁgfy/'r Q"/M%'?c/e est opp e pare

T Y MsZ o YT ¢ zﬁf,j:“ oY 1

On Sartl Jue 9 (7) = 2 z/9>

\ _ o
:_:27": 2ipds ZHDT P +2/“7,,j7 + 2172 7,
r—fMj 0 0 0 3 ré i
0 2 0 0 ®
22/ = .
= 9] o 2H, 0 >;
0 0 g s 2% Y,
= 4 7
(2M; 0 0] % 0 0 7
0 2L 0 0 o 0 0
2= = T =
D o M, o0 AN A
0 0 § 2H 0 0 7 /%
La motice spverse Je & est:
7. 0o 0 o0
Varsi
-7 A
= d -—-J:_' 0 0
0 g4 0
%, )
0 0 =
i ? "
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[’ex/aress/on de /’fme‘rﬁ/é /oo/efié'e//e est c/oﬂﬂre’/bw.'

zZ 2 <
T= 2 G(Z-%)"« L 65 -x)«L&(n-x)
bt G(m-2)*
O n rx/or/'me* Z, ef Z, ern 7471:/5290 de X el ¥
Z-: ZZ. Zy 7 27 EZ

Lypids Lywdy
P Bl 7 i
= S
Ly +ly £yl 7

/‘]791"?\5 {e Ca/w/ orn &o Yye
E;:E-Zy}p/' Zzz Zf[zbd
0n ﬂrm/a/’ze(c dans expression de &/
= 26/2-£4,2-2] %1 (5]*
el G-l e Lo 2eb¥- )"
\/)5’/}5’;} (o relebon é_c?_. (2,(/ = ZU'/;?>
2t aprer wn Calea! CTHEtail of Lol mrcae
_-n..;/%pqé- Fe< pour (o deleroninalson e & ppboove

=
C2+Cy %6 -S4 -G <
o Lol 260 G4 G4 Glq %4
e GL, Gt% o
-G -G4 0 G+§

Pour \Sx"m/a/}:ﬁ}r les Cr/ew/s 0/2/9.::\5‘9.'

A = (Cl"g)/MJ
A = (64 L- Gl )/ M3
A= -G /1

Ag = ~Ce /M3



A2 :(lz % = Z,Q)/I
4= (G0 Q) A

i
%y =< G

'44‘2 2 "‘:;[z/Mz.

‘42..3—? CZZ'I /I /443:.0
At w = G GU T Aoy =(C34%) /1,
Asr = -CZ. /M-/

Les /00/546'00,4 Propres Sont les Sotrbors iy
delerrrnnant /t(- CJLf/ =0

N =y .
oy A= €L et L est wne mabiee Umtre.
2
Arg - As2 “43 414
b2
/ s Az Az -2 Az3 Az
— 2

°[" WI/... Azz ’432 Az3-© o
Z
Ags Agz o Ay~

On /305? 6\.56:: X et o ecrvt /( d/t‘z‘erm/'/)dﬁ?l @)

Sous lg forme. 4 = AxTe Bx7r Cx22D x r &
Oof o A =1 ;) L= “(’47;"‘44-4 A2z 7'-/?'33)

C=C Gy o
Gy =
Cp = = AyyAzz +hsy. Apz + Atz Az ¢ A13- 437 ¢ Ary. 4,
Dz Dy 3D bt DY £ Dg Do o Os

Dy = Apr A32. Az3 1+ A11A24 A4z —AYuyAay A33 4 A2z Azz.-Aoy

Apg A4y o Agr Asp +A 49 433 ¢ Aoy Aoy whoyAzs + A22. 433

Dz = Ay Ahy A33 — Arr 422.A33 — A4y -Arr Asz~ Arr Auy A32.
D3 = A (.434-/453 rA21 Ayy — A23 437 — A24. ,44,ﬂ.

D.{,.—.— A1z Azt Agy + A1z Asg-A22 —Ag13s Az4. A3z

D5 = "—A,((,(A&f- Ay 2 - ﬂ4{-/422""”44f- 433)
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£ = qufz.f-fs ,«-E_?;.?Lfé— 0w
\ &

& = Ay (P A3 Ayy — A3 431 Aoy — hay Ay ﬁss) '

E3 = A3z A2y Azr A4z - A3 A2y A4rA32 + A13 Az) A2 Ay

Eg. = -431 A2 A4y A13

5= -~y (—-Az.q A42 A3S + Agr A22 A33 + A23-A31. A4z
~ A3 Az,-*f-/?az).

4.9 Caleul numén’gue exact, ef approximakh¥

- Calcul exoef

= £ b
Les rqgcines de 02 @0’0//0/7
yﬁx) = Ax4+ EXJ £ ity Dx +F =0 Sont [es
Carrés des /nu/SQﬁan /Dm/cv/'&r des yvibraboprs.
Avee Un programme  en bosic or Sterome
les 4 racirpes de /2 equalion y) =0 et or

Adede,; - o ﬁﬂe:.r /s ?z/q/re:r _fflf%é/f‘/](ér /.D/“O/D/"é’.f_c;fé-

//‘év"a//}ﬂ/“?.

,-f 174 /;m jr‘dﬂyﬂ?é e~ [Jes /?i{ U//d/;r So7 X/ E‘K/DoJefs

ans le <h q/o/'/-re Sie .



N

caleul qpproximatf

les ressorts ef [es roues de a/wym: gzxe Sont montes en

i
Aerie denc:

e K= G+%2 - 225076, 21/N/n]
7 & ) -1

4 - 4L, L, ka Q4§ _ 585945 58 [N/
Kz/ G C# C.}-C?

s/ fe {y.S/(:ne est e ’Coa//e " fes 274’::/74/(17(?: e /:oorn/oaje et
de fal?jd'j( Sont af/ﬁaxz'wec; par:

7° A Vvide
/ Y
W = (xq/f ks ) o 143 [Reddd = Fre ZF - 277300
ma3 2r
/ z+ 12y 4
W = (’“41 “‘L‘)é’ = M3F[Radls] = A = 1,80/#2)

Les %re%aenav de s, ef m, Sont 4,//roxr3n4vé€wé y X%

cw,, :( i+ & )Z = 7526 [Radfi] = %y, = 71,97 [Hz]

4
m,

L, = (Bt )"4—: 85,85 [Radts] => Fin, = 15, 6Hz7 .
7.

2
. EFp aé'arje

Cop = 11,6£ [Refs] = 7 = 7,85

op = 703Z Koty = 5 - 765/

Fon, = 17,9FCHE - A, = 73,65 [Hzs

25 Dolre  eteme esf oisle” Y (2 Doelias o
Couplage 1773 443 = 02;//4?; Verifrce domc /es

Sea x 748}«(” ces S cewtre e grovle de la caisse efdyy

mo:fVemmZ‘ c/g fg/at../r.ofj So/]f C?/Ql;/?f;l./oar:

& Lr-h —_L Ky £ % Ca'
z = 1 z Sy T S
s (o) [E(5-8) 2]
2

2
ou s Moo o of Kooy,
Z =




Pvons B AAS I LS )"
mz/ \m ~ I
oy & = f},H‘é/ <t 4 = ,4;,’42,;/;4‘:
C= KL - K,
apre lafwd/ on lrowie $= 6,78 <«1
clomc on pet poser
ML: w{ > S(w;z, w;)
W = ey ...S(c,«j,..cuf‘).
o0n brouve ame le Caleu/.
- A Vide
= 297 [Hz7
f2 = 1,58 [Ha7
2°. En charge
= 7,89[KA]
fo = 24t [HET

1€3
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CHS CALCUL NUMERIQUE DES DISPE-
RSIONS DES ACCELERATIONS ET
DES DEPLACEMENTS RELATIFS

51 EQUAtionsde /g grange
e /afm,og/'?/p L= T=
°2 7-42 ol 22 o<
L= yrsEl, g I Frgim e M3y M
-4 6L (-4 0)-5] Y Gl n) - 4G -5/
- % G/[(FrL7)-%)°
La .7[0/7 ctiorn de diss /P FHon ests
? ? o . - ’ : 2
D= Yoy (=3t a(%-5)"% Y 4[4, 9%/
s Yoy [ 20 b7 -5 72

Les e’?cx;é'aﬂi e [La grange Sont Foryeer pParr

o 7 Dol L 5D
dr 3‘?"{ ch 8;1,;
= (81- Y 3D

e e WO g
=4 i) BLE T 9D 2
dt ajz BZ-:_ 8);: = e e
.ﬁ/_(.aL LD “. 3D .
dt \o% OZ >F T
g ral 3L . _ D
EAC i A A
5.2

Eaquatkons différenkelles clesmou verments

Apa e to/eu! on arivers ow Systeme o ?7z/d/7bm
drfferentrefes  Seo vant ;
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0n obhent le systeme Suivant:

& 2 *(""4“"4)2 "c(.?_é *”{zl;" ;"—df)({ 'I"(C/?‘Q) }’;—Qf-f-é-’?l,?ﬁ

—-C,x7 =0 ----+»1

M3, 4 (4 #dy)y, - dg2 - dply P s X +(s+G)y -G ZE=GL Y
s D (s IR

MZ 4 (fatds)Z (s - l) V= 5, - 5, +(ar ) 2 +(G4-L)7
- Gy _qxz_:o = s

LG+ lfv Ga4)¥ +(dely -4L) 2 vely 5y -4 b} (@420 g 97
HCly-Gh)Z +G Ly -Gl Y =0 - - »4

On passe qu franformalion de fourmer-

Y= ST =i e

[Pttt +4) S # G+ Q)] Y, (RS €G) %y (45 +G)Z

+ %l St GL)P =0 e 1
[m S24(ag e )S (G ¢G)[ Y ~(AsSHG)X — (S +G)Z
N e ) SR TR

% +(devdy) S +(G e F (a5 +G) 5, ~(eS+6) Y
+[(°‘412—410‘2)J+(912-49)]-?: OLsw 3

[FS* el & 4o 82) S oG 44§ QU P e [Rty ~4L,)S +4,4-G1)]
t(A Ly S+ k)T, —(A4 Ly S+ G L)7 <0 - —-» &
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Poyr Sf'm/o/;ﬁé/ le. Colewd o pese

Az my S%p Rirdy) S 4 (6+6)
B = (em,o’r@)
C= —(d;S+G)
D= oLy S Q4
E = mls’-f(dﬁa@)sf(@f@
F= dy 8 v 6
& = *(0{45%%)
s = (e £l 50

= @{4{,3 *ir “'2)5' ’“@"/z ‘Z/ Q)
P LS* (420 804,)s o[ 4% £ q)
Q =( 4, “"%4)5 7‘/‘%41 -2 ¢4)
U: oé Z,.f * Cz Z,
Vel Seis, 1)
Tdonc  ©n aurg le {7&/‘9\;79# S/ Vo
Ay, » Oy «+ CZ 2Dy = 8%,
'j)-"; * EZ:‘ GZ_?«Z?: /E)?Z
Z-)__/; # MZ* 72?-#-/\/?2 o
Uy + V¥ +« QE +P ¥ _ o
5.3 Solukion du Systéme o’ egualkions djfferer-
~lielles en fonchion- des excitabonsx; () et X(s)



_ 3

On determine y,‘,)‘ 'jf:_ 5 Z,¥f en jzoncr‘z‘an de Z{J X,

% B
A= |O E G§ .| L

L M J N

U % Q P
B0 oaEre "N
. “E =g~ T
Ay=l o M o
D Y o @ P

lg Solytion est de la forme Su/vante:

%:7;)(_1'4—72—)(&

aqvee 3 TG =t Bre el T;= 4z
A A

4, = AE(TP-an)
4, = 4G (MP- VN)
Ay = AL (Ma -V7)
Ay = ~CE(LP-UN)
As = DE(LA U
Ag = cT (Lv-um)
Az = -DG(LV-UM)

22



A B X, & D
-— O i
ﬂ'}jz: FX‘- G’ L
L 0 T N
u 9] Q P
| A 0 BX, D
o E EX, T
AZ-=
5y M 0 N
U V 0 P
A 0 C B
AY- 4 £ G T
L M T 0
L - Q 0

Ay, = BE[TP-aN]-GB[ MP.yN]- BL/Mq-vT]
Ay, = CF[rp_ V] - 3;[/\4&-\47

—

N, = B% +T5%

Avec Tz= 2221 et 7 = AYz2
A

o 8Y,, = BG/LP-UN]- ?.TZZQ-]C{/
8y, = DF[ LQ-TU]J+ AR/ TP-Qr/-<E/LP-tn/
Z=T5% +t72% ; avec Ts= 42y of =z 8%
w A%, = Br/tv-um]-. zSEfZP— Uny
82, = ~AF/MP-vN/. DE[LY — &rif.
P =T % 7 Te%

qvec Tz = 4Y7 ef 7g = 43
A A

23



A%:E@[ZQ—UJJ..BG[Z V—uUM]

A% = pF MG-VI] 4« cF[ Ly ur].

done on obhent [les Solutions Su/venrles :

= To% o+ e X,
= 7% + T8 %

les < Afferenles accelerabons seront
= ST s 7

= SBX -7 x]

= 52[7'3??,- + 72:;;_]

= SZ[T;R: + Tgi’;_].

Or':)'z;_ = E{ﬂ?z ou

E£©)

ES)

63 T3] SR (g o

ex/o(_\S{))- avec S= Jco

11

11

CoJ(wC)—J Sip(wt), avec €= _LV

24



54 Détermination des différentes fonclions de

Fransferten fonclion de I’ excitabon X,(5)-
On pose XS) = XO)-£s) -

ey e "5 z-L

Les solubions en fonchon de X Seront:

¥, = (7( + /3 E) =

%= (13 tGEI N

Z = (75 +Ts E) 3;

Y =(Tz+TgE)%

Les ex/:/*eSs;‘cms‘ des acceleraFons:

gt = S eTe)y
= = 0
X_ = Sifa +Tq.£'))f,
Z = S*7s +76E )X,
Ty 2, =2
$ = S (7;1 +18 E) x,

Les cx/? ressions <le 749/7 chonsde tran S/e.ﬂf :

"q'%':(/—_%f-—f_éf‘) B #—‘_ﬁ:@ +7ZE)52_
%

1

B (G TSt WS (TS
Xq 7

4
T
Zi.
3 =]

%

EV
%

“X]lh\):[
_xll-{;l
X[ Tz

+

2| =l

done op oeduit gue :

HE = S[0-47) + (= ~LyT)e]

/7’_);,_5; = Sa[@fgzz) 72 * L278 )5/
/fi%z-i =(Ts ~ b -7) s(ie 72 -4, 78)E

{ BK — (Bl b =T ) (B4 LB -T)E

4

25
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55 Formules donnant les différenkesds persions

» Vo
= Lgs i's P ersions o//occe//e/‘?r/oos

2, *Jb re & s Y
o - A [HE. WE ] s
= = X = X
Zﬂj h—d o o
Z 1‘0"-9 ” o
m - < / /A/ 7‘9 v l"‘/ :_Z/ 5'- (S) 6/.(
4 VS % %
. 7 il - rlier
y‘f 277 i’_,; =
2 i T e
J‘;,z___ '//-/”-_‘g.;ffi;/jx;-@)a/:
= L7 e % X
L a’/'S/* ersions des dé/O/aCemenfS r‘@/&’/?f-s
£ g L
%% = L [[HEZ TEA] S5 a
X Vet =X &
2 £/ %3 Lot oot 3 0 0
5EL - =0 //Zi = %;}3/5,9 @ s
X7 W5~ T x
0n rem p loce les Sorchons de évnfjfemz“pczrcm' Verletirs:
2 0/ o
6 = L [ SUTeire8)( TFTEE) s &) e
-2;;{-/ _|‘na
o (/ e - —e __:‘T‘
0% = _’L_/ S [/;r‘ZB;)(/; 1/8 £) <5, () s
/A
2 %) =
- SHTG rEN S TE) So @) s
4 27 ; -‘-/;,D 7
+/ 4o el _ =
65 = T ST E)(TE <Tie) Sp(5) e
T A e
= fy"" ok
TER = L [ [[F-475-7) 0 %5 -4 ) E )T {57,
Xy -'?-477‘_7 =) 5

——

W T T4 T E S ol

_ ' e ' o
Cag = 2L [ [, T3-73) {7t T TN FR T T3 4
X 277 e g g
’ + B+ b TE-7)E ) Sois) ds.
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26 A')o,o licakion de Ia farmule des ltmpgje; pour
Le Calcul des int€qrales dannaﬂzf’ /e.s differentes
c/;spers:on.s |

La formu/e des /Lra/oeﬁej est c/omﬂee/oor
/ fx) dx = /:[ 7{6""32]{(’(") + 7{7!4) t06) + -— 1 f(?‘n-fj

ou h;— b-a ef” n CleskF /é‘ nom bre clas c/iwlsfoasda
Vg

[/ ntervalle &' /n ?‘rj rakon.

Dons nobre cas toule [es Joncr‘r'ons o x'n/e?ﬂe‘r Sont es

ﬁnc//bzzs /aa/’/"e.r onc :
2 e +bo
G = A e dw = 4 / Hew) dew.
. L 577 A AP 4 {,
“our €y 100 [Rad/s] [es Valewrs de chogue intégrafe

Etant /arﬂ/?'?z/tm enl Constan/es qus/ a-l-on /OaSef

a/ =~ 755@52{/5]

max
premns Un pas de 025 Sur Pare des /OU/JG/J'OD.S,'Q/onc
on wklise /t.dbaﬂjfﬁe"ﬂll' de Variable co= K-09999

4-
g k= 3, .- -,607 quec ko=1 et} Kp= 607,

(k) o 150 Z;x’aa’/sjz =Tl
collte) =~ 0 [JRadi/s] = epm,p.

/7 ex pression de /o 743:"»69(//6 cles %ra/o; ser prend /a
/

rorme

2

o [ £0e) el fhy e fi6) 5 - ﬁ(@]

= 0,079 Z_ #(4) ;ﬂ’ém) r FZ) e A3) 6 o ff('gay

CHG.PRESENTATION DES PROG-
AMMES ET RESULTATS:
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01 L argamgramme Q/U/)r' ajra/mMe des o/zs/oa/'

S/ons.

| Debut

l

[Inyﬁaﬁsqaon_[
I

lire les olonnées -

masses ; /onﬁuea/:s s Amortissement

raicleurs; moment & 2inerbe

¥

l X=1 l
=
L/x‘r‘e la vifesse
v
R =t ]
-
x /e caleul/ des Gfonchorxsam}eyr
o Caa’ H.K; Ha(k)s - .. He) .
W
our
A = K£601
_____ -1 Sous programme dispersions
o = Vi 7
GQ/CA(/ des c-/ﬁe“f’t‘ﬂ{c._s‘ a/;-s/ocrxzom

ﬁ‘ o a’c'c'e/ erations et Aeplocewrents relotfs.
X
+
H
our
= XL5

Nor

Lmpressiors oles resultalk




Sous programme d;':.,omszbn

Y

71 = (H(1o) + HW) )/ 2

© Te2 = Tz2 + M)

| val= 0,073 (T2 +7)

oy

1

b

-+

P -

l o

% K4 600
Non

Programme /Dﬂ'ncc/'pa/

29
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6.2 Les pProgrammes , et les résu/rats

ona abliseé deux Langages

—Le langage FPRTRAN pour les caled des &, fferentes
s pers/ens.

— Le Langage Basic pour le La/cu/ e fréguencer propres
des Vbratons ot b haggge ales orgphes.

Notalron c/blsee.

W= W, e s el

L =08 ; d= 6%

L, =0% 5 Is = O"‘g__z

L0y WG ke O,

41

E.'{K): .E(K) ) .S,.M;:' S;f(k)

ks # —
= E IR Fra = Hy Sy
% X7
- s
"qz.:- ’(/é . H _'ﬁ, 1422: Ng_ S'M
% Xy
e # =
fa= A de it Hss = Hz Sy
X, X
o~ + 5
Ho= W22 . H 2 H,=H, S,
+ < X 44
e
Hs =H Z1=04 H Z-) Al
=t S Hec = #;- Su

=
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CHLOUL  BES FREQUENCES PROFRES FOUR LES VIRRATIONS
LD BRE HON ﬁMQRT ; : :

L RE™M 0B )

R TMFUT O MRONMER QL

Lé IMPLIT "DONNER ﬂ-

Lo EMPUT "DOMNER Q3" 03

18 TNPLT "QONﬁFW Gt O

S THPLT “DONNER ML Ml

200 ITNFUT O II}(}NNI.J«_ P ME TNFUT "DONNER M3" ;M3
SO IMNPUT BORNNER LY, I
QUL ITNELT MDOMNER [L1"
LU0 NS N
L0 ﬂ11%fl

Lty m e

L A0
140
150
L&
i A0

tl‘\

Lo INFUT “DONNER L2";L2
14 GOSLE S50

_*Pﬂi’ﬁ“

Sl

199 TLZ>“IH/FI

K H I sl LML
S AEEs QRO /ML
SN Lﬁx Hh

rﬁf*w S o

s (AL L+ RG4S AERAEE)
L= (AL1%AG4+AL LA

‘{:‘Vfiﬁ-ﬁv

R ARAT L~
SETITaSE xﬁuzxniﬁmmlﬁﬂm;
A14% (AR L#AGE- RG] RARE- A4 L %AHE)

LD D3 DD %

AL L RARERAIINAGD AL L HAGGRARRRATE- A1 LR AR RATER A4
SALEX (AZLXASTRAGE~AZEXABL#AGG~AZ4XAGLXATS)
CALIXARA<AGIRATETALIXARLXATE X A4 4

AA LRSS - AT 04 LN AEE)

fﬂﬁx TG XKMAX STER XMax/200n
NG PR ATRCRXAD DR PRINT X=X, "Ymt ey
(X o
NEXT X
B
CLS T SCREEN 3

MIEW <, 0 - (480, Z00)
WENDOW  Cm2MAX, ~NMAX Y - COMAS  YMAX)
LEMNE  CXPif, O - X, 0)
B9 LENE O, Y MEAK s - (0, YMOAX
SO FOR De-XMAX TO XMAX STEF XMaxX/ 10
L LENE (L, YA E00) - (1, YA /2000
MEXT 1
For E=-%MAax TO ¥Yrax STEF YMAXZL0
LEMNE  CXMAaX /200, Ty - CXMAX /200, 1)




a0

0o F
0 F

L

L RG],

UL T AT

Ol L

| FEH

GES FREQUERNC
SONOR AMORTLE
F VT
RAVITE DE LA

RN
Lo
i

f

TION DE LA
L AVANT
ARRLERE

CHEARGE OGN A

SLICMANT

PROFRES

[P S

32



OO0 ocmcoo00o

s SSES==Z==z==== e e R S ST emAaAS S S ES S S SRS EsEEEE=S=C-S === S======2=

%%%% PROGRAMME POUR LE CALCUL CES DISPERSIONS CES skt
¥%%%k%%% ACCELERATIONS ET DES DEPLASSEMENTS RELATIFS sesiskasorsoss
sk AVEC UNE DENSITE SPECTRALE BRUIT BLANC CoAJD %%
FARR RN RN AAOR kA A S (5D =N 23k 3 oK Ee s o A ek o ok ok koK §

3 3

4

REAL M3,M1,M2,L1,L2,IN,CMEGACE02Z),
H1(602),n2(602)uk3(éU2):F4(602);h5(602),Hé(éDZ);h(éDZ)
COMFLEX ﬂ(éUZ),&{éOZ),C(éDZ)gDCéCZ);E(602):F(602);G(éﬂ2)fl(602)
’J(SOZ),L(602):M(éoz);N(éOZ):P(éGZ);Q(SOZ);U(éOZ):V(éUZ)
COMPLEX JCyT1C602)5T2C602),T3(602),T4C502),T5¢602)
COMPLEX T6(602),E1(602)4CEL21C602)4DELY22(C602)

COMPLEX CELTA(C602),0ELY11(602),0ELY12¢602)

COMPLEX DELle(602);DELIZZ(&OZ),CELFIl(&GZ),DELFIZ(&OZ}
COMPLEX T7(602),DEL1C602),DEL2C6C2)

COMPLEX CEL3(€02),DEL4C6C2),DEL5(502),DELE(502)

COMPLEX CEL?(&OZ).EZ(&OZ);AI(éOZ),AZ(ECZ);&3(6UZ)-ﬂ4(602),ﬁ5(602)1
A6C502),ATC602),A8C602),T8C602)

PRINT =y “Mi="

PRINT 3%, “M2="

PRINT =%, “M3="

PRINT x,°Cl="

PRINT =x,°C2="

FRINT %, °C3="

FRINT %4 “Cé="

PRINT %,°L1="

PRINT &, “LZ="

ACCEPTx9yM1yM2,M34C14C2,C23,C4yL1,yL2

PRINT 24" M1=°",M1 s “"CKG1 "y " M2=°,M2 » "CKGI "y ® M3=",M3 ,“[KG]"
PRINT %4° C1l=°3C1 5, °CN/M]%y " C2=27,C02 ,°OCN/M]”

FRINT %,° C3="4,C3 4°CN/M1°y° C4=",C4 y "CN/MT”

FRINT *" L1=’3L1 i'EMJ'|' L2=')L2 "CM]'

PRINT %, “ALFAl1="

PRINT 34 “ALFA2="

PRINT %, “"ALFA22="

PRINT sty “ALFA4="

PRINT 3y “IN="

ACCEPTx*,ALFAL, ALFA2,)ALFAZ,ALFA4,IN

PRINT =x4,° ALFAl1=",ALFR1 s "CNeS/M1", " ALFA2=",ALFA2 y "IN.S/M]”
FPRINT %," ALFA3=°,ALFA3 » "CN.S/M1°, " ALFA4=",ALFAG ,°“CN.S/M]"
PRINT %9 ° IN=“,IN 5 "[KGoM%%2]"

L0 250 X=1,5

PRINT =," W*

ACCEPTH:yW

FRINT %, "W="3h 4 “[M/S]",X

R=L1+L2 '

Tl1=R/H

JC=(041)

PI=3.14151

CO 100 K=1,601

CMEGCACKDI=(K-0.599S5)/4
J-‘-(I()‘—‘C(-Pli‘JCMEGA(K)**2+C1+C2)+JC*(.QLFA1+ALFQZ)*DMEGQCK))
E(KI=(C1+JCALFALI%COMECACK))

CCK)==(C2+JC#CMEGACK)*ALFA2)
C(K)=(C2$L1+JC*GVEGH(K)*ﬂLF&E*Ll)
E(K)=((-FZuCHEGﬂ(K)¢*2+C3+C4)+JC*GMEGﬁ(K)*(ﬁLFﬂ3+ﬂLFﬂ4))
F(K)=CC3+JC*CFEGA(K)*ALF&3)



—

—-
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GCK)==(C4+JCHCHECACKIRALFA4)
I(K)==(C4xL2+JCXKCMEGACKI®L2*ALFA4)D
JCK)=((=M3x:CMEGACK)I#%2+C2+C4)+JCHCMEGACKI%(ALFA2+ALFA4L))
LCK)==(C2+JC*xOMECACKI=®ALFA2)

M(K)==(C4+JCxCMECACKD®RALFA4)
NCK)=C(Cax%L2-L1%C2)+JC*xIMEGACKI*(ALFA4xL2-L1xALFA2))
PCK)=C(=IN®COMEGACK)*#2+C2%L1kx2+L2%5:2%C4)+JCH*CMECACK)
#CALFAZ2=L1axx2+L2%%2%xALFA4))
CCK)=(C(C4x»L2-C2%L1)+JCHCMEGACKIR(ALFA4XL2-ALFA23:L1))
LCK)=CC2%L1+JC0OMEGACKI®RALFAZ®L1)
VCK)==(C4xL2+JCxCMEGACKDI*ALFA4%LZ)
E1(K)=COSCOMEGA(KI®*T11)-JCxSINCCVMEGACKI=®T11)
JELICK)=ACKIRECKIH¥CJCKIRPCKI=QCKI®NCKD)
CEL2CK)==ACKI®GCKI®R(MCKI®PCKI=V(K)=RNCK))
CEL3CKI=ACKIRICKIF(MCKIHQCKI=V(KI®*J(KD)D
CEL4CK)==CCKI¥ECKI®RCLCKIHPCKI-UCKIENCKD)
CELSCK)=CCRI*ECKI¥(LCKIHQCKI=UCKI%RJIC(KD)
CELOCK)=CCRI®ICKI%CLCKIRV(KI=UCKI*M(KD)
DELTCK)==DCKI*GCKIHC(LCKI%V(KI=UCKIXM(KD)
CELTACK)=0EL1(K)+DEL2C(K)+DEL3(K)+DEL4(K)
+DELS(K)+DELECKI+CELT(K)
CELY11(K)=BCKIHECKIHC(JCKIHPCKI=QUKIRNCK)I=GC(KI=®B (K=
(MCKDHPCKD=VIKDIRNCKIDI+ECKIRICKIRCMOKIHFQCKI=V(KI==JC(KDI)D
T1C(K)=DELY11(K)/DELTACK)
DELYL12CK)=CCKI*FCKI#=(MCKIRP(KI=V(K)%ENCKIDI=DC(KI*F(KD=

(MK *GQCKDI=V(KI*J(KD)D

T2(K)=DELY12(K)/CELTACK)
CEL21CK)=2CKI*(LCKI#P(KI-UCKI=NCKII*G(KI=CLCKI*Q(K)~
JCOK)=#UCKIDIRICKIRECK)D

T3(K)=0ZL21(K)/DELTACK)
CELY22(CK)=CLCKI®CCKI=JCKI%RUCKIIHCCKIHRF(KI+CJICKIRF(K)=-QCK)D
#NCK))RACK)HFCKI=CLCK)*PCKI=UCKI&ENCK)DIRCCKIxF(K)
T4(K)=0ELY22(K)/CELTACK)
CELZ11(K)=BCRIATICKI=(LCKIHVIKI=UCKI=M(K) I-BCKIXREC(K )%
(LCKDFP(KI=UCKI=ENCKD)D

TS5C(K)=DELZ11(K)/CELTACK)D
CELZ22CK)==ACKI®F(KI*(MCKIR®P(KI=V{KIENCKIDI=DC(KI=*F (KD
BCLCK)®RVK)=UCKI®M(K))

T6CK)=DELZ22C(K)/CELTACK)D
CELFIICKI=ECKI%BCKIACLCKIHQCKI~UCKIRIC(KIDI=BCKIXG(KD*
CLCKD XV (K)-UCKI=NM(KDD

T7(K)=DPELFI1IC(K)/CELTACK)
CELFIZ2CKI=ACKIRFCKI%H(MCKI*QCKI=V(KIRJCKII+CCKIXFCKD %
CLCKD AV CKI=UCKI=MCKD)D

TB(K)=0zLFI2C(K)/CELTACK)

ALC(K)=CONJGCTICK)Y)

A2CKI=CONJGCTZ2(K))D

A3(K)=CONJGCT2(KD)

A4 (K)=CONJGC(T4(KD)D

A5(K)=CONJGCTECKD)

A6(K)=CONJGC(TEC(KD)D

ATCK)=CONJGCTT7CKD)D

AB(KI=CONJGC(TECKD)

E2C(K)=CAONJGCELICKD)

H1CK)=CMEGACK)3k4u (T5C(K)+TECKIRELICKIIHCAS(KI+AE(KIRE2(KD)D
H2(K)=CMEGACK)#x4%x (TTCKI+TBC(KIN®ELICKII*CATCKI+AB(KIREZ2(K))
H3CK)=CMEGACK)##4x(T1CKI+TZ(KIREIC(KIDI*CAL(KI+AZ2(KI%E2(KD)
H4CK)=OMEGACK)*%4%(T3(K)I+T4(KINELICKIIHFCAZCKI+A4CKIREZ2(KD)D
HSCK)=CTSCK)=L1xT7CKI=TLC(KI+(TE(KI=TZ2(K)=LI%TEC(KII*RELC(K) DI *
(ASCKI=L1xA7(K)=A1(KI+(A6(K)-A2CK)=LLI%AB(KII*E2(K))
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FOECKI=C(TSCKI+L23:TT(KI=TA(KI+(TECKI+L2%TRCKI=-T4(K)I*EL1(K))
1 #(ASCK)+L2%ATC(KI=ASCKI+CRaCKI+L24AR(K)I=A4(K)IHE2(K))

100 CCNTINUE
CALL CISFER(AC1,F1,VALD
VAL=SCRT(VAL)
FRINT*"11="VFL y TLM/ S 23"
CALL CISFERCECLyr2oVEL)
VAL=3QRT(VALD
FRINTS,y "I12=",VAL 4 "CRAD/S#2]"
CALL CISFZR(ECL1,yrZ VAL
VAL=SORT(VAL)
PRINT®, "I3=",VAL ,"CM/S%x%23
CALL EISFER(&CI:?é VALD
vAL=5SCRT(VAL)
FPRINT= y "I4=", VAL ,°CM/Sx%21]"

CALL CISPERCECL,FE,VAL)D
VAL=SQCRT(vAL)
FRINTy"I5="3VAL ,°CM2°
CALL CISPZRCECL4FELZVAL)
VAL=SQRT(VAL)
FRINTS, "I&€="yVAL ,°TNM2"°
250 CINTINUS

STJP
ENC
SUCZKOUTINE DISPER(N,H,VAL)
CIMENSION n(N)

=1
T22=0.
Tl=(ﬂ(13)+ﬁ(h))/2
CQ 3 K=25h
T22= T42+F(K)

3 CCNTINUE

VAL=C0.07Sx(T22+T1)
RETURM
END




Ml=

M2=
M3=
Cl=
C2=
C3=
Cé=
Ll=
L2=
M1l= 233.,0000 CKG1 M2=
Cl= 1032000. CN/M] C2=
C2= 222700¢C. ChNsM] Cé=
L1= 2.340000 CM2 L2=
ALFAl=
LALFAZ=
ALFA3=
ALFA4=
IN=
ALFALl= 5000.0C0 [NeS/M
ALFA3= 10000.C0 CNeS/M
IN= 9826.3850 CKGeMxx21]
W
W= 5.550000 CLM/S3 1.0
Il= $.355391 CM/S%%2]
I12= 2.£35670 CRAC/S%=x21
I3= 120.57594 CM/S#%%21]
I4= 173.34638 CM/S%%21
I5= 2.7845614E-02CM1]
i6= 2.5540517E-C2LM1]
W
W= 11.110C0 CM/S12 2.0
I1= 9.8G60634 CM/S*x%2]
I2= 2.847438 CRAC/Sx%2]
I3= 120.6125 CM/S%%2]
I4= 173.8104 CM/7Sx%21]
I5= 3.1066524E5-C2CM1]
I6= 2.8349480E-02CM1
W
I1= 8.962958 CM/S%%21
I12= 2.647810 CRAC/S%x2]
I13= 120.5770 CM/S=%k2]
I4= 173.6608 CMzSkx2]
I5= 2.740291GE-02CM]
16= 2.5563750E-C2CM1]
W
W= 22.22000 tM/S81 4.0
Il= B.748E554 CM/S3%2]
I2= 2.645874 CRAC/S=x21]
13= 120.730¢ CM/S%%2]
I4= 174.2652 CM/Sx%%x2]
I15= 2.7319638E-02LM1]
I6= 2.4785003E£-C2CM]
W= 27.77000 CM/S1 5.0
I1= 5.480075 CM/S%x2]
I2= 2.564345 CRAC/S*%2]
I3= 120.3097 CM/ZSx%x2]
I4= 173.69117 CM/S%3%2]
I5= 2.77170413E-02CM1
I16= 2.4673530&-C2CM1

FORTRAN STOP

410.0000 CKGI M3= 2667.000
2ET7857.0 CN/M1]
755160.0 CN/ZMI
0.2600000 LMl
] ALFA2= 5C00.0C0 CNS/NM]
] ALFA4= 5000.000 CNeS/M1
ooo0o0cC
00000
0000C
0000¢C
ocooo
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CKG]




Ml=

M2 =

M3=

Cl=

C2=

C3=

Cé4=

L=

L2=

Ml=  233,0000 CKGJ M2=  410.0000 CKG] M3=
Ci=  1032000. CN/M] C2=  267857.0 CN/ M3
C3=  222700C. CN/M] Cé= 75516040 EN/MD
Ll1=  2.340000 CM3 L2= 0.2600000 CM3]

ALFALl=

ALFAZ=

ALFA3=

ALFAGL=

IN=

ALFAl=  5000.000 [CN.S/M] ALFA2=  10000.00
ALFA3=  10000.00 CN.S/MJ ALFA4=  5000.000
IN=  $826.350 CKGoM%%2]
W

W= 5.550000 CM/S]  1.00000C

I1=  9.570440 CM/S%%23

12=  3.04211¢6 CRAC/S%%23

I3=  94.50734% CM/S%%2]

I4= 173.872¢ CM/S%%2]

I5= 2.1486287E-02CM]

I6= 2.5395455E-C2CM]
n

W= 11.11000 EM/S1  2.000000

I1=  10.03108 CM/S%%21

I2=  3.193400 CRAC/S#%2)

I3= 94.96531 CM/SH3%2]

I4= 173.8519 CM/S%%2]

I5= 2.4327857T7E-020CM1]
16= 2.7456079E-02CM1

W= 16.€€6000 CM/S] 3.000000
il= 9.33634¢ CM/S3:32]
I2= 2.060053 CRAC/S%%21]
13= 94.98185 CM/S%k%2]
I4= 173.7477 CM/Sx%%x21]
I5= 2.1470133E-C2CM1
I6= 2.5250844E-02CM1
W
h= 22.22000 CM/S1 4.000000
I1= S.07526°% CM/S=%x2]
i2= 3.0646692 CRAC/S%%x2]
I13= 54.97840 [M/S=%32]
I4= 174.2134 CM/S%k%x21]

I5= 2.1065960E-02LM1]
I6= - 2.4371171E€-02CM1

W= 27.77000 CM/S3] s.00000C
Il1= 9.348047 CM/Sx%2]

i2= 3.010534 CRAC/S%%2]

13= 94.723217 CM/S=%2]

I4= 173.9415 CM/S%x2]

I5= 2.1297848tc-020M1

I6= 2.354553¢&E-C20M3
FORTRAN STOP

26¢67.000

CNeS/M]
CN.S/M]

S5F

CKG1]



M1l=

M2=
M3=
Cl=
C2=
C3=
Ca=
Ll1=
L2=
Ml= 233.0000 LKGC1 M2= 410.0000 CKG1
Cil= 1032000. Cins/M] C2= 287857.0 CN/M]
C3= 2227000. CN/7M] Cé= 795160.0 CN/M1]
L1= 2.340000 CMI L2= (0.286C0000 CM1]
ALFAl=
ALFA2=
ALFA3=
ALFAg=
IN=
ALFAl= 5000.000 CN«S/M] ALFA2= 15000.00
ALFA3= 10000.0C0 CN.S/M] ALFA4= 500.000
IN= 9826.850 CKGaM%%21]
W
W= 5.550000 [Ms5] 1.00000¢0
Il= 5.513638 CM/S%x%2]
12= 3.44510¢8 [RAD/S=%21
I13= 78.4972C CM/S%x2]
I4= 173.8E00C CM/Sx%x21]

I5= 1.7526987E-C2LM1
I6= 2.53311377E—-02CM]

W= 11.11000 CM/S3 2.000000
Il= 10.28224 CM/S%x2]
I2= 3.284416€ CRAC/S%x%21]
I3= T18.5T7741 CM/Sx%k212
I4= 172.8793 CM/S=x23
15= 2.0607319E-02CM3
16= 2.7261362:2-020M1
W
W= 156.€6000 CM/S3 2.00000¢0
I1= 3.505775 CM/S%%23]
I2= 3.457841 CRAC/S%%*21]
I3= 78.60220 CM/Sxx2]
I4= 173.8071 CM/Sk%x2]
I5= 1.8095668E-C02(0M1]
16= 2.558464G9E-02CM1]
W
W= 22.22000 tMrss] 4.000000C
Il= 9.536523 CM/Sxx21]
I2= 3.427222 CRAC/S=%=x2]
I3= 78.59010 CM/S%x21]
I4= 174.1665 CM/Sx3%2]
I5= 1.,7521336E-02LM)
I16= 2.4485173E-02CM1
W
W= 27.77000 CM/S1 t.000000
I1l= 3.574002 CM/S5%x2]
I2= 3.410262 CRAC/Sx%=x2]1]
I3= 76.358382 CM/S%x2]
I4= 174.0383 CM/S%%2]
I5= 1.,T7651752E-02CM1]

Is= 2.3655571E~-020CM1
FORTRAN STCP

2567.000

CNeS/M]
CN.S/M]

[KG]



M1=

M2 =

v3s=

c1=

C2=

3=

Ca=

L1=

L2=

Ml=  233.0000 CKG1 M2=  41(.0000
Cl=  1032000. Ch/M] C2=  287857.0
C3=  222700C. EN/M] Cé=  755160.0
Ll1=  2.340000 [M] L2= 0.26000090

ALFAl=

ALFAZ=

ALFA3=

ALFA4=

IN=

ALFAl=  5000.000 [N.S/M) ALFA2=
ALFA3=  10000.00 EN.S/M] ALFA4=
IN=  11828.48 CKGoM¥%2]
W

W= 5.550000 CM/S]  1.000000

I1=  4.504033 TM/S%%2]

12= 2.405241 CRAC/S%%21

I3= 121.5467 CM/S%%2]

I4=  175.32%3 CM/S%%2]

I5= 3.1514797E-02CM1
[6= 2.5264314c-02CM1

W= 11.11000 CM/S81 2.000000
Il= $.054654 CM/S%%x2]
I2= 2.2256317 CRAC/S%%23
I3= 121.5539 CM/S3%x2]
I4= 17£.3087 CM/S%x%:21]
I5= 2.6550720&-02CM1
Ie= 2.7524057E-C20M1
W
W= 16.€6000 CM/S81] 2.00000¢0
I1= 3.945725 CM/S%%2]
i2= 2.215051 CRAC/Sx%2]
I3= 121.5421 CM/S%%2]
I4= 178.253C CM/S%x2]

I5= 2.7291166E-C2CM1
I6= 2.60142622~020CM1]
W

W= 22.22000 CM/S13 4.000000
I1= 3.898135 CM/S%3%21]

I2= 2.26T75922 CRAC/S%%2]

I13= 121.6054 CM/Sx:x2]

Ié= 175.4802 CM/S%x2]

I5= 2.8436692E-C2[M]
16= 2.5446782E-02CM1

W= 27.77000 CM/S] 5.00000C
I1=  4.204092 CM/SH%%2]

12= 24211743 CRAC/S#%21

I3= 121.4464 CM/S%%23

T4=  175.2571 CM/S%%23

I5= 2.9132698E-02LM]

16= 2.5261594E-02CM]
FORTRAN STCF

CKGI M3=

5000.000
5000.000

5957.000

CNeS/M]
CN.S/M]
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M1l= 233.0000 CKCI M2= 410.0000 CKGI M3=
Cl= 1032000. Ch/M] C2= 287857.0 CN/M1
C3= 2227000, CN/M] Cé= 7¢5160.0 CN/M]
L1= 2.36400C0 CM3 L2= 0.2€6C0000 CMI
ALFAl=
ALFA2=
ALFA3=
ALFA4=
IN=
ALFAl= 5000.0C0 CN.S/M] ALFA2= 1C0C60.C0
ALFA3= 100006.00 CN«S/M] ALFA4= £C00.000
IN= 11828.48 CKECeM*%2]
W
W= 5550000 CM/S82 1.000000
I1= 4.626698 CM/S%k%2]
I12= 2652904 CRAC/S%%*%213
I3= 3597322 CM/Sxx%23
I4= 175.3297 CM/Sx%2]
I5= 2.4237153E-020CM1
I6= 2.7528360E-02CM]
W
W= 11.11000 CM/S1] 2.000000
Il= 4.,238715 CM/S=%%x2]
I2= 2.5655¢3 CRAC/S%%21
I3= 95..99072 CM/Sx%21]
14= 783197 LM/ S%x21]
I5= 2.132407cE-02CM1
I6= 2.7135178E-C2LM]
k= 16.66000 LM/S12 2.000000
Il= 4.024496 Cr/S=3:2]
I12= 2+55686¢C CRAC/S=%%21]
I3= 35.95€E84 CM/S%x2]
I4= 175.27538 CM/S%x%2]
I5= 2.1205481E=-C2CM]
I6= «5414739E-C20M3
W
W= 22.22000 CMrs583 4,000000C
I1= 4.008022 M/ S%x2]
I2= 2.574324 CRAC/S*%2]
i3= 96.00177 CM/S%x%21]
[é4= 175.462¢ CM/Sxx2]
I5= 2.18805893&£-02LM2
Io= 2.4B46957E-C2CM]
W
W= 27.77000 CM/S3 c.C0000¢C0C
Il= 4.1603217 M/ S%%2]
12= 2.5478603 CRAC/S%x%2]
[3= 35.30243 CM/S32]
La= 175.3484 CM/7S%%21

I8= 2.,2298217E-Q02CM1

2.462T03¢6E-02LM3

Ie=
~ORTRAN STCP

5957.000

CN.S/M3]
CN.S/M]
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M1l=

M2=
M3=
1=
C2=
C3=
Cas=
Ll=
LZ2=
ml= 233.0000 CKG1 M2= 410.0000 LKGI M3=
Cl= 1032000. CN/M] C2= 287857.0 CN/M]
C3= 222700C. ChN/M] Cé= 765160.0 CN/M]
Ll= 2.340000 (M1 L2= 0.2éC0000 CMl
ALFALl=
ALFAZ=
ALFA3=
ALFA&4=
IN=
ALFAl= 500C.0C0 CN.S/M] ALFAZ= 15000.00
ALFA3= 160C0.C0 CNeS/M] ALFA4= 5C00.C00
IN= 118228.48 CKGaM%%x2]
W
b= 5.550000 CM/S12 1.000000
I1= 4e513632 CM/S%x21
I2= 2.55281¢ CRAC/S*x21
I3= 15.40665 CM/S%x2]
I4= 175.32339 CM/Skx2]
Is= 2.0022860E-02CM1
I6= 2.,7525808z-(02LCM1
W
W= 11.11000 CM/S] 2.000000
Il= 4.4364187 CM/Sx%2]
2= 2.892371 CRAC/S=%=%x2]
13= 719.43235 [M/S%%:2]
I4= 175.,3268 CM/S%xx%2]
I5= 1.8163234E-C2CM1]
I16= 2.70260458E-C2LM1]
W
a= 16.£€6000 CM/S] 2.00000C
Il= 4.246214 CM/S%:2]
i2= 2.83158:% CRAC/Sx%xx2]
13= 79.444512 CM/S*x%x2]
I4= 172.2991 CM/S%#2]
I5= 1.T870635E=02CM1
I6= 2.,5423307&-020M1
W
W= 22.22000 CM/S2 4.00c00°C
Il= 44198123 CM/Sx%%2]
I2= 2.889261 CRAC/S%x2]
79.44141 CM/S==x2]

I4= 175.4443 CM/S3x2 ]
I5= 1.8221840E-02CM1
I6= Z.48284372-C20M1

A= 27.77000 CMrsS1 5.000000
Il= 44270944 CM/Sxx23]

I2= 2.ETT7871 CRAC/S%%21]

I3= 715.3524¢ CM/ S22

Ia= 172.3845 CM/Sx2]

I5= 1.8539766E~C2LM]

I6= 2.456G001E-C2CH]
FCRTRAN STCP

5557.000

CNeS/M]
CN.S/M]
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A CLS: SCREEN 3. XMAX=15000: ¥MAaX=% - VIE WO, 0 - (480, 3000
HOCWINDOW  (~XMAXA10, ~YMAX/10) - ORI, Y Ha
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5 T D.D.R (Z1-Y1/K1) [CHI - 43
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.
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U [M/S]
8 15 30
UARIATIONS DES DISPERSIONS DU DEPLACEMENT RELATIF (Z1-Y1/K1)
N ON FONCTION DE VU
5 T D.D.R (Z2-Y2/%1) [CH]
1
zh
2.5 3 s

U [Hr8]

3] 15 38
VARIATIONS DES DISPERTIONS DE DEPLACEMENT RELATIF (Z2-Y2/K1)
EN FONCTION DE WV

LES COURBES 1,2,3 CORRESPONDENT RESPECTIVEMENT A ALFA 2 =
CONm ADGOR ACOGER TR O /M



268 | D.A.E.AR [M/82]
1,2,3

168 1

VU [M/8]

a 15 36

UARIATIONS DES DISPER.. D’ACC ..DE L’E.AR. EN FONCTION
DE v
LES COURBES 1,2,3 COR...RESP.. A ALFAZ2=5868, 16868

5 T p.A.C.G.C [M/S2]
1
:5;:*:—-——_________ 5
I — e
"""——-—-—::___-: :_:F:‘___.-—’-'- 3
!
2.5 1
U [H/S]
8 15 34

UARIATIONS DES DISPERSIONS D’ ACCELERATIONS DU C.G.C
TN TAKCTTIAN TT 11



30

4] 15

UARIAT IONS DES DISPERSIONS D’HCCELERHTIOHS pU MOUVEMENT
DE ROTATION DE LA CAISSE EN FONCT ION DE LA VITESSE.
[M/82]

158 D.A.E.AV

i

15

@
UARIATIONS DES DISPERSINOS D’ﬁCCELERﬁTIOHS DE L’ E.AV.E
FONCTION DE v
ot ﬁLFﬂZZSBEB,lﬁBBE.

LES COURBES 1,2,3 CORES... RESP. .



i@ T D.D.R (21-Y1/%¥1) [CH) 46

tn

U= 68 KH/H
~—
—‘_"—-—\.,_________-
-h_-b_b__\_"‘—""h—
ALFAZ [N.S/M1
8 186680 28808

VUARIATIONS DES DISP.. DE DEPL.. RELATIF (Z1-Y1/K1)
EN FONCTION DE ALFAZ

19 T D.D.R (22-Y2/¥1) [CHM]

U= 68 [KNM/H]

ALFAZ [N.S/Ml]

B 16606 26884

UARIATIONS DES DISPER.. DE DEPLAC.. RELATIF (Z2-%2/K1) EN
FONCTION DE ALFAZ



T D.A.C.G.C [N/82] 47
P e
£ L
U= 68 [KM/H]
ALFAZ [N.S/M1
8 10060 206060

UARIATIONS DES DISPERSIONS D’ ACCELERATIONS DU CENTRE DE
GRAVITE DE LA CAISSE ON FONCTION DE ALFAZ

T D.A.M.R [RAD/S2]
U= 68 [KM/HI
e
- f—__‘_’_____,-—-‘—
——’_‘—F'..——P._
ALFAZ [N.S/M]
A 16686 28868

VARIATIONS DES DISPERSIONS D’ ACCELERATIONS DU MOUVEHENT DE
ROTATION DE LA CAISSE ON FONCTUION DE ALFAZ



158 T D.A.E.AY [H/82] 4§
| S U= 68 [KM/H]
N
\KH
SEr i
ALFAZ [N.S/M]
8 18000 20660

VARIATIONS DES DISPERSIONS D’ ACCELERATIONS DE L'E.AV.ON
FONCTION DE ALFAZ

398 | D.A.E.AR [M/S2]
S
{,ﬂ’fx S
i ’.-'- -‘H—I
=l e ~
v U =68 [KM/H] ™
150
ALFAZ [N.S/M]
B 16008 28008

UARIATIONS DES DISPERSIONS D’ ACCELERATIONS DE L’ E.AR.EN
FONCTION DE ALFAZ
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%% PROGRAVMME POUR LE CALCUL CES CISPERSIONS CES =%uokk
%% ACCELERATICNS ET CES CEPLASSEMENTS RELATIFS %¥:ux%
%% AVEC ULNE CENSITE SPECTRALE VARIAELE A PGLR EXPRES
wakniy S(WI=(12.088%kVa(Wkk214 43 E=25%VA%2) )/ (Wask4=TRE=2
¥ HVHER2RWAR2+18 0% e E=GuVaRG) o g e gk sk e g

3¢

£

REAL M3,M1,M2,L1,4yL2yIN,CMEGACELD2),4N1,
H1C602)yF2C€02),F3C602),F4(602),n5(602),HECED2),FCE02)
REAL S11(602),H11(602),H22C602),n33(602)4H44(602),
H55(502)4yH566(602)

COMPLEX A(H02),BCE02),CCE02),0C602)4,ECE02),FCED2),4GCE02),1(C802)
yJ(602),LC502),M(602),NC602)4PC602),QC€602),UC602),V(E02)
COMPLEX JCyT1(602),T2C602)4T3(602),T4(602),T5(662)
COMPLEX T€(C602)4E1(602)4CEL21(602),4DC5LY22C602)

COMPLeX CELTAC60Z2),0ELY11(502),0ELY12C602)

COMPLEX CEL211(602),0EL222(602)4CELFI1C602),0ELFI2C&02)
CCMPLEX T7(602),0EL1CE02),0EL2C6C2)

COMPLEX CEL3(€02),DEL4CECZ2),DELS(602)yDELECSL2)

COMPLEX CEL7CE02),E2(€02),A1C402),A2C402),A3(502)4A4C602)4A85C£02),
£6C602)ATC602),A8(602),T8(602) '

PRINT %, "M1="

FRINT 3y *M2="°

PRINT 3y “M3="°

FRINT 3, °Cl="

PRINT 3, °C2="°

FRINT =,°C3="°

PRINT %, °Cé4="

PRINT %,°L1="

PRINT :,4°L2="

ACCEPTxgM14M2,4M3,4C1,C2,C3,C4yL1yL2

PRINT *g‘ Mlz.,Ml "EKG]'!' H2='|M2 |'EKG]'i' M3="M3 ,'EKGJ'
PRINT ,° C1l="4C1 ,"CAN/MI",°C2="4C2 4 "CN/M]”

FRINT 4° C3="yC2 4, "CN/MI"y " C4="4304 4 CN/M]"

PRINT %, " L1=",L1 ,°CMI"y" L2="4L2 ,°CM]"

FRINT %, "ALFALl="

PRINT 3,y "ALFA2="7

FRINT ==, "ALFAZ="

PRINT =, ALFA4="

FRINT 32y "IN="

LCCEPT=wyALFALl ALFA2,ALFA3,ALFA4,IN

PRINT #,° ALFAl=",ALFAl 4, °CN.S/MI1"," ALFA2=",ALFA2 , "CN.S/M1"
PRINT %4 ° ALFA3=",ALFA3 ,"CN.S/M]*y° ALFA4=",ALFA4 4, IN.S/M]"
PRINT %47 IN=",IN 4 "[KGo.Mxx%k2]"

00 250 X=1,5

FPRINT 34" W°

ACCEPTxy M

PRINT 3y “W="3hy "CM/ST X

k=L1+L2

T11=R/W

JC=(0,1)

PI=3.14151

CO 100 K=1,601

CHMEGA(KD)=(K=0.9955)/4
ACK)=(C(-M120OMEGACK)#x2+4C1+C2)+JCHCALFAL1+ALFA2)=*CMEGACK))
2C(K)=CC1+JC*kALFAL10OMEGACK))

CCK)==-(CZ2+JC*CMECACKD*ALFA2)
CCK)=(CC2*L1+JC+OMEGA(CKIRALFAZ%L]1)
S(K)=C(-VM2#CMEGACK)*%2+C2+C4)+JCH0OMEGACK)CALFA3+ALFA4))
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-

=
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FCK)=CC2+JOXCMEGACKDRALFA3)
C(K)=-(C4+JC*CMEGCACKI*ALFAS)
ICK)==CC4#L2+JCHCMEGACK)HL2:ALFAL)
JCK)=((=NM320MEGACK )k 2+C2+C4)+JCHOMEGACKD(ALFA2+ALFA4))
LCK)==-(C2+JCxCMECACKI*ALFA2)
M(K)==(C4+JCRCMECACK)X:ALFAS)
NCK)=C(C4%L2-L15%C2)+JCOMEGACK)®(ALFA4xL2-L1%xALFAZ))
FCK)=C(=IN=ZCHMEGACK ) ® k2 +C 2L 1na2+L 25325 C4)+JCROMEGA(K)
%CALFA2%=L1%%2+L2%%2%xALFA4))
GCK)=C(C4mL2=C2%L1)+JCxOMEGACK)RCALFA4xL2-ALFA2:L1))
LCK)=(CC2%L1+JCOMEGACK)=ALFAZ2xL1)
VCK)==(C4xL2+JCHCMECGACKI*ALFA4%LZ)
E1CK)=COSCOMEGACK)I#T11)=JCHSINCCMEGACK)=T11)
CELICKD=ACK)*ECKINCJIJCKIHFCKI=QCKI=NCK))
CELZCK)==ACKIRGCK)H(MCKIHP(KI=-V(K)I®ENCK))
CEL3CKI=ACKI*ICKIHCMCKIHQCK)=V(KI®JCK))
DEL4(K)==C(KOHT (KI®R(LCK)%P(KI=UCK)IXNCK))
CELSCK)=CCRIECKIFCLCKIEQCK)-UCKI*XJ(KD)
CELOECKDI=CCRIFICKIFCLCKDAHVIKI=-UCKI®HM(K))
CELTCK)==CCKI*GCKI®C(LCK)ZV(K)=-UCK)I=®=M(K))
CELTACK)=CEL1ICK)+CEL2CK)+DEL3C(K)+DEL4(K)
+0ELSCK)+DEL6CK)+CELTC(K)
CELY11CK)=BCRIXECKIHCJCKIHPCKDI=QCKIAENCK)I=-GCK)*B (K
CMCKDSRPCKD=VIKIRNCKID4RCKIRTCKIR(MCKIEQCKI=VIKI=J(K))
T1(K)=DELY11(K)/CELTACK)D
CELY12CK)=CCKI®FC(KIH(M(K)#P(K)=V(KIXNCK)I=DC(K)*FC(KI=
(MCKIRQCKY=V(K)=RJCKD)

T2(K)=DELY12(K)/CELTACK)D
CELZICK)=BCKIHCLCKIHPCKI=UCKIENCKY)IHGCKI=CLCK)IHL(K) -
JCKD=L (KD I%RICKIHECK)D

T3(K)=DEL21(K)/DELTACK)
CELY22CK)=CLCK)®CQCKI)=JCKI®RUCKI IR (KI*FCKI+(JC(KI=P(K)=-CC(K)
ENCK))HACKD)HFCK)=CLCK)APCK)=UCKIANCK))®RCCKI=F(K)
T4(K)=DELY22(K)/CELTACK)
CELZILCK)=B{KYHICK)CLCK)=V(K)=UCKI=M(K))=B(K)RE(K)*
CLCKDFPCKI=UCKDXHRNCKDD

T5(K)=2ELZ11CK)/CELTACK)
CELZ22(K)==ACKDHF(KIR(MCK)I®RPCKI=V(KDIHNCKIDI=-CCKI==F(K)
#CLOK)RVK)=UCKI®M(K))D

TECK)=2ELZ22CK)/CELTACK)
CELFIICKI=ECKI%BCKIHCLCKIZQCKI=UCKI®JIC(KIDI=B(KIHG(K D=
CLCKD#VCK)=UCKI=M(KD)

TTCK)=0ZLFIL1C(KD/CELTACK)
CELFI2CKI=ACK)HF(KIHCMCKIHQCKI=VI(KI*JCKIDI+CCKIHF (KD
CLCKD)®VCKI=UCKDIHNM(K))D

T8C(K)=DELFIZ(K)/LELTAC(K)

B1CK)=CONJGCTICK))

A2(K)=CONJG(T2(K))

A3CK)=CONJGCT2CKI)

A4 CK)=CONJGCT4A4(CKD)

ASCK)=CONJGCTE(K))

A6CKI=CINJGCTECKD)

ATCKI=CONJGCTT7C(KD)

A3CK)=CONJGCTR(K))

E2CK)=CCNJGCE1CK)YD
S11CK)=(12.088%Wx(CMEGACK)Zxk2+4,3E-2xWksk2))/
(CHMEGACK)#%4=T7 o E=2%(UxCMEGACK) D%%2+18 .4 -4kWikk4)
H1CK)=COMEGACK)#%4x(TE(K)+TE(KI*EIC(KIIHCASCKI+ASEC(KIREZ2(K))D
H2C(K)=OMEGA (K ) %4 (TTCKI+TH(KIRELI(KIIHCAT(KI+AG(KIXE2(K))
R3C(K)=OMEGACK )34 (TICKI+T2C(KI*E1(KIIFCALICKI+A2C(KI®RE2(K))
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Fo(K)=CMEGACK)# b (T2RCKDI4THCRINRELICKIIHCAZ(KI+ASCKIREZ(K))
FSCK)SCTSCK)=LI#TTCRKY=TIC(K)+CTECKY=T2(KI=L1=T3{(KIDHELCK) I
CASCR)=L1I%ATCKI=RICK)+CAECKI=A2CKDI=LI%ABCKDIINHZ2(KD)
PECK)=CTECK)+L2aTTCRI=-T3CAI+(TACKI+L2HTa(KI=T4(KIDI=Z1(KDI)D
BCASCKD)+L2MATCR)=A2CK)+C2ECKI+L2% A (KI=R&4(KIIHEZ(KD)D
n11CR)=HIC(KI=*=S11CK)

B22CK)=r2(<)%811C(K)

FE3CK)=A3(K)AS1LCK)

mad(K)=Aa(RI)=S11(CKD

F55CX)=mA5CKI%S11(KD

FEA(K)I=AE(KIHS11(K)

CONTINUE

CALL CISFER(CEC1,rF11,VELD

VAL=SCRTCVAL)D

PRINTS, "11="yVAL o 7TM/Sx%%2]"

CALL CISFERCECL1,F22,4VAL)D

VAL=SSRTCVALD

FRINT%y“12="4VAL 4 "CRAC/S#%k2]°

ChLL CISFER(CACL F223,VELD

VAL=3CRT(VAL)D

FPRINT#, " I3=",VAL o "[M/SHx%2]"

CALL CISPERCACLarndé,VLL)
VAL=SCRTC(VAL)

PRINTHy "I6="yVAL ,CM/Sx
CALL CISFER(CEQL1,-554VALD
VAL=SQCRT(VAL)
PRINTS 9 I5="¢NAL ,"[CMI°
CALL CISFZR(ECLyres,VEALD
VAL=SQRTIVAL)D

FRINT®, "I&=",VAL ,°CM2°
CONTINUE
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M1l=

M2=
M3=
Cl=
C2=
C3=
Ca=
L1=
L2=
M1l= 233.00C0 [KGC] M2= 410.0000
Cl= 1032000. CnsmiC2= 2B87857.0
C3= 2227000. CN/s/MI Cé= 765160.0
L1= 2.3400C0 M1 L2= 0Q0.26C0000
ALFALl=
ALFAZ=
ALFAZ=
ALFA4=
IN=
ALFAl= 5000.00C0 CNe.S/MJ ALFA2=
ALFA3= 103C0.C0 CNeS/7M] ALFL4=
IN= 3826.820 CKEGaM3%x%2]
W
W= 5.520000 CM/S81] 1.0000¢0¢0
I1= 2.12352¢ CMz78%x%2]
12= 1.10602C CRAD/S*=%21
I3= 10.9409¢ CM/S#%%21]
le= 14.80145 CM/S=3x21]
I5= 1.3539598E-C2CM2
I6= B8.5030515E-03CM1
W
W= 11.11000 CM/S 1] 2.00000¢C
I1= 3.556044 CM/S%x2]
I2= 2.08471¢ CRAC/S%=22
I3= 15451615 CM/SH%Z]
I4= 20.93215 CM/S*%21]
I5= 2.5767531E-02CM]
I6= 1.5656756E-02CM]
W
W= 156.5660C0 LM/S1 2.000000
I1= 2.855145 M/ S22
12= 24221938 CRAC/S%*x2]
I3= 19.01217 CM/S%3:2 12
I4= 25.53708 M/ S35z
I5= 2.7705376c-02CM1
I6= 1.5026714E-02CM1
W
W= 22.22000 CM/S1 4.000000
Il= 3.600224 CM/S%=%2]
I12= Z2.462489 CRAC/S*x2]
I3= 22.03115 CM/sS%%2]
I4= 29.81815 CM/ZS5%x2]
I5= 3.13735C5E-C2LM]
I6= 1.56930482-02CM3
W
W= 27.77000 CM/S2 £.00C000
Il= 44963513 CM/S3%x2]
12= 2.790095 CRAC/S=%x%21]
3= 24.63823 CM/Sx%:2]
I4= 33.2454%4 CM/Sx%2]
I5= 3.640943CE-C2CM]

I6= 1.7703454E-020CM1]

FORTRAN STOP

CKG] M3=

£€00.0020
5000.000

52

26¢7.000 LKG]

CNeS/MI
CN.S/NM]



M1=
M2=
M3= 1%

Cl=

C2=
C3=
Ca=
L1=
L2=
Ml= 233.0000 CKC] M2= 410.0000 CKGI M3= 2667.000 CKG1
Cl= 1032000. CNsMIC2= 287857.0 CN/M1]
C3= 222700¢C. ChN/M] C4= 755160.C CN/M]
L1l= 2340000 CM] L2= 042600000 CM1
ALFAl=
ALFA2=
ALFA3=
ALFA4=
IN=
ALFALl= 5000.000 CN.S/M] ALFAZ= 1000C.00 CNaS/M]
ALFA3= 10000.0G0 CNeS/M] ALFA4= 5C00.000 CNoS/M]
IN= 9826.5850 CKGaM%22]
W
W= 5.520000 CM/S1 1.000000
I1= 1.53590:2 CM/S%x21
I2= 0.9247680 CRAC/S%%x2]
I3= 8.415013 CM/S%3x21]
I4= 14.79825 CM/S%%2]

I5= 1.0500115€-C2CM1
I6= T.400609£6E-03LM1

W

W= 11.11000 CM/S3 2.000000
Il= 3.342648 CM/S=%x%2]

I12= 1,€691610 CRAC/S%%21]

I3= 11.94615 CM/S%x23

I4= 20.53741 CTM/S%%23

I5= 1.9537967E-02LCM1]
I16= 1.3585065E-02CM1

W

W= 16.66000 CM/S3 2.000000
I1= Z2.848733 CM/Sk%2]

12= 1.8456140 CRAC/S*%%2]

i3= 14.63595 CM/S%%x21

I14= 25.64044 CM/Ssex2]

I5= 2.1133667E-020CM1
16= 1.3C5751&E-C20M1

W

W= 22.22000 CM/S3 4.000000
Il= 2.97922¢ CM/S=xx%2]

I12= 2.065741 CRALC/S*%2]

I3= 16.3446¢ CM/S#%2])

I4= 29.80182 CM/S3k32]

I5= 2.3856288E-02CM]
I6= 1.3035795&8-C2CM1

W

A= 27.77000 CM/S81 €.o00c00C
Il= 3717191 CM/S%x2]

I2= 24355555 CRAC/S==%21]

I3= 15.020238 CM/Sx%x21]

Ie= 33.28712 CM/S%%x21]

i5= 2.7618865E-020M]

I6= 1.4106S38c-02CM3
FORTRAN STCP



Ml=

M2=
M3=
Cl=
C2=
C3=
C4=
L1=
L2=
Ml= 233.0000 CKG] M2s= 410.0000 CKG]
Cl= 1032C00. CN/7M1C2= 287857.0 CN/M]
C3= 2227000. CN/M] Cé4= 765160.0 CN/M]
Ll= 2.3240000 CM] L2= 0.2600000 cCM3l
ALFAl=
ALFA2=
ALFA3=
ALFA4=
IN=
ALFAl= £E000.000 CN.S/M] ALFAZ2= 15000.00
ALFA3= 10009.C0 [NaS/M] ALFA4= 5C00.000
IN= G826.850 CKGeM%%2]
W
W= 5.550000 CM/S3 1.000000C
Il= 1.524324 CM/S%%x2]
I2= 0.8728470 CRAC/S%*=%2]
123= 6.97066¢ CM/Sx%x2]
I4= 14.79785 CM/S=n%2]
I5= B8.6262235E-03CM1
Ie= 7.0605341E-C3CM]
W
W= 11.11000 CM/S3 2.000000
Il1= 3.2226386 CM/S=%2]
I2= 14585158 CRAC/S%%2]
13= 3.911658 CM/S%%2]
I4= 20.34407 CM/S%x2]
I5= 1.6200272€-02CM1
I64= 1.3122258E-02CM1]
W
W= 16.66000 CM/S2 3.00C0000
1= 3.074241 M/ Sx%2]
I2= 1.735910 CRAC/S%%x2]
I13= 12.13518 CM/S%%2]
I14= 25.6453C CM/S%3%x2]
I5= 1.7594967E-C2LM1]
I6= 1,254059GE-02CM3
W
W= 22.22000 CLM/S1 4.000000
Il= 2375726 CM/S=%%2]
i2= 1.954212 CRAC/S%%21
I3= 14,05805 CM/S%%2]
I4= 29.78522 CM/S%x2]
I5= 1.9794799E-02CM]
I6= 1.,2762017E-C2CM1
W
W= 27.77000 CM/S] c.000000
Il= 3.321670 CM/S%x2]
I2= 2.243615 CRAD/S=x21]
I13= 15.80C2617 CM/S%%2]
I4= 33.30362 TM/S%%2]
I5= 2.286090CE-02TM1]

I6= 1.346366CE-02CM]
FORTRAN STOP

2667.000

CNS/M]
[CN.S/M]

54

CKG1]



Ml=

M2=
M3=
Cl=
C2=
C3=
Ca=
L=
L2=
M1l= 233.0000 CKECI M2= 410.0000 CKG] M3=
Cl= 103200¢C. CN/M1C2= 287857.0 CN/M]
C3= 222700C. CNs7M] Cé= 755160.0 CN/M1
Ll= 2.340000 CM] L2= 0.2€6C0000 CM3
ALFALl=
ALFAZ2=
ALFA3=
ALFA4=
IN=
ALFAl= 5000.000 [N.S/M3 ALFAZ= 5C00.000
ALFA3= 10000.00 CNe.S/M] ALFA4= 5C00.000
IN= 11828.48 [KGaMx%x2]
W
W= 5.550000 CM/S3 1.00C000
Il= 1.890595 CM/Sxx2]
I2= 1:339520 CRAC/S%%2]
I3= 11.05063 CM/S%%2]
14= 14.98588 CM/S%x2]
I5= 1.9517157€-C2CM1
I6= 1.6530463E-C2CM]
W
W= 11.11000 CMr31 2.000000
Il= 1.566935¢8 CM/S%=x2]
Id= 1.506981 CRAD/S%%2]
I3= 15.63375 CM/Sx%x2]
I4= 21.20803 CM/S%%21]
I5= 2.4824647E-02CM]
I6= 2.2282993E-02LM1
W
W= 16.66000 LM/S2 2.000000
1l1= 2.1902369 CM/S%%2]
I2= 2.22621°5 CRAC/S*%21
I13= 19.18875 CM/S=x2)
I14= 26.00005 CM/S*x2]
I5= 3.2004464E-02CM1]
I6= 2.4239499:-02LCM1
W
W= 22.22000 CM/S3 4.000000
1] = 2.921210 CM/S%22]
I2= 2.774292 CRAC/S*%2]
I3= 22.23832 CM/S*%23
I4= 30.13657 CM/S%k%2]
I5= 4.1358139E-02LM1]
16= 2.8667973&-02CM1
W
W= 27.77C00 LM/51 £.00000C
Il= 3.8855369 CM/S%x2]
12= 3.47720¢€ CRAC/S#%21
I3= 24.5283¢ CM/Sx2x21]
I4= 33.7121¢C CM/Sx3%2]
i5= 5.2814085E-C2CM]
16= 3.5527017E-C2LM]

FORTRAN STCP

5957.000

CNeS/M]
CNeS/M]

S

CKG1




Ml=
M2=
M3=
C1=
C2=
C3=
Cé=
Ll=
L2=
M1= 233.0000 CKG] M2= 410.0000 CKG] M3= 5957.000
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