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__ 1. INTRODUCTION

i

.. Due to.the.needto developincreasedjet:-_.ngiOee_(icienc_es,typ.!.¢-

i ally.sma1_ler,rotor-s.tatorrunning_3learance__ar_e.bei_g.emg_loy_ in..current
I,

L:.,. and new..designs. This..tog_therwith the-ever-pr.eSent.th_ust__to__impro.ve.-

_,_ _. reliability:ancLreduce.maintenance.costs.has generatedthe nee_t,to..dev.elop
i •

;. i a-better.understanding,o.flthe basic dynamiccharacteristicsof existing

- new engine configurations_kl..

i With the emergence.of-ganeralput.pose(GP).fin.iteelement.(EEl-codes _.

_:. such as ADINA,.ANS¥S,MARC, NASTRAN,[I,2] the.analysisof the..dynamic_.of_

_I generalstructureshas beenmade__eadilya.vai_lableto structuraldesigners

i and anal.y.sts.This followsfrom the fact that.the overallFE methodology.

: incluoesnumerousimpor_,anL-f_aturesnamel.y.[3,4],

l.) HandleshierarchalStructuralsystemswith.numerousl.evelsand sub-

i. .- structure;

I -, 2) Handleslarge deformationkinemati,sK_net_cs_

'" "- 3) AccemmodatesgeneralmateriaLpropertiesincludingani.sotropy,non-

linearelasticity,p_as_ticity,viscop]_asticity,etc.

4) Well.suitedto handlenonJ_inear.boundaryconditionsas definedby

" iimpact,contact,rubbing,and;.

__ w 5) Ther_ exist numerouscommercia_lyav.ailable_P codes,w_i.thextensive

-- elementlibraries[I.,2]

.... Becauseof such.capacities,_P-FE codes a_e_experienci.n__awide..sp.r.e.ad
!-

., usage threughout,the variousaerospaceand.commercialindustries[1,2.].

4

..... "....... ._, • I I ml ............ = .............. III|I_II .......I-F- I Ill ml I .....
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I_ spite of its far reachtng..capabilities,_tb_FE;pro.ce_hJre,has not.
!I
,_ been extensive.l.yemployedto analyz_rotor-bearing-sta.tor._tructu_e.,_
if"

i] T-hisfollowsfrom the lack of elementswhich can model th_ interfacial

fields-gene.ricto gas tu_.'binesand in generalrotat-i_gequipmen_t,Spc-,cific-.

._ a1ly, there is a lack of Q1eL_e_ts.which can.prope.rlyand efficiently,model ..

the interactiveforce f.ie1_soriginatingin rolle_bearings,squeeze-i_i.l_.. J
dampers.,sealsand rub/impacCevents,etc,. Toge.cherwJ-th.theseshort_ ... ii

'I

: i

comi.ngs.arises_hedifficultiesassociatedwith the integratlon..ofrotor- _,

bearing-st_to._..s.i_ula.tions.,which, unlike..themodal.approaChsay o.fAdams

[5], requi_esthe entireset of simulatinge_uationsto.be handleddirectly..

.. While Guyan type reductionschemes[6] can be employedto reducethe number

of degreesof freedomof the variouslinear.._subStru.ctures,the direct

.... integrationof the coupledset of simulatingequationsst.i11requires

furtherwo_,-kto improvenumericalstabilityas.wellas computationalef-

: ficie_cy. This.isa direct,outgrowthof the highlynonlinearmanner in which

various interracial.fields,suchas those generatedin squeeze-filmsand

•- rubs, behave.

.... In the.contextof the ,_oregoing,the basic emphasisof this three-

year study is to deve10pas well as extend the FE methOdo1ogy,t(>eff.ici-entl.y

handle the transient/steadystate responseof rotor-bearing-statorstruc-

" tu_e associatedwith gas turbineengines. Speciall.y,t-ht._--_ncludes:

(I) the developmentof specializedelementswhich enable the characteriza-

tion of squeeze-filmda_ers, roller bearings,,rubs.,impacts,at_dsea1._.

"" [7]_.(2)the be_chii_arkingof the,elen_entstli_oughi__corporationi4_toa GP.

code wherein.directintegrationschemesare used to generatethe overatl

solution;and (3) the evaluation/improvenm-ntof the numericaloperating

_. charact-er_.sticsof such sim_1_ti_)ns,
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The thrustof this report is to ou_13_...second year.ef£o_ts..aimed-

primarily a.t:

i) Implar_tingthe squeeze-filmdampeceleme__.._toageneral:purp_o_seF£

code (ADINA[8,.9]_for testingand.evaluation,includin.gsuch.items

as;

a). Elementcomputational-e.f_tclency.;

b) Adequacyof the pertucb_tionalscheme i_.defini_ instantan-.

4 e

eous...stiffner.sand damping.,coef-fi.cientsof f].uid f._.]m,..and,

c) Adequacyof difference,mesh"[7]_ in squeeze-fil;melement.._to_....

• mod_l-inte.ra.ct.ive forces,

ii) Determinerunningcharacter.i.sti.csofdirect integration,approachof i

!
FE..generatedrotoc-bearing-statorSilnulation,including: , i

' ' a) Benchmarkingscheme; I

b) EStablish/improvingnun_ricale.£ficiency[lO,ll_. '

c.). Establishnumericalstabilityt:hre,shold;.

' d) Comparisonof explicit [12] vs...implicit[13]methodologiesof

direct integration;and

e). Determine.extent and sourceof nonl_,nea.ritya.rising,in-mode-l.
£

In the sectiotlwhich follows,detaileddiscuss.ionsare g.ivenon.the .!

overallimplantst_att_g¥,the governingfield equations,•the expllci-_and :.

implicitintegrationschemesas welT as the resuTt;s...ofnuntericalexpert- I

C

• n_nts uSed to benchniar.kthe operatingcharacteristics..-of-_;heapproacl% ;

The appendicies.i_cludeT1sringsof the approprlatecoding-required-to i

impTa_tthe bea_'ing_elementinto the.ADINA a='chitectureas welLlas =its _ {
I

_.. associateduser inst_'uctions.Also includedis a listing.o.f-.compleme_ting .

graphicspost processorsenab]ingvariousviews Of rotor trajectori_es..

I
t
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! 2,. .......OVERALL.APPROACH

l

' i. .i R_o_-Sque_ze film/bearing:-_.tator..._imula_ions-areinherently,noM.inear- |

'.,._ Thins an Outg_wth of two sources_mely.:... I
4!

_" i) The inherentbehav.i:orcharacteri_tic-.t_queezefilms parti¢ularly i

during transientsituatiLons,and.

i.i) Potential.structuralinteractionswhereJm__itberla_e.deformation

kinematicsor materialnOnlinearity_lasticityJ,..a_)eexcited_ i

Because.of Such _eatures,the (kvera_rotor-bearing.-st_tor_simulationmu_

be able to incor.Qo.ratethe varioussources of nonlinearity. Addi.tionally,

to enable-,efficientsolutionsin situations.,wherei.n,various•of the..model

components,are linear,the overallsimulation_chememust inco_or_t_ Sub-

structuringcapabilities, F_Lrthermore,sinc_ transientproblemswill be

considered,such.featuresmust be accommodatedby the variousi.ntegration.....

algorithmsused to solve the governing._el equations.

The centralissue of the model]i_ requirementsi_ the need to.identify

the separatesourcesof nonlinearitywhich may occur..Havingd_e so, _uch

sourcescan be handledv,iasubstructuralp.r..oced,Jres_.Since numerical
W

._ integrationis used to solve_he re_Iting set, the.variouslinearcOmpon-

ents of the model can all ..begeneratedand s.toredbefore,-time,ste,pping

--, occurs. In this context,..onlythe non.l_nears_ubStructuralcomponentsneed .;

be _dated duringintegration. After this, the-variouslinearsubstructural......... 7-....
,i

-L contributions•can.be-a_sembledi._tothe globalscheme, This..istileap- !

( proachta.k_ for.thisstudy.... i
"I

E_ure$ 2-I and 2-2 Illustratethe--v_riousasp_ts a_ociate,d.with
.o

" the overall.flowof controlf_ the i_oregoingsubstructural,approach. '_

Specifically,Figure l-I iilustrate_e basic flow of calculationsfor
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expliGit,type schemes._As ca_-be.._keenthree,basic loopsare-,pn_eset.1.n

the logic flow. These are associated..t_ithth_ l.inearand nonl_i.oeas::s_b,_.
11

structuralcomponentsas well as the exp.iicit inte.g.rationp._ces.Sitself..... _,
t

For linearstructuralcomponents,the subs.tru¢_uralstiffness1.sCalculatetl.... i.,

ancLgloballyassembledoutsidethe integra.tionloop. Dur_i4_gi_ntegr.at.ion,

!" the react.io_forcesof such componen.ts..areobtaineds.imply:.by,po.st-.

i! mult..i.p.ly_tngthe l_near s_.iffnessby.the appropriatecurr.entde_i_lecti.on..This

!_ w_i_llbe discussedin.detail in Chapter4 Suchan.approachsignificantly
i " " I

).: streamlines,the calculationflow. For the.nonlinearloop, the •nodal••

If load due to componentreactionsmust be updatedand reassembledduring.°

_ "i,!_. eachthe bearingtime ste_group.O.f the expl i ci t i.nteg rat_i on _cheme e This also appl ie_ to '_I

For.the implicitintegrationscheme,as_seenfrom Figure2-2,.the

overall•flow is similar.,to that of the explicitcase but r_quire.sthe.addi-
i.

tional,calculationof stiffnessand dampingmatricesassociatedwith the

I linear,nonlinearand bearingcomponents.,Again, the l._nearcomponent.
stiffnessand dampingmatricesare generateda_d globallyassembledOutside

_. the i_tegrationloop whi_e the nonlinearand bearing.•elementsare constantly..........................

updatedwithin the loop.

!

F

3, GOVERNINGFINITEELEMENTFIELD EQUATI[ONS

Assumingthe possibility-oflarge deformationkinematicsand kinetics., '_

the Lagrangian_type equations.of..mgtion,take the form [14].

@uI+ ))+. (3.1)
Ba--_(Sjk(6ik _ak °oFoi " PoUl,tt .

• where ai;.i = 1,2,3 are the cartesiancoordinatesdefinLin_the _,i_ial

. °

L
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_ con.figuration,Sjk the 2nd Piola-Ki.rchhoffstress.tensor,_i_ theLKronecker......................................T...............'i

' de.lta,Po the ir_.i.tia.l.den_ity,u.t the-Lagrangian.... dtsp.laceme_L...¢omp.ol1_!_, _,
, ii

"- Foi the body_fOrCe-and (_.Itt denoteS.Lime._Jiff_re_tiation..Based oJL_(3.-l.), '
!

" the-virtual...work pNnciple, used t_ establish the..,rexluistte FE formul.ati_.

, iS given by [14]

Bui

: where _( ) i_ the virtualoperator,_R the.boundaryof.R, n.i the normal
._ [!.4].
._ to _R and Lij the Lagrangi.an s.train tensor is defined by

•]" _ l (ui + uj + (:_..3).Lid - 2 ,.j. ,i u_,iu_,j)

Employing the usual Shape function approximation we have that [3]

u_a,.t)= [N(a.)]Y_.) (.3_...4]

where [.N(a).].is the shape function,Y the nodal displacementand

uT= (u ,u ,u ) (3ll' 5) l

~ 1 2 3

[3]
In terms of (3.4),Lij can be recastas

' ½,. L : [[B]* [Bn(Y)][B]]Y (3.6)

wbere..[B_],[Bn(Y)]and [G] are..defined in AppendixA7 and

LTJ = (L ,L ,L. ,L ,L ,L ) (3.7)
; - 11 2_ 33 12 23 3I

Substituting (3.4) and (3.6) into (3.2) yields the f_l.lowing FE formula-

i tion.of the virtualwork principlenamely
i

;(6LTs+ 6UTpou + PoFo)dv.=6yTF (3.8) :R..... ,tt...............................................................................................................................................................................................1

wheee .... _ 1

C)L_,"_-i,_,_ ....

- OF POOR QUALI_Y "

"L... ._,- _..L............
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'llll.,

• ' )_t_- (3,10)

. ,WF '?'_uin'iSjkC_ik_ :_ak 1.... ',IRe

,,.i, aL : [B*],sY _ " '
= [[B]+ (3.11)I'l: " " .

Now, since ,sYi.sarbitrary,(3._) reduc_s..tothe following..expr_ssionfor

r, !

! a xjivet.te-thelementnamely

./" (Po[N]TEN.].y.4 [B*]Ts.+ "o[N]r,o)dv: Fe" (3,12) ..Q
Re !N_)tehere re strictlydefines t;t_ ol.ementscontributionto Lts

attacJ_ment...rmdes..Recasting(3,12)in more convenientmatrix forn_yields......................................

t.he fo 11ow.b._9•_:1)re ssi n, , azm,1y

[MelY + .r [B*]Tsdv..._. fe :' re (3.1 3)
' " R " " "

0

where--theconsistentmas'_matrix [I1] liMe] ,rodt_ethe bed3 force,matr_.x.

are given by :_

[Ne] -:S ,}oEN.]TEN]dv (3.14) ,
R
0

" fe f ,,o[N]TIdv (3.1"5)
' " R .0

t_

To developan overallsimulati_mof thL,rotor-stato.rsup,portstt;ucture_ ..

(3,i3) must be assembledt(_(m/hrrw-LLb-theinter_..ve force represent:a-

tlmi [7] nf tlm squeez_film damper and rollerbearingce,mbinatlons....This

can br achieved in two dittart,ntway,__,:w_lving out of the requirementsof

explicitm" implicit tlltt'Hl'_t J{)tl.

I

L '
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: For the explicit,L-fo.mula-tion[12], the Interact,ing.flulzLfo_c.es..o.f-...........................
i"

< the squeeze-film.canbe modeledas.nodal loadsactin.g_on.-tbe..variousap-

'L,: propriaterotor-statornodes. This type of-fonnul.atien-takes,the...fol.l..ow.Jng

.: assembledform namely

't

[M]Y+ %[B*]TSdv: - Fb + f + Fext (3.16)
- R "

i! i

i: where Fext denotespotentiale_<ternallyappliednodal loads, _b..$_ the ..

,i:"iI" interactingsqueeze...filmload, and f the.body.force,is (_iv.enby
'c L

_:... f : /pn[N]fndv (3.17")

. " R .....
I.. For this study the loads developed_ in the. squeeze, f.ilm are simulated

in the manner described-.in,.Report 1 [7], Specifica.}ly, two alternatives

can be employed: i!

i) The pressure profiles modelled by the. keyn_.Ids simulat-ion are inte-

grated over the entire squeezefilm bearingsurfaceto yield a

single force vector definingthe over'allforce occurr.$ngin the

fluid film;.or,.......

ii) The profilescan be integratedover segmentsof bearin_..arcto

yield a detailedset of loads definingsqueezefilm-forces,wherein

a more detailedanalys_isadmittingdeformal;ionso.fthe bearing !

structurecan be accommodated. .
i

.'. For implicittype formulations[13] (3.16)must be expandedin Taylor I.
i

. " series retainingsolely,up to the tangent,stiffness.and...Oampingexpressions,
t

i'"
Specifically,if we let

Y(t+At) 'vY(t) + ^Y(t+At) (3,18)

Y(t+At) % Y(t) + AY(t+At) (3.19)
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such that

IIYXt)II>>IIAY(t+ ^t).lI (3.20).

llC_(t)It>>llAY(.t* At)Jl ,_ (3.21.) .:

then the properexpansions,can be t:akennameTy
!

_ _ L(t + At) _ L(g) + Ak.(t+-At) (3.22)

S(t + At)._ S(t) + ASXt + At) (3,2;3)

,i

_:_: Fb(t + At)_ Fb(t) + AEb(t_+At) (3,24-)_

where-

" AL(t * At) = [B*(Y(t))]AY_(_;+..At)...............................................C3_,_25:)
r

AS(t + At) = [D(Y(t))]AL(t..+.at) (3.26)

: i aFb(t + At) = [Kb(Y(t))]Ey(t+ at) +

[Cb!Y(t),!(t).)]AY(t,+ At) (_3__j?_)

such that [D] is the t-angent s.tiffneSs_of the structural partitions .o.fl the ........

rotor-statorassemblywl_le [Kb!_and[Cb] are the pseudostiffness and .............................. _ _+ ........ _ ...........

• i
dampingmatricesdevelopedacross the squeezefilm [7]. In-terms-of

(3.18 - 3,27), (..3__.16)can. be reduced to the. fol-lowing tangent fo.mul.ati.on ¢

that is 1
) i

[M]Y(t+ At) + [Cb]aY(t+ At) + [[K]+ [Kb]]AY(t+ ; = F ;

" - Fb(t) + f(t + At)- /[B*]Tsldv (3.28) i

• R -t " i!
where -: i

[K] = /([G]T[s(t)][G]+ [B*]T[D(t)][B*']]dv. (3,29-)

s-uch that [S(t)] is a matrix of stress defined at time t.
,1
' i

i :

i

k .. , ....... .......... ,....
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Note for purely elasti-c- s-tr.ucgu_-a]-com__onents,--[01.defines-_;he ._ ..........
• i

i" calledtangm_tstiffnesswhich is the s.lop_o-ftbe....s_ess-strain_sp.ac_.
I

"- in the case where some s-tructuratcmllponents.._llayhav.eundepgonesome plastic
1

deformation [D] is replaced.by[Dep]which--isthe.el.astic-plasticcou_ter- i

" i part. A good descriptionof the derivationof [I)ep] is given,by Zienkiew3r,z_.............................:...........

_I:'_.t [3.]. In such situations,(31,_2-B)_J.sreplaced:by

!
:_.) [J_]!+ [Cb]AY_+[[Kep] + [Kb]]aY.:
i}

_:' - Fb(t)..+f(t + At) - /[B*]TSJdv (._..30)

')

• such tffat

Y(.[G]T[s(t}][G]+-[B*]TZDe_(t)][B*])dv (3.31.),; [Kep] = R

Note for situationswhereinpurely linear structural•components,are-

": invol_ed,..(3.28)reducesto the form

[M]V(t...+-.Atl.-.+._[Cb]AY(t_+ [[Kt].+[Kb]]AY(t+ At)=

' - Fb(t) 4-f(t + At)- Y[B]Ts,Jdv (3.32)
" R "t

_. .,. where here ":

'_ _ l [Kt] = f[B]T'[D][B]dv (3,33)
_ -v °.

, l :

" " FOr-suchsituations,[K_] needs to be updatedsolelyat the start of the.. -f

probIera.
dk,

The main difficultiesin the.rotor-gtatorsimulatlons..evolveout.of

i the fact that during transient occurrences, the tnterac_ve squeeze film

| ,force_ undergo.signltT.l.ca)it.changes in directionand magnitude. This trend

i
L ............... ,L- d'_,_l
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tends-to--introduce-ratherstrongchanges._i_.[Kb]._and.[C.l_]'as .the.calcula-_......... ,

tions-p_oceedfrom time step to time step, The major-res_.._to.fth$__iS .............................-.....-----
' !

r "'" that-a perfusionof.sys.temharmonicsare tben--imtroducedi.nth_ problem..................._-
i j

. hence reducing the stabiIity thresholdof..implicit.integration.schemes. :.

_" Since•expl.ic.itschemestend to-be more stable-in problems,inv.OIvinga.per-- i

fusion of system harmonics,as-motedea._1-i_r,we have-,adoptedthe__dual_
"i.

, approachof employingboth explicitand implicitschemesof.integration.-

This-enablesuS to strike a balancebetweensolutionefficiency,versus
i

_. numericalstability.
+

For the currentpU_DoSes,we have adoptedthe central•differenceform

: of explicitoperator[15]. In ti_iscontext,since D6.]L.

_'_ V = l (Y(t+ At) - 2_(t) + Y(t- A_c)) (4,1). ..
" (At)2 " " "

the followingexplicittime steppingscheme can be developedto solve

i. (3.16)namely

Y(t + At).= 2Y(t) - Y(t- At')+ (at)2[M]'l(.f.i+ Fext.._- rb J -! .... t . t
mm

:" ;[B*]TsIdv) (.4.2)
R "t

)

Note in (4,2),FbJ and./[B*]TsJd_..areupd-atedeach time step,
~ t R "t...

For rotor-statorstc_.ctureinvolvingpurely lie,ear media and small....

,. deformationkinematics,,the.fO11owings.implifica.tioncan.beempl_yedtha.t.,.£s_

... f[B*]TsIdv= /[B]T[D][B]dvY(t) (.4..3) '
i R -t R -
:T ,J

)

', where [D] is the mater_al,stiffness,associa-_edwith_¢hety.plcalHoo_an
' iE,

• constitutivelaw, In terms of (4.3),(4,2).reducesto the followingform. l

r )
i

/
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]

k ................... ._ _,=,.,



.°

!
' OF POOR _)U/J,LRY. 12 l_! .

I( v(g + At) = _(t). - YCt- At). + (._t)_[MI,l(fl. ,

) Fb.I- (4.4)

where [K_] i.sthe constantstl.£fnessma.trixdefined._y.
'i

i [K_] = /[B]T[D][B]dv (4,_) :R.

i As ca._.be..,&eenfrom (4.4),the only term requiring_updating,on the r_i_ght-

hand side.isFb the_.inter-a_t.ivesqueeze-filmforce. Hence.,apart from..

ii' requiringsmall At,.(4,4)r_p_esen.tsan.architecturallyvery,str.eaml.ined..

Ii• algorithmto _mploy i.nro_or._statorsimulatious..

._i!_' For Situationswherein the rotor-statorstructureinvolvesboth linear
I

_ and nonlinearcomponentS,the.o_rall calculations,can be substructured .l
• In this conte×t...........

J'[B*]TSIdv= f [B*]TSdv+ f [B]T[D][B]dvY(t) (4.6)

i R "t RN ~ R_. -

1_ _here

_.:i R = R_ + RN (4.7)

il
;_. such that.RN and R_ are the regionsdefining•t-helinear and nonlinear

i_. componentzones,respectively,.In the contextof (.4:,,6.)..,,...(4...2)..c.a.nbeT._re.-"...........................................j

:_ _ cast aS-_flollowsnamely.... ;

:. Y(t + At) = 2Y(t) - Y(t- At) + (At)2[M]"l'(fI + Fext I -
" t t

• Fb ) - _"[B{]TsIdv - [i¢]Y(t)) (4.8)
, • t RN "t " " • :

If -_ where liere I

_] =/ [B]T[D][B]dv (¢,9) _ ',,
Rt

I:i " r!

1

_ . ..... . ,. . ....
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•" The.o.verallflowof calculationsassociatedwith the i_oregojjig...explicit............................._...........................

schemeis given....,_n Figure4.I. .:'

i_ Forthe implicitscheme.,the Wilson.o,[!6J-andNewmark.B []7]metbod_

i. will be employedto..integr.atethe tangentformul_tion. To sta_t..tbe._ ,

developmentof the requisite,algorithms,(3,28)is recastin a more appro-
/

priate•form..nameTy

.. [M]Y.(t+z)+ [Cb]!(t+_)+ [[K]..+[Kb]]AY(t+T)= i

- Fb(t)+ [Cb]!(t)+ F(t+_)....f[B*]Sldv.. (4.10) i "
I_ " ~ ~ R..............."_t................................................................................................................................z......,.....................

?

or more simply

[M]V(t+_)_+ [Cb]Y(t+_)+ [K*]AY(t+T)= F*(t+_) (4.11)

where

•" [K*]= [K]+ [Kb] (4.12).

+-[Cb]Y(t)+ F(t+_) - f[B*]Sldv (4.13) ---F*(t+_)=-Fb(t)
~ " R ~t i

Consideringthe Wilson o method i_irst_using the usual,linearacceler-
"• ' C

-- ation assumption,it followsthat the velocityat t �”the form .
i

.. Y(t+T)= Y(t)+ _ (Y(t+:)+ Y(t)) (4,-14,) _ '

similarly --

1.2 ....

Y(t+=)= Y + =Y(t)+_--(Y(t+_)+ 2Y(t)) (4.15) " :

Employing(4.14J.15) in-conjunctionwith (4.10)yields the foli•owing

• expressionfor Y(t+T)namely. "T

[Kd]-i " ..... 6 +
AY(t+T) = {F*(t+_) �[M]( Y

.- 2Y(t) + [Cb](2Y(t)+ _Y(t)) - [Kd]Y(t)} (4.-16)

r
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_ where_ii •

3
;ii [Kd]=[_ [_]*T [Cb]* [_]+[Kb]] (4.17)._
!11

i,

ii. Interpolating• in the-manner of Wilson [1:6] we-let T eAt,(e>l),so thaZ I

IV.(t,_) (4.18)VCt èL�<�=(I-)Y(t) * _ .................;........

I,

i! Y(t+At) = i(t) + __t_.CY.(t)+ Y(t ��Ä�(4.19)
ii .....

!i. Y(t+At). = Y(t).. +._:Y(t). . + _ (_;(t �X2_;(t)). (4.20) _

:!_. Note._as per Wilson [I•6] to yield a stable,solution e> 1.37 must

be employed. For our purposes, the value of e = 1.4 is used. in emp.loying

_r_ equations (4.16)_and (4.18•- 4.20). it follows that the dynamic stiffnes_

',! matrix [Kd] must be.updated andreinverted each .time.either [K],.[Kb] ori:

_,. [Cb] is reevaluated.i'. ....

' "_o establish the. requisite algor.ithms for the Newmark method [17] the

followSng approximations on velocity and displacement are employed namely

Y(t+At) = Y(t).+ AtY(t).+ _ Y(t).+

¢(At)2(Vit+At)- V_(t)) (¢.21) .....

and
)

i(t-+at)= iit) + atY(t) * _/_t(V(t+At)- Y"(t)) (4".22)

such. that for_linear s-ituations, it has been found-that for. unconditiona.l

stability, _..-½and_ _ (_�½)2 Solving (4.21)and (4.22)for

I Y(t  �•�andY'(t*^t)in term_ of AY(t+At) yields

Y(t -LY(_) + i (AY(t+At) - AtY'(t)- _ Y(t)) (4.23)
:. . . _(At)2 - . .

and
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AYit+At)= ^tY(t)+ _ (AY-{t+At)- AtY.(t)-- Y-(:).)]. (4_,24)................................... ' ...............

To obtain AY(t+At),__employing(4.23and 4.24) in conjunctiop_w_b_(.¢.]Ct_.

yields

[M](Y(t) + 1 ^ (aY-(t+At)- AtY(t) - _ Yet)L)+-

.,. ii, # "'J'- _2 ,'+

[Cb](AtY(t) + 6. (6Yet DAtY(t)- _ Yet)).+-......... . (_At . " .

[K_]AY(t+At)= F*(t+At)+ (4.25)

Solvingfor aY(t+At)we have that......

• _" ..................................AY(t+At)=

[ 1 [M]+ _ [Cb] + [K,]]-I{F,(t+At)_

[M](Y(t) l (AtY(t) + _ Yet)_)-
" :(At)2 2

+ (Ate(t) + _ V(t)))} (4..26)_.......................................:.........................[Cb](_-t_FCt)_t 2

As with the Wilson scheme, it i_ollowsthat the..d_namicstii_fne_sappearin_

iB (4.26)must be updatedand reinverted each-timeeither.[K], [Kb]or

[Cb] is.ree_valuated.This is clearlySeen from the overallflow.of control 4

depictedin Figure4.2. !

5. ADINA BASED BEARING•IMPLANTAND ASSOCIATEDGib_PHICSPOST PROCESSORS ...................i

J

. To_benchmarkthe approachdeve-_opedSections2-4 the appropriate I

i
, generalpurposefiniteelementcode had to be se_ected_ As nOted•in the i

first year report [7], the ADINA code-waschosen for this puPpose. This i+

k_i followsfrom the fact that it has the requisitefeatures•requiredfor rotor-

bearino-statorsimulations. These include[7,9].. +
C " 1

L ........................... i'_'
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i ) Li.neaJr_-andnonlinear subst_.ucturing feat.ures ; ............

i-i.)AB extensiveelementlibrary____

iii) Ca.pabiIity.to hancL3ekinetic,_kinematic, and ma,terial nonlinearity.;

iv)_.Explicitand impliclt-integrat-ionloops;

... v) SimplifiedILO featu_s; .

vi) Accessiblecode a_cl_i.tecture;...............
u

/<" v-i-i-). Extensively benchmarked; and-,_......................................................

I'. viii) Requisite.portability.,
h i

[ In terms of.the_.._qaeezefilm.dampere.l:ementnoted in Report I [7],.

!L". extensi.vemodificationswere introducedinto the-ADINAcode..These,modi-

;+

ficationswere made generalenoughso as to handl_erotor_bearing-statoz_

simulationsinvolving,any _umberof rotors and associatedsqueezefilm

_.i damperelements. RecallingChapter4, the programhas two available

•,. sol.utionpr_)cedural,loops,namely either explicit.[12] or--implicit[13],_

i _ Since extensiveamountsof data are generated,during a typical,run,

F,: graphicsp.ostprocessors,have also been developedto s.implifyoutputi

i .

_ evaluation..Theseinclude-both-2-Das-wellas 3-D plotters_hemes_ ........................................_..........

-- 2-D processorenablesthe plottingof:_
1

i) Bearing/rotortrajectoriesat a given station;

., ii) Stator trajectories;.

iii) Clearancehistorie,_,at a given bearing,station;as well as,.

i iv) Force,veloc_-ty,and.acceler-a_ h4_toriesa_-giv.enbearingstations.....

o ; The 3-D processorenablesthe ptotting:of ison_e.tricviewsof the rotor

trajectories.

For conVenience,_Appendicies2.-.5.give detaileddiscussionsa_ list-

L. ings of the ADINA modificationsand graphicspost processors, included

___ II II ' "....... " " ...... #



arB extensiveinstructionson user I/O of b_e ADINA BearingCode.and

the associatedgraphicsroutines. Specifically:

i) Appendix2: I/0 instructionon modifiedADINA code enablin_..rQto.r-

bearing-statorsimulation_;
'i

"I ii) Appendix3: Cod_.listLi.ngof ADIN#_,f_difi.cations;.........

'!, iii) Appendix4: Code li_tingand I/O inst_-uctionsfor 2-D plot_ro_t3Jne;

. iv) Appendix5: Code listingancLI/O instructionsfor 3-D pl.oLzlp_t_i__.
i"'"

Note the bea_ringmodificationsincorporatedin.toADINA were.dev.e]opedso.

as notto disturbthe I/O flow..-Hence, apart from.requiredbeating-data.

(film properties,clearances,etc.), the s_andardADINA I/O remains

intact [8] For specificdetails,see Appendicies2-5.
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6. NUMERICALOPERATIONALCHARACTERISTICS

As noted earlier,this sectionwii.ldete_-m_methe nume_J,ca.l.,..,ope_.ra.-. ..

.. tionalcharact_istics of the direct,lnt:egrationa_proachof FE_ge_----_
p

rated rotor-beari,_g-sta¢_rsimulations. This will includesuch items

a_:

i_ a) Benchmarking;

i_.. b) Compa.risonof explicitvs. implicitme_:hodo_og.i_s-ofdirect

I: ._ i ntegra.ti on;. and ...........................................................

....... c) Demonstra.tCon_problemS,

i_ ,..

I" 6. I.-.Benchmarkin_

I., To benchmarkthe-overallprocedure,a simple lumpedparameter

direct integrationschemewas developed.-[7] This approachwas used

to check the accuracyof.the FE generatedscheme involvingthe ADINA

"implant". As the first exm_pl.eof such benchmarking,cons.i'derthe

syst.em-definedin Fig. (6.1). The material..andgeometricproperties

.. associatedwith the dual ported squeezefilm damper bearing.employedin

this and the.followingsampTe problemsare definedby

. Nominaldiameter= 6 inches;nominallength.= 1.2..inches;.

, 0-5; '.. clearance= I. inch; viscosity= .I_l I

• film rupturepressure= 15 psia;

0 = 90°; o = 270°; P = 15 psi;..P..-..55psi.
• i .' I 2

Note as With currentpractice,the bearing_JJsedin the simulationhas

no centeringspring. In terms of this system,.Figs. (6.2-6.10)illustrate

variousaspectsof the validation. Specificaily_the sets of results.

given by Figs_(6.2-6.4),.(6.5-6.7),and-(6.8-6.10)define check-sinvolving

.. respectivelythe Newmark[18], Wil._on[17_ and centraldifference[16] ,

k
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operators. In th_s way, both the impli.ci.tand expTi_itschemes-are......

treated. In each of-thecomp_r_i._Qn._,...tb_eedifferentaspectsof-rotor-=

i bearing-statc_-behaviora_e depicted_pecifica.tl.y.-

a) Rotor displaceme.Rttrajectories.;.___

,.. b) Statordisplacementtrajectories;and,L•
I

' c)..._Re,lative_otor orbit.

i FOr the presentpurposes,while extensivebenchmarkingwas under-

:i taken,for convenience,..onlythe case of.mild.load_imbalance.is..depl.cted.

; Note,..due.to the complexityo.fthe various,trajectorieS_comparisonsbet- |

_. ween the FE and benchmark_ngs.chemes[7] are given soleyfo_ the.relative. !
i:i_: rotororbits. These are.shownin Figures(6..,4),(6.7),and (6..I0_..As.

i- can be Seen, for the.given At steps chosen,good comparisonswere ob-

i;i.; tai:nedby both the implicitand explicitschemes. Such be_chmarkingwas

obtainedove_a wide range of rotor speedsand load imbalance-_evels.In

"i all cases,good accuracywas yielded.
I
I.

)i Similarbenchmarkingwas also performedfor multibearing-rotor-stator
I

.ii_ simulationS. Note, so Tong as At was kept small good accur.a.cywa_.ob.-

tained.overa wide range oF systemvariables.

6.2 Comparisonof Explicit- vs....ImplicitMethodologiesOf Direct

Inte_ratio_

For problemsfnvolvlngfeW degreesof f_eedom_it waS.found that

for a-given-accuracy,both the..-tmp}icita_dexp.ltcitschemesrequired

about the same-overallL-compu_attonaltimes. This followsfrom the fact.

that for "small problems"the architecturaloverhead,associated-withthe

implantstrategypregrammingdominatesover the relativ_a1_Oritbmicef_

ficiency. Note for transients..Initiatedby rather severe imbalanceloads,

it was found that the implicitscheme provedto be more sensitiveto the-
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choice,of-times_p size,. Interestingly-,such sen_i.t_-vitie_.werefound-

te occur for problemswith small a_ well.as large mumbersof degreesof

_ freedom,.A£_er pe_fm._mingse_e:al-parame.t-ricstudie_,it wa_ found-..tbat

during.thecourse,oi_ atypical transient,__arl;ic.ularlyi_volving._ severe

; loading,the tangent,propertiesof the fluid f$1m undergonlajor_L_changes.......

'_ BecauSeof thi_. a perfu.sionof system_harmonicsa.reintroducedinto.

the transientresponseaS the.tang_n.tfluid fi_m propeet.ie_vary..N_t_.,.

this.behaviOris..intr.insic..tothe fluid fil'mand.hence, is inoepende_t.Of

•_ the.number.-efdegreesof freedom,of _he rotor-stator.mode.l.Such p__o,.

pert_iestend to reducethe..stabil._tythre.s.holdof..theimpli.citScheme

...." which i-_best employedwhen only a few harmonicsare exc.i..ted.For pro-

" blems involvinglargeJnumbe_sof.(£e.greesof f_'eedom,the sensitivJ-tyof

:. the implicitschemecoupledwith the requiredcontinuousupdatingand in-

I versionsof th_ dynamic,stiffnesstendS,to reduce the.runningefficiency

of-theprocedure.

,. In contrast,the central(£ifferenceapproachtends to be less sends.i-...........................;.......
i
!,

', tire to such tangentpropertyfluctuations. This-is true so lo_g as the

i resultin_family of harmonicsis bound by the spectralch.aracteriaticsof-

the rotor-(tatorsystem...Becauseofthis, s-lmi.lar-Atcan.be employedby.

i the implicitand explici-tscheme. In this context,the expl_i._itscheme

... is somewhatmore computat.ionallyefficientthan the implicitapproach.
i

',- This follows-fromthe fact that _o continUousinversion.-..is_equfre._by -

-_- the explicitscheme,i

i'

, 6.3 DemonstrationProblems

To demonstratevarious.ofthe-capaeitiesof the ADINA im_ant strategy_

the resultsof severalexample problemswill be considered. This wil.]-.._m-

volve singleand multiple bearingproblemswith varioustypes-o-f--l_



" 21
i,!

imb_lancohistories,impactevonts,and r(_tor_peeds, For.e_ample,

in tenllsof the-singlebearing__stem given in E.ig.(6.1),E.Ig._.(6.11 -

6.13), illustratevariousaspectsof the resp_msebistor--i-es--to,aF_im-

balanceload wh._chis appliedas a ramp functionin time, As this

loading is more severe than that applied in Figs. (6.2-- 6.10),. the. _otor ._

tends to. fill its c.-learance circle a.s see_i-_1 Fig.. (6,13).

If the same system is subject tO a undirectional impulse, as mig_tt

be expected,from a rough l.anding,Figs. (6.14 - 6.16) $11ustratethe asL ..

I sociatedresponsehistory. By comparingFigs..(6 1.1,_61.2_with (6.14_
6.15), the effectsof the impulsecan.be.clearly.Seenfrom.the-ovalizing

of the rotor and statortrajec_t_ries.This is directlydue to the dirP_z:=--....

tionalcharacteristicsof the impulseload. Note, comparingFig. (6.1.3).

with (6.16_,we see that the rotor orbitsare essentially-unchangedby

• the presentsof the shock load. Hence, it followstha-t-tbe.squeezefilm

damperHas essentiallyno effect on mitigatingthe worst aspectsof uni-

. directionalshocks,when large load imbalancesare.involved....

For the currentproblemthis is a direct outgrowthof.the--f-actthat

when large orbits occur, the oil film-beingthin tends to have very hSgh.... i
I

tangent stiffness preperties. Because of-this_, the squeeze film-damp.e_

does little to filteror dampen the excitingload. In this context,such:_

damperbearingsystems..wiIl have only.,a_mall effecton mitigati.ngthe.

severityofmlaneuvering,and landingloads on rough runnlngengines,..

The next series of examples pertains to the rotor-bearing-stator

systemdefined in Fig. (6.17). For this systemonly one squeezefilm

damper is employed. To simulatethe shaftirlg,the beam--e.lementSavailable w

in the ADINA systemare utilized..Note, the mass effectsare handledv.ia..................

- the lumpedparamete, aproach. The seriesof figuresgiven by (6.18 -

6.20), (6.21 - 6,23) and (6.24 6.26) respectivelyillustrai_e%he effects..................................._.........
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of increasing the severity of loading on the dynamic response ofmulti-

bearing problems. As can be seen by examip_-ng th_ progression of figures•

defining the rotor/stator displacements and the rotor orbit,_increasingl#

stiffe_ squeeze film damper responses are excited. This-is clearly seei:_ ....

fr_)m the wide rotor orbits which occur. Note, as the load is further

- !l ,increased,the rotor stator trajectoriesbecome "lockedin"...

I>

... The next ser.$esof figuresnamely.-(6.27- 6.29),_illustratethe
li' effects,of suddenlyappli_ load imbalanceS..Since-therotor-speedcon-

I'. ., .

F side.redis.high,only a small_portionof the clearancecircle i_ filled.
_..
_-. This followsfrom the fact that due to the rather..rapidchangesin o_ien-

Ii tationof the excitingload, the fluid does.not have sufficienttime to
recirculat_. Becauseof this the rotor is supportedby severe velocity.,,

gradientswhich are only in _cIJ_seneighborhood. Hence,..theImressure

gradientgeneratedb_ the,.-im-T_tand.outletports of the squeezefiTm de-

vice.causesthe rotor to settle in the directionof the low pressureport.

.... Note, as the rotor speed is decreased,incmeasinglylargerrotor orbits

occurs-.Similartrends occur as the le.vmlof imbalanceis increased.

As--.a.,.lastexam_le,.considerth_ system definedin Fig. 6.30. Based

,. on this configuration,..Figs.(6.31 - 6.36) depict variousa.spectsof the

responseof the system configuredwith tw_--squeezefilm dan_ers..Similar

....T to the previou_probl_ms,the excitingforces.involveihlbalanceloads

which are applied in a ramp fa.shionin time. As can be seen fro_ the re-

sults depictedfor the lightlyand heavilyloaded squeezefilm damper
• I

., bear_ngs,.theorbits are respectivelysmall a,d large.

, Note, based on numerousparametrics_udiesinvolvingsystemssimilar

"" to the foregoing,it was found that all th_ time integrationschemescofi-

sideredwere stable for situationswhereinthe fluid underwentonly moderate
4'
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changes in stiffnes._durin(]th_.._vera.1..l,cycle. Not'e,while-a...per_us-ion

nf ha_nonics is introduced-b_,even moderate-cha_ges _n Sti...f.f_$e_s-,_o...l..o_g.................

as th_ resultin!l spectra• are strongly bound b_ the i_requency envelop.of

th_.domi.nate system frequencies,., spurious enet'gy_._flow, to higher order

i
modes is insign_i'cant. Specifically_ for t;heimplicit _cheme, if the !

choice of time..stepsize is gauged to the dominate.higher..ordersystem _:
l

frequenGies, then the iBtroduction of--lower order _pe¢.tra by the squ!_eze ..................... ..._ ..............

i- fi]_mhas little,effect..onnumerical stability. In Co_q_ra_t,if strong :_

stiffness modula_tions-occ,ur, then significant amounts of energy _low are i i

:: introduced i_ .the.ever sh-ii_tinghigher order modes. This leads to solu-

tion instabilities unl-ess small.er At a.t-e-intrQ_duc.ed. In this conte×t, a.s .......................................................

'. noted earlier, since the explicit approach tends...tobe_lore.eff_cientfor

a given At, for..problemsinvolving strong vs. weak imbalance loads, its

! use is advocaLed over the implicit scheme.

: 7. SUMMARY

}

.i_ The main thrust of this-report has been .to outline, the second.-year

results.of the Engine.Dynamic Analysis with Geme_al Nonl..i_eax.-E.i.nlte

Element Codes Grant-. ?his has included two main areas namely.: !
h -.

i..: i) Implanting the squeeze-ffl_tldamper elL_nentinto a general

i"i:. pu_ ose FE code for.testing aridevaluation and; !

i ii) Determining the numerical--characteristicsof the FE generated...........................................i.

rotor-bearing--statorsimulation scheme... ,

i Due to the _le_erality.of the approach taken,._theoverall implant _'

i
i" strategy and associated algorithmic schemes has several important features _ .,

namely: ..

i) Handles hierarchal rotor-bearlng-stator system Invo.li_l_gthe ' 1
•. i

possibility of series and parallel substructure; hence,• series ..

a_d spoolel e_qine configurations can be handled; .............................-_....i.......i

L
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i ii) Handleslarge deforma_Lo_-kinematicsand kine.tics_ ,
.,L

iii) Implantarchitecture,is..wellsuited to hax_dle....thepossi-

bilityof r_bbing,amd contact;

i _v) Due.to the use of the ADINA code, a-widea._sortme_t,of--..........
elementan_.materialtypes can be u_ed im a simulation.;....J

! v) To enablethe incorporationof new--t-ime_teppi.ngiqorithm_,.

_.," both an.explicitand implicitformula.ti.onhas been incor-.

i. pora_ed,in the implantand;
!.i

_i vi) 2-D and 3-D-graphicspl_tterschemeshave been developed:to

enable the post processing,of responsedata;__tbiSincludes; .__

(a) Bearing/Rotortrajectories;

_. (b) Statortrajectory.;

. (c) Rotor Orbit;

_ (d) Force velocStyand accelerationhistoriesat a given,!

_ locationand finally;

_. (e) The 3-D processorenablesthe plottingof isometric

views_ rotor shape at anytime,
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APPENDIX.2:....USER I/O INFORMATION

": This appendix outlines-a..suppleme_tthat must be-e_apl.oy.edtogether

. ! with the m_in "ADrNA"manual to-helpmodel and run generalengine dy_lam_c

L.:- s.imulati_s. The .manual.._presentsthe.necessarychangesand.addi:tions,to.
i " .

"

_._ "ADINA"to implementthe bearin_elementi_to the-Code....

: To._..simplifyi.ts.uuse;_theoriginalfILowof.".the ADINA input remainS-

. basicallythe same. This is _chievedby addimg a new.bear.ingelement...to

_. the I/O stream. This-wasmade poss_ble.-byintroducing-sever.a)new..f_atur.e_

., to the I/0 namely:"

• " (1) A master controlcard;

(2) A bearingelementgroup;

i.; (3) A rotating..inba]anceloads generator;and,.......

(4) PlottingcapabiJities.

In what follows,items i).- iv) w-i-lJ-bediscussed.indeta.i.].As noted

earlier,such informationis to be used in conju_ictionwith the-.s_andar-d

ADINA I/O manual. In k-eeping.._.itb.,the style of that manual.__tbe__Zo_Lllo_d.ng

discussionis wr.ittenin the.same form,

A2.1 Master ControlCard
J

Card 3 in ADINA user:'.s-manualshould be re_lacedby.the follo_ing.........................................................
C

....... card:

II MASTER CONTROLCARDS (continued_
:

.. _: Card 3: FrequencX SoTutionRequestCard (215) ]I
I

note colu_,ns variable entry--

_: (l) 1 - 5 iEIG Flag indicatingf_equencysolution
. mode.;

EQ,O; no frequency_olution
EQ,I; fin_ lowestfrequencies-and

associatedmode shapes
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,ii,
I "

iili note co.lumns va_iab]e.......entry

'i (2) 6 - I0 IBEAR Flag:i._di.catfng_bear_tagdy_namic
_ simulation;.

EQ.O; no bearing s.imul_tt.._, requ.i_ed .
EQ.I; bearingsimulat;ionrequired-

NOTES/.....
(1) See.ADINA user"smanual..•

!!_ (2) The..contr_lpar-ameterIBEAR determinesif the program

=_!!i is to simulatesqueezefilm damper employingthe.bearing.

., element. If IBEAR equal to I then•beari.ngelement. )

_ -.
_:', grOup must be input.

A2.2 B.earin9 Elemer,t Group_
!,
_i Bearingelements•are membersallowedarl:dJccaryorienta1_i:orL_Inthe global.............................................
t,
!.

_. coordinatesy._temused in ADINA. The bearingelementis.2-nodeelement

with only globaltranslationaldegreesof freedomat each-node..The

_i bearingelementsimulatesthe squeezefilm damper. One.of the two nodes

of the elementrepresentsthe damperwhile the secondnode represents

the stator....................

;: The followinginput is required•for each elementgroup consistingof

bearing-elements: "

_- SectionA ElementGroup ControlCard
.',_ °

_ This card definesthe number•of elementsin this group, etc.

SectionB ElementData Cards

" 1. Geometricand fiuidi¢properties-ofsqueezeffim dampe__.

The nominal.damperannulusdiameter,_.leJigthand radial

,: clearanceare definedin this sectionfor each l_earing ._

element .....The.positions of the damper po_ts, the pressure !



A2-..........................i.............-;!

iI at each port, the lubricant...visco_ity, and the f-ilm ......................

•- rupture pre.ssLLreare_ also def.i._ed,.Ot_her-vari_bLes
| ._.... "

!.;I. re-l-atedto the ca_cuiat.ions of-the_ damper tan_e.n-t

i_,, stiffn_ss and da.mping ma.t_ice_ a.r.md.ef_ned in thisi

I sec t..i o.n..

'i 2. Element Nodes: The noda_L_points of bearing elements

,: are input i_ this part.

A specific element grou.p dei_ined,by..tbe above inpu.t cards

i is followed by the input cards of another e]-e_ group..

A2.2A Element Group Control Card (614)

;I
note columns variable entry

'.i 1 - 4 NPAR(1) Enter number "I___

(I) 5 - 8 NPAR(2) Number of bearing el.eme_ts; ..
I GE.I
i

..... (2) 9 12 NPAR(3) Enter the number "l"

"_i (3) 13 - 16 NPAR(4.-) Element birth ancLdeath
" opJ;ion _ I
- EQ.O elemen.ts are a.ctive

th.rou_.houtthe-sol u-........
'- tion Lse.e rrOte 3)

: (4) 17 - 20 NPA_5) Element type code;.
I E_ter the n_mbe_ "3"

•_ (5) 25 - 28 N.PAR(7) Maximum numbe_ of nodes used .
..} in any one element; i
• Enter the number "2" i

-! !
t NOTES/

i (I) BEARINC_ element_nu_ in each group be@i_ with

one (I) and end with the total number of elements

" in the group.
i. i
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:_ (2) The par-ameter NPAR(3)__ts _se.d to hel..p,the __
)i.,TM

!L to go through the p_op_r execution pa.th.

!i (3) The va.riable NPAR(4) iden-tif.,ie_-wh_the,r--tbe_,l,e_

ments o.f the e_ement.-gr.ou.pare--active throug.h.out

" the solution, --NPAR(4) ca.n ta,lcedifferen-t,modes. !
l

For the.preserrt time, it takes the value. O. If

.... NPAR(4) .EQ. O, the elements are active throu,g.hout

-. the solution.

(4) The variable NPAR(5) defines the type of_..theelement _

used in this element group, Current,ly, it o_ly

takes the value "3".

.: (5) NP.A_R(7)limits the number ol_nodes that can be used

" to describe any bearing element in tllis element

_ group.

" A2.2B Element Data Cards

A2.2B.I Geome-tric and Fluidic Properties of Bearing Element

The necessary pre-selected geometric parameters of the damp_e_r

is read in this section. This includes the a.nnul-us,....diameter

.... of the damper, the bearing length, and tlie bearing clearance,

.. The oii properties (e.g,, viscosity and pressure • rupture)

are also read. Th_ element selection, stiffness matrix for-

mation, and the damping matrix formation options are input

in this section also.

• ..... • • • ,
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Card l: (llO,6flO.O)

note columns variable .........._nt_y

•" (I) 1 - .l:O M Bea_i_g..el.ernest_mber;
GE.I..a_ LE,Ng_AR(2)

._ II - 20 BI) Nominal. be.arlng_annulu_
d-iame te-r.

21 - 30 BJ. Nom.i_al bearing leng.th ...• ,.,

_ 31 _ 40 BC Bearing a._nu_lusradial
clearance-

• 41 - 50.... VISC Bearing l_bri.ca_nt...vi_--
cos ity

u_

51 - 60 PUAP Film rupture.,ab.s_olute
pressure CP,SIA)

(2) 6I - 70 THI Position. angle o.f..lub.r.i.- !

_:. can-i_-port--T (de_rees)

Card 2: (3fi0.0,615)

note col umns variable entry

<- (2) l - lO TH2 Position angle o.f lubri-
' - cant port-2. (degree-_)

._.. II - 20 PBl Specific bound_.ry pressure
at port-I (PSI.A)

21 - 30 PB2 Specific botmdar.y pres.,sure.
at port-2 (_PSIA) i

31 - 35 NGRID Number of finSte-difference

: T Iridodd)pOint'sper da,_per .]36 - 40 NSX)LN Sol.ution type.;.
,. EQ.I l.ong-beari_g:sol.ut_on. _ _'
i EQ.2 silort-bea_ing solu-

tion-
EQ.3 Fourier-Series 2-D

•iL i convergent Solutlo_ ..... I

41 - 45 NPORT Number of lubricant ports;.

I - GE.O and LE.2

L "



•: NOTES/

I_ -- (I) Elements. must be input in increa_-ing e.lememt n-um.b_r
r.

order. If cards for element.s-(M �„�ÄJ).

are omitted, the-se "J" missing element_ can be g.e.n_........................................

_rated _n the Same way as ADINA does.
il.

(2) Th.¢.posi-tion angl.eLo£ lubricant ports must be in- _i

put- in degree_ an.g are. measured as s.hown belo.w:

'!

PO.RT-2PB2 it
,_ ,
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A2.2B.2 Elem_nt Nodes

Following tileprevious bea_tng inform.ation_ each...,_].,eJ_t-s'........

nodes and their degrees of freedom are il_put_ The. deg.r'ees.

of freedom.of-the-nodes which repr-esent;.tllebeari__Lg,element ......

may be dif-fer.entfrom those• defined i_ master ..con.trolca._d

number "l". Accord.lngly, the degrees of-L,fr:eedotn,..o.fthe

" bear.i_g elemen-t-.,nodes are redefine(_ as-.,.applledto this

:'. element ir_liv..idually.

C_acd3 : (1514)

i:, note columns va._iable entry

_,, 1 - 4 M. Bear1:ng.e.lem_nt, number.,,;.
,. GE.l.,and LE. NP-AR(2)_

5 - 8 I.ELD Number" of nodes, t_ cLe.........
s-cr.ibethis element

9........]2 KG Node•-g.ene-r.at_n.,in_r.emen.t
: used to comp.u.tethe r_ode.

numbe.r for m,i-ssinge:le....
,,, merits;.
" EQ.O de.fault set to "l"

i., (I) 13 - 16 IDOEB(1) Rotor...,_nodeX-.transla,t.ion......................................
cod.e.;
E.Q,.0: a,d_is_i ble

_., EQ.I:. deleted-

• _ (1) 17 - 20 IDOFB,(2) Rotor node Y-translation
., code

' (I) 2,1 - 24 IDOEB(3) Rotor n.ode..Z-tra.n.slation ,
':" : Cod_.--

i::;"_ _ (I) 25 - 28 IDOFB(4) Rotor no_ie,.,,..X-rota.t_i-on........
'" code

I_. . (I) 29 - 32 TDOFBL5) Roto.r n.od_ Y-_otati_n
!_;.;_.I code..........................

iiii":i. (I) 33 - 36 IDOFB(6) Rotor nod:e Z-rotat.i-on
_,;i:i code.
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i.

q.

_ Card 3: (1514) cgn.tin.u.ed....
i.

;.,_ n_.te co}umns va_rLa,b.].e- e_t.ry.

",.'t (1) 37- 40 IDOFB(L) _tator. node X,tran_lati_n

_;" cod_L,. EQ:_O: a.d_ sSl.b]_L

_L EQ, l : del.e.ted.., i :

i,,.IZ (_l) 41 -....44.................IDOFB(2) Sta.tor node _-Y_=_t._anslation !
,- code .... ,

!

i (I.) 45 - 48 IDOFB(3) S-ta-tornode Z-,.transLa¢ion........_ "Ico41e . I

(I) 4g - 52 IDOFB(4) Stator node X-r_ta.tion
'," code.

;i'!. (l) 53 - 5.6 IDO.FB(5) S.ta.to4_,node.,Y-rotat.i-on .. ,i
'];

code

ii (1) _7 - 60 ID0FB(.6) S.tator node..-Z=.r_.at.i.on
," cod-e

Il (I) 61 - 6.4. IPLOIE £ont_'ol.parame-te_-fo_-

J

_i!l s-a.v.ingb.ea_.i..ng:r,a_ponses ..-
i_o.rfkLture-plot,t.$n.g;

.,.j. EQ,.O.:.bear_ ng _eSpoQs.esare-n_t sa.ved i-i
EQ.I: respon.ses are ._a.v.ed

on.tape.-to be-u_ed. .,

,I:L!I.. I>y post-processOr.. 2:.--.i_ _and: 3-D.:pl..O__tiLng_.
_...., p.ro,g.rams

Card, 4 : (2I5)

note columns va.rial)-le_ e_try. ,;

(I) 1 - 5 NOD(1) _l.obal._ode r_umber.de.fi.n_-- -_
•ing the ROTOR of the b.e__ing _,
eleme:nt (nodal po_.t, l)

(I) 6 -.lO NOD(2) Global node num_e,r defin- ,
i.ngthe.STATOR of the bea.F- "' ;
i.n.g.e.l:ement (n.oda.].....point 2)

!I,
.!



note columns _ar_ able. entry

(I) I = 5 NOD Nod_ n_mbe.r to w.hich th..is
r+oi_atingload i.s app:l.i.ed;.
GE,I a_d..LEo NUMNL .....

6 - I0 ..................IDIRN +Deg.ree_.of freed._m_ncLmber..

f,_rth.is 1oacLCo.mp.onen.t- i' i Enter number "2"
.+ i

II - 15 NCUR Time functio._ n,umber+ that
_: de-S,cribes the-time dep_e___dence
• f_(t) of the load,;

GE..I and LE. NLCUR

,' 16 - 25 FAC Functio_. mu.l.tipl_ierused.,to......
scale f(.t) to obtain the...........
load_..a,ttime "t"

26..........35 ARTM Arrival time o.i_ the f_rcing
function

i 36 - 40 KL N_ode.number increm_nt, used'
to ge.nerate l:oads at the
miss-ing nodes;
EQ.O no gen.eration



" Concentrated Rotat-in_ LQads Data (315..:.2..F10.O,15,2F,.lO.O)
c-6h-t_nued ....

note cal umns va.r.i.,ab]e .en_t.r_

(2) 41 - 50 TH In.iti.a.ILpha.-sea_gl.e o£
r.-_tating,imba.l.anceload: _
app.l-iedat ito_l_NOD "_

(2) 51 - 60 SP Rotati,ng spe_d: o.f.i._J_ai,ance-_
•i l.oad ap:pl:,ied_a-tnode NOD---

ii.!, (RAD/SEC) ii
i. NOTES/_

. (I.)Input a_ many cards.,in t,his sectio_ a_.the number ..!.................

of nodes whe_-e,rotating imbalance loads ..areapplied;

_, _ne. ca-rd for..each node.

I (2.)The. ini-tia.lphase angl.e add speed of rotating Ioad-

"I.... measu.red...as.._s,h,own _n th_nllnwing graph:,

IMBALANCELOAD P(t)
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A2.4 Plotting Cep.abilitles

i
Durin@ tl_ _tpu.t p.flase, the AD.INA flow w.as interru_.ted ...to..................... ]:...........q

1 _ave the nece.sSary_._bearIB.g_.re._poo-se_o.n-a tape- to be-p.lot- 1

ted in a _eparate p_!o.tjob. The disp.lacement velot.lty, l

i accele.ration and.-.bea_i._gfo_ce.componei!.ts,of bea.rin_ _tato.tS I

_* and rotors,are stored.. Thls is done in subroutine "WRIT E'_.- I
i '

i '_ i More detai l.son the plotting capabl 11t-i.e,a4_._.gi.v.e41.in 1....... f

'- , Appendices 4 and _ which 11st the v-a.r-l-ou_plot routines,

,) ;

L _

i
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.... A_PENDIX 3:_ LIST OF RO-I_OR-BEARING-$TIATORUPDATF_ TO AD.INA CODE

l

" The li.stin_ which foI..lowsincludes .......
I '" _ e

; (1) Requj.red.JCL _

:.. (2) Rotor-Beari.ng-StatQr- COding Update

[':"

)i!?:
[_...

t:

i

2.. -

,1

l

t
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,.. ORIG|NIILPE,_;_;_ A3-2 ..:....
OF:POORQUALITY

//NASAPR JOE) XXX_X mZ.EL D

// EXIEC ,_AVEjDATASET=CIDATA
XXSAVE P-RL)C TE_I_ --e £.-Ge ,DA TASE T=0ATA_ET oPR |ME=_.0Q SCN_)RY.=-I.(I * VJJL,=-_ ......
XX O I_=PA _t STATU3=_tO_t UN, I T= SY_:)A.o F-[J-E-',I tLA_EL_I_ .....

.: X X DEN = _*_ LK=OI £ _= 5PAC,'-=T_K t. RF.-_P_=0

t=_ PURPOSE: PROC TO TARE INPUT CARDS 1=0 A TEMI_K_RANY O.I_.K-FLLE .... *
,4=* I.D:" AGIPOLZO 4OOIFIED: ? JUL 81 (O_.). it

XXSAVE EXEC P(_4=AG.ZF)0L7_,_REG[UN=b_K
X X_T E_PI. [ B DU Z3SN--_CAD eCU_6)L _ *D I 3_= ;.%IdR
XX L)D L)SN- SY S_ ePL 1L IB _D L_P--SHR
XX DO 0_"_= SYS2e_MP t LEF_S_ L SP=SHR

.:. XXSYSPR INT" OO SYSOUT"-A-
X.XOUTP-U.T_ DO OSN= f,T'E,_P =-&OA I"ASE T _U |.$P= ( _. STA.TUS-.£,O _ SP")' _VOL--SF._-_,V 01.,
X.X L.Ad_L= ( _F ILE ,_;LABEL, RE TP0== _RET F_D) =UNI T=&JJN IT, .il

'" X X SPAC E= ( t;,$PAC E _ ( _PR [ ME, F.-SCNDR Y ) ,RLS_'- ) •
X.X. DEE}= (RECFN'=F'i_ _LICEC L= dO _8LI_SI. Z--= &BLK,$ DeigN--P,;,D.V.N)
//5-YSIN. DO t= GENERATED STAT£z_F...NT
// EXEC USER_OAN,DATASET=SEAR.
XXUSERPAN PRDC TEM_--*f.._, e =L)A TASET=DATAE)ET_PRX.,_IE=20=,$CNDR-_=.I=3 •O-EN=dk,
X-X VOl.= _LABEi..= SL, F 1 LE = L IO 1 SP=PA S$, $_AT U $.='_O0._ UNI T --'S.Y$ L)A ,-
X X. t_L_,= {)10 0 •RE=TPD=0 _ACE =TRK.

- *** PURP_ISE: ALLU_S ACCES._ TO USER..PANVAL__.T LLBNAR.Y
• =* INSTA_;_R: G_RY SPONSF_LLEr_ MODIFIED: 7 JOL 81; (.I.}F_H) *

XX.GU EXEC PG_=PANNI _REGIf3N-=I2_IK
X.XST EPL I B DO OSN=PA N. L(_ADL I=1 ,D I SP=SHR

.... XXPANOD L 00 0 _N= U_ER iPANVALE T •013P=_HR
XXPAND02 OD O _aN=F.TE_P. f.O=.TASET, UNL T=&UN| T_3I Stt=- (.F.,$TAI'US=&D ASP) •
XX SPACE= ( _,_PACE_ ( P.;,PRI _'--•t,;,SCNORY).• RL.._- ) _VL_L=SER--_V-OL=.

,_ XX UCB= (.ZECFM=F,3•I..PIECL=_O •BLKSI ZE = £.,.BLR_-_JEN= r,;,DEJ_i} •
X X LAI3E L= ( 6f: ILE • &LABEL • RE T-_D= F..R_--TPO )

..- XXPA-NDD9 DD UN[T=SY_DAiSPACE=(CYL• (3_1 ,.L)) •
X X OCB = (R ECFM=F_ •LRE_CL =d0 •8LKSJ..Z.E=_.E_LK •DSOR_= PO)
XXSYSPRZNT _)D SYSOUT=A "
XXSY SPUN CH DO SYS_UT_U

... //SYSIN OO 4= GENERATEO STATEMENT
// EXEC FURT,DATA_F.T--{]EAR ""
XJ(F _IRT PR_C _._ URC E = i Od J =N_ OE C& i.M AI_=NU • L.]L_._T--=I_kJt. TE:MP = 1"b& l = ,
X-X DATA _E.T=L3A T_ S._'T • Ia= ,CDDE=EBC-DI C, LII_l_CNT=bO •DI:_..c_- PASS "

_** PUR_CSP.:." C_3HPILE'3 A FGRT_AN PROGRAM (GL CUJ41;)ILE_,. *.
e*"* M13L)-[FIEO: LO JUL ,50 (ELW'W) *

XXFDRT _.XF.C I-)G_4= I:_tI1_ UR T _RE G]. Ol4=l _ 5K •
X X P AN,_I=( = ¢,SOURCE e_L}UNCk, i. _.013J, _-,.'4AP= MAP • _L IST eL,[ S i" •& 10 • I D, e ,
XX e_CJDE t LZNI_.C N T=_L I I_IF.CN T e )

.... XX,STEPL |8 Oi3 DSN= SY 52 .F ll'G tCUMP-_ 3 : 5P= 5_IR
X_Y _RINI _ 013 _ YS_JUT= A 'i
X XSY 3PUN.CH 9D '_Y _.} UT= 13

XXSYSLIN ,30 D_.N=f;I.L}ADS_T_UNII=SY_DAeSPACE=(1;03•(t000•_00)) _....................... =.__..........................!XX. OCi:_ BLK_ IZE--4k00 tO I SP'-'(HUt) e.PAS3)
XXSYS IN DO OSN=&T_WP,f, DATAS_.T•OISP=(ULD_f_DISP| _
// EXEC GOFORTI.. •LIQ=_4f-L_,_:_-_•PR'J{_=ADI;4A•GOSLZE=';150K_DI_K=
XXGOFDRTL PNJC GaSIZc.=I;_.SKtF.P=MAIi'_._T'_TU'3=MUDIOLSP=PASStFL_E=I,•
X X L Id= OOq_l'Y =,#R .3G=_ _JM4_, LAB;_L = _l.. _ UN4 1[:=SV Sb_A •.V--JL=, _)E N:4k_ .....
X X UN-I T q,= _A VF-L) t SYSI. [ _l=OU_tV ,..I'E _P= i _e • CC=_fdL_bl u0 ,
W_'_L 9ATA 31_.T--_A I'A :._ET, _AP= i ,,_I SK,= ' rJUMMY , l.• pREc=3p •







• _- ORIGINAL PAGE IS A3-5
_,-' OF POOR QUALLTY

)

:! IEF2371 JES2 ALLOCATED T_3 SYSPR|NT
='_r' [ _F 237 _ dES2 ALLOCATED TU SYSPUNCH''"

I_F2371 JES2 ALLOCATED TO SYSIN
-" IEF|42I NASAPR GO ,- STF...__tmA_ EXECU]_ED ,= COND _ODE 0003

IEF285[ P/_,,LOADL I_ KEI_T,.._
"_ i IEF285I VUL SER NUS= STt]r_02 ".e- ...... . .

V" ! IEF285I _YSCTLG.V_POOL_ K-J.-PT...................
' i r IEF285I VOL SER NO$= SPOOL2.

i_,i_ IEF285I USER ,_ANVALEr KE P.T-IEF285I VOL SER NOS= ACAO02°
• ; IEF285/ SYS81229eT09181 9 .R A 0-00 _NA,SAPR eBEAR-, i_ASSEO_.

i IEF285[ V(_t. SER NUS= e_.IRK'OG,
" &EF285/- SYS_ 122g ,TOgl_Lg °NAOOO-oNASA_P_R OOO000 I _ELE I_EO

IEF285I VUL SER NOS= _uJRKO|o.
: IEF2851 j5S2 e JOBO3 t 37. SQO 1,04 5YSOUT

-; _ [EF285| J ES2.JOBO01,_7°S_0iO 5 _Y.SI3.U.T o.
'! ! IEF28_I d ES2* JOBO013"/,S IO I0 2 S¥SZ_
l. IEF373I STEP /GO 1. STAR-T--81229e0•918

' ' IEF3741 STEP /GO / STOP 81ZZg,,LO.._:I.5 CPU OHI•N • 08._L?.._•_.__SR_ ................................................
[EF23ol ALLOC,, FOR N.ASAPR FORT
IEF2371 162 ALLOCATED TU STEPLIB

i' IEF2371 IbI- ALLOCATED TO S_5000b_.-
IEFk!37I JES2 ALLOCATED TO SYSPR£NT
[EF2_7I JES2 ALLOCATED TO SYSPUNCH
IEF2371 16-6 ALLOCATED TD SYSLIN--

IEF2371 2bE ALLOCATED TO 5Y,._IN

," IEFI_2I NASAPR FORT ,,., ST:P WAS EXECUTED ,- COND CODE 000(_

1EF285I SYS,! °FTGtCOHP I_,EP T
IEF2851 VOL SER N_S= ST'DR03.
IEF2851 SYSCTL G.VSPLIOL 2 KEP¢_
IEF285I VOL 5ER NUS= SPOUL2_
IEF2t_51 JES2,,JO_O0137o S00130 SY SO_JT
I EF2t_51 JES2eJOBO0137,$0010 it-. SY'SUU-T
IEF28:I SYSt_ 1229 • TO91819.RA O0 O,_NA 5A PR,,L OAD S__. PA,3_ED
[EF2USI VOL 5ER NUS= WORKO_.
IEF-_851 S YSti1229e T'391_ 1 9 =RA O00 °NA SAPt_e_AR P'A 5SED. ....
IEF2851 VOL SER NUS= CORK03.

" [EF373I STEP /FOR_ I SLANT _L_29-_0918
[EF37_I STE_ /FORT / 5TDP _.I12-_g,0922 CPU IHtN IO,,O_SEC"SRB

L IEF23o| ALLOC, FOR NASa4PR G_J

I • [EF231I JES2 ALLOCATED TO SYSLC)UT

• 1EF2371 16b ALLOCATEO T_ SYSLIN-
IEF2371 164, ALLOCATED TU
IEF2JTI 101 ALLOCATED TO 5Y3000_

I,EF237I 16_2 ALLOCAT_STD TO SYSLIBI'" 1,EF2371 Ib_ ALLOCATED TO

- l_F237T 172 ALLOCATEW TO1._P2371 269 ALLOCATED TO
f." lEF237I l;'Z ALL_3CATED T_

IEF23ZT lbb ALLUCATf::O T_ FTOIFOOt
_ lEF2371 2bE ALLOCAIED TO F:TJ2FO01
) " 1EF237I 2bE ALLOCATED TO FTSJFO01

: IEF2JTI 100 ALLuSCA|'ED TO FTJ4PO01
IEF237I Ibb ALLOCATED TL] SAVED
1_F2371 2(=*; _Lg.OCAT---D TO WL1RK
IEF237I 2bE 4LLOCATED T_ FTOSFO0"I

":" ! IEF2JTI JE&2 AI.LOCAT_D TO FTObFO01
• t IEF23Z/ 2bE ALLfJCATEU TO FTOZFO01

IEF-'3?I DMY ALLUC_Ti£U TU PLOTTAPE
•.. [EFZ3ZI lob AI..LOCATED TO PTOI:_OOL

I_F237I tb_ At.LOCATED T3 FTOgF00I

=
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' ""_ I'_ A3"-7
OF PO0_ QUALh,'y-

t
: 1.EF237|: 166 ALLO£ATED TO SY.SO0003 I

1EF2_5 L $ YSSt 2298T 0923_ 5 _IA 0(_0, NA 5_J_R,I_ 000{)003 REP¢
[EF2851 VQL. S_- N[J,_- WO-I_.KO:t..

i 16F 2_51 $¥S 8.L22ge.TO_L81 9"_.l,,tA0 OG. N A 3A PR'.6.1.OAO ._. T DELET l_O

lEF2851 VOL. SER NO5= WUP,1KOL...
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MAIN ......... 3AT_ -- 812,_.,.9 .... 0g/.181._4

C DATA SET AAMAIN - AT L_..VI:'L THP AS 0F 0_I/17/81
.. C _.DC.._ _O.EC...K OVl,,,30

C e_CDC..,_ uVERt.A.Y (ADINAe0,-0)
, C _DC_ _DECK A0ZNA

C SUN|4L- )P"O_eXS. N:eADINA.$ N.,.AO|NA.
;i-- C _COC_" PRUGRAM ADi, NA _|:,_PUTe. OU'T_U_,. I_UNCH._ T.APES",-._qP. UT.e TAPE_ =

C _I,CDC,* l. OUT#UT, TAP"_I t l Ai3E'_t T A,PPE...,.'I,..t-,TAt_4t.
C _CDC_" .) _APET.t TA',_ESt. T_9t T-AP_I3e TA._I.I ,.
C _CDC,I_ 3 TAP_._2t. TA_FL 3. T.AP-._'Z:4.e.._AP-t_._gt....T A_b0,.. T AP_=-,[_

C
C
C
C

C • e--

C *- T A P E A L L. O-C A..J_- ! Q N •

_ r C " , TAPF.-...I STORE.._ LINI_AR F.L.EME_NT GROUP DATA *-
C . (.. WH[N N_GLe-N_.O" ONLY ) e--

Y, C .- "
C. • • TAP_ 2 STORES NdNLINEAR F.LEHENT GRI_UP DATA -.-
C • 0..

s.'. C , , TAPE 3 S_TORES EXTE_:_NALLY AF_a_ED.ILOA.QS --
C • • '

C . . TAPE 4 STDR_S THF LINEAR STIFFNE:_S.MATNLX --
C . (' tIH_N N_L.NE•0 ONLY ) -

C • • TAPES 5,_.ARE INPUT,OUTPUT TA_ES • ]
C • e- •

C • • TA_L 7 sT43_S FFF£CI"IV-_ LINEAR C05FFICL_NT MATRIX •.

C . • TAP_ B _TORE$ SEQUENTIAL.L.Y "'_
C • (. 1,) LD ARF_AY -

' C • ( Z_...DUR INC_ I NPUT •"
C • INITEAL DISP, VEL_ ACC VE_CTQP, S ...... :-_
C . ON_ QUTla'UT *
C , FINAL L_I.SP, VEL, ACC VF..._TOI_ •-. .
C *- AI_,J NONL.IN_AR ELE._IENT ,._RDUP DATA F'_:;_. REST-AR! .....................
C. • •

C ,- , TAP_ 9. STCJ_S NQ.DAL.. COORD|,_IAtES. FOR PR_S.$JRE..LUA_ .............. -. -- " '
C • CALCULAII ONS • '. !

C . • TAPE I0 STORE_.- •
C • O '_ L PACTOR_ OF EFF_GTLVE I.,INEAR. UR NONLJLNEAP- .........................,_-

' C ,. 5TtFFNE53 NA.'_R[X IN TI._ INTEGRAtioN ,=
C . - •
C • . TAPE 1.1; STORE.._ ,3_QU_NTIALL¥ • "'

: . C o... (.1) CON.SI.$TEN.T _4AS3 _4ATRIA. (IF LMASSeE_, ,_) •.-. .
C - ( J} DA_IPING VECTOR

_. _tATN l.X
• E • . TAPE 12 _TUR_5 THE. EF'FECT.IVE ,_IONL|NF_AR _rIFFNF-_ _

._ C _ IN THE TI.I'4_ I,N¢_R'AT|.ON _R- m- 0.

t " C • TH_ NONLINEAR 5TIFFN_S_ _1_,lX PI_ i"IGEN._Y_._.TF.,_4 S;31,.UTIUN ,-.o

" " C . , TAPE" L3 S¢_RE5 _401.-_E SHAPES AN_ CIRCULAR-FR_'QUENCIES _ - ;C ,. ,IF-.._-I_E=UENCIE3 =EILUTI 0,,. ,A.$ REt;IUPL=._EI),)
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7.

_, MAIN- DATF_.. = EI|2_ ...... 09/11_/4_

'i:'l' C RU:_S,-TDF_, TI'IDFE.... a:_4EL. 8ANDF..-T, SaVARC _ .- !
• _ C

_i: C PRI.OR. AND AFT.i_R.A RANDOM ACCE, S5 R_A_)/WRITF. THE FOLLOWING CAR,,,3S
,... C HAVE _F..EN...,U_I CLUDED _1

'i_ C_ !"i c_ L.,. , ,., .......................R A.N 0 0 _ A C. CE S S * * *
r_

';I c..........
C CREATE RANDOM K.ILE$...2t 10..WITH..NUMR_R INOF..._X ... '

: , C *.. 4=_. ,. R A N..D O _4 A C C E ,5 5 ,_ ,1= , ,

, I. NR( | 1= 1._0

- NR_ 2 ) =.I90._ LR 1.)=30.00.
I.R( 2..)= 300 O
O_INE. F iLE....IL.O.. (. 19.0 • 30,00 _-U'_.NRF_.CI O)

_' DEFINe:. F-tLE 2 { 190=,30,,30.=UtNI_EC2) ..

C
C

_" C

N TCIT=4.0000

i." M TOT3. = -5.000
C- *CDC-,I= LTWO= l . .

I TWO=2
" N BC :ST=M.TO 1"

Ni_C ST = I

t_. C
_ 200 NUMEST:O . .
_ _4AX_ ST= 0

NBCE L= 0
NR_-AD=2 i
N UMR EF= 0 ............................................................................................................=......................................................................................................
I, TE± O.
KPR-I=t-
_STEP= 0.
1_0=0
ICOUNT=2

C

C I N P U T _ H.A S E
C
C

CALL $ECONO. I.-_I-MI)
C

NO=L. LNBCST.

C STORAGE 15 ALLOCATED IN.-._DINI _ECAU,_E THF. RE,QJIRED
C VAR|AI31,,ES AKF....I'_IT I_,N_,,)_N YET

C
C _CDC*. CALL. OVE_RLAY (5HA;) I, NA. 1 • 0 _HR_CAI.L |

CALL....AD IN ][
C

c 1

..... • ¢_/
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• ..... t,3

0E_p00R QO_!.t_:_'

' NALN __. DA TE_.1;._29 O ,,1/'1 _./4 4

CALL, 5EC_JNL_ (T|.N_,).
: 1.4F"(.|_I-_._Q,..]) N2:NI" • N_QeI TWd -

N 3:N2- �N_:IJ#-I.T WO"
N,T=N3 4, NEQ_i TWL_;
NAA--.N4. +. ,I,_I_IHtl T:iL.)

i N4d..=N4A e,. [._TOHI$[TILI.
_ IF ( NEI,LEICKoEQ...1.,) NQ,c,'_NdI,A

NS=N44_: e. NEQ._I.TWQ
IF ( lUPE._(J-J.|.- N,_4 ..........
N6=N.5 e.- NE'QI=-I TWO
NqbA=N6 + NEQ_I'CWJ_-_
NN.IL= NI.H.1P'• NUN NP
NN_= _$.NE_I tLI.T

' ].F "(.NN IL=GT-oNN2). N6A=N_-.J'_, NNI i
I.F (.[OPL':-EQ.,3) .N6=_ i

NN2=NEQ_ |TWU, 'iIF' (.NN2"._T°NNJ,.). NNI.=NN_:
iF (I_PE.F._•._3)• • N6A:_Nb. t• NNI
NO_=NIbA 4... ( I[TC'MF.%_,=,4) e( NLtMN_e 1 ) 11=|TWO
N."/"=N,I_I_.. e.. (,N_IMrdl..:hl,11..]$.J.I"_II_•-

_: IF ( IOPE.I_U.°3 .AND.°.|SVe_Q_O) NC)=N/'

i N._=rN8 • NEQt[ TWO.
NI_.Q_:;N_ .,I,..NE.._L.I¢_[._III,.,).

_. • [P (IO[_E.,_._),,_.). N.I.O=N?' 4,.. (|3V I, |SA)II_Q_[TWO
" IF" (.|HA_":eE_*,_) N_-O=N._)"

lIP (. [_,.TAT.,P..Q.0) NI _"N_
Nt.I.=NIO 4, MAXF_._T ¢" N_I.

" WR-i,_ (_,22d-3)
_. CALL _],.Zk_ (Nt t|,
:. C
:: C [N,I[TIALIZ_ T.E_bzh_RAT_JF_ ARRAY

C ,-
•.- IF(_,T.EN_..Ed..O) GU TO (>_

NN=N6A- • (NU_Nk_e.|).t.i-T-tpLI_ _ |
RP.AD ( Z'_|, (A( 1")._ I;=NbA,-NN)

_" C.

C WR[TE |N|.TI.AL|.ZE_0 DI.SFtt.A_EM_NT_-,., V_LLIC[T|:_S_. _. ACC_LER_.LQ_15
C t LIR 5TAR.T._. I,,)X_I)t-./V_/ACC...JE. | HI.S......[:.L..A. _..J.%T.AR_T J_d ).-.......... '

"- 6_.-CALL. W_ L TE:- ( ./..t NI ) .A t .N2I .A.( N?' l-O.l.A(I'_S) . At _S | 4 blP.;._...(_0.-t.,_-:.! ).
C.. ..... :- .-
C..... IF THI:,,,% ] LS A..RE$1rA._IT JI,,1B._T,RANS,FEN..N.t,)NL|NI_A,_..-EL.t_Ni_NT GR,_,/P,
G. DATA• 1:O TAPE. -_" "

C IF LN_TDEX eNE;-* 2) _0 T_ t12"- -- i
CALL RSI[AIR:T.. (.A(NI) =A(N_) _,A(NI*)_A(NI_.).-_.A(.NI.I, 0.| eN_._I_,.].OI=H_'_.;,I) ....

'- C -- !
C
C P R E...Q U E...-N:.C..-Y _.. z.1,L.. U t L I,.I. hL.
C "T :

" C { i

lJ_ (JE/_.Eg,3) ud3 TO {_g.
. I,NO=3: .. i

T[ME,,,I_STARlr ,i, C),,T
• _ALI,. A_M (.A (,:4t.)-,A(.NIt,,.I...A.( Nt A.Y_.A(,Jg.,_1:)..&(..('_id) .A( N|0 ) t A(N_I A), ,,_I_I,',i_r3), . :: ,,

I; A( NtC|. _.|.S.tI,,]H.,.N_LUt_.._K-) i i
r i

I• i

: ] '

'2_ ......... ,:
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A3-16 ...............

ORIGINALP_C_1_
;:.... OF .POORQUALII_

NA_N..._ DAr.E = 8122_ ............0.9/!c_/4,_ .....................

.!"• C TI'4E .E_Q. TIME AT WHICH SOLUTI(3N IS _EQUIREO
; C "

C
l _ , L 0 0 K S'T_=(ST E P + ' lT tME_--T:I'ME. è¼���.....

i"

-_ TI_4E=TIME 4- DT
i c

_. C STIF'-FNE;_S F_FOR_A.TI_,4 FLAG
.I- C ....... [RF.J=.EQe0 IF: 51_IFFN._55. I5 TQ.....B_..REFORm: D.

._. C CALL. BLKCNT(.KSTE_ _ t N_.F:B._ [.,REF_ I: $ R_P'B t.NS,T,_,. I,).
I_'C.IIP_EoN_'.3 ,_NF,Jc. _.:STr'e-'F_.r-_.QolJIR_F-.O

C FL_G FOR E(GULLIBRLU,'_ I TER_,TION
C __ IE_}UI;T.EQ.0 IF T T1_RATI(3,4: IS TD dE' PERF'OF_t4ED.

_'- C IEQUIToGT.0 £F NO .£.TERA-TIQN.I5 TO.BE ._F.BP_I_MEO.
C.--__

" CAl-L E_LKCNT( KSTEP _,NEQI TB. l EQUI.T.e LEQI TB_,NST F..,Z) .
" C-

• C FLAG _OR TRIANGULARIZAT_I(GN AND/(GR.SI_iPI.._ RL=lGUC]'ION_.AN(3 ....
C _ACKSUiG.ST I TUTION. IN COLSC)L.
C KTR,.,EQ._._ FOR TR,rANGULARIZA.TtON PLUS SOLU.TJEQN

-: C _.T_,_Q...2 FOR VECTOR S(GLUTION UNLY |

; C K.TR"-I
i. |F- (|RI_FeNE,,O) K.lrR=2
! IE: (KLIN, e_'Q..0) K.TR='2

C
C N.EQREF IS THF_. NU-NI_ER (GF "l_IM_S THE N(3NLINEAR $TIFFNESS MATRIX
C WAS F(EF(GRNEO
C

NE_QREF-- 0 . .
_, L40 H_EalINO ,_
•: FL_WI ND 7
-! C

C FLAG TO INDICATE CONVERGENCE IN E_QUI'LIBR;IUN [TF.RATION
' C I EURF..F• _Q * 0 C C)NV_GENC_

C II:QRI_F--e_Q.I NOt_M. OF (GU.T_OF,wc_ALANC_ L(GADS £S LARGER THAN '_U_
C oF INCREMENTAL LUAD-_ {SEE" P_QJIT }
C ..

I EQ_ZE - 0

.. C.

C S O L U T. i O N (3 F I N..C_J_...E,._,_L_E.N. T A L E O U A T I 3. N _ _,
C i
G

- C CALCLK.ArE LINEAR F..FFECTIVI_ LOAD,S EiA4.ANC_D. IN, CURRENT. CUNJ_|._r_-A.TEJq "'
C

' CALL $_CONO (TI_MgJ "*
C

CALL L(3AoE, F (A.(_I t. ) ,A_ N I& _,A{ NZ,) tA(;_i[ ) e A{.NTJ • A(I_ ).s,_ hL3 )_.A( NO i • ,,
I .... A(N_I,} •A_Km [ _1"(GH}

' CALL SECOND (TIM/0)
C
C CALCULATE EFFECTIVE NONLIN_!'AR.- MATRIX, ad_L,_F'INAL EFFECI_IV.E..LGAD_ ""

- C

CALl. ASSE'-"M (A(NL.) _A (.Nil,)•A(:,_4AI _A(N_|-tA(N,3} _A-(NI0.Lt A_(I_| _|-._A.(-19_B.|t -.

I
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A3-I B---

ORIGINAL PAGE IS
i OF pOOR•QUALiTY

_Jli

MAJ_N ........................ DATE a 81:2_g 09/_8/¢.4

C
C
C FLA_S-FUN PR.[NT_|-NG.. SAVING. NODAL AND-E_:L,_J_EN_.. R_SPO;W$_.
C K.PR I- MASTER C(_N_"ROL_:.-.EQ._•0 ST R_S CALCUL.AI'£ONS
C FOR PRINTIN.G, DR S;AV.|J._. PURF3_JS_S. 0Nt,..Y._
C IPRI ,EQ-_O FOR PbRINT,,UUT OF _[.SP-,V_L.tA.C_,, AND STRF.'3$.ES
C KI::_I.CJT;CQECLeO., FOR- SAVING_NOL_AL L)[SP, V_.J.o ACC. VECTU._5

i-' C ti_L_TF_.;dQ.O. F-UR ,SAVING, EJ..F_4ENi_ S_.R_S._-c
CA4.1L _LLKCN]r(x.S'_P.,N_/._.o-ZPRI-, IF_IJ3_.NSlt_ 3.).

: _ CaJ_L. LLL_CN_( _S-I_F",-N_O-SVB •K_LOT NL £P4ODB ,N$3"_,_.4).
" _ CALL _LKCNT( KS'I_P%L_c_SVB,KPLOTE,I_L.W@_NS_'E tS-_ •

KP_ I= IP_.I.

IF (.KPR I-NE • 0.). KF_-,[ :KPLO'rE. i
.', CALL NEW/JAY (A(.N_) •A(N3)'_A-£.N,I) tA(N2) oA(N3) _/_(NT) _A(N_L)_I|
: C
'..., C,_..,.S_CONL) (TIMIZ_)'

i TSU_5:TSuN5. _- (TIMi6 -,,--TIM15)
! IF (IPR'I.EQ..O) WRLTE (0.-2020)..K,.STEP,3"IM_.

IF ( IPRI .NE, 0) G_.L I_O I 71
[ IF (.[EQUI.T.EQeO) • wRITE.. (0,)060) IT'_..
; IF ([_-QULI?oGT,O,I _RITE ( 0 I_ O 5 0 ) ........................

: IF (IREF.EQ_O} _RI-T_(_o2"070)
_ l IF (|REFoN_.3) WR[TE(O_2080)

i 171 II_ (IIPRI ,NE. 0) _30 TO 170 .C

_... C PRINT DISPLACE,_I_NT_=VELOCITIES- AN_ ACCF.L.ERATIONSC
_ l IF {.IIPRI._Q_.O oAND. I#C.-NE.O)

I CALL WI_ITE (A(NI)tA(N2)tA(NT).,A(N_I.I)•A(N._J._.fWF_J:WNDOF,2)

ol CALL _ECuND (¢-I_4171
!' CSUWS=TSUM5 + {T.IW11 - TIMId)
" C

C C A L C U L A T L--O N 3 F S T" _ _.,S,,S _ s

1 C
' C
;. C

' CALL SECOND {TIMI_)

. IS_6=TSU_tO + (TIMI&_..-_ TINt7)

:, KPR [ = 1---
• C

C UPDA-TF Di_I.,ACEMI_NT VECTORSt IF CENTRAl. DIFFF.R.F.NC_ M_ZN_ID. IS JSEU
C ., ,

|70" IF_.. (IL_PE,,,E'_.J)
CALL....N_OAV- .( A ( N_ )-.A(-N3.) t A( N| )_,_ ( N2 ) t A.(hL3) _ A( N_ ). A._NB ).o ;. ) ""C

C 5JHIFT' YE_41.}ERATURE ARRAY (IF APPLICABLE)
C

"I ][:IFLITb;MPR,ILT..2) GO TO 130

174 A (NOA+ 1",1 _= _W( N6B_ I-,_ )
C

C t'_ R E P A R E T A la E S- F O, N P t._ 5l, S. 11.8 L E

C F U T U R E R. E S T A R" 1r J U d

_d
...... h ': " : : : -- ........ .......................... I t¢ _ I I III III II I •
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[ OFPOOR

_IAIN........ ,,)ATE = 0.t229 39/1_/4¢

C !
'- C _LA_ FUR- 5A.V[NG REST'ART [NFURAWA.TI L.I,_.....

C IR_<el;Q.6.0 _AVE IN_31_MAT'IQN.
C LRR ._,I'.0 N_. _AVE ....................................................................................................................................................................................................".................

-I C t_O K.RIN.t--KRINT. 6 1-
I

I._R= LRIN.T' ,,,.-KRINT
IF (.KSTE_,_Q,_w3T:E) I RR--0_
[t_ (I_Ri-GToOLw_O TO. IZ3 -. '.

i KR.INT=0'

CALl.. R_TARI:...(AL _._I ) _A.(N2)t.A ( N2"):,_ ( ,'_-_) ,.A {NI;0 } ,NEll, IOPE, I ) i

•: t20. IF (&_T'EP,..LT.N_TE.)...G_.-TO I00
r..
c
C P .R I N .T- T I--:,l E. L O G
C

190 CALL SECOND" ( T-[M.I_):
IRI, TE{ 6, _0go') HEI}
r [MIO=T'[N.. _ -,.TL_.I
TL_I.LI_¥114, -,,T|.,_.3

i T iW L _--T.IM6 .......T'I..MS.Vt,,,4.Z3=_I,',48 ,,= l_Iit
] TI.M-I4=T'IM_,g" ,"-T'IJWI:t

1_I_415--TIMIg- -. TIMI
ili?.[TE (O_-)l_O) TI._iI0r_,TIMIL. ITIWI|_T.I_I"3:,K3TEP-,.T_U_.t_I_'_UM_'_TSu_3t

_. TSUM4, T_U_5, T_LINO, TI '4I.b, T I.._ _ . 'i
C
c _ .,L...e--.i,_, _, R.A.N. O O M A C C--F,-S S • e _ ..s
C
_i i_COCe IF (KLIN,NE._.@i CA.L.L CLO.SMS.iZI

, C *CDC_ It;: (LOPE,N6,3:) CALL CL0_;45 (I0)
C

G l
c_.ro 200

C
C

20_0 FO_AT CtV_t.*O_ _ R I N.T 0 U * .F..-.O I¢, T [ NI I_ _ I"--_ @ t|5,
t 43A,1.2l¢ ( At 1_[._ ,_'lO,_.t_.H ) ) :

:. Z030 PUI_MATi2/tI.I. IH. O A 1' A C H" i= C K. C _: M. P- L F.. T.. _, 0)-
_04.0 FOR,_Ai _ (///,/ b41_l 5TUI _ I:}E'CAUS_ OUI',,,_F.'_t:_ALAN_,E L_DLLA_ER. _HAN INC. ....

: _M_NIAL LE)AF)S- )
2050 FOR4AT ¢,*2X-_ .14tCNO EQUI. L.i.._RIU#4. [.tE,RAX.,[QN. IN 1;.HI=_I"[.WE. S(_i_- _..
2000 FO_WIAf (-_/LX, IS,._h_H E_lOILI_b_lONl [,I"P,RATI..(_N.,_P_RF/,_MEO IN I HI_ T[._._

I_I"EP TO REF_TAdL.ISH • EQUILI:B._IUW }

20T0 FU_._IA-I' (.._X,4dH$_[FFN_.._. REFOR14EO Ft]._ TH.L3.. TIJ4_. STE_R L
._040 FL)RMAY (-)X,._,_TIFFNE$3 l_T- t_.E'E'OI_4_.{) FUR-TML_..II.wE _-g'_iP }
,'o,_0 FO_t_T ( LHI,4_ S. 0 _- U t I. 0 N r [.,t E _. 0 G tin 5_C) l-/l.2X, .

; I I l HF'(_ I_RL',]L_L_N.//LX', t 2_6/_//'/|

I ¢9t.I AS_NIBLAGE- OF LLhIEAI,I :_IIFFNE'_._._F, FFI_.(_TIV_ ._T.IFF--. /
Z _;M NE$3.,-._4_A._.S. MA._RI.CE$ AND- L_O VEC:i'l._,_. _-...... ,_.. ,. _.... F,;i-,_-//
J _gM F'REQU_'I_Y. ANAL-YSIS-. * .. * , ,. - *. *. ,- * * , * • --,F9',2"II I

T 4 ¢9M fRIAN_ULA.RI_.,ATLt.IN QF LI N_AR (_F'Fe_.I:IV'E) /

-.'4,M _Y-_..P_Y--STEP $OLUT LON .(. t_15._1-_H • i_ _ ST EP-S) ..... II







/ .. WA-LL D.AT.E..;.8i2P, g.... 3_LJ._/A.4 .........

• .. C D.A._'A =_'T AD|N.X.. AT LSVEL. THP A5 OF' 0_/17/B1

C *CDC-*, *DE,C._ _VLI = I.
_'" C _,CDC-_- QvJ_R.LA-Y...£AD.INA.,L4 0 ) ..........

;' ; C sCDC_. _DECK. ADINL
_: i C _UNL_W- )F-O_I.Z$ N._,AD.[.NI,. R.,bAD|Hi ......
; ; C _CDC_. PR.OGRAN AD/tWL

i!I' !'; _" ,SU_t_OL,iT|N_ A0[NI.

. i /.MPl. IC IT I_EA-L*O (A-,t_I,_J,Z}.
C_NAMON /SOL./ NUMNBt.NEQ.o NW.K,NWMe.NWC= NUME'S.;r,MID,ST ,MAX _:,.NST._,.qA.

f I COMWON ,413|.M.Z.N.0.a, NI..oNZ, N3-t N_.*NS,,NU oN7", NdlN9 I.NI-0 oNI.I,oN !2oN l'3_.,'_l.t./-t,, N-l..5_
CL_I,qC/N /EL/ IrNO,= ICOUNT...NPAR( _0,}.-_NUt4EG_ NEGL_I,_GNI...= IHAS_. [_ANP-_.J[STA.T . ..;

I..i. l I.NDQF"o KL.[ No 1.I_|.G._.I _IA SSN..I_.Z.D._,,'4_N t

_ii': C.{_.,N_ON ./C ONST/.. D-T-eL,_.TAe A,.O, AJI,=.A2_A.3,,_.t_ _AS.IAO =A-7;eAS.o Ag._..AI Ol.A IJ,_-
_! _. l oA. IZ ,A.13_A.I 4., AI 5 _.A_.6._. A I.Z ,.A18 eAIg.,A20 _.i OPE

C_M,qON IL.0.AI TEN_I_INlrFN_. N_T'M_NL 0AL_4LDGRAV eNPHZ8 _;)R3 oNI._D_-3 .......

_-i CON_ON- /jUNK/" HE0.{ I'2;).;t.MTOT ,LPRC_G.• CO/4MQN /VAR/- NG-_MODEXt I[-UI_D.Te.KSTEP_oI TENAX.t Z.EQREF'e |TEe KPRZ • ..............
ii_L I ItREF _ IEQUI T * IPR I I.KPLOT N __PLOT E . -_"

i. COMWON /NORMS/ RNI.,IR(4.t RENORM., RTOL=DNORI4_.. !
i COM_4ON /PRCON/ I OA-_ _-t z PR| C..,.NPd_ I OC-_ [VC • IAC.t IP_NOL)E( 3_ 15 )

• CUMMLIN /AOINA_f OF:h_AR(_7,) tTSTAR.T_ [RINT_ |ST.OT_ i

f l " C_MMO_ JTE,_I_F_.T/ TE MP L ..TI_MP2 t I T_ MP_ TPg&_J_IOA.N_B

COMNUN /MUFR_N/ IOOF(6)
C_t4ON-JD.P,_/ lT_O : i

CU_4/_UN ..IBLOCK.._I NS_F;FB _NEQI'T__NPRI'B, NODSV_B_L_'H:SV B_. IS.RF;F&(3_ I 0._' ..i.'_ t IEQJ[ T_B(3t I Ot ,I PRIB(3"t[O:),£J_JOtL( 3, 19.):, [;EL_.{ 3, LO)
_.. CON,40N. /_P()R'T/ INPOR_ tJNPORT't NF_-UT.,_V,.LUNODF *LUI,o.LU2._J-J.:I, JDC, JVCt J&C
:, Cf._tMON /RAND-I/" NOA._NID, IELCI='L.

_:_ COMWON /t_ARI I.BEARiM:r'IJTB-
_:!! CU_4,qON A( tJ -

;_ REAL A.
i_. D-IMENSION ISLKNAM-( 5): !
'.. DA._'A BLKNAM ISH_T'I.FNE$.:.Rt. 8H[TERATON_. 81"_.RLN_.QAJTo ...................!

'- 8HN_E'SAVE _ ,I_HE LM T SAVE / ..
DAT'A RECLBI 18tl_tASTERC.J)/t F-| NAL /b_I._TOP.- /.

:?- C. INO-,EQ,.. W.HEN-LQAD VECTORS ARE T_.I 3E ASSEMBLED _t
- (_ ..

[F (IND.EQ=,2) GQ TO 30
c
C

'' C R £ A D. C _-.N .T R O L _I N F_ O _J_:.A. T I: O N..
C
C

READ ( 5_t.O00)- HE;O-
IF ( HED(L.) ,EQ_FI NAL)- ,,S,.TOI_'-

; NEAO {,5i L003| NUMN,'io(IDOF( [ )'*.| =1 ,b)t-NE'GLt N.F..,GNL .W-DD_.X o.hLSTEo.-.
' I DT-_TS.I"ARTtIDATWR.oI_INi ,Ili_'#gb_.LNPOHT-hI_h-_U_.TtI_T.OTE .

IF (.NUMNP..EQ.+.O) STuP _1
_" i1_ (|_lI-ATill_.E{J.0...OR_ I_)AI'Wi_.eEQ4,2) CALl.. ][NI.J,_;T. (-2).

RP-AD. (. !._• 1 (10 t ) |MA$.,3 • Jr..OAN_-=L MAS,_N. I._AMPN
C I.l I O t I,.,l I • tkl I g I O / I I I I O t iI_, " ' lifO-', t061 t l_t 4) i I 4WO- I O-I O-t q_l I i 4 I I I I tl I-It, O- O+t.t t O....

L C, ...... =,-- ]C,- R E A D C A L--C--U i_. A T l .O N M-O.-D.E-4. •
C4 e-

C. IBEAR = 1 OEARING C.AI'GULAI'IUNS REQU.[NED e,,

i

• !

k ...... : ......



t

ADLNI .............. _-ATE = 8L2.2g. OW/Id/_,_

C,, II]i.-AR == 0 Nil k_AR|NG CALCJI,.A_II.31__,J_LF.QUI.J[_REO-...-.. ..... • ......

C • • • Q• • • O-ab,Q- • • _ • @-.o • • IO_ • 11,o_ • I_ • • ,I-.O 0 tl*Q • ID eO•• ill II 88,••6•060 41.• @O •• O O-•--O--@,,4k D •,1, •

REAL) (_,|002} IFIG-IBEAR
WNI,_rE (b=_O00) J,_Ek.N

4.0-00 FON,'_AT (/lll_X_ ° I-_EAR;(,.AI_i, NI )===.I5.)
REAO ( .,5= 1,0-_0 )' IUPEI,.L]PV.AR

- N-E.A;_( 5_ AO05 ) NSREFLt-,NEQI:T'B+JL.'It_MAX=i_TGI._
REA_(Se IOi, O ) NPRI_I,NPt::keIDCe[..VC,I.A_
R EA0 ( 5 ml O &0 ) NPU_SVt NUD_L_ • LE MSV3n.LUN00E • LU L =LU.2,LJ..T= JOCo JV C. J _ C

C
',, IF (NSR[PR,EJ,0) GO l_Q 250.

RE;AO ( 5_. I Ida) ( ( I-SNEFE_ ( l t J-)'. l = L.3 L..J_=LtN_REk'B ).
• IF (N,STEo.GT,,O-.AN&),,. ISHEF'B,(I 0.1,)- -.E_.+ O) i$.N_;F_(.Ltl) =--.-1 ..........

IP ( ISREF'-_( 2,1 ) ,_EQ,. O-]k. I.SREFi;}(.21J,.)- =- NS..Tr--J
iF ( 15RtCFB(3_1) .EQ_,. O) |5,._F.,-Fa.(3,,t) = 1
INDEX=I
If; (NL_RLFt_,LE._)" G_..-.]FO 24,0
DO 230 I=2_NSNEI-_
J=l " '1
|F ( ISREI_B(I.J)_-GT.ISREF_I(2,J) ) wiO I<0 :}_L_

.. IF ( I:_t_'Fl_(I_)oGE.ISRPFtt(2_,I-)) GU TI3. 23d
WRIT[': (o,J00O} EILKNAH{INOEX_Z,j

_': S )'OF)
230 Cf.)NTINUE"
2_0 J=NSNEFL'_

.. It- ( ISRLP:U(I,j),,LEo[SREFgt2=j).) GEl' ..TO Z_5
_3:_ wRIT_ (r..,,,30O;_) L4LKN&t4(INDEX) _J=,J

S TOP
" 24L_ IF ( [St_:P_(_?oN_REF_).G_.N_¥[_,_ GU TO 25.0

iN 1[rE ( (._ _00 t ) L}Lt_NAH( [NL_E X) .| 5R_Fd(.,Z_ NSTE

• C
250 IF (NI_QLTU.I::uI.0) L_tl "I'L) 350

Nt.:l,) (5, 1100)(( ILQIIU(l,,l),l,=l,-3) ,J=L+.NI_QI:I'E_J.
' r. If; (N_TL.ul.3 .AND. IEQIT_I(I+I) .ta_l. 0}. IE_ILTdLI _l} = l--.

IF (IE. QITt_L,._,L) ,_EQ. O) IE_IT3(2,I} == I_i_E
IF ( IEQITUI3, I) .t3_J. 0J [EQLI'r3(3.I) = l
l NL_EX=_2

i Lld 330 l =:+oNI;_|I¢I

: J=i .;. lIf + ( EUI'+IIoJ).u,T.I.._:OIT_(J,J)) ,,_D 1:'0. 335
It- ( IEQ3TU(I .l)o_i._:,,I_gITd(,..j) •) _U.--tL3 J30-

_" WNITE (¢).30.J0) UILKNA_( ll+D_"X),I ,J

-' 330 CUN.Y|NUt: ]34,0 J=,Wf_.U t I"U
,.. ,. ll- ( IL;._ITU(L ,J).LE,_II_QIT"J(2,J|.) GO T-O _ • |

3J-b--_I_ITE (E,,,]O04.) LIL_NANi |NL,)t.:X) ,j=j-

-- whirL: (ut,._d..)l) UL_N^_4(iN_)EX) .It-+OlT(J(2t/_;@'ZTldj. N_rE

- 5 TU_:. c !
: .' J50 IF (NPRIL_ ,,'-_J._I) G_J TO 4..'_O ;!

. NE,AO ( 5, I I 0'_ )( ( IPH [0( I ,J) , I _L, 31-lJ= t ,NPRIEI ) l i

i ! t
|

' i 1I

!

5

~.

- ......... . _ __ ..... _ .............. +, +.j ..... _LJ_ __ P.,IL.'.'II_-_V+--- --
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o





TP,'..J:I!'_ A3-28

" 01:'pOORQUi:,

CALL. |N_,UT ( _(NI ) o.A._N2Yo.._( N3| _A_ N4.) ,NU.MN -P_ NL)UF..oNE0u..ML.,_01_{-|.,.

N3._N_ +.. NFQ*.[TWU
N4:N3 +. N_Q41:XJ_.WU

'_ NS_N_ 4- NI_Q¢ I.TWG-

.... 1_ (ISTAI%P-Q.,,OJ- NS=N3
N.O--N5 + NF_#[ TWU ........ 1
CALL _LZ_ (Nd.)

C
C R _ A--D L i:] • l] V. E C. T 0 R C O N T R..O.. L

_ C X- N F I,I H--M.A,'_..-I £3 N

" _l_ aO ¢ 5+ l0 l0 ) NL OAD _N T F N, N_ T_, ID _RA V, N_f_l _ i_:R_]-_lI:RT_ P
IF (IDAT_R*LP:*-I)

L tlRl'_ (O,20|.0_ NLOADtN_F'N,NPT_t,IL_I3RAV_NPI_Z'_NI_R3oI:_T-.YP,'
IF (..IL)GRAV.E_I-,,..,) ,OR',, I 5T,_T..._L_.4,.._L] ...¢0 .')5
if: (|MA55,c_,l) GU TU 25
WRITE ( b, 302,3)
:_I _]P---

,_ iF: L.I_)RTYP-Edlm;Z) NUDe3=12

• C
"" C L :_ T a O L [ 5 H C 0 N ¢ E N T R-A T _ _ N O _ A L

C N A _ 5 A N [:) D A--C4._-..X N G V F C ]" O R 5

i : C

' CALL NUOMA5 (AINI) IA{.NSI,ND(.)F)

I " CC :
! L R _. A D l N | r [ A I,._- C £:) N _ I T [ _1 N.-b

_;ALL |NI[AL (A(N_),A{N_5.| ,A(.N3)tA{N¢}.oA{NI) _NJ_JLI:F)
C
C t_t: LNSLAIL NL_JAL CL}R_INATES. INTU _t4_H 5PI_F..0 5TJRAGE FROM. TAPE9

• c i
H LI INI.) 9
N3JN2 • N.UHN_)II_I. TIIU
N 4-_N.,3 • NUe4NP PL T WQ
N 9:_4F �€�NU_iN_L-TWU t

•" NN=N 3 -' 1
_L;AO t_1) tA(I),L:N_,NN) i
NN--N4 m |.
REAO (V) {A([)_.]..=.N'._,NN)

..... NN--N5 "_ t
,_i-_._a. (9l (a( I ;.,[:N4,_NI_3 ....

..... _U fO '=9-9
C
C

k C A L C U L A T _ A N D S T (1 _ _ _- 0 _ L) v _; C i_ U _" _
C
L

.JiB







! ORIGh.'AL PA_ I,_-- A3-31 i ,

_- OF POOR QUALITY i, !

• 1

,.+



P

if:
!:

i oF__pooQU LI'Y.
i

!
I
I

't
i

i_ ADLNI JATE =- _J,Z_9 ........... 0_lF.18J-4.4 .....
!,.
i 2180 FORI'4AT (/_5X,.8.0L_ (D.} BLOCK OEFLNITiO,'4 CAI_U_ FOI_ N.l,]l_k,¢_PARA_C.E._F'_. .,
!- _. tar I Nt"--QUT }-.,

ii: z=eo FU_,_A_"(/,4bx,..
, A- 7H BLUCK. _I Z. I:ST'XI.

_"i 13 4oH. FIRS:I:. NJDE OF THAI5 _LOCK .. ,. . (:I:l_JO_(Io-I_'e3H},.)-= 1,5../?Xo ....
: C 4bH L,.A,_T N.UDF_.. UP THIS BLOCK. ,-.. ,,--. ,- _I.i_Nd01_.(.2",.I.Z',3H)_) = [._- 17X., _.

! D 4OH INC;_MEN.T IN-N_ NUN_£R =, 6 = (IJ=NU_.(3_i2"_dtl_) J -_ I5 t)
2200' FUR,'4AT (/=&X,eOH.- (E).. 3_K LH_FI,.NJ,'r£UN.CAI_O_...-O.E:.i".L._I_.._TEI_._P.-.QR.:,S..t _V LNG NUDAL N_ S/aIJN5_ .... )

2 2 I 0 FgR_'A r (l il_ X _

i _ 7H BLUCK • IZ _/7"Xe...
B 4_H" F I.RST 5-T'EP" oF" THI--S BLOC_,.. ,. . ......... (. _NUD._( I._-[:_=3H);)=.- [5 /'ZX,...
C 4_5H LAbT STE_ UP Tt_! 5. BLdCK.. ,. =. ,-- ( IN_D_(Z_.I:Z:=3P4) )=--. 15..-/7X=..
_t 4bH INCREMEN.t" tN TIM£ .-SYF-J_', ,. (. |NUI)_(.3,JZ_3H);)=. !.5 /).

':_., 2220 _UR¼AT (./,SX,BOH- (F'). BLQC_ D_FI,_I.T IQN_ CAR_$ UP". T L_4E STP_P_5..__:Q._..S .............,.
.... IAV, ING. ELENE;4T /_PON,_ES )

_-_':" 22.30 FOI._dAT (/,.4X-,
A 714 _LGCK _ ! 2" . /17_X _,:...... '_'" B 4bM" FIRS.T 5YEt = OF THIS BLOCK = .... e-. (..-IELMB(.It.I_-3H).)_-[_ /=TX_ ....

= C 4oH LA:5._- 3.tEP UF TH.15 _LOC_ ,.. , • ,...(. IE.I,14d(2_.I__.3H)).----I..5-P?X_. ;_:
l_ 4OH INCREMENT IN. TI.N_ S_EP -- ,. , _ (-/_LNt_(3)I_),3HJ.J.---15 /).

3000 PUN_4AT ( lffl.,2lH- _$- STOP, ¢_,"ERR_3R. l._ tA|.0-,13H- Bt.QCK, INNT,#

i" L 14H FgR_T S.TE_ QFtIS, 34HTt_ t_L_CK..I$..LE_.--TH_h't-LA_ STEP-_0E,25.e. ;I: L- QHTH _LOCK,= ///)
'_. 3001 F;U_NAT (IHI_2OH _._. S_Ot _ _t_c. _RROF_ [,_AI0_4FSHLtLL_J( I.NP_/_.,-_-.._LAL Sl_'I ;g
, t 0F LAST I_LOCK INPUT =eI56. tBHt LE_ THAN.N=_tE =_I_-)
! 300_ FUR_tAT t Ildi_-_LH =_ ST0t a _ ERRUR IN t/_l0-_-l=3H B.LOCIC IN._J.T./ =.
i l 14H F-IRST S.TE_ OF_ISj36HTH _LUCK L5 I_AR.hiER, THAN LA_LT. _TEP:....OP=.JLS_.......................................

t QH.TH _LUCK = //t)

:i 300_ FURNAT (//t_bH _5_.0_ -- IMA_S MUS.T BE GI_oO IF CONCE_NTRAT_D ..........
•_: I / 37H MASSES ANDm0R D AMPER:_. AR£ 5P_CIFtED ) .........

I' 3003 FdRMA.¢(///4_H • • 5-TOP == I _i Ge GT-,I -NOT..- F_R,V,J,.TT.___ I..N TNIS .
i e IQHVF_ION. I.]_'"ADINA. _e )

, 3010 FORMAT (t.I/,.LHL• |00H _.TdP_ [EIG_7=T.O NOT P_.R_LI:TT_.O I_. C_'N.TiitAL i_ :I IFF_RENCE METH_0 l_ TU _ USED FoR tiME |N.TEGR.AT|QN ).
,_ ..IOL,Z FURH.AT (///ttH|t00H W_ISI._4_t, tt4.A55 IqU_T B( P..._, .L _._R. C,F.NTRAI,.._IFFE

IJ_ENC E ME TH_ )
_020 FI,,)_NI,,AT _///•|HI,.?SH _4.Si_Opee. IMAS_ MUST 15E.EQ, I FOR D'£NAMIC ANALY

ISIS INCLUUEN,.; G_AVITY _..-OADS ].
'-. C

_NL)

I
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i•I ,

" OF POORQUALI_Y

t
_.°

RIE-WXNO
REW LND..

C

i* i READ (8) ((,ID(.X,J_,I=I_NDQFImJ=L,NdMNP_--
I C

[:' C CALC.ULATLUN OF TIME. FUNCTtUN DATA AT" ALL T KME POINT_
f C

t [ F (l _rF_'' a¢lF 0 }' aal.. '['Ol..,.O .......... '

C
DO 4.0 X=I.,NE..Q

• J 4,0 R ( Ir..)=o •,
• I DO 50 I_:L,NSiE

t 50 WRIT'E (3}. (=q( I ) • t=t ,NE_.)
RETURN•

C

60 CALL T'FUNCT (RGITIMV,RVtRGST=NTFN.tNSTE.s;.%QD_Xt[STARTtDT, DTA} •C • ]C CALCULATF GR_Vf.TY LI3AOING
C

._i NSTEG=0

t= C IF (IDGRAV-EQ.0) G..O TO I00
C

CALL GRAVL ( IO, IDOF _MASS=R_ASSeR,R_ tNUMNF_e NLI_F tNEQ_NTFNe NSrEG,

, •,-1 c "C ADD CONCENTRATED LOAOI-NG ....

' 1.00 IF (NSTEG.EQdSTE.) RETURN
' C

_.F (NLOAO.EQe0) GO TO 120
IF ([L>AT=N.L_-,teAND.I_EAReEQ,-_) _IRI" 2001)

IF (_UATWHmLE_.I) WR1 T_ ('_, -,_...Q.00-)
10;2 CONTINUE

C
C READ LMBALANCE LO/ld_- INFORMAT-[ON : EMPLOYED ONLy FOR
C . .

C ROTOR t:;1EAR|N_...TYI.1_ PRO4::_LEI_S .:!
_. C

IF" ([UEA_,EQ,I) READ (5, lOOt} (NOi:I{.I)t.I_iR4ti./}_N_'..IJR{ ZJ-,FAG(|),

I l AR T,_( I ) ,KL( _ 1., T HO( [ ) ,.S._Cl l._ 1 -_k ,.l_l.O/t_ I I

!- .._, IF ([_EAR,EQ.|) Gd TO 10tREA_ (5,1000) (NODtI),/DIRN(I),NCUR(I)._AC(I)=AR_T.ML(_t),Kt.(tJ.t
r ; l l DI_ _U" ,l=l * NLOAD)

lOI KL(NLOAD)=O
! C

"i" DO t3',)I=I,-NLOAO 'i•": [IF ([OAT_R=,GT,=J.). GO 10 120
.___ IF" L|UEARoE.Q_ _ ) WRITE (6,20ll) ,_k3_(_t ). _.LDI.RN{[ } m_C_.JR:(| •}=J_'(.1 )_ !

I t ANTM( [ ) ,KL(-_-) , tHU( I )mSPtl }.
i •_. I_ ( IBEAR,.E_.Q • t) 30 T'Q 1.3'J...........................................
_.| 13'_ CONTINUE ..............................}
I C

i • 120 IF (NL_DLX_EQ,,0) RETU._P¢ !

i

' i t
4,. ,

t
i



• ORIGINAL
: OFpOOP,.QLIALi.Y-

CLQAD S DAT'_ ----_ LZ2_ OCJ/La/_

NLL=NSTEG p�t�t
01.1 200. K,=NLL.tNSTt_
O_ Z'l0 I,'=l,NF_._................

210 R( [.)=_, !

IF:.-(NLOA_)e_Q,O) _ 260---

i .- DO 22-0 L:I_.NL(_U_)

I. I= [D][P.¢4(L) _ . :
_F ( IDQF(LZ ).E_Q_I) GO 1"0 220 -J

' " L OOF=L I. '
:. LN= NL_, (J_)

ART_4T=A_TM(.L ) .......
F_.CT =_AC (LL i

• , LG--NCUR(L)
.... iF (KL(L),i_Q,O) GO._Q 222"

UAR"I:M-- (:J_.N.TM(L �pANT.M(L.) )/( ( NOD..(L,FI ) ,,-..NOD(J.. ).)./KL.(:LJ ).,
F[:NGR=(F_(,LeIL.) ,,,, FAC(L) )./L(NLtD-(L+LJ ,,-NOD (LJ)/KL(L))

2Z2 DQ 230 !=IpL[)Qb'.
230 ]He (iDQF(i|,E_,L) L|--L1 -"

'" Z24 NSTF...A=ARThtTIO.T
NSTF.._=_ ,,,.-NST#..A.

. LF (NST_'F_..Ee0) GO- TQ 226
' AFACT:NST_A." AR-Tt4T/DT + 1,

r

!' (iZ.L_..O-) GO TO 226-
i" R GIPR==RG( LC t N S T_=:F)

IF (A_TMT,(_QeO,) GO TO 24,0
: C

_GFR--RG:ST(LC )t.( 140 J AFACT) �RGFR_A.."ACT.
:_ IF" (NST_:,LE,L) G.O Tt3 240 .•

I;tGFR--,R G( L.C._ NSTFF,,,,-I ) _( 1. O",AF _,C'C ). _NSTF.F.)_AFACT
2_0 ZF (]BEAR,NF.-./) GO. 1_.i_ 245

C
C ADD t-tuIR.|,CONTAL, iMbALANCe.. L._AO C0_,IP_.1.R_NT TO I'_XTr.'_NAI_._LQAD V_CTOR
C -_. !

.... C WR_,TI_ {b,1¢;_7) LtTH0(L.),,S_,:L) _ .i
19_-_' FOHMAT f,'SX, il_='_|t O_.SX, '"r O(,L.)=l"tD13:oSlSXte'3._(L),=l"_O]l,.3e_) ....

R( I Z )=R-( [ ] )+RGFR_F'ACT¢ _;CO._(THO(L) +3P'(L)_OT ._1¢)
.-- C

!. C AOD:..VP'RTICAL IMI_.ALANCE LOA.O.C.O:q#ONF..NT. "1:(3-I_XT_R.NAL LOAD _CII'QR ._-'
C

R(-II =R( l.[+t[ )-_RGFR_F ACTSDSJ[N ( THI.I(.LJ +5P( L_$DT IK) " !
1"O 246,

2:4_ r_ ( 11 _=R(I 1 )._RGFR _FACT - -
2"4G CONT.INUE

.. 2.20 ZF LKL(L)-,EO,O) GO ._0 220 ._
I.,-N"-LN + _.L(L )

; " ['F (LN.,G_.NUO(L _(3 1'0 ::'20
I FAG_=_A, CT + F[NCR ""

AH_T=ARi"I4._: ............... I
G_ TEl :,24 ,_

2ZO Co_T CNUE
C

2(_0 LF (ZDGRAVeEQ,0) GO TO 362
" C

OO 360 I=I_NE'Q ""



_ oEIG|_I;_,',,.,i,,.',._:__$ A3-37

::;I OF pOOR QUAI,I.TY..

i • 3o0 R.II.I=R(I')' + I_M.ASS{ l-)
362 mRITE._(3L (R-(I).,.I--I ,NEQ).' 'L

C WR-tTE. (.b_3000) K,4(._.(.I.}._[_-LoNEQ)
3000 FOR_T (.SXI'TIME STEP- I'_L@,5X, e'Fi(I')(.CLQAOS.).*_L--,.,,tlI_X,B(3XtDIZ.B))

I..F (IDEB.uG,,EQ,5) .W.21TE .(6,b000) (.R.i.l-J-ei=l ,NF.._-L--
200--CON_ IN UL .............................

C

RETURN-
: / t000 .FUIC,qAI ( 315,2F-l_r, 0,tS,-.SX,_15},

1.00'1 FORMAT (.JLS.,,2FIOo0tISI2FL0.0)
Z.0_-0. F-UR._4AT (/-///45H C O N.C E hL.T R A T E O i, 13 A.D 5. O-A 1".. A//-_ 4,X, .....

1 53H NOl)_. DI.F_ECTION. L,L]AD: CURV_ LOA0.CUR,Vr_.MULTIPL ........•
2 5OH- .tRRI..VAL TI.HE NL30F. ,;ENERA, T.IU_L ).
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'i - 2010 FOR_4AT ( IHOoZX,I 5g.._X.,.I_OX-*.I.4_X,EL3,_ o_X_.EI2.._,.7"X-,I5|
" I 20LL I_.)N_AT_ ( LttO_2X_lS,SX_I4,3X-_I_, _#X,_l 3.5,bX_-J_L2-_-'_,-Z-X-* 1_5_(_ ....................................................................

1 E 13..5 _,5 X-,E 13.5 )
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KHB=I_Hi_ _ NCOLB_t(NK).
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._ C
Ol,] 2."00 N=.L ".NCOLB"
KN=M-AXA(KH/dB41"N..) "-

.- KL=KN _.. ),.
;' KU--MAXA(14HJ:_BtN_L-) -m I, _ °4M .....
" KH'_KU: m-t_L -- N ..+" I-

R(:=KH _" KHB
IF (KCoL_o0). GO TO-_00
I,(;:.'--0
KCL=NCQL.t3.V(.NK.) --.I¢_ p�t:"
tF (KCt._:T-_.0) _O TQ _.t0

: lC=t = I_CL. ,,
_,CL--- t

•- 2L_) ...KCR=4_ QL.13V:(NK )
, KLI_KU "-" |C :

: C
DO Z20 K--KCLaKCR
IC=/C + t
KLT=KLT " t -.
I_][--MAXA(K_M| a MC
ND=M.AXALK,.+IM_L) - KI "_ .'4C .---I,
IF (ND) 220_220e230

-)30 K.,K-=_I,N0.t tC _,N_) _
C =0..,.

" OlJ 24_1 L-:| ,KK
: 2"_0 C=C + _I(K,L+L-I_A(KLT+L)

A(.KLI:J:AtKLT) -- C
220 CONT" INU_
300 CONT INUL

C
['M-"]M +_ NCL}LclV.(.B_-'¢).__

C
Lb0 C_JNTINUF . "

" C
C REO_JCE I_,UCK e_Y t tS_t.F
C

300 00 _.00 N: I _NCDLI3.
RN_IAXA-(KHClBe'N) -" MM " "
KL_i4_I_L+ L
KU=N,AXA(:KHUB+N_PJ I...._....,L -" _IN
KOIF_<,U -,, Kt.
iCH._N.INO(,KD [ F • N-_L-L ...
• S_N • KHUU
LP (KH) _,_0_-_,40_460

4t.60. K,=N. ," tCH
K,LT=KI. e. KH

•- IC:0 " '
IL'"{1_ (N"I,).LT.K_|FI .[C=.KD|F "'N _'. t

C ,,

LC-,LC • _
K,LT:KLT _ 1
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._ ND=MAXA-( K,H_Re'I_t'I )+ _ K[ -- MM _ l" IF {ND) 4.80.4_0,500
500 _K=_41r_0( IC.N._]

C=0.

'"I ' DO 520 L=L,KK
•( 520 C=C 4. A(,K.I4.L)_A(.KLT4.L) ..........

A(K_...TJ=A(KL.T) m+ C
4_0.-K=K .e 1

i C.-..
" ,_'tO K.:-K _
- _::-0 +
.... OO 540. KK--"KL _ ..........
" K=K --"'1.

i C--A.(KK.)/O LK) i) E:_ 4. C4_A.(KK) ,,m

; _0 A(K_. )=C
A (KN.,): A (,-_LI_).,_.* F_.........

:i} ¢
- 420 D ( K,._ ): A.( KN )-

-. LF (D(KSJ) _'31_553,_00
555 IF (tD¥1_F+EQ.O) GO TU 563

_,u TO _oo i°I
"i _o0. w.RITE (.o+_000) _S,,O(_S)stop

c
4.01 _,_[TE(o,2000] KS,D(K.SJ

:_ 4,00.. CON-T l,,t Ut-
.. • C

KHBck=I_HHB 4. NCOLI3
C

i-

,, C $ $ $ # • I_ A N I:) L1 _ A.-..CC _ _ _ $" e Nm
C

i-I NI_EC tO:NJ
: CALL WR_T_S (NV_EO.Am._S_O,_L+NRF-C|O)

C
. i C $ $ $ $ $ _ A N O _ ._1 A C C _ S 5 L$,._-

C
' bOO CONTINUE

/_ ( KLIN.GT* 3) GO tO 606
_TURN

C
C ," m $C)LUTION UF EQUATI_IN._ [ _13OP OV_.R ALL I:IL.QCK_ ) m. m,
C
C _/=OUCE Ttt6 L_IAO rEClaim.-__
C

_Ob KHd:1:0
• , _,|0 O,-. 700 NJ:|_NL_L_CK

|F (NBL_CK, e_,_o_ eANL),_. (KL.LNeEQeO ._JH.. KK,I_e_..I J ).G_-.-T(3 ?L_"
C

I _ t _ $ $ $ 1,4 A N 00 _i A C C 5 _ S e $: $.

I' C ,]NREC 10:NJ
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C '_
C _ $ -._ $ $' _ A N..O-. O....-_. ..A.. ..C ...C,..._ ....-%.S • @ $

i'|0 NCOLBxNC_LdV(NJ)
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V-(KS.)=V(:KS) --. C.......
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:. 700 CONT IIN Ui_

C
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C
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' _ NSL= Nt;ILQ-CK
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• C
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C
! C _.-$-.$ $. $ i;L A N O CI _,t A C C E S S $ ,Im$

C
i ... rCCOLB=NCULt:liv( Ni_L )
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NM=_AXA(KHI_B4-1J. -- 1
N==NC OL,B • " ;

.. i.)U 8_0. L= 1 =N.COLI_. ""
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I.F (KUmlkL)- S61_.8_i0_c3_30

_,=KS ":
DL_ 9 00 KJC-'-KL +KU
K=K. m. L.

_- 900 ¥(K|_=V(K) m. _(KK)$V(KS}-
861 N--N"i. "'

t i 800 CONT |NUENLJL=NdL = L
" 800 CONr I_UIE"

C
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:,-- 2 10H P tV0t =' ,E2:0,12 I ................................................

END
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C
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C
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,! _us_ ........ OA.T.E '-' d_Z_,,5 I._/2"_/..O-L

.+ (.
i i ;_0_. LI_ (-1.,OLA.'F_.EU.O) _...TO 2bO
I, t., _ [P (|OF.A-TH,-E_.2) -_3U.._'[Q.__Q..7
! i L)_ 2-08 L:I•P,U
* ;ZOd CO L 5,1d ( L ,N) :0,_
I,..i." ET I t,tV L._ 1.=-£ T [:,t _

GO TO Zi0
";" ,ZQT. rT'I._/(N.I:ETIM

, 21,,) IF (.[TYPT_,N_.L) GQ T.13.211

: : LDO_ 1

IF (, IOGF(.l ). .E.(_ ,0 ). LDCr-2.
... I..,W (.J, t N.):O

L.I : M,JO P.,MLI. )
LN( l,N):,_O(t._Ot I II.
(.'U T;C 2S5

(.
,;1 I DO Z_;O L-:I ,.l_b

LF (I_EAF_..P.._L,,I,,ANO•LTYPT,,%I,.3..I.._O TO :'30
LL: l

i DO 2_0 _.:1,3
!. IF (IDOF(L).FU..-I) _C TO 2_+0

• OO 2_;JL.. L.R_.|_I_.LO
LP--LP 4. 3

} I I:NCDFMiLR}
LM(LPIN)_IO(LL_ ii )

_,.° eR/TE (,b,gt=tJT.) N•L•_.L,LPt. I, I tIDOIF(L)

IbX, tll:_'•l_oX, _ IUOP (L)=_ t,/5)
,i'll _;ONT |NUE
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2,_,) CONT INU_

C _t<tTE (Ib._,_0St.l| (( IL_(KD,MLI)_,KO--k _,,_tL;:l._.71
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{.
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(. CREATE THE EPARING d.IEMENT (..uNNECTIVITY,. V_.CTIJI_ LN
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"_,_ 240 LL : i

DU _32 L=I _
'i',. IF{ I_L;F(L} .E_.I.}--GO .TO 2'3-).

il; _.P = L'f;
_JO. 2Jl L_:LtIE.LD
LP : LP 4. d
£1 -- NGOEN(.LI_.
LHiLPtN| = [U(I..L_/I)
LF (IOGFT4_LLP) eF.Q_,I ) LM(I.P_N_:0

t. _N|T_" (6_9_C7) NeL,LL_LP, I|I|IJUFiL)

_-}I CrJN.TINUE " d
LL--LL _' 1

,..; -_3._ CONTINUEC _.ITE (_,3_2¢.) NUUF-

/'i
i"

L _ ' • , ........... . .... , ...... _ ......... .





r .'T------

ORIGIHAt.pGF..
OF POORQ'LLALtY

N_'-- L
$(.t ).=E,I.M'TYPF.,I*ANEA(MTYPI_)/XYZ ( I oN)
GU T..G 520

C
C 2"-4 NOOE .T.RUS5
C

5,,31 A._= AN f. A(.NT Y.PE.) • I_-( Ml _.PC )
CALL .LF, I_,T.I-LL. (.X-Y-Z'(.I o N),RL.)

• CAL.L $Ti_'I (XY.Z.(I.I-N).,.AE,.S.3

C _RITU... C6_1.11.3) (-.._4 L),.I=I,7"f=L) " i
(. WR.ITI_. (_,11.1'_J (Lt4( l.,.N.)._I=l,b.}. ; i 4

I..I 13. FGRMAT ( 5X,. LTRU.$_-. 5-T.1FL_N_S_ ., (kUSS) :-°'o.//_.4"(-,_ x, Q_1_,.3..,'._} 1" : _.j
111; FORMAT (_X,_LI,_i,.IoN) • (.i_USSJ:.o_//_3(,:IX_.ILO)J ..

520 CALL ADCt]AN_A_N_I,A(NI}ISo_'_oLM(IIN),ND,I) .._ ..... ,,
_, _OO.. CONT.INUE - , i

RETURN
• (__ J

C "" i
E A _ S _ " "Mr B" ''L'E M A S S M A T _ 1 C IF. .%
C
L

.: ;_0 IF. { IMASS..EQ.2). GG TrJ 55.0

C LU,_IPED MA3-5 _ SCICET..I ZAT ION
C

5,_._ DO 04.0 I_=-I._,UME .......
:i _TY F_E=MA TP (.1_)• . !

_ 1F..LU=I ELTD (N |
NL)= i EL{_._ 3

IF (ITYPT,NE,I) GO TC 54b

...-. XM( I )=XY-.Z(,..], oN) _ AREA..L.M'_..YP.E. - . ,t
ND= 1.

_'i.,_ _,,0 T0..54,7
(.

5,_o CALL LENTHI (,LY-Z4-1_N)_:,d.)
C .....

. PM( I |= .5_RL(.2-)
GO TO (.900_..¢,_,O..(::Z54_2t:_) , IEL._

: 0,_0 PM( 2.)=PM { L )
GO TO. 027

l'_ r " _ 2 5 PM,( 2 J _. o E:JI{( I,_L,,(l t ) m._L ( 2 _) ) ............

I-)M( 3)-- o.5_'_L ( I )

(=20 PM( 2 }-= .5I, (,_<LX I | -,NL ( 3 _ _
PM(, 3).= e.5 _R_.. (,3)
pM(.4Li=.5_(RL( I ),,.I_L{ 2_ }

o27 e_=O
AL_EN: A_ E A(..MTY_ E ) _LOEI'_(..MT YP E.) ..t

_JO 0._._ [:| • LELD :1
XMM--AULN_PM(. L )-
Of,.) 0.2_ L.=I_-3 =

: _,=_, *- 1

i,

I)



I



I-
o

" ORIGINAL•EAG_,t3 A3-54
_ OF POORQUALITY

_5 CLaNT I.NUE.
GO T_ ¢g2

o_,0 IF tTI.MEoGTo_.TIN)GU TO 710
uS_. MTypP-'=MATJJ-( _ ) ..

IF" (ITYFi:o..NE. e L} GO TO 701
ND¢-I

i' ._ RS.T-( I):X.YZi 1 ,N) .......
_::. [J-LSP( 1.).=0,.
t I=LM (. 1., N..)
iil_ ' IF (.I,.GT°O.) DISP(I)=X.(I)
' • IF ( IUEATH'.b,_. 1-) _ TQ. _:06

P-,3-T:(1):F, STLI). + EDISbL1,N).
' OI.SP(.I_--DI.5_'{1} ," EDIS_(I,N)!.

_r • GU TG 70b
t,

i.. C 7C1 DO. 702 L:I,_
I: t:¢ST (t. }=XYZ iL,•N|
i" . d ISP (..L.) =0 °

i!: I=LM_L,NI
i IF (I,G.T-_O) DISP-(LJ=X(I.)

" I,IF (.I.UFA-I'H_N_.I.) GO TC.t _-0;_
RST(L):F;'_T(L), + BDISt_(t,.,N)
O[-SP{L).:OI, SP(L) ,*. _L_IS_(L_N)

70.2 CONTINUE
C
C

73ca CALL 5TIFNI (NoAREA(MTY@E)oPKO:Pi.I..oM.TYFJci),.._ACI._J_.)_.
1 NdDGL( I _N) oTEMPVIoTE,_PV--'_EPblN(N),.5,.RE_ /STIF)

(.

CALL A_D_AN (.A{M.AOR) I,._,(NI.I_eRE_J..N(.I.oN) o.Na_.:_)
IF (LSTI;_o-_Q,0) GO .TG 710 . .

i. ADD. ELEMENT 5TIF_FNESS
• C

(.ALL ADC_AN.. (A(N4)oAiNI)oS_RL._I-_{.I._N.),i'4_L_I)
C

? IJ C_IN '_ /NUE
iF ( IELCPLo_°NUNE} I£LCPL:--L

C
kE T U.RN _ :

• (._ CA LCULA-_E A_ AS_Et_bL F II_._-TAt_T-ANEOU5 F-_I_C[:.. VEC'T_R .... - - ;
_.0 °-

_, . _° AN4_ |T:_ 5P,iT|AL GRA,}I.P.NT__._--.I-_.., THE TANGrNT 5TIFPNE.5_ .- . .
CII IF..

_..- AND UAMPl.NG..,,_ATRI_E5 FG_. TW_ NQNLIN_AR TI;4P:.'*TRANSIFNT °.

_,_ S_JUP..ZZL-F iLt_. DAMPER IN'_i_A_TIVD.,.,dLEMENT • ..
..... _e • O°

_,._O OOO " - ' • '-" -" C
• _4° _tO 4 0 i-e-I) _ e _-O ° _0 e" II ° e ° 4i. ll 6_4 t I t t e I I e t ° • i I I I I I t I I I • I ° • t t I It_'.. "- -''- -- _

r,_3 [P ([IiE/_,_W_O) L:TLPb:I 1 " _
MAO_ = IX3

... IF(ICUU_T.V.,,.;,3) MAOF,=N5

[: .



.....................................................• .................. ............::__,-al



I- A3-56

OFpOORQuALI

' " .!

• , NO= t
t.. EP=E_S IN_ZW J

I=LM_ L _l_)-
It=- (I.,.GI.,.0) EP=E._ * X( _ )./X.YZ..( 1.,.N)_

' i STN..(.L)=EF =
_:- ..5.T"_(.1).=E( ,M..TY:Pr: )..'Ir,-EP_"

IP' (I.PRL,E(_.,0) _ITE(o,@.510) N.,..NO.,.PPC.L.).-,.ST-;_.(I.).,.'_.:C_L_,)..
GLL.TO 8t_

C
11 CONTINUE

O0 t_ ,_b d_ [...=NO
OI_P(J)=O.
I =LN { J. t-I_,-)
IF (I.,GT,0) DISP(J}=X(1)

_I_ C_J_T £NUE

CALL L_I%.IhI (XYZ-LI,N),RL)
C

N=Xu( L _I_-INT }
CALL D_6IQI(_YTiI,N} ,_,L_Q,XJ}

DO dlJ K=t ,_Q

, ,513 EP = F'p 4. _,(M,)=.OI_P..(_)5T_L) =E_.MTYPE) $,_.P
PP(L)=STS(L)*_R_A(MIYPE)

:. {t- ( IPRI.E.G.0} i_lTE(,o...L_:}IO) N-,L.PP(L},ST_(L),_;T,%(L)
d 1-_ C.U_.T INUE

IF { L_.RI,E_.,O) _,RIT_;(o,,_20}
C

: N E _.LA_J --r-_C L c)'_.
• O0 _L,7 L=L_hlh, T

"" WNLTE (.LUI) _ECL&_.i,Le{:)P(_..t..SI..S.{LJ.._.S.TI'_.I.L..)..
d I 7 CUNT INL_

¢
(.

J20 _GNT /hUr-
L

RE IURN

&.
L N,.;I%LINEA_ _TNES_ CALCULATI_.N

cCb lP_NT=O

1}- (|L_EAIhoL_,0) _,lJ TLJ '_10 A
r.T IM--DA,_SI_.T/-_VIN) I J
IP (luI:.-_TH.L_...._) G_J TC =;-_-.O i

_J TO _lO
T i



i ORIQINAL P_GE IS.
OF POOR QUALITY A3-57

RU,_ DAT,_ : dl2.q.b Id_'23/01

i_.:. 3._0 IF" (_I,_LE..GT._TIM) G-_ TO 510

,,i.+ _la IPST--IBS{N)

" LF ( IPST-.EQ..O._.. GO 1'0 t_'IO
IF(IPRL.+NE,,O) GO TO +03

IP_NT-I.P_-NT +- I.--

i' IF (IPRN.T.NE.L) GO TC 803
., + GO. TG (.e.zo.,e7.o,_7o,els,,eT.-5,_75,_7"_,uTO} , MOQ_L

ii ,.RI.TE

GO- TO 80::.+
_7b wRITE (o.2OOO,_ NG

(.
+ d03- IF (,,I.PR+| .EC-,,0)..'4RI3FE(b,:-'520}

MT Y PE= M A'IP.(.h }

[,El,-.0-- t _LTO (1_) ..........
NL%=-,.I ELL] • 3

IF {.ITY-PT,,..rwE..I)..-G_JT_ U_O
NO= L+
RST (.I }_-XYZ( L.A)"

• OlSP(, I )=0+
I=L M (.-L _N.-)
IF (I.OT,O) DI.SP.{I)=X(I)
I,F (._DEATi-_,.I_E,,,IJ,_ TO coo

, RST(I)=RST{I) �EOt.S_(,1,(_L
OISP(,I_--L)ISP(I) ," EDI';rt(I_N)
GO TC ¢3"c0

C

i_ -_5_ OO ¢J51 L=I.NL)
_. RST (L)._XY_,IL+ N) _

DI_iJ(L )=0=,
I=LM(L *F', )

.. IF- ( [,GT.OJ OISP(.L}'=X(I}
IP (IDi=ATI_.r,I=..I) GO TO d51
N:_T{L)=IR_T(L} 4- F.DLSB(L.,N)

- DI.SfJ(L)=.E)I_p<L) a F..E)ISd{L_I:W-)- ........
'. _31 CUN'fLNU-P.

C
"" d¢;3 CALL $11F. Nt I,N_ARE.A-(MTYi:ZEJ_F;RC_I._(,LoMTYPE_I _,'_.A( I,.,N),..
.... I,........ N_JD_I.{. I ,N| iT=MPV _, i FP.Z.t'lPV?.., P..IJ SIN(N) _.,,__Kt.. _,.3 )

C
C

C
IF- (.JNF_CNT .,.-i._a .OR, e,PLOTEeNr,..0) Gb TC_ O10
HE (.LAI_=AECL Ew-,.
DO _0 L=t ,NINT
i_ITE {LU|..J _E_.LAdtL4PP(L},_T._(L)t_TN(L_I

_¢3 CUNT INUE

F,,,._4L DATA _C,,_THC_.F.. _i,+l,.i+4,..ilP..,k.,k.-ic.+e..i+i,.l+,l(¢_i,,#ll.#t_#lt L...+..E-_"_).,...}...
": (,.

+' C. +

13 CL)NTINUE

L
_,_J bTJP



ORIGII 19 A3-s
OFpOOR-QLIALt'Y

r_U$$ DATE = c:12.4-5 .L:_L_.3./-O-L ...............

C .
C

10",,.0 FORMAT (.lb,,.4F10.,0,) ..................
IOLO F_R_AT (.L_F'I0.0)
L.LC0 Fc_k.M'AT (_.t_,,_J:10.0)
I,_G-_ F.OkMAT (Loi5} ..

C
; _: _ _ CI0 F.UHMA.T (////_7H. _ A. T _ I _ I, A L C 0 I_ l _ I T,. A..N T'.-,_ . "'

: >'010 FOi,_/v_A.T (///51_ ,_E_-oL0X,SH AH_..AoLOXo_ _-_,l:0X_._u'J_ ......... _/-}.-- _i
• .2,:r11 .Fo_M.AT" (IS,_EI,5.b) :.

/.-020 FORM'AT (.1//5._1 .,_..E.T,.L.0X_.SI'4- ARi'A,LOX.,SI'_ _,I-_.NoJ._'X,b_I'_L_._NT_-gX.e-
t 0HST.KA|N.,.gX,.OH.STR_-SS, LIX_.¢H_TAI",kZ L_._2EI.,_,0,.12X-_|5..2_}

;_0Z.I Pt3R_A.T (-'_7X,-IS_3E15,O.).
23.:i0 _OKMAT (./I/.:TH MAT_F-RtAL,.CON..R_-AN.TS :_T..._,., [-5l

I. 14_ Af_._'A.... =.._...15.. _/I:_H- O_.NS I.T.¥--.=-, 51.5.6/):
2,)3L FO_,_AT (3"7h TEM_ ,.,.,,..._.,_ (. #_O1-_( L" _) ).o.. --_(_'.15.,_,.)/

Z 37P _ ..,,.,M.,...( ._RO_(- 7.'1:Z)-_... :,o{.EI.5,._)/

: d0_0 FORMAT (/J/SH S_T,L-0X.,SH" A_EA, LOX._'_H OEN_10_,-_M. _
l 10"X., 5HY Z_.LO, 10X,.5H E.T /_

I _J_1 FORMAT (JgH TSMP .., .,_.,=.. .,.( I-)RL_ . L"-_) )_.., =_._F..1._..0_/
L.-. 39-_ E .H*....o,,o.,t...... P_OPl 7--1_) _--,..'=..O'_1_:.C_/
Z 29h ¥|_LD o,.,.o..,...C _,,01_(.]_3-1._) ),o..=--,0F..15..(_/

'i ,a 3(;l't-. E'I: ,_,o,6o,,,,.*(. _P'(l#-",:14J )*.o =,O._..-1.5..._,_
q_ 3<_-H AL_rHA .,o_.°_.---L Pl'_(.2_',._0i I,-- .-=_1.5.o6/

i b 39H R&F TEMP ° ' ,,.-_. PR_lJ_L _1) )-._* =t_'1.5,6/... ° O-4_

I b 39H _RF..EP LAw K,E.¥ ,_.. t°'_UP( .3_.). ):e., --,P_J'_-0/

39_ _L ,.°.o..o_o,--_.,-.,,-( #ROP( 3_] ).°.,.--,F..1._,b/
; 39H A2 .°.,,*,_.*,°*......,{. PROPi -_5; )..-*_=._1._'*'_t
l 39-H A3 °*..*...***,,( p_01._{ .._)' )., =_..L_.,O./ 1
,_ 2_r_ A_ .,,,°°..,....,( PROIJ't- 37) )',.,.--,F.1.:5,0./
•3 .39h A5 .o,,-...,°...,_,..(.- PR,W#( 3_) )-... =_-_L.._,o/
_ - 3gPI A_. *..*..-,.,.*.-,_.-_.( Pf_Cl_{ ,Ig) ),, --,,_15,.&) ! !

J071. FORMA1" (._ I=RUPt,IZ,.L_.I2.,.._P| --,_L:,O) : i
32C3 _L_.NA-1L-.(///2._H E. L E _ _" N T l N E O ,';, ,4-A- T. i G N/&-

l ...... 3gX, 71-t i;N | T I.AL/
d 4-X , LHN._ 3X.,_ PtL.d.LD_-_X ,.Ir_iP_,-.2X-,,+,'-tMTYP, _.>,__Hl'k_, ......................,_........

_,.. 3_.nr_ L;0E (..1J)- NUdE {.2,_ N0_*- (-3) N,_,L_V.(t+.}/ _ '_
,;,..0I FOb, MAT (J//,._. L. E M- t;. N- T N. G Q A L.. L- N- FI C. R ,W A. T L CJ Nb,.//

2 3X ,..=':=TA.TGR. (NO,JE(.2L) .|" ,/ )r

•- _.:LO FOI_MAT CLSo3LO,|?0:_,X_2_L_°_-,3X0F. i:_,-_*_X.*4"i;_)-- I

-_3C,,,) PURMAT (//II_,r.t ;iLE.MENT _._OuP =,,[2,1"OPt (lF_.Ub,_ / _US.%,t/-
L- LT_ F..LP..:.M_NT NU,4:ISFR --. L,'_/ ]
d 7H I.ELD ==,|3,2f>H 15 _4.1EATEK i"PtAN N_-A.,t.£T) =,[..31- I
3 5H STUP) ,;

•t,;10 F.-_NAT (///t'o_ ELi_M_NT uK_UP--0.12,.[brt (T,_U.S_ /---_U55)/
I ITR E.t.,EM_N_T NUMo_N --,.I,_/ I
: 7H MI_rP =_I3_.ZZH 1.,_ _I_iAT_.N TrtAN NI_ANLIo.J.. "-,.J[3/.Srt 5"i_0_-) I

,J_O0 FU_MAt {IMI.._oH5 T h_--£ ,5 b C A t. C U ;- A T | _ N 5 F 0 R- ,
1 "/"HE L d, M E N T G-N U U _ ,I5_LSH ( TRUS:_,E5 | /-_,e,X_. ..............

3 bHSTk A t ._ : 9t : _ ! I'iT,_IPF_ATU_F , / )



A3-59
" ORIGINAL PAGL_iL;

_ I OE-P--OORQUALITY



ORIGINALP.A(_Et-q A3.,60
OFPOOR (_IUALt'_..

i RU$5 DAT F -- _,:4_
J_

: _0_'_ LQN_; IN. E..Ft;r.CT* NrJTF..F-_M,L_'_F..I;.C_IIC,_QUF-_EtNC, LI:_ToN_O_,L_A_tNONAP_NQT_T

; *_II-_TI.QNS IN Et_FF._T* NA,VI.E ; RU_S • LINEENT, ;. O0
t: $_..TAILN_J._$_ .NL.,.E, IA_NO:_TICS GENE_,ATEQ"

f:

l:
!

it'-

ll

!, .

iF_.

f

k •



_--_:,w_;-v _T:_ , ___._ ._. ::_,_._ ,:. _:_i_,;;_--_c _ _ ,

" ORIQIBIAL,PA_ |_B A3-6l i " !

i oooR QUALMS" I

i
I

C
C WW$_$$ $$$ $ $ $-_NW$ $ TWW._$,_._'$_._Nm _ _ $ $._W_$.$ W__..$._t _._ 4l.$$ $'_ W_.W_41_$.$Wl=4bw__:$_ 4_I¢_ t_$#. _."

: ?
-'_' C

' 5UEIRI_..INI_ N G ( BO _L_EC $ V LSC ¢,).VAI_.

C C ....
i l TH t, TH2 _>dl • _Pt_ .N G_/, D o.N,_ CI..Nt-_NPC_T • --.
! c 2. ........ NF ][L I_ISJ3F K t K LI_.C'_l _-I ELT D;eX.t Y--__7-_X Y Z t LMt

C
3 _ iI_ _NADJ_-,LSTI F'B, NON,NUN ?,)

C

C_. o -

Co P R O G R A- '4 _..U N- C. T I Q N. _-.....
C_ •w.

C_ ............... , ILl READ EIE_AR|NG ELEWIENI_'._..INFC)RI, EA$]:ON .... _.--

C. , TU CALCULATE AND ASTEHii_LI.I?. ELE_4E_IT.. :StJ_FN_SE:5 .....

C. E X E C U T I. Q:.N. M-43.D. E --.
C• ii .....

C• I hiD= 3 8_aRI-NG l NFOHMAIFI.QI_.I._ N'I_AD. ° ......... 1

•:: C • °" _]C, IND=4 ELE_4EN_ •T'IFF_iE$_S ARI_.CALCULAT_-D .....
C• o_.-

' C. AND _E_tB_EI_ , " .........

C • •• • I •.l•._O _t,• Q.t• • _ •.O.,i •.• I • i • • O I • • • • I • I i • • • t • i I I _t t _1 • • •I _'t'1 It I II I • I

IMPLICIT NE_Le_J (A._._H.._I--Z)
C

:,, CI;;)_NON /_L/I,_lOt | CUUNTtlqPA_ ( _0 ) eNUI_._NE_i._ I'_.¢_NL..t-[M A,_._,t- .....
" C

t I _)/_,4lI_e_ _TA_eNOQF{:)_t K,I I IW-tI E | G_.J[ _t_SN _I DA;W_=IN
C

C(.)'4N'gN 10IM/NO_tN_.eN_oN_INSINOtNZtNSoNg_NI, 0oNLItNt_tNI"3"
C

i N.14=NI5
"' C

COM;4QN /CON_ T/ I_TeoTA_-A.0.A_.e.A_---*A-_LtAA-tASoA._oA_'_--A_'_'e A104,.
"" C

C
CQHMQN IVA_._N_•HODEX.-[ UPO T oK.'_TEP oL TE_AXoIE'Q_/,J_F-_-T_•

C
l KPH I'.e.|.REF, I_QUI T-_ &P_ [ •_PI.,o"r-N_I_PL._JT _.

C
• CUf,4-_ON /PUi_CE_/ F|P( i0'3.),='_P(I;O0)=FR.(I,t,)0|

C
C61M_4ON /UEAR / [B"E.A,R t,4TOT_

- C
COI_4L,.'_I /_AN2t B(| )

• C

•. C

- REAl. A

.- !

i

r

4

•=ml_mmlli_ _ , , ,| , ,m, - a ........... ii I i i i







!
r" A3-64 'iORIGINAL L_,_l-'_i!;

OF pOOR QU;_,LrJ',,'

BE,AR'NG .. _ATE = _1.1Z2¢3 .......... .*,).g418_4,•4

|F (LM( L oN),GT,0)--XRB = X(L,_-(t..o*_l)L
C YNB = XYZ(:_iN|

: LF (LN(2eN),GT.0) YN_ = X(L_4(.2",N)..)
; .... C ZRt3"-'XYZ(JIN)

LF (LM(.],N.),GT,0")..Z.N.B--= X(I..M(..3-o.N).I
:_ C X 5_=. X-VZ (/+,hi)

- IF (LM{ 7oN)oGT=O) XSL_ = X(LM(-Z-IN)I _
• : C YS_XY7( ,,_ IN )

|F (LM(8=N)..GT,bO) Y-SB -- X(LM(Sg_N-|) ......
:- C ZSB= XYZ (6, N)

IF (L,*4"(giNI.GT.g) ZSd = X-(-.I.N(.°_N.|)
DO 72_ L=IeND

• VELB(L)=0o
A CCLti( L. )=0-e ...........
Z=L,'q{ L ON )
IF (I.GT.0) VELB(L)=Y(I.)
ZF (r,.L;T-O) ACCB(L)=Z(Z)

C
C

7'25 CUNT ][N-UE
C

XDTR = VEL_J (L-)
YDTR = VELI3 (2)
ZDTR = VELB(3)

'. XDTS = VELB(7)YL3T_ = VP.:.LB(8)
[,: i /DTS = VELL_(9)

XDT)R = ACCB(1)
: YDT21_ = ACC3(2)
i: ZDT2R = ACCB(3)
_ : xolrz5 = AGCB(7)

yLIT2S = ACC_(_).
: ZDT2S -- ACCB(9)

_r _ ' C IR [ TE ( 6' 250 '}) XRB '--YNB 'ZRB • XSB •%sB' ZS_
250-0 FUNNAT ( /'X•°X"*ROTURftSX,°Y.'_OTURm',._Xti'Z',=RQTOR.eo4,X•.uX_S.TATOR°I. :1 ,_X. ° Y'STA TURf ,_'X0 °Z"STATO_ "|JJ'/, BXt.0.'(_.X=JJI 3= _)" )_

:.... C WRITE (O,2550) XDTRtYDTR•ZDTR, XDT_YDTS•ZDTS.- i
2550 F_JNMAT (TX. _RCJTUR X[,31"* •4,X•eROI'I._R Y._).T'I4X.I'H,.L}-T'UI_. ZO1 "e.

: : I, 3X..ISTATQF_ XOT' .o_X• ",_I'.ATUR YQ.-T-"_3Xo. ISIL'At.OR: ZDT-P _Z/.
i 2 5Xtb(2X.D. t3.6)) ]
_:- C _IR ITE ( O ,2600) XOT21_e YDI:2"R,..ZD-T2R,XDT2S..,YDI'2S,?..'_¢ _.

" 2600 FI,_R_tAT (7Xt iROTuR XD-T'21*.4X,.°ROTUR YoT'Z°o3X-•ek_U.-i_OR ZOT2e',,1 .,],X* *'S-TA.TOR SDT 2', 3X, '$.TAT OR YO.TI_'&I 3X..-.I..:BTATO_..ZDT2;'tt#'o •
2 5X-, O( 2X,DL3_ bL)

C
C GET BACK THE_ 01HER ELEMENT _-ROPERI_[ES TO BE
C
G USED IN ,SQUEEZE

: C
BDE = BD(N)
BLE = L'IL(N)
dCE = dC (N)
VI-SCE ; Vl SC(N)

,,, PVApF = PVAP(N)
.::. THIE = THI (N) I

TH,¢_C = I'H2(N)
• PBXE = PBL(N}

. "



_, , ",-_f._n,_,,k_.,,_- #: _'_VVqRqllmqrec'_ .... , .......... ._-_ ...... T_r_,.r- -_._-i.,r,_.:,_lT_,_,;..._¢ _

t !
• I ORIGII_!ALp,,_,_ I:_
_ OF POO;,' QUALITY A3-65 !

a,

BEARNG- • _ATE. = Bl_2g 39411_'4,4.

F)U;_E = PB--) ( N )
NG_ | DF... = N_N LJ.)( N )
NSJI_N_ -- N.SQL.N(N)
Ni_U_l i"_ -- N_OR T ( N3
NFZLME = ,_LLM(N)
KUP'I¢ E -- KOFK(N)

• KQFC P-- -'- K,OP'C ( N )
C
C

T_ RE(I)=O,
L)O 727 l:l,.7d .....................................................

727. 5(I):0-
¢

_ C CALL. SQUEF..ZE.. T_ CAJ,..CULAT_' .IN.ST_N]'ANELIU_ FORCE. V_.CTOR,

"" C STIFFN¢:SS MATRIXIAK) ANO.DA,q-P_ING IdATR|X (AC) ....

C CALL 5QUEP.:.Z ( BOE o.t]4..E._,_CE"tVl SCE .1[H1_. , TH2F., P1;]1 _. PB2F-_.
C

1 YRB mZR3m YDTR,_ZD TR _.Y51_.Z Sd ,._QTS._ ZD'¢S _AKi I_AK 1_.o
C

2 AK22,AC ! I _AC22 ,Ft.. _F2 _NGR-I OF"* NSULN_o NPQhlTE=
C

3 KOF,KE ,, KOF CE _NF I LNIP.:.,PVA Pl_ )
C
C

T/ ! C
.__. S(t3) = AKI i

S(14.) : AKI2
5(19| :--A_I I
5(20) =--AKI 2
5(24) : AK_2
S(_9) :--AK| 2
Sl[ ._0 ) :IAK22
5(64) : Al_ll

L •
,, 5(b5) : AKI2

5|0c3J -" AK22
C
C

' " C
.'_ i_E(2) -- "FI;-

RE(3) = "P2
i_ NE(_.) : I_1
_ Rt_(g) -- i':2

ir' _ C

F IP(N) :F 1
F21_( N ):P ;£
F-E_( _J:B 5_I,IT ( F I tF I*F..2-_F 2;)

- C
C ADO F.J.EMP-:.NT VSCI_ON-RE TO EXTERNAL L.QAD VECTOR ...........................................................

! C
C WR|TE (-15_9t:11,) (5| l,)_.|:|tTB-)

9,_,| F-.U.14.',4AT (-.SXt°UFAN[NG :_T'|FFNF'55 (_EAR|N_,):eo//o. ..... d

l _( 3X.O 13,-0) )CALL ADDtJAN (A(,._AL)N),A(N.I) •5,RE,Lt4(I ,NJ•ND,_').
,C

C ADO ELEM_N,T STIFFNE:53 {-AK.1L....

i
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EJ-67

OF POOR QUALITY

q 1

".i R_ARNG O&TE -- 8 L_._: O.@Z,L..}L.4.4-
:1
I'

_: /'4b CONTtNU_

'i WRITE (b,753) (R(.l)oJ.=l,4.)'
":_:._;I 153 FUNMAT (.SXo-'OAWf "}'P=DEXTERNAL LOAD VF-CTOR4"_I_ (;,,Ib_oDl'_''5')'), _ t 740 CONTINUE

"_; RETURN

_i: i c.i: ( I000 FUR,'4AT {II0.f=F'L0.0./*.3FI'3-.-0*bISI

;,3 " Clgg_9 FORMAl' {//////.4X= ¢6IEA.RING ELE,4ENT ]NF'ORMAT [.UN='.//t4X.
_[ , C V.J..&C- ' .....
L i I 'N_ _D B L-- Be...

', c ,_, l i_B2- '4,;
, ' PVA.P-- Tt'¢i TH2

; C

-. 3 N._ NP NF -KK KC ')
C

: 2000 FORr4A1- (ISogOll._.m415t2.I'l')

END
;i



FORTRAN IV Gt RELEASE 2,0 BEARNG ...................... _ATF. = 8122.gL ...

WCPT IONS _N. EFFECT_ NQTF_I:t'Mi,JiD,EBCDIC tSOURCE,.NQLI ST..t.NCJOE.CK IL_'4AP ..
" WCPi"IONS IN EFFEC.T_ NAHE. =-BEARN(._ • LIrN_.CNT = 60-

WS]_ATISTICS_ t- SOURCE STATEMENTS :. Ii:121PRUGRAM -,_IZ, F. :- _0_1..
• STATISTICS#- NO DIAGNOSTIC5 GENERATED

• !

'1

i

t

I
!..

J

I
i*

° °

L , . . J .r- .,.... : _., • .... -- --- i i ........ i i



t •

OF POoR•QUALITY

• !

MAI N _)A1_.-.-=.-8L2_ =) 3 9/18/44

c
c

C
SUBROU¥ INF S|7.E_ (N)

t Ci
IMPLZCZT REAL _(A-_H_(3="Z)

; C
COiulHON E)'( I )

c
CO_4_N /_EAR-/ [ UEAR • MTOTB

c
WR.rrE (be1000)
WNLTE (b, 100l) N
IF (N.LT.MTOT_) GO TO '-_0
_NITE (0,1004_) N
:_TOP

•_ W_ITE (O,1005)
. |000 F_Jt_NAT (/,_XeoCO_E INFL_N:4ATI_IN ..... {-OIF_CIMAL)eo.0)

C
" t001 FOR,NAT ( _X,* REQUESTED CORE FI_R BEARIN(_. INF_R,_ATION _'_SX=3u)

c
tO04. FOR_4AT {4X• ° NO-T- AVAILAL_LE sToP*o/_,,Y.X, tII_#_ttCHANG.E _T_TI_I._-._

". 1 '| |N MA|N) TO (,AT LEAST) °•1_.._*_t)
c

;00_ FOI_AT ('_Xt _ iJI3TAINED o,//)
_., NETURN

eND

l

f



" ORIGINALP,_,;L_£'3 A3-70 v,

, OF POOR QUALI.'_Y.

"31ZE{_ -- DATE --- .8 L_9--.--FL]RTRAN IV GI RELEA'_E 2.0 .....

*(JPT'IONS IN EFFECT'* NfJ-TERM-_JD,EBCD|C, _SUURCE,N(_J-|:S'I_*'NL'IO'ECK''_LLj_eNQ_AP'_
_t3PTION5 I-N _FFECT* NA_4_ -- SCZI'-B t,...LINE_CNT -- @O
e,STATISTICS4=- SOURCE S_ATEM_N.T5 = L._jORC]GRAH _;I,&E = ¢a40 .
,STATIStICS'I= NO O|A.GNOSTICS GENERATEO

! .... °•.

............... - ...... ........ _ ._..,,,_ _,, _- .....__ - ._ . .................. : , _





• OF pO01_QUALtTY.-

°_ _

C NIF.II.._--NUNBER aF |DE.N.T1CAL.,, ANNUAl. F-DR, N DAMPE_.'-'

C KUFK=0= STIFFNESS MATR[ X NCL_:-CQMP_LIT_.__
i C

C _OF_= l •5¢ IJ=F-NES5 MATRLX .COMC_U.TED

!i! cC KC3_C=0tDAMPiNG N_LlX NO]' CO:4PUT'EO

"" C KOFC--I _D,_MPING N'ATRIX CDM_UTFD
C

• C X:X,,./NFR1'IAL C_t_01NATE OF L)AMPE_a LNSCDF.- SURF-ACE .CEJg,_F-RI.J[NE{JN-)_

tl C
- C Y=Y-- INLRT IAL CQ_JRDt N_.TE OF DANPq_'R ! NSl D_.SUREA CE._C_N.T:ER_I.LNE(.ZNJ ,
,_ C

C XDT=X--JNERT1AL V_.LQC,ZTY OF INSt_E _dJRFACE CENTF.._L--L.E_E,(_IL_/'_E_J ..........................

c iC YL)T=Y--INERTIArL. V_L_CITY LJF INSID_ 5_LJRF.ACL=.- CI-:N_ER='LIN_tl_ISEC)-,
C
C XB=K_'LNFRT|AL,-CQO'RO|NA TE OF _IAHPER, QJJTSI_ SURFACE CEhLT-_R.,_.I'N_.-{,LN

C YB:Y--INFRT 1AL C_ORDI NATE OF OA.'4,Q._R s3UTS1.0E SURFACE CEN_E_C,'L I N_'(IN). ,_

C
' C XdT:X---IN_RT[AL,,VELQCIYY UF---OANPER OUT_xJLOE SU_I=.ACE CENtER-LINE(IN)

c i
i C YBT=Y--INCNTIAL VELOCITY OF .*(PER _UTSID_ SUHF-ACE C_NZER-,q,.[NE(.[,'4.),

C ,',1

C O UTP UT -_

C
C _ |=X,_FO_C F COMPONENT {_N _NSLOF D_MPER SURFACE{L.[S)
C

! _ F2:Y,,,FQRC_ COM_=ONENT ON INSIDE DAMPER SU._F_ACF.f_.J._S-).
C

i " C FURCE CL_M/JUNENTS ON OUTSIDE C)At4k_t_R- SURFACE, ANE EtJUAL BJr OPPOSitE
C
C F I A_.. F2 BECAUSE FLUID LI_RYL&.EFFECT_ ARE NEGLECTEg• _i
c
C SYNF,4ETRIC..PORTIC]N OF STIEE.NESS MATR|X:.. 1
C
C A_,I I=KXX(L_IZ-N) !
C
C A_ t 2: _ WY( Lc] $./I NJ =K YX
C
C Ae_22:KYY ( LB.¢a_ N ) ...
C
C O|AGQNAL HURT'ION QF" DAMPING NA/RI.X
C
C AC 1 l --C X._.( Lcl¢ SEC/IN )
C
C AC 2_---C YY ( LB$_EC/IN¢
C

IMPLICIT R_ALSEI (A'=H_L,I_Z)
C

COM_4UN/I NPUT' l/L_L) eblL e_)C _V] SC t T'HT(_) tPL](_)IFFVAP
C

COM_4_N/[ N_UT 2/NGt4| _ t.N._H_LN t NF_IJR T =NFI £=,'4.
C





- ORI_|t|AL P P'_" ]_ A'3-7II

OF pOOR QUALifY i

C SET UP SOUEEZ 3'A-C.E =' 81Z2'g 09/LBJ'4_ 1
- C

KOUN T : I.
MTEST = NGRID.- '_ I
NTFS 1_ : MTEST/2
_TE_.T : 2*NTEST

L

IF ( K T= ST-_NE, M T"E-_I ) NGR I D:NGR.I.D_'LI
C

FNGONL : FLOAT.(NGRI.D "il.)
I'HT( |} ; THT( L)-4_P|Z180.

C
/F(NPL_RT.LT.2") GO- TO 20'

C

THI'(2) = THT(2)¢P|/180, ........
C

XFKTHI"(2_.LTeTHT(X)) "IrHT(Z}--THI(2Jt'2._P[
C

ALF_(X) : THT{2)-_THT(X.)
ALFA-(2} : 2_e#P[,-ALI=A(L)-
DXD(|) : 0,SI_BD_ALFA( L)/FNGDM1
0XD(2) = O,SaI_D_ALFA(;Z}/FNGD_].

C
GQ TO 40

C
- 20 DXD(1) = BD_PlIFNGD._II
.... ALFA,(I,) = 2-$Pl

"- C

,l.O CtJNT 1NUE
C

: C lIR ITP..( t>, 10 )DXD| I ) tD X:D(2)
AKXX : 0-0
AKXY -- 0,0

• AI_YX = OeO
A_YY : 0,,,0

• ACXX : O. 3
ACXY -- 0,J 0
ACYX : OoO
ACY'Y : 0.0
FX = OoO
FY : 0.0

C
C Bi.tANCH A,CCOROI;_.'_ Tl3 543LUTION D_._IG.4AtEO
C

e,O CONT"INUE
CAJ.L LI_CRN T
G_ TO (100,t00,30OI,NSCI;N

•" 1 " '_ C 01';;" 1,NUP.
C
C SULVF. FUR SQLIEEZ_ F[LM PQESSU_ DI"_TR|BUI"/,_H
C

., C_ 190 K_'LeNPOF_T

.. O( t ) :PU(_.L_ )
IF'(l_BeEfJe I ) PI(NGR|O)=i'_B(Z)
IF (KI3,EQ,,,_) _(N_RLO) =PI_( t )

CAL.L aF |L._l
A( 2)=-0,0



OF POOR QUALI_'y

i' . i !

....._ so_EEZ..........................._)A_F_.=._._ _;_9 09/18_'_4

_' + B-(2) =- P(, I )
;: J DO. 110 K=2,NGR-ID
_ *" ; COEF 1 = H( K ) _"W_3tOXW="_2.

i !: COEP2 = ( 1 ,54PH.(.K)WW4t2)..+_DHOX(K):.L_X............
-_ C(,K_ =-,,,2 .._COEF I. ......................................................................................................................................
"_ i _ D(.K) = CU.EFL,I,'CUEF2.

* _ E-(K) '= C.OE_ 1-,COEF 2

RH(K |: : i. 2*=VtSC'=OH0;T(.K,}'
i_ IF-{NSQL_ ,E_J-,-1 .t_ GI3 T-G | 1.0

'; '+ C(K) = C(F.)-.(SetJ:LLKI_-'_,3)'/BL*_2

i i. ,.,o CONTmUE iNG_._ " NGR.I O==I
:': OG _ K:2,NGRD
' FOC-TR = CLk)+..I.E(K|=ALKL *

A(K+ 1) ==OC K)/FGCTR
_ 120 B.( K _e,tJ.=.(+R H{ K ),_E ( K I q,B'(. K ) )/=' OC TR

'L.. NGR = NGR I.O'_.. •
OO t3O. K=L=NGR
J_ = NG.RI D_
P(J) = a (J1k.t.) 4q# { J_ 1 _ _(. 3 �|)
]LF[F)'( J )-.,L.TeI.)VAP) F)(j)=PVAI_

_' & 30 CEZNT'I+P_UE
C *R ITE( O-,L35) (P( J.)_ J= l, NGRI D)

' 13_ FQRWAI.{ZXt 14E9_2)
F. C

C INTEGRATE PRESSURE OISTRIBttT|ON TO GET X AND" ' FORCE CONPONENT5

DO 14,0 K=IeNGR|I3
A_GL (K) = P ( KI_CI"H(K)

I._O....ARG2 (_) -- P(K)=STH(K)
At =- ARGtl Z)_ARGZ(NGRID)

• A2 -- ARG2(I.) R|L))
Bl = 0.0

' .i B2 -- 0..0
: : DO 150 K:,?.,NGRD=2

B2 = B24_RG2(K)
150 131 = L_]L*AR_I(K)_

,_. Cl = 0,-0
C2 = 0.0
DO t60 K=-3.=NGR_,I

" r C 1=_ ItARG 1(K)
160 C_"_C2+AR¢;2( K )

;. ¢ DTHET=2, tUX/3D
',_ FACTR:FLUA.T ( N.F1LM) _DtHET/3.

XG=F AC TA_.( AI_4, _t_l _.2. _.CI )
YQ=FAC TN _-( A 2 • 4,.$d2 2)

_, : |F(NSULNeEQ, I ) FAC'IR:=,.,_IO_L/2,,-
' ! IF (N54J.L.N ,EQ., 2 ) FACTIRaqUO¢_L/3_

XQ--XQ_FAC I'R
,i YiJ= Y (,I_,F AC TR

FX=F X_XQ

', FY=FY_Y_ 1
190 CGNT I NUE

GU TO (500,520t540_5_0.Sq0) _KQ_IT
500 FI=FX

r " F_'_F y
|F(,(KOFK,...E_.0I.,_ND,(K;3FC.EQ.0| ) NEI'Uf_N
|F{_FK,EO, O) KUUNT:4



i
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A3,.,-77

• OF POOR QUALITY '_

i' FORTRAN IV GI RE1,EA_E Z=O ...... $QUEEZ O-A_._L2_=I.

! =i3PTION-g IN EFFECT=- NOI:ERMtIJ_tEE_CDJ'Ct.SOURCEtNLIL|ST'tNO_)ECKeL,I_&LI-_NOM_ ...............
i' =OPTIONS IN EFFECT,I= NAM_ = ..%QU_EZ-. t LINECN._ = 60.
!i. _$TATlSTICS_ _URC-_ STATEMENTS = ISe.e.PRE_GR4._. SIZE-.= $19,,_
; =STAI"[STICS41= NO D|A._NOSTIC5 GENE_RAfED

i

i.: t

t')

_,..,_ ;
! !

_ :

:_. _

LI •
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L!_ OF POOl_ QLLALITY
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l t
A3-8-I 1

•!t ORIGINAL PA_ |_
OF POOR QUALITY

i *

!

" FORTR&N. IV GI Ri[I..EASE _,I_,0 -_ |NCRN-T._ _)ATE -- 8L2gg--

• Q,r_'TJ[.QNS. | N F'FFI]_CT, NQTERM._ ¢D.EB'CD-Z.C oSQURCJ_ _,NOJ..,I[ST tJ_E-CK4 LOAD tNU_AP ...
i $OPT|I_N._ IN- EFFECTS NAMI_ m. |NCI;t, NT" • LINECNT = 60

¢S'r-A_ISTZC_$ SUURCI_. ST'ATEM_N.TS = 2_tPRI.1GRA_ SLZ _" = 74o
• STAT/.STICSe NO D.|AGNI3.STZCS G__NI_ktATi_D



_

_: A3"-82"
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,_ OR;GI_AL P._£ L3 _'
. oF p.OOR:.QU_AL,_...................................................................

d



_F : ,: -_: _- "_Y_--'- " _ _'_ " ': _'_llllllll_ _¸_' _ _ _ :_ ,,',_-'_l_'_l_F_ ;'_L_ .... __

_ ! A3-83---
i,

I','l_ ,;3 .

t OE--POORQUALITY.

t
TRU.SS 0ATE =- e.la2e ......... o9/4g/¢l_

• O-LMENS [ ON. NMCQN(tl), LOg A S( 5 )'t NO dS (El) ......................
• !: OAT_ RFCLBL /8_-IT¥'I_E '-- L-"

C
....i' DAIIrA N_"UNJ'" to. Ol-lg_ 31.._3_1t139_-_/

: O-ATA IOWA_ / 0_ 0_ O, 2L 2, 9-, 9i,0/
:'- DATA-.ND-I_ 1 O,..--O-i.--l., .0.o O, l.o L* 3/ .

i c
: IF { IND,NE,0)GO Tt3--1O0

]i C

C • • lB. .ill. O- /,. Int e. qlt o. o-. • i-.. • 8. o-- e,o • ,o I_ • o,.---o _• o. • I. • • o._,. • .... • . • • • ..
C I-. l- N P U "r _ H A 5-E ..

i;" C • • _ ,o. li- • • • • • • .e •. • Q- • _.o • • • • • ,.ql ..o • o-. ¢1,, ¢1.. • o° • .,e, tl, -el- o--o

C CHECK L.-_N.RANGE-.--AND :_._.T DEFAULI_.5 F_I NPAR V_'_I_IR

I 5 TO-i:_'=0
E

.: 'I LINEL=I
hlfJNE L-= 2

: ITEL=3
l SPEL= 4_

K I NP_EL ---5
IEPCI=_

' IEPCK=7
i,, * MOD_AX=8

C

IF £NUME,(_T,0) GO..-_I3 IO .- * |
£STL}P= I ST OP+_.I

:' IF (I5"i'rJP.F.Qol) ll_ITE (6o2103). N_
: ISUB;2

IRANC_E= l
- liR-ITg (¢)o2430) I:3TaI_oISUBtlRANGEoISUI_Ii-)AR(ISJI3)

C
_: l0 I-I= ([NDNL.GE,0 .A.Xi_. IND-NL.LE.,2} GQ..TO 1-5
• :" _ STOP= I[STuP_I. L

IF" ( LSTOP._Q,E|. IIRITE (6_2[00) N_
ISU8=3.
_IRITE (b,2200| I$1'01_.,ISU_,TSUEI_NPAR( I SUB)

C
15. IF (IDEATI_.J_II_,_3) I.DTHF=I_

i IF (;JEA.THIGE,_) e_Nl.)* I DEAT,'I.t_=-2) GO TO
l STdP= 15TU_ + I

: IF (IS/I.}P'eEQ_I) IIRLT_ ('6.2'L00) NG.
iSUe=4

. _RITE ( b,Z20-G1. I ST'OP_L_US, I SUB,NP'/L._'(ISJJlt).
• _ C

' 20 .iF (I.TYPi",EQ.,.3.) G.O t13 25
• _ (¢¥V-I_T',._E*0,AND_I.¢YPT.LEol) 3U TO 25

I STOP= I 5T_P ,i. IL
_ LF (.I_T'UPeEQ, I)" it*lI:fE (6,_10-0) NG

. ili_IfE (o,_200) ISTOP,I SU_, I Sus,N_,A_( lSUU;
c

• 25 IF" (MXNUDS.LE.0) ._LXN_O:_=2
IF £t4XNt_35,LEe4.)' _;LI TJ.30

i [stoP= l _o_t
IF ( IST_IP_I_Q.ll tRITE IS._LO3I...N_

[

........ •
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_ 0R|GI:'IAL I ,,-;'_ 13

.. OF pOOR QUALII_ it

t_

TRUSS 0ATE. _ 8LZ2_ 0 9/¢B/_4

C :T
9@ IF (d,_POR-'r-.EQwO .QR=. NFIUTSV.EQ:_0}. 60 +_TU 100 !

R E'CL m 8:RECL Bi •,
WR JLT_ ( L LLLJI ..RECLAB +NC__{ NPAR(. I:.)s.| --"L_20 |.-

C

C. 'l

_. • • • ". ......
C • E N D ........ . N._' . V,E.C...T E_ _..-- = ...... --

100 NON= 34=4+X.NOOS _,
IF (ITYP'T.,EQ.,3) NO.M=12 +i

.... IF. (..[TYP-7.EQ,,,-I)- ND_t=L . :: !!
NOW==NI_WS( MODEL ) _ '
10ilA -'_t OWA 5( MODEL )+=NJ[ N T

C

N [ 01,--NF'IRSI - • 20

-- N, L03=Nll.02 + NUMMAT*LT_IO "-
: NZ05=NIOJ �N.U.k4MAI"II_[,I+_II_.-

1 Nt0(}m_'_L05 • NDNI_INU'M,E ,,

NI0_$-_NIQ7 • NU.M_
"'+ NI.Dg=_'_I0_ • NUMIZ#ITW0 ""

N_I;,)=NI09 e NU'4E
+4M= 0 • •

if'" IF (JDEATH,_GTo0) MM_.I.
N_tlt:N110 • NMSNUN_@IT_0 -:

[F ( IOEATI'4e, E_._) MM=I .+
+l N|Ir_"_| LI ¢' _4;4=NDM*NUME,kI1'_O

;,i|IJmNI 12 11" NU,_II_WAJII'IT_0 !

NI, I_=N,113 • NGI3N=NUMMAT$IT_IO "? '_
" N I _pS_---_NI_I_ • ND_I.INUNF'_MXNLIO5-. !

C.
C ]II_CD_, '1_ IIF (NLA,_TelG'i'eM-T{:)'T) CAL I. sIIZEI(I_LA_IIII_[I*'i_00(_)" "_

IF (IND.NI_0) _0 TU 105 i |
MI.DEST:( NLA3T--NF |R_) ,4,+ I ""
IF" (iDAT'I_iHllLE.._.) W_;_,I'TE "(b.2000'l NG-,MIO_.S_ i
v_LTE ( O, zo_r0) .T
CALl. 5|ZE (Nt.A3;T)

C -. i
_F (INDeGT.3) GO TO 110"

M2=N2
M.Lf=N.3

i_0 TO 120i i0 M._=N2

+ IF' (IC+L4NT,,.LT.3} CkO 1"0 ZJ'0 ,,.. i
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i!
TRUSS DAT'E = ¢1.LZ2@ ..... ;,3_/L8/_4_

M2=N6 i
C

120 CALL._RU.SS (A(NI) =.A(M2)DA(N3} tA(M4) 0A(NS)_A(NI.J.;J.)eAEN|'02)',A(N.I:03Je__
l A( NL 35) iA(N[ 0b) _A (NL0..7) o A(NI.0_)IA (N.L09): l..A.(J'4t.1 O) * |

P. A( NLI [ ) lA(N112) oA(N113) iA(NtL_) tA( i',ILt 5) tN:Ci3NeNIJUE_,_.D_I, .......
J l D I_A_ _ N6A* I TWO ) _._{ h_id_.L.T.._O _L_MXNQD@ t

LF (IND,GTeO) GI.} TO 150 .......................
DO 140 1=1o20 .j

. . I¢0 IA(,_FIRST iF £ ,,b..i)=M_AR( I|.

150 CONT. INUEC
RETURN

C
: 1000 FORMAT (20A4,)

:..-i 2000 FOR,4AT (//4,gH LENGTH OF ARRAY NEEDED- FO_ _TQkI,[.N,G ELEMENt'. GRDU_/_
3 12H _I&T-A (GROUP'_'I3_2bH-),..* , o e.. e.._----.., ,. e--.o _t.
_. 15H( MIDEST" )o o, =,15)

;_ 2330 FOR.qAT (//4.qH AVAILABILITY OF C.QR_ S1F_lRAGE_ FjI_ ELEMENT GR.OUP/
! 1 4,9H DATA , e--e _ e * • e. _..,.--_ e•..e * ,, 4 { NLAS"I'-. ) ,_.)

"-'_ C "-
2100 FOR_4AT (tHI_45rIERR,3R [N ELEMENT GROUP CQNTRUL..CARD.S. (._RU.5$) /

1 lbH ELE.WENT GROUP =t ZS/)
-)200 FORMAT (15_7Ho NPAR{,I2_27H} IS t._JT OE RANGE. =.,= NPAR(_,L26

1 3H) =_15)
2300 FOR,_AT (I5_TH• N_AR(oI2oI6H) SHOUL_ 13E. •&.E..o ['tilOH ,'** N_'AR.(._|..2J_.

1 3H) =_I3)
"'" 2=1,00 FOR_IAT (IS_TH• NPAR(_IZeL6H) SHOUL_ (_. •_F.*_ I2_LOH **_ NP'AR(.,.ZZ'_

! L _M) =, 15.)
2.'500 FL)RWAT (lS,THo NPAR(,I2o3H) =_J,2,LOH AND NPAR(_I203PI) • =,L_-.o

I 19H ARE NOT CO,4PATIBLE )
;:bOO FORqAT (15937H. TENPE_ATUF,IE T_PE SHOULD _ I=_=_VIDED )
2700 FGR_4AT (//ZSH TOTAL NU_4BER OF ERRORS =_|S//

1 4,dM CARD |+WIAGE LISTIN_ AND PRINT--LIUT _F- NPAR VECTOr/ ._
2 _H ('_iITH DEFAULT5 ENFORGE_) AHE G-IVE_ BELOw • ----,,Ja_) ]

2800 FORqAT (///34H CARD IMAGE LISTING OF NF_A_ VECTL_H /#ZgXe.c_(|L_X-L/
1 15H COLUJIN NU,aldERS,SX_5( I 0rl12345oTd, g0 )/
2 LSH NP&R VECTOtl _SX_,,_0A_ // ).

2750 FOR_4AT (//// 23H 5TOP (ERROR5 L._-._P__R)_
C

2900 FQR_4AT i36H E L E ,'4 E N T D ,': F i N I T ][ t3 N ///,-
1 LCH ELEMENT TYPE iI3(2H o)*LGH{ NI_'/:_(;I) ),•.o =,iS/e.
2 25H EQ,_.I , TRU53-- ELEMENTS/, -
3 2bM E.0,2_ 2",OI H ELE_4_N/S/_-
4, &SH EO,3_ .._=H.)I_ ELE,4ENTS/i.
5 Zbrt EQ,_4, _EA_ EL_ME NT3//_
b ,?.OH NVW_Ekt OF ELE_ENTSeiI0(2N •)"_tbH(. N_AR(2) )•.. =_JS//_ .....
T _t_ TYPE OF NONLINEAR ANALYSIS*_b(,_"{ eJ. tlSH{. NPAH('3| )t. ,_-
B IH--".I 5/,
9 38H EQo0_ LI N_ AR /o.
A J,C_M EQ,I • MAT'ERItALLY NI.1NL.ENPA_. ONLY /'•
I 4,bH EQ-.2 • UPDA TED LAGNANGI _ FOHH_II_-AT|ON //. ........

• 2 32H ELE_4FNT BIt4TH _JW;.) O_.AT'rt 0PI_I,JN,5, _4,.(ZI"J ,J ,_.
J I_H( ,_IPA_(1) ) . • ,=_5/',

2_H E_I, UPTION N_T ACTIVE/,.
• 5 30H F.Q,I_ ,'tlRTH 01=-TI_N ACT[-VE /e.

b 30H E_JeZ• DEA-TH C_TI_N ACTI'V_ //)
" Z_20 F{3Rq#,T (I_H ELEMI_NT TY_E C_J_E•..tl(2rt _-)_IbHt..._I_IAJ_|.5) J. . =,I5/,

1

t. ..
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.- TRUSS . ,._ATJ£. = ,_12._9 091181._._ .............................................

I. 4.0H. _..Oe..._4b.GE'NERAL 3,'=D "I:RU.S..,_ .. ,_._.

5 16H, 4N._ ONE EL£NENT't|.0.(.2H *.),.L6H.( N_AK..(_.J. |..e.Q. _...J[:_:i./'/_,

:. ? 12H CALCULATION. I'2L2H...)..|_P.L[. N_AR (L0.),.)--. • .= - I5//F) .... "
Z_._O... FORMAT (42H. '4 _ T _ R. i A. L L). E F I. N. I _" L O. N- ///._.

2- 40H. EQ..I _. L_N_AR. _'LASTJLC /_..
._ 4k0H t_Q..=2: a, NONL[ N_ AR I_LA _.lT'I.G /_.

5 4_0H E:Q.,,..']o.... THERN_ LAS.T I C _.o ..
O. 44H l_O.4 _ EL A ,S-T1_,,,_L A 5.T lC ( 15..0TRO_I.C ).: o#,
A _4H. EQ_.5 = E.L.AST i.C_PLA_T [ C""(.K.t.I_MA r _:C.). o,/--_
? 4_dl4,-- I_.G..6,. ELAST"[ C',_LA3T IC,,.CR[F.,._ { _S.OYRU_| C) /, ......
8 _SH EQ...7_.. ELASTI'C-PLA;_T•[-C"CHEF.R ..( RI:.N_IA_._C } /',.
_ 41aM _Q,d_ US_"R ,_J.PPL|.E_) NQO_"L _ / _ ..........

d 37H NUNi_ER UF O.iFFERENT 3ET._. _F" ,'qATEN,i..AI_ /_ ....
-_ 9 | 4H CLIN_I&N.TSe. |,_1.,_"1" .,.) o.,l,6H*( NP'AR( I_))-_. • ,.:_-L_IIJL

40H NUMBER. _;F ,'4ATERLAL CtJN_1_NT_ P_H sl_r'o e.. _.
1 L6H( NPAR(_)). • :tl[_):

C
.... ENO

t

.i i

_°
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"2.. :

4

I

FCI_TRAN IV _GL .......P.EL£.'.SE 2.0 IRUS.S _AT'E = a12.;)9

i
' _'CPT IONS IN EFFECTS .... NOTERM. ID.EBCOIIC waOURC.E, tNOL][sT..NOD_CK.-,,LOAI) tNOdlAP.

: W'CPTIONS IN EFFECTS NAiWE = TRUSS s--LINEC,_IT = 60
- _STAT ISTICS_ SOURCE STATEMENTS --- 2"/._,.PROGRAM SI..TE.._-- _130_,

J _STATISTICS_, NO DIAGNOSTICS _;ENEI_ATED

I

o .

. o

i L_,"

i_ _ , _

L,

o

i

i-

1

b
/

l;: |

|



I
Q

't

!
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ORIGINALpJ_l_ IS !"
OFP00R-QUALITY...... ,,

. ,RZT'_... DAT_ = 81_4,.h 1_f23101

To
IF (LC,G_,,_5) .GCI I0 150

'i LC= l.C+ 1
WRl I .1'8 ( _-,120 _C.) .....

2.50 CON't INUE
Ld.0-_IF (I<:TAT._._.,0) R.ETURN

C
', C _.l'_l N T VELI,1C I,T,I ES.

; IP: I_._,K,EO.L ..AN.O. ZO_E,NE,3) ,.;L_"r_ ._oI :
I.F I iVG*_Q*.O) _C) TO 2t_0

>01 I.C--LG • 5 4, lOG
_1_ (ID.C,J_E,0.) _RITE[_,2050)
IF ([G.GE.5_) GO TO 205
W.R_.TE( _t 2-0Z0")

..; _0o *RITEIb._.2022).
LC=4

_" Z0_ DO Z_0 LU=I.,NI._
:.. NODE I= |.FNOD_ I[,1,_ .IJ_)

Z.F (NODEI.,EC,.,0)... G_ TG :>50
: NODE2=. i. @'l_OD_ (.2., I_,I.

_._i NOD.,I,PwC.=IPNd_;E( _I,..IFd]
'_;I. IF (K_K-,-cG.,I.)-N_D_I=I
;"i" IF _KJ_K,_Qo_) NIJ-UE2=NU.MNPIF (RRK,E.Q,1}. N_O|NC=-L
:!" C

'°i: DO 200 II.'=NCDI_I,NODE_,NG/J/NC
./ IC=IC �1
'. IF (i.C_LT*_) GO TO 207

W-_LTE(O*202Z )
:. LC=_

: _.07 DL3 210 I=1,_ .................
:; -,'13 D[ I )=0..-

_' I.L=0 !
_ 0 2r2 0 l' = l *" _ O F

_,K=li3il,-ll )
, _I-% IL=.IL- �1._ .1

IF" (IL,LE,_} ,.;u TO 217
_RITE (b_3000_

.*-: STO_.
r.: 22.7 IF ( ]DOF(IL},E(_,I) _iG TO ,215 "

" _20 I_ (.KF,,hE,,.0) D-(|L)=VEL[_.K)
: DO 1-001 I.X=I,MtS

IF ( l.l,E,Q.J'wh.(IX.)..(_R.I,I,EQ,N$(I_)) WRITE(,QO,_3.C.01. II,O(.Z).,D(3.).
:_" }. 0 0.1 C.ONT I.NUE"

<._L0.._LRI TF.(.6 _30-10 ) I L-_D
C

IF (.KKK..EO.1. J. GU TU _0.
iF (iC,(_=,_.} (_,J TO 250
it=It x� �_"
WRl.? r..( 6 ,.2050 )

_'_0 _ONT |N.UE..

c PRINT ACCELERAT I.ON5. .-,_
(.

;_1 IF (I_KK*EQ*I ,AN_)* IGP_=,NEt3_. /&O TO "s_0 ; J
'..7 '° *
_- IF i JAC,Ee_O, _ _SITURN
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P

W_ 1T_,L OAT F,_.-=_ c_1,_ 45..:............... 18/23/01.

-, _ 1.0,'-tY ,,,,,RC,T..A.TI {.,,'_. d,x. 10.H-"-,R OT AT I._ /).,.0-_._.. F-,L,_,IAIC (./'2._'H ,_ C (.; L L. ,Y. _. A. T. L _ N _ /I. 7H NO_ L2X.
_:i LI;4.HX,,WACCEL_RA:I'/,.UN-4_X L41-i.Y.-ACL(,;Ei..ER.AI_ION. ,W,.X,..I_I,.HZ..,,AC,CEI..F_I,_AT|__ _

i'i j.322Z._X LOM,x,.,,,ROT.ATIUN.¢IX- I.QH_,.bRLI;TATI,Qk. _X.. L01-1.Z,pRO.?I':ATIUN. /).FURMAT (.ll_lL,.Q_rl A. C C E.. L = W. A. T. I U N _ 1l ?I-t. NJ'.}F... 12X.
I ' 1.L.4H.,_,-A..CCP.LERA.T 1 l_ 4,1( I._HY,-ACC4_.ERA.T|.UN _.,w,. I,_H_-,ACC.EJ,.__RAT |UN ...............

Z_X IOH,_...-_OTAT.,I(Z_W..._,v,.. 10_¥.,,,.RQT.AT_ON _.,X- L.0HZ.,,R_I.T..AZI_N ....../)"
._.. _C,_=. FdI-_M.AT. (.1HI, 2"(_H. U [ _ _ L A C E M _. N-.. T; _ I./' _'H. NG.D_ I,_..X.-
.- I 1 _X.-I)I.SPLAF.EMEN.T.w.¥, I4.H,Y,,,,,IJ-I'SPt.AC.F.M_-'IN_q,X. I_H_:mLJi$1;_..AC.EMENT

i; ' 2bX 1,0M.X.,,ROTATI_N .SX I.C)HY,,_Rd.T'AT:LOI_ _.. 1._HT-_,{aTAT..L.L_N. X.J .......... i
2050. FORMA.:r ( IH ). _.

..... 2lJa FORMAT (LHI,,.3d_.. l N. l.. T. L A.L. C 0.' N D. I 1". I.. O.. N...5 //-/1

.. L 2BH CHF.._,R _4ASTE_. C{_NI_P'RL_Lll" _k'_i_J_l_" _ t/L_I_) ;

. F.NO



r i_,y _ _,.+_ _..nx_._.,1,+,+, _., ............ _., .

o,,-.Poor9UA_Ln,1

1
i AN i TE OAT_..., =..,._I_.L-_-

! " , *CJPTIONS LN. ELFFECT_ I_OTE_,'4olQ+EbC_IC,_OURCE,NLILIST,N_._LJECK.L_..A'UoN-LLNLA_oNUTEST
; _ I=*3PTION_ I.N EFFECIW_ NAME = W.HITE- _...L_F.ECNT = (_,)

i(._TATIr_'[LC_i= $CtaKL_ _ATEMEN-T_ --- I_3+Pia_,&AM -_IwCE : _)il-7_
i_TA.TISTICS_' NL. _J_AGNOS_IC_ GENERA.TEO

F '

!_ _ _aTATI,STICS_. N_" CI.AGNL)STICS TP,[S STEP
I+

,
I' +

i ;

i. _-
i l .: + _
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APPENDIX 4-: TWO-DIMENSIONAL PLOT CODE

i' During the solution phase, the main progca_ "ADI._tA" sol-_s

ii for the responses of the bearing structural prol_lem incremental.ly
.. in time. These responses, namely the displacements, Velo.cities, .......................... .

I accelerations, and bearing forces, are stored on a_ out-of-cQre
tape for future plotting purposes. The subroutine "WRITE'" of

I "ADINA" has been modified to store on a tape the..r.e-s-llorLsesof

ii the rotors and st=ators of squeeze-film dampers of either a-single ......i bearing or multi-bearing problems.
,.

: The code listed below reads and plots the rotor a-ridstator_

k displacement,...velocity, and/or acceleration trajectories of any..

ii squeeze-film damper. For any desired plot, separate graphs forT

either the stator or the rotor responses can be obtained. For

._ the displ'acement, the difference betw.eeh.the rotor _nd stator

:i displacements are plotted to show the rotor orbit- relative to the

-'_ stator. For the bearing for_es,, both the _ctu_.]..force and the

_. filtered force plots can be obtained A linear filtering, by

averaging the forces,_has been used here. However, other methods
i

of filtering can be employed by the.-use-r.

_- Tohelp increase the diversity and c_pabilities....of_the
I

' code,--different control flags or parameters have been introduced

i to give the user the opportunity to turn on or shut off any

graph. For example, KPD is a flag that indicates...displacement

_, plotting, mode . A value of "l" for KPD will request the code to _

plot displacemen_t_s.ofboth the rotor and stator. I



!/
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- The following, control parame-Le_r-smu.s-t-b_ inp:.t by the user-:

KPD: Contrrol papa.meter-indicating _LI.ot.t.ing m_de.;.

I"" EQ.Ir plot rotor and stator displa.Gement tra.j.,ectori.e.s

EQ Or plots are not required.

_'_ KPV:.....Coz_trol.....parameterindicating velocity plott.i.ng mode;_

_i'T- EQ l: p.lo.trotor and s.t-ator.......velocit_........i;..r.a.j._ecto..r.i:e$................ !

_IrI'I EQ..'O--"...........................................................plots aJce__n_otrequired ].

r. KPA: Contr.ol parameter ind_i,cating: accelera.t.i-on pl..Qtting mozie.4.. :. _I
i_I..L
_;. EQ.I: plot rotor and stator acceleration ..tr.aj.ecto-ri.es.
i ,

EQ.O: plots are not required..

-?

D ,

......
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OF POOR Q_ALI_'y

m ,

" t IICASENL. ,10B XXXXXt e;.152 _ ZEID i ,N.$GI.EVE.I.=(2,0|
; _.$$ J OBPA R.Wl- SK,I P-; yF._S_ FO RMS-- 1PWB

2 // EXEC FORT:
9. //,5YS |N _ )3 • GE N_ A TE_ .-,S3'A.T'EN_NT

; t0 t/ EXEC GOFORT,PLOT=,.GO$IZE=g00K
( 3I //SYS TM DO • C_NERA-TEO- STATE_t_,IT32" //F1"23F'OOI liD: D$1d=USER ePROBNI _D[:S_=.( QLDe.KE.E.P_ .

33 //$YS|N. DD t GENERATED STAT.:EWI,_.N/
l/

i •

.°

F_,. .................. ............. . . _-:. _,al
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: . IJ

i} IF-FIq,21 CASEN| FD_.T ,_ STEI_ WAS EXECUTEI) --COND COD_ 00310 : :'_
, IEF3731 STEP /FORT" / START 81.232.2330 : '
I " I_F3741 STEP /FORT # STOP- 8_12"3Z.233L. CPU. 0'41"N. OS,S_SffC SR__. :
l: |EF IL¢,2I CASENL GI__ _,,-. STE:_ WAS. EXECUTED ,,,*- COND CODE 0000

i! 1EF3731 STEP /GO t S.TAI_T 81232,,2331.-
1EF374| STEP /GO t STOP- 812_2".2334 C'PU 0 MI N 5 3 * _1S_C _ _r

i. IEF3751. J_B /CA:_EN.I. / ST'ART 84-232_.233.0<

.. IEF376J[ JOB /CASENL / STOP, 81232,.233; CPU ...... OMEN. 5S,.?.6SEC..SRI_..

,i

d



i OF pOOR A4..,5

.:. MAI.N .- )_I:'E _..-_-123Z ,- 23#30/_2 .....................

O'I:.4F_NSIUN DXR(20'0"0,1. ,DYN-(203.0-) o OX.3( 2000 ), J.YS(.2000 ). VX R (Z'0.00,1t..-
i I V:I'I_(,Z'300) VXS(.2000) VYS.(Z,)O0),AXR(;1P.000),AYR'(200-0):t i

; i 2" AXS-(20.O'0) _AYS(2OO.3) ;X ARRA..W't'¢,500),.¥A,RRLAY-( 450"0-,L, NP-I ._.(-4),t
: 3 |.NC( 4 ) *L| NTYI, H. 4 ) • I _T FQ (_) .NR ( 1.0,7 J. NS LL00 |

DI.HENSION F 112000) 6FZ(_.O,OOItFR(20.-00"I't. TIM(,_)0.O0 .:)
:i'l" i OOU3LE PRECI: S|'ON. D(,...,].J...tB_I.P_(_I,O.Q.LLE2_.(JL.0..0.).i._F_ 1_0) t,.t][_F-.

L'_'

,i_ C i¢ *"

C • T-HIS CODE I-_LOTS THE _OTOR AN_..STATI3R-O[SI-_LAC_MIENT.VI_LI.].C[T-_:s _
._'7 C * • • *

_ C _ "r A,HD,tOR AC'CIELERAT| 01_. TR'AJECTORI ES OF SQUEEZ'.',,,,_ILM OA_PER. I_.__ AL..._0 *
I c , *

_" r C _" PLOT'S THE TRAJECTORIES OF THE BEAR--ING'FORC_--S= T'HESE RES;JI----TS" _"
_'" C * *'

'i: C * ARE GENERA_EL)-ANO-STO_ED ON A TAt_E ElY +THE. _IIAIN CODF.. ''ADINA'" '_"
_; G-- • *

C * 3_URING THE SOLUT[QN...PHASE. *'
_: C * *
.; C * # _***_ 8"#*** *

_i C * *
C * NG,'.'IEN3 LA-T UR _ *'

!'" C * ***_ _** _ _ ....... *"
_.='. C • *"

C * KI:='O : CONTRCIL PARAMETFN IN3IC_TIN_ DISPLACEMENT I-_L.OTTLNG _4..,,JOE'; *

,,i C * EQ,, L; P_LO..?-.RUTOR AN_ STA, TVJR DI.SP'.. 'Ir'RAJECTL_R,I,_S *
C * *"

• C * CO,,-, O; _LOTS ARE N(3T REQU-_0- _
' C * *

_. C * Ki::=V : CONTROL PARA:41_TF.N INOICAr|NG. VELOCITY _I. OTTING _41J3E,;.. * "
C e r * "

_, C * EQe 1;. I_LOT ROTOR AN.)STAJ'OR ._/F.I.. I'RAJECTON|ES _ 'I
L_-- C * *C e EQ,.., 0; PLL_L'_S A,RE NL]T REQ.UI,_ED *"

_o c * *
C * I_,PA : CONTROL PARA.'4ETER I:_I31.£..AT_ING A,CCELER_AT-I,_JN. FI_CI_TI_"4G---q...1DE; ....... #'

'i,) ¢ *C * EQ. I ; PLOT ROTOR AND STAT.OR At.C. TRAJ.ECTOI-11,ES. *

ii': C * EQ.. 0; I:XL,,.O'T'SA,_=- NOT .R'EQU],RED * ,

!$. C * KPF : CUNTRUL PARA._TER LN_ICA'_ING.-FORCF.3 PI,,.,_liTTING _1_10_.L *
C e. *"

I C (i El,,]=, 11,; PLOT I"RA, J_.CTORIES t,,,1F _EAR,[NG. F."0RcEs *" .:i
C * *
C • _O, O; PLOTS ARE N_I_ R._QULRE'O *

"- C * =_
' C * QXRt..VXR,..A.X:R :..._I_RAYS ',,dHERE '['HE ROTOR HORIZI3NIAL 13_'SP'LACEW.EN.T_ e.
', C * *

.i

1 '
i

ti

•"...... _ .......... ......... _' L,d
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MA! N OATE --- a.L232 _3/3015..2

• C * VELOCITY-= AND ACCEI.ERA-i"[ON C_EN.r¢ &__ ,=

C _ STORED. R:_:SPEC_ I V.ELY • s:

C • OYR_YRaJLY..:_ : ARRAYS--IIHEPIE THE ROTOR VERTZCAL OI_,L&CE_NTo _' : "
C • _:
C *: VEI_QCXTV._ ..AND ACCELER'AT4C_'_ CCiMP_NENTS ARE

C i_ ..... STORED RF_S_ECT [VELY • " _-

C _k DXSo.VXSo.AXS ; ARRAYS WHERE. TH_ S.TA]'OR H_.IZONI"..AL DISPL.ACEq_NTo_
¢ II _:,-
C iB VELOC_T¥o.AND AC_CELER.A_.[.ON CC_IPQNENTS ARE 4(.

C • STORED: RES/_- ECT IV_LY e.. _"
. C _ it.:

C $ DYSo VYS _A..Y..S__,%_ARRAYS.dHE_,E THE S.TATQR V_ |CA_- - DISF_,ACEMENT,,

C _-- VELOCITYt AND ACCELERAT|ON C'O_4PON_NTS At_..
C _ 4=:
C _' _TOR_ RESPECT LVEL-Y-, _
C = =-

• C • F_t.=2 : ARRAYS WHERE HOFTIZONT.&L AN_) VERT|CAI. a_ARING FO;_,CE. _- ;
C _.. COMPONENTS. ARE STORED- e.-

• C = FR : &RRAY-WHEI.IE.-THE RESULTANT BEARING FORCES ARE STORED, --

C II,
C _ _ _ _W,___ e.__w_ _ _WwwIe_Wr_l__ _ __ # _ _ _ _._.__ _ _1__,e,_ _._ _ _.___._. _ _ I_.__-I,I__.-
C
C
C

!' KJ-_D: I.
_PV: l

- KP_k.: 0
K,OF = l
_t..:O ,3 I _,
,4" 2.=._
IR=23

i. N: i g-_9 ""

' C RAE_ N_QT_R AND. STA.TOR NODE NUMBERS
C

READ (SolJ. (.,..(NR(|JoNS(ItJJoE_--t._K| ..
i DO 504 KK:Io.K

" _.[TE (0o505) NR(KI_.,} oNS.C.KK)--

i • C ';
! C REAOL.. BE-ARZNG .F-O_,ES L_I:.O.-CORE

i c -,

. 0'0 500" i:L*N
013 9 I_=l.,.R .' ,
READ ( li,l_ol KSTEPtTIM_ _F|P(IPl _FZP( ip3ooFRPLLIPI-
IF: ¢KPF,NE..-I }• _d TO

C =RI-ZE (6=7) KSTE.I_TI_E .F|P(I_-|-e,_,.,,_,_(..I_L, FR.P.(IPJ _ ""
C

: C MfJVE _IEANING. FJI4CE3 INTO ARRAY_ FLtF2_ AND F'R i_OR _.QTTILNG :_U_]SE3c
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i APPENDIX ,5." THREE-DIMENSI.0N_J_ PLOTTING COJ)E......Ti.h.is_App_n_i.x_overvie_:..the pos t-.pro_:es__-r_._p.r...ag_ams.,wr..±tt_e_
_s .

i_ _ to plot. three- dimensional pictu_e..s..-o-fa.def_Pmed- shaft_.g:i.vei_.-_b_

L'_ _" def.lec.ted,positions of d:i,ti.n.ct,poi-nts-alo,g,th.e_sba.i'-tat__a.

_'"J 1I:i,i.. seque.nce o.f time-i.nter.vals..1_:b__pu.rpo-se-of_uch:plots, is t.o.

_;;_. reduce: cojDp_utedrotor viLbratio.n..ey.entS.(tran;S-i.e_tas.w__l_]:a_

i.! I_i,i'i

",i:_i., steady.-stateJ,to an_easi'_l.y.v.isua.lized_e.ri:es..of'%till"_p_ct.u.re_
,_;"[. A seque-_ce o_ such pict_.es is then suitabl:e to _.cco_tr.u._ta...s.l,.o._-

,. motion animation of r_t.o.r:.vi:br___tjonphenomena, $.b.i._sA.pp..iend.ix

.... i provi-d.esa__d_tail'eddescription of the necessary, i:np.ut.s,to._...t_e........

,; post-processor programs as well aS....de.sLcribingt.l_epo.st-pr.o_-essom-
, i
:

,,. , programs themsel.ves.

_!. i AS,l Post-Processor l, J-CL Requ.ireme.nts
' '" ;C

": _ There are three JCL requi_,ements for the first of t_e tw._
T

._, ' post-processor programs, The first of-these three, rec_uire-

', ment_ is the allocation of FORTRAN__logical..unit 20 i_ the

modified ADINA program to provide inp.u.tto the post-.procesSor,

' program.. Exec_ti.on o._ this p_st-proc._sor-would be simp.li-_

" fled if the da-ta ti_at is to be read by this u_Li_texists on..............................

the (_Isk data stora.ge of the computer. If this .lata...doe$

: exist oh a..d.i.skd-ataset, then the JCL necess_".y for-unit 20

is that _hich w.i1.la]lo_ this unit te access the a_propria.te

disk data.set.

I. Th_ second JCL requ-iremen_ of the firs.t p.ost-proces-_r pr-o=____

.. gram deals with the datasets that a,re created du.r_.i_the '

1 execution of this program that facilitate the plotting of
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tion mu_e allocated t_-F-ORTRAN-_ogJ_ca.lu_i-t, This alloca/ion....

:'_ i procedu_ i_ust.be,simi-larto--t_eaIIx_.ations-...tbatwere-made_.i_.......................

execu_ing the..fi_t post-processor,---Thi_-_eal_sthat the-dataset.
)

_ : a/located to unit l-l-du_:in_execu_;ionof the first poSt-i_rocesSor.....................

- i must b_ a_1ocated to unit l-lduriw}gthe.execu.t_onof-the seco_d,post-

* processor. • • "

. The.second JCL requirement-of this--post-processor--ppog_ai1_-isthe --.
*Y I

' i all*oCation.-ofth-edataseX_-(£_eateddu_i.ngthe exeCution..o_fthe_first- ....
(

. post-p.roces_orprog_am) which contai_s...-tbe.-outpu.tfrom the.-f-_t--

II' i post-procL_ssor, This data,set-must-beal/ocated to FORTRAN.,,I"ogical

unit21 during the-.execution of the second--post-_eoce_ScH--pr-ogram_ ...............

AS.31-..IT_utsfrOt_Modifi.ed.,AD_NA.Code

.: The output from the modified ADI_.Aprogram serves as inp_t_o the.

) fi_ post-proc_sor progr.amcontains four.differ_ types o_

" records. The._..recordsancFthe order in which t_+e_._should....appear,w_th

• i their formats are as-f-ollows:

i (I.).....Number of nodes...which-appear__1o_the shaft in-a (2X, llO)

fon_ t.

?

! (2) X, Y,...a_dZ static, undeformed position of-these _odes.i_ a-....

(3(2X,.E15,8) f-ormat. Note, these-nodes _h_uld be oedered so

i that the _ode closest to the origin--appearsfirst a_d the node

i farthest aw_Jyfrom the origin-along the-shaft a_is--appears_ast,
(3) Tlieperiod of-shaft revolution in seconds per cycle in a

" ) (2X, El5.7) fon_iat,

(4) The node id,.time, X, Y, al)dZ displacement for ea'chnode at

I
I each time step of integration in a (llO, 4E13,6) format.
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The.-records def-i_ed by_(1), (2),. and (3) wi.Tl: appear once..- Howe.ver_-,................................,._.......i.......
: t

. the recordsdefinedby....iten_-(4_will appear foc...eacb-.node--for_-evet_y............,,

- time step.d_ring the solution.ofthe artalysi,s. T;

. A5.,4:...-JJse_-..Inp_uts

•"; A5.4A....User_-Inputsto Pos.t-P_ocessorT

AS.4A.i Card.No..l

This.cardde.fines_thetimes at which the deformed_shaftis to be ,,

. •- p1"otted.

I. 10 11- 20 121 301- ANGINT ANGFiN "ANGiNC (3FIO.O.)
+ . ..

ANGINT - Value 04_ the init.tal_,r-evolutionat which the defm_med

,,_ shaft is to be plotted

- ANGFIN - Value of the final revolutionat.whichthe de,f-o_ed

: shaft is to be plotted

ANGINC - Value-ofthe,-revolutionincrementat which the deformed ..

.. shaft is to be plotted..The.time.of the...ith.plot wi,ll
: &

,e

be:-

TIME = ( ANGINT + (i-I)*ANGINC)*PERIOD.

-- Where: PERIOD= period-o£-sba.ftrevolutiom .

AS.4A.2 Card No, 2

This card definesthe _ion of the shaft axis..................................."_

w,b

__ (IAI)



OE_.OOR QUALITY AS..5

"_ Where: I is aD_al.phanumericX. Y or Z dependingupon•the.
I: shaft or_ienCa_ion.' _. _

:_ Note: For XJ,.o.__Z_._X___co_ord_inate.._y.st-em_;

X= Xl

_I Y =.X.2_

L Z = X3

rlI.......
A5.4B User Inputs•to Po_t-Proc_ssoe_2....

•i_!.
AS.4B'.I:......Card..._o_.1

z. 5 16 1,_
I

NSECT ITHETA (I5,FlO.O)
|

{

Where:.......NSECI._._,The...numb,er_ofsectionsi..BtoWhich.the shafi_

I w}.llbe.dividedfor _he plo_t.in_of its deformed

shape. A high.value for this numberwill,cause

. a large CPU time for the p-lottingprocedure.

However.a low Value for.this numberwily cause

ti_eplot to be choppyin appearance.

THEI_A- The angl'eat which _he shaft axi_.._].]L_b_

, inclinedfrom the horizontal......

A5.4B.2 Card No....2.

This-_'d reed_ the plot controlparameters. The conLrolpar-amete.rs

i consistof 6 integersrea_i_ a (15, 511) format..The first fnteger

controlsLhe numbe_of deformedshafts-_h_ are draw_on each plot'.
!

1 The secondinteger,..readfrom the-sixthcard eolumn,controls..the I

usage of the defaultplot window size, If this parameteris input

' t
t





!:i I" DISI_SZ- The siz_L_ofthe maximumL,oyb_i_t__aject-ory.



-.°

i,-.. PERM!N - The minimumperiod at-whichthe orbit trajectory..

i_ to-:be,plotted, ,,

I_ERMAX The.maximump rind:at.which the orb}t trajectory .:,

: is to be plotted,.....

!_.:.)_, Note: TIMIN = PERIOD*PERMIN.............

:C TIMAX = PERIOD*PERMAX

t
.y,.

)

_4

-.
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'.' A5..5.....P_ogramListing,,Post-prpcesso_s

i ;

L_::.

)*



I. _,:r:Lti..OT It.. [ _V

/INASAPN JUB" 0-@I@._, NA SA,,_CLAS.S= A -
/ / _X,_,C. 1:_ I<.T

.. C_ $.
C.¢- TITL __ -" CCMP4JTFR PLuITI.NG. CF TRANS/_-NT.-ANO $.I_.AQY,,,4_TAI"_ *-'
C.._, RCT_JR. V.[FI_AZIUN. TI_E VA_-YLNG...O_FLECTIu-_.- •
C-'_. *-

•- C.$. PUI._PO_F. : T_IS- I}RG-_RAM. L,_. [.N-TENQ.ED T-u _i,lV_ AS. THF/. I':..I.R_,T..-_F TiL_ _.
L '_" PL.Q.TT I.NG_ .PQ:_T.,,I_-.RO(',ff.SSOI_,. PI_I_GRAM.S... TI"¢E. TA:_I_ UF T,t,4_SIE $
C$ PJ_OGRAM,.'.'._IS. Tii.}.. V.|SUAL DEPICT THE];, OEFU.RMA.TION. I._.RC)4,,,ES.S..$.

• C$ C..I_"A _G.£A]I'I_NG ..,_I-AI_T.. 1"-I._1[_. I._OST.=P_OCE,_OR PRQGR.&M_. _-
! C._ $,_R-V_5" I'Ll-COMPI.LT_ It_E TIME. VEC.IQR .AT, _t_.lCH THF
... C_-- BEFORMf_D _L_IA_T-m ILL. LIE PLO-T.TE'{_ AS. _I_LL..AS T_C $"

.. (,._- GEN_ATII3N-L_ TME CI_If.J_FICIE+NT+$. I_E43_.T'I_£ I_ITF._LA.Tr_t_I-
C$. FCLYI_{_IW.[AL THAT... _ILL. I_E I,J_EO TO. DRAtN.-.T.HE ,..,_AF_ #LT._ $
C$ EA._H CE T_E Si_LP....CTE_-TI.I_I_- INIEHV&L_5..-.. $"
C..'_ i,.
C$ N_TIE :" FG_ FU$_I:.I_F.R O/.SCU_SIOl% GiE.. THJI_S I_LL]_TIN_. _ACI_AG_ _---
C.*- PLt_A_& ._E. THe,.. REP'_R'T; RP,_.AT I NG TCL TH_E _;
C $- F.,3.5T_iaRl,?, CE_ SG_. P NO'GI_.AM,.S, $-

,_.i_w___ I__w$ w_,$_ w_J_$:i_$w_$ _$.$ $,.$_ _ W_ _,_ _ __ * * ** * $, $**._*._* *_*_***._* _**_ ....
-- _I.[Iq.FN_N. I l--i_i0..)_,. TI:MF'(,.I000) .

!i COMMt_IN/Nt_I_.._/NL_ RiaL T • ..NJ,JI_NP
CG,w_MO_/PLT_.NT/IPLG ¢.. ,...,_,INZNC, I=_.__T.T..!.M(I.,0.0.0.):

'i " _AT.A IX. , L¥ _.LZ /
: _" ZHX • I_Y ,LP'Z ,/

_: C II_ITIAI.,IZE. TMI=...-PLCT_..CQNIt_,I3L CI._I_.NT_k
- C

o .. I PLL] I=.I
:' (,_

;'" C UclT,,I.IN THI.: A.i_LN-A.- II_t'__C_IA._'L.LN I':RGM Tt:'*_ OA_A S._.T.....THA.T. *AS. CR£A,I,_.) _U&ING
.i:. C.... T_1_r.. _L,)INA RUN.,.

' i"; C A4.L___,I3 Ai3 I,N (PER LC.D )(.
! C hO,_- _E-AU THif. PLOT T IME CONTROL. _ATA AND G_N_IRATE TH_ PLU._. TINE'-

C V_CT_.* TilLS. V.EC._QN, C_J.N't:AZN_ l_.h,-. T,[MF.._ AT _II_.[.CrL--TJ:IL_L)_'F_R/,I_.
; _ _APP- _JP TPP.. 5_l:Y .I5 T_.UE V.l_IEO_

" lq.EA-b_(.5 • I.).ANGINT-_ A,%LtFI N .LANC.INC
' L.-_ 0 _M AT (,.LTF I0 ,_01
... N.LI_P L_: 0 • "

ANGLE:A NG IN I'-
' IF( ANGI_,C ,.G-T.. _JGG T_t.j
: l w l.l"d I _,.,?: )

:" FUKM'AI/_ o. $.$N,J_ A,N._.I.NC 15. I_LT.H4_IR Z.I_I,_O L_R.NI=G.A-Tj..V.E_-. $$.$-_'W$"
: + ' _UR_¥ THLS L$ A-FA_AL _Hl_._,,-.°..J ............................................. ""

.11 C Ui'wT | i'wU_' "" _i
AN_4.._-- 4NGLF. tANG [ NC
Nd_ T= _PL T_- 1,, -.
LF ( AN_LF..L1 _.. /_.e_(,;FLN)_ T'L} 1.
lt:(_ta_LT oLE:,.I_0,_)'t._U YO 5 ,,
_,R i TF.(o.,._L

•I.-.P:-_I_MA, T( ' li.l_llL N_RPI.J" FXf_EEO,.% I_'-_ MAX.ILq.Up4, ALLOIIA_aLF. VA_.UE_ lilC_. --__
*q,

1

0 '

I i :. .!

.
r ,111,







_0 t-,t.)N.MAi t,J(._J(eLl_,_) )
J_1 I,.UNTL],NU I_

L.
i..-NI_AJ rrlb. P_-.._-.14:duf_ _I_.AFT. I,I,E.._QLU.TI(.iN_-

i_(_ TL_( b 1.4-0)IAL,I._-i,I.L_--
40 I_:O_,4A,T(ZX'_I:. I,._oZ_' .........

J_i_,turiN..
L;.NO
_U_OU||Nt-" hODiS_(,1.1 I_E,_|ME)
C UMMIJN/L) [51_L A/D.L.SI-_ ( 3_50
_ U M,IMUN/NU N-_-I_H4 hld_+}LT'_,Nl,_MNP
_J_$ML]N/PLTCNF/LPLUI, I [MINCe,.. PLTT{ ,_4( LO00}
L)IMtIN_|ON I 1(_0)
l I 1ME= 0

_W['.A{)(---'0.I0 _I::NU=4-0)'I14 13 .T IMI_. (_I.,_-(I_,_I ) .I_;:I _,;,$)
OU "_ LL=IF;L_J_,NUI@LT
l t- l/_Lt'; i P L-I' T 1M( L L ),i _.-1M_ 1..... L r_., T 1 w LN.C ) GO" TQ"

- 5 E,aNr INUE

RbAO (.10 ,.|0)-IDUM
IO FLIRWAi _ I IC+,_._/.j..oF.)
I I _UN-T INUL

- _d IU .6
t, _)NT INU[_
I. T LM,L:.- 1
IPLu I; iH_ILt.f * I
L)l,J _0 l _2 _NIJMNP

_'AO (i_0 , IO )-4.LLI ,L..T IM_.,,(l}| SP(_, I ) iK=| ,_). ,,!_0 L.I,.)NI_/NUL
l)_l ,30 I -- I _NL, MNP i
i_Rl]u(O..10| Ill | ),TIM_, (l_i5_(K.l),i_=1,3_

J0 _ I.JN_ 1NU_. !

uU TU bO

ii_41T'l_(b.be).
bQ PU_MA-_iJ $_IL_.t#$ ............_NU OF A_INA. [NFOR.MAT. IQN l_i_, _

.5 IL}P !

_0 LLIN_ INU_
NI:.IU I_N.......
LN_
3UIH_UUT INI: THA-J¢II,,. A.MAX_ I_H,4,PT} |
L;L)MM {iN,#'NUML_ t._/N_ I_PL 1_ ,_NUMNP

- _IL'.ii l NI.) 20
I.

t, NLll._ UNIANIED _)AIA AI---.iItL I3Ei_4NNINu L}_" iLH_ _'IL_. .......... i_

l

i I_4.A(] ( 20 o.t ) 1 DUM:

i,,_U.,II._,I o-I'_UMNP

Hi=AI)(,_l,) • _ )lJbM t
I'OH WA.I (,_J_..L,tb. d,l-

i J CONI II_Ul;, '
NLAD l_0 _2 )OL, M"

!

i

I



i .... ,.... ',,J

_. i "°

;, L.[ST.UI.LLLrY
_ A-_'AX --0 • 0 '
I. 5 C@N_ INiJE

• r(EAO.( gO t. I0-oENC;_ 4,0.) 11.{1 ) • T'IME., ( "[J_J_J:A(l.tK-) oK._L,3.}"
i..';',i: 1 0 FORMAT ( ..LI 0=._--.13 ,_ ) "

|._ (, | SfiA,_T- e-_E,i L&GO. T'd I 1
.i I%qAJDL I.-,4_.= Y_.aJA.( I ,.2 ).

;'_._ T.RAJ O(...I , 2 |:TR A.I_. LI._3 L

V.", (_G TO 1.9
_: LI CON.TLNU_

_._._ [.Fi. ISHA_T ,NEe. 23.G13 To 12
(_:! _ RA JOLi o..IJ= TRAjA ( L.,.I )
• TRA-JO(I o2)=_AJAL_) .

GO TO 19-
i.,."' 12 C ONT. [.NU E

T-_AJIJ( £ I-L ) =TNAJA ( 1 *...t)
TRAJD(-l _.2 ).= ?_:l._JA ( I _2)-- .............

" t9 CONT |NUE
C
C C,OMPUTE TI-,IE M_GNITUDE. Cl_' THE. TKAJECTGR PATH FO_. _H/S. OlS_t.ar._E.l_T_

i' L, _)A TA._

_ANGE--5_RT (.TNAJL} ( I _ 1") WI_,?.+TRAJO( I e_.) l_._) ,t

i:" C _.HELIK, I"H[:_ MAGNITUiJE A_AI.NST tI-_E.. MAX LMUI_ AND IF THIS 15 A..AHI,_Efi ..... , :
C Slot THE. ,t.,A*IMUM h,,;GUAL 1"0 T1"11.,,%-MAbNITUDP,:.,

, ! C 't
' I F ( RAN_t- =G T-= ...AM _ X ) AMA )_= RANGE "" :
' 20 CONI /NUll. i
' O0 30 I=I.,Nla_P

LOUT--IO+I i

i _. WNt]'E(LUUT,!.QIII(L._,TIHE.(Ti;&Ji_.(I*K)=K=Ie_) ;
30 CONT IN_JE

uO TO 5
_._ 4_0 LGNTINUE "" !

. REiIND 20 )
' i C

!:. i. REAO....UN_rANI-E;13 LL&-_A AT THE BEGINNING OF THE PILL, ;

REAO (20,1.) I CUlii.
• Ot:'). 50 |'= | _'biL'Ml%_l ., i

i. bO C_3NI LNUE

RETUNN !
; ENL) .,-
:. ::-UI_ROUT [NE IIT-A_IN( ||o [_HAF.Te AMAX_ PEI._.I_D|

C laM_4t.]N/NL;0 _ IL0_ {_i-t_0 | "' _i
', C 0 M/qlJN/N u.NU ER,_ Nb l_P_LT e N.UMNP !
;" _IMI_N_ION l l{._O|"
i Ni_AL LU_ 4"
I' a_ l TE I -' I ,l-0 }NuM_F, I_UI_PLT ,.15t'_F T tPEi_ L-GO.

t:R i T E ( b _ I 0 ) NUMNF, NBRPI; t,_ I.SH-AP _P• PER 1UD _' !, i: LO P'(aNMA_ ( J(,_X el 10.) ,_ I b,_ZL !

IIHItEI,;L'I _-11 J( It( lJ,*L;l _NUhi_PI _
II /:ORMAT((IG( IXi|-_/|| _I

_Ni TE( al ,.Lb )aMA.,w, _,_"
iRI-¢.L.( u, I _ ) AIWAX

!

' !
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i, OF"POo__ui_L1"1"V

;" i, I,_T . UT]LL l TY.

i 15 FO_U_Arl.Zx.,e15e.¢t|
. i R.I T E(._. 1 , 20. J..(LQ-C( ¢.,. |SH AFt" ) _.l_ I.o.NUMNP

I .- w.q[.T_( 6,.ZO).. ( L_C{ _ ,I:_HAFT) • I: l t ht._MNP|.
i .. 20 FORMAT((_{2X_EI3.(a}t))

' I RF_TURN"
!:
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()/" OF-POOR _,;' ;_'"

,,,,,

LIS_ UTILITY+--

_ C CQ,WPUTE THE. Lr_CREMEi_TAL AXIAL GLSTANCE,

f*. - C ;
DD [S T--( XNAXm.XM IN)/FLOAT (NSECT-J[ .............

k. C CUPcV_. TM_TA. T'C _ALLiA_WS FHf.;M DEGREES. •"

) .i , C THET A= T HELI-A *P ILI 8 0 ,. -

L C T'C AVOI.,I.7 MULT../RLF-" CALL,,_ .TO TJdF.. TJgJ,-G FUNCTIt_NS,.,...,("J_M.P.U,TF._....ThlE..SZNE .................................. :"
i; C AND C_5 I.N_ _E TH_.IA.._

.... COS I NE_-CCS.(.IHF.-TA )
' 5 IN_.. =31 N { .THET AJ'

'i.. '" C F-IN:u1 T_E NLAXIMUM-XI tRANG_,,-

. C X;_NGE_AE_._ (X-MA.X$C¢5.1"N_'J-XMI N_COSIN_-|
i C
f-. C FIN_ THE MAXI_U_..X2 RANGE..-

¥ RNG =F.._-_B S..(X MAX4LS I NF--XM. IN# S I NEJ

C DETER.MIN_...TP_ M.CXIM_M RANG_ GF I._E 13RObLEt4.
C

IF(..XRN_E ,GE, ¥,RkGE)RANG[-:XRNGE
[F(Y_NGE -,GT,.. XR_,G_-)F_ANGI_mYRNGr_ ..... .

C wlTtl THE M_XI.MU_ RANGE ANO- THE SIZE _ T-ldl_+ V/F_W:ING. _[N_O_I,. COMPUTE "
C TH[ _IIN_._-L_W. 5CA_ING FACTOR. ....

F---ACI_RE]= • INGC_I/RANG_. -

•- C BII_H. THE MAXIMUM MAG_|TUOF GF-THE tF_AJECTQRY. COMPUTE THP:..OLS_LACEM_NT

. C 5_AL.IN_ F AC'_OR *
C

P:ACTRA= D I SP'SZ/AM'AX
C .;

i C INITIALIZE T-H£ P-LGTTER,

CALL PL.O T_
C
C MOVE ANO CP...NT.ER THE CRLG/N GF ,TH£ FLOTTER "" ]!
C • CENTER--0-..._ (.1-1 ,.O-m.I.N{)UW.). " " J

r' CALL. PLU¢(0.0* C_N-I_R,. "',3)-
!_ C "" -

c .... i
N-$EC lr= NsE C T +,1 'J
J-J= [ CNT-R.L ( I )

_ IF(JJ oEQ..0)JJ=I "+
C
CU¢} THE F_LLDm.IN-G FOR ALL_TI'_ PGSS|ELE PLOT TIME'S,, ............ •

- 00 LJ0 LL=I,J_itdRPLI_ .._ ] r_

OG 1._0 KK=I ,,J-J .... ; ]

¢ READ THE PLI_T..TIME,, !

oo }





I

A5-20.......................:...........i.._

IF

oRIGli_L
OF"pO0

'I!LI$T _IL LTY._

C '
CALL DR.AI (.bLSFCT l

C-
C CONNEC_ TN_..--UJ_OEF-C._ELMED NODAL..LJ_CATIONS. e...ITH THFIR i.)EFORME_ LOCATIONS.

I_( |CNT.RL(5| ,E.G._ .0LC&LL...L4NE..

C-..UUTPUT TCJ..T, HE PFLIN_ER THE PLOT TIME JUST PLOTTED.
C .....

: wRI TE('6 ,. IA:5 ).T IME
1.15 PQRMA.T(--*. _ PLGT..-_RAaN FOB_ T.IMF_...¢_e..ELS.SJ.,. ',

C IF-MULT•IPL_• 5h'AFT.S ARE T.Q APPEAR ON THE SAME P,.ICTURE,• THEN THERE |5
C- NO.NEE_ T.Q-.RF._i_,w .TH_..REMA_I_|NG COMPONENTS EACH T,[ME, "_"
C . i

Zj_(KK •NE,- I_G0 TO. 1"_0 . .. . i
C

:" C PLOt OUT THE. 5HAF.,T NGQAL TRAJECTQRI_'So
C °''

CALL TRJPLT(IZ) : _i

C- VRItE OUZ _H_: _ME5. GF TNE NO0_S..--
C ,;

IF(.ICN.TRL(4k) eE_I_ 0}CALL-NAME(CENT-_R, X-[_.
C-.

C PNIINT GUT.---ThE.-.T, IME. ASSGC[ATEO _lZ T_ ll THL$ _LUT.
C

CALL• $¥,M_CL(3,0, 1.,.0, 0_25, 7H.TIM_ =. * 0_0_- _ "_"
CALL NUMBER:.(99_,.._3_9,, 0,25, TZME, 0.O,-Jk)

12-0 CQNTINU.E" • .
C

!- C. MOVE T.I_...PLO-T QRIG.IN FOR THE NEXT. t=ZNDO=,, [N T.IJdE.

CALL PLOT(,17*O= 0,0_...._3J- .......................... , I
130 CON'i INUE " "
140 CONT|NuE

C HC_PEPULL._._. ALL _NiZ. ._

CALL PLO_(20.0= 0.0, 9_9}
:" S T0_'

E.NO ""
• S,.Uc3ROU_:INE CGOR0(DLST._ X l.. X2}

t, COMMQN/__IG. _CCSINE,. SZNE ""
XL=X.¢ +- O.lS't=Cu.,._ii,_,-:._
XZ=X2 4, 0I_t_.INE
.TU.N_ "i !p_

END ! );
S.UbROUTINE GEFAL,.l"-iDISPSZ= =.I.NOG_.._ '"
C(_MONIC N3NJ_L/i.C NTRL (,l O.).

"" COMMGN/T'R.J,CI_T/PER_OD... T IM[N. L. T-LMAX ""
IF'(_CNtJ_L(_*) et_.. 0]GO TO.._0

-_ READ ( 5,. |.0._ _I.1NI_ _ ,e', .!
.... LO FORMAT t F 10 ..O1j " --

2 0--C._Nf: LNU.,E
[F*( ICNTRL43 ) ,.EQ,--OIGU "_0 ,]O.- _'
READ(S,, I 0 JDISP._Z )

30 CONT INU_ ""

t

L ,..
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LIST UTILI.TY

•- 15 CI3N_. I NU _.
• DJ,.;.20 |.-iI.,NL, MNH-

A.X I..A_._.. _Ct I. )
_LL.+ IJ'I-5-P'i.AX--|AL, Xl., X;_)
X Z=xl *F ACT._ A-......
A._---X P_*F A C Tk.A
AX I AL=_X I-_4_.*F AC.T _t_
CALL..C(_L_h_(AXIA4.,- X_.e. XZ).
GALL. 5.¥M_CL.(.X.I-,. X2,.O, lo. 11.,. 0,£.--l).
CALJ_ bY_.CLL_I* X_.o O,I, 0, Oo_* --l)

23 C L,N_T.I N_ _,
R,_.TURN-. :'
END " "
S U_L*T l.h_ LINE

C_3_M_,_#$CALP._/FAC-TR_ ,. F.ACTRt_.
_.O_,hW-i..1NXI:::R.&.__C_SIN_ , SINE
RE._L LQC-
0O L0 I.---I.,NUMINJ= ""_
X,L.r-i__C.( L ) _C C-_.LNE. *I_ AC.T.-_El

C.ALL PI.,._IX. tXL.. X,_ 3)
r _ CALL I._I_-P(LCL(1) e XI, X2)
i_ X I--X,I*F AC.TRA
! " X 2=X.J'_r A.CT_ A.-
i. I_L.I.,%---LL1C( L )..*F".ACTI,_
! CALL CI,_GR,D(.FO,_. XI_ X,i_,l

i CA_L P_.OT(X.I, X_, :_}

i R_tUkN.
i _ND

i: C_M,Wt.1N/_C_P- /A.(_,_O) , LOC.,,.(.50)-.. " :
',. C _,1 MUral Nu l_ INUMNI ._ _. N_,R,f_L1 '

CO,'_,'_h.QN/SC._L_I/F'AC3-RA. • F.ACT_._. -,
CG,v,-_Oh/Thl,._. #CG$11_I_ , 5I.I',.E

',. R._AL L.[JC-
OL_N5.1_,,I_ XI(_'U | ',
OU _ L- I._bMN.P
X l--L UC-(, 1 .) _,I._.AC.__, e-,C_ I N_,..

GAL L* PL _ll_TI ( Xlll II_ X_ *. _) - "

_ALL _LUTI.X.I., .X.-_, i7.,_..
x.=xttI.)

i CALL NUW_dP.RtXI,,__,.-_'.. Q,-'_O_*_..X,.- 0,0, "l_ .;

! MIETURN " "
1 _N_
_. _UURUUt I.NE 5T:A.T IC _ 1_

_.C.aw_JN/. CI_:i _.... #'At.,_,_._@_ ,- LOt_(..bO)
! C J,'_MUN/Nu M / N-_.l_wP ,. NP.hilL.1 .. i

_AL I.UC
_,ANGF=LUC (NUMNI _ )'_LOC( I )

E

• °



I_ oF Qo,T,

.. Llb-I ,wT I,,,._.T_'

i Ou; I 0 I.= I _--_,,_ "

/ ._,.'_,. { u .L,._T 4'-I _L;0 L.._T ) _.b.[ N.I_ _- _I 6L].
_.ALL.. PLuT tX L,, X_'• _J

i'll I lO CL}NTI_OR_ TuNNNUL

.: _MUUT INE T_,Ji_LT
C_',ION/_L_I _ ,_,-_0) , LCC(50)

l} _.JM_,_ONI N _ _ /NbNNP _ NuI_PLT
CUM_JN._CALEI/FA_TRA • FACTR-_

C _J,'IMu,'_/ I R aC h T/_ h K lL.L_ , TI_IN ,TI_AX
_ M,FAL LO_.

rl_T2=O, 1.00
15Y _,|=_O

il ..... OU -_J I : L o._,.t..MfWi.:}

1 lSVMl=l

_N=l_eL

l CI,_NT INO_
_F..AO( l,'w_5 ) i I, FI_E,T_AdL,,TKAJ_'

z} I"U_,_AT l l IO,-._LIB,_A

I!-i- L FtT |,sIL ,LTo TimlN)_O T_ l
,,,I'-T_AJ I _F_ILT_A

_.ALL _L_L_L'(Fd_, Xlo X.- )

Ii IFIXI ._T,_ I030..Lira. X,3 .dT..IOJO,_]_IUP 9"_00::' CALL I_'L._T {,_ I, X_o .J}

; IO _.O,'wT I_uF.

,["" Rb.AU t IL_, o b ,_t. hO:-'G ) [ I , T 1/_t=, T_;_J I , YRAJ,2

.. I ..it .'_1.= I 3Y N' 1.+ 1

,X I:T_AJ I _FACTI_A

CALL w._O_tPOb_ Xl o ,X,,,,_.

I _.ALL _ _IUCLiX_, X', PluTo l*--..O-._-.O,_|)
_J I'D I 0

ZO CONT lh,_JL

'I. ,,c* _n_., In
JO U,:N'I INU_. 1

I I ""O "Lt*_h_';_ l'Jl'l'%1_'" L'W_" 01- LI'_I UTILIT_
i

] ' i
l

I :

k

';' rrnii n i 1am ...... T rl ..... _ n
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A5..6 __le Rim of the 3-D Plottin_Post-Processors. l

'- A5.6A ADINA GeneratedData i

I' The necessary--dataf_Om the modifiedversionof ADINA.was obtairtedL.....

-.. throughFo$-tranlogica-I..un._.t....20..........T.be..JiCL..used...toa].]ocate:_ .......... .

unit was....

//FTP.OEOOIDD-DSN.:USER.MULTI].,DI.SP_(N_W,CATLG),° i
. // SPACF_=(.TRK,(150,20)_RLSE), !
.- // UNI-T=SYSDA,VOL=SER:ACADOI,. ;
.... // DCB=(RECFM=FB,BLKSIZE=12960,LRECL=80) i

AS.6B Post-Processor/ JCL Requirements i
' i

The JCL requiredby the f-_rstpost-processorprogramfor this sample

problemthat containedth_-eenodes along the shaftwas:.

// EXEC GOFORT
._ //FTIIFOOIDD DSN=USER,EFHPLTIDISP--(NEW,CATLG),UNIT=SYSDA_.....

// VOL=SER=ACADOI,SPACE=(.TRK,(50,5)-,RLSE),
// DCB=(RECFM_FB,BLKSIZE=6160,LRECL=80_

//FT!2FOOl_DD DSN-=USER.EF.HPLT2,DI.SP=(NEW,CATLG),UNI?.=SYSDA,
" // VOL:SER-ACADOI,SI_AC£=CTRK,(50,_),RLSE),.

// DCB=(RECFM=FB,BLKSIZE=6T60,LRECL=80)
//FTI3FOOl DD DSN=USER,°EFHPLT3,DISP=(NEW.,CATLG),DNIT:SY,SDA,
// V.OL=SER+ACADO_,SPACE=(TRK,.(50,5),RLSE)
// DCB=(RECFM_-FB,BLKSIZE=6]60,LRECL-8O.)_-
//FT2OFO01DI_DSN=USER,MULTLI,DISP=SHR.

-- //FT2TFO01DD.DSN=USER,EFHPLOT,DISP=(NEI_.,CATLG),UNIT=SY-SDA,__........
// VOL=SER=ACAI)OI,SPACE=(TRK.,(50,5),RLSE),. '
// DCB=(RECFM:-FB,BLRSIZE--6I'60,LRECL=SO)

A5.6C Post-Processor/ InpUt

"- The user _nputsto the firstpo_t-processorprogram•for this samp!e

_an..was: --

0.0 90.0 0.3 ";
X _

.... I

oo

*q



i O_'JJ_'__'_'_L '
IS

OF pOOR,QI.IAUTY_ AS-25T

t
A5.6D Post-Pr_cessor 2,__ICL__eq_ements

The JCL required by the second__pos.t-prnro_nrprogram for-thls,sample..

I was •
// EXEC GOFORT,GOSlZE:512K,PLOT=

I //FTI 1FOOl DD DSN:USER.EFHPLTI,_)ISP=SHR//FTI2FO01 DD DSN=USER.EFHPLT2,DISP:SHR
-- //FT_ 3FO01 DD DSN=USER.EFHPLT3,DISP:SHR

. //FT21FOOl DD DSN=USER.EFHPLOT,DISP:SHR

A5.6E Post-Processor 2 input

I
The user i_puts for the second post-proces_o_.program.•focthis sample

* i run was:

2G 35
3

#,

I .

.



A5.-26

L

I

'_ A5.6F. Post..-._.rocesso?2 Output....

Attached are _some.selected•pl;ets,that were obta.inedduming,thig- ._ i
sample run.

4&p

tt

l•i• '
& Io

ii.
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APPENDIX 6: . NOMENCLASURE-..

I" aj - Cartesian La_ran(_iam--Coomdinates

•"' [B*] - Matrix Coefi_icient_

': i [B]
[Cb] --l;angentia..lbearing, da_nping:ma.trix.

-,.i. i Fe -ETeme-nta.l nodal for_e-matrix

'> Fb --Bearing nodal load
i-" fe -, E.lemem_t body.., force

, [K] - Global stiff_es-s

' [Ke] - Element stiffness

,i [Kep]- Ela_tic-pl-astic stiffness

[Kl] - Linear.ized stiffness

._. _ [Kd] - Dynamic stiffness

_ij - Lagrangian st-rain tensor !

[Me] - Element mass matrix

[M] - Global.-mass matrix

._ [N.] - Shape fu_Iction

Pi'Po- Inlet-outlet pressures.,of Damper. Bearing

; _ R - Region occuppied by system

Sij - 2nd Piola-K-frchhoffStress tensor
"" i ~S

t .....- Time

-I
Ui - Displacements

' U

' } Y,_ - Nodal displacements

v - Volume

;_Y - Incremental nodal displacement

•.... At - Time incrementl
_() - Va-r--i-_ior, al operator
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