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A Cor~ uter 3ubroutthe for Stres3
of ~‘c~tat ~~ .~ k.  —

by Jc nn E. ~ ‘oc k

~ us.x1 upon theory developed by the ~4ir iter , ~~. E. ~~own developed

a successful cor~ uter p o ~ ’~z~ for analysts of’ radial ar~d c ircurnfer—

ent ia). 3tresses In rotat th~ axt~y~~etrtc Jt .~k~ 01’ va.rtable t ick~e~~
having an ~L\~~~~~~~’L~ai thev~al 3traln field . Tho writer revised

3rown’ ~ pro~ ’~m so a.. to ~nv0~o a ~roup ol’ a.ncillax’y aubrout t:’.~~
w hich :~~~v t~ been t’our~i ~oeC~ . tr~ another Plicat ior . n ~1otr~ 30 ,

however , ~~~ Un eeessary and coru’us in~ r.ct~~u 1 tt ~on w~i~ tht rcduccd .

~ I n part Icular , one of the : :uii_ ::it ~~~ .i~uiJ ~~~~~ the a:’.aI .’~; h; ~o

fail in the ~~to co!rr~cn ~~~ ~ :.‘ a ~t~ h ~o rttd Lii ~:i~i~~~’ it ~~~

• outer boun.Iary . All t :iis “~tt~. ’rt ,ui ‘~‘t ’:u’~ is ~~~~ r’~nc~ 1, ~~‘~‘of.
.4

Reterees evaluat ing a paper based upon ~eferenc e 1, called

attention to these faults .30 tha t the pro has been ~~ rr~tten .

A listing of the ~ iin subrout ine , ~~~~~ as revtsed , as well as

ii.ztings of the anCIllary subroutines ~ny be t’our~d ‘n Aroer~d1x A

hereof. ~he reader ~iUl note that  other changes have also been ~aJe

resulting in somewhat ~~re flexibility of applicat ion . ~~~loyment ot’

the revised p o ~ ’am is described in the textual material wht~h appears

at the beginning ot’ the list trig .

Apperdix ~3 contains .1 revts tori of the secord t.l1~str at tv ’~ e~ct~irle

problem of Reference ~.. This problem ~as solved for var t ous values ~~:
‘

‘I • ~4—l , the number of’ equal sutxiivtsions into ,~hL~h the annular ra~t L~s

b—a is divided for purposes o:’ numerical .llralysIs by ~C’PISK . .\l~o , a

L t 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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number of’ different values of :~~(3) were used . f KP (3) ‘ 3, Its
value is the number of iterat ions which wIll be performed by RODISK.
If ~~(3) < 0 , iterat ion will cont inue unt il three successive values
of cue unAa~own parameter B decerrninea in the course of t~-ie analysis ,
satisfy the relation

+ 19 2— B3 1 +
< 10

+ +

We also determined execution t ime by use of the lIbrary subroutine

LXCLOK, executing ur~ier CP-cms on the i~ 1 360/67 at the W. ~~~. Church

• Computer Center at the ~aval ?ost~~’aduate School.
• We four~ that execution t ime per iteratIon Is

t
iter 1.2 M + 5 (miflj secor~ s)

for any problem.

Accuracy was evaluated cy dealing wIth problems havIng aval .ae .e
analytic solutions . It was fourxl that the princIpal li~titatIon on
accuracy is determined by the choice of subdivions , the integer ‘!

so that there is a certain inherent error regardless of how
many iterations are made . This error deperxis on M , of course , ar~i upon
the details of the problem. The error IS ~‘eatest near the Liner
radius of’ an anr~ lar disk , ard is large If the ratio a/b is snail .
Fortuitously, the error may be smaller for an early iteration than
for a somewhat later iteration but this Is not practically useful
informat ion. For the problem of Apperxiix B hereof , with a/b
we f’ir~ the results given in Table 1, (see next pace).

Thus , for exa~~1e, with M • 20 , there is an inherent error of
about 1% ar~ the results are r~ t si~~iificant ly improved by iterating

_ 1~~~
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approx . approx. total
limiting iters. t ime ,

~ error req t i .  secs.
—

5 16 5 . ~ ~
1%S 

~j t tc .\~”• t L1DC
~10 5 7 .12

20 1 11 .32
~.1.1 17 .‘~0 

— 
. ciM~

100 .01 25 3.1

Table 1. Percent error , required iterations , ar~i
execution t ime for problem of A~perdIx B.

r~~re than eleven t imes . With eleven iterat Ions , the solution

is returned from RODISK in 0.32 secords.

The s~~ iIftcant conclusion Is that the execut Ion Is so fast

that one tray as well take M 100 (correspor~iing to N l~1, the

rraxinum available ur~ er present di~~nsioning ) ar~ iterate many

~~re t imes than is strictly necessary . Taking N • 101 arxi

~~(3) • ..8 gave execution in 3.7 secords with 31 iteratIons arxl

with an accuracy of’ 0.00I4~ (rn the problem at han i , 0 r~~~~~ ~~S

st~ecified as zero ani the program sets —1.1iE-1l so that the error

here is “infinite’.’ Our evaluation of’ 0. 00~% is for the first

position rather than for the zeroeth.)

This concludes the text proper of’ the present retort . ~~wever,

~~ take advantage ot ’ this opportunity to correct errors In Reference

1, vi:.:

(1) Page 3, equat ion 12 srculd read

• ~v(n
2_14vn+~4) —

— 3 —



¼ 2 ) Page 6 , llne 2 .  n p 1 ce o f T r e a d~ z 0 .

~3) Page 5 , equatIon 33. ower 1I.~it of Inte~’atIon snoulJ

~e a rather th.vt 0.

( 4 )  Page 7 , lIne foliowlr’.g equatIon 40. ~eferer.ce ~houl~ :‘t~

to equat Ion r rather than ~1~atI~n ~‘3.

Ac1c~ w1ed~ient Is gratefully trade for assIstance by the Naval Post-

graduate School Research Four~atIon. Apprec iatIon 13 also expressed

to the referees of the A~ Jourral of - r ~.Ied ~~~~~~~~~~~~~~~~ f i n’ t I ’~ct~ r~
attentIon to the f laws In the earlIer versI~n of 5~ .

• -. 3rcc~ , J. E . ,  3.ni ~~ OWn , 2. ., A ~otr. uter su cu ir.e for

• aralysls o:’ atIn~;, heated ~ Isr :3 . ‘ ‘.~~
— ‘~~—

Naval t~~’~t~~at~ 1~hoc , ‘onzere’ , ~~ .~ :
‘ornta ,
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~~1S PAGE IS 
BEST QUALIrI ACTICA~L~

~~~ FURZ~1SR~
) 2~O £~1)C ~~~~~~~~~~~~

Appe~~Ix

~i5t 1~~~ ~f
r~)u~ ir~

.ar~.i a cIi .a.ry
sucrout lnes

C SUBROUT I NE P0015K . JCPi N E . ERO CK 1 M.Y 1978,  F~ V I SE O 1 AUGUST 1~~7E. ~C0 C C C 1 2
C THIS IS A S Ue RCUT LNE ~~~ O EI!SMIMIM G RaOIAt . .  AND ~ 1RC uMF ERE~~T IAL S1 ESS~ C C C C C~~)C IN AN AXI S~ M ME 1 S1 C THIN ELA S TIC OI S~ $AV !NG AN tX.IS YMMET R IC TH€R~’AL i~O DCCC .~2C S T R A I N  F IELD AND TAI I~~ A l  A~~~~j LAR ~!LcCIT Y O~ LRA D I~~’ 15 /SE C ONC )  R~ C C C C ~~C ABOU T THE AAI S  CF $Y’IM~ Ti~Y. TW O TY PE S OF PPOBL EM M A Y Ef T .EA TEO: RC C3C3~ Cç TYP E I, ; AN NULAR D IS K . çF IN~ ICE RA D I U S  AR AC ANC OUTSI DE P~~C IUS ~Ccc c~~CeRAD . Ti~E i~A~. IAi. ~T R ES5 IS SP A A T T)- E Iki’~ER RA D IL S INC ~C C C C C 7C

SR8 A T TIlE CUT~~ ~~OIUS. THE IN SICE ~AC 1 UE MUST BE R C D C C C E C
GREATER T h A N ZERO R O CO OC S3

T.VPE 2: S CI. 10 D ISK.  H A V I N G  qAO Il L ST~ E!S SRB ir O tIT!ID E RA DIUS BRAD. PCt ~OO1O )
TH E USER MUST PS3VL )~ A “ A i N  P~ O GRA $ ~HIC I~ C A L L S  S LBR0 UT I~~E RO 0ISK ~C O CC UC
AFT ER IT HA S S L PP L I S C  T~~E F C L L C W 1 ~~ T N F C R~ A T  IC~~. P C C C C 1~~J

(.1) N, INT E G ER.  ( K — I )  IS  l~~ ‘~u.i e ER O~ EGLA L S U 8 O I V L S I O N S  INTO W~ I C H P C C C O 1 ~~tC THE ANNuL AR RAOh ~S ( Ô P A O  “ INUS A QA ~~1 IS DIV IC EC F C R  CCM PU— q o c c c i ’ o
C TAT IONAL. PUR PCSE S. IHE PR ES E~IT DDEM S ZONING ~A~( A C C C M~ CCATE N R C C C C 1~~CC NOT G R E A T E R  IPA M 101 . ROO O0 1~ D
C (2) BRAD R C D CC 17J
C (3) ARA C (NOT NECES SAR Y F~J R PROBLEMS OF T’Y PE 2.) R C CC C 1E C
C (4) SRS ROO c CI cC
C (5? SP A (t~CT NECSS S A~~Y FOR °POBLE ,I S OF TYPE 2.1 R CO CCZCO
C (6) PO TS , FCI SSOtI’S ~A~~1O FO OCO 2I. ) —

C UI K.Pt 1)’1,2. L K . T  TO DENO TE P R c e L S M  OF TY PE 1,2. RCCCC2 ~~C (81 KP (~~) I NTE GER TO PR O ~~ DE FC R SKIPPI N G  ~H ILE PR IK T IK G CC C C C~~~CC OUTPUL FC R EX A M P L E ,  IF Ns 13 L AKO ~ F t 2 J~~5, ONL~ E V E R Y  R C C , C C
C F I FT H SET OF VA L.~j 5~ ~1LL BE P R I N T E D :  1ST ,bTH,..., 96TH, R C C0 O~~S~

• C AND 101ST . PCD C C ~~ J
C ~~ ~P (3) INTEGE R SPEC IFY ING NLMEEP OF ITERAT1 O~~ TO BE PCCCC2 C
C PERFOA MEC. USU AL L Y K P U ) ~~~O IS  SUFFICIE ~.T FOR E N G I N —  POCCC2 6O
C (BRING ACCURACY. AL1ESN 4 ?cLY. If K? t31 IS A N EG AT IVE ROC C O2 ~.OC INTEG ER IT A T I C N  W i L L  CC N? INUE UN T IL  T HPEE S U C C E S S P E  P (DCC~ CC
C VALUE S ~F A PAR A M ETE R E, D E T E P W I K E C  Ib1 E RNAL L ~~, A PE P C~~C CflC
C SUFFICIEKILY CLCSE AS (OMP~RED 10 AN E FSI LGN EQUAL TC - PCC (C22C
C TEN RA ISED TO THE KP (~~) PQ~ ER. R C C CC 5~ C
C (1~~

) KP (4). I~ ~P (4)’O , CK&.~ F IN A L  ANS ~~ RS WILL EE PRIN TED. PCCC C~~CC IF K P ( A I a I ,  A S~~ uEtsCE OF ITE.cAN7 VA LUES OF E W I L L  BE RCC C C2 IC
C PR I NT EC TO I N C I C A T E  DE GREE CF CO NVE RGENCE.  IF K P ( 4 ) > 1 ,  P C E C C 3 ~~C
C THERE W I L L  BE NO P R I N T I N G  AT ALL  w ITH IN  P0015 K BUT LJPCN P C C ( ( 2 ? C
C RETU RN kP 51 w Zu. C C N I 6 1 N  THE K U ? E E R  OF I1EcA T ~ ONS Wi- 1CM RCC (C~~EC

W ERE P E RFC R MEO SO TH~ 1 N P ( S )  MU ST 65 R E S E T  (.EFORE PC DI S K ~c o c c s c c
IS CA LLE D AGA I N .  P C D C O ~ C3

(111 KP (5) . K . P ( 5 ) 5 O  CA L q S  “IL~4~ CUB IC S P LIN E INIEGFATI ç N P C C C C 4 1 O
TO BE USED. 3T HEP W X ~ € TR 4P~~ZO1C *L IN TEGR. A T I C N IS UScO . RC~~C C 4 2C(121 V E CTC R x (1 ,.J 1 3 ~~~~~~~~~~~ CO N IAI N IN G V A LU E S OF DIS K. ~C C C C 42 CTHIC KNES S AT ~QUA LL Y SPA LED R A C I I  FIkCI’ INS ICE 10 QU TS ICE. PCDC C ~~ACC ( 13) VE CTC P X (2 ,J ) ~~~T A1 $ S V ALU E S CF CAMM ~ TIM ES O M EGA P C C C O A S C

C SOUA REC WH ERE ~,AMM A 1$ (MA~ S) C ENSIT Y OF THE M A T E R I A L .  R C O CC A (C
C FOR MOST PR .~6$,CMS GA MNA 00:5 NOT V AR Y W I T H PACIU S A N D F CC CC 4 1C
C ALL E tEMEN T~ j  T~iE ~ECTOP WIL l. BE THE SAME . F CO C C A A C
C (1 41 VECTO R X (2 J I C C N T A 1 ~~S VI ES CF l~ E l ( I L F I 1 A ) ( T E E l  W HERE PCCC C ~~.CC BE IS ~OtJ N~~’S M OD ULUS , A L PH A I~ TM: CO~F F L C 1~ N T QF L Z I \E A R P C C CC S C C
C THER MA L E’~PA NSI CN , A N D  ‘IE IS ~IIE 1E M R ~ R A T UR.t CHANGE. - PCC C C !1C
C 1H M AI M P R C G R A M  MUST CCN TAIN THE S T A T E M E N T S :  FC CC C~~2G
C IM PLI CI f REiAL *8 (A N ,C Z) RCCC C !2C

- 0 -
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FEAL~ 8 ~ I~ O , 1O l ) R C C C C ~~~G
I NTE GER ~.?lS) 

RO 0C C ’~ C
C1MW’ p,~ c ‘4,~~?
C~ MM ~ N / e / A~~. Q.S 4.S~~B ,PCI5  C~ 5~ .J

FOL T~~ G~~~~~~~~~~~~~~~
T & \ I

~ ~.J3I K TI4~~RE A~~E S~ V ERA ~, AN C j LL AK.’~
~~~~CUT I .~h tS ..u4I~~p ~~~~~~~~ ~A R~~ -J~ .P FA T L.N5 ~‘4 T$~ ‘~~CT~2RS
A L L , J ) .  E _ .4~i ’? D~ t ~~ E (~ H ~~ .~BV~~LS p,’Lb ‘~‘: ~~~~~~~~

C T M E Y M A ’~ ~~~~ :~‘°~.O~i’ •’~ ~~.\ t~
4
~~ u ‘‘5 M A I \  PRC(~~~~. ~L~~PCUTI M E

C OUPV ,.r 4 I C ~ ~~~ L~~~ A T~~ A ~~~~~~~~ AM~ R C Q I Z N é  ~~~~~~ s ’ I~~HC ?R.IN~~ A ~~~~2R’ Ai~.i  ~~~ ~~LL .~2 E i  ~~~~~ d LT ~4 A Y  d E U$EF L L
C IN 1h~ uSES’ S ~ A L ’ ~ J~~~AM. 

R0C C~ e4~
S L 8 R O y T I N E  ~kCD IS~ 

P C C C C c ~~
1 M P L I L I T  R S A L S 3  ( A — H , -~~IR EAl.~ l~ X 1 2 D . I .C t l  RCC (çt7J
INTh C.:R K P ( S )
CCMMON ~~‘~t K.P R C C ~~Oc~~

,)
C CMM(J N , / A R A C , S R A O , S R A , S R B , POI! Rccc .~ic~
ONE~ 1.O’ D
Z ER3~ 0.C’O 

R CCC ~~1..iRC~ CJT~ J
RCc ç~~’.c

• $3. 1 O4t~I F ( K ~’ I 3 ) . L . T . O )  EP S . ( t , , i ) h t * ( K . P ( 3 ) 1
) F ( K . P ( 1 ) . E 3 . Zi A R A C~~Z E P C  R~)~~C C 7 7 ~P CO GO?

l P(K P 1 4) .LE.1) .RIT~~t~~,2 ) K.P t 1 ) Pç~~~~~C3
2 FC S M AT~ /~~,k3X ,’~~JJ1~~ ~~~~L2M OF TYPE ‘,Ii,’,’) pocc c ~~ o

CO S I.1,N R C 0 C C ~~.O
( INt l—I
Y .EIM / !NM
X (4,I ).A RAO ~ I SRAD & PA C I~~Y 

M cC C C (’C
• X ( S , I i ’Y P C C C C & ~~IT ERs I RO CC . €~~..IF I~~P( I ) . E~~.2 )  ~i3 12 I C C  PCCC ~ € c C

C ~HE ~~~SL EM ~S T Y P E L~ ~NNULAR D i S K  RCCCCSC ~
• ,~~. ( O . O , O , P O ( $ l S 9 ,5R A D — A R A O l P c C• -c sl :

C A LL IN TvU ,T,8 $i.4
ç~.xI4 , N)

!— x ( 3 .  3 ) — M I S  ,Nb. .J~E_ c O t S l * ( S R A ~ 5 R()  RO0 ( Oc ~ O
• CALL MLL VU .  ‘.4 ) p coco ~ ~~

C A L L  M U l . V ( 4 ,~~ . ’, )  RCC ( S~ C
CAL ) . I N T V ( Q , t O , EM A )

• C l i x )  1O~~N ) . * U , N I S S s 8 X U , t ) SR I  R C O ( C ~~ G
20 ~A LL I~~T~~(6 3 u ,e M A (  Roc Ccc ~~3

~3.8RAO .tCNt 4? ,3 (5 SX( I1,N1 RCO(1 00.)
CA L L “i LV i l . ~~,t2) 

R C CUç ~~C
CALL j\~ vU2, l.S ,8MAi R3 CC 1~~..I
C~~~X t  1’ ,?~

) RC C C~ C 3C
0s ~~I C ’-c~~~C3 RQOC I C 4 C
Aa ICS * C ~~~~o~ C J ) I O  R C CC 1C~ C

F OO D tOe 0
10 CCNT~ NUE R CD C1 C~~

.

1FI N?I4 ) .E~ .tI ~R ITE (~~,)  IT!R..’,$ 
FOC C ICe

7 FC R MA T t ~~~,i1O.~~~ E2.3.i1 R C C C 1 C ’ C
CAL L M U t S ( 7 . I . . A )  ROC C1 I C D
C A L L  ~Vl.Slt3 .L5’E ) ~Co c l i i o
CALL A O C V ( I 4 , 1 5 . ’ S l  RCC ( 11 ’
CALL S L B V ( t S , ~~O .t I)  F C O C t 1 ~S . S k 8 . X ( 1 , M ) — c ( 1 6 . N )  . FO CC 11~ C
C A L L  & Q C S ( t t , l ~~. S )  R O C C I 1 ~ C
CALL O I V V (  te ,t. Lo ) R CCC IIeO
Z A . * ( 3 , 1 ) . A . N E Q O Z S ~~~* ( 1 6 , 1 )  RO ~~C U i Oc A LL MU~~5( I t , i~7 . d )  RCDC 1IEO
LALL SUe~~(~~, t 3 ,A R A C ) Ro cc iI cC
C A L L  M U L~~)~~3..~~.AJ 

RC~~C 1 Z C _ .•
CAL L A O O d ~~~ 1,L~J. L f l  R CCC1 ~~IJPCDC I f  .0

~ A ) .L ~~~~~~~~~~~~~~~~~i,A ).t. &~~~~Ut , & ( . 4 ~~lS~ CP4E~~ C IS  R C C C 1 ’ ~~C
CA L).. Mt4 )~~ (t ~~, ) d ~ $l C C L ~~S
CAL ) . $ U 6 V ( t l . 3 , L 1 )

—
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~~~~~~ ~~~~~~ ~~~ ~~~ QUkL TTY PR&CflCABLZ
T~OM ~ P~L F 1 ~~i~~ 1~Q D~Q ~~~~~~~~~~~~~~~

CAI .L SU 8V (17 ,1e ,17 ) PO C CIiEO
1IER .ITER ,k RCO C I~~’CP II (KP (31.LT.O ? taO TO 215 R O C ~~1~~CJ
IF IIT E R .GT .K. P i3 )) GO TO ~0O P C D C I 3]0

40 CNTINUE
ALL DUPV44 ,1A) ROCC 133 O
f1K P t1) .E~~.fl * (1 4 , i I C I ~E RO CC 1~~4CA LL D IV V L 1 1 , i~,,L c) R O C C 1 ~~~0ALL SU BS 1~~E, 1B .A i  RC C ( l 3 e J
ALL DI~~S I13 .c,B)  R O C C I 3 ? 0

• Ft KP(t ) .E~~.2) GO TO 150 RC DO1~~E)
CC TO 20 ROC C 12 c Q

100 A~ Z!RC PCD (I’.CC
Ca( ON E— PO IS J / X (1 ,1I RODO I~~1O

• CALL MUL V(1,2,?) PCDOI ’.20
CALL MULV (4,1,â ) RC DC 1~~2 C

• CA LL IN T V( 8 ,1O,EM A ?
SLN.X (1O,Id sSRoS (*11,N )—X( 1,t )) RCOC 1’.TC
Sl.M.C~~SU’4’X(2,1)—*I3,t~1 ROC C 1 ’eO

150 CALL T N T V I e ,1 t , B N A I  PCCU4~ C
• • o€N .8RAC ~~o K E , P O i S J * * 4 1 1 , N I R O D O 1 4 * C

CALL MULVU ,6,j1) RO OG1~.c.)
CALL I M TV (tL , 13,8.44 ) ~c c c i s c c
0EN~DEN .C’X t1 3 ,N) ROOC 1SIC
$aSUM /DEN RCC C 1~~20CALL INTV (1, 7,BMA ) F0DC1S ~~CM. IN IV ( 6 ,1t ,BMA ) RC D 1 S A C
GC ~FD 30 R O C~~T~~ 0

215 63’BZ R C O C L S C C
• 82*6 1 R Q C O 1 S ~~BlaB PCD C1S SO

ZU M aOAB S (e l—82I ,O 4B S (E 2—E 31+CA6 S (83—81J R C C C 15 (C
oIv— OAB S4BL ).04es182 ) ,CAB S I63 ) P0001ÔCO
CRIT~~LUM/CIV RC C CZC1C
I F IC RIT .LT .E PS)  GD TO 200 R O D C 1 C 2 C
GO TO ~O ~ccu~~~c

4 2C C CALL. ACCV(17,1b,191 RCOC 1~~40IF1i.~PU 3.LT.O.ANO.KP14).EQ .O) WPIT E (t ,201 ) ITER ,EPS PCCC1~~~O201 F C R M A T ( / / ,’0X ,~ Ô, ’ 1T EF~A T1 C NS RECLj IREO WI T H EPS1LCt ~ ‘,lPEB.l) P O O C 1 e C O
IF ( KP (4) .LLIJ .RZTEIO ,2G’.) R CC C 1t~~C204 FCRMA 1’ (//) R C C C 1~~E0• F( KP(- , I .LE .L) ~dRITE(o,2 C 5) PCD C1t9O

205 ~C RMAT 123 * ,’ RAO LUS’ .10) ‘Ii41CKNE55’ ,5X ‘GA MMA OMEGA SQ’ ,7X , RCC C 1~~C1’EE ALPHA TEE ’ ,7X ,’$ 1c,)L~ RAD IAL’ ,6A, ’SIGM A CIRCUt4 F ) P00011 1
NS K I P ’ $ P ( 2 )  RC C ( 1? .~C
00 210 3 ’l ,N ,N SMI P R3 C C 1 1 C
J~~I/NSKIP R C C ( 1 7 ~~• IF (KP(4l.LE.1~ .~R1TE(6.211 )J ,XL 4 ,1),X (1 ,1j,X ( 2,1), P D C C 1 7 5 G

1X ( 3,1) , X (j6 . II, *115 ,1 ) • RO CC 1fl C
210 CCN TIN UE RCtC 177 C

I F ( P . P ( . )  .Gl.1I KP (5 ) ‘ITER R C D C I 7EC
211 FORMAT I )13,lP~~~t9.5) R0001?cO

RETURN • PC D C 1B C O
(MO RC DC1 E1C

C isi S IS THE ST ART OF THE AN CILI .ARI E S ROC C 1 8~ Q
S&,BROUT INE ADCV I N I ,N2 ,N3 ) R COC1E3 C

• REAL~~8 X (2G ,1O1),S ROCO IBLO
II~TEGER N P (S ) PC~ C1~~~3CCM$ON X ,M, $P R COC 1~~~C00 1 I~~1,M R000L E7O

1 X U43 I).X (N1.I)•X(N2,II RCCC 1E E C
R!TU~ N ROD C 1 (SO• (N C - - RCO Cicc D
5I.~8ROU1INE SUÔ V (N1 ,N2 ,P4 13 PCDC151 Q
REAL SB ) (20,1O1),S R CDC 1c~ C
INTEGER KR (S ) FCC (1~~:CC OMMON X ,P’ ,KP
00 1 I.1,N RO C C I 9!0

1 X IN3 ,I)aX(N1,. )— X1N 2 ,Z3 PCC (1960
RElURN • RODC 1 i~~CEI~ R00C 1963
S (RO UTIN E MU )V(N 1 ,M2.N 1) POC(1SCC

• R~AL~~Ô ~(23 1011 ,5 ROOC ,OC
• 

• INTEGER KP (~~) RC00~ 01
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~C$MCN ~~ ,N, I (P ROCC C~~
~C 1 t ’ L . M

I ).1N3.I I .~~~‘. 1 , 1 I s X ( N 2  . 1 )  R O C ç ~~~.~
° R C D C C~~StaP C uT!~ E ~ lV V I N l , N2  ,N2) RcoC; c~~RE hi .S ~ t ? ,LD1 ) .~ P0CC.C~ G

INT ~ u~~ ‘~~(S I RCD C C ’C
CC MM~~ 

$.,~..*P PCE C ICO
CD 1 .I.N RC~ C 1F)

1 X 1N 3 ,II .* (%1 ,1I /~~tNO ,l 1 RC~~c I ~~CRETUR N P0CC 113
R C C C IAC

~L fR0L ? IN ~ ioçsi .~~~ .51 R Q CC f ’~~• 
- ~I ~~~ ~~~~~~~~~~ P C C C  I c ..

ZNT~~E~ ..?t~~) R000’17)
Cr’h ~. N , i P  P0CC I~~O

• I ~‘l.N R CCC 1’.f
1 ~~~~~ •‘I N) ,L).S P0CC ~C fR C CC~~~I0($0 ~oDc :.o

SUBROU TI N e SU t3S(’ 4 .N .SI PC CC _ C
R(IL~ ø x123 ,IOU.A PQC (
IN TEGER ~P t5 )COMMON X ,N .KP• DC 1 !‘l.N1 *(N2 I) .X (\ I , ) — S  ~c cç ~:~ç
RETU4 N• (P.O ~CC~ 2 3 C C
S
~~

RC UTI
~
’E M U L S ( ~4 . ”.2 .~~

)
P LS8 XL..O.10~ ),3
I N T E GER \ P ) S )

4 C QPMC’~. ~~~~~~00 1 :.1.N RC C C O 3 ’ ~1 X (I~2.I)’~~t’.I.L)’SR ETURN ~cC
• 

• (NO
~V6ROUT I 01 •~•~,t.O .5)

INTE G ER s P ( 5 )  RCf ~C~~..C
• CCMMON ~~~~~~~~~00 1 I’l,N

1 X(N2 ,L ). z (\L ,Z )/S
RE TURN
END R C C C Z . c ~Sl.eROuII KE °~~Iv INL.I ,~~) ROC(~~.~~CREA ) .~$ * (~~1,IJ~~),~NTE~ ER K P) ~

)
~ MMGN ),N ,KP ROC C~~~OOC F ~CONC ARG U M CNT ~.u A L~ C, GO f~!REC TLY TO RE TUR N

C F ECCNO A~GL~ ENT E~~ AL~ ~ .?Q INT T HE V EC t O R .  R O O C f~~~f
C F ICON C ARL tJM V ~T ~~~~~~ .~~. ~~~~~ T W ~ IOtNII T Y A~’O THE VECTOR.
C F ECON O aR0u4 ,NT R.~~A L S ~ . PRI’~T TH~ VECICR \LMBER A ND TH( VEC T OR . RC~’Of ~~.GIF (~ OP4O ARGLM ~~NI ~~ LA L 5 ‘., ~RI~~T NU~ B R ,  IOENTI f l ,  ~NC V EC T OR .
C IF ECOFA C ARGUM ~ Nr ~~~~ LS ‘. .‘Rl ’T  ZOENII TY CNLY .

• FII.E~~..~
) uO TQ ~.3 RCD C Z~~~CE( I . E4 J . 1 )  CC 13 t

F ( 1 . ec .~ GO TO
GC T O  R C C C Z e C C

I F U . E C . 4 )  GO TO ~ PCCO.e ~ 3
IF (I .E Q.S) CC TO ~ RCC C2C f C

1 DC U K’ L,N ROC(~~e~~C
$ WR lTE(4 ,S)  K ,X4N1 ,P1 ) R C C C . e . . ..
9 F CRMAT ( EOX , 1S , IPEZ C.5 1 ROCC ~.~~~0

10 RETU RN ROOC~~~~2 w P I T E I o . : I )  .1
21 F ( R M A T L / i , 3 0 X , ’ V ECTOR W I T H  IDEN TITY ‘.15, ’ FOLLCW S: ’) RO CC .c~~GGO ?Q 1 R C C C Z e c O
3 WRl T c4O. 3 11 Nt P0OO~~?CO11 FçR~a r(/ / .3ox. ’vE~T oR NLjM B6R ‘ .15, ’ FCL LC W S: ’)
Cc ~Q 1

4 W ~~ITttb ,41) N I ,J
41 FORMA T (// ,30* ,’ VECT C R ~‘,I f, ’ ~I1$ ICEN T ITY ‘ .15 .’ FCLLC W S:’) RCCO: 7~ 0GC TC 1 FCD C~ 7SO 
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5 W RI TE (6,51) J RC CC 7CC
51 FCR MA T (//,30X ,’ VECTOR WI TH IDENTITY ‘,15, ’ HAS EEEN GENERATE D . ’ )  R C C C  flC

CO TO 10 PCC O EQ
(NO F CDC SC
SUBRO UTINE OU PV ( N1,NZ 1 RCDC2 C C
R EAL *8 X 120 ,tO 11,i Fccc ~~~1o
INTEGER K P ( 5 1  R C D C 2 E 2 C
C CMMON X ,~1 ,KP ROC C 2B~ Q
00 1 l~~1.M PC002640

• 1 X (N2,1)= X 1 I 1 , L 1  RCC C2 €I Q
RETURN ROOC2ECG
ENO RCCC2S 7C
SU8RCUTINE INTV (N1,N2,S1 ROD C2 EE C

4 C P.91 S)’G CAUSE S M ILNE I~iT~ GR ATI CN TO BE LSED. RCDO2ESO
C O1HER~ I5E TR APEZO IDA L INTEG~ 41ICN I~ (.5(0. POOC2 SC3

REAL* 8 X (2 .J ,L C I .  1, 5.AO C ,NIN O ,NTNO ,FIVG,T HTC,EN , R,F RCOC2c !C
iNTEGER P.9(5) R0CC1c~ 0• CCMMON *,N,KP RC DC2 C•2C1F (KP~~51JiE .O è .0 7. ~0 RCtC~ 9’.)ENa N—1

• ENtL.D,Q/E N RCC C 2c CC
NINOUEN*c.C,O/2.4O+ j ROCC2S7O
NTNOaEN*I .90+t/2.4C,1 RCCC2 €~~C• FIVOaEN*5.C.0/2..,C,I ROCC2 SSO1 I(TOa E I ..*1.30,1/2.4C,I. RCC(3CC O

R O C C~~G 1O
X (N2,1)aO .D+O RCCC 3C2O
X(N2,2)aN~ NO*x(N1,1),NTNC*X (N1,2)_FIV0*x(N1,3 )9x(N1,41*c RCCC2CIC
P.M3’N—3 RCDC 3CAC

• C D 1 K~~1,NM3 - RQC C 1 C S O
KP 1zK+j PCDC 3CCQ
KP2 P.+2 RC DC2C~~CKP3aK+3 RO CC SC€O
A CCaT HTO * (X (N j ,KP 11+X( N 1,K P2J)~~P*(X (Nj,K)4X (Nj,KP3 )) R OCC ICcO

1 x P.2 ,P.P2 ’x Nz ,KPll ,AQo R cD c Si co
X (N2 ,N 3 sX (N2 ,N—11 ,~~Ih3 IX (N l,N )+P i1r4C*x(? .11,N* 1j_ FIVO., (N1,N _ 2 ) RC CC~~UCI+)(NI,N—31*R PCCC I~C A L L  M L~L S ( N i , N2 ,S)  ~c~~c IIC
RETURN PCCC I~10 CCN T IN UE - R C C C  C• X (N2 ,l)aO.CsO PCCC 3 zcCP z 2 * 4 ) 4 — i )  • R C C C 2 1 T CDC i t  1t 2 , N  P C C C ~~1E CJ sI — l  P C 0 C 3 1SC11 * (N2. I) ‘X(NZ ,J) .X (Mi, I)IF +X (N1, j  ) iF R C C C 32 CO
CALL MUL SIN2 ,N 2 ,S 1 R CCC 22 1U
RETURN • PCC C 2g ~ C
(NO • - 

• PCOC !2:O
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Apper~ ix B

San~ le ?rot.,lem

~ di sk r-~t-~’c~rj~ ~ ~20C ~~rr~ ~rd cor,~osed of’ a ~etal ~-a~r~.rg a

a specific weight of 3.283 pou.rxIs per cubic inch, ~s 0.85 inches

• 

• 

inside d~a.’~eter and ~.15 inches outsIde d±a’neter. The radIal stress

• at the inside radius is zero and that at the outside radius is 22,000

psi. The thic~~ess varies with radius accordIng to the law

t 0.1~l93 r
°42 (all dimensions in inches)

and the temoerature change ( from the zero stress condition) is given by

T = 6 0— l. 6 r’2.

Take = 29, 000 ,000 psi and a 6.7 io_6 
/°F and determine radial

stress 
~~~ 

and circumferential stress as functions of r.

• This problem illustrates most of the capabilities of F.CDISK.

3ecause of the special nature of the thiciciess variation , i.e , a

power relation, an analytic solut ion may be established so t hat

the accuracy of the RODISK solution may be evaluated. Results of

such evaluat ions are given in Table 1 of the body of this report .

There it may be seen that accuracy far better than er.gineering

considerat ions require or j ustIfy may be obtained by taking, say,

N = 101 and l~~( 3)  — 25, so that in 3.1 seconds RODISK returns to

the calling (i.e • ,  input ) pro~ ’am results with a maxiJTuln error of

0.01 ~ or less. The tabulat ion which follows s~~ws output with N

101 and !~~(3) — 5 ,  resulting in 27 iterations and taking 3.3
seconds . Accuracy is better than .006%.
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