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FOREWORD

This volume (II) documents the computer programs developed under
Contract NAS3-11216, The volume was originally published in December
1970 and contained the programs as described in report Volume I, Addi- -
tional work on the hydrodynamic analysis and computer program (in the
areas of tip clearance and leading edge sweepback) was later conducted
under Contract Modification 3, This additional work is reported in
Volume III and the modified computer program is included in this revised
issue of Volume 11,

The work was sponsored by the Lewis Research Center, National
Aeronautics and Space Administration, Cleveland, Ohio, under the techni-
cal direction of the Chemical Rocket Division with Mr. D. D. Scheer,
Project Manager, turther information regarding the programs and their
application may be obtained by contacting Mr. Scheer,

Pratt and Whitney Aircraft's Florida Research and Development Cen-
ter at West Palm Beach, Florida was the contractor and Mr. W. E. Young

was the Program Manager., The following Pratt & Whitney personnel con-
tributed to the program:

Mr, R. E. Davis supervised the analytic effort.

Mr, H. J. Barten, Mr, L. L. Coons, and Mr, G, G. Roberts performed
the analytic work.

Mr, D. R. Edmonds Jr, and Mr. J. A. Scheurenbrand did the computer
programming,
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SECTION T
INTRODUCTION

The computer programs that were developed as a result of the work
reported in Volumes I and III are listed in this wolume. Three computer
programs are included:

1) Hydrodynamic Computer Program - This program calculates the
internal flow, blade loading, and performance of an inducer
under noncavitating and cavitating conditions. The basic flow
analysis uses a mean streamline, two dimensional, axisymmetric
model, It is assumed that all cavitation is contained in a
cavity on *he blade suction surface and, because the vapor
cavity rerely displaces liquid, it is considered that the
actual blade can be replaced by a pseudo blade consisting of
the real blade plus the cavity. The analysis includes viscous
effects and the program input provides for leading edge sweep=
back and tip clearance.

2) Stress Computer Program - The stress program calculates stresses
and deflections of the inducer blade which result from blade
pressure loading and centrifugal force. The analysis uses the
finite element matrix displacement method where the blade is
replaced by contiguous polygonal elastic elements of finite
size which are joined at their vertices or nodes, The progranm
input provides for blade lean and for variable thickness blades,

3) Vibration Computer Program - The vibration program calculates
blade natural frequencies and the distribution of relative
deflections and stresses for each resonance., This program is
a finite element analysis which uses many of the same subrou-
tines as the stress program,

Input and output descriptions, and a sample case are included for each
program,

The stress and vibration programs are identical to the listings
given in the original issue of this volume, The hydrodynamic analysis
has been modified as reported in Volume III and the program changes are
included in this revised issue of Volume II, '



SECTION II
HYDRODYNAMIC COMPUTER PROGRAM (PWA 6091)

A. GENERAL

The hydrodynamic computer program predicts internal flow conditions
and blade pressure loadings within an inducer.

The basic flow analysis uses a mean streamline, two-~dimensional,
meridional flow model. It is assumed that average flow conditions in
the blade-to-blade space can be represented on a meridional surface.

A two-dimensional streamline balancing analysis is then used to satisfy
radial equilibrium and establish mean velocities, pressures, and flow
angles. The program also employs a deviation model to calculate flow
conditions downstream of the inducer. Inducer inlet and exit conditions
are then integrated to obtain predictions of performance.

The program requires approximately 180,000 bytes of core (165,000
bytes program and 15,000 bytes buffer) on an IBM 370 Model 165 Computer.,
Computer language is Fortran IV-G Release l.l. Approximate running time
for a typical case (one set flow conditions) with tip clearance is
2 minutes. ‘

B. INPUT DESCRIPTION

The hydrodynamic computer program input can be divided into two
parts:

1. A geometric description of the inducer; and

2. A description of the inducer operating flow parameters. More
than one set of.flow parameters may be input for a given
inducer geometry.

Unless otherwise specified, data may be input in any consistent set
of units., The same units must be used for force and mass. Output will
correspond to the input units used. Several examples are listed below.

Input Output
Force Mass Length Velocity Pressure
1b 1b £t ft/sec 1b/£t2
1b 1b in. in./sec 1b/in.2
gram gram meter meter/sec gram/meter?
Input data to be written on each card are described below. "F"

format data should be left adjusted in the column field and should
contain a decimal point. "I" format data should be right adjusted and
should not contain a decimal point.



Columns
Card 1
1-80

Card 2

6-10

11-15
16-20
21-35
26-45
L6-55
56-65

Card 3

1-10

11-20
21-30
31-40
41-50
51-60
61-70
Card 4

1-40

Variable

Title Card

Job Identification data

General Geometry

NI

NJ

NB

CASES

ALPWH

ALPWT

CBHR

Number of streamlines to be considered
Maximum of 15

Number of axial stations to be considered
Maximum of 60

Number of inducer blades

Number of flow conditions

Gravitational constant

Hub leading edge wedge angle, degrees
Tip leading edge wedge angle, degrees
Tip clearance to blade height ratio, may

be zero if tip clearance analysis is not
required.,

Geometry at Each Axial Station (NJ Cards)

Z

RH

RT

BHS

BTS

7T

TA

Axial dimension from the station to the
leading.edge. "Stations spacing may be
varied to provide fine resolution in
areas where flow conditions are expected
to change rapidly.

Hub radius

Tip radius

Hub blade angle, degrees from tangential
Tip blade angle, degrees from tangential

Blade tip thickness

Blade taper angle, degrees

+NJ Leading Edge Shape

704,21
Z2,Z3

Coefficients of the third degree quad-
ratic equation which defines the leading
edge curvature as projected on the
meridional plane

Format
20AL

I5
I5

15
I5
F15.5
F10.4
F10.4

F10.4

F10.4

F10.4
F10.4
F10.k4
F10.k4
F10.4

F10.4

Lrio.b4



Columns Variable ' Format

Card 5 +NJ Fluid Properties, Speed, & Print Option

1-10 RHO Specific weight F10.4
11-20 MU Kinematic viscosity F10.h4
21-30 PSAT Saturation pressure 710.4
31-4o SN Rotating speed, rev/sec F10.4
L41-50 LOADOP C if no blade loading data desired I10

1 if blade loading data is desired
Automatically 1 if CBHR is positive

Card 6 +NJ Inlet Flow Conditions at Each Streamline (NI Cards)

1-10 PO Relative inlet total pressure F10.0
11-20 VA Inlet axial velocity F10.0
21-30 ALPHT Inlet absolute flow angle, degrees F10.0

from tangential
For more than 1 set of flow conditions (CASES > 1), repeat
cards (54+NJ) and (6+NJ)
C. OUTPUT DESCRIPTION

) The output of the program is in the following seven parts. Parts 3
thru 7 are printed twice if CBHR is a positive number, first for zero
and then for the specified tip clearance.

1. Geometry

The input geometry is printed out for reference. Also solidity at
the inlet tip is calculated and printed out.

2. TFluid Properties and Inlet Flow Conditions

The input fluid properties (Card 5) and the input inlet flow
conditions (Cards 6 thru NI) are printed.

3. Inlet Conditions

The above flow conditions and the following additional inlet
conditions are listed for each streamtube.

I Streamtube number

ALPHA Absolute flow angle, degrees from tangential

R Streamtube radius

BETA  Relative flow angle, degrees from tangential

Q Volumetric flow

K Cavitation number, k

W Relative velocity

U Inducer tangential velocity



PO

PREL

VU

PHI

NPSH

THOMA

VT

PT

Absolute total pressure

Absolute wvelocity

Relative total pressure

Meridional velocity

Static pressure

Absolute tangential velocity

Mass averaged inlet flow coefficient,¢
Mass averaged net positive suction head
Cavitation parameter

Inducer tip speed

Mass averaged total pressure

Internal Flow Conditions

The following are listed for each axial station

J

Z

ITE

Station number
Axial dimension to station

Number of iterations required to obtain radial pressure
equilibrium.

The following are listed for each streamtube at each axial station.

I

P

BETA

ALPHA

RST

PREL

BETA*

ETA

PCR

Streamtube number

Static pressure

Relative flow angle, degrees from tangential
Absolute flow angle, degrees from tangential
Streamline radius

Relative total pressure of the core flow
Blade angle, degrees from tangential
Efficiency

Ratio (RST-RH) / (RT-RH)



POREL

DEV

PT

DLB*

TAU
M*

XMTH

THK
BN
DEL*

VU

PCB

HSF

VM

Relative total pressure (mass-averaged)
Deviation angle, degrees

Relative velocity

Streamtube radius

Absolute total pressure

Vapor cavity slope angle, degrees
Inducer tangential velocity

Blade tangential spacing

Distance along blade

Momentum thickness

Absolute velocity

Normal blade thickness

Normal cavity height

Boundary layer displacement thickness
Absolute tangential velocity
Tangential cavity height

Ratio of tangential cavity height to blade tangential
spacing, B/TAU

Ratio DEL*/XMTH

Meridional velocity

5. Exit Conditions

The following are listed for each streamtube at an axial station
downstream of the inducer.

I

ALPHA

BETA

DEV

Streamtube number

Absolute flow angle, degrees from tangential
Radius of streamtube

Relative flow angle, degrees from tangential

Deviation angle



v Absolute velocity

H Head rise

M Meridional velocity

P Static pressure

VU Absolute tangential velocity
PT Total pressure

WU Relative tangential velocity

ETA Efficiency
W Relative velocity

6. Performance Parameters

The following listed parameters represent the mass averaged
performance of the inducer.

NPSH  Net positive suction head
PHI Flow coefficient

PST Head coefficient

H Head rise
H1 Tdeal head rise
RN Reynolds number

ETA Efficiency

S8 Specific speed

AN Volumetric flow

CVOL Total blade suction surface cavity volume (all blades)
PSI IDEAL  Ideal head coefficient

PSI 1083 Head loss coefficient
7. Blade Loading Data

This data is listed if "LOALOP'" is input as 1. The following
are listed for each axial station.

J Station number
Z Axial dimension to station

Z/7ZT Ratio of axial length to total axial length



The following are listed for each streamtube at each axial station.

I Streamtube number

R Streamtube radius

PS Static pressure on blade suction surface

PP Stétic pressure'on blade pressure surface

WS Relative velocity along blade suction surface
WP Relative velocity along blade pressure surface
DPB Normal pressure difference across blade

PSIS Suction surface static head coefficient

PSIP Pressure surface static head coefficient
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D, HYDRODYNAMIC COMPUTER PROGRAM

Sample Case (Noncavitating Flow)
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PAGE 1 11701772 SLIST

R L LTI e R R R T T PR R ISR Y TN X 00000010
C = ) INDUCER HYDRODYNAMIC PROGRAM * 00000020
Cc *# * 00000030
C H U236 60 36 00 33 0 3 I 36 I I 36 I FE 6 9 23 I 36 9 0 306 36T 96 36 3606 36 3696 3 6 36 56 3 096 2 00000040
C L FeReDeCos 00000050
REAL LIoLOWoML oM2 M3 oML sNL N2 9oN3sNGsLOWLIM 00000060

REAL ML eMsK oMP sNUIMUsMSTR sNPSH s MOM s MOMP 00000070
INTEGER CASEsCASES 00000080
LOGICAL ERROR 00000090
DIMENSTION 00000100

1 RIN (15) BSIN (15) TCBSI (15) WIN (15) 00000110

2 PRELI(15) s BSEX (15} wJl (15) WEX (15) 00000120

3 WNJ (151} bBS {15) REX {15) VEX (15} 00000130

4 DBSP (151} PORELP(151} RVU (15) MOM  (15)» 00000140

5 A {(15) AP (15)» MOMP (15} PCR {151} 00000150

6 S1 (15)» S18 {15) R {15}, M (15} 00000160

7 DM {15) HIO (15) s BETA (15} W (15)» 00000170

8 B (15) PREL (15) RP (15} BETAP(15) 00000180

9 SIP (15) MP {15) 17 (60)s BP {15) 00000190

1 PRELP(15) DY (15} pyp (15) s BETAS{15) 00000200

2 TAU  (15) ZBL (15)» PX (15) TA (60) 00000210

3 £ (15) PCR1 {15} TAUP (15)» RSTL (15)s 00000220

4 SIS (15) SISP (15)s wP (15) PXP  (15) 00000230

5 RSTS (15) PRELEX(15) ESV {15) ITB (15) 00000240

6 POREL(15) DBDM (15} DWDM  (15) HSF (151} 00000250

7 XMTH (15) HSFP  (15) XMTHP (15), PO {15} 00000260

8 VA (151 ALPHI (15)» Q {15)» HO (151} 00000270

9 X101 (15}, XMTHI (15) BIN (15) TERM1(15) _ 00000280
DIMENSTION 00000290

1 TERM2(151) BTS {(60) BETASP(15) T {15)» 00000300

2 TP {15) SBS (15) TBS (15) CBS (15) 00000310

3 TITLE{20) csB {(15)» PCBB  (15) DELW (15)» 00000320

4 z (60) s RH (60) s RT (60) s BHS (60} 00000330

DI MENSTION 00000340

1 TCBS (60515)s MLIGOW15) s BL (60151} PRELL(60s15) 00000350

2 PXL (60s15)s DPBN(6Ds15)s RL (60s15) 00000360
DIMENSION DC(15)9sDCP(15) 00000370
DIMENSION WNC({60915) sDBTC(60215) sWPX{60915) sWSX(60s15) 00000380

1 PSX(60315)sPPX (609151 ewWVXI(6015)9TAUVXIOC$15)sDMVX(60415) 00000390

2 DYX[60:15) sBETASX{60s15) 9 FUNCIH0) s YOUTLE0) sTGIF(4) oXCODMI20) 00000400

3 YFLR(20) 00000410

DATA XCODM 7/ 001960290039 00490059006300796082609961094120961490169 00000420

1 618062016259 ¢30906359e40/ 00000430

2 YFLR / 600736007 96007 060089e0156014500255604196054400654075900000440

3 6085900094961 09e1075012356134901439,4152/ 00000450

C 00000460
CALL ZERO ( NIsTGIF(4) ) 00000470

c 00000480
I KHAAE [NPUT %%%u% 00000490
C 00000500
1 READ (582 sEND=999) TITLE 00000510
WRITE(Ss4) TITLE 00000520
READ(543) NI 9 NJ sNB sCASES sGs ALPWHe ALPWTs CBHR 00000530
WRITE(695) NIsNJsNByCASESeGsCBHR 00000540

C 00000550
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NNAONOSN

NnNNN

BLADE HUB AND TIP DESCRIPTION

WRITE(696)

READ(5s7) (Z(I)e RH(I) sRT(I1)s BHS(I) » BTS(I) s TTII) » TA(L) »
1 I = 1eNJ )
 WRITE(68) {19Z(1)sRH{I)SRT(IIsBHS(I) o BTS(I) TT(I) » TACL)
1 I =1 9 NJ )

DO 88 J = 1 9 NJ

BrS(J) BHS(J) / 5762958

BTS(J) BTS(J) / 5742958
88 CONTINUE

COEFFICIENTS FOR SWEPT LEADING EDGE
READ(596091) 20921922423

ALPWT ALPWT / 57029577
ALPWH ALPWH 7/ 57429577
BTSB = ( BTS(1) + BTSINJ)}) / 20

#on

€2 = 602832 / NB
XYZ = 20 + Z1%RT(1l) + Z2#RT(1)%%2 4+ Z3#RT(1)%*#%3
SIG = ( ZINJ) =XYZ)/ (C2% RT(1) * SIN(BTSB))

IF{ CBHR ¢EQe 040 ) GO TO 770
CLEAR = CBHR # (RT{1l) = RHM(1))
CODM = CLEAR / ((Z(NJ) = Z(1)) * SIN(BTSB))
CALL NEWGG (19 CODMs FLRs XCODMs YFLR )
FLR = FLR * 34141592
770 WRITE(69760) Z0sZ19sZ2+23
60 FORMAT(//' SWEPT LEADING EDGE COEFFICIENTS'/' Z0=',F10e5/' Z1="'
1 F10e5/' Z2='9F10e5/' 23='4F105//)
ALPH = ALPWH * 57429578
ALPT = ALPWT * 57429578
WRITE(6+761) SIGsALPHIALPT

61 FORMAT(TOs'SOLIDITY ! s T24 0 'ALPWH' 9 T38 9 'ALPWT ' /3F1547)

®¥n%% END OF INPUT #%%%
OPERATING CONDITIONS

CASE = 1
20 READ (5417+END=999) RHO, MUy PSAT, SNy LOADOP

IF( CBHR +EQe 0e0 ) GO TO 775
LOADOP = 1
WRITE(69785) CASE sRHOsMU+PSAT s SNoLOADOPsFLR
GO TO 790

775 WRITE (6922) CASEs RHOy MUs PSATs SNy LOADOP

790 READ (5919) (PO(IVYs VA(I)s ALPHI(I)s I=1eNI)
WRITE (6923) (PO(I)s VA(IJe ALPHI(I)s I=1sNI)

NREV = O
926 NREV = NREV + 1
KILL = O
INTERNAL PROGRAM CONSTANTS
NXXI = NI = 1
CVOL = 0,60
Pl = 34141592

36

00000560
00000570

00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660

- 00000670

00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000820
00000830
c0000840
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930

00000940

0000095Q
00000960
00000970
00000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110
00001120



NN NN

[alaNal

NU = MU / RHO

OMEGA = SN * 6,2832
Cl = RHO /240 /7 G
C3 = (1 * OMEGA#*%2

vl = OMEGA * RT(1l)

INLET ROUTINE
{ UPSTREAM )

CONSTANT PARAMETERS

DZ = 060
DR = RT(1) = RHI(1)

DR2 = ( RT(1)%#%2 = RH(1)*%2) / NI

CE = 06284 / SIG #%045
SLOP = ( RT(1)#TAN(BTS(1)

SIT = ATAN( (RT(2) = RT(1}} 7/
SIH = ATAN( (RH(2) = RH{1)} /
DSI = SIT = SIH

DELS = 040

2P = Z(1l) = o001%({ 2(2) = 21(1)
RSTP. = RHI(1)

DRZE = (RT(NJ)#%2 = RH(NJ)*%2)
RSTEP = RH(NJ)

Ql = Qs

221 = D

222 = 0.

WRITE (6430}

VARTABLE PARAMETERS

DO 40 I =1 » NI

RSTE = SQRT(RSTEP*%#2 + DRZE)
RST = SQRT( RSTP*%2 + DR2 )
RSTS(1) = RST

PCR(I) = ( RST = RH(1) } / DR

DY{I) = RST = RSTP
R(I) = (RSTP + RST ) / 2.0
TAU(T) = C2 * R{1)

)= RH(1)

t
(

Z (2)
zZ (2)

)

/ NI

-2
-2

#TAN(BHS

{
{

RTNB = RT(1) % TAN(BTS(1l) ) = SLOP * (RT(1)
BETAS(I) = ATAN( RTNB / R(1) )

SI(I) = SIH + (R(I) = RH(1)) / DR * DSI
SIS(I) = SI(1)

siB(I) = Ss1{D)

ACT)Y = TAU(I) # DY(I) # COS(SI(I))

U = OMEGA # R(I1)

ALPHA = ALPHI(I) / 57429578
VM = VA(1)

V = VM / SIN(ALPHA)

VU =V * COS(ALPHA )

WU = U = VU

BETA(I) = ATAN( VM / WU )
XIOI(I) = BETAS(I) = BETA(I)
W(I}) = VM / SIN(BETA(I))
PX(I) = PO(1) = C1 # y#x2

QD = C1 * w(I)®*%*2

(1
1)
1)

= R{I)

)
)

}
)

00001130
00001140

00001150
00001160
00001170
00001180
00001190
00001200
00001210
00001220
00001230
00001240
00001250
00001260
00001270
00001280
00001290
00001300
00001310
00001320
00001330

- 00001340

00001350
00001360
00001370
00001380
00001390
00001400
00001410
00001420
00001430
00001440
00001450
00001460
00001470
00001480
00001490
00001500
00001510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680



40

aRaXa!

47327

PREL(I) = PX(I1)+QD 00001690
K =(PX(I1)=PSAT ) / QD 00001700
HIO(I) = U * VU / G 00001710
HOCI) = PO(I)} / RHO 00001720
Q1) = VM * A(1) 00001730
QI = QI + Q(I) * FLOAT(NB) 00001740
271 = 271 + VM 00001750
222 = 222 + PO(I) * Q(I) 00001760
DELW(I} = 040 00001770
E(I) = Os 00001780
T(I) = Oe 00001790
B(I) = Os 00001800
BL{1s1) = O 00001810
M(I) = 060 000018 20
DC(I) = 060 00001830
DM(I) = 040 00001840
HSF(I) = le4 00001850
XMTH(1)=06278 * SQRT(NU / W(I) ) 00001860
ZBL(I) = 0,0 00001870
F = 1.0 00001880
XMTHI(I) = XMTH(I) 00001890
BIN(I) = BETA(I) 00001900
MOM(I1=PX(I)*A(I) * SIN(BETAS(I)) 4 2,0 * C1 * Q(I) *W(I)*COS(XI0100001910

1 (1)) 00001920
TCBSI(I) = TAU(I) * COS(BETAS(I)) 00001930
RVUCT) = R(I) * VU 00001940
DBS(1) = XIOI(I) 00001950
RIN(I) = R(I) 00001960
BSIN(I) = BETAS(I) 00001970
WIN(I) = W(I) 00001980
PRELI(I) = PRELI(1) 00001990
RSTP = RST 00002000
RSTEP = RSTE 00002010
BETADG = BETA(I) * 57,2958 00002020
ALPHDG = ALPHA * 57429578 00002030
WRITE (6s61) I RUI)sQ(I)sW(I)sPOCI)sPRELII)SPX(I)sALPHDGY BETADGs 00002040

1 Ks Us Vs VMs VU 00002050
CONT INUE 00002060

00002070
MAIN PROGRAM 00002080
00002090
PH = 221 / NI / VT 00002100
PHCRT = 450  * BTS(1) 00002110
IF(PH «GTe PHCRT) GOTOQ47327 00002120

47328 FORMAT(/////' FLOW COEFFICIENT='sF10e5s3Xs "AND IS LESS THAN CR00002130

1ITICAL FLOW = 'sF1045) 00002140
WRITE(6947328)PHsPHCRT 00002150
GOT04501 00002160
CONT INUE 00002170
PT = 222 / QI * FLOAT(NB) 00002180
NPSH = ( PT = PSAT ) / RHO 00002190
XKTIP = 20%G*NPSH / VT#%2 / (1e+PH#*%2) = PH*¥2 / (le+PH¥%#2) 00002200
THOMA = 240 % G * NPSH / VT*x2 00002210

WRITE(6+7090) PHINPSHsTHOMAsVT sPT s XKTIP 00002220
PTU = PT 00002230
DB = 040 00002240
FD = 040 00002250

38
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44

125

CGAM = 0,40
GAM = 0,60
= 0e0
PS = 040
= 040
XLAM = 0,60
DO 300 J =1 » NJ

J=STATION CONSTANT PARAMETERS

PCRDL1 = 0601 / NI
ETOL = 410

SMH =060

SMHI = 060

D2E = ZINJ )} = Z{(J}

IF( U eNEe 1 )} 2P = Z(J = 1

DZ = 2(J} = ZP
DR = RT{(J) = RH{J)

SLOP = { RT(JIXTAN(BTS(J) )= RH(J)%TAN(BHS(J)

IF( J «EQe 1} GO TO 44
225 = PCRDL1#DR/DZ

IF { 225 «LEe 0601 ) GO TO 44

PCRDL1 = 0,01 * DZ/DR
CONTINUE
PCRDL = PCRDL1

RESET INITIAL VALUES

DO 125 I =1 » NI
MPLT) = M(1)
RSTL(I) = RSTSI(I)
RP(I) = R(I)
BETASP(I)=RETAS(I])
TP(I)=T(I)

TAUP (1) = TAU(D)
AP(1) = A(I)
DYP(I) = DY(I)
SIP(I}= SI(I)
sisp(l) = SIS(D)
WP{l) = W(I)
BETAP(I) = BETA(I)
PXP(I} = PX{I)
HSFP (1) = HSF(1)
XMTHP(I) = XMTH(I)

MOMP (1) = MOMI(I)
DBSP{I) = DBS(I)
DBTC(1sl) = Qs
WNC(1lslI) = O
BP(I) = B(I)

DCP(I) = DCHT)
PRELP(I) = PREL(I)

START STREAMLINE ITERATION

DO 130 ITE = 1 » 100

00002260
00002270
00002280
00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002540
00002550
00002560
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
00002680
00002690
00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002770
00002780
00002790
00002800
00002810
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ERROR = 4FALSE,
IF( ITE oGEe 25 eANDe ITE oLEe 50)

IFt ITE 6GTe 50 )
SME2 = 060

RSTP = RH{J)

DO 131 I =1 » NI
RST = RH(J) + PCR{I) % DR

SIS(l) = ATAN (( RST = RSTL(I)) / DZ )

IF { J «EQe 1 ) SIS(I) = SISP(I)

RSTS{1) = RST

DY({1) = RST = RSTP

DYX(JeI) = DY(])

R{1) = (RSTP + RST) / 240

RL(Js1) = R(I)

ZLE =20 + Z1#R(I) + Z2%R(1)%%2 + Z3#R(])%#*3
DZLE = ZLE = 2(J)

U = OMEGA * R(I)

PCRDL = 0Oel * PCROL1
PCRDL = 0401 % PCRDL1

RSTP = RST
RB = (RP{I) + R{I) )} / 20
RTNB = RT(JI*TAN(BTS(J)) = SLOP*(RT(J) = R(I) )}

BETAS(I) = ATAN( RTNB / R{I}) )

BETASX(Js1) = BETAS(I)

$BS(I)= SIN(BETAS(I})

TBS(1)= TAN(BETAS(I))

CBS(I)= COS{BETAS(I))

POWER2 = =DZE # NB /240/ R({I) /7(SBS(I1}))

IF(J o0GTe NJ) GO TO 44444

TOIY = TT(J) + TA(J) / 573 % ( RT(J)= R(I) )

BETASB = ( BETAS(I) + BETASP(I})#* 0,5
5858 = SIN(BETASB)
SItI) = ATAN((R({I) = RP(I))}/DZ)

IF(J «EQel ) SItI)= SIP(D)
SIR({I)= o5%( SI(1) + SIP(]))
Cs88(1y= COS(SIB(I)

GO 70 135

C
C SET VALUES FOR EXIT STATION
C
4

4444 BSEX(I) = BETAS(I)

135

Lo

S1(1) = 00

SIB(I} = 00

T(I) = 0.0

REX(I) = R(ID

GO TO 126

DM({1) = DZ /7 CSB(I) / sBSB
DMVX(Jsl) = DMI(I)
DMB=DM( I

IF(DZLE oLTe Qo oANDs ZLE #GTe 2ZP) DMB=DMI(1) *(~DZLE/DZ)
IF(DZLE «GTe Oes) DMB=0,

M{I) = MP{I)+ DMB

IF(DZLE +GEs Qe )MI(I)=00

ALW =ALPWT = { RT(J) = R(IVIZ(RT(J) =RH{J))} #({ALPWT = ALPWH)
TLE = M(1) % TAN(ALW) * COS(SI(1))}

IF(TLE oLTe T(DI)) TH(I) = TLE

TCBS(Jel) = (C2 *R(I) =T(I) / SBS(I)) * CBS(I)

IF(DZLE oGTe 0) T(1}=000

TAU(L)Y = C2 ® R(I) = T(I) 7 SBS(I)

00002820
00002830

00002840
00002850
00002860
00002870
00002880
00002890
00002900
00002910
00002920
00002930
000029 40
00002950
00002960
00002970
00002980
00002990
00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
00003080
00003090
00003100
00003110
00003120
00003130
00003140
00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
00003230
00003240
00003250
00003260
00003270
00003280
00003290
00003300
00003310
00003320
00003330
00003340
00003350
00003360
00003370
00003380



TAUVX{Jsl) = TAU(I) 00003390
ML(Js1) = M(I) 00003400

DPDMP = 0e0 00003410
IF(DZLE +GTs O} GO TO 1248 00003420

C 00003430
C START CAVITY ITERATION 00003440
q 00003450
DBSSAV = DBS(1) 00003460
1TB(1) = 1 00003470

IF({ DBSP(I) «GTe (0el0 * BETASP{I})} ) GO TO 140 00003480
DBS(I) = 0.0 00003490
IF(DELW(I) «GTe 0e0 ) GO TO 791 00003500
IF(PCBB(I) +«GTe Oe¢ «ANDe PCBB(I) oLEs 0405) 00003510

1 DELW(I) = (=5¢389049E 04) * PCBB(I)*%3 <+ (24853374E 04) * 00003520

2 PCBB(l)I*%2 + (=2,984396E 03) » PCBB(l) + 90404968 00003530

IF { PCBB(I) oGTe 0605 oANDse PCBB(I) «LEs 06069 ) 00003540

1 DELWI(I) = (=5,706232E 10) * PCBB(I1)*%8 + (34597064E 09) 00003550

2 * PCBB(I1)%*%7 + (2¢303375E 08) #* PCBB(I)*x6 + : 00003560

3 (=34853306E 06) * PCBB(I)*%5 + (1,692314E 05) * PCBB(I) 00003570

4 #¥%4 + (=84575639E 04) * PCBB([)%%¥3 + (=60183219E& 02) 00003580

5 # PCBB(1)%%2 + (=24479463E 01) * PCBB(I) + 144903 00003590

IF ( PCBB(I) sGEe 069 ) DELW(I) = 24902 =10+4651% PCBB(I) 00003600

IF ( PCBB(I) oGEe 4155 ) DELWI(I) = 128 00003610
DELW(I) = DELW(I) / 570295 00003620

791 TDW = TAN( DELWI(I) ) 00003630

C 00003640
C CALCULATE CAVITY HEIGHT, 00003650
C 00003660
B(I) = BP(I) = DZ*TDW/SBS(I)%%x2 00003670

1 /{1e¢0Q + TDW/TBSI(I)) 00003680

IF (B(I) oLTe 060) B(I} = 060 00003690

GO TO 1248 00003700

140 CONTINUE 00003710
DBSB = 0«5 * (DBS(I) + DBSPI(I) ) 00003720
IF(ZLE <GEs ZP) DBSB=DBS!{I) 00003730

DB= DMB # SIN(DBSB) /SIN(BETASB - DBSB) 00003740

B(I) = BpP(1) + DB 00003750
pceg(1y = B(I) 7 TAULI) 00003760

IF( DZLE +EQe 060) B(I) = 040 00003770

1248 BL({JsI)=B(1) 00003780
TAUL= TAU(I) =B(1) 00003790

221 = 2.0 00003800
IF(B(I) oGTse 060} ZZ1=140 00003810

2z2 = 721 % DELS * DY(1) #* COS(SI(I)) / SBSI(I) 00003820

IF(] oEQe 1 «ORe I +EQe NI) 222 = 222 + DELS * (TAUL = ZZ1 * DELS 00003830

1 7 s8S(I)) ' » 00003840

A(I) = DY(I) * TAUL * COS(SI(I)) 00003850

VM = Q(I) 7 (A(l) = 222) 00003860
IF(DZLE «GEs Os) BETA(I)=ATAN(VM/(R(I)*OMEGA=RVU(I)I/R(I1))) 00003870

C 00003880
C EXIT DEVIATION 00003890
C 00003900
DELZ2 = 040 00003910
IF(POWER2 4LTs =100s ) GO TO 1250 00003920

DELE = ( BETAS(I) = BIN(I) ) * CE 00003930

DEL2 = DELE # EXP(POWER2)/(l= DELE * (l= EXP(POWERZ2)) / TAN 00003940

L



e Ea X!

aNake!

A EaRA!

1250

1354

137

1372

1

(BETAS(I)))
FLUID INERTIA EFFECTS

BESEF = BETASI(I)
DELI = O :
IF(DZLE ¢GEe Os) GO TO 137

IF(DEL2 oGTs 0¢001*BETAS(I)) GO TO 1354

POWER1 = PI » DMB /7 TAUL /SIN(BETAS(I))

DELO = BESEF = BETAPI(I)

DELI = DELO®EXP(POWERL)/(le=DELO*(1le=EXP(POWERL))/TBSI(I))

Oe5 * DBS{I)

END FLUID INERTIA EFFECTS
IF({ NREV ¢EQe 1 eORe CBHR o¢EQe 000 )} DBTC(Jsl) =
BETA(I) = BESEF = DELI =~ DEL2 + DBTC(Jsl)

IF({ BETA(I) oeLTe 060 ) BETA(I) = 0e5/57e2957
DBETA = BETA(I) « BETAPI(I)

BETAB = 065 * { BETA(I) + BETAP(I) )

SBB = SIN(BETAB)

CBB = COS(BETAB)

DRDM(1) = DBETA / DMI(])
IF(DZLE oGEs 0Oe¢) DBS(1) =
W(I) = vM / SIN (BETA(I1))
WVX(Jdel) = wil)

IF(DZLE oGEe OelWJLl(I)=W(I)
IF (J «EQe NJ) WNJII) = w(l)
QD = C1 * W(l)%%2

WB = ( WPiI) + Wi(I) )
VMB WB#*SBB

wuB wB*CRA

UB = OMEGA%RB

VUB = UB=WUB

TAULB =(TAU(I) = B(1) + TAUP(I) = BP(I) )
QDB = C1 * wB#*#%2

F=1e0
DWOM(I) =
IF(DZLE «GE,
IF { MU eNEs
XMTH(I) = 040
DELS = 060

CF = 0.0

GO TO 996
CONT INUE

Ce0

BETAS(1) = BETA(I)

/ 260

/ 2.0

Wil
Oe)
Oe0

= WP{I) )
GO TO 996
} GO TO 1372

/ DM(T)

START BOUNDARY LAYER CALCULATIONS

RET = WP{I) % XMTHP(I1) / NU

XKL=XMTHPIT) /WPLTI}* DWOMII)

CF = 06246/ (10e**(0e6T7B*HSFP(1)) * RET#%04268 )

DTOM = CF / 240 = ( HSFP(I) + 240 ) #* XKL

CL = RET*%0e16666 * XMTHP(I) / 060135 / EXP(5e0%(HSFP(I) =~ led4))
HSF(I) = 144 = RET*%#0,16666 * XKL / 040135

HSF(1)=HSF(I) =(HSF{I)=HSFP(I))*EXP(=DMB/CL)

IF{ HSF({I) «GTe 30 } HSF(I) = 340

IF( HSF(I) oLTe 160 ) HSF(I) = 140

XMTH{I)= DTDM % DMB +XMTHP(I)

L2

00003950
00003960

00003970
000039890
00003990
00004000
00004010
00004020
00004030
00004040
00004050
00004060
00004070
00004080
00004090
00004100
00004110
00004120
00004130
00004140
00004150
00004160
00004170
00004180
00004190
00004200
00004210
00004220
00004230
00004240
00004250
00004260
00004270
00004280
00004290
00004300
00004210
00004320
00004330
00004340
00004350
00004360
00004370
00004380
00004390
00004400
00004410
00004420
00004430
00004440
00004450
00004460
00004470
00004480
00004490
00004500
00004510
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996

997

96

121

951

225=405 # TAUL * SBS(1)

IF(XMTH(I) oGTe 225) XMTH(1l) =225

IF( XMTH(I) eLEe 040 ) XMTH{I) = XMTHI(I)
DELS = XMTH(I) * HSF(])

F = 140 = ZZ1 #XMTH(1) / TAUL / SBSI(1)*2e
IF{ 1 ¢EQe 1 eORe I oEQe NI ) F = F#*(1e0=XMTH(I) 7/ DY(I) # 240)
IF({ DZLE +GEe 040 ) DELS = 040

ZBL(1) = DELS
END BOUNDARY LAYER CALCULATIONS

IF( DBSP(I) «GTe ( 0610 * BETASP(I)) )
IF( BP(I) «FQe 00 ) GO TO 997

AR = W(l) 7/ WPII) ‘

225=(TAUL +TAUP(1)=BP(1))*(DY(1)=DYP(I1))/(2%#TAULXDY (1))

GO TO 997

DPDMP = Cl¥(WP{I)%(1e0 = AR))I*#%2 4+ (PXP(1) « PSAT)#(le = AR~=Z15)
IF( DPDMP oLTe 0Oe0) DPDMP =060
CONTINUE
PREL(T) = PRELPITI)Y + C3 % { RI1)*¥%2 = RP(])%%2 ) = DPDMP
PRELLI(Je1) = PRELI(I)
WNC(Jel) = ABS{WNC{Jsl))
IF{ NREV oEQe 1 «ORe CBHR oEQe 060 } WNC{JoI) = 00
POREL(I) = PREL(I) = ( 160 = F ) % QD ={RHO/2+/G*WNC(Js])%#%2,)
PX(1) = PREL(I) = QD
PXL(Jesl) = PX(ID)
DC{11=0.0
XA = A{l) = DY{(1) # COS(SI(I)) % DC(1])
XA=A(I)
IF(DZLE oLTe 0.)GO TO 96
DPBN(Jal) = 2.0% (PX(I) = PSAT)
GO TO 952
TERM1(1) = ( 260 * OMEGA / WB = CBB / R(I1)) * SIN(SI(1))
TERM2(1) = DBDMI(I}
DPBN(Jsl) = 2.0 * TAULB * QDB * SBB*#2/8BS(])
1 * (TERMI(I) + TERM2{I))
IF( DBSP{l) «GTe (0e10 * BETASP(I)) )} GO TO 121
GO TO 204

CHECK MOMENTUM BALANCE (FOR EACH STREAMTUBE)
DTH=T(L)=TP(I)

DYB = ( DY(I}) + DYP(I)) * 05

AB= (AP (1 I#SIN(BETASP(I) )+ XA %SBS(1))/2.

PB = ( PX{I) + PXP(I)) / 260

IF( J +€Qe 1 ) GO TQ 951

WETP = 221 * DYB

IF(I oEQe 1) WETP= ZZ1#DYB + TAULB®(RH(J=1) + RH{J))/(RP(]) + RI

1 1))* SBSB

IF(1 +EQeNI) WETP= ZZ1#DYB + TAULB*(RT(J=1) + RTIJII/(RP(I) + RI

1 I))» SBSB

FO =CF * QDB * WETP * DMB

FC = 240 *C1l*AB#(R{I)=RP (1) )*vUB*%2/RB
ZZ1 = PSAT % DYB * DTH
DB = DB + DC{(I) = DCP(ID

2Z2=PSAT*DYB*#DB*S5BS8B

223 = 240 % PB #(DYB = DY(I)) * SBSB * (TAULB = DC(I) / 2s)

00004520
00004530
00004540
00004550
00004560
00004570
00004580
00004590
00004600
00004610
00004620
00004630
00004640
00004650
00004660
00004670
00004680
00004690
00004700
00004710
00004720
00004730
00004740
00004750
00004760
00004770
00004780
00004790
00004800
00004810
00004820
00004830
00004840
00004850
00004860
00004870
00004880
00004890
00004900
00004910
00004920
00004930
00004940
00004950
00004960
00004970
00004980
00004990
00005000
00005010
00005020
00005030
00005040
00005050
00005060
00005070
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1

223=223+PB#C2#(RP(I)*SIN(BETASP(I))=R(1)*SBS(1))1*DYB
FP = (2Z1 + 222 + 223) % (CSB(I)
DMOM= FC = FP = FD

MOMI(I) = PX(]) # XA # SBS(1)
COS(BETAS(I) = BETA(I)} * F *#0e5

IF(DZLE «GEe 0¢) GO TO 204

ERRORl= MOM(I) = MOMP(I) = DMOM

IF( B(I) oGEe(e8%TAU(I))) GO TO 204

CONVERENGE TEST FOR MOMENTUM BALANCE

142

150

151

204

il

IF ({ ABS (ERROR1l ) «LTes 0,0001%MOM(I)) GO TO 204

ADJUST CAVITY SLOPE

DDbBSSV = DBS(I) =~ DBSSAV

DBSSAV = DBS(I)

IF ( ERRORY ) 142, 204 » 150

DBS(I) = DBS(I) = 04001 * BETAS(I)

IF ( DBS(I) oLTe 060 ) DBSI(I) = 040

GO TO 151

DBS(I) = DBS(I) + 04001 * BETAS(I)

IF(DBS(I) oGTe BETAS(I)) ODBS(1)=095%BETASI(I)
ITB(I)= ITB(I)+1

IF{ ITB(I) o«LEe 2 ) GO TO 140

IF( ( DBS(I) = DBSSAV) * DDBSSV +GTe 0e0 )
GO TO 204

GO TO 140

END CAVITY ITERATION

EXIT STATION FLOW CALCULATIONS

PREL(I) = PRELP(]) 4+ C3 % ( R(I)%%2 « RP({1)#%2)
PRELEX(I) = PREL{I)

Z2Z1 = 0,0

IF (I «EQe 1 «ORs I oEQe NI ) 221 = ZBL(D)

VM = Q(I) /7 (DY(1)%#COS(SI(I1})=Z2Z21)/C2/R(I}
VU = RVU(I) /7 R{I)
WU = U = VU

BETA(I) = ATAN( VM/WU)
WII) = VM / SIN(BETA(I))
WEX({I) = W(I)

QD = C1 * W({l)#x2

PX(1) = PREL(I) = QD

CALCULATE RADIAL PRESSURE GRADIENT
FOR ALL STREAM TUBES

IF( 1 «EQs 1 )
GOTO1131

DPR = PX{T) = PX(I=1)

DSR = R(l) = R{I-1)

225=(R(1) *OMEGA = W({I) # COS(BETA(I))) #* 2 /RII)
226=(R{I=1) * OMEGA = W(I=1l) % COS(BETA(I=1))) *%2 /R(I=1)
DPDSR= RHO % (22% + 226) / G/240

IF ( J oGTas NJ oORe DZLE oGE«0e)GOTO 1311

221 = SIS(l=1)

225=(S1S(l=1) =SISP(!=1)) / DZ

GO TO 131

+ 260 #* C1 *Q(I)% wWill) %

00005080
00005090

00005100
00005110
00005120
00005130
00005140
00005150
00005160
00005170
00005180
00005190
00005200
00005210
00005220
00005230
00005240
00005250
00005260
00005270
00005280
00005290
00005300
00005310
00005320
00005330
00005340
00005350
00005360
00005370
00005380
00005390
00005400
00005410
00005420
00005430
00005440
00005450
00005460
00005470
00005480
00005490
00005500
00005510
00005520
00005530
00005540
00005550
00005560
00005570
00005580
00005590
00005600
00005610
00005620
00005630
00005640
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131

25 a¥aXal

132

133

2 3aXa!

139
141
130

LA NA XA

(s XaNa)

226 = (W(I)*SIN(BETA(I)) + w(I=1)#SIN(BETA(I=1))) %045
DPDSR = DPDSR = 2,0#C1#Z26%Z26%225%C0OS(ZZ1) »%*2

224 = (WPLI)%SIN(BETAP(I)) + WP(I=1)#SIN(BETAP(I=1)))1%#045
222=(226 = 124)/DL

DPDSR = DPDSR = Cl#ZZ2#SIN(240%221)1%#226

ESV(I) = E(I1) '

E(l) = (DPR/DSR = DPDSR)

SME2 = SME2 + ABS(E(1))

CONTINUE

GOTOl44

CHECK RADIAL EQUILIBRIUM

IF{ SME2 «LTe ( ETOL * PXI(NI}) s DR ) GO TO l4s
IF( ITE «LTe 53 ) GO TO 133
DO 132 I = 2 s NI

IF( ESVII) # E(I) eLTe 060 )
ERROR=eTRUE s
CONTINUE

IF( oNOTe ERROR )
CONT INUE

IF(ITE «EQs 200) GO TO 130

GO TO 132

GO TO 144

ADJUST STREAMLINES

DO 141 I = 1eNXXI

NXI =1 + 1
224 = PCROL
22% = E{ NXI)

IF (ITE «EQe 1 ) GO TO 139

226 = ESV( NXI)

ZZ1 = PCR(I) = PCRI(I)

222 = ABS{226) = ABS(225)

IF ((ZZ1%222) «LTe 040) 224 = =pCRDL
PCR1{1) = PCRI(1])

PCR(I) = PCR(I) + Z2Z4 s SME2 » ABS( ZZ5 )
CONTINUE

END STREAMLINE ITERATION

IF ( J oGTe NJ ) GO TO 404
VOL = Qe

CALCULATE J~=STATION STREAM TUBE PARAMETERS

CALL PRNTS(JsZ(J}sITE)

JSTOP = 0

DO 299 I=14NI

VOL = VOL + (B(l) * SIN(BETAS(I)}
* DM(1I) # (DY(1) + DYP(]) )

U = OMEGA * RI{I)

+ BP{l) * SINIBETASP(I1)))
/ 4

VM = W(I) * SIN(BETA(I) )
WU = w(l}) # COS{(BETA(I) )
VU = U = WU

RvU(Ll) = R(I) * VU
ALPHA=ATAN2 (VMeVU)

00005650
00005660
00005670
00005680
00005690
00005700
00005710
00005720
00005730
00005740
00005750
00005760
00005770
00005780
00005790
00005800
00005810
00005820
00005830
00005840
00005850
00005860
00005870
00005880
00005890
00005900
00005910
00005920
00005930
00005940
00005950
00005960
00005970
00005980
00005990
00006000
00006010
00006020
00006030
00006040
00006050
00006060
00006070
00006080
00006090
00006100
00006110
00006120
00006130
00006140
00006150
00006160
00006170
00006180
00006190
00006200
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V. = VM / SIN(ALPHA) 00006210

PT = POREL(I) + Cl % {(V*%2 = YW({])%*%2 ) 00006220

H = PT / RHO = HOI(I) 00006230

HII = U # vU /7 G = HIO(I} 00006240

ETA = H /7 HII 00006250
IFI(M(I) oLEe Qo)ETA=1460 00006260

PCB = B(l) 7 TAUI(1l)} 00006270

DEV = ( BETAS(I} = BETA(I) ) 00006280

BN = B{l) * SIN(BETAS{I)) 00006290

MSTR= MI(I) + B(I) * COS{(BETAS(I)) Q0006300

IF (PX(I) oGEe 00} GO TO 9085 00006310

JSTOP = 00006320

PXS = PX(I) 00006330

9085 CONTINUE 00006340
CALL PRNTET(JeZ(J) sl sRSTSIIIsPCRITIISRIIIsTAULTIIoT(IVI9BLI)oPX({I)o 00006350

1 PREL{I) s PORELI(TI)sPToMSTRsBNSPCBsBETA(I) 9BETAS(I)esDEVs 00006360

2 DBS{I) s XMTHIT) oZBLIT ) oHSF{I1)sALPHASETAYW (I} sUsVeVU 00006370

3 VM ITE) 00006380

IF ( J eNEe NJ) GO TO 299 00006390
POREL(I) = POREL{1) = QD * (T(I1) 7 C2 7/ R{I) 7/ SIN(BETAS(I)))*x%2 00006400

PREL (I = POREL{(I) 00006410

IF (1 oEQe 1 ¢ORe I oEQe NI PREL(IV=POREL(I) + 260%¥XMTH{I)/ 00006420

1 DY(1)*QD 00006430

299 CONT INUE 00006440
CvOoL = CVvOL + VvOL * NB 00006450

IF( JSTOP oEQe O ) GO TO 300 00006460
WRITE(6+9086) PXS 00006470

9086 FORMAT(///7/"'" NEGATIVE PRESSURE OF 14Flée5 00006480
1 ' EXECUTION SUPPRESSEDY ) 00006490

GO TO 4501 00006500

300 CONTINUE 00006510

J = NJ + 1 00006520

20J) = Z(NJ) + DZ 00006530

RT(J) = RTINJ) 00006540

RH{J) = RH{INJ) 00006550
BTStJ)Y = BTS(INJ) 00006560
BHS(J) = BHS({NJ} 00006570

GO T0O 1252 00006580

C 00006590
C EXIT ROUTINE 00006600
C (DOWNSTREAM) 00006610
C 00006620
404 CONT INUE 00006630
WRITE (64+405) 00006640

405 FORMAT (1Hls T549s 'EXIT CONDITIONS'// T19s '1's T33s 'R's T&4bs *DEQQO006650
1V's T61s 'H'y T759 1Pty TBBs 'PT'y T102s 'ETAY /T17» CALPHAYy T21900006660

2 'BETA's T&T7y 'W'y TE0s 'WM's TT74, VU'y T88s 'WU'y T103s 'W') 00006670

SMH = Qe 00006680

SMHI = Qe 00006690

DO 450 1 = leNI 00006700

U = OMEGA * R(1I)} 60006710

vU = RVU(I) /7 R(1) 00006720

WU = U = VU 00006730

VM = W(I) * SINI(BETA(I)) 00006740
VEX({I) = VM 000086750
ALPHA=ATANZ2 (VMeVU) 00006760

V =2 VM / SIN{ALPHA) 00006770
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BETAE = ATAN{VM/WU) 00006780

QD = Cl # WP(])%*2 ' 00006790
PORELI(I) = PREL(ID 00006800

IF (1 ¢EQe 1 ¢ORe 1 +EQs NI) PORELI(I) =zPREL(I)=2e%XMTH(I})/DY(I)*QD0O000C6810

PT = POREL(I} + C1 % ( v¥#*2 = w{]l)*%2 ) 00006820

H = PT / RHO = HO(I) 00006830

HIT = U ® VU /7 G = HIOI(I) 00006840

ETA = H /7 HII 00006850

SMH = SMH + H * Q(1) 00006860

SMHI = SMHI + HII * Q1) Q0006870

DEV = (BETAS(I) = BETAE ) * 57,2958 00006880

ALPHA = ALPHA # 57,2958 00006890

BETAE = BETAE % 57,2958 00006900

WRITE (6+411) 1s R{(I)s DEVs Hy PX(1)s PTy ETAsy ALPHAs BETAEs Vs 00006910

1 VMse VUs WUs WII) 00006920

411 FORMAT ( 1HO 9 T12s10X91496E14e6 /7 T12s TElhe6 ) 00006930
450 CONTINUE 00006940

C 00006950
C 00006960
C OVERALL PERFORMANCE 00006870
C 00006980
H = SMH / Q1 * FLOAT(NB8) 00006990

HIT = SMHI / QI % FLOAT(NB) 00007000

ETA = SMH /s SMHI 00007010

SIOP = G * H / (| OMEGA # RTI(1l)) #%*%2 00007020

RN = OMEGA #* RT(l)%%2 / NU 00007030

SS = OMEGA % QI*%45 / (G % NPSH)#*#%475 00007040

SIID = SIOP/ETA 00007050

SIL = SIID = SIQP 00007060

C 00007070
IF{ CBHR ¢FQe 000 4ORe NREV ¢EQe 1 ) GO TO 250 00007080

DELTR = (RT(1) = RH{1) + RTI(NJ)} = RHINJY) / 2 00007090

ARR = DELTR /7 (Z(NJ) = Z2(1)) % SIN(BTSB) 00007100

SIL = (SILSAV/SIID +(0e7 * CBHR/ SIN(BTSR) % SIID) #* (le+10s0%( 00007110

1 PH/SIID * CBHR / SIN(BTSB) * ARRI*%#045 )) * SIID 00007120

SIop = SI1ID -« SIL 00007130

ETA = SIoP s/ SIID 00007140

H = SIOP / G # (OMEGA#®RT(1))#%2 00007150

HIT = SIID / G % (OMEGA*RT(1))%*%x2 00007160

250 SILSAV = SIL 00007170
CALL PRNT8 (NPSHs PHs SIOPs Hy HIIs» RNs ETAs SSy» QlsCVOL) 00007180
WRITE(6+27) SIIDsSIL 00007190

27 FORMAT(//77Y PSI IDEAL = '3F10e595Xs'PSI LOSS ='9F10e5) 00007200
C . 00007210
IF{LOADOP 4EQs 0) GO TO 4501 00007220

CALL LOAD(PXL sMLsDPBNsNJsNI»TCBSTI sTCBSsPSAT sBLIPRELLsClsWINsWJle 00007230
INBSsRINSBSINSPRELI sVASWNJIIREXIBSEXSVEXsZsRLs WEX oPRELEX» VTe PTU 900007240

1 RHO:GPCZsTPsTsBETASIDZ sC2oWPXsWSX9sPPX9PSX ) 00007250

IF( CBHP ¢EQe 060 «ORe¢ NREV +EQa 2 ) GO TO 4501 00007260

C 00007270
C VORTEX CALCULATIONS 00007280
C 00007290
DO 906 J=2sNJ 00007300

CGAMP = CGAM 00007310

GAMP = GAM 00007320

AVP = AV 00007330
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9081

9078

c

V1P = V1
XLAMP = XLAM

I = NI

IF { KILL «EQe 1) GO TO 9081

IF { PSX(Jsl) eLEe PPX(Jsl) } GO TO 9078
AV = AVP

KILL = 1

GO TO 9079

XLAM = ARCOS (WPX{Jsl) / WSX{UsI) )
XLAMX = XLAM # 57,2958

XLAMB = (XLAM + XLAMP ) /2

GAM = 24 * WSX(Jsl) # SINIXLAM / 2,)
GAMRBR = (GAM + GAMP) / 2.

VI = WSX(JeI) # COS(XLAM / 24)

VIiB = (V1 + V1P)/ 2

C VORTEX RADIUS ITERATION

C

925

98

9079

1

48

KK = Qe

AVC = GAMB % DMVX({JslI) / (4e #* Pl * VI1B)

AvCl = AVC

KK = KK + 1

IF (KK oGTes 300} STOP

DADM = GAMB /{4+#Pl % VIB) * ALOG( 1 + CLEAR 7/ AV(C)

IF { XLAM (EQs 0s) DADM = Qs

AV = AVP + DADM # DMVX{Jel)

IF ( ABS (( AV = AVC ) / AV ) «LEe 4001 ) GO TO 98

AVC = (AV + AVC) / 2.

GO TO 925

CGAM= | CGAMP+GAMB*TAN (XLAMB/24 ) %DMVX{Js1) # FLR ) / (le+ GAMB =
DMVX(Js1)1#FLR /(4e * P! *(AV + CLEAR) * VI1B) )

OTCV = CGAM /{ 2¢ % PI % AV %#%2 )

UPLIM = RT(J)

LOWLIM = RT(J) = 24 * AV

DO 906 I=1e¢NI

RW = RT{J) 4+ CLEAR

Rl = RL{Jsl) = DYX(Jsl) /2

R2 = RLIJsI) + DYX(Jsl) /2

IF(I oEQe NI ) R2 = R2 + CLEAR

RC = RT(J) = AV

Yl = RW = R2

Y4 = RW = R}

Y2 = RW = (RC + AV)

Y2 = AMAX1{YZ2sY1l)

Y2 = AMIN1(Y2sY4)

Y3 = RW = {RC = AV}

Y3 = AMAX1(Y3sY1)

Y3 = AMINl(Y3sY4)

S = TAUVX(JsNI} # SIMIBETASX(JaNI))

BTIP = S /7 2.

LI = TAUVX(Jsl) # SIN(BETASX(JsI))

Bl = (L1 7 S8) % BTIP

X1l = Bl « AV

X2 = Bl + Av

AFAS = L1 #(Y4 = Y1)

TGIS = AV* {Y3%%2 = Y2%#2) =2%AV % (RW =RCI* (Y3 =Y2)

00007340
00007350

00007360
00007370
00007380
00007390
00007400
00007410
00007420
00007430
00007440
00007450
00007460
00007470
00007480
00007490
00007500
00007510
00007520
00007530
00007540
00007550
Q0007560
00007570
00007580
00007590
00007600
00007610
00007620
00007630
00007640
00007650
00007660
00007670
00007680
00007690
00007700
00007710
00007720
00007730
00007740
00007750
00007760
00007770
00007780
00007790
00007800
00007810
00007820
00007830
00007840
00007850
00007860
00007870
00007880
00007890
00007900



51

52

54

58

61

63

64
59

57

TPS=2, * Pl / §

APC = AV + CLEAR

M1 = TPS * (Y1-AP()
M2 = TPS * (Y2=AP(C)
M3 = TPS * (Y3=AP(Q)
M4 = TPS # (Y4=AP(C)
Nl = TPS # (Y1+APQ)
N2 = TPS * (Y2+APC()
N3 = TPS #* (Y3+APC)
N4 = TPS * (Y4+AP(C)
DO 57 N=ls4

GO TO(51852+s54¢54) N
up = LI

LOW = X2

GO TO 58

UpP = X1

LOW = O,

GO TO 58

upP = X2

LOW = X1

DX =(UP = LOW) /25
XX = LOW =DX

DD 59 KX=1426

XX = XX + DX

XL = 2¢ % P1 /7 S # (XX = BI)

GO TO (6196139639640 sN

FUNC(KX) = ALOG( ((COSH(M&4)=COS{XL}}/(COSHI(M1)=COSIXL))) /(!
1 COSH(N&)=COS(XL))/(COSH(NL)=COS(XL)) ))

GO TO 59 '

GO TO 59

FUNC{KX)= ALOG( ((COSH(M2)=COSIXL))/(COSHIML)=COS(XL))) 7
1 COSH (N2 )=COS(XL))/(COSHINL}=COS(XL)) 1))

GO TO 59

FUNC(KX)= ALOG( ({(COSH{M4)=COSI(XL))/(COSHIM3)=COSI(XL))) /{(
1 COSH (NG )=COSH({XL) )/ (COSH(N3)=COS{XL)) )

CONT INUE

CALL QSF(DXsFUNCsYOUT$26)

TGIF(N) = S / (2.%P1) * YOUT({26)

TGSUM = TGIF(1) + TGIF(2) + TGIF(3) + TGIF(4)

WNC(Jsl) =16/ AFAS #(FLR % CGAM /{2.%S ) * TGSUM + OTCV # TGIS)
DBTC(Je1) = ATANC WNC(JsI) 7/ WVX(Jel)
Rl = R1%12,

R2 = R2%#12a

RC = RC*12.

RW = RW#12,

AVX = AV % 12,

X1 = X1%#12,

X2 = X2#12,

Yl = Y1#*12,

Y2 = Y2%12,

Y3 = Y3%12,

Y& = Y&4%12,

TGIS = TGIS*12,

TGSUM= TGSUM*12,

S =S % 12,

LI = LT # 12

00007910
00007920
00007930
00007940
00007950
00007960
00007970
00007980
00007990
00008000
00008010
00008020
00008030
00008040
00008050
00008060
00008070
00008080
00068090
00008100
00008110
00008120
00008130
00008 140
00008150
00008160
00008170
00008180
00008190
00008190
00008200
00008210
00008220
00008230
00008240
00008250
00008260
00008270
00008280
00008290
00008300
00008310
00008320
00008330
00008340
00008350
00008360
00008370
00008380
00008390
00008400
00008410
00008420
00008430
00008440
00008450
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BTIP = BTIP * 12 00008460

Bl = BI % 12 00008470

APC = APC * 12, 00008480

TPS = TPS # 12 00008490

AFAS = AFAS = 12, 00008500

ML = M1 %12, 00008510

M2 = M2%]124 00008520

M3 = M3#12, 00008530

M4 = Max12, 00008540

N1 = N1#12. 00008550

N2 = N2#12. 00008560

N3 = N3%12a 00008570

N4 = N&#12, 00008580

TX = FLR % CGAM /(2+%#S ) 00008590

DO 68 KKK=1ls4 00008600

68 TGIF(KKK) = TGIF(KKK) %12 00008610
906 CONTINUE 00008620
IF { NREV «EQe 1) GO TO 926 00008630

4501 IF( CASE «EQe CASES ) GO TO 1 00008640
CASE = CASFE +1 00008650

GO TO 20 00008660

2 FORMAT{ 20A4 ) 00008670
6091 FORMAT(4F10.0) 00008680
4 FORMAT({1H1 s 61X » 'DECK 6091*' // 51X #*'INDUCER HYDRODYNAMIC P0O0008690
1PROGRAM! /// 3X» 20A4 // ) 00008700

3 FORMAT( 415 s F15¢5 $3F10e4) 00008710

5 FORMAT( 4X o'NI's 9Xs 'NJ '97Xs 'NB's9Xs 'CASES' 00008720
16Xs 1G'e10Xs tCBHR!//3Xs13+8Xe1392(7X916)s4XsF10a54F1264) 00008730

6 FORMATU////76%X9%Z" 314X "RH" 913X s 'RT 913Xy 'BHX"912X9 'BT# 912Xy 00008740
1'TT'413Xs 'TAY /7 ) ' : 00008750

8 FORMAT(1XsI3s FSe59 6F15e5 ) ' 00008760

23 FORMAT (// T45s 'POty T60s 'VM's T75s 'ALPHA' /(7369 3F1565)] 00008770

17 FORMAT(4F10a49110) 00008780
7 FORMAT(TF10e4) 00008790
22 FORMAT(1H1 410X 'CASE NUMBER ='414//31Xs'RHO' 913Xy ‘MU', 00008800
1 11Xy 'PSAT's 12Xs *SN's 12X s 'LOADOP! 7/23Xs4F154545110//) 00008810

785 FORMAT{1H1410Xs'CASE NUMBER =114/ /31Xs'RHO' 913X "MU' 311Xy 00008820
1 'PSAT's12Xs'SN' 912X 'LOADOP ' 312X s!'FLR'//23Xs4F1545+s110sF2046//) 00008830

19 FORMAT (3F10.0) ‘ 00008840
7090 FORMAT(////T21s'PHI ' 9 T36s ' NPSH! 3 T51 3! THOMA 3 T669 ' VT sTBLs 'PT ! 00008850
1 TO6 9 'KTIF'//11X96F1544) 00008860

30 FORMAT(//TS54s*INLET CONDITIONS® // T12s 'I'y T29s 'R's T&bs 'Q'sy 00008870

1 T63s 'W's T8BOs 'PO'y TOS5, 'PREL's T1l4s 'P' / T10s 'ALPHA'y T27» 00008880

2 "BETA's T4by 'K's T63s 'U's TBLly 'V'y T96» 'VM's T113s 'VU') 00008890

41 FORMAT ( / Tlls 129 T18s 6(5Xs F1245) / T6s Fl2e45s 6(5X9sF1245)) 000083900
999 CONTINUE 00008910
END 00008920
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SUBROUTINE LOAD( PX s M s DPRN » NJ s NI o TCBSI o TCBS » PSAT » 00010

1 B s PREL s C11s WIN » WJ1 » NB o RIN » BSIN » PRELI » VA » 00020

2 WNJ » REX o BSEX » VEX s Z 9 R o WEXs PRELEXs VT ePTUSRHO»GePCZs 00030

3 TPy TyBETASIDZ>C22 WP s WS9PP#PS) 00040

REAL M 00050
DIMENSTON 00060

1 M{ 30 o 15 ) » PX({ 30 9 15 ) s DPBN( 30 s 15 ) ’ 00070

2 Al( 30 o 15 )} s B1ll 30 » 15 ) Ci( 30 » 15 ) » 00080

3 D1t 30 » 15 ) s A20 30 » 15 ) 9 B2( 30 s 15 ) ’ 00090

4 C2( 30 & 15 ) s D2( 30 » 15 ) s TCBS( 30 s 151 ’ 00100

5 B{ 30 s 15 ) oPREL( 30 » 15 ) » TCBSI( 15 ) s 00110

6 DPB( 15 ’ PS{ 30915 ) ’ pPXC( 15 ) ’ 00120

7 WS(30415) ’ wt 15 ) ’ WIN( 15 ) » 00130

8 wJll 158 ) s+ PRELI( 15 ) » BETAL{ 15 ) s 00140

g vA{ 15 ) ’ RIN( 15 ) ’ BSIN( 15 ) ’ 00150

A PP( 30915 I ' WEX( 15 ) ’ WNJ( 15 ) ’ 00160

B VEX{ 15 ) s BSEX{ 15 ) ’ REXt 15 ) ’ 00170

C WP({ 30e15)s Z2(30) s R{ 30 » 15 00180
DsPRELEX(15) yPSIS(15) sPSIP(15)sTP(15)9T(15)eXSI(15)sBETAS(1S) 00190

DATA IFV s ZRO o PI /' 5 9 De0 » 34141592 / 00200

DO 2 1 = 1eN1 00210

CALL BMFIT( IFV s NJ » M(1s1) » PX(lsI) » ZRO s ZRO » 00220

1 AlL(1s1I) s Bl{(1,s1) sy C1(1eI) s D1{1lsl) ) : 00230

CALL BMFIT( IFV s NJ s M{1s1)sDPBN(1sl1} 9o ZRO s ZRO » 00240

1 A2{1e1) » B2(1ls]) s C2(191) » D2(1s1) ) 00250

2 CONTINUE 00260

J =1 00270

9 1 =1 ' 00280

C 00290
C CALCULATE SUCTION SURFACE CONDITIONS 00300
C 00310
10 SMN = M(Jsl) = TCBS(J ¢l) 7/ 260 00320
XSI(1) = Qe 00330

DT =ATANC({TP{I)=T(I))/2s * SINI(BETAS(1))/DZ) 00340

IF(DT eGTe 0e0) XSI(I) = (C22 % R{JeI) /24 =T(1)/SINIBETAS(])))* 00350

1 SINI(BETAS(I)I*TANI(DT) ‘ 00360
IF(DTY o0Te Do) SMN = SMN 4+ XSI(I) 00370

IF{ SMN «LTes 0e0 ) GO TO 30 00380
PS{Jsl) = PSAT 00390

IF( J ¢EGe 1 1} GO TO 31 00400

IFL BlJsl) oGTe 060 Y GO TO 31 00410

CALL BMEVAL ( NJ » M(1sI) o PX(1sI) o SMN s MERR s Al(lsl) o 00420

1 Bl(1lsI) s Cl(lsI) s Dlt{1lsl) o PXC(I) s DUM ) 00430

CALL BMEVAL { NJ o M{191)sDPBN(1sI) 9 SMN » MERR A2(1e1) ] 00440

1 B21lsI) s C2(1s1) s D2{1s1) » OPB{I) s DUM ) 00450
PS(Jel) = PXCILI) = DPBII) / 20 00460

IF( PS(Jel) oLTs PSAT ) PS(Jsl) = PSAT 00470

GO TO 31 00480

C 00490
C UNCOVERED LEADING EDGE REGION 00500
C 00510
30 W(I) = WIN(I) = ( WIN(I) = WJ1(l) ) % EXP({ SMN * NB / RIN(I) / 00520

1 SIN(BSIN(I)) ) 00530
PS{Jel) = PSAT ) 00540

IF (J «EQe 1) GO TO 31 005%0
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IF( BlJel) oGTe 040 ) GO TO 31

PXC(I)Y = PRELI(I) = C1l1% W(I)#%2

BETA(I) = ARSINU VA(I) 7 W(I) )

DPB(I) 20 # Pl % C11% VA(l) / COS(BETA(I)) * SIN(BETA(I))#*%2

1 /  SIN( BSIN(I))*#2 * ( WIN(I) = WJ1(I) ) * EXP( SMN ¥ NB /
2 RIN(IY 7/ SINC BSIN(IDN) )

PStJUsl) = PXC(I) = DPR(I) / 240

IF( PS{Jsl) oLTe PSAT ) PS(Jsl) = PSAT
31 WS(JeI)=SQRT((PRELI(I) = PS{Jsl)} / CLL

CALCULATE PRESSe SURFACE CONDITIONS

NN

40 SMN = M({Jsl) + TCBSUJs1) /240 + XSIHI)
PPLJel) = PREL(JSIT)
IF (J #EQe 1 } GO TO 59
IF( SMN GTe MI{NJsI)} )Y GO TO 50
CALL BMEVAL ( NJ s M{1s1) » PX{1sI) o SMN » MERR » Al{lel) ’
1 B1{1sI) s Clt1eI) » DI(1sI) s PXC(I) » DUM )
CALL BMEVAL ( NJ » M{1sI)9DPBN{LsI}) » SMN s MERR » A2(1s1) ’
1 B2(1s1) s C2{1e1) » D2{1s1) » DPB(I} » DUM )
PP{Jel) = PXC(I) + DPB(I)} / 2.0
IF( PPIJs]) oeGTe PREL(JsI) ) PP({JUs1) = PREL(J»I)
59 WP(Jsl1=SQRTIIPRELY Jel) = PP(JsI)} /7 C11)
GO TO 890 )

UNCOVERED TRAILING EDGE REGION

[a XA XS]

50 SMNE = SMN = M{NJsI)
W(I) = WEX(I) = ( WEX{1) = WNJI{I}) )} #* EXP{ =SMNE % NB / REX(I) /
1 SIN{ BSEX{I)) )
PXC(I) = PRELEX{(1]) - Cll% W(I)%x2
BETAL!) =ARSIN( VEX(I1) / W(I} )
DPB(1) = 240 % Pl % C11% VEX(I) / COS(BETA(])) * SIN(BETA(I)) *%2
1 / SIN{BSEX(I))%%2 #( WEX{I) = WNJ{I)) % EXP(=SMNE % NB /
2 REX(T)Y 7/ SIN({ BSEX(I)) )
PP{JsI) = PXC(I) + DPB(I) /240
IF( PP(Jsl) e¢GTe PRELEX(I) )} PP(Jsl) = PRELEX(I)
WP{Jpl1)=SORT((PRELEX(1}) = PPlJel})/ C11)
60 DPBII) = PP(Jel) = PS(UsI)
PSIS{Ii= G* (PS(Jel)=PTU)/RHO/VT #*%2
PSIP({I)= G¥ (PP(Jsl)=PTU)/RHO/VT %%2
I =1+ 1
IF{ I oLEe NI ) GO TO 10
PCZ2 = Z2(4) 7 ZINJ)

IF(J oEQe 1) WRITE(G6,11)
11 FORMAT(1H19T459"BLADE LOADING DATAY)
WRITE(691)J9Z2(J)sPC2Z
1 FORMAT(////7/710Xe 3 914Xe1ZVy14Xet2/2T'//11192F1945)
WRITE(6sT){IsRUJsIVePSIJs1) sPP(Jsl) oWS(JsI)sWP(Js1)sDPBI(I)sPSIS(T)
1 ’ PSIP{I)Ysl=1eNI)
7 FORMAT(//7 OXs'T1's1b4Xs 'RY»13Xs'PS's13XatPP' s13Xs'WS'o13Xe'WP' 913Xy
1/DPBY 12X 1PSISt 412X 'PSIPY//(1118E1545/))
J= J+ 1
IFl J eLEs NJ) GO 70 9
RETURN
END
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C

22
1

25
2
3
30

1
2 VUsYMsITED

PRINT SUBROUTINE FOR DECK 6091

SUBROUTINE PRNTS(J 92 »1TE )

WRITE(6822) J 9 Z o ITE

FORMAT{1Hls? STATION J =193y ¥ 43 Z = ' F1045 s ¢ o ITE = 1,14)
WRITE(6s1)

FORMATI{// TBe'l1'sT234%RST '3T3Be'PCRIyTS53s 'R 3T68s ' TAU' sT83

1 '"THK'sTOBs'B'/TBs'P'9T239'PREL ' 9T38 'PORELY 9T53s'PT"»T68y 'M*t,

2 TB34'BN'sTOBs'PCBY /TR 'BETA'sT23 9 'BETA* Y s T38'DEVI»T53»'DLBR1
3 T68Bs!'XMTH! s T83 s 'DEL*' 9 T8 s 'HSF /T8y tALPHA ' sT239'ETAsT38s W'
4

TS3s'U'sTHEBe 'V 9 T83 VU T8 'UMY)
RETURN
ENTRY PRNTET(JsZs1sRSTSsPCRIRsTAUsTsBIP¢PREL sPORELSPToMSTR 48BN

BETADG = BETA * 57,2958
ALPH = ALPHA * 57,2958
DE =DEV % 57,2958
BETS =BETAS # 5742953
DBl = DBS # 57,2957
WRITE(692) TsRSTSsPCRIRsTAUST sByPyPRELSPORELIPTsMSTR BN sPCRB
1BETADGBETS +DE sDBlsXMTHZBL yHSFsALPH sETAsWoUsVeVUIVM
FORMAT( /6X31396XsE1565
1 5E15¢5 / TE1545 / TF15%e5 / 7E15e5)
RETURN
ENTRY PRNT8 (NPSHs PHls PSIs Hs HIe RNs ETAs S5S» Qlse CVOL |}
WRITE (6+3) NPSHs PHIs PSly Hs HIs RNs ETAs 5SSy QI

OVERALL PERFORMANCE!'//T6s *NPSH"'sT21s'PHI' T35
PHI's T79s 'RNYy T95, 'ETA's T110s 'SS'y
202X9F1265)9 2(2Xs F1l3e3) s 2Xs Flbe2y

FORMATI(/// 45Xs!
1 'PSIty T50s 'H'y T65
2 T123y QLY // T34Fl0ely
3 3(2Xys F1245))
WRITE(6+30) CVOL
FORMAT(// T6s* CVOL!
RETURN

END

// El5e4)

PCBIBETAIBETAS o DEVDBS o XMTH ZBL s HSFsALPHASETAWeUS Vo

*
00000010
00000020
00000030
00000040
00000050
00000060
00000070
00200080
00000090
00000100
00000110
00000120
00000130
00020140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
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N

[0 ] S )

~

SUBROUTINE QSF HeYsZsNDIM
DIMENSION Y 1 2 1

HT ¢3333333#%H

L1
L2
L3
L&
L5
L6
IF NDIM=5 7,891

NP W -

NDIM IS GREATER THAN 5. PREPARATIONS OF INTEGRATION LOOP

SUM1 Y L2 &Y L2

SUM1 SUM1ESUML

SUM]1 HT#* Y L1 &SUMLEY L3
AUX1 Y L4 &Y L&

AUX1 AUX1&5AUX1

AUX1 SUMISEHT* Y L3 GAUX1EY
AUX2 HT*® Y L1 £3.875#% Y L2
SuyM2z Y LS &Y L5

SUM2 SUM26SUM2

SUM2 AUX2=HT* Y L4 &SUM2EY
Z L1 O

AUX Y L3 &Y L3

AUX AUX&AUX

2 L? SUM2=HT# Y L2 BAUXEY
Z L3 SuMml

Z L4  SUM2

IF NDIM=6 59542
INTEGRATION LOOP

DO 4 1 TesNDIMe2

suMl AUXxl

SUM2 AUX2

AUX1 Y [«1 &Y I=1

AUX1 AUX1&AUX]

LS
&Y

L6

L4

AUX1 SUM1IGEHT* Y [=2 GLAUX1EY |

Z 1=2 SuMl

IF 1=NDIM 345696
AUX2 Y I &Y 1
AUX2 AUXZE6AUXZ

L5

AUX2 SUM2&6HT* Y 1=l &AUX26Y 161

Z =1 5SuM2

Z NDIM=1 AUX1

Z NDIM  AUXZ

RETURN

Z NDIM=1 SUMZ2

2 NDIM  AUX]

RETURN

END OF INTEGRATION LOOP
1IF NDIM=3 123118

NDIM IS EQUAL TO 4 OR 5

SUM2 16125#HT* Y L1 &Y L2 &Y L2 &Y L2 &Y L3 &Y L3 &Y L3 &Y L4

SUM1 Y L2 &Y L2

SUM1 SUM1&SUML

SUM1 HT* ¥ L1 &SUM1&EY L3
Z Ll Oo

£26625% Y L3 &Y L&

&Y L6

00010
00020
00030
00040
00050
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
00490
00500
00510
00520
00530
00540
00550



10

11

12

AUXY1 Y L3 6Y L3
AUX1 AUX1&AUX1

2 L2 SUM2=HT* Y L2 GAUX1EY L4
IF NDIM=5 104959

AUX1 Y L& &Y L4

AUX1 AUX16AUX1

2 L5 SUMIEHT* Y L3 &AUX1EY LS

Z L3 Suml
2 La  SUM2
RETURN

NDIM IS EQUAL TO 3

SUM1 HT# 1425%Y L1 6Y L2 &Y L2 =e25%Y L3
SUM2 Y L2 &Y L2

SUM2 SUM2&SUM2

Z L3 HT* vy L1 &S5UM26Y L3

Z tl Oe
Z L2 Suml
RETURN

END

\Ji

005690
00570
00580
00590
00600
00610
00620
00630
00640
00650
00660
00670
00680
00690
00700
00710
00720
00730
00740



NN NN NN

SUBROUTINE NEWGG (NPTy Zs Ws Xo Y)
DIMENSION X{(1)sY(1)

SUBROUTINE NEWGN{NPTsXsYsXBLKYBLK)

NPT = NUMBER OF POINTS PER BLOCK
X = KNOWN VALUE

Y = UNKNOWN (OUTPUT)

XBLK = BLOCK OF X VALUES

YBLK = BLOCK OF Y VALUES

IF (Z=X{1))59596

W=Y(1l)

GO TO 10

DO 7 I=2NPT

IF (Z=~X{1))9s8s7

CONTINUE

I=NPT

w=y(1l)

GO 70 10

WY (I =Y (Tl ) )/ (X ()X {Im=1))#({Z=X(1=1))+Y(I=1)
RETURN

END

56

00010
00020
00030
00040
00056
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220



10
11

12

13
la
15
16
17

18

19
20

SUBROUTINE BMFIT LsNeXsYsSLOPEQsSLOPENIAsBeCoeD
DIMENSION X 100 Y 100 sA 100 B 100 +C 100 D 100

KN 3% L=L/3 = 2%L

KO L=1 /3

DO 1 J 2N

A J X J =X J=1

D J Y J =Y J=1 /A J
K2 N=2

IF KN=1 49596

C N 3,0% SLOPEN=D N /A N
B N 0e5

K3 N

Kl 1

GO TO 8

T 2.0% A N §A N=]

B N SLOPEN

GO TO 7

T 340%A N EA N=1 &A N-l
SLOPEN 0s0

C N=1 6¢0% D N =D N~1 =SLOPEN*A N /T

B N-1 A Ne=1 /T

K3 Ne=1

Kl 2

DO 9 J KlK2

K NeJ

T 2.0% A K &A K&E1 =A K&1 #B K61

B K A K /T

K 6¢0% D K&E1 =D K =A K&1 *C K&l /7

IF KO=1 12413,11

B 1 6s0% D 2 =SLOPEO =C 2 #®A 2 / A 2 # 2,0-B 2
K1 2

GO TO 15

B 1 SLOPEO

B 2 C2 =B 2 %8 1

GO 70 14

B 1 660% D 3 =D 2 =A 3 ¥C 3 / 3,0%A 2 HA 3 % 240=-B 3
B 2 B 1

K1 3

DO 16 J K1lsK3

B J C J =B J *¥B J=-1

IF  KN=1 18418417

B N B Nel

CUBIC COEFFICIENTS

DO 19 J 29N

TA 660 * A J

™ B J=1 %X J

TN X J=1 #*B J

TX X J * X J =X J=l =X J=1
TY X J=1 #% X J &X J =X J=1

A J=1 B J =B J=1 /TA

C U=l D J 6B J % «TX 62¢%X J=1 *TN=B J=1 #TY=24%X J *#TM /TA
B J=1 TM=TN *3,0/TA

D J=1 TX*TN &TY®TM /TA £Y J=l =X J=1 %D J

RETURN

END

00010
00020
00030
00040
00050
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
004990
00500
00510
00520
00530
00540
00550
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CSBMVAL BEAM EVALUATION SUBROUTINE

£ W
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SUBROUTINE BMEVAL NsXsYsVALUsLsAsBsCeDsYVALUSDERIYV
DIMENSION X 100 sY 100 sA 100 B 100 »C 100 sD 100
L 0

DO 1 J 1N

IF X J «VALU 19243
CONTINUVE

OUT OF RANGE

L 1

J N

YVALU Y J

DER1IV VALU® 3,0%VALU*A J £240%B J &C J

RETURN

1F  J=1 51594

YVALUY VALU* VALU* VALU*A J=1 6B J=1 &C J=1 &D J=1
DERIV VALU* 3,0%VALU%A J=1 £240%#B J=1 &C J=1
RETURN

L -1

GO TO 2

END

00010
00020
00030
00040
00050
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200



* ZEROC = FILL DESIGNATED AREA OF CORE WITH ZERO OR WITH
* A CONSTANT SUPPLIED IN THE CALLING SEQUENCE.
*
* CALLING SEQUENCE
* CALL ZEROC (FROM»TO)
* ; OR
* CALL 2EROC (FROMsTO»CONSTI
*
* WHERE=FROM=15 THE STARTING ADDRESS
* TO=FINAL ADDRESS TO BE CLEARED
» CONST=THE CONSTANT CORE IS TO BE
* FILLED WITHe IF NOT SUPPLIED
* IN CALLING SEQUENCE S CORE
* WILL BF FILLED WITH ZEROESs
»*
PWZERO START O
BRO EQU 0 BASE REGISTER O
BR1 EQU 1
BRR2 EQU 2
BR3 EQU 3
BR&4 EQU 4
BR5 EQU 5
BR6 EQU )
BR7 EQU 7
RR8 EQU 8
RR9 EQU 9
BR10 EQU 10
BR11 EQu 11
8R12 EQuU 12
BR13 EQU 13
B8R14 EQuU 14
BR15 EQU 15
*
ENTRY ZERO
USING #4BR15
ZERO SAVE (144912 s9%
ST BR13sSAVE+4
LA BR10+SAVE
ST BR10s8({0sBR13)
L BR3y0(0sBR1)
L BR4 44 (09BR1Y
N BR3,B1GAD INSURE ADDRESS ONLYe.
N BR4 +BIGAD INSURE ADDRESS ONLYe
CLR BR3 +BR4 1ST ARGe LESS THAN ZND ARGs
BNL SWITCH NOy THEN SWITCH REGISTERS.
MODE1 TM 4({BR1)eXx'80!
Bz NTZRO MORE ARGUMENTS.
MODE A BR4 s FORBT YES.CALCULATE BYTES TO BE CLEARED
SR BR4 sBR3 BR4 EQUAL NOs OF BYTESe
MORE C BR4 4y TWO56 OVER 255 BYTES TO CLEAR
BL LESTN YES
S BR4 s TWO56 REDUCE BY 256
L BR5 4 TWO56
MONE S BR5s TWO
STC BRS¢ MOVE+1
MOVE xC 0({0sBR3) 0 (BR3)

*
ZERQOQOO
ZERQOOC10
ZEROO0O020
ZERQOO30
ZEROQO40
ZEROOOS50
ZEROQOO060
ZEROQGO70
ZERDOOOBO
ZERQCO090
ZERO0100
ZEROO110
ZEROC120
ZEROO130
ZEROOQ140
ZEROO150
ZERQO0160
ZEROO170
ZEROQ180
ZERO0190
ZERQO200
ZEROO0210
ZERGC220
ZERQ0230
ZERQO 240
ZERQO0250
ZERQO260
ZERQO270
ZERO0280
ZERO0290
ZEROO300
ZER0OO0310
ZERO0320
ZERQO325
ZEROO340
ZEROO330
ZERQ0350
ZERQOQ360
ZERQO370
ZEROO0390
ZERO0O400
ZEROO410
ZERO0420
ZERO0430
ZERQO440
ZEROO4TO
ZEROC4BO
ZEROC450
ZEROO 46D
ZEROOS500
ZERQO510
ZERO0520
ZERQOO0530
ZERDOO540
ZEROOS550
ZEROOS60

N
0o



RETRN
LESTN

SWITCH

NTZRO

NTZR1

SAVE
BIGAD
FORBT
TWO56
TWO

60

A BR3sTWOS56
LTR BR4+BR4G

BC 2 yMORE
RETURN (1441217
LR BR5¢BR4

LA BR4 90

8 MONE

LR BRS5+BR3

LR BR3sBR4

LR BR4 yBRS

8 MODE1

L BR6+8(0sBR1)
L BR6s0(0¢BR6)
ST BR690(0sBR3)
CR BR3sBR4

BE RETRN

A BR3sFORBT

B NTZR1

DS 18F

DC  X'OOFFFFFF’
DC Ftg

DC Ftz2s56!

OC Fe1o

END

RESTORE AND RETURN

ZEROOSTO
ZEROOS580
ZERO0590
ZERQG600
ZERO0610
ZEROD620
ZEROO630
ZEROD640
ZERQO650
ZERO0660
ZERGCO6TQ
ZERQO680
ZERCO685
ZERQOO690
ZEROOT700
ZEROO710
ZEROO720
ZERQCOT730
ZERO100Q0
ZERO1010
ZERQL020
ZERQ1030
ZERO1050
ZER0O9990



SECTION III
STRESS COMPUTER PROGRAM (PWA 6098)

A, GENERAL

The stress computer program breaks the inducer blade into flat
triangular elements for analysis. The program then calculates stress
magnitude and distribution caused by pressure loading and centrifugal
force using the matrix displacement method.

Computer capacity limits the number of free element nodes to 150
which is equivalent to 900 simultaneous equations. Computer time for
handling such a problem is approximately 90 minutes. An input option is
provided to permit analysis by subsystems. This is a conventional technique
in which the structure is divided into a maximum of 10 subsystems with a
total of 200 nodes (including hub nodes). Use of the subsystem option
reduces computing time by as much as a factor of 10 for a typical
inducer. The program requires 180,000 bytes of core (including buffers)
on an IBM 360 Model 75 computer. Single precision with 4 bytes/word
and 8 bites/byte is used. Fortran IV-G, Level 1, Mod. 3 compilations
dated March 1969 were used.

B. INPUT DESCRIPTION

The input to the stress computer program generally consists of: a
physical description of the inducer, a description of the finite element
breakup to be used, and a description of the blade pressure distribution.

The inducer physical description and blade pressure distribution
input are straightforward but the finite element breakup input requires
further explanation. When preparing the finite element breakup input
it is helpful to sketch the desired pattern as in the example of figure 1.
The following limitations should be remembered:

1. The maximum number of free boundary nodes (on boundary
generator lines) for the entire system is 50. The minimum
is 3.
2. The maximum number of free boundary nodes per subsystem is 15,
3. The maximum number of free internal nodes per subsystem is 15.
4, The maximum number of nodes (fixed, free, boundary and

internal) per subsystem is 30.
5. The maximum number of nodes for the entire system is 200.

6. The maximum number of elements for the entire system is 200.

61
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H (Symmetry
Requested)
G
Figure 1. Finite Element Breakup . D 48167

The computer program will reproduce the sketched elemental breakup
properly if the following is remembered when writing the input:

1.

If generator line "i" has "ii" points and generator line

"i+l has "ii+l" points, then the lines forming the edges of
the finite elements start at the first point of the generator
with the least number of points and zig zag between the
generator lines, The areas between generators A and B, B and
C, D and E, etc., of figure 1 are examples. '

The area between the first two generator lines with the
same number of points will be broken up as shown between
generators F and G and G and H of figure 1.

The procedure of (2) will be followed for all generators
with the same number of points until symmetry about a
generator is requested, as was done about generator H in
figure 1.

The altered breakup will continue for sections between
generators with the same number of points, until symmetry
is again requested, as was done about generator J in
figure 1. After symmetry is again requested, the breakup
will revert to the original pattern.



5. If two generators "i' and "j" have "m'" and "n" points
respectively such that

m = 2n-1 and n > 2

or

n = 2m-1 and m > 2
then the breakup will be as in the sections between K and L,
and L and M of figure 1.
6. Notice that generator A of figure 1 has only one point.
In this case
RHUB = RTIP and THHUB = THTIP

7. Elements are identified as shown in figure 2.

62

Figure 2. Finite Element Nodes FD 48168

oy
)
\\./\‘



Unless otherwise specified, data may be input in any consistent
set of units. The same units may be used for force and mass. Output
will correspond to the input units used. Several examples are listed
below:

Input Output
Force Mass Length Displacement Stress
1b 1b £t £t 1b/£t%
1b 1b in. in. 1b/in. 9
gram gram meter meter gram/meter

Input data to be written on each card is described below. "F"
format data should be left adjusted in the column field and should
contain a decimal point. "E" format data (.300E08) must be right
adjusted. "I" format data should not contain a decimal point and should
be right adjusted.

Column Variable Format
Card 1 Title Card

1-80 Input job identification data.
As many title cards as required may be input.
With a 1 in column 1 the machine will read
in another title card, Omit the 1 in column
1 on the last title card to stop the machine
from reading title cards.

Card 2

1-10 RHO Specific weight of the inducer blade F10.0
material (MASS=RHO/G).

11-20 RPM Rotational speed of the inducer blade F10.0
(revolutions per minute)

21-30 POISSO Poisson's ratio for the material of the F10.0
inducer blade.

31-40 YOUNGS Young's modulus of elasticity for the E10.0
material of the inducer blade

41-50 RADGEN Generator line offset radius. RG F10.0
: in figure 3 (May be 0).

51-55 NCF Centrifugal force option. 15

6l



Leave blank if the following approximate equation is desired
This equation should be used where bending stresses due to gas loading
alone are predominant. ‘

. - -
Fxl tlxl
Fy1 tly1
F 0

2
M 0
X
M 0
1
M 0
1
sz t2x2
F T,y
Yo 272
F 0
22 2-
Fl =lu |FRLA o
I N ) 3
M 0
Y
M 0
)
T
Fx3 3X3
Fy3 t3y3
F 0
Z4q
M 0
X4
M 0
Y3
M 0
zZ
3 |
N N



=1z,

Generating Line

(x,y,0)
<y

~— R

X

Figure 3. Geometric Parameters of Middle

Surface of Inducer Blade

FD 25602A

Input as 1 if the following equation is desired. Use this equation
where bending stresses due to centrifugal loads dominate.

F < 2 -
Y pw[t [HI
Column
55-60 NGL
61-65 NGS
66-70 NGP
71-75 NSUBS
76-80 IPRINT

R, )

-xcos(z,x) -ycos(z,y)

Variable

Total number of input generator lines.
Maximum of 100.

Number of generator lines about which
geometric break-up symmetry is desired,

Total number of input elemental pressures

Total number of subsystems into which the

<1 i
a
>
a.
<

(@]

Format

I5

15

15

15

inducer blade is to be divided. Maximum of 100.

Intermediate print option which should be
used only for the checkout of the program.
leave blank for no intermediate print.

15



Column
Card 3
1-5
6-10

etc.
41-45

71-80

Card &

6-10
etc.,

Boundary

LBOUND (1)-
LBOUND (9)

G

(Symmetry

NCHB (1)-
NCBH (NGS)

Input as 1 for the following intermediate
print:

a, Elemental local membrane stiffness matrices.
b. Elemental local bending stiffness matrices.

c. Elemental local pressure force matrices,

d. Elemental common centrifugal force matrices.

e. Elemental assembled common stiffness matrices.

Input as 2 (right adjusted with no decimal point)

for the following intermediate print:

a. All of the above

b. The 6 (N + 1) coefficients for each of the

6 (N) simultaneous equations for nodal
deflections (only for NSUBS = 0).

Variable
Lines and G

Generator line numbers which form the
boundaries between adjacent subsystems

If NSUBS = 0, leave blank. Otherwise
LBOUND (1) is the number of the generator
line which forms the boundary between
subsystems I and I+1l. In the latter case
there must be NSUBS~1 values input.

Format

15

The gravitational constant in the appropriate F10.0

units. If left blank or input as 0.0, a
value of 386.4 is used. MASS = RHO/G.

Requests (Optional)

Numbers of the generator lines about which

geometric break-up symmetry is desired. The

only condition allowing this request for
break-up symmetry is that the previous
generator line and the next generator line
must each have the same number of points as

does the generator line about which symmetry

is requested that is

NUP = NUPI =NUP

I-1 I+1

Sixteen values per card, as many cards as
needed. If NGS on Card 3 was input as
zero or left blank, omit this card

15
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Column Variable Format

Cards 5, 7, 9, 11 Generator Line Properties (NGL Cards)

1-10 RAPANG(I) Wrap ahgle in degrees of the Ith generator F10.0
line (01, and 82 in figure 4). No two adjacent

wrap angles may be equal. All wrap angles
must be either continually increasing or
continually decreasing in size.

11-20 ZGL(1) z value at the hub of the Ith generator F10.0
line (z} and zp in figure 4). No two
adjacent generator lines may have the same
z value unless one of the two lean angles
is non-zero.

21-30 RHUB(I) If RADGEN # 0, then RHUB(I) is the F10.0
horizontal (x-y plane) distance from the
point where the generator line is tangent
to a cylinder with a radius of RADGEN to
the hub of the Ith generator. 1If
RADGEN = 0, then RHUB (I) is the
radial distance from the z-axis to
the hub of the Ith generator.

31-40 RTIP(I) Measured the same as RHUB(I) except that F10.0
it is the distance to the tip instead
of the hub of the Ith generator.

~N

*

Generator 2
Rty \

Z"——ZT2

I
-
1

B

)

=12 Generator 1

T ____\""Z=ZH zZ= 2z
01 R ¥ 1 1

| S H1 x

i RT]

y
X
Figure 4. Triangulation of Inducer Blade FD 25630A
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Column Variable

41-50 THHUB(I) Thickness of the inducer blade at the
hub of the Ith generator line.

51-60 THTIP(I) Thickness of the inducer blade at the
tip of the Ith generator line. Thickness
is varied linearly from the hub to the
tip of a generator line.

61-65 NUP(I) Number of points on the Ith generator line
which are used for the division of the
inducer blade into triangualr elements
These points are evenly spaced between and
including the hub and the tip.

66-70 NI Number of pressures on the following card(s)
which describes the pressure distribution
along the Ith generator line. The pressures
will correspond to the points on the
generator line which are obtained by
dividing the line into NI-1 equal segments.
Minimum of 2 and maximum of 15.

71-80 ALEAN(I) Lean angle in degrees of the Ith generator
line measured positive upward from the
horizontal (x-v plane). These are illustrated
in figure 3.

Format

F10.0

F10.0

I5

F10.0

Cards 6, 8, 10 Inducer Blade Pressure Distribution (NGL Cards)

1-10 PRESST(1)- Pressures (positive upward) which describe

11-20 PRESS the pressure distribution along the Ith

etc. NGL(NI) generator line. Linear interpolation
between points is used. Eight values per
card; as many cards as needed., Input
starting with the hub and ending with the
tip.

Card 13 NGP Elemental Pressures -(Optional) (NGP Cards)

These cards are used for inputting elemental pressures which
_cannot be obtained from the generator line pressures.

1-5 JI Number of the element to which the following
input pressure corresponds.

11-20 PRESSE(JI)- Pressure which corresponds to element
PRESS JI. This pressure will override the
E(INGP) pressure obtained from the generator line
pressure distributions.

¥10.0

cannot

I5

F10.0



C. OUTPUT DESCRIPTION

X, Y, Z or X COMMON, Y COMMON,

Z COMMON

XL, YL, or X LOCAL, Y LOCAL

TH
PRESSURE

AREA

LOAD

U, V, W, THETAX, THETAY

U LOCAL, V LOCAL, W LOCAL
SIGMA X BAR, SIGMA Y BAR

SHEAR

PRINCIPAL SIGMA X BAR,
PRINCIPAL SIGMA Y BAR

PRINCIPAL THETA

MAXIMUM SHEAR

EFFECTIVE STRESS

A, B, C

KM

KB

70

Common coordinates of vertices or
nodes of triangular elements.

Local coordinates of vertices or
nodes of triangular elements.

Nodal thickness at vertices of
triangular elements.

Average normal pressure acting on
triangular element.

Area of triangular element.

Normal uniform load acting on
triangular element.

Common displacements of nodes or
vertices of triangular elements.

Local displacement of nodes or
vertices of triangular elements.

Stresses at centroid of triangular
element.

Principal stresses at centroid of
triangular element.

Principal direction of principal
stress at centroid of triangular

element.

Maximum shear stress at centroid
of triangular element.

Relative effective stress at
centroid of triangular element.

Bending stress coefficients.

Triangular element local membrane
stiffness matrix.

Triangular element local bending
stiffness matrix.



D. STRESS COMPUTER PROGRAM
Sample Case (89 Deg Helicoid with Pressure Load)
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AREA = 0.125005
NODE NQO.
LA 8
L8 9
LC 1
AREA = 0.125011
NODE NO.
LA 1
L8 2
Lc 9
AREA = 0.125011
NODE NO.
LA 9
L8 10
LC 2
AREA = 0.125019
NODE NO.
LA 2
L8 3
Le 10
AREA = 0.125019
NODE NO.
LA 10
L8 i1
LC 3
AREA = 0,125030
NODE NO.
LA 3
L8 4
LC 11
AREA = 0.125030
NIDE ANO,
LA 11
L8 12
Lc 4

RESULTING TRIANGULAR ELEMENTS

ELEMENT NO. 1

PRESSURE = 0.10000€
X Y z
-0.004 1.000 0.500
-0.007 1500 0.500
0.0 1.002 0.0
ELEMENT NO. 2
PRESSURE = 0.10000E
X Y b4
0.0 1.000 0.0
0.0 1.500 0.0
~0. 007 1.500 0.500
ELEMENT NO. 3
PRESSURE = 0.10000€
X Y b4
-0.007 1.500 0.500
-0.009 2.000 0.500
0.0 1.502 0.0
ELEMENT NO. 4
PRESSURE = 0.1J000F
X Y 4
0.0 1.500 0.0
0.0 2.000 0.0
-0.009 2.000 0.500
ELEMENT NGO, 5
PRESSURE = 0.10000€
X Y z
-0.009 2.002 0.500
~0.011 2,502 0.500
0.0 2.000 J.0
ELEMENT NO. 6
PRESSURE = 0.,10000€
X Y z
0.0 2.000 0.0
0,0 2.500 0.0
-0.011 2.500 0.500
ELEMENT NO. 7
PRESSURE = 0.10000¢
X Y 4
-0.,011 2,500 0.500
-0.013 3.002 0.500
0.0 2.500 J.0

(CONTINUING TO ELEMENT NO. 48)

02

TH
0.1000
0.1000

" 0.1000

02

02

02

22

32

32

TH
0.1000
0.1000
0.1000

TH
0.1000
0.1000
0.1000

TH
0.1000
0.1000
0.1000

TH
0.1000
0.1000
0.1000

TH
0.1000
0.1000
0.1000

TH
0.1000
0.1002
0.1000

LOAD =
XL
0.0
0.5000

-0.0000

LOAD =
XL
0.0
0.5000
0.5000

LOAD =
XL
0.0
0.5000

-0.0000

LOAD =
XL
0.0
0.5000
0,5000

LOAD =
XL
0.0
0.5000

-0.0000

LOAD =
XL
0.0
0.5000
0.5000

LOAD =
XL
0.0
0.5000

-0.0000

0.12500¢€ 01
YL
0.0
000
~0.5000

0.12501E 01
YL
000
0.0
08,5000

0.1250LE Ol
YL
0.0
0.0
-0.5000

0.12502€ 01
YL
0.0
0‘0
0.5001

0.12502¢ Ol
YL
0.0
0.0
~0.5001

0.12503€ 01
YL
0.0
O.o
0.5001

0.12503€ 01
YL
0.0
0.0
-0.5001
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. G THIS IS THE MAIN PROGRAM FOR THE INDUCER STRESS PROGRAM -DECK 6098MAINCOO]
c . _ o MAINQOO2
. COMMON X  _ ( 200) , Y _ 4 .200) , Z _ ( 200) , TH _ { 200) yMAINGCOO3
1 PRESSE( 200) , XL_ { 20053) , YL ( 200+3) 5, _ _____MAINOOO%4
. . ..._2 _______ RAPANGL 100) , 2GL  ( 100) , RHUB_ ( 100) , RTIP ( 100) ,MAINGOOS
o .3 THHUB_ (_100) , THTIP ( 100) , PRESSL(100,15),EDCM ( 3,3) ,MAINODO6 _
) o 4 RHO , OMEGA "~, POISSD » YOUNGS +» RADGEN , MAINOOOT
o 5 NGENLI , LINEL , NPRES(100) , NEXT { 200,3) , NP , NT ,  MAINOOOS
A 6. ELMSM(6,6) , AMNIN(6,6) 5 ELBSM(9,9) , ABNIN(9,9) , MAINOOO9
7 PFLGN(9,1) , CFLGN(18,1) , ELSTIF(18,18) , ECSTIF{18,18) , MAINOO1O
o 8 _PFCGN(18,1), CFCGN(18,1), MEX(200,8), IMEX(200), FORCE!{ MAINOOL1
. N _9. _200,6) y ALEAN(100) _ MAINOO12
i __COMMON / MANE / NSUBS,1P0S(200),NBTS(10,15),NITS(10,15),NBN(10), MAINOOL3
I 1 INTN(10) N . } MAINOOL4
e ___COMMON / TBAR_/ THBAR(200) MAINQOLS
o DEFINE FILE 1(200,324,UsIR1)43(900,900,U,1R3) ,4(500,602,U,1R%4) ~ MAINOO16
A_ C___ SET UP ALL ELEMENTAL AND NODAL INFORMATION . ~ MAINOO17
o 5 CALL MAINL { TPUNCH )  — 7 o MAINOO18
- . .._.___1F_{ NSUBS .EQ. 0 ) GO TO 10 MAINOOL9
. C _ASSEMBLE THE KAA AND KAB PORTIONS OF THE COMMON STIFFNESS MATRIX MAINOO20
) __C  _FOR EACH SUB-SYSTEM . S o MAINOO21
. _ CALL ASSEM1 e _“HA}NQQZ;_
C___ASSEMBLE THE KBA AND KBB-1 PORTIONS OF THE COMMON STIFFNESS MAIN0O23
- € ____ _MATRIX FOR EACH SUB-SYSTEM . . L MAINOO24
o ) __CALL ASSEM2 o o B MAIN0O25
. . ______IF_{_NSUBS «LT. 0 ) GO 70 5 _ MAINOO26
.. .. . € _ CALCULATE THE SUB-SYSTEM PORTIONS OF THE SYSTEM STIFFNESS MATRIX MAINCO27
c AND SYSTEM_BOUNDARY FORCE COEFFICIENT MATRIX o ____MAINO0OZ8
_ ] o ___ CALL CALC MAIN0029
) € ASSEMBLE THE SUB-SYSTEM MATRICES INTO THE SYSTEM MATRIX . MAINOO30
L CALL ASSEM3_( NBNODE )  MAINOQO31
e c SOLVE FOR_THE BOUNDARY NODE DEFLECTIUNS IN THE COMMON COORDINATE MAINOO32
B c SYSTEM .. MAINOO33
B CALL BDEFL ( NBNODE ) S S . MAINDO34
R IF_{ NSUBS .LT. 0 ) GO 10 S5 "MAINQO35
_ C ____SOLVE FOR_THE_INTERNAL NODE DEFLECTIONS OF EACH SUB-SYSTEM . MAINOO36
... CALL IDEFL . B MAINOO37
. € CALCULATE THE LOCAL NODAL DISPLACEMENT MATRIX (DISPLL), THE MAINOO38
__C _ _LOCAL MEMBRANE STRESS MATRIX (STRSLM), AND THE LOCAL BENDING MAINOO39
c STRESS MATRIX (STRSLB) o  _MAINOO40O
.. 10 _CALL STRESS ( IPUNCH ) B T MAINOOA41L
.60 T0 5 __ _ . _ - . .MAINOO42
END ~ MAINGO43
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SUBROUTINE MAINL ( IPUNCH ) ~ ~—~ =~ '~ e MAIN10G1
c S . . MAIN1002 _
COMMON X (_200) , ¥ (.200) » Z 4 200) o TH _ { 200) ,MAIN1003
1 PRESSE{ 200) » XL_( 200,3) » YL ( 200,3) » _ .__ ________MAINLOO4
e — 2 RAPANG( 100) , ZGL _ ( 100) , RHUB _( 100) , RTIP ~( 100) ,MAIN1005
_ _ 3 . THHUB ( 100) , THTIP ( 100) , PRESSL(100,15),EDCM ( 3,3) ,MAIN1006
4 RHO , OMEGA _, POISSO , YOUNGS , RADGEN , e o MAIN1OOT
e S5 NGENLI , LINEL , NPRES(100) , NEXT ( 200,3) , NP , NT , MAIN1008
—_— ) ELMSM(646) » AMNIN(6,6) o ELBSM(949) o ABNIN(9,9) , MAIN1009 .
—_— 1 PFLGN(9,1) » CFLGN(18,1) , ELSTIF(18,18) , ECSTIF(18,18) , MAINLO1O
e B _ PFCGN(18,1) 4 CFCGN(18,1), MEX{200,8), IMEX{200), MAIN1O11
. et e 9. ___ . FORCE(200,6) ,» ALEAN(100) o . MAIN1O12
- . . COMMON / MANE / NSUBS,IPOS(200),NBTS(10,15),NITS{10,15),NBN(10), MAIN10O13
- Sl INTNG1O) e MAIN1OL4
.. COMMON / TBAR / THBAR(200) e MAIN1015
DIMENSION ICOL{15) , NUP(100) , NCHB(100), LBOUND(10) . MAINLOLl6
e - DIMENSION SYS(2) » SYS1(2) , SYS2(2y _ _ __ ~—~ "~~~ 777 _MAIN -
——— ~DATA ICOL / 1 4 2 5 7 5 8 913 4 14 4 3 4445, 9,10, 11 , MAINIOL7
S | A3 2 AT L MAIN1018
- . DATA SYS1 4 SYS2 / 4H COM , 4HMON , 4H_ LO , 4HCAL / MAIN :
] _WRITE (3'1) RHO ~ MAIN1O19
WRITE (4°1) RHO e e MAIN1020
. e MRITE (1°'1) RHO _ . MAIN1021
. .- 2 CALL ZERO_(X,FORCE(200,6)) . N MAIN1022
C . __ READ AND PRINT ALL INPUT S MAIN1023
. CALL INPUT ( IPRINT,NGP,NUP,NCHB,LBOUND,NCF,IPUNCH ) MAIN1024
—e o SYSILY = SYSIQL) MAIN
SYS{2) = SYS1(2) e - ] CMAIN
e _ IF ( NCF .EQ. 0 ) 60 YO 10 =~ - MAIN
e SYSUL) = SYS2(1) B MAIN
S SYSt2) = sys2(2) .. . T _ MAIN
- e b TRIANGULATION OF INDUCER BLADE AND DETERMINATION OF THICKNESS AT MAIN1025
S c EACH VERTEX AND PRESSURE ON EACH TRIANGLE . MAIN1026
10 CALL GEOM ( NUP,NCHB,LBOUND ) . _MAINlG2T
— IF_( NGP .LE. 0 ) GO YO 13_ S MAIN1028
e DO 11 I = 1,NGP e - - e MAIN1029
e e L READ (5,12) J4PRESSE(J) : v MAIN1030
o o A2 FORMAY _( 15,5X,F10.0 ) L MAINLO31
i 83 BB L ( NP .GT. 200 ) .OR. ( _NT .GT. 200 ) ) GO TO 5 —. .MAIN1O32
D0 30 I = 1,NT o ) ... MAIN1033
- JLA = NEXT(I,1) ) e ; _ MAINLO34
- oo LB = NEXTUI42) . MAIN1035
e e LG = NEXTUI1,3) MAIN1036
B _IMEX(LA) = A S . MAIN1037
e _____IMEX{LB) = (LB) + 1 - e MAIN1038
IMEX (LC) = IMEX(LC) + 1 e e - _MAINLO39
e CMEX{LA,IMEX(LA)) = I ) ) MAIN1040
N MEX (LB, IMEX(LB)) = I _ ) _ MAIN1041
- MEX(LC,IMEX(LC)) =1 e MAINL1O42
e c CALCULATE THE DIRECTION COSINE MATRIX (EDCM) FOR A TRIANGULAR ELEMMAIN1043
e com oo CALL DIRCOS (LAsLB,LCo1) . 7 .. MAIN1044
c CALCULATE THE LOCAL COORDEINATES (XLoYL,ZL) FOR_A TRIANGULAR ELEMENMAIN1045
CALL LCOORD (LAytBsLCyE) "7 """ . _ MAIN1O46
e c CALCULATE THE MEMBRANE STIFFNESS MATRIX (ELMSM) FOR A TRIANGULAR MAIN1047
c ELEMENT IN THE LOCAL COORDINATE_SYSTEM (XL,YL,ZL) MAIN1048
— CALL MEMSTF ( LA LByLC,I ) = —— 7 . MAIN1049
c CALCULATE THE BENDING STIFFNESS MATRIX (ELBSM) FOR A TRIANGULAR  MAIN1050
c ELEMENT IN THE LOCAL COORDINATE SYSTEM (XL,YL,ZL) MAIN1051

33



14

20

25

o0 (e N

24

o000

15

26

30

35

34

CALL BENSTF ( LA,LB,LC,I ) MAINL10S2
IF { IPRINT
IWRITE {6,14)
FORMAT(1H1/45X,2HKM / 6(10Xs6E14.6/) //65X42HKB/9{ 1X,9E14.6/)) MAIN1055
ASSEMBLE LOCAL STIFFNESS MATRIX {(ELSTIF) FOR A TRIANGULAR ELEMENT MAINI1OS6

«GE. 1) MAIN1053
[ (ELMSM(J4K) pK=146) yJ=196) 3 {(ELBSM{J4K)sK=149),4J=1,9)MAINLOS4

LO 20 J = 1,6 MAINLOS7
DO 20 X = 1,6 MAIN10S8
ELSTIF(ICOL{J),1COLIKDYY) = ELMSM{J,K) MAIN10S9
DO 25 J = 1,9 MAIN1060
CO 25 K = 1,9 MAINLOG61
ELSTIF(ICOL{J+6),ICOLIK+6)) = ELBSM{J,K) MAIN1062
CALCULATE THE LOCAL GENERALIZED PRESSURE FORCE MATRIX (PFLGN) FOR MAINLO63
A TRIANGULAR ELEMENT MAINLOG6S
CALL NPFORC ( I ) MAINL106S
CALCULATE THE CUMMON GENERALIZED CENTRIFUGAL FORCE MATRIX (CFLGN) MAIN1066
FOR A TRIANGULAR ELEMENT MAIN1067
CALL NCFORC (LAsLB,LC,yI,NCF) MAIN1068
IF { IPRINT .GE. 1 )} WRITE (6,24) PFLGN,SYS,CFLGN MAIN1069

FORMAT (//20X,39HLOCAL GENERALIZED PRESSURE FORCE MATRIX /9El2.4 MAIN1OT0

1 /720X, 2A4 , 36HGENERALIZED CENTRIFUGAL FORCE MATRIX /9E12.4/ MAIN1IO71
2 9El2.4 ) MAINLOTZ
CALCULATE THE STIFFNESS MATRIX (ECSTIF), NODAL PRESSURE FORCE MAIN1OT3
MATRIX (PFCGN), AND NODAL CENTRIFUGAL FORCE MATRIX (CFCGN) OF A MAIN1G74
TRIANGULAR ELEMENT IN THE COMMON COORDINATE SYSTEM (X,Y,1}) . MAIN1075
CALL COMSTF ( I , NCF ) MAINLOT6
WRITE (1°1) ECSTIF MAIN1OT7
IF ( IPRINT .GEa 1 ) WRITE (6415) MAINLIOTS
FORMAT (1H //25X,55HCOMMON COORDINATE SYSTEM TRIANGULAR STIFFNESSMAIN1079
L MATRIX ) MAIN1OBO
IF ( IPRINT .GE. 1 } WRITE (6,26) ((ECSTIF(J,K),K=1,18),J=1,18) MAIN]IO81
FORMAT (//18(10E12.4/8E12.4/7)) MAIN1082
ADD VALUES OF PFCGN AND CFCGN WHICH ARE COMMON TO A COMMON NODE . MAIN1083
CALL ACDF ( T ) MAIN1OB4
PRINT GEOMETRIC BREAK-UP AND ASSOCIAYED PROPERTIES . MAIN108S
CALL PRINT1 MAIN1086
LF ( NSUBS .GT. O ) RETURN MAIN1OBY7
SOLVE FOR THE NOCAL DEFLECTIONS (DISPL) IN THE COMMON COORDINATE MAIN1OBS
SYSTEM . MAIN10O89
CALL DEFL ( IPRINT ) MAIN1090
IF { NP LE. O ) GU TU 5 MAIN1091
RETURN MAINLO92
END MAIN1093



" SUBROUTINE INPUT ( IPRINT,NGP,NUP,NCHB,LBOUND,NCF,IPUNCH ) INPUTOOL

. _.__C__ READ AND PRINT ALL INPUT INPUT002

[ INPUTO03

COMMON_ X 1.200) » Y  {200) y Z _ (200) , TH { 200) ,INPUTOO04

1 PRESSE( 200) » XL ( 200+3) 4, YL ( 200,43) , INPUTO00S

2 RAPANG( 100) , ZGL ( 100) , RHUB { 100) , RTIP { 100) ,INPUT006

e .3 THHUB (_100) , THTIP ({ 100) , PRESSL{100,15),EDCM { 3,3) ,INPUTOO7

4 RHO o OMEGA , PDISSD , YOUNGS , RADGEN , INPUTOO8

_____ 5 NGENLI » LINEl » NPRES(100) , NEXT ( 200,3) , NP , NT , INPUT009

o 6 ELMSM(6,6) , AMNIN(6,6) , ELBSM(9,9) , ABNIN(9,9) , INPUTO10

1 PFLGN(9,1) , CFLGNU18,1) » ELSTIF(18,18) , ECSTIF(18,18) », INPUTOLL

8 _PFCGN{1851) o CFCGN(18,1), MEX(200,8), IMEX(200), INPUTO12

9 FORCE(200+6) » ALEAN(100) INPUTO13

COMMON / MANE / NSUBS,IPOS(200),NBTS{10,15),NITS(10,15),NBN(10), INPUTOL%

1 INTN(10) , o INPUTOLS

N DIMENSION NUP(100) , NCHB(100), LBOUND(10) INPUTO16

REAL TITLE (18) , , » INPUTOLT

1 _MWRITE (6,5) INPUTO18

"5 " FORMAT (1H1/35HOINDUCER STRESS PROGRAM - DECK 6098 //) INPUTOL9

CALL DATE (BMONTH,DAY,YEAR) INPUTO20

) 7 WRITE (6,7) BMONTH,DAY,YEAR N _ INPUTO21

7 FORMAT (6H DATE ,A2,1H/,A2,1H/4A2//) - INPUTD22

T TTTTTTTTTI0. _READ (54 15.END=50) NTLTITLE _ INPUTO23

15 FORMAT (11,18A4) ] INPUTO24

777 WRITE (6,20) TITLE - - INPUTO025

20 FORMAT (5X,18A4 /) S INPUTO26

_ IF_{ NT .GT. 0 ) GO TO 10 INPUTO27

READ (5,25) RHO,RPM,POISSO,YOUNGS,RADGEN)NCF,NGENLI,LINE1,NGPy  INPUTO028

- L___NSUBS,IPRINT,LBOUND,IPUNCH,G INPUTO29

T FORMAT (3F10.0y E10.0+F10.0,615/1015,15X,15,F10.0) INPUTO30
. TTIF (.G «FQ. 0.0_) G = 386.4

- T HRITE {6426) NSUBS,NCF,LBOUND,IPUNCH INPUTO31

_ 26 FORMAT (//710Xy20HNDO, OF SUB-SYSTEMS. -,13'7X,27HCENTRIFUGAL FORCE OINPUTO032
1PTION = 12/10X947THSUB~SYSTEM BOUNDARIES FORMED BY GENERATOR LINES INPUTO33

o 2 1015/10X115HPUNCH OPTION = qlS) INPUTO3%
I JIF G LINEY .67, O ) READ (5v27) lNCHB‘I)rI 1sLINEL) INPUTO35
— .27 __FORMAT (1615) _ . _ . o o INPUTO36
.. BO 29 1 = 19100 } s INPUTO37

— 1F_( NCHB(I) .GT. 0 ) GO 0 29 . . .. L . . INPUTO38
NCHB(I) = NGENLI + 1 . . e . _INPUTO39

e ___CONTINUE INPUTO40

o - WRITE. (611Q)RH0 G,RPM,PUISSO,YUUNGS NGENLI,LINEl RADGEN, NGP INPUTO4]

jf;;g:w _FORMAT(/ /10Xy LOHDENSITY = F6.495X34HG = 2E12.4,5Xs6HRPM = F10.1,5XINPUT042

_... 12 18HPOISSON®'S RATIO = F5.3,5X, 18HYOUNG®S MODULUS = El2.4 //10X, INPUTO43
.2 _26HNQ, OF GENERATING LINES = 14,5X,40HNO., OF SYMMETRY CHANGES REQINPUTO4%4

3UESTED = I3 //10X,31HGENERATOR LINE OFFSET RADIUS = F9.3 //  INPUT045
- 4 10X,15,2X,23HINPUT ELEMENT PRESSURES /7/) INPUTO46
o "IF_( LINEl .€Q. 0 ) GO TO 32 S INPUTO4T
WRITE (6,31) (NCHB(I)s1=1,LINEL) _ INPUTO048
o 31 _FORMAT (10X»38HSYMMETRY CHANGE ABOUT GENERATOR LINES 1515/) INPUTO049
32 RHO = RHO / G _ o . INPUTO050
OMEGA = RPM * 3.14159265 / 30.0 o INPUTOS5L
KOUNT = 0 T e T INPUTO52
WRITE (6,5) - T e INPUTOS53
- DO 45 1 = 1,NGENLT INPUTO54
READ (5,35) RAPANG(I)ZGL{1) RHUB(I) RTIP(1),THHUB(L),THTIP(I)y  INPUTO55
1 NUP(I) o NoALEANCI) i INPUTOS6
35  FORMAT (6F10.0,215,F10.0) INPUTO57




37

39

40

- 45

50
55

%6

NPRES(I} = N INPUTO058

READ (5,37) (PRESSL{I,J),J=1,N) INPUTOS59
FORMAT (8F10.0) INPUTO060
WRITE (6,39) 1 INPUTOG1
FORMAT (30X, 22HGENERATOR LINE NUMBER 13,5X,16H{ANGLES IN DEG.) /) INPUTO062
WRITE (6,40) RAPANG(I) ZGLIE),ALEAN(I)RHUB(I},RTIP(I)s THHUB(T), [INPUTO63
1 THTIPLI),NUP(TI),NPRES({I)y(PRESSLIIsJ)sJ=1yN) INPUTOGG
FORMAT ( 5Xy 13HWRAP ANGLE = F12.6,5X, THZHUB = F7.3,5X,12HLEINPUTO65
LAN ANGLE =F12.6 5Xs 13HHUB RADIUS = FBe4y5X,13HTIP RADIUS = INPUTO066
2 FBe4/ 5X,16HHUB THICKNESS = FT4444Xy16HTIP THICKNESS = F7.4,4Xy INPUTOG7T
3 16HNC. OF POINTS = 1249X%, INPUTOG68
419HNO. OF PRESSURES = [3/ 40X,lOHPRESSURES /10Xs10F12.4/10X,5F12.4INPUT069
5 7/7) INPUTOT70
KOUNT = KOUNT + 1 INPUTOT1
IF (KCUNT .EQ. 8) WRITE (6,5) INPUTOT2
IF (KOUNT .EQ. 8) KDUNT = 0 INPUTOT3
ALEAN(I) = ALEAN(I) #* 0.0174533 INPUTO74
RAPANG(I) = RAPANG(I) * 0.0174533 INPUTOTS5
GO TO 55 INPUTOT76
stTop INPUTOT?
RETURN INPUTOT78
END INPUTOT9



(aXaky

SUBROUTINE GEOM (NUP,NCHB,LBOUND 1} GEOMOO10
TRIANGULATION OF INDUCER BLADE AND DETERMINATION UF THICKNESS AT GEOM0020

EACH VERTEX AND PRESSURE ON EACH TRIANGLE . GEOM00390

’ GEOM0040

COMMON X ( 200) , Y { 200) , Z { 2000 , TH ( 200) ,GEOMOOS0

1 PRESSE( 200) , XL ( 200,3) 4, YL ( 200,3) , GEOMO0060
2 RAPANG( 100) , ZI6GL ( 100) , RHUB { 100) , RTIP ( 100) ,GEQMOOTO
3 THHUB ( 100) , THTIP ( 100) , PRESSL(100415),EDCM ({ 3,3) ,GEOMO080O
4 RHO » OMEGA 4 POISSO ,YOUNGS , RAOGEN GEOM0090
5 NGENLI , LINELl , NPRES{100) , NEXT ( 200,3) , NP , NT , GEOMO0100
6 ELMSM(6,6) » AMNIN(6,6) o ELBSM{9,9) , ABNIN(9,9) , GEQMOL110
7 PFLGN{9y1) , CFLGN(18,1) ," ELSTIF(18,18) , ECSTIF(18,18) » GEOM0120
8 PFCGN(18,1) , CFCGN(18,1), MEX{200,8), IMEX(200), GEDMO130
9 FORCE(200+6) , ALEAN(100) GEOMO140
COMMON / MANE / NSUBS, IPOS(200)yNBTS{10,15),NITS(10,15),NBN(10), GEOMO150

1 INTN(10) GEOMO160
DIMENSION PRESN{200} , NUP(100) , NCHB(100), LBOUND(10) GEOMO170

ICHB = 1 GEOMO180

KOUNT = -1 GEOMO0190

1POS(1) = -1 GEOMO0200

LIP1 = 0 GEOMO210

LIP2 =0 GEOMO0220

Lsus = 1 GEOMO230

NP1l = 1 GEQOMO0240

NT =0 GEOMO250

NP = NUP(1) GEQM0260

NS = NGENLI - 1 GEOMO270

DO 90 I = 1,NS GEOMO0280

NTL = NUP(I) + NUP(I+1) - 2 GEOMO290

IF ( 1 «NE. 1 ) GO TO 15 GEOMO300

LINE = NUP(L) GEOMO310

DR = 0.0 GEOMO311

IF ( LINE .EQ. 1 ) GO TO 1 GEOMO312

DR = ( RTIP(TI) - RHUB(I) ) / FLOAT( LINE - 1) GEOMO320

RADIUS = RHUB(T) ~ DR GEOMO0330

SINA = SIN({ RAPANG(T) ) GEOMO0340

COSA = COS{ RAPANGI(I) ) GEOMO0350

TANL = TAN { ALEAN(I) } GEDM0360

DRP = { RTIP(1) - RbHUB(I) ) / FLOAT{ NPRES(I} - 1) GEOMO370

LINE = NUPL(I) GEOMO380

D0 10 J = 1,LINE : GEOMO0390

IF ( J -EQe 1 ) GO TO 2 GEOM0400

KOUNT = KOUNT + |} GEOMO410

IPOS(J) = KOUNT GEOM0420

LIPL = LIP1 + 1 GEOM0430

NITS{LSUB,LIPL) = J GEOMO440

RADIUS = RADIUS + DR GEOMO0450

2tJ) = IGL{1) + ( RADIUS - RHUB(I) )} * TANL GEOMO460

X{J) = RADGEN #* COSA - RADIUS * SINA GEUMO4TO

Y{J) = RADGE~ * SINA + RADIUS * COSA GEOMO480

TH{J) = THHUB(I) + { THTIP(I) - THHUB(I) ) * ( RADIUS - RHUB(I) )GEOMO490

1 / { RTIP{I) - RHUB(I) ) GEOMO500
IF ( TH({J) «LT. 0.0 ) TH(J) = 0.0 GEOMOS10

JI = ( RADIUS - RHUB(I) + 0.0001 ) / DRP GEOMO0520

Jl = J1 + 1 GEOMO530

IF { J1 .GF. NPRES(I) ) GO TG 5 GEOMO540

PRESN{J) = PRESSLI(T1,J1) + ( PRESSL(I,J1+¢1) - PRESSL(I,J1} } * GEOMG550

1 { RADIUS - DRP * FLOATI J1 - 1 ) - RHUB(I) ) / DRP GEOMO560



10

16

17

20
25

26

88

GO TO 10 GEOMOST0
PRESN(J) = PRESSL{I,NPRES(I)) GEOMO580
CONTINUE GEOM0590
LINE = NUP{I+1) GEOMO600
LR = 0.0 GEOMO601
IF { LINE EQ. 1 ) GO 7O 16 GEOM0602
DR = ( RYIP(I+1) ~ RHUB(I+1) )} / FLOAT( LINE =~ 1) GEOMO610
IF { 1+1 .EQ. LBOUND(LSUB) ) LIP1 = O GEOMO620
RADIUS = RHUB({I+1) - DR GEOMO630
DRP ={ RTIP(I+1) - RHUB(I+1) ) / FLOAT( NPRES({I+1} ~ 1) GEOM0O640
J2 NP ¢+ 1 GEQMO650
J3 = NP + NUP(I+1) GEDOMO660
SINA = SIN( RAPANG(I1+1) ) GEOMO670
COSA = COS{ RAPANGUI#1} ) GEDOMO0680
TANL = TAN( ALEAN(I+1) ) GEQMO0690
IPGS(J2) = -1 GEOMO700
0O 25 J = J2,43 GEQCMOTL10
IF ( J +EQ. J2 ) GO TO 17 GEOMOT20
KOUNT = KOUNT + 1 GEOMOT730
1POS{J) = KOUNT GEOMOT4O
IF ( NSUBS .€Q. 0 } GO TO 17 GEQMOT50
IF { (LSUB .EQ. 1) .AND. {I#1 .LT. LBOUND(1)) ) LIPLl = LIPl + ] GEOMOT60
IF { (LSUB .EQe 1) +AND. (I+1 .LT. LBOUND(1)) ) NITS{LSUB,LIP1l) =JGEOMO770
IF { LSUB .EQ. NSUBS ) LIP1l = LIP1 ¢+ 1 GEOMOT80
If ( LSUB .EQ. NSUBS ) NITS(LSUB,LIPL) = J GEQMOT90
IF { (LSUB .NE. 1) .AND. {LSUB .NE. NSUBS) .AND. (I+#1 .NE. GEOMO0800
LBOUND(LSUB)) ) LIPL = LIP1 ¢+ 1 GEOMOB10

IF { {LSUB «NE. 1) .AND. (LSUB .NE. NSUBS) .AND. (I+1 .NE. GEOMO820
LBOUNDILSUB)) ) NITS(LSUB,LIPLY = J GEOMO083C

IF ( T+1 .NE. LBOUNDI(LSUB) ) GO TO 17 GEOMO0840
LIP2 = LIP2 + 1 GEOM0850
NBTS{LSUB,LIP2) =J GEOMOB60
111 LipP2 GEUMO8T0
IF { LSUB .NE. 1 )} K = LBOUND{LSUB-1) GEOM0880
IF € LSUB NE. 1 )} III = II1 = NUP(K) + 1 GEOMO0890
NBTS{LSUB+1,111) = J GEOMO900
RADIUS = RADIUS + DR GEOMO910
Z(J) = 2G6L{I+1) + ( RADIUS - RHUB{1+1) ) * TANL GEOM0920
X(J) = RADGEN #* COSA - RADIUS # SINA GEQMO0930
Y{J) = RADGEN * SINA + RADIUS * COSA GEOMO0940
TH{J)= THHUB{I+1) + { THTIP(I#+1) - THHUB(I+1l) )} * [ RADIUS - GEOMO0950
RHUB(I+1) ) /7 ( RTIP(I+1) = RHUB(I+1) } GEOMO960

J1 = { RADIUS - RHUB{I+1) ¢ 0.0001 ) / DRP GEOMO9T0
J1 = Jd1 + 1 GEOMO980
IF ( TH(J) .LT. 0.0 ) TH(J) = 0.0 GEOM0990
IF ( J1 .GE. NPRES(I+1) )} GO 10 20 . GEOM1000
PRESN(J) = PRESSLII+1,J1) + ( PRESSL(TI+1,J1+1) - PRESSL(I+1,J1) ) GEOMlIOlO
* ( RADIUS ~ DRP * FLOAT(JL-1) - RHUB(i+1}) )} / DRP GEOM1020

G0 TO 25 GEOM1030
PRESN{J) = PRESSLII+1,NPRES(I+1)) GEOM1040
CONTINUE GEOM1050
IF ( T+1 .WE. LBUUND(LSUB) } GO 710 26 GEQM1060
LSUB = LSUB + 1 GEQM1070
K = LBCuUND(LSUB-1) GEOM1080
LIP2 = NUP{K) ~ 1 GEOM1090
JL = NT ¢+ 1 GEOM1100
J2 = NT 4+ NT1 GEOM1110
NB = O GEOM1120



261

262

263

264

265

266

267

268

269

270

K =0

N8l = -2

NPTL = NUP(T)

NPT2 = NUP(I+1)

IF (NPTL .EQ. NPT2) GO TO 27

IF (NPT2 - NPT1 .EQ. 1) GD TQ 275
IF (NPTL - NPT2 .EQ. 1) GO TO 270
IF (NPT2 - NPTL .GT. 1) GO TOU 265

BOTTOM GENERATOR HAS AT LEAST TWO MORE NODES THAN THE TOP

GENERATOR.

DO 264 J = J1,J2

K=K + 1}

L = MOC{K,3)

IF (L .EQ. O) L = 3

GO TO (261, 262, 263), L

NB1 = NB1 + 2

NEXT(J,1) = NP1 + NBI1
NEXT(Js2) = NP1 + NBL + 1
NEXT{Js3) = NP + NBL /7 2 + 1
GO TO 264

NEXT(J,1) = NEXT{J-1,3)
NEXT{J,2) = NEXT(Jy1) ¢ 1
NEXT(J93) = NEXT(J~1,42)
GO TO 264

NEXT(J,1) = NEXT(J~-1,3)
NEXT{Js2) = NEXT(Jy1) + |
NEXT(J43) = NEXT(J4-1,2)
CONTINUE

GO TO 85

TOP GENERATOR HAS AT LEAST TWO MORE NODES THAN
THE BOTTOM GENERATOR.

DO 269 4 = Jl, J2

K=K+ 1

L = MOD(K,3)

IF (L .EQ. 0) L = 3

GO TO (266,267,268), L

NB1 = NB1 + 2

NEXT(Js1) = NP + NBL1 + 1
NEXT{Js2) = NP + NB1 + 2
NEXT(J,3) = NP1l ¢ NB1 /7 2
GO TO 269

NEXT(Jy1l) = NEXT(J-1,3)
NEXT{J92) = NEXT(Jy1) ¢+ 1
NEXT{Jy3) = NEXT(J-1,2)
GO TO 269

NEXT(J,1) = NEXT(J-1,3)
NEXT{Js2) = NEXT{Jyl) + 1
NEXT(Js3) = NEXT(J~-1,2)
CONTINUE

GO Tu 8%

BOTTOM GENERATUR HAS ONE MORE NODE THAN THE TOP GENERATOR.
NEXT(J1,1) = NP1
NEXT{J1,2) = NP1 + 1
NEXT(J1,3) = NP + 1

I[F {J1 .EQ. J2) GO TU 85
Jil = Jl1 + 1

CO 271 4 = Jl1,d42
NEXT(Jyl) = NEXT(J~1,3)

GEOM1130
GEOM1140
GEOM1150
GEOM1160
GEGM1170
GEOM1180
GEOM1190
GEOM1200
GEOM1210
GEOM1220
GEOM1230
GEOM1240
GEQM1250
GEOM1260
GEOM1270
GEOM1280
GEOM1290
GEOM1300
GEGM1310
GEOM1320
GEOM1330
GEOM1340
GEOM1350
GEOM1360
GEOM1370
GEDM1380
GEOM1390
GEOM1400
GEOM1410
GEOM1420
GEOM1430
GEOM1440
GEQM1450
GEOM1460
GEOM1470
GEOM1480
GEOM1490
GEOM1500
GEQM1510
GEOM1520
GEOM1530
GEOM1540

- GEOM1550

GEUM1560
GEOM1S570
GEOM1580
GEOM1590
GEOM1600
GEOML610
GEOM1620
GEOM1630
GEOM1640
GEOM1650
GEOM1660
GEGM1670
GEOM1680
GEOM1690
GEQM1700

co
O
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211

275

276

27

28

30

35

40
42

45

%0
55

58

60

O

NEXT(J,2) = NEXT(J,1)+1
NEXT(J,3) = NEXT(J-1,2)
GO TO 85

TOP GENERATOR HAS ONE MORE NODE THAN THE BOTTOM GENERATOR.

NEXT(J1,1) = NP + 1
NEXT{JL1,2) = NP + 2
NEXT(J1,3) = NP1

IF (J1 .EQ. J2) GO TU 85
Jil = J1 + }

DO 276 J = Jll, J2
NEXT{(J,1) = NEXT{J-1,3)
NEXT{Jy2) = NEXT(J,y1)+1
NEXT{J,3) = NEXT(J-1,2)
GO TO 85

SAME NUMBER OF NUDES ON TOP AND BOTTOM GENERATORS .

IF { RADGEN .NE. 0.0 )} GO TO 55
IF { NCHBUICHB) .EQ. I ) GO TO 40
IF ( ICHB .GE. 2 )} GO TO 42

0O 35 J = J1,42

K=J-4J1 +1

IF ( MODI(K,2) .EQ. O ) GO TO 30
NB = NB +

—

NEXT(Js1) = NP + N8
NEXT({J4,2) = NP + NB + 1
NEXT(J,3) = NP1 ¢+ N8B - 1
GO 70 35

NEXT{J,1) = NP1 + NB - 1
NEXT{(J,2) = NP1 + NB
NEXT(Js3) = NP + NB ¢+ 1
CONTINUE

GO TO 85

ICHB = ICHB + 1

IF ( MCD(ICHB,2) .EQ. 1 )} GO TO 28
D0 50 J = Jl,J2

K=J-4Jdl +1

IF { MOD(K,2) .EQ. O ) GO TO 45

NB = NB +

—

NEXT(Jy1) = NP1 + NB - 1
NEXT{J,2) = NP1 + NB
NEXT{J4,3) = NP + NB

GO TU 50

NEXT(J,1) = NP + NB
NEXT{Js21 = NP + NB + 1
NEXT(Jy3) = NP1 + NB
CONTINUE

GO TO 85

IF { NCHB({ICHB) .EQ. I ) GO TO 70
IF ( ICHB .GE. 2 )} GO TU 72

DO 65 J = J1,J2

K=J-Jl +1

IF { MOD(K,2) .EQ. O ) GO TO 60
NB = NB +

-

NEXTIJ,1) = NP1 + NB - 1
NEXT(Jy2) = NP1 + NB
NEXT(Js3) = NP + NB

GO TO 65

NEXT(Jy1) = NP + NB
NEXTAJ,2) = NP + NB ¢+ 1

GEOMLIT10
GEOML720
GEOM1730
GEOM1740
GEOM1750
GEQOM1760
GEOM1770
GEOM1780
GEOM1790
GEOM1800
GEOM1810
GEOM1820
GEDOM1830
GEOM1840
GEOM1850
GEUM1860
GEQOM1870
GEOM1880
GEOM1890
GEOM1900
GEOM1910
GEOM1920
GEOM1930
GEOM1940
GEOM1950
GEOM1960
GEOM1970
GEDM1980
GEOM1990
GEOM2000
GEOM2010
GEOM2020
GEOM2030
GEOM2040
GEOM2050
GEOM2060
GEOM2070
GEOM2080
GEOM2090
GEOM2100
GEOM2110
GEOM2120
GEOM2130
GEOM2140
GEOM2150
GEOM2160
GEOM2170
GEOM2180
GEOM2190
GEOM2200
GEOM2210
GEOM2220
GEOM2230
GEOM2240
GEOM2250
GEOM2260
GEOM2270
GEOM2280



65

70
12

75

80
85

86

87

88

30

95

100

NEXT(Js3) = NP1 + NB

CONTINUE

GO TO 85

ICHB = ICHB + 1

1F ( MOD(ICHB,2) .EQ. 1 ) GO TO 58
D0 80 J = J1,J2

K= J-Jl +1

If ( MODIK,2) .EQ. O ) GO TO 75

NB = NB + 1

NEXT(Js1) = NP + NB
NEXT(Js2) = NP ¢ NB + 1
NEXT(Js3) = NP1 # NB - 1
GO TO 80

NEXT(Jsl) = NP1 ¢ NB - 1
NEXT{J,2) = NP1l #+ N8
NEXT{Js3) = NP ¢ NB + 1
CONTINUE

CONTINUE

NPl = NP + 1

NP = NP + NUP(I+1)

NT = NT + NT1

IF { NP .LE. 200 ) GO TO 87

WRITE (6,86)

FORMAT (//20X,35HMORE THAN 200 POINTS WERE GENERATED
RETURN

IF { NT .LE. 200 ) GO TO 90

WRITE (6,88)

FORMAT (//20X, 37THMORE THAN 200 ELEMENTS WERE GENERATED ')
RETURN

CONTINUE

DO 95 1 = 1,4NT

J1 NEXT(1,1)

J2 NEXT(1,2)

J3 NEXT(143)

PRESSE(I) = ( PRESN(J1) + PRESN(J2) + PRESN(J3) ) / 3.0
IF { NSUBS .EQ. O ) RETURN

I = LBOUND(1)

NBN{1) = NUP(I} - 1

DO 110 I = 1,NSUBS

IF (1 .EQ. 1 ) GO TO 100

J = LBOUND(T1~1)

NBN(I) = NUP(J) -1

IF 1 -EQ. NSUBS ) GU TO 100

J = LBOUNDIIT)

NBN{T) = NBN{I) # NUP(J) - 1

L ]

J2 = LBUUNDI(I) - 1

IF (I <€EQ. NSUBS ) J2 = NGENLI

Jl = 1

IF (1 «GTa 1 ) J1 = LBOUND(I-1) + 1
INTNCIL) = O

00 110 J = J1,92

INTNCE) = INTNOT) & NUP(J) - 1
RETURN

END

GEOM2290
GEOM2300
GEOM2310
GEOM2320
GEOM2330
GEOM2340
GEOM2350
GEOM2360
GEOMZ2370
GEOM2380
GEOM2390
GEQOM2400
GEOM2410
GEOM2420
GEOM2430
GEOM2440
GEQOM2450
GEOM2460
GEQM2470
GEOM2480
GEOM2490
GEOM2500
GEOM2510
GEOM2520
GEQM2530
GEOM2540
GEOM2550
GEOM2560
GEOM25T0
GEOM2580
GEOM2590
GEOM2600
GEQOM2610
GEUM2620
GEOM2630
GEOM2640
GEOM2650
GEOM2660
GEQM2670
GEOM2680
GEOM2690
GEOM2700
GEOM2710
GEOM2720
GEOM2730
GEOM2740
GEOM2750
GEOM2760
GEOM27T0
GEOM2780
GEOM2790
GEOM2800
GEOM2810
GEOM2820

o1
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SUBROUTINE DIRCOS (LAsLBsLCy 1)
CALCULATE THE CIRECTION COSINE MATRIX (EDCM)

(XL9YLsZL) RELATIVE

COMMON X

PRESSE(
RAPANGI(
THHUB (
OMEGA

RHO

- NGENLT ,
DOUBLE PRECISION L12

L1z
S1X
S1y
S12

L S U 1]

SIGN = 1.0

IF ¢ LC .LT.
S1X

S1X
Sy
S12
DSQRT
Sy
S12z

Siy
s12
s1

§$2X
s2y
s22
$2- =DSQRT
EDCM(1,1)

EDCM(2,1)

EDCM{3,1)

EDCM{1,2)

EDCM(2,2)

EDCM(3,2)

EDCM(143)

EDCM(2453)

EDCM{3,3)

RETURN

END

now#-uHnn

°
*
.
{

*
*

LI T I OO T T I T A T 1}

200)
200}
100}
1001}

S2

TO COMMON AXES (X,Y:2) .

- w @ w

LINEL

Y
. {
6L

(
(

200)
100}

YOUNGS s RADGEN ,

» SIX s S1Y ¢ S1Z 4 S1 4 S2X 5 S2Y , S2Z

- X(LA}) * (Y(LC) - Y{LA)}) = (X{(LC) -~ X{LA))} *
(y(Lsl) - Y{LA)}

LB ) SIGN = ~1.0

SIGN

SIGN

SIGN

SIX#€2 + S1Y*%2 4+
(Z(Ls) - z(LA)) -
(X{LB) = X(LA)) -~
tYy(Ls) —- Y(LA)) -
S2X*%2 + S52Y*%2 %
(x{Le) - xtLa)) 7/
(Y(LB) = Y{LA)) /
{ Z(L8) ~ Z(LAY )
S2X / S2

S2y / s2

S22 / S2

Six /7 sl

Siy 7/ si

sS1z /7 sl

S12%%2 )

S1Z * (Y{LB) - Y{LA))
S1X * {(Z(LB) - Z{LA))
S1Y * (X{LB) - X{(LA))
S21%%2 )

L12

Liz2

/ L12

y L ( 200) » TH { 200}
200,3) , YL ( 200,3) ,

» RHUB ( 100) , RTIP ( 100)
THTIP { 100) , PRESSL{100,15),EDCM ( 3,3)
POISSO
NPRES{100) 4, NEXT ( 200.,3) o NP , NT

.

DIRCOSO1

OF ELEMENY LOCAL AXESDIRCOSO02

DIRCOSO3
DIRCOSO4
+»0IRCOSO5
OIRCOS06
» DIRCOSO7
»DIRCOSOB
DIRCOSO9
DIRCOS10
DIRCOSL1
DIRCOS12

SQRT( (X(LBI=-X(LA))I*%x2 « (Y{LB)-Y{LA)I#**2 +(Z(LB)-2(LA))**2)DIRCDS]3
(Y(LB)-Y(LA)) * (Z(LC)-Z(LAY) - (Y(LCI-Y(LA))*{Z(LB)-Z(LA)) DIRCOS14
(ZLB)-ZALA) I*(X(LC)=X(LA)) ~ (Z(LC)-Z{LA)I*(X(LB)-X(LA)})
{(X(Ls)

O1RCOS15
DIRCOS16
DIRCOS17
DIRCOS18
DIRCOS19
DIRCOS20
DIRCOS21
DIRCOS22
DIRCOS23
DIRCOS24
DIRCOS25
DIRCQS26
DIRCOS27
DIRCOS28
DIRCOS29
DIRCOS30
DIRCOS31
DIRCOS32
DIRCOS33
DIRCOS34
DIRCOS3S
DIRCOS36
DIRCOS37
DIRCOS38
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SUBROUTINE LCOURC (LA,LB,LC,1) LCCORDOL
DETERMINE LOCAL NODAL COORDINATES (XL,YL,ZL) OF TRIANGULAR ELEMENTLCOORDOZ

FROM COMMON NODAL CUORDINATES (X,Y,2) LCOORDO3

LCOORDO4

COMMON X { 200) , Y { 200) 5 2 { 200) 4 TH , ( 200) ,LCOORDOS

1 PRESSE(L 2000 4 XL { 200,3) , YL ( 2C0,3) , LCOURDOG
2 RAPANG( 100} , ZGL { 100) ,» RHUB ( 100) , RTIP ( 100) ,LCOORDO7
3 THHUB ( 100) , THTIP ( 100) , PRESSL{100,15),EDCM ( 3,3) ,LCOORDO8
4 RHO , OMEGA , POISSO , YOUNGS , RADGEN , LCOORDO9
5 NGENLI » LINELl , NPRES(100} , NEXT { 200,3) , NP , NT LCOORD10
XL(I,2)= EDCM{1,1) * (X(LB) - X(LA)} + EDCM{2,1) * (Y{LB) - Y(LA))ILCOORDL1

1 +EDCM(3,1) * (Z(LB) - Z(LA}) LCOORDL2
XL{TI,3)= EDCM{1,1) * {(X(LC) - X(LA)) + EDCM(2,1) * (Y(LC) - Y{LA))LCOORD13

1 +EDCMI3, 1) * (Z(LC) - Z(LA)) LCOORD14
YL{T,3)= EDCM{1,2) * (X(LC) - X{LA)) + EDCM(2,2) * (Y(LC) - Y{LA)ILCOORDIS

1 +EDCMI3,2) = {Z{LC) - Z(LA)) LCOORD16
RETURN LCOORDL17

END LCOORD1E

NS
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SUBRUUTINE MEMSTF { LAA,LBB,LCC,1E ) MEMSTFO1

CALCULATE THE LOCAL MEMBRANE STIFFNESS MATRIX (FLMSM) FOR A MEMSTFO2

TRIANGULAR ELEMENT . MEMSTFO3

MEMSTFO4

COMMUN X { 200) , Y ( 200) » 2 { 2C0) o TH { 200) +MEMSTFO5

1 PRESSE( 200) , XLL ( 200,3) , YLL { 200,3) , MEMSTFO6
2 RAPANG{ 100) , ZGL { 100) , RHUB ( 100) , RTIP ( 100) ,MEMSTFO7
3 THHUB ( 100) , THTIP ( 100) , PRESSL(100,15),EDCM ( 3,3) ,MEMSTFO8
4 RHO » OMEGA , PUISSO » YOUNGS , RADGEN , MEMSTFO9
5 NGENLT » LINEL , NPRES({100) , NEXT { 200,3) o NP , NI , MEMSTF10
6 ELMSM(646) » AMNIN(6,6) , ELBSM(9,9) , ABNIN(9,9) , MEMSTF11
7 PFLGN(9,1) ’ MEMSTF12
COMMON / TBAR / THBAR{200) MEMSTF13

OIMENS ION AMNIT(6,6) 4 WM{3,6) , WMT(643) , EM{3,3) o, MEMSTFl4

1 TN(6s1) o ZINT (146) o 211646) 4 22 (6,46]) MEMSTFL1S
DIMENSION YL(3) , XL(3) MEMSTF16

DOUBLE PRECISIUN ZINT , XL o YL , TERM , AMNIT , WM , WMT , EM , MEMSTFL7

1 T , 21 4 22 MEMSTF18
DATA LAGLBWLC 7 1 » 2 4 3/ MEMSTF19

DATA WV / 1.000,4%0.0D0,1.000,2%0.000,1.00040.0D0,1.000,7%0.000 / MEMSTF20

DATA WMT / 1.000,8%0.000,1.000,3%0.000,2%1.0D0,3%0.0D0 / MEMSTF21

CATA AMNIT,EM, TN / 51%0.0D0 / MEMSTF22

XL{LB) = XLL(IE,2) MEMSTF23

XL{LC) = XLL(IC,3) MEMSTF24

YLILC) = YLULLIE,3) MEMSTF25

TERM = YOUNGS / ( 1.0 - PUOISSU*#%2 ) MEMSTF26

EM(1,1) = TERM MEMSTF27

EM{1,2) = TERM * PUISSU MEMSTF28

EM{2,1) = EM{1,2) MEMSTF29

EM(2,2) = TERM MEMSTF30

EM{3,3) = ( 1.0 - POISSO ) * TERM / 2.0 MEMSTF31

AMNIN(L, 1) = —-1.0 /7 XL(LB) MEMSTF32

AMNIN(1,3) = - AMNIN{1l,1) MEMSTF33

AMNIN(2,2) = AMNIN(L,1) MEMSTF34

AMNIN(2y4) = AMNINI(1,3) MEMSTF35

AMNIN(3,1) = ( XL(LC) - XL{LB) ) 7 XLILB) /7 YLILC) MEMSTF36

AMNIN(3,3) = - XL(LC) /7 xL{LEB) / YL(LC) MEMSTF37

AMNIN(3,5) = 1.0 / YL(LC) MEMSTF38

AMNIN{4y2) = AMNIN(3,1) MEMSTF39

AMNIN(4,4) = AMNIN(3,3) MEMSTF40

AMNIN(4,6) = AMNIN(3,5) MEMSTF41

AMNIN(Sy 1) = 1.0 MEMSTF42

AMNIN(G6,2) = 1.0 MEMSTF43

DO 18 1 = 1,6 MEMSTF44

ZINT(1,1) = 0.0 MEMSTF45

50 10 J = 146 MEMSTF46

AMNIT(I,4) = AMNIN{(J, 1) MEMSTF47

TNC(1,1) = TH(LAA) MEMSTF48

TN(3,1) = TH(LBB) MEMSTF49

TN(S, 1) = TH(LCC) MEMSTF50

CALL ZInI1  TELZINT ) MEMSTFS1

DO 15 3 = 146 MEMSTFES2

Z1(1,d) = 0.0 MEMSTF53

CO 15 K = 146 MEMSTFS54

Z1(1yd) = Z1010d) + ZINT(1,K) # AMNIN{K,J) MEMSTFSS

12¢1l,1) = 0.0 MEMSTFS6

LG 20 K = 1,0 MEMSTFST

2241y 1) = 22{1,1) + Z101,K) % TN(K,1) MEMSTFS8



25

30

35

40

THBAR( IE)

DO 25 1
00 25 J
I1t1,J)
DO 25 K
Z1(1,Jd)
DO 30 1
DO 30 J
L2(144)
00 30 K
12(1,4)
D0 35 1
DO 35 J
rIANRENE
DO 35 K
Z111,9)
DO 40 1
D0 40 J

ELMSM(I,J4)

L2 I T TN O ]

= { TH(LAA) + TH(LBB) + TH(LCC) ) / 3.0
1,6
1,3
000
1,3
Z1(T14d) & 22{1,1) % WMT(I,K) * EM(K,J)
1,6
16
0.0
143
L2(14J) + Z1(1,K) * WM{K,J)
1,6
1,6
0.0
1,6
Z1(E,d) + AMNITU(IZK) * Z2{Kyd)
146
146
= 0.0

00 40 K = 1,6
ELMSMIT,Jd) = ELMSM(1,J) + Z1(I,K) * AMNIN(K,J)

RETURN
END

MEMSTF59
MEMSTF60
MEMSTF61
MEMSTF62
MEMSTF63
MEMS TF64
MEMSTF65
MEMSTFO66
MEMSTF67
MEMSTFé68
MEMSTF69
MEMSTFT0
MEMSTFT1
MEMSTFT72
MEMSTFT3
MEMSTF74
MEMSTFT=
MEMSTFTé
MEMSTFT7
MEMSTF78
KMEMSTFT79
MEMSTF80
MEMSTF81
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SUBRUUTINE ZINTL ( 1E,2INT )
USING GAUSSIAN QUADRATURE, INTEGRATE

THE SURFACE DOF THE TRIANGLE
FIXL,YL) = 1la0
FIXL,YL) = XL
FIXLsa¥YL) = YL
COMMON X ( 200) 4 ¥ ( 200) , 2 { 200) , TH { 200)
PRESSE( 200) , XLL ( 200,3) , YLL ( 200,3) .
RAPANG( 100) , 2GL { 100) , RHUB ( 100) , RTIP { 100)
THHUB ( 100) 5 THTIP { 100) , PRESSL(100,15)EDCM ( 3,3)
RHO , UMEGA 4, PO1SSO , YOUNGS , RADGEN ,
NGENLI , LINELl , NPRES(100) , NEXT ( 200,3) 5, NP 4 NT ,
ELMSMI6,6) o AMNIN(G6,6) 4 ELBSM{9,9) , ABNIN(9,9) ,
PFLGN(9,1)

DIMENSTUN ZINT(1,6) o A(10) , H(10)} , YI(10) , XI(10) , AREA(10)
XI1L(10) 4 XIR{10)

CIMENSION YL(3) , XL{3)

DOUBLE PRECISION YU o HT , XO o ZINT 4 A o H 4, YI 4 XI , AREA ,

XIL o XIR 4 XL , YL
DATA LA,LB,LC 7 L 4 2 4 3/
CATA A/ -.97390652851717 4 -.86506336668899 4, ~.67940956829902
~+43339539412925 , -.14887433898163 , +14887433898163
«43339539412925 , +67940956829902 , »86506336668899
«97390652851717 /

DATA ® / «06667134430865 5, «14945134915058 , .21908636251598
226926671930100 4 «29552422471475 , «29552422471475
«26926671930100 , «21908636251598 «14945134915058
+06667134430869 /

XL{LB) = XLLIIEL2)

XLILC) = XLL(IE,3)

YLLC) = YLLUIE,3)

YO = 0.5 * YLILC)

cto 31 = 1,10

YI(1) = YO + AlI) # YO

XTLUID) = XL(LC) = YIL(I) / YL{LC)

XIR{1) = XL(LB) - ( XL(LB) - XL(LC) )} * YI(I) 7 YL{LC)

IF ( 1 .NE. } ) GO 7O 2

HT = 0.0

D01 J = 1,10

HT = HT 4+ H{J)

AREA(T)= XLI{LB) * ( 1.0 - A(I) ) * 0.25 * HT

ZINT(1,%) = ZINT(1,5) +CABS(YL(LC)) * 0.5 * AREA(I) * H(Il)

ZINY{1,53) = ZINT(1,3) +DABSIYL(LC))} * 0.5 *Y[{1) * AREA(I) * H(ID)

DG 51 = 1,10

xa = XIL(T) + 0.5 % ( XIR(I) - XILAI) )

AREA{T)= 0.0

00 & 4 = 1,10

X1{J)Y = A0 + A{J) %= { XU - XIL{1)} )

AREA(TL)= AREA(T) + XL(LB) * ( 1.0 = A(I) ) % 0,25 * H{J) * XI(J)

ZINT(Ly1) = ZINT(1,s1) +UABSIYL(LC)) * 0.5 * AREA(I) ¥ H(I)

RETURN

END

THE FCLLOWING FUNCTICNS OVER

ZINT1001
ZINT1002
ZINT1003
ZINT1004
ZINT1005
ZINT 1006
ZINT1007
+ZINT1008
ZINT1009
»yZINT 1010
sZINT1011
ZINT1012
ZINTLO13
ZINT1014
ZINT1015
+yZINT1016
ZINTIOLY
ZINT1018
ZINT1019
ZINT1020
ZINT1021
ZINT1022
ZINT1023
ZINT1024
ZINT1025
ZINT1026
ZINT1027
ZINT1028
LINT1029
ZINT1030
ZINT1031
ZINT1032
ZINT1033
ZINT 1034
ZINT1035
ZINT1036
ZINT1037
ZINT1038
ZINT1039
ZINT1040
ZINT1041
ZINT 1042
ZINT1043
ZINT1044
ZINT 1045
LINT 1046
ZINT1047
ZINT1048
ZINT 1049
ZINT1050
ZINTL1051
ZINT1052
ZINT1053



SUBROUTINE BENSTF ( LAA,LBB,LCC,IE ) BENS0010

CALCULATE THE ELEMENTAL LOCAL BENDING STIFFNESS MATRIX (ELBSM) . BENS0020

BENS0030

COMMON X ( 200) , ¥ ( 200) 4 2 ( 200) , TH { 200) ,BENS0Q040

1 PRESSE( 200) + XLL ( 20043) , YLL ( 200,3) , BENS0050
2 RAPANG{ 100} , 6L ( 100} , RHUB ( 100) , RTIP ( 100) ,BENSO0060
3 THHUB ( 100) , THTIP ( 100) , PRESSL(100,15),EDCM ( 3,3) ,BENS00TO
4 RHO » OMEGA 4 POISSO ,» YOUNGS » RADGEN , BENS0080
5 NGENLTI , LINE1l , NPRES(100) , NEXY ( 20043) , NP , NT , BENS0090
6 ELMSM(6,6) o AMNIN(6,6) , ELBSM{9,9) , ABNIN{9,9) , BENS0100
7 PFLGN{9,1) N BENSO110
CIMENSIDN ABNIT(9,9) , 21(9,9) o ZINT(9,9) BENS0120

DIMENSION YL(3) , XL(3) BENSO130

OOUBLE PRECISIUN ZJ1l 4 242 4 ZJ43 4 244 5 Z1J5 5y ZJ6 » ABNIT , Z1 , BENSOL40

1 ZINT 5, XL » YL BENSO150
DATA LAJLBoLC 7 1 » 2, 3/ BENS0160

XLILB) = XLL(IE,2) BENSO170

XLILC) = XLL(I1E.3) BENSO1 80

YLILC) = YLL(IE,3) BENSO190

ABNIN(1,1) = 1.0 BENS0200

ABNIN(2,3) = -1.0 BENS0210

ABNIN{3,2) = 1.0 BENSO220

ABNIN(4,1) = -3.0 /7 XL{LB) / XL(LB) BENS0230

ABNIN(4,3) = 2,0 / XL(LB) BENS50240

ABNIN(4y4) = - ABNIN(4,1) BENS0250

ABNIN(4,6) = 1.0 /7 XL(LB) BENSO260

ABNIN(Sy1) = 3.0 * { XL(LC)*%2 - XL{LB)**2 ) / (XLILB)*YLI{LC))**2 BENS50270

ABNIN(5,2) = -2.0 /7 YLILC) ’ BENS0280

ABNIN{S5,3) = 2.0 * ( XL(LB) - XL(LCY» ) * XLILC) /7 xL{LB) / YL(LC) BENS0290

1 /7 YLILC]) BENS0300
ABNIN(S,4) = -3.0 @ ( XL(LC) / XL(LB) / YL(LC) )*x2 BENSO310

ABNIN(S,6) = - ( XLILC) / YL(LC) )*%2 / XxL(LB) BENS0320

ABNIN(S,7) = 3.0 /7 YL{LC) /7 YL(LC) BENS0330

ABNIN({DG,8) = - 1.0 /7 YL{LC) BENS0340

ABNIN(S5,9) = XL(LC) /7 YLILC) / YLILC) BENS0350

ABNIN{G6)1) = 2.0 / XL(LB)**3 BENS 0360

ABNIN(6+3) = -~ 1.0 / XL(LB) / XL{LB) BENS0370

ABNIN(6,4) = - ABNIN{6,1) BENS0380

ABNIN(6,6) = ABNIN(6,3} BENS0390

ABNIN(T42) = ABNIN(6,3) BENS0400

ABNIN(T7+5) = — ABNIN(6,3) BENSO0410

ABNIN(B,1) = 6.0 * XL(LC) / XL(LB)*%3 / YL(LC}#*x2 &(XL{LB)-XL(LC)IBENSO420

ABNIN(B,2) = 2.0 * XL(LC) / XL(LB) /7 XL(LB) /7 YL{LC) BENS0430

ABNIN(8y3) = ( XL{LB) = 3.0%XL{LC) ) * { XL{LB) =~ XL{LC) )} / BENS0440

1 (XLILB) * YL{LC))*%2 BENSO0450
ABNIN(B,4) = 6.0 * XL(LC) * ( XL{LC) = XL(LB) ) / XL{LB)**3 / BENS0460

1 YLILC)**2 BENSO4TO
ABNIN(8,5) = -2.0 * XL(LC) / XL(LB) /7 XL(LB) / YL(LC) BENS0480

ABNIN(8y6) = XLILC) * ( 3,0%XL(LC) - 2.0%xL(LB) ) / ( XL(LB) * BENS0490

1 YLELC) %2 BENS0500
ABNIN{B,9) = =140 / YL{LCY / YL(LC) BENSO0510

ABNIN(9,1) = 2.0 # ( 2.0%XL{LC)#*%3 - XL(LBI*( 3.0%XL(LC)**2 = BENS0520

1 XL{LBI%*%2 ) ) / ( XL(LB) * YL(LC) )*x3 BENS0530
ABNIN(9,2) = ( XLILB)*%x2 ~ XL(LC)*%2 )} / ( XL{LB) * YL(LC) )*%2 BENS0540

ABNIN(9,3) = -2.0 * XL(LC) * { XL{LB) — XL{LC) )*%2 / XL(LB)**2 / BENSO0550

1 YLI{LC )*#*3 BENS0560
ABNIN(9,4) = 2.0 * XL{LC)*%2 * ( 3.0%XL(LB) - 2.0%XL(LC) ) / BENS0570

1 { XL{LB) * YL(LC) }*=3 BENS0580
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20

29

Q

1

ABNIN{(I,5)
ABNIN(9,6)

ABNIN(9,7)
ABNIN(Y, 8)

005 1 =
Do S J =
ZINT(1,J)

ABNIT(1,J)

= XLILC) / XLILB) /7 YL(LC) )*=2

= 2.0 %= XL{LC)**2 % { XL(LB) - XL(LC)
YLULC }%%3

= =2.0 /7 YL(LC)#*%x3

= 1.0 /7 YL(LC)*%2

?

1

= ABNINUJ, 1)

) /7 XL{LB)*#%2 /

CALL ZINT2 ( LAAUBBoLCCaZI142J242J03,2344235,2J64,1E )

ZINT(4,4)

ZINT(4,5)

LINT(4,6)

ZINT{4,T)

ZINT(4,8)

ZINT{4,9)

ZINT{5,5)

LINT(5,6)

ZINT(5,1)

ZINT(5,8)

ZINT(5,9)

ZINT(646)

ZINTL6,T)

ZINT(6,8)

ZINT(6,9)

ZINT(7,7)

ZINT(7,8)

ZINT(7,9)

ZINT(8+8)

ZINT(8,9)

ZINT(9,9)

Co 101 =

It =14+ 1
Do 10 J

LINT(J, 1
ZJl = YQ
Co 15 1

b0 15 J

ZINT(I,J
00 20 1

0u 20 J

2101400

DO 20 K

Z1(1,4)

B0 295 1

Do 2% J

CLBSM(T,J)
00 2% K =

ELBSM{1, )
RETURN

END

£ E O N TR T I [ | B i 1}

N

4.0 * 2J1

POISSO * ZINT(4,4)
12.0 * 242

4.0 * 743

4.0 * POISSO * lJ42
POISSO * ZINT(4,7) *
ZINT(4,4)

POISSO * ZINT(4,6)
POISSO * ZINT(4,7)
LINT{4,8) / POISSO
LINT(4,93) / POISSO
36.0 * 1J4

12.0 * 145

12.0 * POISSO * 144
ZINT(6,7) * POISSO * 3.0
4.0 * 2J6 + 8.0 % |{
4.0 { 2.0 - POISSO
12.0 PUISSO #* 1J6

{ 1.0 = POISSO )
735
146

3.0

) * 245

LU I L T O T Y T T T 2O LA (N [ O 1]

o
.
(=]
L R B R I

=36.0

—
~N
SN |

NT{I,J)
(

S 12,0 ¥ { 1.0 = POISSO**2 ) )

INT(T,3) * 21

IyJd) + ABNIT(I,K) * ZINT(K,J)

—— N O = iSO N
lh o @ pow o = =
OO~ 0O VONDOLO

-

-

O
(@]
?
=]

= ELBSMI1,J) + Z1(1,K}) * ABNIN(K,J}

1.0 - POISSO ) * ZJ4

® 7J6 + 4.0 * 244

BENS0590
BENS0600
BENSO610
BENS0620
BENS 0630
BENS50640
BENS0650
BENSO0660
BENSO0670
BENS0680
BENS0690
BENSO0700
BENSOT10
BENSO0720
BENSO0730
BENSOT740
BENSO750
BENSO760
BENSOTT0
BENSO780
BENSO0790
BENS0800
BENSO810
BENS0820
BENS0830
BENS0840
BENSO0850
BENS0860
BENSO0870
BENS0880
BENS0890
BENS0900
BENSO910
BENS0920
BENS0930
BENS0S940
BENS 0950
BENS0960
BENSO0970
BENSC980
BENS0990
BENS1000
BENS1010
BENS1020
BENS1030
BENS1040
BENS1050
BENS 1060
BENS 1070
BENS1080
BENS1090
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USING GAUSSIAN QUADRATURE, INTEGRATL THE FOLLOWING FUNCTIONS OVER
THE SURFACE UF THE TRIANGLF
FIXL,YL) = TERM %% 3
F{XL,YL) = TERM %% 3 * XL
FIXLoYL) = TERM %% 3 % Y|
FIXL,sYL) = TERM *% 3 x X| *% 2
FIXL,YL) = TERM %% 3 % XL * YL
FIXLeYL) = TERM %% 3 % YL #x% 2
WHERE
TERM =({XLILB)ARYL(LC) + (XL{LC) - XL{LB)I*YL <~ YL(LC)*XL)*
TH(LAA)+ (YLILC)I*XL *~ XLILC)I*YI 1 #TH(LBB)+ XL(LB)*
THILCCI®*XL )} /XLILB)/ZYLILC)

COMMON X { 2000 ; ¥ { 200) , 2 { 200) » H ( 200)
1 PRESSE( 200) , XLL ( 200,3) , YLL { 2C0,3) ,

2 RAPANG( 100) , 2GL { 100) , RHUB ( 100) , RTIP ( 100}
3 THHUB ( 100) » THTIP ( 100} , PRESSL(100,15),EDCM ( 3,3)
4 RHO , UMEGA , PGISSO , YUUNGS 4 RADGEN ,

5 NGENLI , LINEL , NPRES(100) , NEXT ( 200,3) » NP , NT ,

6 ELMSM(646) s AMNIN(6,6) , ELBSM(9,9) , ABNIN(9,9) ,

7 PFLGN(9,1)

DIMENSTUN A{10) , H(10) , YI(10)} , XI{10) , AREA(10,6) » XIL{10)
1 XIR(10)

CIMENSIUN YL(3) , XL{3)

DOUBLE PRECISION 201 o 242 4, 233 4 2J4% 3 205 4 246 4 YO 4 XO
1 TERM o A , H , XI , YI , AREA , XIL , XIR , XL
2 YL

CATA LA,LB,LC / L 4 2 4 3/ )

DATA A / -.97330652851717 , -.86506336668899 , -.67940956829902
1 -e43339539412925 , -.148874338981¢3 , .14887433898163
2 +43339539412925 4, .67940956829902 , .86506336668899
3 «97390652851717 7/

DATA H / .06667134430869 4 .149451349150%8 , .21908636251598
1 «26926671930100 5, +29552422671475 4 ,29552422471475
2 «26926671930100 » .21908636251598 , .14945134915058
3 +~06667134430869 /

XL(LB) = XLL{IE,2)

XLILC) = XLLA{IE,3)

YLILC) = YLL(IE, 3)

ZJl1 = 0.0

142 = 0.0

243 = 0.0

134 = 0.0

145 = 0.0

246 = C.0

Y3 = 0.5 % YL{LC)

O 41 = 1,10 .

YILL) = YO ¢ A{L) * YU .

XIL{I) = XL(LC) # YI{(1) / YL{LC)

XIR{T) = XL(LB) = ( XL{LB) = XL(LC) ) = ¥I(1} / YL(LC)

X0 = XIL(T) ¢+ 0.5 % ( XIR(I) - XILLT) )

Lo 2 4 = 1,10

DO 1 K = 1,6

ARFA(JWK)} = 0.0

XI(Jd) = X0 + A(J) ¥ ( XO - XIL(1) )

Co 3 J = 1,10

TERM = { ( XLILBI®YLILC) + { XL(LC) - XL{LB) ) % YI(I) - YL{LC)*

SUBROUTINE ZINT2 (

LAASLBB LCCsZU14232,2d3420442454206,41E )

ZINT2010
ZINT2020
ZINT2030
ZINT2040
LINT2050
ZINT2060
ZINT2070
Z1NT2080
ZINT2090
ZINT2100
ZINT2110
LINT2120
ZINT2130
ZINT2140
»ZINT2150
ZINT2160
yZINT2170
+LINT2180
ZINT2190
ZINT2200
ZINT2210
ZINT2220
+ZINT2230
ZINT2240
ZINT2250
ZINT2260
ZINT2270
ZINT2280
ZINT2290
ZINT2300
ZINT2310
ZINT2320
ZINT2330
ZINT2340
ZINT2350
LINT2360
ZINT2370
ZINT2380
ZINT2390
ZINT2400
ZINT2410
ZINT2420
ZINT2430
ZINT2440
ZINT2450
ZINT2460
LINT2470
ZINT2480
ZINT2490
ZINT2500
ZINT2510
ZINT2520
ZINT2530
ZINT2540
ZINT2550
ZINT2560
ZINT2570
ZINT2580



XI4J) ) * THILAA)- ( XLALCI*YI(T} - YLLLC)I*XI(J) ) *TH(LBB)ZINT2590
+ XL(LB)*THILCC)I*YI(1))**3 % XL{LB)*({ 1.0 - A(l) ) * 0.25 ZINT2600

[P S N

* H{J) /7 XL(LB)*%3 / YL(LC)#**3 ZINT 2610

AREA(I,1) = AREA(I,1) + TERM ZINT2620
AREA(T,2) = AREA(T1,2) + TERM * XI(J) ZINT2630
AREA{1,3) = AREA(1,3) + TERM * YI(I) LINT2640
AREA(I,4) = AREA(I44) + TERM = X[(J)**2 ZINT 2650
AREA(1,5) = AREA(1,5) + TERM * XI{J) = YI(I) LINT2660

3 AREA{1,6) = AREA{I,6} + TERM * YI([l)}*%2 ZINT2670
ZJl = 1J + 0.5 * H{I) & AREA(I,1)*DABS(YL(LC)) ZINT2680

12 = 142 + 0.5 % H{1) & AREA(1,2)*DABS{YL(LC)) ZINT 2690

1J3 = 743 + 0.5 * H{I) * AREA(1,3)%0ABS{YLI(LC)) LINT2700

2J4 = 1J4 + 0.5 * H{I) * AREA{I,4) *DABS(YL(LC)) LINT2710

145 = 145 + 0.5 % H{I) * AREA(I,5) *DABS(YL(LC)) LINT2720

4 156 = 156 + 0.5 * H(I) * AREA(I,6) *DABS(YL{LC)) ZINT 2730
RETURN ZINT2740

END LINT2750

100
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NV W~

SUBRUUTINE NPFORC ( 1 ) NPFORO10
CALCULATE THE LOCAL GENERALIZED NODAL PRESSURE FORCE (PFLGN)} FOR NPFOR0O20

A TRIANGULAR ELEMENT . NPFORO30
NPFOR040

COMMUN X {2000 , ¥ t 2000 , 2 { 200) 4 TH { 200) ,NPFOROSO
PRESSE( 200) , XLL ( 200,3) , YLL ( 2C0,3) , NPFOR060
RAPANG( 100} , ZGL  ( 100) , RHUB ( 100) , RTIP ( 100) NPFOROT70

THHUB ( 100) , THTIP ( 100) , PRESSL(100,15),EDCM { 3,3} ,NPFOR0OSO

RHO , OMEGA , PBISSO , YOUNGS , RADGEN , NPFUR090

NGENL1 » LINEL o NPRES(100) , NEXT ( 200,3) » NP 4 NT , NPFORLOO
ELMSM{6,6) , AMNIN{6,6) o ELBSMI9,9) , ABNIN(9,9) , NPFOR120
PFLGN{(9,1) NPFUR130
DIMENSIGN ABNIT(9,9) , ZINT(9,1) NPFOR140
DOUBLE PRECISION ABNIT , ZINT NPFOR150
LO 10 4 = 1,9 NPFOR160
ZINT(Jy 1) = 0.0 NPFOR170
DO 10 K = 1,9 NPFORL B0
ABNIT(J,K) = ABNIN(K,J) NPFOR190
CALL ZINT3 ({ I,ZINT ) NPFOR200
DU 15 4 = 1,49 NPFOR210
PELGN(J, 1) = 0.0 NPFOR220
00 15 K = 1,9 NPFOR230
PFLGN{Jy 1) = PFLGN(J,1) + PRESSE(L) * ABNIT(J,K) * ZINT(K,1) NPFOR240
RETURN NPFOR250
END NPFOR260
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SUBROLTINE ZINT3 ( 1ELZINT )
USING GAUSSIAN QUARRATURE, 1
THE SURFACE OF THE TRIANGLE

’ FLXL,YL)

FAXL,yYL)

FIXLyYL)

FIXLaYL)

FIXL,YL)

FOXLsYL)

FIXLsYL)

FLXL,YL)

FIXL,yYL)

WoH oW Honoh oo

COMMON X ( 200}
PRESSEL( 200)
RAPANG( 100}
THHUB ( 100)
RHG 4 OMEGA o, POISSO
NGENLIT 4 LINEL » NPRE
ELMSM{6,6) » AMNIN(G,
PFLGN{9,1)

DIMENSION ZINT(9,1) , A(10)

oXIL(10) » XIR(10)

DOUBLE PRECISION YI,XI, AREA

TERM 4 ZINT

DATA LA,LByLC /7 1 4 2 » 3/

DATA A / -497390652851717

«43339539412925

+43339539412925

«97390652851717 /

«06667134430869 ,

»2692667193010C

«26926671930100 ,

«06667134430869 /

XLL{TIE,2)
XLLTE, 3)
YLL(IE,3)
* YL{LC)
1,10
YO + A(I) * YO
XLELC)Y * YI(D) /7 YL
XL(LB) — ( XL(LB) -
(1) + 0.5 % ( XIR{I)
1,10

Y

XtL
IGL
THTIP

DATA H /

XL {Ls)
XL(Lc)
yYLiLc)
YO = O
0 5 1
Yier =
XIL{T)
XIR(I)
X0 = X1
Do 2 4
D0 1 K 1,9
AREA({J4K) = 0.0
XI(Jd) = X0 + A{J) * {
Lo 3 J = 1,10
TFERM = XL(LB) = ( -
AREALI 1) = AREA(I,1) +
AREA(I,2) AREA(1,42) +
AREA(T,3) ARFA(TI,3) +
AREA{T,4) AREA(T4) +
AREA(T,5) ARLALT,5) +
+
+
+
+

[ R I 1

(L T i | I

XU - X
1.0 ALT)
TERM
TERM
TERM
TEQM
TERM
TERM
TERM
TERM
TERM

AREA(TL,6) AREA(1,6)
ARFA(T,T7) AREA(T,7)
AREA(L,B) AREAL{1,8)
AREALT,7) AREA(1,9)

[T VA T 1 [T T N N

ZINT3010

NTEGRATE THE FOLLOWING FUNCTIONS OVER ZINT3020
ZINT3030

1.0 ZINT 3040
Xt ZINT 3050
YL ZINT3060
XL#%2 ZINT3070
YL&%2 ZINT3080
XL%*3 ZINT3090
XL#*%2 % YL ZINT3100
YL*%2 * XL ZINT3110
YL¥%3 ZINT3120
ZINT3130

{ 200) 4 2 { 200) , TH ( 200) ,ZINT3140
20043) » YLL ( 2C0,3) ZINT3150
{ 100) » RHUB ( 100) , RYIP { 100) ,ZINT3160
{ 100) 5 PRESSL(100,15),EDCM ( 3,3) ,ZINT3170
s+ YOUNGS » RADGEN ZINT3180
S1100) » NEXT ( 200,3) , NP 4 NT , ZINT3190
6) 4 ELBSM(9,9) 4, ABNIN(9,9) ZINT 3200
ZINT3210

9 H{10) , YI(10) , XI(10) , AREA(10+9)1ZINT3220
» XL(3) YL(3) ZINT3230
v XIL 5 XIR 4, XL o YL » XO » YO o ZINT 3240
s+ A 4y H ZINT3250
ZINT3260

~.86506336€68899 4, -.67940956829902 ZINT3270
-.14887433898163 , .14887433898163 ZINT 3280
«67940956829902 , +86506336668899 ZINT3290
ZINT3300

«14945134915058 , .21908636251598 ZINT3310
«295524224T1475 4 +29552422471475 ZINT3320
«21908636251598 , .14945134915058 ZINT3330
ZINT3340

ZINT3350

ZINT 3360

ZINT3370

ZINT3380

ZINT3390

ZINT 3400

(Lc) ZINT 3410
XLLLCY ) * YILI) / YLILC) ZINT3420
- XIL(ry ) ZINT3430
ZINT 3440

ZINT 3450

ZINT3460

Ity ) ZINT3470
ZINT 3480

) ¥ 0429 * H(J) ZINT 3490
ZINT3500

* XI(J) ZINT3510
= YD) ZINT3520
® X1(J)%x2 ZINT3530
* YI(1)%%2 ZINT3540
 XT{J)#%x3 ZINT3550
* X1(Jrex2 x YI(]) ZINT 3560
 XT(J) * YI({[)*%2 ZINT35170
# YI{1)%%3 ZINT3580



TERM = DABS( YL(LC) )} *= 0.5 * H(I) ZINT3590

DO 4 J = 1,9 ZINT3600
ZINTUJy1) = ZINTUJol) ¢ TERM % AREA(I,J) ZINT3610
CONTINUE ZINT3620
RETURN ZINT3630
END ZINT 3640
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SUBROUTINE NCFURC ( LAA.LBB4LCCoIE,NCF } NCFO0010
CALCULATE THEL COMMON GENERALIZED CENTRIFUGAL FORCE MATRIX (CFLGN) NCF00020
FOR A TRIANGULAR ELEMENT . NCF00030
: NCF00040
COMMUN X ( 2000 , ¥ { 200) » 2 { 200) » TH ( 2001 #NCFO0050
PRESSE( 200) , XLL ( 200,3) , YLL ( 200,3) , NCFO0060
RAPANG( 100) , ZGL { 100) , RHUB { 100) , RTIP ( 100) 4NCFQOO70

THHUB ( '100) , THTIP ( 100) , PRESSL(100,15),EDCM ( 3,3) ,NCF00080

RHO o UMEGA , POISSO » YOUNGS ,» RAUGEN , NCF00090

NGENLT , LINE1l , NPRES(100) , NEXT ( 200,3) , NP , NT , NCFO0100
ELMSM{6,6) » AMNIN(&4&) o ELBSM{9,9) , ABNIN(9,9) , NCFDO110
PFLGN(9,1) , CFLGN(18,1) , ELSTIF(18,18) , ECSTIF{18,18) , NCFOO120
PFCGN(18,1) 4 CFCGN{1B8,1), MEX(200,8)}, IMEX(200}, NCF0OO0130
FORCE(200,6) NCFO0140
DIMENSION A(10) , HU10) , YI(1C) , X1(10) , AREA{10,15) , XIL{10)}:NCFOOL50
XIR{10) , TERM(9) , XL(3) , YL(3) . NCFOO0160

DOUBLE PRECISION AREE 5 TERN , YU , XO s TERMO , TERM1 , TERM2 , NCFOO0170
TERM3 , TERM4 , TERMS5 , A , H , YI 4 XI NCF00180

AREA , XIL , XIR , TERM , XL , YL NCF0O0190

CATA A / -.97390652851717 , ~.86506336£68899 , -.67940956829902 , NCF00200
~e43339539412925 ,» -.14887433898163 ; .14887433898163 , NCF00210
+43339539412925 , .67940956829902 , .86506336668899 , NCF00220
«973906528517117 NCF00230

CATA H / .06667134430869 4, .14945134915058 , .21908636251598 , NCF00240
«26926671930100 4 29552422471475 » «295526422471475 , NCF00250
«26926671930100 4 .21908636251598 4, .14945134915058 , NCF00260
«06667134430865 NCF00270

CATA LA,LB,LC / L » 2 » 3/ NCF00280
IF { NCF .GT. 0 ) GO TO 9 NCF0D0290
DO 8 J =1,18 NCF00300
CFLGN(J,1) = 0.0 NCF00310
AREE = 0.5 % ABS( XLL(IE.2) * YLL(IE,3) ) NCF00320
TERN = RHO * UMEGA#*#*2 * AREE / 3.0 NCF00330
CFLGN(1,1) = X{LAA)* TH{LAA)* TERN NCF00340
CFLGN(2,1) = Y(LAAY® TH(LAA)* TERN NCF00350
CFLGN(T7,1) = X(LBB)* THILBB)}* TERN NCF00360
CFLGN(B,1) = Y(LBB)* TH{LBB)* TERN NCFO00370
CFLGN(13,1) = X{LCC)I* TH(LCC)* TERN NCF00380
CFLGN{14,1) = Y(LCC)* THILCCI* TERN NCF00390
RETURN NCF00400
XL{LB) = XLL{IE,2) NCF00410
XLELC) = XLLA{TE,3) NCF00420
YLOLC) = YLL(1E,3) NCF00430
CoO 101 = 1,18 NCF00440
CFLGN(TI,1) = 0.0 NCF00450
YU = 050 % YL(LC) NCF00460
DO 6 1 = 1,10 NCF00470
YI(L) = YO + A(1) * YU NCFG0480
XILULD) = XLOLC) = YI{L) /7 YL{LO) NCFO0470
XIR(I) = XLALB) - (XL{LB) = XL(LC) ' = YI(I) / YL{LC) NCF00500
X0 = XIL(I) + 0.5 # ( XIR{T1) - XIL(1) ) NCF00510
O 24 = 1,410 NCF00520
O 1 K = 1415 NCF00530
AREA(J4K) = 0.0 NCF00540
XI(J) = X0 + A(J) * (X0 - XIL(D)) NCF00550
€0 4 34 = 1,10 NCFO0560
TERMO = XL{LBI*(1.0 - A(1))%0.25%H{J)* ((XL(LB)2YLALC) + (XL{LC) - NCFOO570
XLALBI ) YT (E) — YLOLCI#XE(JIIRTH(LAA) - (XLALCI*YI(I) - NCF00580



o

2 YLILCI*XI(J)IRTHI(LBB) + XLALBY*THILCCI*YI (1)) NCFO0590
3 / XLILB)Y /7 YLILC) NCF00595
TERML = (EDCM(1,1)%(EDCM(L,1)) + EDCM(2,1)*%2)NCF00600
LeXI{J)+ (EDCM(1, 1)*ECCM{1,2) + EDCM(2,1)%{ EOCM(2,2)))*YI (1) NCFOO610
2 + X{LAA) * EDCM(1,1) ¢ Y(LAA) * EDCMI{2,1) NCF00620
TERMZ = (EDCM(1,2)%( EDCM{1,1)) + EDCM(2,2)*EDCM(2,1))%X1(J) NCFD0630
1 + {(EDCM(1,2)*%2 %+ EDCM{2,2)%( EDCM(2,2)))%YILT) NCFD0640
2 + X({LAA) * ECCM(1,2) + Y{LAA) * EDCM(2,2) NCF00650
TERM3= (EQCM{ 1, 3)%({EDCM(1,1)) +EDCM(2,3)*EDCM(24,NCFD0660
1) )X T(J)+(EDCMUL,3)*%EDCMIL1,2) + EDCM(2,3)%( EDCM{2,2)))&YI{I1)INCFO0670
2 + X(LAA) * ECCMI1,3) + Y(LAA) * EDCM(2,3) NCF00680
TERM4 = 1.0 = XI(J)IZXL{LB) + (XLLLC) = XLALB))I/XLALB)/YLILC)*YI{TINCFO0690
TERMS = XI(J)I/XL{LB) — XL(LC)IEYI(I1)/XLILB)/YLILC) NCF0O0T00
TERM(L) = ABNIN(L,1) + XI(J)#%2%ABNIN(4,1) + YI{I)**2*ABNIN{5,1) NCFOOT710
1 + XT(JI*%32ABNIN(6,1) + XE(JIRYI(I)%R2%ABNIN(B,1) ¢+ NCFDO0720
2 YI(1)**3%ABNIN(9,1) NCFD0730
TERM(2) = YI(I)®ABNIN(3,2) + YI(I)**2«ABNIN(5,2) + XI{J)*%2%Y[{]) NCFDO740
1 HABNIN(T92) # XI(J)&YI(T)*%2%ABNIN(B,2) + YI(I)%*3* NCFDO0750
2 ABNIN(9,2) NCFOO0T60
TERM(3) = XI(JI*ABNIN(2,3) # XI(J)I*%2&%ABNIN{4;3) + YI([)#%%2% NCFOO0T70
1 ABNIN(S5,3) + XI{J)**x3%xABNIN(6,3) + XILJ)*YI(])*e2% NCF00780
2 ABNIN(8y3) ¢ YI(I)%%3%ABNIN(9,3) NCFD0790
TERM(4) = XT{J)**2%ABNIN(4,4) + YI(T)*%2%ABNIN(S,4) + XI(J)**3 % NCFO0800
1 ABNIN{G6,4) + XI(J)eYI(1)*%2 % ABNIN(B,4) + YI(I)#%¢3 *  NCFOO810
2 ABNIN{ 9, 4) NCF00820
TERMIS) = XI{J)*%2 #YL(T)®ABNIN(7,5) + XI{J)*YI[({I)%%2 % ABNIN(B,%)INCFO0830
1 + YI({I[)*%3 % ABNIN(9,5) NCF00840
TERM(6) = XI(J)%%2 % ABNIN{(4,6) + YI([)*%2 *x ABNIN(5,6) + XI(J)*%3INCFOO0B50
1 HABNIN(6,6) + XI(J)®YI{T)*x2 #ABNIN(8,6) + YI([)*%3 *  NCFO0860
2 ABNIN(9,6) NCF00870
TERM(T7) = YI(I)*%#%2 % ABNIN{S5,7) + YI(1)*¥3 % ABNIN(9,T) NCFU0880
TERM{B8) = YI({1)%%2 % ABNIN(S,8) + YI{I)*%3 % ABNIN(9,8) NCF00890
TERM{9) = YI(I)1%%2 & ABNIN(S,9) + XI{J)*YI(I)*%2 * ABNIN(8,9) NCF00900
AREALI,1) = AREA{I,1) + TERMO * TERM4 * TERMI NCF00910
AREA({1,2) = AREALI,2) + TERMO x TERM4 * TERM2 NCF00920
AREA{1,3) = AREA(1,3) ¢+ TERMO * TERMS * TERML NCF00930
AREA(I,4) = AREA(I,4) + TERMO * TERMYS * TERM2 NCF00940
AREA(1,5) = ARFA(I,5) + TERMO / YL(LC) = YI(I1) * TERML NCF00950
AREA(I,6) = AREA{I,6) + TERMO / YLILC) * YI{l) * TERM2 NCF00960
B0 3 K = 1,9 NCF00970
AREA{I,K+6) = AREA(I,K#6) + TERMO * TERM{K) * TERM3 NCF00980
CONTINUE NCFQO0990
TERMO = 0.5 # H{I) * RHU * UMEGA*#%2 *DABS(YL(LC)H) NCF01000
B0 5 J = 1,15 NCFO1010
CFLGNI{J, 1) = CFLGN(J,1) + TERMG * AREA(I,J) NCFD1020
CONTINUE NCFO1030
RETURN NCF01040
END NCFD1050
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SUBRUUTINE COMSTF ( IE o NCF ) COMSTO10

C CALCULATE THE STIFFNESS MATRIX (ECSTIF), NODAL PRESSURE FORCE COoMST0O20
Cc MATRIX (PFCGN), ANDC WODAL CENTRIFUGAL FORCE MATRIX (CFCGN) OF A COMSTO30
Cc TRIANGUL AR ELEMENT IN THE COMMON COORDINATE SYSTEM (X,Y,2) . COMSTO040
C COMSTOS0
COMMUN X { 200) , Y ( 200) , Z ( 200) o TH ( 200) ,COMST060

1 PRESSE( 200) , XL { 20043) » YL { 200,3) , COMSTOT70

.2 RAPANG( 100) , ZGL { 100) ,» RHUB { 100) , RTIP ( 100) ,COMSTO8O

3 THHUB ( 100) , THYIP ( 100) , PRESSL{100,15),EOCHM ( 3,3) ,COMSTO090

4 RHO o UMEGA , PUISSO , YOUNGS , RADGEN , CoMSTI00

5 NGENLT , LINEL , NPRES{100) , NEXT ( 200,3) 4 NP , NT , COMST110

6 ELMSM(6,6) , AMNINIG6,6) , ELBSM(9,9) 4 ABNIN{9,9) , ComMsT120

7 PFLGN(9,1) » CFLGN{18B,1) , ELSTIF(18,18) , ECSTIF(18,18) , COMST130

8 PFCGN(185,1) , CFCGN(18,1) COMSTLI40
DIMENSTON R6(18,18) , RESULT(18,18) , EPFLGN(18,1) , IND(18) COMST150
COUBLE PRECISION RESULT , EPFLGN COMST160

DATA IND / 102:79899916s 394,10,11912917y S5962134914,15,18 / COMST170

DO 51 = 1,18 COMST180

DD S J = 1,18 COMST190

5 R6{1,J) = 0.0 COMST200
DD 10 1 = 1,3 COMST210

00 10 J = 1,3 COMST220
R6(T14J) = EDCM(I,4) COMST230
R6(I+3,J+43) = EDCM{I,4) COMST240
RO(146,046) = EDCM(T,J) COMST250
R6(1+49,449) = EDCMII, ) ‘ COMST260
R6(T1+12,40+12) = EDCM{I,J) cCOMsT270

10 R6{I+15,0+15) = EDCM(I1,J) COMST280
WRITE (4'1E) R6,AMNIN,ZABNIN COMST290

DO 201 = 1,18 COMST300

00 20 4 = 1,18 COMST310
RESULT(I,4) = 0.0 » COMST320

DO 20 K = 1,18 COMST330

20 RESULTI(T4Jd) = RESULT(I,J) + R6(I,K) * ELSTIF(K,J) COMST340
DO 30 I = 1,18 COMST350

CO 30 J = 1,18 COMST360
ECSTIF(I,41) = 0.0 COMST370

DO 30 K = 1,18 COMST380

30 ECSTIF(I,J) = ECSTIF(I,J) + RESULTI(I,HK) * R6(J,yK) COMST390
CO 40 1T = 1,18 COMST400

40 EPFLGN(I,1) = 0.0 COMST410
0D %0 1 = 1,3 COMST&420
EPFLGN(I#2,1) = PFLGN(1,1) COMST430
EPFLGN(I+8,1) = PFLGN{I+3,1) COMST440

50 EPFLGN(I#+1l4,1) = PFLGN(I+6,1) COMST450
DO 60 I = 1,18 COMST460
PFCGN({1,1) = 0.0 COMST&4T0

IF { NCF .EQ. O ) GO Tu 53 COMST480
CFCGN{T,1) = CFLGNUIND(I),1) COMST490

GO TU %% COMSTS500

53 CFCGNUT,1) = CFLGN(TI,1) COMSTS510
55 CO 60 4 = 1,18 COMSTS20
60 PFCGN{T,1) = PFCON{I, 1) + R6{I4J) * EPFLGNIJ,1) COMSTS53D
IF ( NCF JEQe O ) GO Tu 75 COMSTS40

Lo 65 1 = 1,18 COMSTS550
RFSULT(I,1) = 0.0 COMSTS560

00 65 J = 1,18 COMSTSTO

65 RESULT(I,1) = RESULT(L,1) * R6{41,J) * CFCGN(J,1) COMSTS580
CO 70 1 = 1,18 COMST590

10 CFCGON{Is1) = RESULT(I,1) COMST600
5 RETURN COMSTé610
END COMST620
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SUBROUTINE ACDF ( T ) ADDFOO10
ACD VALUES OF COMMON NODAL PRESSURE FORCE (PFCGN) AND COMMON NODALADDF0020

CENTRIFUGAL FURCE (CFCGN) WHICH ARE COMMON TO A COMMON NODE . ADDFO030
ADDFO0040

COMMON X ¢ 200) 4 ¥ { 200) 4 2 { 200) » TH ( 200) ,ADDF0050
PRESSE( 200) o XL ( 200+43) » YL ( 200,43) » ADDFO0060
RAPANG( 100) , ZGL { 100} 4, RHUB { 100) , RTIP ( 100) ,ADDF0070

THHUB ( 100) , THTIP ( 100) , PRESSL(100,15),EDCM {( 3,3) ,ADDF0080

RHO , OMEGA , POISSO , YOUNGS , RADGEN , ADDF0090

NGENLT » LINEL , NPRES(100) , NEXT ( 200,3) , NP , NT , ADDFO100
ELMSM{6,6) o AMNIN(6,6) o+ ELBSM{9,9) , ABNIN(9,9) , ADDFO110
PFLGN(9,1) , CFLGN{18,1) , ELSTEF{18,18) , ECSTIF(18,18) , ADDFO120
PFCGN(18,1), CFCGN(18,1}), MEX(200,8), IMEX{200}, FORCE( ADDFO0130

200,6) ADDFO0140

LA = NEXT(I,1) ADDFO0150
LB = NEXT(I,2) ADDFO160
LC = NEXT(1,3) ADDFO170
CO 30 J = 146 ADDFO0180
FORCE(LA,J) = FORCE(LA,J) + PFCON(J v1) + CFCGN(J o 1) ADDFO190
FORCE(LB,J) = FORCE(LB,J) + PFCGN{J+6 ,1) + CFCGN(J+6 ,1) ADDF0200
FORCE(LC,J) = FORCE(LC,J) + PFCONIJ+12,1) + CFCON{J#12,1) ADDFO210
RETURN ADDF0220
END ADDFO0230
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SUBROUTINE PRINT1 PRINTO10
PRINT GEUMETRIC BREAK-UP AND ASSOCTIATED PROPERTIES . PRINTO020
PRINTO30

CGMMON X { 200) 4 ¥ t 2000 , 2 { 2C0) o TH { 200) ,PRINTO4O0
PRESSEL 200) » XL { 20043) , YL ( 200,3) , PRINTO50
RAPANG( 100) » ZIGL ( 100) , RHUB ( 100) , RTIP ( 100) ,PRINTO60O

THHUB { 100) , THTIP | 100) , PRESSL{100,15),EDCM ( 3,3) ,PRINTOTO

RHO , OMEGA » POISSUC o YOUNGS ., RADGEN , PRINTO80

NGENLT » LINE1l , NPRES1100) , NEXT ( 200,3) NP o NT PRINTOS0

KOUNT = O PRINT 100
WRITE (6,45) PRINTL10
FORMAT (1H1//38X,29HRESULTING TRIANGULAR ELEMENTS ///)} PRINT120
CO 20 T = 14NT PRINT130
AREA = ABS{ XxL{1,2) * YL(I,3) ) / 2.0 PRINT140
PLOAD = AREA ® PRESSE(I)} PRINT150
WRITE (6,10) I , AREA , PRESSE(I) , PLOAD PRINT1SY
FORMAT (45X *ELEMENT NO. * I3 / 14X *AREA =' F10.6,+10X 'PRESSURE =PRINT160
' EL12.5+10X *LOAD = ' E12.5 / 20X *"NODE NO. X Y PRINT165
I3 TH XL YLt 1} PRINT170

= NEXT(I,1) PRINT180

LB = NEXT({1,2) PRINT190
LC = NEXT(1,3) PRINTZ200

WRITE (6,15)

ZILC) s THILC) » XL 1T 43),YL{I,3)

FORMAT (17X,5HLA 913,5X93F10.343F10.4/ 17X,5HLS

3F10.4 / 17X,5HLC v13¢5X43F1043,3F10.4// )}
KOUNT = KOUNT + 1
IF ((KCUNT .EQ. 7) AND. (I oNE.
IF ( KCUNT .EQ. 7 ) KOUNT = 0
CONTINUE
RETURN
END

NT)} WRITE (6,5)

LAy X(LA)Y g Y(LA) g Z(LA) s THILA) o XLUT, 1), YL{T,1),LB,yX{(LB),PRINT210
YOLB) o Z(LB) s THILB) o XL (T 92) g YLET 32),LCoX(LL) s Y(LC)

PRINT220
PRINT230
2 13:5X+3F10.3,PRINT240
PRINT250
PRINT260
PRINT270
PRINT280
PRINT290
PRINT300
PRINT310
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SUBROUTINE DEFL ( IPRINT ) DEFLO010

SOLVE FUR THE NOCAL DEFLECTIONS (DISPL) IN THE COMMON COORCINATE DEFL0020

SYSTEWNV . DEFL0030

DEFLO040

COMMON X ( 200) , ¥ { 200) , Z ( 2C0) 4 TH { 200} ,DEFLOOSO

1 PRESSE( 200) , XL ( 200,3) , YL ( 200,3) , DEFLO060
2 RAPANG( 100) » ZGL ( 100) , RHUB { 100) , RTIP ( 100) ,DEFLO070
3 THHUB ( 100) , THTIP ( 100) , PRESSL{100,15),E0CM ( 3,3) ,DEFLO0OBO
4 RHO , OMEGA , POISSO , YOUNGS , RADGEN DEFLO090
5 NGENLIT o LINEL 4, NPRES(100) 4 NEXT ( 200,3) 4 NP , NT , DEFLO100
6 FLMSM{6,6) o AMNIN(646) » ELBSM(9,9) , ABNIN(9,9) , DEFLO110
7 PFLGN(9,1) , CFLGN(18,1) , ELSTIF(18,18) , ECSTIF(18,18) , DEFLO120
8 PFCGN(18,1)y CFCGN(18,1), MEX{200,8), IMEX(200), FORCE( DEFLO130
9 200, 6) DEFLO140
COMMON / MANE / NSUBS,IPDS{200)4NBTS(10,15),NITS(10,15),NBN(10), DEFLO150

1 INTN(LO) DEFLO1 60
DIMENSION DISPLA{900) , COEFF(900) , EQUATI(6,900) , COEFR(90G0) , DEFLOL70

1 MEXT(8) 4 DISPL(18,200) DEFLO180
DATA DISPL / 3600%0.0 / DEFLOL90

TEQ = 6 * [ NP - NGENLI ) DEFL0200

Il = 1€Q + 1 DEFLO210

IF { TPRINT .GT. 1 )} wWRITE (6,5) I1,IEQ DEFL0220

FORMAT (1H1//10X,18HFULLOWING ARE THE
1H OF THE
KOUNT = 0
CO 90 I = 14NP

IF { IPOS(I) .LT. O ) o0 TO 90
KOUNT = KOUNT + 1

IMEXT = IMEX(I)

0O 40 J =

MEXT(J)
00 5y J

1y IMEXT
MEX(1,J)
1,11

woHon

CO 50 K
EQUATI(K,J) = 0.0

DO 80 J = 1,IMEXT
K2 = MEXT(J)

FINC (1'K2)

LA NEXT(K2,1)

LB NEXTI(K2,2)

LC NEXT(K2,3)

NA 6 * TPOS{LA)
NB 6 * 1POS{LB)
NC & ¥ 1POS(LC)
READ (1'K2 ) ECSTIF
BO 75 K = 1,6

IF ( La EQ. 1 )
1F «EQ. T}
IF { LC .EQ. T )
CO 70 L = 1,6
KA NA + L
KB NB o+ L
KC NC + L
IF ( IPOS{LA)
EQUAT(K,KA) =
IF { TPUS(LB)
EQUAT(K,KB) =
IF ( IPOS(LO)
EQUAT(K,KC) =

1+ 6

#HoHoH W

IND1
INDL
IND1

L ]
xx x
+ o+
-

L O 1]

«LT. 0 ) GO TO 60

EQUAT(K,KA) + ECSTIF(INDL,L)
LT, 0 ) GO TO 65

EQUAT(K,KB) + ECSTIF(IND1,L+6)
+LT. O )} GO TO 70

EQUAT(K,KC} + ECSTIF{INDL,L#+12)

+14,30H COEFFICIENTS FOR EACDEFLO0230
v 14,45H SIMULTANEOUS EQUATIUNS FOR NODAL DEFLECTIONS //) DEFL0240

DEFL0250
DEFLO260
DEFLO270
DEFL0280
DEFLO290
DEFL0300
DEFLO310
DEFLO320
DEFLO330
DEFLO340
DEFLO350
DEFLO360
DEFLO3TO
DEFLO380
DEFLO390
DEFLO400
DEFLO410
DEFLO0420
DEFL0430
DEFL0440
DEFLO450
DEFLO460
DEFLO4TO
DEFL0480
DEFL0490
UDEFL0500
DEFLOS10
DEFLO520
DEFLO530
DEFLO540
DEFLO550
DEFLO560
DEFLOS5TO
DEFLO580



70
75
80

85
90

100

105

115

17
120

140

1597

160

210

220

110

CONTINUE

CONTINUE

CONTINUE

DO 85 K = 1,6

J1 = 6 % ( KOUNT - 1 ) + K
EQUATI(K, TEQ+1l) = FORCE(1,K)

IF U IPRINT .GT. 1 ) WRITE (6,86) (EQUAT(K,J),Jd=1,11)

WRITE (3'J1) (EQUATIKyJ)yJd=1,1201)
FORMAT (10E12.4)

CONTINUE

K =1

READ (3'K) COEFF

I = K ¢+ 1}

IF (ABS( COEFF(K)) .GT. 1.0E-10 ) GO TO 12¢C

CO 105 4 = 1,I1EQ
READ (3'J) COEFR
Ji1 = J

IF { ABS{ COEFR{K)) .GT. 1.08=<10 ) GU TO 115

CONTINUE
WRITE (6,110)

FURMAT (32H DISPLACEMENT MATRIX IS SINGULAR )

NP = ~NP

RETURN

WRITE (3%J1) COEFF

WRITE (3'K) COEFR

CO 117 4 = 1,11

COEFF(J) = COEFR(J)

READ (3*1) COEFR

ZM = CCEFR(KI} / CUEFF({K)
COEFR(K) = 0.0

J= K + 1

COEFR(J) = COEFR(J) - IM * COEFF(J)
IF ( J .EQ. IEQ } GU TU 140

Jd=Jd +1

GO TOU 130

COEFR{J+1) = COEFR(J41) - IM * CUEFF(J+])
WRITE (3°'1) CUEFR

IF,{ I .EQ. IEW ) GO TO 150

I =1+1

GO TG 120

IF { K .EQG. TEQ - 1 )} GO 710 le0

K= K + 1]

GC TC 100

CONTINUE

READ (3*'1EQ) CUEFF

CISPLAY 1£Q ) = COEFF(IEG + 1) 7/ COEFF({IEQ)

I = 1EC - 1

READ (3'1) CUEFF
J =
S =
S = + COEFFLJ) * DISPLAL Jd
IF { J 8Q. IEw ) GO TU 230
J=J + 1

GO TO 2£0

CISPLA{ 1 ) = (CUEFFUIREG+1) - S} / CCEFFI(IT)

[F ¢ I «eCe 1} GO TQ 24C
I =1-1
nnTL 210

DEFLO590
DEFLO600
DEFLO610
DEFL0620
DEFLO630
DEFLO640
DEFLO650
DEFLO660
DEFLO6TO
DEFLO680
DEFL0690
DEFLO700
DEFLOT1O
DEFLQO720
DEFLO730
DEFLO740
DEFLO750
DEFLO760
DEFLOTT70
DEFLO780
DEFLOT90
DEFLO80O
DEFLOB1O
DEFL0820
DEFLOB830
DEFLO840
ODEFLO850
DEFL0860
DEFLO870
DEFLO880
DEFLO0890
DEFLO900
DEFLO910
DEFLO920
DEFL0930
DEFL0940
DEFLO950
DEFLO960
DEFLOS70
DEFLO980
DEFLO990
DEFL1000
DEFL1010
DEFL1020
DEFL1030
DEFL1040
DEFL1050
DEFL1060
DEFL1070
DEFL1080
DEFL1090
DEFL1100
DEFL1110
DEFL1120
DEFL1130
DEFL1140
DEFL1150
DEFL1160



240

243

246

250
260

270
1
1

275

280
290

300

CONTINUC

FIND {3*1)

DO 260 I = 1,NT
LA = NEXT(I,1)

LB = NEXT(I,2)

LC = NEXT(1,3)

NA = 6 * JPOS(LA)
NB = 6 #* 1POS(LS)
NC = 6 * IPOS(LC)

DO 250 J = 1,6

IF ( TPOS(LA) .LT. O ) GO TO 243
DISPL{J, 1) = CISPLA(NA + J)

IF ( IPOS(LB) .LT. O ) GO TO 246
DISPLUJ+6,1) = DISPLAINB + J)

IF ( IPOS(LC) +LT. O ) GO YO 250
DISPL{J+12,1) = CISPLA(NC + J)
CONTINUE

CONTINUE

FIND (4*1)

WRITE (6,270)
FORMAT (1H1/43X, 14HCOMMON SYSTEM /

40X, 20HDEFLECTION PRINTOUT //8X,8HNODE NU.,6Xy1HX,
Xy IHY 39X s LHZ y 11X 1HU» 14X 1HV 3 14X, 1HW y 10X, 6HTHE TAX 4, 9X g 6HTHETAY/)

J =0

DO 280 I = 1,NP
LA =1

K = 6 % [POS(LA)
Dl = 0.0

D2 = 0.0

D3 = 0.0

D4 = 0.0

L5 = 0.0

IF ( IPOS{LA) .LT. O ) GO YO 275
D1 = DISPLA(K+])
D2 = CISPLA(K+2)
L3 = CISPLA(K+3)
D4 = DISPLA(K+4)
DS = LISPLA(K+S)
J=J %1

IF { J .EQ. 50 ) WRITE (6,27C)

IF { J JEQ. 50 ) 9 =0

WRITE (6,290) I.,X(I),Y{I},2(1),D1,D2,D3,D4,05
FORMAT (10X,15,3F1043,%E15.5)

K1l = -49

K2 = 0

DG 3001 = 1,4

K1 = K1 + 50

K2 = K2 + 50

WRITE(3'I) ((DISPLIJ,K)J=1418),K=K1,K2)
RETURN

END

DEFL1170
DEFL1180
DEFL1190
DEFL1200
DEFL 1210
DEFL1220
DEFL1230
DEFL1240
DEFL 1250
DEFL1260
DEFL1270
DEFL1280
DEFL1290
DEFL1300
DEFL1310
DEFL1320
DEFL1330
DEFL1340
DEFL1350
DEFL1360
DEFL 1370
DEFL1380
DEFL1390
DEFL1400
DEFL1410
DEFL1420
DEFL1430
DEFL1440
DEFL 1450
DEFL1460
DEFL1470
DEFL1480
DEFL 1490
DEFL1500
DEFL1510
DEFL1520
DEFL1530
DEFL1540
DEFL1550
DEFL1560
DEFL1570
DEFL1580
DEFL1590
DEFL1600
DEFL 1610
DEFL1620
DEFL1630
DEFL1640
DEFL 1650
DEFL16A0
DEFL1670

m



SUBROUTINE ASSEM] ASM10010

¢ ASSEMBLE THE KAA AND KAB PORTIONS OF THE COMMON STIFFNESS MATRIX ASM10020
o FUR EACH SUB-SYSTEM. ASM10030
c ASM10040
COMMON X { 200) , Y { 200) , 2 { 200) , TH { 200) ,ASM10050

1 PRESSE({ 200) 4, XL ( 200,3) , YL { 200,3) , ASM10060

2 RAPANG( 1003 , 2GL ( 100) , RHUB ( 10Mm) , RTIP ( 100) ,ASM100TO

3 THHUB { 100} , THTIP { 100) , PRESSL{100,15),EDCM ( 3,3) ,ASM10080

4 RHU o OMEGA , PUISSU , YOUNGS o RADGEN , ASM10090

5 NGENLT , LINEL , NPRES{100) , NEXT ( 200,3) , NP , NT , ASM10100

6 ELMSM{6,6) , AMNIN(6,6) , ELBSM{9,9) , ABNIN{9,9) , ASMIOL10

7 PFLGN(9,1) , CFLGN(18,1) , ELSTIF{18,18) , ECSTIF{18,18) , ASMI0120

8 PFCGN{18,1), CFCGN{18,1), MEX(200,8), IMEX{200), FORCE( ASM10130

9 200,6) ASM10140
COMMUN / MANE / NSUBS,1PUS{200),NBTS{10,15),NITS(10,15},NBN(10}, ASM10150

1 INTN(10) ASM10160
DIMENSION KAA(90,90), KAB(90,90) , MEXT(8) ASM10170
REAL KAA, KAB ASM10180
KREC = O ASM10190

DO 110 1 = 1,NSUBS ASM10200
KAAM = 0 ASM10210
1EQ1l = 6 # NBN(I) ASM10220

D0 5 J = 1,90 ASM10230

00 5 K = 1,90 ASM10240
KAA(J,K) = 0.0 ASM10250

S KAB(JsK) = 0.0 ASM10260
J1 = NBTS(I,1) ASM10270

J2 = NBTSUI,NBN(I}) ASM10280

DO 90 J = Jl, J2 ASM10290

IF {J .NE. NBTS(I,KAAM+1)) GO TO 90 ASM10300
KAAM = KAAM + | ASM10310
IMEXYT = [MEX{J) : ASM10320

DO 10 K = 1, IMEXT ASM10330

10 MEXT{K) = MEX(J,K) ASM10340
DO 85 K = 1, IMEXT ASM10350

K2 = MEXT{K} ASM10360
FIND {1'K2) ASM10370

LA = NEXT(K2,1) ASM10380

LB = NEXTIKZ,2) ASM10390

LC = NEXT(KZ,3) ASM10400

IF {1 .EQ. 1) GO TU 15 ASM10410

IF (1 .EQ. NSUBS) GO TU 20 ASM10420
IF({(LA «LT. Ji-1) .OR. (LA .GT. J2)) .OR. ASM10430

1 (LB «LT. J1-1) .OR. {LB .G¥. J2)) .OR, ASM10440

2 (ILC «LT. J1-1) .OR. (LC .GT. J2)))G0 TC 85 ASM10450
GO Tu 25 ASM10460

15 IF ({LA «GT. J2) .OR. (LB «GT. J2) .OR. (LC .GT. J2)}) GO TO 85 ASM10470
GO Tu 25 ASM10480

20 1F ((LA LTe JiI=1} +OR. (LB oLT, Jl-1) +OR. (LC .LT. JLI-1}) GO TO ASM10490
1 85 ASM1050C
25 L2 = NBN(I) ASM10510
NA = -1 : ASM10520

NB = -1 ASM10530

NC = -1 ASM10540

DU 30 L = 1,42 ASM10550

1F (LA .EQ. NBIS{I,L)) NA = &% (L-1) ASM10560

IF (LB «EQ. NBTS(I,L)) NB = 6% (L-1) ASM10570

1F (LC .EQ. NBTS{I,L)) NC = 6% (L-1) ASM10580

112



30 CONTINUE
L2 = INTNUI)
DO 35 L = 1,L2
IF (LA EQe NITS(I,L)) NA
IF (LB .EQ. NITS(I,L)) NB
IF (LC .EQ. NITS{I,L)} NC
35 CONTINUE
45 READ (1°K2) ECSTIF
DO 80 L = 1,6
IF (LA .EQ. J) IND]
IF (L8 .EQ. J) IND1
IF (LC .EQ. J) IND1
Ml = 6%(KAAM-1) + L
CO 80 M = 1,6

[
- e
+

KA = NA + M
KB = NB + M
KC = NC + M

IF (NA .LT. O) GO TO 55
IF (NA .GT. 6%(NBN(I)-1))
KAA{ML,KA) = KAA(M]l,KA) +
GO YO 55
50 KA = M + NA - IEQ1
KAB(M]l,KA) = KAB{MLl,KA) +
55 IF (NB .GT. 6%(NBN(I)-1))
KAAIML,KB) = KAAIMLI,KB) +
GO TU 65 '
60 KB = M + NB - IEQl
KAB{ML,KB) = KAB{M]l,KB) +
65 IF {NC LT« 0} GO YO 75
IF (NC JGT. 6%(NBN(1)-1))
KAA(M],KC) = KAA{ML,KC) +
GO TO 75
70 KC = M + NC -~ lEyl
KABIML,KC) = KAB(M]1,KC) +
75 CONTINUE
80 CONTINUE
85 CONTINUF
90 CONTINUE
K1l = -9
K2 = 0
00 95 L = 1,9
KREC = KREC + 1
If ( K2 .GE. ILEULl ) GO TO
KL = K1 + 10
K2 = K2 + 10

6% (L+NBN(TL)-1)
€* (L+NBN(I)-1)
6% (L+NBN(I)-1)

n o H

GO TO SO
ECSTIFLUINDL,M)

ECSTIF(INDLoM)
GO To 60
ECSTIFUINDL,M+6)

ECSTIFLINDL,M+6)
GO T0 70

ECSTIF{INDL, M+12)

ECSTIFUINDL, M+12)

95

WRITE (3*KREC) ((KAAIK,J)yJI=1,90)4K=K1,K2)

95 CONTINUE
Kl = -9
K2 = 0
00 100 L = 1,9
KREC = KREC + 1
IF { K2 .GE. 1EQ1 Y Gu TU
K1 = K1 + 10
K2 = K2 + 10

100

WRITE (3'KREC) ((KAB(K¢J}yJ=1490),K=K1,K2)

160 CONTINUE
110 CONTINUE
RETURN

END

ASM10590
ASM10600
ASM10610
ASM10620
ASM10630
ASM10640
ASM10650
ASM10660
ASM10670
ASM10680
ASML0690
ASM10700
ASM10710
ASM10720
ASM10730
ASM10T40
ASM10750
ASM10760
ASM10770
ASM10780
ASM10790
ASM10800
ASM10810
ASM10820
ASM10830
ASM10840
ASM10850
ASM10860
ASM10870
ASM10880
ASM10890
ASM10900
ASM10910
ASM10920
ASM10930
ASM10940
ASM10950
ASM10960
ASM10970
ASM10980
ASM10990
ASM11000
ASM11010
ASM11020
ASM11030
ASM11040
ASM11050
ASM11060
ASM11070
ASM11080
ASM11090
ASM11100
ASM11110
ASM11120
ASM11130
ASMI1140
ASM11150
ASM11160

ASM11170

AN



SUBRUUTINE ASSEMZ ’ ASM20010

c ASSEMBLE THE KBA AND KBB~1 PURTIONS OF THE COMMON STIFFNESS ASM20020
C MATRIX FOR EACH SUB-SYSTEM, ASM20030
c ASM20040
COVMMON X11 { 200) , Y { 200) , 2 { 200) 4 TH { 200) ,ASM20050

1 PRESSE( 200) , XL { 200,3) » YL ( 2C0,3) , ASM20060

2 RAPANG( 100) , ZIGL { 100} , RHUB { 100) , RTIP ( 100) ,ASM20070

3 THHUB ( 100) , IHTIP ( 100) 4 PRESSL(10D,15),EDCM { 3,3} ,ASM20080

4 RHO , UMEGA , POISSU o YUUNGS , RADGEN ASM20090

5 NGENLI , LINELl , NPRES(100) , NEXT { 200,3) 4 NP , NT , ASM20100

6 ELMSM{6,6) , AMNIN(646) 4 ELBSM(9,9) , ABNIN(9,9) , ASM20110

7 PFLGN{9,1) , CFLGN(18,1) , ELSTIF(18,18) , ECSTIF(18,18) , ASM20120

8 PFCON(18,1), CFCGN(18,1), MEX{200,8), IMCX{200), FORCEL ASM20130

9 200,6) ASM20140
COMMON / MANE / NSUBS,IP0S({200)4NBTS(10,15),NITS(10,15)4NBN(10), ASM20150

1 INTN(10) ASM20160
DIMENSIUN KBA{90,90), KBB(90,90), MEXT(8) ASM20170
REAL KBA, KBB ASM20180
KREC = 18 * NSUBS ASM20190

DO 135 1 = 1,NSUBS ASM20200
KBAM = O ASM20210
1EQL = 6 * INTN(I) ASM20220
TEQ2 = 6 * NBN(I) ASM20230

00 5 J = 1,90 ASM20240

D0 5 K = 1,90 ASM20250
KBA(J,K) = 0.0 ASM20260

5 KBB{JyK) = 0.0 ASM20270
J1 = NITSUI,1) ASM20280

42 = NITS(I,INTN(I)) ASM20290

B0 90 J = J1,J2 . ASM20300

IF (J .NE. NITS(I,KBAM+1)) GO TO 90 ASM20310
KBAM = KBAM + 1 ASM20320
IMEXT = IMEX(J) ASM20330

0O 15 K = 1, IMEXT ASM20340

15 MEXT(K) = MEX(J,4K) ASM20350
DO 85 K = Ll+IMEXT ASM20360

K2 = MEXT(K) ASM20370
FIND (1'K2) ASM20380

LA = NEXT(K2,1) ASM20390

LB = NEXT(K2,2) ASM20400

LC = NEXT(K2,3) ASM20410

L2 = NBN(ID ASM20420

NA = -1 ASM20430

NB = -1 ’ ASM20440

NC = -] ASM206450

DO 30 L = 1,12 ASM20460

IF (LA .EQ. NBTS(I,L)) NA = 6%(L-1) ASM20470

IF (LB JEWa NBTS(I, L)) NB = 6%(L-1) ASM20480

IF (LC .EC. NBTS{I,L)) NC = 6&%(L-1) ASM20490

30 CONTINUE ASM20500
L2 = ININ(I) ASM20510

DU 35 L = LsL2 ASM20520

IF (LA +EQe NITS(I,L)) NA = 6% (L + NBN(I)-1) ASM20530

IF (LB JEQe NITSUI,L)) NB = 6% (L + NBN(I)}-1) ASM20540

IF (LC «EQ. NIFS(I,L)) NC = &% (L + NBN(I)-1) ASNM20550

35 CONTINUE ASM20560
45 READ (1°K2) ECSTIF ASM20570
CO 80 L = 1,6 ASM20580

114



50

55

60

6%

70
75
80

85
90

95
100

105

110

115

120
125

130

[F (LA .EQ.
IF (18 .EQ.
IF {LC .EQ.
Ml = 6 % (KBAM-1) +

CO 80 M =
KA = NA +
KB = NB +
KC = NC +

1
M
M
M

IF (NA JLT.
IF (NA .GT.

KBA(M] ,KA
GO TO 55

J) INDL
J) InND1
J} IND1

16

-
+ +
N

o0 W

0) GO Tu 55
6% (NBN(I)-1)) GU TO 50
KA) + ECSTIF(INDL,M)

= KHA(M],

KA = M + NA - TEQ2
= KBBIM1,KA) ¢ ECSTIF(INDL,M)

KBB(ML,KA

IF (NB ,GT.

KBA(M]1,KB
GO TO &%

)

6%(NBN{I)~1)) GO TO 60
KB) + ECSTIF{INDLl,yM+6)

= KBA(MI1,

KB = ¥ + NB - [EWQ2
= KBB(M1,KB) + ECSTIF({INDl,M+6)

KBB(M],.KB

}

IF (NC .LT.
IF (NC .GT.

KBA(M],K(
GO TO 75

)

0) GO 10 75
6% (NBN(1)-1)) GU TO 70

= KBA(M],

KC = M & NC - [EQ2

KBB(ML,KC
CONTINUE
CONTINUE
CONTINUE
CONT INUE

)

= KBB{M1,

K2 = INTN(I) * 6

DO 120 K

IF (KBB(K,K))

1,K2

WRITE (6,100) 1
FORMAT (22H KBS UF SUB-SYSTEM NO., 13,

KC) + ECSTIF{INDLl,M+12)

KC) + FCSTIF(INDL,M+12)

105,95,105

* X

- X * KBB{K,J)

- KBB(K,L) * X

NSUBS = -NSUBS
RETURN

X = 1.0 / KB8B{KK)
KBB(K,K) = 1.0

DO 110 J = 1,K2
KBBIKyJ) = KBBIK,J)
IfF (K-K2) 115,125,115
M=K+ 1

DO 120 N = M,Ke

X = KBB(N,K)
KBB(NyK} = 0.0

D0 120 4 = 1,K2
KBB{NyJJ = KBB(N,J)
LL = K2 - 1

CO 130 J = 1,LL

M =g+

00 130 K = M,K2

X = KBB{J:K)
KBB({JyK) = 0.0

DO 130 L = 1,K2
KBB(J,L) = KBB(J,L)
K1 = -9

K2 =0

00 131 L = 1,9

13H

IS SINGULAR)

ASM20590
ASM20600
ASM20610
ASM20620
ASM20630D
ASM20640
ASM20650
ASM20660
ASM206170
ASM20680
ASM20690
ASM20700
ASM20710
ASM20720
ASM20730
ASM20740
ASM20750
ASM20760
ASMZ20T770
ASM20780
ASM20790
ASM20800
ASM20810
ASM20820
ASM20830
ASM20840
ASM20850
ASM20860
ASM20870
ASM20880
ASM20890
ASM20900
ASM20910
ASM20920
ASM20930
ASM20940
ASM20950
ASM20960
ASM20970
ASM20980
ASM20990
ASM21000
ASM21010
ASM21020
ASM21030
ASM21040
ASM21050
ASM21060
ASM21070
ASM21080
ASM21090
ASM21100
ASM21110
ASM21120
ASM21130
ASM21140
ASM21150
ASM21160

ft
]
\J1



131

132

135

KREC = KREC + 1

IF { K2 .GE. TEQLl ) Gu TC 131

K1 = K1 + 10

K2 = K2 + 10

WRITE (3'KREC) ((KBA(KsJ)yJ=1490),K=K],K2)
CONTINUE

Kl = -9

K2 =0

0O 132 L = 1,9

KREC = KREC # 1

IF ( K2 .GE. IEQl ) GO TC 132

Kl = K1 + 10

K2 = K2 + 10

WRITE (3'KREC) ({KBB{KsJ)yJ=1,90),K=K1,K2)
CONTINUE

CONTINUE

RETURN

END

ASM21170
ASM21180
ASM21190
ASM21200
ASM21210
ASM21220
ASM21230
ASM21240
ASM21250
ASM21260
ASM21270
ASM21280
ASM21290
ASM21300
ASM21310
ASM21320
ASM21330
ASM21340
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SUBRUUTINE CALC CALCOO10

CALCULATE THE SUS-SYSTEM PORTION OF THE SYSTEM STIFFNESS CALCO020
MATRIX AND SYSTEM BUUNDARY FORCE COEFFICIENT MATRIX. CALCO030
CALCO040

COMMON / MANE / NSUBS, IPUSt2C0),NBTS(10,15),NITS(10,15),NBN{10), CALCOO50
1 INTN(10) CALCO0060
REAL KSS CALCOO0T70
DIMENSION B(90,90), KSSI50,90), A(90,90) CALCO080
J3 = 36 * NSUBS CALC0090
Ja = 45 ¥ NSUBS CALCO100
DO 20 T = 1,NSUBS CALCO110
TEQL = 6 * NBN{(I) CALCO120
TEC2 = 6 * ININ(I) CALCO130
KA = 18 * 1 - 9 CALCO140
Kl = -9 CALCO150
K2 =0 CALCO160
60O 1L = 1,9 CALCOLl7O
KA = KA + 1 CALCO180
IF ( K2 .GE. 1EQL ) GO TU 1 CALCO190
Kl = K1 + 10 CALCQ200
K2 = K2 + 10 CALCO210
READ (3'KA) ({AlKsJ)9J=1490)sK=K1,K2) CALCO0220
CONTINUE CALCO230
KB = 18 * (NSUBS +# 1) - 9 CALCO240
Kl = -9 CALCO250
K2 = 0 CALCO260
DO 2L = 1,9 caLcoz270
KB = KB + 1 CALCO280
IF { K2 .GE. 1€£Q2 ) GO 71O 2 CALCO290
K1l = K1 + 10 CALCO300
K2 = K2 + 10 CALCO310
READ (3*'KB) ((B{KyJ}yJ=1990),K=K1,K2} CALCO0320
CONT INUE CALCO330
J1 = IEQ1 CALCO340
J2 = 1EQ2 CALCO350
IF ( J1 GT. 50 ) Jl = S0 CALCO360
€0 3 J = 1,41 CALCO370
DO 3 K = 1,J2 ' CALCO380
KSS{JyK) = 0.0 CALCO390
DG 3 L = 1,42 CALCO400
KSS(JsK) = KSSUJWK) + A(J,L) * B{LyK) CALCO410
K1 = -9 CALCO0420
K2 = 0 CALCO430
DO 4 L = 1,5 CALCO440
J3 = 43 ¢+ 1 CALCO0450
IF ( K2 .GE. 1FQLl ) Gu TC 4 CALCO460
Kl = K1 + 10 CALLCO470
K2 = K2 + 10 CALCO480
WRITE (3%J03) ({KSS(K,J),J=1,90),K=K1,K2) CALCO490
CONTIHNUE CALCO500
IF { TEL1 JLE. 52 ) 43 = 03 + & CALCOS10
1fF ( TEQl +LE. 50 ) GO TO 7 CALCOS520
JL = TEQL1 ~ 50 CALCO530
DO S5 J = 1adl CALCO540
DO S K = 15J2 CALCO550
KSS{J,K) = 0.0 CALCOS560
CO 5L = 1,32 CALCOS70
5 KSS(JyK) = KSS(JeK) + A{J+50,L) * B(L4K) CALCO0580
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Kl = -9

K2 =0

DO 6 L = 1,4

33 = J3 + 1

IF { K2 .GE. ICQLl-50 ) GO TO 6
K1l = K1 + 10

K2 = K2 + 10
WRITE (3%J3) ((KSS(KyJ)sJd=1,90)4K=K]1,K2}
CUNTINUE

KB = K8 ~ 18

Kl = -9

K2 =0

DO 8 L = 1,9

KB = KB + 1

IF ( K2 .GE. 1EQZ ) GO TOU 8
Kl = K1 + 10

K2 = K2 + 10

READ (3*KB) {((B(KyJ)}sJ=1+90),K=K1,K2)
CONT INUE

J11 = [EQL

J1l = [EQl

IF ( J11 .LE. 50 ) GO 7O 11

J11 = J1l - 50

DO 9 J = 1,J11

DO 9 K = 1,J1

AlJ+50,K) = 0.0

DO 9 L = 1,J2

A{J+50,K) = A(JI+504K) + KSS(J,L) * B(L,K)

J3 = 43 -~ 9

Kl = -9

K2 =0

DO 10 L = 1,5

J3 = J3 + 1

IF { K2 .GE. [EQLl ) GO TO 10
K1 = K1 + 10

K2 = K2 + 10

READ (3%J3) ((KSS(KyJ)yd=1,90),K=K1,K2)
CONTINUE
J3.= J3 + 4

J11 = IEQl
IF { J11 GT. 50 ) J11l = S0
to 12 J 1,J11

DO 12 K = 1,J1
AlJ,K) = 0.0
DO 12 L = 1,J2

AlJdeK) = A(JyK) ¢ KSS(JyL) %* B(L;,;K)
KA = KA - 18

Kl = -9

K2 =0

DO 14 L = 1,9

KA = KA + 1

1IF { K2 .GE. TEQL ) GU TO 14

Kl = K1 + 10 :

K? = K2 + 10

READ {3*KA) ((HB{K,J),J=1,90),K=K1,K2}
CONTINUE
Do 15 J
6o 19 K

1,J1
1,J1

CALCO590
CALCO600
CALCO610
CALCO620
CALCO630
CALCO640
CALCO650
CALCO660
CALCO6TO
CALCO680
CALCO690
CALCO700
CALCOT1O
CALCOT20
CALCOT30
CALCOT40
CALCO750
CALCOT760
CALCOT7O
CALCO780
CALCO790
CALCO0800
CALCO810
CALC0820
CALCO830
CALCO840
CALCOBS0
CALCOB60
CALCO8BT70
CALCOB80
CALC0890
CALCO0900
CALCO910
CALCO0920
CALCO0930
CALCO0940
CALCO950
CALCO960
CALCO970
CALCO980
CALCO0990
CALCl000
CALCLO010
CALC1020
CALC1030
CALC1040
CALC1050
CALCL1060
CALClO070
CALCl080
CALC1090
CALC1100
CALC1l110
CALC1120
CALC1I130
CALC1140
CALCL1S0
CALC1160
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15

2V

B (JyK) = BlJsK} = AlJ,K)
KL = -9

K2 =0

LO 16 L = 1,9

Jé = J4 ¢+ ]

IF ( K2 +GE. IEQLl ) GU TU 16

Kl = K1 + 10

K2 = K2 + 10

WRITE (3%J4) ((B  (Ked)yJd=1490)3K=K1,K2)
CONTINUE

CONT INUE

RETURN

END

CALC1170
CALC1180
CALC1190
CALC1200
CALCl210
CALCl220
CALCl230
CALC1240
CALC1250
CALCl260
CALC1270
CALC1280
CALC1290
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SUBRUUTINE ASSEM3 ( NBNUDE )
ASSEMBLE THE SUB-SYSTEM MATRICES INTU THE SYSTEM MATRIX.

REAL

KSS

COMMCN X
PRESSEL
RAPANGI
THHUB (

COMMON / MANE / NSUBS,IPOS(200),NBTS{10,15)4NITS(10,15)+NBN(10),

RHO

(

NGENLI
ELMSM{6,6) ,

PFLGN{9,1)

200)
200)
100)
100)

» OMEGA

- ® @ =

s LINEL

Y { 200}

4 ( 200) , TH

r
XL 200,3) » YL ( 200,3) ,
?

6L ( 100)
THTIP ( 100) , PRESSL(100,15),EDCM
POISSO » YOUNGS

RHUB

100) , RTIP

+ RADGEN

» NPRES(100) , NEXT { 200,3) , NP
AMNIN( &, €)

y CFLGNI18,1)

PFCGN{184+1)y CFCGNI(18,1),
200,6)

INTN(10}

DOUBLE PRECISION COEFF

DIMENSION COEFF(301),

F(90), KSS(90,90)

14

ELBSM(9,9)

ABNIN(9,9)

ELSTIF(18,18) , ECSTVIF

MEX(2C048),

NBNEW(1) = NBN{1)
0O 2 I = 2,NSUBS
NBNEW(TI) = NBN(T) - NBNEw(I-1)
NBNODE = NBN(1)
J2 = NB8TS({1,NBNOCE}
J1 = IP0StJ2)
NSUB = NSUBS -1
DO 4 1 = 2,NSUB
J = NBNILI)
00 3 K = 1,44
J2 = NBTS(1,K)
IF ( TPUS(J2) JLE. 41 ) GO TQ 3
J1 = TPOS{I2)
NBNOCE = NBNCDE + 1
CONTINUE
CONTINUE
I1 = 6 * NBNODE + 1
L0 40 1 = 1,NSUBS
K1 = 36 * NSUBS + 9 * (I-1)
IEQL = 6 * NBN(I)
Jz2 = -9
J3 = 0
DO S L = 1,9
Kl = K1 + 1
IF ( J3 .GE. 1EQL ) GO T0 5
J2 = J2 + 10
J3 = J3 + 10
READ (3°K1) ({KSS(KeJ),J=1,90),K=J2,43)
CONTINUE
J2 = NBN(I}
J3 = INTN(T)
DO 10 J = 1,42
DO 10 K = 1,6
J1 = 6% (J-1) + K
S FJ1) = 0.0
DO 10 L = 1,J3
DO 10 » = 1,6
ML = 6 % (L=-1) + M
FJ1) = F(JL) + KSS{JLl,ML}
Kl = 45 & NSUBS + 9 % ([I-1)

IMEX{(200),

» NBNEW(10)

* FORCE(NITS(I,L),M )

ASEM3010

ASEM3020

ASEM3030

ASEM3040

( 200) ,ASEM3050
ASEM3060

{ 100) ,ASEM3070

{ 3,3) ,ASEM3080
ASEM3090

» NT ASEM3100
' ASEM3110
(18,18) , ASEM3120
FORCE( ASEM3130
ASEM3140
ASEM3150
ASEM3160
ASEM3170
ASEM3180
ASEM3190
ASEM3200
ASEM3210
ASEM3220
ASEM3230
ASEM3240
ASEM3250
ASEM3260
ASEM3270
ASEM3280
ASEM3290
ASEM3300
ASEM3310
ASEM3320
ASEM3330
ASEM3340
ASEM3350
ASEM3360
ASEM3370
ASEM3380
ASEM3390
ASEM3400
ASEM3410
ASEM3420
ASEM3430
ASEM3440
ASEM3450
ASEM3460
ASEM3470
ASEM3480
ASEM3490
ASEM3500
ASEM3510
ASEM3520
ASEM3530
ASEM3540
ASEM3550
ASEM3560
ASEM3570
ASEM3580



11

12
13

20

27
30

15

25

40

L1 = ~9

L2 =0

DO 11 L = 1,9

K1 = K1 + }

IF ( L2 .GE. IEQLl ) GO 7O 11
L1 =11 + 10

L2 = L2 + 10

READ (3'K1) {(KSS(KyJ)yJ=1,90),K=L1,L2)
CONT INUE

Jl1 =1 - 2

ICGL1 = 1

IF { I .LE. 2 ) GO TO 13

CO 12 J = 1,J1

ICOLL = ICOLY + 6 * NBNEW(J)

1COL2 = ICULL + 6 * NBN{I) - 1

K3 = ICOL1l -1

CO 40 J = 1,J2
DO 40 K = 1,6
DO 15 L = 1,301

COEFF(L) = 0.0

Kl = 6 * (J-1) + K

K2 = K1 + K3

IF ¢ 1T .EG. 1 ) GO TO 20

IF ( J .GT. NBNEW(I-1) ) GO 1O 20

READ (4*'K2+4200) COEFF

D0 25 L = ICOL1l, ICULZ2

COEFF{L) = COEFF(L) + KSSI(K1l, L-1COL1+1)
COEFF(I1) = COEFF(I1) - FIKL1)

IF (I Q. 1 ) GO TO 27

IF (3 .LE. NBNEW({I-1) )} GO TO 30
COEFF(I1) = COEFF(I11) + FURCE(NBTS(I,J),K)
WRITE (4'K2+4200) COEFF

CONTINUE

RETURN

END

ASEM3590
ASEM3600
ASEM3610
ASEM3620
ASEM3630
ASEM3640
ASEM3650
ASEM3660
ASEM36T0
ASEM3680
ASEM3690
ASEM3700
ASEM3710
ASEM3720
ASEM3T30
ASEM3740
ASEM3750
ASEM3760
ASEM3T770
ASEM3780
ASEM3790
ASEM3800
ASEM3810
ASEM3820
ASEM3830
ASEM3840
ASEM3850
ASEM3860
ASEM3870
ASEM3880
ASEM3890
ASEM3900
ASEM3910
ASEM3920
ASEM3930

121



SUBRUU
; IMPLIC

[2XzX2]

COMMON / MANE / NSUBS, IPOS{200),NBTS{10,15),NITS{10,15),NBN(10),

1 In
DIMENS
DIMENS
DATA 1
1€Q =
NBNEW(
o 5 1

5 NBNEW(
It =1
K =1

10 READ (
I =K
IF{DAB

.L0 15
Jl = J
READ {
IF(DAB

TINE BDEFL ( NBNUDE )
IT REAL*8 (A=-H, U-2)

SOLVE FUR THE BOUNDARY NODE DEFLECTIONS IN THE COMMON
COORDINATE SYSTEM

TN(10)

ION COEFF{301) , DISPLA{1200)

ION NBNEW(10)

OIS 7 300 = 0/

6 * NBNUDE

1} = NBN(1)

= 24NSUBS

I) = NBN(I1)} — NBNEW(I-1)
EQ + 1

4'K+200) COEFF
+ 1

S(COEFF(K)).GT. 1.00-10) GO TO 35

J = I, lEQ

4*J+200) COEFR

S{COEFR{K)) oGT. 1.00-10) GO TGO 25

15 CONTINUE

WRITE

20 FORMAT (32H DISPLACEMENT MATRIX IS SINGULAR )

NSUBS
RETURN

25 WRITE
WRITE

DO 30

30 COEFF(

(6,20)
= =~NSUBS

(4'J1+200) CUEFF
(4°K+200) COEFR
J = 1,11

J) = CUEFR({J)

35 READ (4°'14200) COEFR
IM = COEFR{K) / COEFF(K)
COEFR(K) = 0.0

J = K

40 COEFR(
IF )

J = J

GO 7O

45 COEFR(
WRITE

IF (1

1 =1

GO TO

50 IF (K

K = K

G0 Tu

55 K = K
READ (
K2 = 0

00 60
Kl = K
K? = K
J1z2 =
Lo 60
Jl2
Jil

122

+ 1

J) = COEFR(J) ~ IM * COEFF(Y)

«EG. I1EQ)} GO TO 45
+ 1
40

J+1) = COEFR(J+1) = 7ZM * COEFF(J+1)

(4*14200) COUEFR

+EC. 1EQ) GO TU 50

+ 1

35

Q. TEQ - 1) GO TO 55
+ 1

10

+ 1

4*K+200) CUEFF

I = 2,NSUBS

2 + 1

1 + NBNEW(I-1) - 1
0

J = Kl,K¢Z

J12 + 1
N3TS(1,412)

» COEFR{301)

BDEFLO10
BDEFLO20
BDEFLO30
BDEFLO40
BODEFLOS50
BDEFLO60
BDEFLO70
BDEFL080
BDEFLO90
BDEFL100
BDEFL110
BDEFL120
BDEFL130
BDEFL140
BDEFL150
BDEFL160
BDEFL170
BOEFL180
BDEFL190
BDEFL200
BOEFL210
BDEFL220
BDEFL230
BDEFL240
BDEFL250
BDEFL260
BDEFL2T0
BDEFL280
8DEFL290
BDEFL300
BDEFL310
BDEFL320
BDEFL330
BDEFL340
BDEFL350
BDEFL360
BDEFL370
BDEFL380
BDEFL390
BDEFL400
BDEFL410
BDEFL420
BDEFL430
BDEFL440
BDEFL450
BDEFL460
BDEFL4TO
BDEFL480
BDEFL490
BDEFL500
BDEFLS510
BDEFLS20
BDEFLS30
BDEFLS40
BDEFL550
BDEFL560
BDEFL570
BDEFL580



60
62

70

75

80

= 1,
L= 6% (J-1
IDIS(L) = 6
DISPLALIDISH
I = 1EC - 1
REAC (4'1+200) COEFF
J=129+1

6
) K
® 0S(Jll) + X
1 )

+
ip
EQ)) = CUEFF(IEQ+1) / CUEFF(IEQ)

0
S + COEFF(J) ® DISPLA(CIDIS(J))
J .EQ. 1EQ) GO TO 75

DISPLA{IDIS{T)) = {COEFF( 1€EQ +# 1 ) - S) / COEFF(I)
iIF (1 .EQ. 1) GO TO 80

1=1-1

GO TO 65

CONTINUE

WRITE (3*1) (DISPLA(I1),yI=1,3C0)
WRITE (3%2) (DISPLALT),1=301+600)
WRITE (3%3) (DISPLA(]I),1=601,900)}
WRITE (3'4) (DISPLA(I),1=901,1200}
RETURN

END

BDEFL590
BDEFL60O
BDEFL61O
BDEFL620
BDEFL630
BDEFL640
BDEFL650
BDEFL660
BDEFL6T0
BDEFL680O
BDEFL690
BDEFL700
BDEFLTLO
BDEFL720
BDEFL730
BDEFL740
BDEFL750
BDEFL760
BDEFLTT0
BDEFLT8B0
BDEFL790
BDEFL800O
BDEFL810
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16

17

15

SUBROUTINE ICEFL IDFLOO10
SOLVE FOR THE INTERNAL NODE DEFLECTION OF EACH SUB-SYSTEM. 1DFL0020
10FL0030

COMMUN X ( 200) , ¥ ( 200) ,» 2 ( 200) 4 TH { 200) »IDFLOO4O
1 PRESSEL 200) » XL ( 200,3) » YL ( 200,+3) , 1DFLC050
2 RAPANG( 100) + IGL { 100) , RHUB { 100) , RTIP ( 100) ,IDFLOO6O
3 THHUB ( 100) , THTIP ( 100} , PRESSL(100,15),EDCM ( 3,3) ,IDFLOOTO
4 RHO o OMEGA , POISSO , YOUNGS o RADGEN IDFLO08BO
5 NGENLI , LINE1l , NPRES({100) o, NEXT ( 200,3) » NP , NV , I0FLO090
6 ELMSM{6,6) , AMNIN(6,6) , ELBSM(9,9) , ABNIN(9,9) , IDFLO100
7 PFLGN(9,1) , CFLGN(18,1) , ELSTIF(18,18) , ECSTIF(18,18) , IDFLOL11l0
8 PFCGN{18,1), CFCGN(18,1), MEX(2C048), IMEX{200), FORCE! I0FLO120
9 200,6) IDFLO130
COMMON /7 MANE / NSUBS,IPOS(200),NBTS{10,15),NITS{10,15),NBN(10}, IDFLOL40
1 INTN{(1O) IDFLO1S0
DOUBLE PRECISION DISPLA 1DFLO160
DIMENSION DISPLA(1200) , A(SC,90) , 8(90) , DISPL(18,200) ID0FLO170
DATA DISPL / 3600%0.0 / IDFLO180
READ (3°*1) (DISPLAlIL),1=1,300} IDFLO190
READ (3°'2) (DISPLA(T),1=301,6C0) IDFLO200
READ (3'3) (DISPLA{I),1=601,900) IDFLO210
READ (3%'4) (DISPLA(I),1=901,1200) IDFL0220
DO 25 1 = 1,NSUBS IDFLO230
KBA = 18 * NSUBS + 18 * (I-1) IDFLO240
TEQL = 6 * INTN(I) IDFL0250
K1l = -9 I0FL0O260
K2 = 0 10FL 0270
B0 S L = 1,9 IDFLO280
KBA = KHA + 1 IDFLO0290
IF ( K2 .GE. IEQL ) GU TO 5 10FL0300
Kl = K1 + 10 10FLO310
K2 = K2 + 10 IDFLO320
REAC (3*KBA) ((A(K:J)}yJ=1490),K=K1,K2) I0FL0330
CONTINUE 1DFLO340
J1 = INTN(L) IDFLO350
Ll = NBN(I) IDFLO360
00 15 J = 1,J1 IDFLO370
DO 15 K = 1,6 IDFLO380
KL = 6 * (J-1} + K IDFLO390
B(K1l) = 0.0 IDFLO400
CO 10 L = 1,L1 IDFLO%10
L3 = NBTS{I,L) 10FL0420
L2 = 6 % [POSIL3) IDFLO430
D0 10 M = 1,6 IDFLO440
M1 = L2 + M IDFLO0450
N=6% (L-1) + M IOFL0460
B(KL1}) = B(KL) + A(KL,N)} * DISPLA{MI) IDFLO4T70
B(K1) = FORCE(NITS(I,J)},K) ~ B(KL]} 10FL 0480
Kl = -9 IDFLO49C
K2 = 0 10FLOS00
DO 1T L = 1,9 IDFLOS1O
KBA = KH4A + 1 1DFLO520
IF { K2 .GF. 1EQ1 ) GU Tu 17 IDFLOS30
Kl = K1 + 10 IDFLOS40
K2 = K2 + 10 IDFLOS550
REAC (3°KBA) ({A(K,J)sJ=1+90),K=K1,yK2) IDFLOS60
CONTINUE IDFLOSTO
Ji = INTNLT) IDFLO580



Ll = 6 % J1 IDFLOS590

CO 20 J = l,J1 IDFLO600

K3 = NITS(I, ) IDFLO610

DO 20 K = 1,6 IDFLO620

Kl = 6 * IPOS(K3) + K ~ 1DFLO630

K2 =6%*{(J~-11+K IDFLO640
DISPLA(K]) = 0.0 10FLO650

D0 20 L = 1,LIL IDFLO660

20 DISPLAIKL) = DISPLA(KL) + A(KZ,L) * 8(L) 10FLO670
25 CONTINUE 10FL0680
DO 50 I = 1,NT IDFL0O690

LA = NEXT(I,!) IDFLOT00

LB = NEXT{I,2) IDFLOT10

LC = NEXT(I,3) IDFLOT20

NA = 6 * IPOS(LA) IDFLOT30

NB = 6 x 1PUS(LB) IDFLOT40

NC = 6 * [POS(LC) [OFLOTS50

£O 40 J = 1,6 IDFLOT60

IF (IPOS(LA) .LT. 0) GO TO 30 1DFLO770
DISPL(Jy1) = DISPLAINA + J} IDFLOT80

30 I'F (IPCS{LB) .LT. O) GO TO 35 10FLOT90
CISPLUJ+6,1) = CISPLA(NB+J) 1DFL0800

35 I[F {IPOS(LC) LT. O) GO TO 40 IDFLOB1O
DISPL{J+12,1) = DISPLA(NC#+J) 1DFLOB20

40 CONTINUE IDFLO830
50 CONTINUE IDFLO840
Kl = -49 IDFLO850

K2 = 0 I0FLOB60

B0 52 1 = 144 iDFLO8T0

K1l = K1 + 50 IDFLO880

K2 = K2 + 50 10FL0890

52 WRITE (3°1) ({DISPL{JsK)yJd=1,18),K=K1,K2) IDFLO900
WRITE (6,55) IDFLOS10

55 FORMAT (1H1/ 43X, L14HCOMMON SYSTEM / 40X, 20HDEFLECTION PRINTOUTIOFL0920
1 // 8X, BHNODE NU.» 6Xy 1HX, 9X, 1HY, 9X, LHZ, 11X, lHU, 14X, 1HV,IDFLO930

2 14X, 1lHw, 10X, 6HTHETAX, 9X, 6HTHETAY /) IDFLO940

J =0 1D0FL0950

CO 70 T = 1.NP IDFL0960

LA =1 IDFLO970

K = 6 % [PCGS(LA) IDFLO980

D1 = 0.0 10FL0O990

€2 = 0.0 IDFL1000

D3 = 0.0 IDFL1010

D4 = 0.0 IDFL1020

05 = 0.0 IDFL1030

IF (1POS(LA) LT. 0) GO TO 60 IDFL1040

D1 = CISPLA(K+1) g IDFL 1050

02 = DISPLA(K+2) IDFL1060

D3 = CISPLALK+3) IDFL1070

D4 = CISPLA{K+4) IDFL1080

D9 = DISPLA(K+Y) 10FL 1090

60 4 = J + 1 IDFL1100
IF (J +EQ. 50) WRITE (6,55) ) IDFL1110

IF (J .EC. 50} J = O IDFL1120

70 WRITE (6,80) I, x(1), Y{I}, 2(1), D1, D2, D3, D4, D5 IDFL1130
80 FURMAT (10X, I5, 3F106.3, S5E15.5) I0FL1140
RETURN IDFLLLSO
ENC g IDFL1160



SUBROUTINE STRESS ( IPUNCH ) . T sTRS0010 .
_ [ CALCULATE THE LDCAL NODAL DISPLACEMENT MATRIX (DISPLL), THE_LOCAL STRS50020
c MEMBRANE STRESS MATRIX (STRSLM), AND THE LOCAL BENDING STRESS __ STRS0030 _
C MATRIX (STRSLB) . o o STRS0040
c . 5TIRS0050
e ~ COMMON X { 2000 s Y (2000 » Z  {200) 4 TH___ (_200)_ ,STRS0060
1 PRESSE( 200) 5 XL ( 200,3) , YL ( 20053) 5 _ e .. _..STRS0070 _ _
L o 2 RAPANG{ 100) , ZGL { 100) , RHUB ( 100) s RTIP__( 100) ,STRS0080
o - 3 THHUB ( 100) , THTIP ( 100) , PRESSL{100,15),EDCM _( 3,3) ,STRS009Q0
4 RHO , OMEGA , POISSO , YOUNGS , RADGEN , o STRS0100
8 " NGENLI 5 LINEL , NPRES(100) , NEXT ( 20043) 4 NP 5 NI , STRSOL10
- 6 ELMSM{6,6) » AMNIN{(646) , ELBSM(9,9) 5 ABNIN(9,9) , TSTRS0120
I PFLGN(9,1) 4 CFLGN(18,1) , ELSTIF(18,18) , ECSTIF(18,18) , STRSO130
L 8 "PFCGN(18,1), CFCGN{18,1), MEX(200,8), IMEX(200J, FORCE{ _ STRSO1l40
o 9 20046) . sTmsO150
COMMON 7/ TBAR / THBAR(200) o " STRSO0160 .
o DIMENSION EM(3,3} , WM(3,6) 5 PRST(15) , ___ DISPLL(18+1) » STRSO170
) 1 " R6{18418) 5 Z1(3,9) 5 22(3,9) , IND(6) , BST(3) , TST(B)STRSOIBO
e _2 s VB(353) , STRSLM(3) , STRSLB(3) , EB(349),A(3) , 8(3) , STRSO190 __
- 3 C(3),DISPL(18,200) o STRSQ200_ . _ ..
e DATA WM / 1.054%0.091.092%0.001.0+0.001.0, 7%0.0 / . SIRS0210 _ . .
DATA IND/ 1 4, 2 4 T 4 8 ¢ 13 4 14 / . ~_STRS0220
o K1 = -49 - T ....sTRS0230
s K2 = 0 S STRS0240
— - - D01 1= 1,4 [ o _._ . STRS0250 _ ___
T KL = K1+ 50 ... STrs0260. . _
e _ K2 = K2 + 50 el .. ..STRS0270 .
1 READ (3°1) ((DISPL{J,K),J=1,18),K=K1,K2) o - STRS0280
TERM = YOUNGS / ( 1.0 — POISSO**2 y ' STRSO0290 . _
EM{151) = TERM e e e ... STRS0300
EM(1,2) = TERM * POISSO e STRS0O310
. EM{1,3) = 0.0 R ... ._STRSO0320
EM(2,1) = EMAL92) e .._._ ..STRS0330
EM(2,2) = EM(1,1) - STRS0340 o
EM(253) = 0.0 e L. STRSO350 ..
EM(3,1) = 0.0 i .. . STRS0360Q
EM(3,2) = 0.0 L e ...  .STRSO370 _ _.
EM{3y3) = TERM * ( 1.0 - POISSOD ) / 2.0 . . _ .. . . . _._ STRS0380 _ _
WRITE {645) o STRS0390
5 FORMAT {1HL / 4%4X,13HLOCAL SYSTEM / 35X,30HDEFLECTION AND STRESS STRS0400 ~
[ 1PRINTOUT ) _. el ._.STRSO410
_ e _KOUNY = -} L ... STRSO420
e DO 65 1 = 1,NT . e ... STRS0430
IPASS = 0O i STRSQ431.
U SIGNSS = 1.0 e ... . STRS0432
READ (4'1) R6 , AMNIN , ABNIN T STRSO440
DO 10 J = 1,18 T sTRS0450
o DISPLL (J,1) = 0.0 " 'STRS0460
DO 10 K = 1,18 . o ) STRS0470
10 DISPLL{J,1) = DISPLL(Js1) + R6{K,J) * DISPL(K,I) o STRS0480
KOUNT = KOUNT + 1 L _..sIrS0490
IF { KOUNT -EQ. 2 ) WRITE (655) . o _ T STRS0500
IF ( KOUNT .EQ. 2 ) KQUNT = O . .._ _._S rsosio ___ _
LA = NEXT{I,1) S . ... .. STIRS0%20 .
LB = NEXT(I,2) . STRS0530
o LC = NEXT(1,3) N STRS0540
o T WRITE (69150 ToLASX(UA)SY(LA) 2Z(LAYSDISPLLUL,1),01ISPLL(2,1)y  STRSO0550 .
L DISPLL(3,1)s LBoX{(LB)sY(LB)Z(LB), DISPLL{7,1),DISPLL(B,1), STRS0560
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40

2 DISPLLE 9410, LCoX(LE)sYILC)4ZILC) sDISPLLI13,1) 4DESPLLI14,1), STRSO570

3 DISPLL(15,1) STRS0580
FORMAT (// 43X,12HELEMENT NOa. 14 /11X, 72HNODE X Y STRS0590

1 z U v W / 12X,73HNO. COSTRS0600
2MMON COMMON COMMON LOCAL LOCAL LOCAL /STRS0610
38Xy 2HLA, 15,3F10.3,3E15.5 / 8X,2HLB,15,3F10.3,3E15.5 / 8X,2HLC,I5, STRS50620
43F10.343E15.5 ) STRS0630
00 20 J = 1,3 STRS0640

D0 20 K = 1,6 STRS0650

L1(J,K) = 0.0 STRS0660

DO 20 L = 1.3 STRS0670

Z10JyK) = Z1{JeK) + EM(J,L) * WM(L,K) STRS0680

DO 30 J = 1,3 STRS0690

€O 30 K = 1,6 STRSO700

22{J4K) = 0.0 STRSO710

DO 30 L = 1,6 STRS0720

Z2(J4K) = Z2(J,K) + Z1{JsL) * AMNIN(L,K)} STRSO730

O 40 J = 1,3 STRS0740

STRSLM(J) = 0.0 STRS0750

DO 40 K = 1,6 STRSO760

STRSLM(J) = STRSLMUJ) + 22(JyK) * DISPLLLIND(K), 1) STRSOT70

STRS0780

STRSQ790

STRSOB00

TERMl= YOUNGS * THBAR(I) / 2.0 / ( 1.0 - POISSO**2 ) STRSO0810

All) = -2,0 * TERM1 * (( 3,0 * ABNIN(6,1) + POISSO * ABNIN(8,1) ) STRS0820

1 * OISPLL{(3,1) + POISSC * ABNIN(8,2) * DISPLL(4,1) + ( 3.0 *STRS0830
2 ABNIN{6,3) + POISSO * ABNIN(B,3) )} * DISPLL(S,1) + ( 3.0 * STRS0840
3 ABNIN(6,4) + POISSO * ABNIN{8,4) ) * DISPLL(9,1) + POISSO *STRSOB50
4 ABNIN(B8,5) * DISPLL({10,1) 4 { 3.0 * ABNIN(6,6) + POISSO * STRS0860
5 ABNIN(B,6) )} * DISPLL{1Ll,1) + POISSO * ABNIN(8,9) ® STRS0870
6 DISPLL{1T7,1 D) STRS0880

A(2) = ~-2.0 * TERML * {( 3.0 * POISSO * ABNIN(6,1) + ABNIN(8,1) ) STRS0890

1 # DISPLLU3,1) + ABNIN{(B8,2) * DISPLL{4,1) + ( 3.0 * POISSO *STRS0900
2 ABNIN(6,3) + ABNINI(B8,3) } % DISPLL(S5,1) + ( 3.0 * POISSQO * STRSO910
3 ABNIN{6,4) + ABNIN(8,4) ) * DISPLL(9,1) + ABNINI{B,5) * STRS0920
4 DISPLL{10,1) + ( 3.0 & POISSD * ABNIN(6,6) + ABNIN(B8,6) ) *STRS0930
5

DISPLLI11,1) ABNIN(8,9) * DISPLL(17,1)) STRS0940

A{3) = 2.0 % TERML* ABNIN(7,2) * DISPLL{4,1) + ABNIN{T7,5) * STRS0950

+
{

1 DISPLLL1O0,1) ) % ( 1.0 - POISSO ) STRS0960
B({l) = ~-2,0 * TERM]1 * { 3.0 * PDISSO % ABNIN{9,1) * DISPLL(3,1) + STRSO970
1 { ABNIN(7,2) + 3,0 * POISSO * ABNIN(9,2) ) * DISPLL(4,1) + STRS50980
2 3.0 * POISSO * ABNIN(9,3) #* DISPLL(S,1) + 3.0 * POISSO * STRS0990
3 ABNIN{D,4) * CISPLL(9,1) + { ABNIN(7,5) + 3.0 * POISSO * STRS1000
4 ABNIN(9,5) ) * DISPLL(10,1) + 3.0 * POISSO * ABNIN(9,6) * STRS1010
5 NISPLLEL1,1) + 3,0 * POISSO * ABNIN(9,7) * DISPLL(15,1) ¢ SYRS1020
6 3.0 ® POISSO * ABNIN(9,8) * DISPLL{16,1) ) STRS1030
Bl2) = -2.0 # TERMI* ( 3.0 * ABNIN(9,1) * DISPLL(3,1) + ( POISSO *STRS1040
i ABNIN(7,2) + 3.0 * ABNIN(9,2) ) * DISPLL{4,1} + 3.0 * STRS1050
2 ABNIN(9,3) * DISPLLIS,1) + 3.0 * ABNIN(9,4) * DISPLL(9,1) STRS1060
3 + ( POISSO * ABNIN(T,5) + 3.0 % ABNIN(9,5) ) * DISPLL(10,1)STRS1070
4 + 3.0 * ABNIN(9,6) * DISPLL(11,1) + 3.0 * ABNIN(9,7) * STRS1080
5 DISPLLULS,1) + 3.0 * ABNIN{G,8) * DISPLL(164+1) ) STRS 1090
B{3) = 2.0 * TERML1 % { ABNIN(8,1) * DISPLLI3,1) + ABNIN(8,2) * STRS1100
1 DISPLL{4,1) + ABNIN(8,3) * DISPLL{S,1) + ABNIN(B,4) * STRS1110
2 DISPLL{9,1) + ABNIN(8,5) * DISPLL{10,1)+ ABNIN(8B,6) * STRS1120
3 DISPLLUEL,1)¢ ABNIN(8B,9) * DISPLL{17,1) } * ( 1.0 — POISSOISTRS1130

C{1) = -2.0 * TERML * (( ABNIN{4,l) + POISSO * ABNIN(5,1) ) * STRS 1140

127
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1 DISPLL{3,1) + PUISSO * ABNIN(YH,2) * DISPLL{4,1) + STRS1150
2 ( ABNIN(4,3) + POISSO * ABNIN(5,3) ) * DISPLL(S,1) *+ STRS1160
3 ( ABNIN(4,4) + PDISSO * ABNIN(S,4) )} * DISPLL(9,1) + STRS1170
4 ( ABNIN(4,6) + PUISSC * ABNIN(S5,6) ) * DISPLL{11,1) + STRS1180
5 PUISSO = ABNIN{S5,7) * DISPLL(15,1) + POISSO * ABNIN(5,8}) * STRS1190
6 DISPLL({1641) + POISSO * ABNIN(S5,9) * DISPLL(17,1}) STRS51200
C(2) = -2.0 % TERML *{( POISSO * ABNIN{4,1) + ABNIN(S,1} ) * STRS1210

1 DISPLL{3,1) + ABNIN{S5,2) * DISPLL{4,1) + ( POISSO ¢ STRS1220
2 ABNIN(4,3) + ABNIN(5,3) ) * DISPLLI(S,1) + ( POISSO * STRS1230
3 ABNIN(4,4) + ABNIN(S,4) )} * OISPLL(G,1) + ( POISSO * STRS1240
4 ABNIN(4,6) ¢+ ABNIN(S5,6) ) * DISPLLILL,1) + ABNIN(5,7) * STRS1250
5 DISPLLI{15,1) + ABNIN(5,8) * DISPLL{16,1) + ABNIN(5,9) * STRS1260
6 OISPLLLLT, 1)) STRS1270
C{3) = 0.0 STRS1280

XG = ( XLUI41) ¢ XC(I,2) + XL(I,3) ) / 3.0 STRS1290

YG = ( YLUTIs1) + YLUI,2) + YLII,3) ) / 3.0 STRS1300

DO 50 K = 1,3 STRS1310

BST(K) = ( A(K)I*XG + BU(K)*YG + C{K) ) * SIGNSS STRS1320

STRS1330

STRS1340

STRS1350

STRS1360

STRS1370

TST(K) = BST(K) + STRSLM(K) STRS1380

TERML = { TST(1) + TST(2) } /7 2.0 STRS1390

TERMZ = SURT{ ( TSTL1) ~ TST(2) 1**2 / 4,0 & TST(3)*%2 ) STRS51400

SIGNS = 1.0 STRS 1410

IF { TST(2) .GT. TST(1) )} SIGNS = -1.0 STRS1420

PRST(1) = TERM1 + SIGNS * TERM2 STRS1430

PRST(2) = TERML - SIGNS * TERM?2 STRS1440

PRST(3) = 0.5 * ATAN( 2.0 * TST(3) / { TST(1) - TST(2) ) ) * STRS1450

1 57.29578 STRS1460
PRST{4) = ( PRST(1) - PRST(2) )} / 2.0 STRS1470

PRST(5) = SQRT{ PRST(L)*%2 — PRST(1) * PRST(2) + PRST{(2)*%2 ) STRS1480

[F ( IPASS +EQ. O ) WRITE (6455) (A(K)BIK), C(K) B8ST(K},K=1,3) STRS 1490

FORMAT (/20X, T4HBENDING STRESSES = A * ( LOCAL X VALUE ) + B *S5TRS1500

1 ( LUCAL Y VALUE ) + C // 42X,1HA,14X,1HB,14X%X,1HCy7X,1THVALUE ATSTRS1510
2 CENTRCID / 26X;9HSIGMAXBAR , 4E15.5 / 26X, 9HSIGMAYBAR ,4E15.5 / STRS1520

3 26X,9FSHEAR 14EL19.5) STRS1530
TERML = ( BST(1) + BST(2) ) / 2.0 ' STRS1540
TERM2 = SQRT( ( BSTU1) = BST(2) )**2 / 4.0 + BST(3)%%x2 ) STRS1550
SIGNS = 1.0 STRS1560
IF { BST¥(2) .GI. BST(1) ) SIGNS = -1.0 STRS 1570
PRST(6) = TERMLI #+ SIGNS * TERMZ2 STRS1580
PRST(7) = TERML - SIGNS * TERM2 STRS1590
PRST{8B) = 0.5 * ATAN{ 2.0 * BST{3) / ( BST(1) - BST(2) ) ) * STRS1600

1 57.295178 STRS1610
PRST(9) = ( PRST(6) — PRST(T) )} / 2.0 STRS1620
PRST(10) = SQRT({ PRST(6)I*%2 — PRST(6) * PRST(T) ¢ PRST(7)%x2 ) © STRS1630
TERML = ( STRSLM{1) + STRSLM(2) ) / 2.0 STRS1640
TERM2 = SQRT( ( STRSLM{1l) - STRSLM(2) )*x2 / 4,0 ¢+ STRSLM(3)%%2 ) STRS1650
SIGNS = 1.0 STRS1660
IF { STRSLM(2) .GT. STRSLM(1) ) SIGNS = -1.0 STRS1670
PRST(11) = TERM] + SIGNS * TERM? STRS1680
PRST{12) = TERML - SIGNS * TERM2 STRS 1690
PRST(13) = 0.5 # ATAN( 2.0 % STRSLM(3) / ( STRSLM(1) - STRSLM(2) )STRS1700

1 ) * 57.29578 STRS1710
PRST{14) = { PRST(11) - PRST{12) ) / 2.0 STRS1720



PRST(15)_ = SQRT( PRST(11)*%2 — PRST(L1l) * PRST(12) + PRST(12)%%2 )STRS1730
e i IF {_IPASS .EQ. 0 ) WRITE (6,60) (STRSLM{J),Jd=143) » (PRST(J),J=11STRS1740

L v15) 5 (BST(J)sJ=143) 5 (PRST(J)yJ=6,10) 4 (TST(J)sd=1,3) ,  STRS1750

2 (PRST(J)9J=1,5) STRS1755

60 FORMAT (/ 61%,3( 'PRINCIPAL' 6X ), ' MAXIMUM = EFFECTIVEY' /  STRS1760

1 16X *SIGMAXBAR ___ SIGMAYBAR _  SHEAR _ SIGMAXBAR STRS1770

2S1GMAYBAR THETA (DEG) SHEAR STRESS® / ' MEMBRANESTRS1780

IF ( IPASS EQ. 1 ) WRITE (6,61) (BST(J)sJd=1,3) » (PRST(J)sJ=6,10 STRS1791

1 ) o (TST(J)sJ=1,3) 4 (PRST(J)sJ=1,5) STRS1792

IPASS = IPASS + 1 ‘ STRS1794

3V 8E15.5 / ' BEND.(TOP)*® BE15.5 / ' TOT. (TOP)* BELS5.5 ) STRS1790

___ 61 FORMAT ( * BEND.(BOT)' BE15.5 / ' TOT. (BOT)' 8EL5.5 ///7/ ) STRS1793

SIGNSS = -1.0 T ) ~ STRS1795%

IF _{ IPASS 1) GO 10 65 STRS1796

XG_ = { XLUI42) + XL{I43) ) 7 3.0 _ STRS1797

IF_{ IPUNCH .NE. 0 ) WRITE (7,62) XL(1,2), XGy PRST(4), TST(1), STRSL798 _

1___PRST(5), PRST(10), PRST(15) ~  STRS1799

_ 62  FORMAT ( 2F10.6, 1PS€10.3) - STRS179A
S G0 Y0 45 . I STRS1798
o 65 _ CONTINUE . B STRS1800

. RETURN o o e A STRs1810

END e e . STRS1820
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B8R0 EQU O CLOKO0010
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ENTRY HCLUCK, ICLOCK, SCLUCK,UATE -
- USING #,BR15 - ) - CT T
7T WCLUCK SAVE (14.50,,% T o ~ CLOKG1a0
Lﬁ — BR1,BR13 v CLOK0103
- - “BRIISAVE . T T T T T CLOK0105 -
'“’““_"‘q—"“sr T BRIZ E{O,BRIT T T ewokoror
0 "~ BR1,4(0,8R13) - CLOKO109 o
T Trﬁr CLOKO110 B
0 L BRI3,&4(0,8R13) CLOKO112
L BR1IS,16(0,6RI3)  RESTURE BASE REGISTER CLOKO115 ~
o a BRULZFBYY INSURE PROPER SIGN FOR PACKED OIGITV. CLOKO1Z0 L
sY BROLPTINE TEWP STORAGE FOR PACKED TIME. ciokolso
- UNPR ZTIMEUT),PTINE(&)  UNPACK "ZUNED DECTIMAL. CLokoi4a
(N BRI, ZYINE ~— ~ HOURS ANU WINUVES. CLOKG150
SLOL BR2,16 SHIFY IN - T CLOK0160
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SCOL BRZ,1§ SHIFT IN - CLUOK0220
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ST BRZ,0(TU,8K%) SAVE SECUNDS. TTTTTCLOKO3000 0
“RETURN T14,5),7 CLOKK310
~ USING *,8BRIY —
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D m— tﬂﬂﬂcrmm CLOK0340
T LR~ BRO,BR1 T CLOK03%50
e U7 " BRI,2410,8RI37 ~ ~ RELUAD AUDWESS OF PARAWETER LIST. =~ CLOKO360
- L “BR5,0(0,BR1IT » C T CLOKo3T0
T } BRO,0(0,BR3F "~ "STORE TIME ~— 7"~ 7" """ """ ¢cLOKO380
TETUFN {14,830,y ~ ~~ —~ - B __CLOKG390
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LR T BRAS,SAVE T T T 77 eioke
) ST BR13,8(0,8RiI} I L
T T ST BRI &(UGBRITY T CLOKO

TIRE DEC — CLOK0480
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ST BRA,LYEAR ~ STORE YEAR T T T CLOK0555

- ST BRS,POOFY " STORE DAY OF YEAR. 7~ ~"CLOK0560

] IS THIS LEAP VEAR. _ . CLOKO570
OF LYEAR(4T,PFOUR(T) . ___CLoxkg580
cP mrmwmﬁmmw T CLOKO590
BE LPYER BRANCH IF LEAP YEAR., 77 CLOK0600
E — TS It DECEHBER T o . .._ _€LOK0610
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» IS 17 JuLy - o CLOKO0810 L
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€ IT WUST BE JANUARY CLOK10%0
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SECTION IV
VIBRATION COMPUTER PROGRAM (PWA 6140)

A, GENERAL

The vibration computer program is a finite element analysis which
uses many of the same subroutines as the stress program. This program
calculates natural frequencies and the distribution of relative
displacement and stress for each resonant frequency. The resonant
frequencies which satisfy the eigen-value equation: are obtained by
reducing the term

o -

to an almost triangular Hessenburg form [H] by elementary similarity
transformation. The eigen-values are then determinéd by an extension
of Hyman's method followed by iterations using a modification of
Laguerre's method.

The size of the eigen-value subroutine limits the number of free
finite element nodes to 50 (100 total nodes). The program requires
210,000 bytes of core on the IBM System 360, Model 75 computer. Computer
time for the full 50 nodés is approximately 3 minutes. Single precision
with 4 bytes/word and 8 bits/byte is used. Fortran IV-G, Level 1,

Mod. 3 compilations were used.

B. INPUT DESCRIPTION

The input to the vibration computer program generally consists of:
a physical description of the inducer, a description of the finite
element breakup to be used, and a specification of the number of
vibratory nodes required.

The finite element breakup should be sketched to aid in preparing
the program input. An example is shown in figure 1. The program is
limited to 50 free nodes (all nodes at the hub are fixed), 100 total
nodes, and 100 triangular elements.

The program will reproduce the required finite element breakup
properly if the following rules are observed when preparing the input.

1. If generator line "i" has "ii" points and generator line
"i+1" has "ii+1" points, then the lines forming the edges
of the finite elements start at the first point of the
generator with the least number of points and zig zag
between the generator lines. The areas between generators
A and B, B and C, D and E, etc., of figure 1 are examples,

2, The area between the first two generator lines with the

same number of points will be broken up as shown between
generators F and G and G and H of figure 1.
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3. The procedure of (2) will be followed for all generators
with the same number of points until symmetry about a
generator is requested, as was done about generator H
in figure 1.

4, The altered breakup will continue for sections between
generators with the same number of points, until symmetry
is again requested, as was done about generator J in
figure 1. After symmetry is again requested, the breakup
will revert to the original pattern.

5. If two generators "i'" and '"j" have "m" and '"n'" points
respectively such that

m= 2n-1 and n>2

or
n= 2m-1 and m>2

then the breakup will be as in the sections between L and
11, and M and N of figure 1.

6. Notice that generator A of figure 1 has only
one point. In this case

RHUB = RTIP and THHUB = THTIP

7. Elements are identified as shown in figure 1 and nodes
are identified as shown in figure 2.

Unless otherwise specified, data may be input in any consistent
set of units. The same units must be used for force and mass, Output
will correspond to the input units used. Several examples are
listed below:

Input Output

Force Mass Length Displacement Stress

1b 1b ft ft 1b/ft2

1b 1b in. in. 1b/in.2
gram gram meter meter gram/meter2

Input data to be written on each card is described below. "F"

format data should be left adjusted in the column field and should
contain a decimal point. "E" format data (.300E08) must be right

adjusted. "I" format data should not contain a decimal point and
should be right adjusted.

Card 1 Title Card

As many title cards as required may be input. With a 1 in column 1
the machine will read in another title card. Omit the 1 in column 1 on
the last title card to stop the machine from reading title cards.
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Column

Card 2

1-10

11-20

21-30

31-40

41-50

51-60

61-65

66-70

71-80

Card 3

1-5
6-10
etc.

RHO

POISSO

YOUNGS

RADGEN

NGL

NGS

MODE

IPRINT

Variable Format
Density of the inducer blade (MASS= F10.0
RHO/G)
Poisson's ratio for the material of the F10.0

inducer blade.

Youngs modulus of elasticity for the F10.0
material of the inducer blade,

Generator line offset radius. R, in F10.0
figure 3.
Total number of input generator lines. I10

Maximum of 50.

Number of generator lines about which I10
geometric break-up symmetry is desired.

Total number of vibratory modes 15
requested. Maximum is, the number of
free nodes.

Intermediate print option which should I5
be used for check~out of the program

Leave blank for no intermediate print.

Input as 1 (right adjusted with no

decimal point) for the following

intermediate print:

a. Elemental local membrane stiffness matrices.
b. Elemental local bending stiffness matrices.

c¢. Elemental local membrane inertia matrices.

d. Elemental local bending inertia matrices.

e. Elemental local assembled stiffness matrices.
f. Elemental local assembled inertia matrices.
Gravitational constant in the appropriate F10.0

units. If left blank or input as 0.0,
a value of 386.4 is used. MASS = RHO/G.

Symmetry Requests (Optional)

NCHB (1)
NCHB (NGS)

Generator line numbers of the generator lines I5
about which geometric break-up symmetry is
desired. The only condition allowing this
request for break-up symmetry is that the
previous generator line and the next

generator line must each have the same

number of points as does the generator

line about which symmetry is requested.



Column

Card 4

1-10

11-20

21-30

31-40

41-50

51-60

140

Variable Format

That is

NUPI_1 = NUPI = NUPI+1

Sixteen values per card, as many cards as
needed. If NGS on line 3 was input as
zero or left blank, omit this card(s).

Generator Lines (NGL Cards)

RAPANG(T)

ZGL(I)

RHUB(I)

RTIP(I)

THHUB ()

THTIP(I)

Wrap angle in degrees of the Ith F10.0
generator line (%_, and 0, in figure

4). No two adjacent wrap angles may

be equal. All wrap angles must be

either continually increasing or

continually decreasing in size.

z value at the hub of the Ith generator F10.0
line. (z; and z in figure 4). No two
adjacent generator lines may have the

same z value unless one of the two

lean angles is non-zero.

If RADGEN # 0O, then RHUB(I) is the F10.0
horizontal (x-y plane) distance from

the point where the generator line

is tangent to a cylinder with a

radius of RADGEN to the hub of the Ith
generator.

If RADGEN = 0, then RHUB(I) is the
radial distance from the z-axis to the
hub of the Ith generator.

Measured the same as RHUB(I) except F10.0
that it is the distance to the tip
instead of the hub of the Ith generator.

Thickness of the inducer blade at the F10.0
hub of the Ith generator line.

Thickness of the inducer blade at the F10.0
tip of the 1th generator line.

Thickness is varied linearly from the

hub to the tip of a generator line.



Column

61-65 NUP(I)

Variable

Format

Number of points on the Ith generator 15

line which are used for the division
of the inducer blade into triangular

elements.

These points are evenly

spaced between and including the hub

and the tip.

71-80 ALEAN(I)

The lean angle in degrees of the Ith

F10.0

generator line measured positive upward
from the horizontal (x-y plane). These

are illustrated by A

c. OUTPUT DESCRIPTION

XL, YL

TH

FREQUENCY

AMPLITUDE

SIGMA X BAR, SIGMA Y BAR SHEAR
PRINCIPAL SIGMA X BAR, PRINCIPAL
SIGMA Y BAR

MAX SHEAR

EFFECTIVE STRESS

in figure 3.

Common coordinates of vertices
or nodes of triangular elements.

Local coordinates of vertices
or nodes of triangular elements.

Nodal thickness of vertices of
triangular elements.

Natural frequency.
Relative amplitude ratio of node.

Relative bending stress of centroid
of triangular element.

Relative principle bending stresses
at centroid of triangular element.

Relative maximum shear stress at
centroid of .triangular element

Effective combined stress at
centroid of triangular element.

Triangular element local membrane
stiffness matrix.

Triangular element local bending
stiffness matrix.

Triangular element local mass
matrix.

Triangular element reduced mass
matrix.
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D. VIBRATION COMPUTER PROGRAM
Sample Case (Simulated Cantilevered Flat Plate)
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00 36E4%6°C
00 314989°0
00 31890L1°0
00 3%1969°0
00 391986°0
10-32%661°0
10-3%9602°0C
10-30€55%°C
10-368185°0
00 3€9921°C
00 3902%1°C
00 3L2682°C
00 39€£52°0
00 31LSLE°C
0G 3%%%6€°C
00 356225°0
00 3669%6°C
00 36%889°0
00 3e12CL°C
00 3%6169°0
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10-3199¢2°0
10~3€161%°C
10-309265°C
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00 395€41°C
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00 368816°C
00 320166°C
00 361129°C
00 3SEHTLC
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T0-3¢6l61°C
10-396L66°C
1C-3L51€%°C
10~3%¢€l6°(
1C-3e€2e¢9°(C
T0-30%118°C
106-38¢1eL°C
1¢-386656°C
1C-39%028°C
0C 3¢%21C1°C
10-39e4%%8°(
00 316s6CT°C
0C 30t621°C
00 396091°C-
0C 381986°0
10-386%€2*(C
10-391921°0C
1¢~-319196°C
10-3ee15%°C
10-382¢€9°C
16-318929°C
1C-3862€8°C
1C-3%9949L°C
10-3¢8LL6°C
T0-3621¢€8°(C
00 389C11°C
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00 3918C1°C
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00 3LCZ91°C-
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1¢-3L1962°C
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1C~34%6€62°C~
1¢-3%¢50¢°0-
CC 31CcC1°0-
CC 3ts€eC1"C-
CC 3€ée2e*0-
CC 3tc€ecct0-
CC 31664e°C-
00 324C8e°0~
C0 36€899°0~
CC 301ess0-
CC 365¢e6L°0-
CC 351¢e%L 70~
CC 3%198670—
CC 39C696°0~
10-31€0%2°0-
10-389502°0
10-3CH%L%°0
1C-3%¢€L4%°0
CO 3¢Cedl’o
C0 36ie21°C
€CC 311¢ve 0
€0 38C1%¢°0
CC 3%¢s6t°0
CC 31eCee°0
€CC 3Ce1Ls°0
CC 3961480
CC 368669L°0
CC 38¢25L°0
1C 30CC01°0
CC 38€5L6°0
1€-386%0¢°0
10-3C4CCe°0~
10-32616%°0-
1C-391¢6%°0~
CC 3%6c21°0~
CC 31Lec1*0-
CC 3sl1ec 0~
CC 32Lced 0~
CC 36¢5S¢°0-
CC 3tL0Le*0-
CC 392£25°0~
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00 36S5121°0
00 3Jetciel*0
00 3081eZ°0
00 32icvZ°0
00 3L6%9¢ °0
00 3J61sle "0
00 390216 °0
00 3200¢s°0
00 366499 °0
00 39¢%L9°0
00 396899 °0
00 3L1986°0
¢0-361L¢28°0
¢0-3601€l °0
10-3%9L¢€% °0
10-30L16% °0
00 306e21°0
00 3960¢€l°0
00 35¢€€2°0
00 3LZ¢%e°C
00 36099t °0
00 3€94L¢°0
00 329€1s°0
00 36161s°0
00 3€9699°C
00 31Lel9°0
00 3I%L699°0
00 3eclLs6 0
20-386188 °0
20-38602L *0
10-3828%% *0
10-366L6% *0
00 3yv%edl 0
00 320€€1°0
00 3620¢l°0
00 3L€9%C°0
00 30€09¢ *0
00 30c18e°0
00 35090¢ °0
00 3196¢$ °0
00 360%99°0
00 399889 °0
00 38€099°C
10 300001°0
UVEXWWELS

10-36£489°0-
00 36%966°0
10-3219€%°0
10-380186°0
10-314465°0
10-36620L°0
10-3%046L°0
10-30%6€6°0
10-3£9066*0
00 30161T1°0
00 3s0921°0
00 36%%4%1°0
00 3we281°0
00" 31L691°0
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10-316¢89°0-
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10-3%6LL6°0
10-384%029°0
10-38616L°0
10-39LL6L°0
10-308966°0
00 3%0€01°0
00 366%21°0
00 388621°0
00 3026%1°0
00 350261°0
00 356891°0
00 3991L1°0
00 3610%2°0
10-3%66L9°0-
00 392186°0
10-320806°0
10-396196°0
10-35194L°0
10-3208¢8°0
00 3%eZe01°0
00 3€¢s811°0
00 38%%21°C
00 329161°0
00 db6e4%1°C
00 30%181°0
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LC 3€69¢€C1°0

1C-34%4802°0
1C~3826¢€2°0
10~34%618%°0
1C-3C6819°C
€C 3sL1e1°C
CC 3s1081°C
CC 3e2isev
CC 31esiLctu
CC 36686t °0
CC 3€18¢%°C
CC 39565¢°0
0C 38%166°C
CC 3%85¢L°C
CC 4818SL°0

90 z6%5€%°0
1C-:264%6¢2°0
10-26€562°0
10-:9806€°0
10-248%%9°0C
00 z806¢T1°0
00 :8€291°0
C0 :849612°0
0C :22140e°0
00 z01Cs%°0
00 :%0%8%°C
00 z201%9°C
0C :81289°C
CC :20¢CS8°0

0L :zt6E898°C

L0 399911°C-

10-3%6861°C
10-358¢02°C
16-39¢86%°0
10-31L265°0
00 384¥821°C
00 310e%1°C
00 3e6Le2°0
00 310662°C
00 3690L4t°C
00 36616t°C
00 39¢02s°C
00 3¢4046°C
00 360tL9°C
00 32¢€1l°0

90 3Ive6vt*(~

1¢-3212C1°C
2C~-316986°C~
1C-319889°C
16-3s6CLe"C
1¢-31etéeC
1C-39CL2L°C
0C 31eSC1°*C
1¢-38116¢€°C
00 3L6611°C
0C 3%1811°C
GC 362%921°C
00 3eTie1°C
CC 366L21°C
0C 31+vsl1e*(

(*indN1 1V 03103735 300N 40 YIGWNN NYHL NO S3IONILNOD Wv¥I0¥d)

S$C 3CC0LT°0-

10-3€€616°0
1C-3%L1L15°0
1C-38€0£5°0
Cc0 3I8ECH1I°0
CO 3e%9c1°0
CO 31¢€be°0
CO 3ese% 20
CC 38€16E°0
CC 3e¢scse*C
CC 34¢eles°0
00 38L1%6°0
CC 399E1L°0
CC 36€%<L°0
CC 35ECE8°0

LO 369911 °0-

20-389184 *0
20-3896%% °0
10-36459% °0
10-38L2L% °0
00 394%%21°0
00 3260¢1°0
00 3¢21e2°0
00 309%%Z°Q
00 36219t °0
00 3I%i6LE 0
00 301209°0
00 3%28¢9°0
00 310999°0
00 398989 °0

90 3L66%€°0-

10-30L%06°0
10-39¢€494%°0
10-30€L6L°0
10-3¢404L°0
00 3€6501°0
00 3t0E11°0
00 39€L21°0
00 381L%1°0C
00 3%69%1°0
00 30S8LLT°C
00 314891°0
00 3¥1112°0
00 302881°0
00 399¢0t°0
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THIS IS THE MAIN PROGRAM FOR THE INDUCER VIBRATIONS PROGRAM MAINOOO1L

DECK 6140 MAINOOO2

MATNOOO3

COMMON X { 100) , Y ( 100) , 2 { 100} ,» TH { 100} ,MAINODO4

i XL { 10043) » YL ( 100,3) , MAINQOOS
2 RAPANGL 50) , 6L { S0) , RHUB { 50) , RTIP ( S50) ,MAINOOOG
3 THHUB (  50) , THTIP ( 50) , EDCM ( 3,3) ,MAINOOO7
4 RHO o POISSO » YOUNGS , RADGEN , MAINOOOS8
5 NGENLE » LINEL , NEXT ( 100,3) 4 NP , NT , MAINOOO9
6 ELMSM(6,6) , AMNIN{6,6) , ELBSM(9,9) , ABNIN(9,9) , MAINOOLO
7 SIGMAX{(100) , SIGMAY(100) 4 ELSTIF(18,18) , MAINOOILL
8 TAUXY(100), ELSSM(9,9), MEX(100,8); IMEX(100), MAINOO12
9 ELINRLLB,y1B) , ELMIM(6,6) , ELBIM(9,9) , ALEAN(50) MAINOO13
DIMENSION ICOL(15) , ZCOS(100) , NUP(100) , NCHB(50) , IPOS(100) MAINOOl&

DIMENSION OMEGA(S0) , IGEN(100} MAINOOLS

DATA ICOL /7 1 4y 2 4 7T 4 8 4 13 4 14 4 3,44 4, 5,9, 10, 11 , MAINOO16

1 15 4 16 4 17 7/ MAINOO17
DEFINE FILE 1(100,657,U,1R1),2(484900,U,IR2),3{100,324,U,IR3) MAINOOLS

CALL ZERU(X,ELBIM{(9,9)) MAINOOL9

READ AND PRINT ALL INPUT MAINGO20

CALL INPUT ( IPRINT,NUP,NCHB,MODE ) MAINOO21

TRIANGULATION OF INDUCER BLADE AND DETERMINATION OF THICKNESS AT MAINOO22

EACH VERTEX . MAINOO23

CALL GEOM ( NUP,NCHB,1POS, [GEN ) MATNOO24

[F £ ( NP .GT. 100 ) .OR. ( NT .G¥. 100 ) )} GO TO S MAINOO25

DO 30 I = LynT MAT 9026

LA = NEXT(I,1) MAT 2027

LB = NEXT(I,2) MAINQOZ28

LC = NEXT(I,3) MAINOOZ29

IMEX{LA) = IMEX(LA) + 1 MAINOO30

IMEX({LB) = IMEX(LB) + 1 MAINOO31

IMEX (LC) = IMEX{LC) + 1 MAINQOO32

MEX{LA, IMEX(LA)) = 1 MAINOO33

MEX{LB, IMEX(LB)) = 1 MAINOQO34

MEX(LC,IMEX{LC)) = I . MAINOO3S

CALCULATE THE DIRECTION COSINE MATRIX (EDCM) FOR A TRIANGULAR ELEMMAINOO36

CALL DIRCOS (LA,LBsLC,I) MAINOO37

ZCOS(1) = EDCM(3,3) MAINOO38

CALCULATE THE LOCAL CUURDINATES (XL,YL,ZL) FOR A TRIANGULAR ELEMENMAINCLC39

CALL LCOORD (LA,LB,LC,I) MAINO0O40O

CALCULATE THE MEMBRANE STIFFNESS MATRIX (ELMSM) FOR A TRIANGULAR MAINOO41

ELEMENT IN THE LOCAL CUORDINATE SYSTEM (XL,YL,ZL)} ) MAINOO42

CALL MEMSTF { LA,LByLC,I ) MAINOO43

CALCULATE THE BENDING STIFFNESS MATRIX (ELBSM) FOR A TRIANGULAR MAINOO44

ELEMENT IN THE LUOCAL COORDINATE SYSTEM (XL,YL,ZL) MAINOO4S

CALL BENSTF ( LAZLB,LC,I ) MAINOQO46

IF ¢ IPRINT .GT. 1 1} MATNOO47

LWRITE (6414) ((ELMSM{J,K)9yK=136)9J=146) 3 ({ELBSM{JyK) 4K=1,9),d=1,9)MAINOCAS
FORMAT (1HL/45X,2HKM / 6(10X46E14.67) F/65X42HKB/9( 1X9y9E14.6/}) MAINOO49

CALCULATE THE LUCAL MEMBRANE [NERTIA MAINQOSC
MATRIX (ELMIM) FOR A TRIANGULAR MAINGOS1
CLEMENT. MAINOOS2
CALL MEMINR (LA,LB,LC,!) MAINOOS3
CALCULATE THE LUCAL BEJUING INERTIA MATRIX (ELBIM) FUR A MAINOOS4
TRIANGUL AR FLEMENT . MAINOOSS
CALL BENINR (LA,LB,LC,I) MAINOOS6
IF 0 IPRINT oGEe 1 ) WRITFEF (64151 ({ELMIM(J,K) sK=136)9d=146) MAINOOS?
1 (LELBIMEI4K) yK=1,9),d=1,9) MATNOOS8
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20

24

29

26

27

30

32

35

FORMAT (/745X 2HMM/6{ 10X, 6E14.67/)/765X,2HMB/I{1X,9E14.6/)) MAINOOS9
ASSEMBLE LOCAL STIFFNESS MATRIX (ELSTIF) AND LOCAL INERTIA MATRIX MAINOO6D
(ELINR) FOR A TRIANGULAR FLEMENT . MAINOOSG1
DO 20 J = 1,6 MAINOO62
BO 20 K = 1,6 MAINOOG63
FLINRCICOL(J)  ICOL(K) ) = ELMIM(J,K) MAINOOG64
EUSTIFLICOL(J)»1COLAIK)) = ELMSM(J,K) MAINOO6S
DO 24 J = 1,9 MAINOOG66
B0 24 K = 1,9 MAINGOG67
ELINRUICOL(J46), ICOLIK+6)) = ELBIM(J,K) MAINOOG6S
ELSTIFLICUL(J+6) s ICOLIK+6)}) = ELBSM(J,4K) MATNOO69
WRITE (1°'1) ELSTIF,ELINR,EDCM MAINQOO70
IF { IPRINT .GE. 1 ) WRITE (6,25) : MAINOOT71
FORMAT (1MW //25X,55H LOCAL COORDINATE SYSTEM TRIANGULAR STIFFNESSMAINOO72
1 MATRIX ) MAINOOT73
IF { IPRINT +GE. 1 ) WRITE (6,26) {(ELSTIF(J,K}yK=1,18),J=1,18) MAINOOT74
FORMAT (//718(10E12.4/8E12.4/7)) MAINOOTS
IF ( IPRINT L.GE. 1 ) WRITE (6,27) MAINGOOT76
FORMAT (1H //25X452H LOCAL COUORDINATE SYSTEM TRIANGULAR INERTIA MAMAINOO77
1TRIX ) MAINGOT78
IF € IPRINT .GE. 1 ) WRITE (6526) ((ELINR{JsK) K=1,18),4J4=1,18) MAINOOT9
CONTINUE MAINOOBO
PRINT GCOMETRIC BREAK-UP AND ASSOCIATED PROPERTIES . MAINOOCB1
CALL PRINTI1 MATNOOB2
CALCULATE NORMAL OIRECTION COSINE MATRIX AT EACH NODE . MAINOOB3
CALL NORM ( ZCUS,IGEN ) MAINOOSB4
TRANSFORM STIFFNESS MATRICES TUO NORMAL SYSTEMS AND ASSEMBLE MAINOOBS
INTO A (3N X 3N) MATRIX . MAINOOB6
CALL ASSEMK { 2C0S , IPOS ) MAINOOBT
TRANSFORM INERTIA MATRICES TO NORMAL SYSTEMS AND ASSEMBLE MAINOOHS
INTO A (3N X 3N) MATRIX . MAINOOBY
CALL ASSEMM ( 2C0S , IPOS 1} MAINOO90
REDUCE THE ALSEMBLED STIFFNESS MATRIX TO AN (N X N} MATRIX . MAINOO91
N = NP = NGENLI MAINQO92
CALL REDUCK ( N ) MAINOO93
IF { N .LE. O ) GO TU 5 MAINGOO94
REDUCE THE ASSEMBLED INERTIA MATRIX TO AN (N X N) MATRIX . MAINOO95
CALL REDUCM ( N ) MAINOO96
1F [ N .LE. 0 ) GO YU 5 MAINOO97?
SOLVE FOR THE NATURAL FREQUENCIES . MAINOO98
CALL ELIGEN ( N,OMEGA ) MAINGO99
SOLVE FJR THE AMPLITUDES FOR FACH REQUESTED FREQUENCY . MAINO100
DO 35 T = 1,MODE MAINO101
IF (I .GTe N ) GU TC 5 MAINO102
WRITE (6,432} 1 MAINO103
FURMAT (1H1,//50X,22HAMPLITUDES FOR MUDE 13 ) MAINO10O4
M = NP ~ NGENLI1 MAINO10S
I1 = N+ 1 -1 MAINO106
CALL AMPL (M , OMEGA(IL1) , 1POS) MAINO10O7
CALL STRESS { ZCUS, 1POS 1 MAINO108
GU TC 5 MAINO109
STUP MAINOL110
END MAINOL111
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SUBROUTINE INPUT { TPRINT,NUP,NCHB,,MUDE )
READ AND PRINT ALL INPUT

COMMON X ¢ 100} » Y { 100) , 2 { 100) , IH { 100)
1 XL { 100,3) , YL ( 100,3) ,
2 RAPANGL o0) , IGL { S0) , RHUB ( 50) , RTIP ( 50)
3 THHUB (  50) , THTIP ( 50) » EDCM  ( 3,3)
4 RHO PUOISSO » YOUNGS » RADGEN

5 NGENLT » LINEL NEXT ( 100,3) 5 NP 45 NT

6 CLMSM{6,6) , AMNIN(6,6) , ELASM(9,9) , ABNIN(9,9) ,

7 SIGMAX{100) , SIGMAY(100) , ELSTIF{18,18) ,
8 TAUXY{ 100}y ELSSM(9,9), ‘MFX{100,8), IMEX(100)},
9 ELINR(18,18) , ELMIM{6,6) o ELBIM(9,9) , ALEAN(50)

DIMENSIUN NUP(L100) , NCHB(50)

REAL TITLE (18)

WRITE (6,45)

FORMAT (1H1/3BHOINDUCER VIBRATION PRUGRAM - DECK 6140 //)
CALL DATE (BMONTH,DAY, YEAR)

WRITE (6,7) BMONTH,DAY,YEAR

FURMAT (6H DATE ,A2,1H/,A2,1H/,A2//)

READ (54 15+END=50) NT,TITLE

FORMAY (11,18A4)

WRITE (6,420) TITLE

FORMAT (5X,18A4 /)

IF { NT .GT. O ) GOTO 1O

READ (5,25) RHU,PUISSU, YOUNGS,RADGEN,NGENLI,LINE]1,MODE,IPRINT,G
FORMAT (2F10.0,y F10.0,F10.0,2110,215,F10.0)

IF { G .EQs 0.0 ) G = 386.4

IF ( LINE1l «GT. O ) READ {5,26) (NCHB(I),I=1,LINEL)

FORMAT (1615)

O 29 1 = 1,%0

IF { NCHB(L) .GT. O ) GO TO 29

NCHB(T) = NGENLI + 1

CONTINUF

WRITE (64530)RHOy G,y POISSO, YOUNGS NGENLI 4 LINE] ,RADGEN, MODE
FORMAT (//10X, 10HDENSITY = F6.435X,4HG = 4EL2.445X,
1 18HPOISSON'S RATIU = £5.3,5X, LBHYCUNG®S MODULUS = El2.4 //10X,

INPUTOOL
INPUTO02
INPUTOO3
» INPUTO04
INPUTOOS
« INPUTOO6
» INPUTOO7
INPUTOO8
INPUTOO09
INPUTOI10
INPUTOLL
INPUTOL2
INPUTOL3
INPUTOLS
INPUTOLS
INPUTOl6
INPUTOLT7
INPUTOILSB
INPUTOL9
INPUTO20
INPUTO21
INPUTON22
INPUTO23
INPUTO24
INPUTO25
INPUTOR26
INPUTO27

INPUTOZ28
INPUTO29
INPUTO30
INPUTO31
INPUTO32
INPUTO33
INPUTO34
INPUTO035
INPUTO36

2 26HNC. UF GENERATING LINES = 14,5X,40HNO. OF SYMMETRY CHANGES REQINPUTO37

3UESTED = 13 //10X,31HGENERATUR LINE OFFSET RADIUS = F9.3 //
4 10X, 24HNU. OF MODES REQUESTED = 14//)

1F ( LTHEL EQ. 0 ) GU TU 32

WRITE (6,431) {(NCHB(I),I=1,LINEL)

FORMAT {LOX, 38HSYMMETRY CHANGE ABUOUT GENERATOR LINES 1515/}
KOUNT = 0

RHO = RHU / G

WRITE {6,5)

00 45 I = 1,NGENLI

REAT (5, 35) RAPANGII)oZGLUT) yRHUBIT) JRTIP (L), THHUB(L },THTIP (1),
1 NUP(T) , ALEAN(I) .
FORMAL (6F10.0,15,5X,F10.0)

WRITE (6539) 1

FORMAT (30X, 22HGINFRATUR LINE WUMBER 13,5X,16H(ANGLES IN DEG.) /)

INPUTO38
INPUTO39
INPUTO040
INPUTO41
INPUTO42
INPUTO43
INPUTO044
INPUTO4S
INPUTOGE
INPUTOSGT
INPUTO48
INPUTO49
INPUTOS50
INPUTOS]

WRITE (64,40) RAPANG( 1) 9 ZGL (1), RHUB(T) yRTIP{I), THHUB( L), THTIP(1), INPUTO52

1 ALEANITY , NUP(I) INPUTO53

FORMAT o LOXy134WRAP ANGLF = FLl2.6INPUTO54
1y5Xy THZHUB = FE.4,5Xy 13HHUB RADTUS = FB.4& 45X, 13HTIP RADIUS INPUTOS5
2= FB.4/ YX,16HHUB THICKNESS = FTl.445X, 16HTEP THICKNESS = F7.4,5X, INPUTOS56
3 12HLEAY ANGLE = Fl2.6, 5Xy 16HND. OF POINTS = 12/7) INPUTOST



45

50

KOUNT = KOUNT + 1

[F (KOUNT EQ.11) WRITE (6,5)

IF (KUUNT +EC.11}1 KUUNT = O
ALEANCI) = ALEAN(T) *% 0.0174533
RAPANG(T) = RAPANGI(I) * 0.0174533
GO TO 55

sToP

RETURN

END

INPUTOS58
INPUTOS59
INPUTO6O
INPUTO61
INPUTO62
INPUTO63
INPUTOG64
INPUTO6S
INPUTO66

155
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SUBROUTINE GEOM { NUP,NCHB,IPOS, IGEN )
TRIANGULATION UF INDUCER BLADE AND DETERMINATION OF THICKNESS AT
EACH VERTEX AND PRESSURE UN EACH TRIANGLE

COMMUN X

ICHB
KOUNT -1
IPOS{L) -1
NP1 =
NT =
NP = NUP(1)
NS = NGENLIT -
bo 90 18NS
NT1 = NUP(I) ¢ NUP(I+1)
1F { +NE. 1 )} GO
L INE NUP LT
DR =
IF { LINE .EQ.
DR = ( RTIP(1)
RADIUS RHUB( 1)
SINA SIN( RAPANG(T)
cosa CUS( RAPANGI(I)
TANL TAN ( ALEAN(I)
b0 19 J LyLINE
IF { J .8de 1 ) 0 TO B
KOUNT KOUNT + 1
[POS(Y) KOUNT
RADIUS = RADIUS +
JARE] = ZGLIT) ¢+
X{J) = RADGEN *
Y(J) = RADGCY *
TH{J) = THHUB(I)

/ U RTIP(I)
IGEN(J) I
IF { TH{J) «LT.
CONTINUE
LINF NUP{1+1)
Cr =
IF ( «Eq.
DR = { RTIP(I+1}
RADIUS RHUB( [+1)
J2 = NP2 # 1
J3 = NP+ NUPLI+1)
[POS(42) = -1
SINA = SIHN( RAPANG{I1+1)
COSA = CUS( RAPANG(I+1)
TANL = TAN( ALFANT{I+1)

{

RAPANG !
THHUB
RHO
NGENLT
ELMSM(6,6)
SIGMAX(100)
TAUXY(100),
ELINR{18,18)
DIMENSION NUP(10D)

100)

50)
50)

LINEL
AMNIN(646)
SIGMAY(100)

- RHUB(T)

0.0 ) TH(J)

ELBSM(9,9)
ELSTIF(18,18)
ELSSM{9,9), MEX(100,8), IMEX{100),
ELMIMI6,6)

ABNIN(9,9)

ELBIM(9,9)

/ FLOAT( LINE

RADIUS - RHUB(I)
COSA - RADIUS * SINA
SINA + RADIUS % COSA
RADIUS - RHUBI{IT)

- RHYUB{I+1l) ) / FLUAT( LINE

GEOMOO10
GEOMO020
GEOMOO030
GEOMO040

»GEOMO0S50

GEOMO060

» GEUMQOT70
+GEOMO080

GEOMO090
GEOMO100
GEOMO110
GEOMO120
GEOMO130
GEOMO140
GEOMO150
GEOMOL160
GEOMO170
GEOMO180
GEUMO190
GEOMO200
GEOMO210
GEOM0220
GEOMO0230
GEOMO240
GEOMO250
GEQM0260
GEOMO261
GEOMO262
GEOMO2T70
GEOMO280
GEOM0O290
GEOMO300
GFOMO310
GEOGMO0320
GEOMO0330
GEQOMO340
GEOMO350
GEOMO360
GEOMO370
GEOMO0380
GEOM0390
GEOMO400

JGEOMO410

GEOMO420
GEUMO&21
GEOMO430
GEOM0O440
GEOMO44]
GEOMO442
GEOM0O443
GEOMO450
GEOMO0460
GEOM0O4T0
GEOMO480
GEUMO0490
GEOMOS500
GEOMOS 10
GEOM0520



20

25

261

262

263

264

265

266

20617

DO 25 J = J2,43
IF ( J +EQ. J2 ) GO ¥U 20
KOUNT = KOUNT + 1

IPOStJ) = KOUNT

RADIUS = RADIUS + DR
I(J4) = LGL(I+1) + { RADIUS - RHUB(I+1l) ) * TANL
X({J) = RADGEN * COSA - RADIUS #* SINA

Yid)
TH(J)=

RADGEN * SINA ¢ RADIUS * COSA
THHUB(I+1) + ( THTIP(I+1) ~ THHUB(I+1)
RHUBLI+1) ) / ( RTIP(I+1) - RHUB(I+1) )}
IGEN(J) = 1 + 1
IF { TH{J) .LT.
CONTINUE

J1 NT + 1

J2 NT + NT1
NB 0
K =0
NBl = -2

NPT1 = NUP(I)
NPT2 = NUP(I+1)

0.0 ) TH{J) = 0.0

IF (NPT1l .EQ. NPT2) GU TO 27

IF (NPT2 - NPT1 .£Q. 1) GO TO 275
IF (NPTL - NPT2 .EQ. 1) GO TG 270
IF (NPT2 - NPTl .GT. 1) GO TO 265

) * { RADIUS -

BOTTOM GENERATOR HAS AT LEAST TWO MORE NODES THAN THE TOP

GENERATOR.

DO 264 4 = 41,42
K=K+ 1
L = MOD{K,3) °

IF (L +EQ. 0) L = -
GO TD (261, 262, 203), L

NB1 = NB1 + 2

NEXT(Js1) = NPL + NBI

NEXT(Jy2) NPL ¢+ NBL1 ¢+ 1
NEXT{J»3) NP + NBL /7 2 ¢+ 1
GO TO 264

NEXT(Js1) = NEXT(JI-1,3)
NEXT{J,2) = NEXT(J,y1) ¢ 1
NEXT(Js3) = NEXT{(J=1,2)
GC TU 264

NEXT(Js1) = NEXT{J-1,3)
NEXT(Js2) = NEXT(J,1) + 1
NEXT(Js3) = NEXT(J~1,2)
CONTINUE

GO TO 8%

TOP GENERATOR HAS AT LEAST TWO MORE NODES THAN
THE BUTIOM GENERATUR.

DU 269 4 = Jly J2

K = K + |}

L = MOC(K,3)

IF (L «FfQ. 0) L = 3

GD TU (266,261,268), L
NBL = Nl + 2

MEXT{Jy1l) = NP + NBI + 1
NFXT(Jdy2) = NP ¢ Bl + 2
NEXT{J,3) = NP1 + NBY / 2
GO TO 269

NEXT(Jy1) = NOEXT(I-1,3)

GEOM0O530
GEOMO540
GEOMO550
GEOMO560
GEOMOS570
GEOMOSB0
GEOM0590
GEGM0600
GEOMO610
GEOM0620
GEOMOb21
GEOM0630
GEQMO640
GEOM0650
GEOM0O660
GEOMO6TO
GEOMO6T1
GEOMO6T2
GEOMO673
GEOMO6T4
GEOMO6T5
GEOMO676
GEOQMO677
GEOMO678
GEOMO679
GEOM0680
GEOMO681
GEOM0682
GEOMO683
GEOMO684
GEOMO0685
GEOMO686
GEQMO68T
GECMO688
GEOMO0689
GEOM0690
GEOMO0691
GEOM0692
GEOM0693
GEOMO694
GEQOMO695
GEOMO696
GEOMO697
GEOM0698
GEOMO0699
GEOMOTO0
GEOMOT701
GEOMO702
GEGOMOT703
GEOMOT04
GEOMOT0%
GEOMOT06
GEOMOT07
GEOMOTO8
GEOMOT09
GEOMOT710
GEOMOTL1
GEOMOT12

157



NEXT(Js2)
NEXT(J,3)

GO T0 269

NFXT(J,y1)
NEXT(J,2)
NEXT(J,3)
CONTINUE
GO T0 85

BOTTUM GENERATUR HAS ONE MORE NODE THAN THE TOP GENERATOR.
NEXT{J1,1)
NEXT(J1,2)
NEXT(J1, 3}
IF (J1 .EQ.
Ji11 = J1 + 1
Jil,J2

co 271 J
NEXT(J,1)
NEXT(Jy2)
NEXT(J,3)
GO TO 85

TOP GENERATOR HAS ONE MORE NODE THAN
NEXT(J1,1}
NEXT(J1,2)
NEXT(J1,3)

nonow

noaw o

NEXT{J,1) + 1
NEXT(J=~1,2}

NEXT{(J~1,3}
NEXTUJ,1) + 1
NEXT(J=1,2)

NP1

NP1 + 1

NP + 1

J2) GO 70 85

NEXT{J-1,3)
NEXT(Jy1)¢1
NFXT{J~1,2})

NP + 1
NP ¢+ 2
NP L

IF (J1 .EQ. J2) GU VG 85

J1i = J1 + 1
Jll, J2

D0 276 4
NEXT(J,1)
NEXT(Jy2)
NEXT(Js3)
GO 10 85

SAME NUMBER
IF ( RADGEN

NEXT(J~1,3)
NEXT{Jyl)+1
NEXT{J=1,2)

UF NODES ON TOP.AND BOTTUM GENERATORS .

NE. 0.0 ) GU TO 55

IF { NCHB(ICHB) .EQ. T )} GO TU 40
IF { ICHB .GE. 2 )} GO TU 42

Co 35 J =

Jl,42

K=J-Jl +1
If { #0D(K,2) .EQ. O ) GO TU 30

NB = NB +

NEXT(J,1)
NEXT(Jy2)
NEXT(Jy3)
GO TO 35
NEXT(J,1)
NFXT(J,2)
NEXT{Js3)
CONTINUE
GO TG 8%

-

W

WwoHon

NP + NB
NP+ NB o+ 1
NP1 + NB - 1

NP1 + nB - 1
NPl o+ NB
NP + NB + 1

ICHB = ICHB + 1
If { MCL(TICHB,2) EQ. 1 ) GO TU 28

Dl 50 J =

J1.4°7

K=J - Jl #1
IF ( MODIK,2) .Ede O ) GU 17 45

NG = NB +

NEXT(J,1)
NEXT(J,2)
NEXT(Jy3)
GO Ty 5u
NEXTtJs1)

—

nwo ot

NP1 + NGB - 1
NPL o+ 4B
NP+ 48

NP+ NB

THE BOTTOM GENERATOR.

GEQMOT713
GEOMOT14
GEOMOTLS
GEOMOT716
GEOMOTLY
GeOMOT18
GEOMOT19
GEOMOT20
GEOMOT721
GEOMOT22
GEOMOT23
GEOMOT24
GEOMOT72%
GEOMOT26
GEOMO727
GEOMOT28
GEOMOT729
GEOMOT730
GEOMOT31
GEOMOT32
GEUMO733
GEOMOT734
GEOMO735
GEOMOT36
GEOMOT737
GEOMO738
GEQMOT39
GEOMOT40
GEOMO741
GEOMOT42
GEOMOT43
GEOMOT 44
GEOMOT745
GEOMOT46
GEOMOT47
GEOMOT48
GEOMOT49
GEOMOT750
GEOMO751
GEQMO760
GEOMO770
GEOMOT780
GECMOT90
GEOMO0800
GEOMOB 10
GEOMO820
GEOMOR30
GEOMO0840
GFOM0850
GEOMO860
GEOMOBTO
GEOMOBS8O
GEOM0890
GEOMOS00
GEOMO910
GEOMO0920
GEOMO930
GEOMO940



50

55

60

65

170
12

5

80
85

86
67
88

90

95
100

NEXT(Je2) = NP + NB +
NEXT(Jy3) = NP1 + \NB
CUNTINUE
GO TO 8%

IF { NCHBUICHB) LEQ. I
If ( ICHB .GEt. 2 ) Gu
00 65 J = Jl1,J42

K=J - Jl +1

IF { MODI{K,2) .EQ. O )
NB = NB +

—

NEXT{J,1) = NP1l + nNB -
NEXT{Jy2) = NPL ¢ NB
NEXT(Js3) = NP + NB

GO TU 65

NEXT(J,1) = NP + NB
NEXT(J,2) = NP + NB +
NEXT{J,3) = NP1 + NB
CONTINUE

GO Tu 8%

ICHB = ICHB + 1

IF { MOD(ICHB,2) .EQ.
DO 80 J = JlsJ2

K = J - Jl + 1

IF { MOD{(K,y2) .EQ. O }
NB = NB +

—

NEXT{Jy1) = NP + NB
NEXT(J42) = NP + NB +
NEXT({Js3) = NPL ¢+ NB -
GO YO 80

NEXT(JyLl) = NP1 ¢ NB ~
NEXTL{J,2) = NPL + NB
NEXT(J,3) = NP + NB +
CONTINUE

CONTINUE

NPL = NP + 1

NP = NP + NUP(I+1)

NT = NT + NT1

IF { NP LLEs 100 ) GG
WRITE (6,86)

FORMAT (/720X, 35HMORE
RETURN

IF { NT JLEe 100 ) GU
WRITE (6,88)

FORMAT (//720X,3THMORE
RETURN

CONTINUE

NPY = NP - NGENLI

1F ( NP1 .LE. %0 ) GU
NP = 1%

WRITL (6,95)

FORMAT (//720X,38HMURE
RETURN

ENC

1

) 6O TU 70
TO 72
GO TO 60

1

1

1 ) GO 10 58

GO TO 75

1
1
1

1

T0 87
THAN 100 POINTS WERE GENERATED )
10 90

THAN 100 ELEMENTS WERE GENERATED 1}

T0 100

THAN 5C FREE NUDES WERC GENERATED )

GEOMO950
GEOM0960
GEQOMO970
GEOMO980
GEOMO990
GEOM1010
GEUM1020
GEOM1030
GEOM1040
GEOM1050
GEOM1060
GEOM1070
GEQM1080
GEOM1090
GEOM1100
GEOMIL1O0
GEOML1120
GEOM1130
GEOM1140
GEOMLI150
GEQM1160
GEOM1170
GEUM1180
GEOM1190
GEOM1200
GEOM1210
GEOM1220
GEOM1230
GEUM1240
GFOM1250
GEQM1260
GEOM1270
GEOM1280
GEOM1290
GEOM1300
GEOM1310
GEOM1320
GEOM1330
GEQM1340
GEOM1350
GEOM1360
GEOM1370
GEUOM1380
GEOM1390
GEOM1400
GEOM1410
GEUM1411
GEOM1412
GEOMI1413
GEQOML1414
GEOM1415
GEOM1420
GEOM1430

\O
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SUBRUUTINE DIRCUS {(La,LB,LC,I) CIRCOSO1
CALCULATE THE DIRECTIUNV COSINE MATRIX [EDCM} DOF ELEMENT LOCAL AXESDIRCOS02
(XLaYLyZL ) PELATIVE TO COMMOM AXES (X.Y,l) . DIRCOSO3
DIRCOSO4

COMMUN X { 100) 4 ¥ { 100) , 2 { 100) vH { 100) ,DIRCOSOS
XL { 100,43) , YL ( 100,3) DIRCOSO6

RAPANG( 50) , ZGL { 50) o, RHUB ( 50) . RTIP ( 50) ,0IRCOSO7?

THHUB ( 50) , THTIP ( 500 , ) FOCM { 3,3) ,DIRCOSO8

RHO PUISSO » YUUNGS ., RADGEN . DIRCUS09

NGENLT s LINEL o NEXT ( 100,3) , NP , NT DIRCOS1O

DOUBLE PRFCISION L12 , S1X 5 S1Y , S1Z 4 S1 ,» S2X » S2Y , S2Z DIRCOS11
S2 R DIRCOS1?2

L12 = SQRT( (X{LBI-X{LA)}*%2 + (Y{LB)-Y{LA))#*%2 +{2(LB)-Z(LA)}*%2)DIRCOS13
SIX = (Y{LB)-Y{LA)) * (ZALCI-Z(LA)) — (Y(LCI-Y(LAM)*(2{LB)-2(LA)) DIRCOS14
S1Y = (ZUB)I-Z{LAY )% (X{LC)~X{LA}) ~ (Z(LC)-Z(LAYVI*(X(LB)-X(LA)}) DIRCOS1S
$12 = (X{LB) — X{LA}) * (Y{LC) - YILA)) - (X{LC) - X{LA)) * DIRCOS16
(y(Ls) - viLA)) DIRCOS17

SIGN = 1.0 DIRCOS18
IF ( LC LT, LB ) SIGN = -1.0 DIRCOS19
S1X = S1X * SIGN DIRCOS20
S1Y = S1Y * SIGN DIRCOS21
S1Z = S1Z * SIGN DIRCOS22
S1  =ODSQRTL S1. *%2 + S1Y®*%2 & S1/*%2 ) DIRCOS23
§2X = S1Y * (Z{LB) ~- Z{LA))} - SIZ * (Y(LB) - Y(LA)) DIRCOS24
S2Y = S1Z * (X(LB) - X{LA))} - SIX * {(Z{(LB) - Z(LA)) DIRCOS2S
S2Z = S1X * {(Y(LB) -~ Y{(LA)) ~ S1Y * (X{(LB) - X{LA)) DIRCQOS26
$2 =CSORT{ S2X%%2 + S2Y¥%2 + S27#%2 ) DIRCOS27
EDCM(1,1) = (X(LB) - X(LA}} / L12 DIRCOS28
EDCM{2,1) = (Y{(LB) - Y(LA}) / L12 DIRCOS29
FDCMI3,1) = ( ZILB) = Z(LA)Y ) / L12 DIRCOS30
EDCM{1,2) = S$2X / S2 DIRCOS31
EDCM(2,2) = 52Y / S2 DIRCGS32
ENDCM{3,2) = S27 / S2 DIRCOS33
EDCM{1,3) = Six / S1 DIRCOS34
EDCM(2,3) = S1Y / S1 DIRCOS35
EDCM(3,3) = S1Z / 51 DIRCOS 36
RFTURN DIRCOS37
END DIRCOS38
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SUBROUTINE LCOURD (LA,LByLC,I) LCOORDO1
DETERMINE LOCAL NODAL COURDINATES (XL,YL,ZL) OF TRIANGULAR ELEMENTLCOORDOZ
FROM COMMUN NODAL COORDINATES (X,Y¥,7) . LCOORDO3
: LCOORDO4
COMMON X ( 100) Y 100) » 2 t 100) 4 TH t{ 100) ,LCODRDOS
XL ( 100,3) , YL ( 100,3) , LCOORDOSG

RAPANG( 50) IGL 50) ,» RHUB ( 50) , RTIP ( 50) ,LCCORDO7?

THHUR (50} THvIP ¢ 50) , EDCM ( 3,3) ,LCOORDOS

RHO POISSO YUUNGS » RADCEN , LCOORDO9

NGENLT , LINEL , NEXT { 100,3}) , NP , NT LCOORD1O
XLET,2)= EBCM{1,1) * (X{LB) XCLA)) + EDCM(2,1) ¢ (Y{LB) - Y(LA})LCOORDL1
+E0CML 3, 1) {z{L8) Z{LA)) LCOORD12
XL(I,3)= EDCMI1,1) * (X{LC) X(LAY) * EOCM({2,1) * (Y{LC) - Y(LA)})LCOORD!3
+EDCM(3,1) * (Z(LC)H Z(LA)) LCCORD14
YL{Tl,3)= EDCMILl,y<) * (XULLC)H X{LA)) + EDCM(2,2) * (Y(LC) -~ Y{LA)ILCOORDIS
+EDCM(3,2) * (Z(LO) ZiLa)n) LCOCRD16

RETURN LCOORD17
END LCOORD18

Lt
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SUBROUTINE MEMSTF { LAA,LBB,LCC,IE ) MEMSTIOL

CALCULATE THE LOCAL MEMBRANE STIFFNESS MATRIX (ELMSM) FOR A MEMSTIO2

TRIANGUL AR EL EMENT MEMSTIO3

MEMSTIOS

CUMMON X ( 100) , ¥ ( 100) , 2 { 100) , TH { 100) ,MEMSTIOS

1 XLL ( 10043) » YLL { 100,3) , MEMSTIO6
2 RAPANGL 50) 5 2ZGL ( 50) o RHUB ( S0) , RTIP ( S0) ,MEMSTIO7
3 THHUB ( 50) , THTIP ([ 50) EDCM { 3,3) ,MEMSTIOB
4 RHO POISSD », YUUNGS o, RADGEN , MEMSTIO9
5 NGENLIT » LINEL NEXT ( 100,3) ,» NP , NT , MEMSTI1O0
[ ELMSM({696) o AMNIN(6,6) o ELBSM{9,9) , ABNIN(9,9) MEMSTIL1
DIMENS TON AMNIT(6,6) o WM{3,6) 4 WMT(6,3) , EM{3,3) , MEMSTI12

1 TN(6s1) o ZINT (146) 9 Z1U0646) 4, 22 (646) MEMSTIL3
DIMENSION YL(3) ,» XL(3) MEMSTI1l4

DOUBLE PRECISION ZINT 4 XL 5 YL » TERM , AMNIT , WM , WMT , EM , MEMSTIILS

1 TN 4 L1 4 22 MEMSTIL6
DATA LA,LB,LC /7 1L » 2 » 3/ MEMSTILY

DATA WM / 1,000,4%0,0D0,1.000,2%0.0D0,1.000,0.000,1.000,7%0,000 / MEMSTI18

DATA WMT / 1.0C0,8%0.000,1.000,3%0.000,2%1.000,3%0,000 / MEMSTI19

OATA AMNIT,EM, TN / 51%0,0D0 / MEMSTI20

XLILB) = XLL(YE,2) MEMSTI21

XL{LC) = XLL(IE,3) MEMSTI22

YLILC) = YLLAIE,3) MEMSTI23

TERM = YOUNGS /7 ( 1.0 - POISSD**2 ) . MEMSTI24

EM{1,1) = TERM ’ MEMSTIZS

EM(1,2) = TERM * PUISSO MEMSTIZ26

EM(2,1) = EMI1,2) MEMSTI27

EML2,2) = TERM MEMSTI28

EM{3,3) = ( 1.9 - POISSU ) * TERM / 2.0 MEMSTIZ29

AMNIN(L,1) = ~1.0 7 XL(LB) MEMSTI30

AMNIN(1,3) = - AMNIN{L, 1) MEMSTI31

AMNIN(2,2) = AMNIN(1,1) MEMSTI32

AMNIN(Z2,4) = AMNIN(1,3) MEMSTI33

AMNING3,1) = ( XL{LC) - XL(LB) ) / XL(LB) 7 YL(LC) MEMSTI34

AMNIN(3,3) = = XL(LC) / xL{LB) / yLILC) MEMSTI35

AMNIN(3,5) = 1.0 / YL{LC) MEMSTI36

AMNIN(4,2) = AMNIN(3,1) MEMSTI3T

AMNIN{4,4) = AMNIN(3,3) MEMSTI38

AMNIN(4,6) = AMNIN(3,5)} MEMSTI139

AMNINIS, 1) = 1.0 MEMST 140

AMNIN(6,2) = 1.0 MEMSTI4L

ro 101 = 1,6 MEMSTI42

ZINT(1,0) = 0.0 MEMSTI643

bV 10 J = 1,6 MEMSTI44

AMNIT(I,J) = AMNIN(S, D) MEMSTI4S

TN({1,1) = TH(LAA) MEMSTI46

TN(3,1) = TH(LSB) MFMSTI47

TN(5,1) = TH{LCCY MEMSTI148

CALL ZINTL1 { 1E,ZINT ) MEMSTI49

NG 15 J = 1,6 MEMSTISO

Z1(1,4) = 0.0 MEMSTIS]

DU 1% K = 146 MEMSTIS52

Z1{14d) = Z1(1,J) + ZINT(1,K) % AMNIN(K,J) MEMSTIS3

12(141) = 0.0 MEMSTIS54

60 20 K = 1y06 MEMSTISS

Z2(1,1) = Z2201,1) + ZL{Ll,K) % TN{K,1) MEMSTIS6

Dy 2% 1 = 1,46 MEMSTIS?

DG 25 4 = 1,3 MEMSTISS



30

35

40

L1{1yd) = 0.0

DO 25 K = 1,3

Z1(1,d) = Z1(1,J) + Z2(1,1) * WMT(I,K) * EM(K,J)
DO 30 I = 1.6

CO 30 J = 1.6

22(1s4d) = 0.0

DO 30 K = 1,3

22(T14d) = 220143 ¢ ZLU1,K) * WM{K,J)

CO 35 1 = 1,6

DO 3% J = 146

Z1(1,J) = 0.0

DO 35 K = 1,6

Z1UI,d) = Z101,J) + AMNIT(I,K) * Z2{(K,J)
DO 40 I = 1406

DO 40 J = 1,46

ELMSM{I,J) = 0.0

CO 40 K = 146

ELMSM(14J) = ELMSMIT43) + Z1(1,K) * AMNIN(K,J)
RETURN

END

MEMST159
MEMSTI60
MEMSTI 61
MEMSTI162
MEMSTI63
MEMSTI64
MEMSTI6S
MEMSTI66
MEMSTI6T7
MEMSTI68
MEMSTI 69
MEMSTIT7O
MEMSTIT1
MEMSTIT2
MEMSTIT73
MEMSTI74
MEMSTIT7S
MEMSTIT6
MEMSTI?7
MEMSTIT8

_' A n
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SUBRUUTINE ZINT1 { TE,ZINT ) ZINT1001

USING GAUSSIAN QUADRATURE, INTEGRATE THE FOLLOWING FUNCTIONS CVER ZINT1002

THE SURFACE OF THE TRIANGLE ZINT1003

FOXL,YL) = 1.0 ZINT1004

FIXL,YL) = XL ZINT1005

FIXL,YL) = YL LINT 1006

ZINT1007

COMMON X { 100) » ¥ { 100) , 2 ( 100) » TH t 100) ,ZINT1008

1 XLL { 100,3) » YLL ( 100,3) , ZINT1009
2 RAPANG( 50) , ZIGL { 50) , RHUB ( 50) , RTIP ( 50} ,ZINT1010
3 THHUB (  50) , THTIP ( $50) , EDCM ( 343) HZINT1O011
4 RHU » PUISSU , YUUNGS o RADGEN , LINT1012
5 NGENLE 4 LINEL NEXT ( 100:3) 5 NP , NT ZINT1013
6 ELMSM{b6,6) o AMNIN(6y6) 4, ELBSM(9,9) , ABNIN(9,9) ZINT1014
DIMENSIUN ZINT(1,6) 4 A(10) , H{(10} » YL{10) , XI(10)} , AREA(10) ,ZINT1015

1 XIL(10) » XIR{10) ZINT1016
DIMENSTON YL(3) , XL(3) ZINT1017

DOUBLE PRECISION YO o HT 4, XO o ZINT 4 A o H , YI , XI , AREA , ZINT1018

1 XIL , XIR o XL » YL ZINT1019
DATA LALB,LC / 1 » 2 4 3 ZINT1020

/

DATYA A / -.97390652851717 , -.86506336668899 , -.67940956829902 , ZINT1021
’
1]

N

1 ~+43339539412925 -.14887433898163 , .14887433898163 , ZINT1022
2 «433395%39412925 «67940956829902 , .86506336668899 , LINT1023
3 «97390652851717 / ZINT1024
DATA H / .06667134430869 214945134915058 «21908636251598 , ZINT1025
«26926671930100 «295524224714175 +29552422471475 , LINT1026
«26926671930100 «21908636251598 «14945134915058 , ZINT1027
«06667134430869 ' LINT1028

XL{L) = xXLL(1E,2) ZINT1029
XL(LC) = XLLUIE,3) ZINT1030
YLILC) = YLLIIE,3) ZINT1031
Y0 = 0.5 % YL{LC) ZINT1032
D0 3 1 = 1,10 ZINT1033
YI(l) = Y0 + A{1) * YO ZINT1034
XPLOD) = xL(LC) * YI(I) / yYL(LC) ZINT 1035
XIR(I) = XL{LB) - { XL(LB) - XL{LC) ) * YI(I) YLILC) ZINT1036
IF t 1 «NE. 1 ) GO TU 2 ZINT1037
HY = 0.0 ZINT1038
Do 1 J = 1,10 ZINT1039
HT = HT + H(J) LINT1040
AREAL{I Y= XLILB) % ( 1.0 - A(I) ) * 0.25 * HT ZINT1041
ZINTU1,5) = ZINTI{1.5) #DABS(YL(LC)) * 0.5 * AREA(I) * H(I) LINT 1042
ZINT(1,3) = ZINT(1,3) +0ABS{YL(LC)) #* O.b #YI(I) * AREA(I) * H{I) ZINT1043
DO 5 1 = 1,1C ZINT1044
X0 = XIL{T) + 0.5 ¢ ( XIR(I) - XIL(I) ) LINT1045
AREALI)= 0.0 ZINT1046
O 4 4 = 1,1¢C LINT 1047
XTLJ)Y = X0 ¢ A(J) * ( XG - XIL(I) ) ZINT1048
AREALT)= ARFA(I) + XL(LB) * ( 1.0 - A(I) ) % 0.25 * H({J) * XIlJ) ZINTL049
ZINT(1,1) = ZINT(1,1) +DABS{YL(LC)) % 0.5 * AREA(I) * H(I) ZINT1050
RETURN ZINT1051
END ZINT1052



e e e SUBROUT INE BENSTF { LAA,LBB,LCC,IE ) BENSTOO1
et e L CALCULATE THE ELEMENTAL LOCAL BENDING STIFFNESS MATRIX (ELBSM) . BENSTO02
- S ) ) BENST003
COMMON X (. .100) » Y ( 100) 4 2 ( 100) o TH { 100} LBENSTO04
— R 1 o XLL ( 10043) » YLL { 100,3) , BENSTO00S
2 RAPANG( 50) , ZIGL { 50} 5 RHUB " ( 50) , RTIP ( 50) ,BENSTO06
N ... THHUB { 5S50) , THTIP ( 50) EOCM ( 3,3) ,BENSTO007
- 4 . RHO POIsso VUUNGS + RADGEN , BENSTO08
5 NGENLI 5 LINEL , NEXT ( 100,43) , NP , NT , BENSTO09
e 6 ELHSM(_6_L6) y AMNIN(6,6) , ELBSM(9,9) , ABNIN{(9,9) BENSTO10
DIMENSTION ABNIT(9,9) , Z11(9,9) 4, ZINT(9,9) BENSTOL1
B DIMENSION YLI(3) VXL(3I } BENSTO12
R . DOuUBLE PRECISION 241 5, 242 4 243 5 I34 4 2J5 4 21J6 s ABNIT , Z1 , BENSTOL3
- o1 ‘ . . ZINT 5, XL 5 YL BENSTOL14
e - DATA LALBsLC /7 1 4 2 4 3 / BENSTO15
XL{1B) = XLL{IE,2) L e BENSTO16
_ UXLILC) = XLL(IE,3) BENSTOL17
L YLALC) = YLL(IE,3) BENSTOL8
ABNIN{1,1) = 1.0 BENSTOL9
ABNIN(2,3) = ~1.0 BENSTO020
: _ CABNIN(3,2) = 1.0 . BENSTO021
ABNIN{4,1) = -3.0 / XL{LB) / XL{LB) _BENST022
ABNIN(4,3) = 2.0 / XL(LB) BENSTO023
.. ABNIN{4,4) = — ABNINl4,1) BENSTO024
__ABNIN(4,6) = 1.0 7 XL{(LB) BENST025
B ABNIN{S,1) = 3.0 * ( XL{LC)**2 - XL(LB)**Z Y /7 (XL{LB)®YL(LC))*%x2 BENSTO026
. - - ABNIN{(S,2) = -2.0 / YL(LC) BENSTO027
ABNIN(S5,3) = 2.0 * { XL(LB) - XL(LC) } ¥ XL{LC) /7 xXL{(LB) / YL{LC) BENSTO28
o I S /7 YL{LC) BENSTO029
CABNIN(S,4) = -3.0 * ( XL{LC) / XL{LB) /7 YL(LC) )*%%2 BENSTO30
_ ~ _ABNIN(S,6) = = { XL(LC) / YL(LC) )**¥2 / XL{LB) BENSTO31
_ ABNIN{5,7) = 3.0 /7 YL{LC) 7 YLILC) BENSTO032
- . ABNIN(5,8) = - 1.0 / YLILC) BENSTO033
ABNIN{S,9) = XL{LC) / YLILC) / YL(LC) o o BENSTO34
_ ABNIN(6,1) = 2,0 / XL{LB)*%3 BENSTO035
o . ABNIN{6s3) = - 1.0 / XL{LB) 7/ XL(LB) BENSTO36
- o _.....ABNIN{€,4) = - AA_BNIN(ﬁxl) BENST037
_ _ABNIN(E,6) = ABNIN(6,3) ) T BENSTO38
o _ __ABNIN{7,2) = ABNIN(6,3) BENSTO039
ABNIN{(7,5) = — ABNIN{(6,3) BENST040
. . _ABNIN(8y1) = 6.0 * XL(LC) / XLILB)*%3 7 YLILC) %2 TE{XLILB)~XL{LC) )BENSTO4]
ABNIN{(B8,2) = 2.0 % XL(LC) / XL{LB) 7/ XL(LB) / YL(LC) BENSTO042
ABNIN(8,3) = ( XL{LB) - 3.0%XL{LC) ) * { XL{LB} - XxrL{LC) ) 7/ BENSTO043
_ - e o AXLILB) % YLILC) ) *%2 BENSTO44
} _ _ ABNIN(8,4) = 6.0 * XLILC) * { XL(LC) ~ XL(LB) ) / XL{LB}*%3 / BENST045
- 1 R YL(LC)**Z = . BENSTO46
. e ABNIN(B,5) =__ ~2,0_% XL(LC) /7 XL(LB) / XL(LB) / YL(LC) . BENSTO47
_ ___ABNIN{8,6) = XL(LC) * ( 3.0%XL(LC) - 2.0%XL(LB) ) /7 ( XL(LB) =* BENSTO048
o S S S YLILO) Y2 BENSTO049
,,,,, - S ﬂBN!N(819) = =10 / YL{LC) / YL(LC) BENSTOS50
e o ___;,A_BN__IN(Q;_I_)_N'—'___Z 0 * ( 2,0%XL{LCI%*%3 — XLILB)*( 3.0%XL(LC)*%2 - BENSTOS1}
1 XL(LB)**Z }_) /_ U XL(LB) * YL(LC) )1*%3 oo
— ——____ABNIN{9,2) = {(_ ZL(L:Q,)_,**Z_? ,XL_(L(_: 1 %%2 Y 7t XL(LB) * YL(LC) %2 BENSTO053_
s . _ABNIN(933) = =2,0 * XL{LC) * ( XL(LB) = XL{LC) }#%2 / XL(LB)*%2 / BENSTOS54
_ e ,____iL(LC)**S BENSTOS55
o ABNIN(9v4) = 2.0 * XL(LC)**Z * { 3. O*XL(LB) - 2.0%XL(LC) ) / BENSTO56
- D S (__)_(L(!-_B) * YLILC) )#%3 BENSTOS7
ABNIN(S,5) = ( XL(LC) / XL(LB) / YL(LC) ) %42 BENSTOS58

BENSY0S52 = .




10

15

26

156

1

ABNIN(Y9,6)

ABNIN(9, 7)
ABNIN(G, 8)
Do s 1 =

1,9
COS J = 1,9
= 0.

ZINTAL,3)
ABNIT{1,J)
CALL ZInNT2
ZINT(4,4)
ZINT(4e5)
ZINT(4,61)
LINTU4, )
ZINT(4,8)
ZINT (4,9}
ZINT(S %)
ZINT(5406)
ZINT(5,7)
ZINT(5,8)
ZINT(5,9)
ZINT{6,6)
ZINT(6,7)
ZINT{6,8)
ZLINT{64+9)
LINT{T,7)
ZINT(7,8)
LINT(7,9)
ZINT(B,8)
ZINT(8,9)

LU T T | T O T O T O [T O A N (I T B A ]

S ZINT(9,9) =36.0
CoO 10 1 = 4,8

11 =1 + 1
no 10 3 =
ZINT(J,1)
ZJ1 = YOUN
DU 15 I
DO 15 J
LINT(1,J
Bg 20 1
DO 20 J
Z1(1,4)
CC 20 K
21014,4)
DG 25 1
Do 25 J
ELBSM(T, J)

Ll Radi = R A | I S o B

e @ puiw 9 w =

{TI I JN T O T I T J | E [ B 1)

(

20 % XLALCH*%2 x ( XL{LB) = XL(LC) ) /7 XL(LB)#**2 /
YLALC )*%3

—2.0 /7 YLALC)*%3

1.0 / YLILC)*%x2

0

ABNIN(J,T)

LAA,LBB LCCoZJ142J029233,2049205,20641E )
4.0 ¢ 741
POISSU * ZINT(4,4)

12.0 * 2J2

4.9 % 243

4.0 * POISSO * 242

POISSO * ZINT{4,7) * 3.0

LINT{444)

PUISSU * ZINT(4,6)

POISSO * ZINT(4,7)

ZINT(4,8) / POISSO

ZINT(4,9) / POISSO

36.7 * 2J4

12.0 * 2J5

12.0 * PUISSO * ZJ&

LINT{(64,7) # POISSU * 3.0
4ol * 7J6 + 8.0 % ( 1.0 ~ POISSO ) * ZJ44

4.0 * { 2.0 - POISSO )} * Z2JS
12.0 * POISSO * 236
.0 * ( 1.0 - POISSO )} * 236 + 4.0 * 744
12.0 % 2JS
¥ 1J6

—

S

. -

+9
ZINT{1,4)
/U 12,0 * { 1.0 ~ POISSO*%2 ) )
9
9
ZINT(14d) * 241
9
9
(4]
9
(Isd) + ABNIT(I,K) * ZINT(K,J)
9
9

0.0

LD 25 K = 1,9

FLBSM(T, )
RETURN
END

ELBSMIT,J) ¢ Z1(I1,K) * ABNIN(K,J)

BENSTO59
BENSTO60
BENSTO61
BENSTO062
BENSTO63
BENSTO64
BENSTO065
BENSTO66
BENSTO67
BENSTO68
BENSTO069
BENSTOTO
BENSTO71
BENSTOT72
BENSTO73
BENSTO74
BENSTO75
BENSTOT6
BENSTOT77
BENSTO78
BENSTO79
BENST080
BENSTOB81
BENSTD82
BENSTOB3
BENSTOB4
BENSTO85
BENSTOB6
BENSTOB7
BEN3TOBS8
BENSTO89
SINSTO90
RENS 091
' _dST092
BENST093
BENST094
BENSTO95
BENSTO96
BENSTO097
BENSTO098
BENSTO099
BENST100
BENSTIO1
BENST102
BENST103
BENST104
BENST105
BENST106
BEN 107
BENSTi08






¢ XLALB)*THILCCI*YEI(T1))**3 +« XL(LB)*( 1.0 - A{I) ) * 0.25 <ZINT2059

w N

* H{J) / XL(LBI**3 / YL(LC)*%3 ZINT 2060

AREA({I,1) = AREA(I,1) + TERM LINT2061
AREA(142) = AREA(T,2) + TERM % XI(J) LINT2062
AREA(1,3) = AREA(I,3) + TERM * YI(]) LINT2063
AREA(T,6) = AREA(I,44) + VERM % X[({J)%%x2 ZINT 2064
AREA{TI,5) = AREA(I,5) + TERM * XI{(J} * YI{(I) LINT2065

3 AREA{14+6) = AREA(I,6) + TERM * YI(])#¥%2 ZINT2066
1J1 = ZJ1 + 0.5 * H(I) * AREA(1,1)*DABS{YL(LC)) LINT 2067

142 = 142 + 0.5 ® H(I) *# AREA(I,2)*DABS{YL(LC)) ZLINT2068

ZJ3 = ZJ3 + 0.5 * H(I) * AREA{I,3)*DABS(YL(LC)) ZINT2069

4 = 144 + 0.5 * H{I) * AREA(I,4) *DABS(YL(LC)) ZINT2070

245 = 245 + 0.5 * H{l) * AREA(I,5) *DABS(YL{LC)) ZINT20T71

4 2J6 = 1Jb + 0.5 * H{I) * AREA(I,6) #DABS{YLI(LC)) ZINT20T72
RETURN ZINT2073

END ZINT2074
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SUBRUUTINE MEMINR {(LAA,LBB,LCC,IE) MEMINOOI1

CALCULATE THE LGCAL MEMBRANE INERTIA MEMINOOZ2

MATRIX {(ELMIM) FUR A TRIANGULAR MEMINOO3

ELEMENT. MEMINOO4

MEMINOOS

COMMON X ( 100) +» ¥ { 1000 , 2 t 100) , ( 100) ,MEMINOO6

1 XLL ( 10043) , YLL ( 100,3) , MEMINOO7
é RAPANG( 50) » 26GL { 50) , RHUB ( 50) , RTIP ( 50) ,MEMINOOS
3 THHUB (  S50) , THTIP ( 50% , EDCM  { 3,3) MEMINOCOY
4 RHO POISSO » YUUNGS s RADGEN , MEMINO10
5 NGENLL , LINEL , NEXT ( 100,30 , NP » NT , MEMINOL1
6 ELMSM{6,6) , AMNIN(6,6) 4, ELBSM(9,9) , ABNIN(9,9) , MEMINOL2
7 SIGMAX(100) , SIGMAY{100) , 'ELSTIF{18,18) , MEMINOL3
8 TAUXY(100)y ELSSM{9,9), MEX(100,8), IMEX(100}, MEMINOLG
9 ELINR(18,18) , ELMIM(6,46) , ELBIM(9,9) MEMINOLS
DIMENSTIUN AMNIT(646) » R1(6,6) o A(10) , H{10) , YI(10) , MEMINOLl6

IX1(10) , AREA(10,6) » XIL(10) » XIRU10) , XL(3) , YL{3) , MEMINOLY
2ZINI(6) , R2{6,6) MEMINOLS
DOUBLE "RECISIUN YO » XO , TERM1 , AMNIT , Rl 4, A , H o YI MEMINO19

1 XL 9 YL o ZINT , R2 MEMINO20
DATA LA,LB,LC / 1,2,3 / MEMINOZ1

BATA A / -.97390652851717 , —.865063366688%99 , ~.67940956829902 , MEMINO22
~«%3339539412925 , -.14887433898163 , .14887433898163 , MEMINO23
24333,739412925 4 .67940956829902 , .865063366688B99 , MEMINO24
«97330652851717  / MEMINOZ25S

CATA H / .06667134430869 , .164945134915058 + .21908636251598 , MEMINO26

W N -

1 +269266T1930100 » «29552422471475 5 +29552422471475 » MEMINO27
2 «26926671930100 , .21908636251598 , .14945134915058 , MEMINO28
3 «06667134430869 / MEMINO29
xtLe) = XLLLTE,2) MEMINO30
XLILC) = XLLULE,3) MEMINO31
YLLLC) = YLL{IE,3) MEMINO32
0O 10 I = 1,6 MEMINO33
ZINT(1) = 0.0 MEMINO34
CO 10 J = 1,6 MEMINO35
R1{1I,J) = 0.0 MEMINO36
R2(I,J) = 0.0 MEMINO37
ELMIMIT,J) = 0.0 MEMINO38
AMNIT(1,J) = AMNIN(J,1) MEMINO39
USING GAUSTAN QUADRATURE,INTEGRATE THE FOLLOWING FUNCTIONS OVER MEMINO4O
THE SURFACE UF THE TRIANGLE MEMINO41
F{XLy¥YL) = TERM MEMIND42

FIXL,YL) & TERM * XL MEMINO43

FIXLyYL) = TERM ¥ YL MEMINO44

FIXLyYL) = TERM % XL¥YL MEMINO4S

FAXL YL) = TERM ¥ XL¥%2 MEMINO46

FOXLaYL) = TERM ¥ YL¥%2 MEMINO47

WHERE MEMINO48
TERM =({xL{LB)*YL(LC) + (XLILC)-XL(LB)Y)%YL ~ YL(LC)®XL*TH{LAA) — MEMINO049
(XLELCI*YL = YLALC)IEXL)*TH(LBR) + XL(LB)*TH(LCC)*YL)/XL(LBMEMINOSO

YO = 0.50 % YLILC) MEMINOS]
DO 35 1 = 14,10 MEMINOS2
YI(E) = YO + A(1)%YU MEMINOS3
XTL{T) = XL(LCI*YI(I) / YL(LC) MEMINOS4
XTROT) = XLILB) ~ (XL(LBY = XLALCHI®YI(I) / yL(LC) MEMINOSS
XU = XIL(T) + O05%(XIR(I)-XIL{1)) MEMINOS6
Do 20 4 = 1,10 MEMINOST
CC 1% K = 1406 . MEMTNNSR

16¢
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30
35

40

45

50
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W e

AREA({JsK) = 0.0

XEtJ) = X0 + A(JII*(X0-XIL(1))

CoO 2% J = 1,10

TERML = XLULBI®(1.0-A(1))%0.2%%H{J)={{XL(LB)*YLILC)
FOXLOLC)=XLALB) YT LI ~YLALC)2XT(J) ) #THILAA)
+ LYLOLCIAXT (J)=XLILC) YT (I) ) *THILBB)+XL{LB)*TH{LCC)
*YILI))/XLALBY/ZYLILC)

AREA(I,1) = AREA(I,1) + TERMI

AREA(1,2) = AREA(T,2) + TERMLI*XI(J)

AREA{1,3) = AREA(I,3) + TERM1®YI{])

AREALT4) = AREA(1,4) + TERMI*XI(JI*YI(])

AREA{L1,5) = AREA(I,5) + TERMI%XI{J)*x2

AREA{1,6) = AREA(I,6) # TERMLEYI([)*%2

CONTINUE

TERML =DABS{ YL(LC) ) * 0.5 * H(I)

DO 30 =146

ZINT(J) = ZINT(J) + TERMI*¥AREA(1,J)

CONTINUC

END OF INTEGRATION

R2(1,1) = ZINT{5)*RHO

R2(143) = ZINTI4)%RHO

R2{1,5) = LZINT(2}*RHO

R2(2,2) = R2{1,1)

R2(2,4) = R2{1,3)

R2(2,6) = R2(145)

R2{3,3) = ZINT(6)%RHO

R2(3,5) = ZINT(3)*RHO

R2(444) = R2(3,3)

R2{4,6) = R2(3,5])

R2154%) = ZINT(L)%*RHO

R2{6406) = R2{5,5)

O 40 I = 1,5

11 = 1+1

DO 4C J = 11,6

R20J, 1) = R2(1,;J)

DO 45 I = 1,6

DO 45 J = 16

DO 45 K = 1,6

R1{I,4) = RI(I,3) + AMNIT(I,K)I*R2(K,J)

CO »0 1 = Lo

DO 50 J = 16

DO 50 K = 1,6

ELMIM{I,J) = ELMIM{T,J) + RI{I,KI®AMNIN(K,J)

RETURN

END

MEMINDS6
MEMINOG6O
MEMINOG61
MEMINOG62
MEMINO63
MEMINO64
MEMINO6S
MEMIND66
MEMINOG67
MEMIND6B
MEMINO69
MEMINOT70
MEMINGT1
MEMINO 72
MEMINOT3
MEMINOT4
MEMINOTS
MEMINO 76
MEMINOT?
MEMINOTS
MEMINOT9
MEMINOBO
MEMINOS1
MEMINOB2
MEMINOS3
MEMINOB4
MEMINOS5
MEMINOB6
MEMINDBT
MEMINOBS
MEMINOS9
MEMINO90
MEMINO91L
MEMINO92
MEMINO93
MEMINO94
MEMINO9S
MEMINO96
MEMINOOT
MEMINO98
MEMINO99
MEMIN10O
MEMIN1OL
MEMINIOZ
MEMINLO3
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SUBROUTINE BEVINR (LAA, LBB, LCC, IE)

CALCULATE THE LUCAL BENDING INERTIA MATRIX (ELBIM) FUR A

TRIANGULAR ELEME iT.

COMMON X { 100) , ¥ ( 1000 , 2 ( 1Cc0) o TH ( 100}

XKLL € 160,3) 4 YLL ( 100,30

RAPANG( 501 , 26L { 50) » RHUB { 50) , RTIP ( 50)
THHUB (503 , THTIP { 50) , ECCM  ( 3,3)
RHO POISSO o+ YUUNGS , RADGEN ,
NGENLT , LINEL NFXT ( 100,3) 4 NP , NT ,
ELMSM{6,6) o AMHIN(6,6) , ELBSM(9,9) , ABNIN(9,9) ,
SIGMAX(100) , SIGMAY(100) , ELSTIF(18,18) ,

TAUXY(100), ELSSM(9,9}, MEX(100,8), IMEX(100),

ELINR(18,18) , ELMIM(6,6) » ELBIM(9,9)

DIMENSION ABNIT(9,9)y RL{9,9), R2(9,9), A(10), H(10), YI(10),
XI1{10), AREA(10,28), XILL10), XIR{10)}, XL(3)}, YL(3I),
ZINT(28)

CCUBLE PRECISIUN YO , XO 4 TERML , ABNIT , RL 4, R2 4 A , H ,

YI » X1 5 AREA , XIL 4 XIR 4 XL » YL , ZINT

DATA LA, LBy, LC /7 1,243 /

DATA A / -.97390652851717 , -.86506336€68859 4 ~.67940956829902

~+43339539412925 , -.14887433898163 , .14887433898163
«43339539412925 , .67940956829902 , .86506336668899
+97390652851717  /

CATA H /7  .06667134430869 4, .149451349815058 4, .21908636251598
226926671930100 , <299524224T1475 4 «29552422471475
«26926671930100 4, .21908636251%98 , .14945134915058
«06667134430869 /

XL{LB) = XLLIIE,2)

XL{LC) = xXtL{lt,3)

YLILC) = YLL(IE,3)

DO 1o T = 1,9

CO 10 J = 1,9

R1(I,4) = 0.0

R2{1,J) = 0.0

ELBIM(T,J) = 0.0

ABNIT(T1,J) = ABNIN(J, D)

CO 15 1 = 1,28

ZINT(I) = 0.0

USING GAUSSTAN QUADRATURE, INTEGRATE THE FOLLOWING FUNCTIONS

COVER THE SURFALCE OF THE TRIANGLE.

FIXLyYL) = TERM

FIXLaYL) = TERM % yi
FAXL,YL) = TERM * YL%%2
FIXL,YL) = TERM % YL %%3
FOXL,YL) = TERM & Yi%%4
FIXLyYL) = TERM & YL %x%x5
FEAL,YLY = TERM % YL%%6
FIXL,YL) = TERM * XL
FLXL,YL) = TERM * XL¥%2
FIXLa YL) = TERM % XL%%3
FIXLaYLY = TERM ¥ XL%%4
FOXL,YL)Y = TERM & XL %%5
FOXL,YL) = TERM % XL%%6
FOXL,YL) = TERM % XL * YL
FUXL,YL) = TERM % XL % YL®#2
FUXL,YL) = TERM % XL & YL*%3
FOXL,YL) = TERM % XL * Y| &#4

BENINOOL
BENINGOZ2
BENINOO3
BENINQOO4
+BENINOOS
BENINOOGE
s BENINOO7
+BENINOOSB
BENINOO9
BENINO1O
BENINOLL
BENINOL2
BENINOL3
BENINO 14
BENINDOLS
BENINOL6
BENINOL17
BENINOLS
BENINO19
BENINO20
BFNINO21
BENINO22
BENINQOR23
BENINO24
BENINO2S
BENINO26
BFENINO27
BENINO28
BENINO29
BENINO30
BENINO31
BENINO32
BENINO33
BENINO34
BENINO3S
BENINO36
BENINO37
BENING38
BENINO39
BENINO4O
BENINO&4L
BENINO42
BENINO43
BENINO44
BENINOGS
BENINO46
BENINOGT
BENINO4S
BENINO49
BENINOSO
BENINDSI1
BENINOS2
BENINOS3
BENINOSS
BENINOSS
BENINOS6
BENINOSY
BENINOS8

171
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20
25

30

W N

WHERE
TERM ={

YO = 0.7
Co 40 1
Yitl) =
XLty =
XIR(1) =

FOXL,YL)
FIXL,yYL)
FIXL,YL)
FIXL,YL)
FIXL,YL)
FIXL,YL)
FIXL,YL)
FOXL,YL)
FAXL,YL)
FIXL,YL)
FiXL,YL)

[ T T [ S TR [ [ | I T}

(XLILBY®YL(LC)

0 % YLILC)

= 1,10

YU ¢+ A{l} * YU
XLLC) = YItI)
xLies)r - (Xt

TERM % XL * YL*%5
TERM % XpL%#%2 % YL
TERM % XL%%2 % Y[ &%2
TERM % XL*¥%2 % YL*%*3
TERM * XL %%2 % YL&%4
TERM % XL*%3 * YL
TERM * X| #%3 % Y| %%2
TERM % XL#%%3 % YL*%3
TERM * XL%%4 * Y_L
TERM % XL*%4 * Y *%2
TERM * X *%5 * YL

BENINOSS
BENINOGO
BENINO61
BFNINNG2
BENINNG3
BENINOG64
BENINOGS
BENINOGS
BENINOGT
BENINOGS
BENINO69
BENINOTO

+ (XLILC)-XL(LB)I®YL - YL(LC)*XL*TH(LAA} — HBENINOT]
(XLOLCI YL - YLOLCIEXLI*THILBB) + XL(LB)®TH{LCC)*YL)/XL(LBBENINOTZ

/ YL{LC)
B) - XLALCY) * YI(1)} / YL{LC)

X0 = XTL(I) + 045 % (XIR{I) - XIL(IM)

DO 25 J
D0 20 K
AREA(J,yK
X1(J)y =
DU 30 J
TERM] =

AREA(T,1
AREA(T,2
AREA(TI,3
AREA(I,4
AREALT 5
AREA(I,06
AREA(T, 7
AREA(1,8
AREA(L,9

AREALTL,10)

AREA{T,1
AREA(T,1
AREALT 1
AREA(T, 1
ARFA(Ty1
AREA(T,1
ARFA(T,1
AREA{ 1,1
AREA(I,1
AREA(T,?
ARFA(T 42
AREA(T,Z2
AREA(T,?
AREA(T,/
ARCA(TL,2
AREALT,?2
ARFA( 1,2
AREALT,?
CONTIAUF

= 1710
= 1128
) = 0.0
X0 + A(J) * (X0
= 1,10
XL(LB) * (1.0 -
(XL(LC) - xXte{Ls
(yL(Lc) *= xXI(J)
TH(LCC) * YI{T)
) = AKEA(I,1) +
) = AREA(1,2)
) = AREAL{I1,3)
} = AREA(],4)
) = ARECA{(1,45)
) = AREA{1,6)
} = AREA(T,T7)
) = ARLA(1,8)
) = AREA{I1,9) +
= AREA{I1,10)+
)= ARFAL(LI,L1)+
2)= AREA(I,12)+
3)= AREA({I,13)+
4)= AREA{T,l4}+
)= AREA(T,4,15)+
6)= AREA(T,16})+
7)== AREA(1,17})+
)= AREALT,18)+
1)Y= AREA(T,19)+
Gy= AREA(1,20)+
13= ARFA(T,421)+
2)= AREA(1,2272)%
3)= ARCA(L,23)+
4)= AKEA(T1,24)+
5)= AREA{L,25)+
b= ARFA(1,2b)+
11= ARrA(T,27)s
B)= AREA(T,28)+

R

- XIL{I))

ALT)) * 0.25 * H(J) * ((XL(LB) * YL(LC) +

Yy % YI(OL) - YLALC) * XT(J)) * TH(LAA)
- XL(LC) * YI{l}) * TH(LBB) + XL{LB) *
}/XLILBY/YLALC)

TERM]

TERM1%YI (1)
TERML*YT () %22
TERML®YI{])%%3
TERMIXYI(1)*%4

TERMI*YI (1)%%5
TERMIXYI (1) %%6
TERML%XT(J)
TERMI%XT(J)*#%2
TERM1I*%XI(J)%%3

TERMIXXT (J)#%x4
TERMLEXT{J)Exy
TERMI*XI{J)%%6
TERMIsXT(JI*YI (L)
TERMLEXT (J)*YT (1) *¥%2
TERMLEXTLJII#YT (1) %%3
TERMIAXTLII*YTI (1) %%4
TERMI=XT(J)RYE L] )%%5
TERML&XT (J)*%2%Y] ()
TERMLIEXTUI)*%25YT () %%2
TERMLI®XT(J)*%2%xY(1)%%3
TERMI&XI (J)%%2%Y1 (1)%%4
TERMI=XT (J)¥&3%Y] (1)
TERMIAXT{J I3[ (1) %x%2
TERMI&EXT L) Ex32Y (1) #%3
TERMI=XT (J)*e4%Y] (1)
TERMI&XT (J)*%GxY] () %%2
TERMI=XT(J)*x5%Y1(])

+

BENINOT3
BENINOT4
BENINOTS
BENINOT76
BENINOT7
BENINOT8
BENINDT9
BENINOBO
BENINOBL
BENINOB2
BENINOB3
BENINOB4
BENINOBS5
BENINOSO
BENINOBT
BENINDBS
BENINOB9
BENINO9O
BENINOS1
BENINO9Z
BENINO93
BENINO94
BENINO9S
BENINO96
BENINO97
BENINO9S
BFNINO99
BENINLOO
BENIN1O1
BENIN1O2
BENIN1O3
BENIN1O4
BENIN10%
BENINL1O6
BENINLO7
BENINL1OS
BENINI1O9
BENIN11O
BENINII1
BENIN112
BENINI13
BENINI L4
BENINILS
BENINL16



35
40

45

U

TERML =DABSH

DU 35 4 =
ZINT(S) =
CONTINUE
R1(1,1)}
R1(1,2)
R1(1,3)
R1(1,4)
R1{1,5)
R1(16)
R1(1,7)
R1(1,8)
R1(1,9)
R1{2,2}
R1(2,3)
R1(2,4)
R1(255)
R11246)
R1(2,7)
R1(2.,8)
R11{2,9)
R1(3,3)
R1{3,4)
R1(3,5)
R1{3,6)
R1(3,7)
R1(3,8)
R1(3,9)
R1l4,4)
R1{4,5)
Rll446)
R1(4,7)
R1{4,8)
R1(4,9)
R1(5,5)
R1(5,6)
R1{5,7)
R1{5,8)
R1{5,9)
R1(6,6)
R1{6,7)
R1(6,8)
R1(6,9)
RI(7,7)
R1(7,8)
R1(7,9)
R1(8,8)
R1(8,9)
R1(9,9)
DO 45 1
It =1 +
CO 45 3
R1(4J,1)
DO 50 1
DNy 50 J
60 50 K
R2(1,4)
DO 55 1

L (I I T £ O« A L L O T O (I | T I (| IO (O T I {JN TH { { J TJ T { J { JO T IO {1 S ([ O T O O

{ LI [ T

1428

YL{Lc)

) ¥ 0.5 % H{I)

ZINT(J) ¢ TERML * AREA(I,4)
ZINT(1) * RHU
ZINT(8) * RHO
ZINT(2) * RHO
LINT(9) * RHO
ZINT(3) * RHO
ZINT{10)#* RHO
ZINT(19)* RHU
ZINT({15)% RHO
ZINT(4) * RHO
R1{1,4)
ZINT(14)* RHU
R1{1,6}
R1(1,8)
ZINT(l1)* RHO
ZINT(23)* RHO
ZINT(20)* RHO
ZINT{16)* RHO
R1{1,5)
R1(1,7)
R1(1,9)
R1(2,7)
R1(2,8)
R1(2,9)
ZINT(5) * RHO
R1(246)
R1(2,8)
ZINT(12) * RHO
LINT(26) * RHU
LINT(24) * RHU
ZINT(21) * RHO
R1{3,9)
R1{4,8)
R1(4,9)

ZINT(17) * RHO
ZINT(6) * RHU

ZINT(13)
ZINT(28)
LINT(21)
ZINT(2%)
R1{6,8)
R1(649)
ZINT(22)
R1{7,9)
ZINT(18)
ZINTLT)

R2(14J)
149

*

%

*

RHU
RHU
RHO
RHO

RHU

RHO

¥ RHO

4+ ABNITI(T,K)

* RI(K,yJ)

BENINLL17
BENINL1S8
BENIN119
BENINL120
BENIN121
BENIN122
BENINL123
BENINL24
BENIN12S
B8ENINL26
BENIN127
BENINL1ZB
BENIN129
BENIN130
BENIN131
BENINI32
BENIN133
BENIN134
BENINL13S
BENINL36
BENIN137
BENIN138
BENIN139
BENIN14O
BENIN141
BENINL42
BENIN143
BENINL44
BENINL145
BENIN146
BENINL&7
BENIN148
BENINL149
BENIN150
BENINLS1
BENIN1S2
BENIN1S3
BENIN154
BENIN1S5S
BENINLS6
BENIN1S7
BENIN158
BENIN1S59
BENIN16O
BENIN161
BENINL162
BENINL63
BENIN164
BENINL65
BENIN166
BENINLG67
BENINL6S
BENIN169
BENINL1T0
BENINL171
BENINLT2
BENINL1T3
BENINL1T74

175
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CO 5> J
€O 5% K
ELBIMIT,
RETURN
END

J

)

ELBIMIT,J)

+ R2(1,4K) * ABNIN(K,yJ)

BENINLTS
BENIN1T76
BENINLT7
BENIN178
BENINLT9



SUBROUTINE PRINT1 PRINTIOL

PRINT GEOMETRIC RREAK-UP AND ASSUCIATED PROPERTIES . PRINT102
PRINTI103

CUMMUN X { 100) , ¥ { 100) , 2 { 100) 4, TH { 100) ,PRINTLO4

1 XL { 100,3) , YL ( 100,3) , PRINT105

2 RAPANG( 50) o ZGL { 50) 4, RHUB ( 50) , RYIP { S0) ,PRINT106

3 THHUB {  50) , THTIP ( 50) , ‘ EDCM [ 3,3) ,PRINTIO7

4 RHO PUISSO » YUUNGS o RADGEN , PRINT108

5 NGENLT , LINEL , NEXT ( 100,3) o NP , NT PRINT109
KOUNT = 0 PRINT110
WRITE (6,5} PRINTL11

5 FORMAT (1HL1//30X,29HRESULTING TRIANGULAR ELEMENTS //7) PRINT112
CO 20 1 = 1,NT PRINTL13
WRITE (6,10) 1 PRINT114

10 FORMAT (35X, L2HELEMENT NQ. 413,77 PRINTL1S
1 20X, 6THNUDE NU. X ' z TH XL PRINTL16

2 YL ) PRINTIL7

LA = NEXTUI, 1) PRINT118

LB = NEXT{I,2) PRINTIL19

LC = NEXT(I,3) PRINT120
WRITE (6415) LApX(LA)Y{LA)yZILA) s THILA) ¢ XL(T ¢l YL(T401)+LBX(LBY,PRINTL21

1 YLBY,ZILB)y THILB) o XL (T 22) o YLII 42} 4LCoX{LLCY,Y(LC), PRINTL122

2 ZILC) g THILC) o XL{T43)yYL(I,43) PRINTLI23

15 FORMAT {17X,5HLA 213,5X,3F10.3,3F10.4/ 17X,5HLB s13,5Xs3F10.3,PRINT124
1 3F10.4 7 1TX,5HLC 2 13,5%43F10.3,3F10.4//7 ) PR{NT125
KOUNT = KUOUNT + 1 ’ PRINT126

IF ((KCUNT JEQ. 7) .AND. (I oNE. NT)) WRITE (6,5) PRINT127

IF { KCUNT .EQ. T ) KOUNT = 0 PRINTL28

20 CONTINUE PRINT129
RETURN PRINT130

END PRINT131
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20

25

3¢

41

176

OVENO VNS WN -

SUBROUTINE NORM

{ 2C0S, IGEN )

CALCULATE NORM DIRECTIUN COSINE MATRIX AT EACH NOOE.

CUMMCN X (1

RAPANG(
THHUB
RHO 1
NGENLT
ELMSM(6,6
SIGMAX(1UO
Tauxytl
ELINR( 18,
CIMENSION ZCOSUL
DIMENSTIUN R6(18,
CATA R6 / 324%0.
EDCM{1,1) 1.0
EOCM{2,1)
EDCM(3,1)
EDCM(1,2)
ERCM(1,3)
DO 40 1 = 1,
IF { IMEX(T) .NE

i

W 6 W

6oy , ¥ (1

L]
XLt 100,3) , YL
s RHUB

50) » 26GL {

90) » THTIP |
POISSO

LINEL

) o AMNIN{(6,6)

} » SIGMAY{(100)

00)y ELSSM(9,9),

00} z

50)
50)

{

100) », TH

{ 100,3) ,

(

50) » RTIP
EDCM

YUUNGS o RADGEN ,
100,3) , NP

NEXT

{

» ELBSM(9,9)
y ELSTIF(L18,18) ,

MEX(100,8),

18) » ELMIM{646) ¢ ELBIM(9,9)

00) 4 1T(4) , I
18)
07

GEN(100)

POINT 1 IS CUMMON TO ONLY ONE TRIANGLE

cao 10 3 = 1,18
DD 5 K = 1,18
R61J,K) 0.0
R6(J,J) 1.0
WRITE (3*'1) R6&
GO TUu 40

nou

POINT I IS CUMMUN TU MURE THAN 1 TRIANGLE

ITS = IMEX(L)
KOUNT = 0

00 20 J = 1,175
JlI = MEX{T,J)
IF { NEXT(J1,3)
KUUNT = KOUNT +

IT(KOUNTY = MEXU
CUNTINUL

INQ = KOUNT

ECCM (2,2) = 0.0
EDCM (2,3) = 0.0
Dl 25 4 = 1,KNOUN
JU = 17041}
EbCM(2,2) ECCM

EOCM(Z,2)
EDCML3,3)
CO 30 4 =
CO 30 K =
R6{J 'K
RHE{J+3 ,K+3
ROE(J+6 yK+6
RH(LI+9 L,K+9 )
ROLJ+124K+12)
R6E{JI+15,K+15)
WRITE {3°1) k6
CONT INUT
RETHR.

EUCM
ECCM

L | T 1)

3
y 3
)
)
)

[ T I T TR}

EG. 1T ) GO TO
1
1,4)

T

(2,2) + ARCOSI
(2,2) / INO
12,42)

EDCM(J oK)
EOCMEJ,K)
ERCMIJ,K)
EOCM{J,K)
FDCMJ,X)
FDCMJ,K)

20

0stJl)

ABNIN(9,9)

IMEX(100),
s ALEAN(DO

NORMOOO1
NORMO0O2
NORMONO03
( 100) ,NORMOOO4
NORMQOOO®
¢ S0) ,NORMOOO6
{ 3,3) NORMOOO7
NORMOOO8

s NT NORMOGO09

)

NORMO010
NORMOO11
NORMOO12
NORMOO13
NORMOO14



RM0420
END NO

177
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178

1u

SUBRO

TRANSFORM STIFFNFSS MATRICES TU NORMAL SYSTEMS AND ASSEMBLE

UTINE ASSEMK ( 2C0S , 1POS )

INTO A (3N X 33) MATRIX

COMMG

VWE NV S W

DIMEN
1

2

CATA
00 1
Do 1
AK( 1,
cx(l,
CK{T+
Do 2

BKI1,
N =N
KOUNT
Do 55
1F |

KOUNT
IMEXT
bo 10
MEXTH
D0 50
K2 =

FIND

LA

P
(e
(LI O T I |

RFAD
1F (
J1l =
Ro (3,
Re (3,
R6E(2,
RH( 2,

N X (1000 »

RAPANGL 50}
THHUB ( 50)
RHO

NGENLT o LINEL

Y

( 100) ,
KL { 100,3) , YL
*

IGL {
THTIP |
POISSU

?

ELMSM{6,6) o AMNIN(6,6)
SIGMAX(100) , SIGMAY(100}

TAUXY{(100),
ELINR(18,18)
SION ENSTIF(9,9)

R1{18,18) ,

L
1]

10y 16,

INe 7/ T2 99 19y 4y
I = 1450
J = 1,50
J} = 0.0
J) = 0.0
50y4) = 0.
1 =1,18
J = 1,18
J) = 0.0
I = 1,100
J = 1,100
J) = 0.0
P - NGENLI
=0
I = 1,NP
IPOS(IY «LT. 0O ) GO TO 55
= KUUNT + 1
= IMEX(1)
J 1, IMEXT

J) = MEX(1,4)
J = 1, IMEXY
MEXT(J)
(1'K2)
NEXT(K2,1)
NEXT{KZ2y2)
NEXT(K2,3)
1PUSLLA)
1PostLB}
1POSILC)

(1'K2) ELSTIF,ELINR,EDCM

(3'1)

LA JEQe T ) IND1
LB .FQ. T ) INDI
LC JECQ. T )} InDl
{3'1) Reé

it

1
2
3

IMEXT oEGe 1 ) GJ TO 17

MEXTLS)
2) STHL Re(3,3)

#

3) = COSU R6L3, 3
2) = R6(3,3)
3) = -R6(3,2)

- ARCUSH
- ARCOHSH

Zz

50)
50)

RHUB

(

100)
100,3)
501

YOUNGS » RADGEN
NEXT ( 100,3) , NP ,
ABNIN(9,9)
+ ELSTIF(18,18)
ELSSM(9,9), MEX(100,8),
ELMIM(6,6)
R6{18,18) ,
BK{100,100) , CK{100,50) , I1POS{100) , MEXT(8) ,» IND{(9),ASSEKOLS
2C05(1C0) ’

y ELBSM{9,9)

5s 11y 17 /

cosiJly
CusS(J41)

)
)

)
)

¢ TH

’

s RTIP
EDCM

IMEX(100),

y ELBIM(
AK{50,50)

ASSEKOO1
ASSEK0OO02
ASSEK003
ASSFKOO4
{ 100) ,ASSEKO0O5
ASSEKOOG

{ 50) ,ASSEKOO7
{ 3,3) »ASSEKO0S
ASSEKOO9

NT ASSEKO1O
ASSEKOL1
ASSEKO12
ASSEKOL3

9,9) ASSEKO14
' ASSEKOLS

ASSEKOL?
ASSEKOL8
ASSEKO19
ASSEK020
ASSEKO21
ASSEKO22
ASSEK023

ASSEKO24
ASSEKO25
ASSEKO026
ASSEKO27
ASSEKO028
ASSEKD29
ASSEKG30
ASSEKO31
ASSEKO32
ASSEKO033
ASSEKO34
ASSEKO35
ASSEKO36
ASSEK037

ASSEKO38
ASSEKO039
ASSEK04O



17

40

45

[-3¥]

15

20

50
55

DO 15 K =
00 15 L =

143
1.3

R6IK+3,1.43) = R6{K,L)

RO(K+6,L +6) = R6{K,yL)

R6E(K+9,L +9) = R6(K,L)

R6(K+12,L+12) = R6E(K,L)}

R6(K+15,L+15) = R6E(K,L)

DO 20 K = 1,18

DO 20 L = l.18

R1{K,L) = 0.0

€0 20 = 1,18

R1(KyL) = RI(K)L) + RO{KyM) & ELSTIF(M,L)
DO 25 K = 1,9

DO 25 L = 1,9

ENSTIF(K,L) = 0.0

DO 25 M = 1,18

ENSTIF(K, L) = ENSTIF{K,L) # RI{IND(K)} ;M) * R6{IND(L) M)
IF ( IPOS(LA} .LT. O ) GO YO 40

AK(KOUNT ¢NA+1)
CK{KUOUNT NA+1)
CRKIKGUNT+NyNA+])
BK{KOUNT,NA+1)
BK{KOUNT yN+NA+])
BK{KOUNT +NyNA+L)
BKIKGUNT +NyN+NA+1)
IF ( IPOS(LB) LT,
AK{KGUNT,NB#+1}
CK{KOUNT ¢NB+1)
CKIKOUNT+#N NB+1)
BRIKOUNT 4,NB+ 1)
BKUKCUNT g N+#NB+1)
BKIKOUNT+NyNB+1)
BK(KOUNT+N,N+NB+1)
IF { IPOSILC) .LT.

AK(KOUNT,NA+1)
CK{KOUNTyNA+1)
CKIKOUNT+N, NA+L)
BK{KOUNT,NA+1)
BK{KOUNT,N+NA+1)
BK {IKOUNT#Ny,NA+1)
BK{KOUNT+N,N+NA+1)
} GO TO 45

AK (KOUNT,NB+1)
CK{KOUNT,NB+1)
CK{KUUNT+N,NB+1)
BK{KOUNT,NB+1)
BK{KOUNT,N+NB+1)
BK {KOUNTH#N,NB+1)
BK {KOUNT+N,N+NB+1)
) GO TO 50

[T T 2N T2 (T | N | 0o 2 [ N Y N B T | B O T [ T2 O 1}

AK{KOUNT 4NC+1) AK{KOUNT,NC+11}
CKIKCUNT 4 NC+1) CK{KOUNT4NC+1)
CKIKUUNT+NyNC+1) CKAKOUNT+N,NC+1)
BK{KOUNT yNC+1) BK{KOUNT,NC#+11}
BK{KOUNT 4N+NC+1) BK{KOUNT N#NC+1)
BK{KOUNT +N,NC+1) BKIKOQUNT+NyNC+1)
BKAKGUNT +N,N+NC+1) BK{KOUNT+N, N+NC+1)
CONTINUE

CONT INUFE

WRITE (2°1)
WRITE (2%'2)
WRITE (2'3)

(LAK(T4d)30=1,50),1=1,41T)
((/\K(l'J,pJ=lySO)'l=lay3",
((AK({T,J)9d=1,50),1=35,50)

K1 = -8

K2 = 0

DO 60 K = 1,11

Kl = K1 + 9

K = K2 + 9

L =K + 3

WRITE (2'L) ({UBK(1,9),d=1,100),1=K1,K2)
WRITE (2'15%) (BK{100,4),d=1,100)
Kl = -8

K2 = 0

DU 69 K = 1lyb

K1 = K1 + 9

+
+
+
+
+
+
+

rhE L P r e

P I

ENSTIF(INDL,1)

ENSTIF(INDL+3,1)
ENSTIF{INDL+6,1)
ENSTIF(IND1+3,4)
ENSTIFUINDL+3,7)
ENSTIF (IND1+644)
ENSTIF(INDL+6,7)

ENSTIF(INDL,2)

ENSTIF(INDL+3,2)
ENSTIF(INDL+6,2)
ENSTIF{IND1+3,5)
ENSTIF(IND1+3,8)
ENSTIF(INDL+6+5)
ENSTIF{INDL+6,8)

ENSTIF{INDL,3)

ENSTIF (IND1+3,3)
ENSTIF{INDL1+6,3)
ENSTIF(INDL+3,6)
ENSTIF(IND1+3,9)
ENSTIF UINDL+6,46)
ENSTIFUINDL1+6,9)

ASSEKD48
ASSEKD49
ASSEK0S0
ASSEKOS1
ASSEKOS52
ASSEK053
ASSEK0S4
ASSEKD55
ASSEKO56
ASSEKOS7?
ASSEKOS8
ASSEK059
ASSEK060
ASSEKO61
ASSEK062
ASSEKD63
ASSEK064
ASSEK06S
ASSEKO66
ASSEK067
ASSEK068
ASSEK069
ASSEKOT0
ASSEKOT1
ASSEKO72
ASSEKOT3
ASSEKOT4
ASSEKOT5
ASSEKO76
ASSEKOT7
ASSEKOT8
ASSEKOT9
ASSEKO80
ASSEKO081
ASSEK082
ASSEK083
ASSEKO084
ASSEK085
ASSEK086
ASSEKD8T
ASSEK088
ASSEKO89
ASSEK090
ASSEKO91
ASSEK092
ASSEK093
ASSEKO094
ASSEK095
ASSEK096
ASSEKO9T
ASSEK098
ASSEKO99
ASSEK100
ASSEK101
ASSEK102
ASSEK103
ASSEK104
ASSEK105
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2

@]

o)

K2 = K2 + 9
L =K + 15

WRITE
WRITE
RETURN
END

(2°L)
(2*21)

((CK{T,J)s1=1,100)9J=K1,K2)
(LCKIT4J) 9 I=14100)90=46,50)

ASSEK106
ASSEK107
ASSEKL08
ASSEK109
ASSEK110
ASSEK111



L __SUBROUTINE ASSEMM ( ZCOS , IPOS ) , ASSEMOO1
€ TRANSFORM INERTIA MATRICES TC NORMAL SYSTEMS_ AND ASSEMBLE ASSEM002
- . INTO A (3N X 3N) MATRIX . B ASSEMO0O3

c ¢ e e . ASSEMO04

- __COMMON X (.100) , Y. __ ( 100) o 2 ~"{(100) , TH { 100) ,ASSEM00S
1. e .. XL 1 100+3) 5 YL { 100,3) , ASSEM006
. .2 " RAPANG( 50) , 2GL__ { 50) o RHUB_( 50} s RTIP ( 50) ,ASSEMOO?
3 " THHUB ( 50) 4 THTIP (  50) o EOCM ( 3,3) ,ASSEM008
T Ta T T REe POISSO » YOUNGS , RADGEN , ASSEMO09
T 5 NGENLI » LINEL , NEXT ( 10043) o NP o NT , _ ASSEMO10
6 ELMSM(6,6) » AMNIN(6,6) , ELBSM(9,9) , ABNINIO,9) , ASSEMO11
_ 7. SIGMAX(100) , SIGMAY(100) , ELSTIF(18,18) , ASSEMO12
'8 _TAUXY(100), ELSSM{9,9), MEX(100+8) IMEX(100), ASSEMO13
. 9. ELINR(18,18) , ELMIM(6,6) , ELBIM(9,9) ASSEMO14
. DIMENSION  ENINR(9,9) , R6(18,18) , AM(50,50) , ASSEMO15
o _ 1 BM(100,100) , CM(100,50) , IPOS(100) , MEXT(8) , _ ASSEMOL6
2 IND(9) , R1{18,18) s ZCOS(100)  ASSEMO17
DATA IND 7 34 9, 15 4y 10y 16y 5s 11y 17 /7 ASSEMO18
DO 11 = 1,50 T ASSEMO19
) D01 J = 1,850 . . ASSEM020
. R AM(1,4) = 0.0 S ASSEMO21
_ CM{I,J) = 0.0 T ~__ ASSEM022
R 1 CHMUI¥50,J) = 0.0 T ) ASSEM023
_. 2. - e
e N_= NP - NGENLI T L
- KOUNT = 0 S
e e D055 I = 1,Np 7T
e . IF_{_1POS(I)_.LT. 0 ) GO TO.S55 .
KOUNT = KOUNT + 1 N o _ __ ASSEMO024
_. ‘_ _IMEXT = qMEX(Y) o . ASSEMO025
DD 10 J = _1,IMEXT B ASSEMO26
L TTTTTIOMEXTUI) = MEX(led) T o _ , ASSEMO027
e .. DO S0 0 = L IMEXT T T ASSEM028
e K2 = MEXTAJ) T . . ASSEM029
_ FIND (1'K2) - ‘ L  _ASSEMO30
e -.,,_L_A,,i.ﬂ_&x_l(_K_Z,zl)_____.,‘__ I ASSEMO31
= NEXT(K2,2). L ASSEMO32
- Lc =ONEXTUK2,3) . ) - _ ASSEMO33
e __IPOSILAY e o ASSEMO34
R feosq8y : ASSEMO035
1POS(LC) e . ASSEMO036
T READ (1'K2) ELSTIF,ELINR,EDCM T _ ASSEM037
- FIND (371)
T U UTTIF LA .EQ. 1) INDL = 1 o , ASSEMO038
e _IF (WB .EQ. I ) iNOL =2 T oo ASSEMO39
L _IF { LC .EQ. I ) IND)L = 3 B ASSEMO40
READ (3°1) R6 . e
- IF ( IMEXT .EQ. 1 ) GO 10 20 _ o
_ ) J1 = MEXT(J) I
T R6(3,2) = SIN{ R6(3,3) - ARCOS{ ZCOS(JL) ) ) __
R6(3,3)_= CDS( R6(3,3) — ARCOS( ZCOS(J1) ) )
R612,2) = R6(3,3) . T
R6(2+3) = -R6(3,2)



20

40

45

60
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15

30

35

50
55

CO 15 K = 1,3

DO 15 L = 1,3

ROE(K+3,143) = R6E(K,L)

R6E(K+6H,L +6) = R&6(K,L)

RO(K+9,L+9) = R6(K,L)

R6{K+12,L+12) = R6I{K,yl)

ROIK+15,L+15) = R6(K,L)

CO 30 K = 1,18

CO 30 L = 1,18

RI{KsL) = 0.0

DD 30 M = 1,18

RL(KyL) = RL(K,L) + R6(K,M) * ELINR(M,L)
DO 35 K = 1,49

N0 35 L = 1,9

ENINR(K,L) = 0.0

D0 35 M = 1,18

ENINRIKy; L) = ENINR(K,L)

IF ( IPOS(LA) LT, O } GO TO 40
AM{KOUNT yNA+1) = AM(KOUNT,NA+1)
CM{KOUNT ;NA+1) = CM(KOUNT,NA+1)
CM{KOQUNT+N,NA+1) = CMUKOUNT+N,NA+]1)
BM{KOUNT yNA+1) = BM(KOUNT NA+1)
BM{KOUNT yN+NA+1) = BM{KOUNT,N+NA+1)
BM{KOUNT +NoNA+]) = BM(KOUNT+NyNA+1)
BM{KOUNT +NyN+NA+1) = BM{KOUNT+N,N+NA+1}
IF { IPOS(LB) .LT. O )} GO TO 45
AM{KOUNT yNB+ 1) = AM({KOUNT,NB+1)
CMIKOUNT ,NB+1) = CM(KOUNT,NB+1)
CM{KOUNT +NyNB+1) = CM{KOUNT+NyNB+1)
BM{KUUNT yNB+1) = BM(KOUNT, NB+1)
BM(KOUNT yN#NB+1) = BM{KOUNT,N+NB+1)
BM{KOUNT+N,NB+1) = BM{KOUNT+N,NB+1)
BM(KOUNT+N,N+NB+1) = BM{KOUNT4+N,N+NB#1)
IF t 1PUSILC) oLT. O ) GO TO S0
AM{KUOUNT yNC+1) = AM{KDUNT,NC+1)
CM{KOUNT,NC+1) = CM{KOUNT,NC+1)
CM{KDUNT +N,NC+1) = CM{KOUNT+N,NC+1)
BM{KOUNT ¢NC+1} = BM(KOUNT¢NC+1}
BM{KUUNT sN+NC#+1} = BM{KOUNT ,N#+NC+1)
BM{KOUNT #+NsNC+1) = BM{KOUNT+N,NC+1)
BM{KUUNT+NyN+nNC+1) = BM{KOUNT+N,N¢NC+1)
CONTINUE

CONTINUE

WRITE (2¢22)((AM([53)9J=1,50),1=1,171
WRITE (2923)({AM{I,J),J=1,50),1=18,34)

WRITE (2°24)((AMI14d)9J=1450),1=35,50)
Kl = ~8

K2 = 0

CO 60 K = 1,11

K1 = KI + 9

K2 = K2 + 9

L= K + 24

WARITE (2°'L) ((BM{I,J)sJ=15100),1=K]lK2)
WRITE (2'36) (HM{100,J),4451,100

Ki = -8

K2 = 0

Cutl 69 K = 1,5

Kl = K1 + 9

P IR I IR T A S

P N

+ R1{IND{K) M) * R6(IND(L) M)

ENINR{IND1,41)
ENINR (IND1+3,41)
ENINR(INDLI+6,1)

- ENINR(IND1+3,4)

ENINR(INDL1+3,7)
ENINR(INDL#6+4)
ENINR(INDL+6,7)

ENINR{INDL,2)
ENINR(INDL+3,2)
ENINR(INDL+6,2)
ENINR(INDL#3,5)
ENINRUINDL+3,8)
ENINR(INDL+6,5)
ENINR (IND1+6,8)

ENINR(INDL1,3)

ENINR(INDL1+3,3)
ENINR {IND146,3)
ENINR(InNDL#3,6)
ENINR(INDL+3,9)
ENINR{IND146,6)
ENINR(INDL+6,9)

ASS EMO48
ASSEMO49
ASSEMOSO
ASSENOS]
ASSENMOS2
ASSEMOS3
ASSEMOS4
ASSEMOSS
ASSEMOS6
ASSEMOST
ASSEMOSS
ASSEPMOS59
ASSEMOGO
ASSEMO61
ASSEMO62
ASSEMO63
ASSEMO64
ASSEMD6S
ASSEMO6S
ASSEMOGT
ASSEMOGS
ASSEMO69
ASSEMOTO
ASSENMOTL
ASSEMOT2
ASSEMOT73
ASSEMOT4
ASSEMOTS
ASSEMOT6
ASSEMOTT
ASSEMOT78
ASSEMOTI
ASSEMO8O
ASSEMO8Y
ASSEMO82
ASSEMOS3
ASSEMOBG
ASSEMO8BS
ASSEMOBG
ASSENMOBT
ASSEMO8S
ASSEMOB9
ASSEMO90
ASSENMOI]
ASSEM092
ASSEMO93
ASSEMO94
ASSENMOSS
ASSEMOSE
ASSEMO97
ASSEMO98
ASSENMO99
ASSEM100
ASSEMIOL
ASSEMLO2
ASSENM1O3
ASSEM104
ASSEM105



65

K2 = K2 + 9
L = K + 36
WRITE (2°'L)
WRITE (2°42)
RETURN

END

(LCMIT 0, 121,100)03=K1,K2)
((CMIT,J3,1=1,100),J=46,50)

ASSENMLO6
ASSEM1OT7
ASSEM108
ASSEML09
ASSENMLLO
ASSEMLLL
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SUBRUUTINE REDUCKA{N) REDUCKOL

C REDUCE THF ASSEMBLED STIFFNESS MATRIX TO AN (N X N) MATRIX. REDUCKO2
C REDUCKO3
CIMENSION AK{50,%0), BK{100,100), CK(100,50), SK(50,50), R1{50,100REDUCKO4

1) REDUCKOS
EQUIVALENCE (AK({1ls1)y SK{1,1)) REDUCKO®
DATA R1 7/ S00C #* 0.0 / REDUCKO?
REAC  (2°'1) (({AK{I,J)4J=1,50),1=1417) REDUCKOB
READ (2'2) ((AK{T,3),4=1,50),1=18,34) REDUCKO9
READ (2°3) ({AK{IsJ}4d=1450),1=35,50} REDUCK10

Kl = -8 REDUCK11

K2 = 0 REDUCK12

Co0 1 K = 1,11 REDUCK13

Kl = K1 + 9 REDUCK 14

K2 = K2 + 9 REDUCKLS

L =K+ 3 REDUCK16

1 READ (2°L) ((BK(I1,3)sJ=1,100),1=K1,K2) : REDUCK17
READ (2°15) (BK(100,J):J=1,100) REDUCK18

Kl = -8 REDUCK19

K2 = 0 REDUCK20

DD 2 K = 1495 REDUCK21

K1 = K1 + 9 REDUCK22

K2 = K2 + 9 REDUCK23

L =K+ 15 REDUCK24

2 READ  (2°L) {{CK{I,44)y1=14100)sJ=K1,K2} REDUCK25
READ (2%21) ({(CK(I4J),1=1,100}),J=46,50} REDUCK 26

N2 = 2 % N REDUCK27

DO 30 K = 14N2 REDUCK28

IF (BKI{K,K})15,5,15 REDUCK 29

5 WRITE {(6,10) REDUCK 30
10 FORMAT (52H B PORTIUN OF ASSEMBLED STIFFNESS MATRIX IS SINGULAR ) REDUCK31
WRITE (69121 ({BK{1;J)ed=1eN2)y1=1,4N2)} REDUCK32

12 FORMAT (10€E12.4) REDUCK33
N = =N REDUCK 34
RETURN REDUCK35

15 X = 1.0 /7 BK(K,K) REDUCK36
BK(K,yK) = 1.0 REDUCK3T

DO 20 4 = 1sN2 REDUCK38

20 BK{K,J) = BKIK,J) * X REDUCK39
IF (K - N2) 2%, 35, 25 REDUCK40

25 M= K + |1 REDUCK41
00 30 I = My N2 REDUCK42

X = BK{1,K) REDUCK43
BK(14K) = 0.0 REDUCK44

DO 306 J = 1sN2 . REDUCK4S

30 BKUT,J) = BK{1,d) = X * BKI(K,J) RFDUCK46
35 LL = N2 - 1 REDUCK4T
CO 40 I = 1, LL RFDUCK48
M= 1 4] REDUCK49

DU 40 K = My N2 REDUCKS50

X = BK(,K) REDUCKS51
BK({I,K) = 0.0 REDUCKS52

£O 40 J = 1, N2 REDUCKS3

40 BK{T,J4) = BK{1,4) —- BKIK,J) * X REDUCK 54
DO 45 1 = 14N REDUCKSS

CO 45 4 = 1,02 REDUCKS6

R0 45 K = 14N2 REDUCKS57

4 R1I(143) = RULTI,J) + CKIK,I} % BK(K,J) REDUCKS8
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55

60

50

DO 50 1

= LloN
00 50 J = 14N
D0 50 K = 1,4N2
SK{TeJ) = SK{I,4J) - RI{T,K) % CK(K,J)

WRITE (2°1) ((SK{TsJ)9yd=1,50),1=1,417)
WRITE (2%2) ((SKULsd)ed=1450),1=18,34)
WRITE (2%3) ((SK{I+J)ed=1450),1=35,50)

DO 55 1 = 1,N2
DO 55 J = 1,N
R1{Js1) = 0.0
D0 55 K = 1,N2
R1(J,1) = R1(Js 1) + BKULyK) * CK(K,J)
Kl = -8

K2 = 0

CO 60 K = 1,45
Kl = K1 + 9

K2 = K2 + 9

L =K + 42

WRITE (2°L) ((R1(1yJDyd=1,100),1=K1,K2)
WRITE (2°48) ((RL{T+J)¢J=1,100),41=46,50)
RETURN

ENC

REDUCKS9
REDUCK60
REDUCK61
REDUCK 62
REDUCK63
REDUCK64
REDUCK6S
REDUCK 66
REDUCK6T
REDUCK6S
REDUCK 69
REDUCKTQ
REDUCKT1
REDUCKT2
REDUCKT3
REDUCK T4
REDUCKTS
REDUCKT6
REDUCKT?
REDUCK T8
REDUCKTI
REDUCKSO
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T TTTTSUBROUTINE REDUCMIND REDUCMO1L

"C  REDUCE THE INERTIA MATRIX TO AN (N X N) MATRIX. REDUCMO2

e . REDUCMO3
___wﬁh_-u______"“__plﬁ§y§1ou_AyJQQLSQ)l_BM(loo,loO), CM(100,50) s SM{50,50)s R1(100,50REDUCMO4
. U & 2 ) REDUCMOS
o ) . EQUIVALENCE (AM(1,1)+SM{1,1}) REDUCMOS6
R DATA R} / 5000 * 0.0 / - ) REDUCMOT
T UTTREAD. (2922)((AMIT4d) 4 3=1,50)51=1,17) ] REDUCMOB
 READ (29231 ((AM(T1,J) 4= 1.50).1 18,34) ) v REDUCMO9

READ (224} ((AM(1+J),J=1,50)+1=35,50) REDUCM10O

} - . A REDUCM11
e o s REDUCM12
. K = Lell _ : I e REDUCM13
_ o+ 9 L o REDUCML4
9. . . . REDUCM15

26 o _REDUCM16

L 2°0) ((BM{T1,0),J=1,100),1=K1,K2) REDUCM17

N B 2936) (BM(100,J),0=1,100) REDUCM18
- . - REDUCM19
N . . . ~ REDUCM20
e = 135 o o REDUCM21
9 e _ REDUCM22

S 2 . + 9 e REDUCM23
______ . L =K+ 36 L REDUCM24
_ T2 READ _ {27L) ({CM{I,J),1=1,100)J=K1,K2) REDUCM25
 READ _ (2°%42) ((CM(I4J)+1=1+100),J=46,50) , REDUCM26

___KlL = -8 : . e REDUCM27

K2 = 0 REDUCM28

B0 3 K = 145 . o REDUCM29

- ) e K1 = K1 + 9 , e REDUCM30
o e K2 = K2 9 L REDUCM31
L =K+ 42 o : REDUCM32

B 3 READ {2°L) ((R1(J5T),d=15100)51=K1eK2) REDUCM33
READ (2748) ({R1(J,1)9J=1,100),1=46,50) = REDUCM 34

B . N2 =2 % N , i REDUCM35
. .. DO 4 1 = 14N2 . L ~ REDUCM36

} _...D0_4_ J = 1,N L . REDUCM3T

N e ... DD & K = 14N2 ) - REDUCM38

R T h T CMUIed) = CMIT,J) — BMUI,K) * RI{K,d) REDUCM39
DO S I = YGN ) REDUCM40

] PO S5 J = LsN__ e REDUCM4L

T PO 5 K =teN2 T REDUCM42

L5 SMIIyJ) = SMUI,J) = RL(K,I) * CM(Ked) REDUCM43
K1 = -8 v ) o REDUCM44

- - kK2=0 _ _ o REDUCMSS

. P06 K = 1,5 _ REDUCM46
N _ _Kl = K1 +9 L . REDUCMAT
K2 = K2 + 9 ) REDUCM48

e L =K % 36 o REDUCM49

6 READ (2'L) ((CM{I4J)01=1,100),J=K1,K2) . REDUCM50

T READ (2%42) {({CM(1,J),I=1,100)4J=46,50) REDUCMS1

DO 7 1 = 1,N , REDUCMS2

.. DO T J = 14N ) L REDUCMS3
..._. D0 T K = 14N2 T ] REDUCMS4

T, SM{1sJ) = SM{IsJ) = CMIK,I) * RL(K.J) ~ REDUCHM55

; WRITE (294331 ({SM(1,33,3=1,50),1=1,17) REDUCMSE

U WRITE (2%44)({SM{1,J)5,J=1,50),1=18,34) REDUCMST

WRITE (2945)((SM{1,J),J=1,50)+1=35,50) REDUCM58
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RETURN REDUCMS59
END REDUCM6D



SUBROUTINE EIGEN (N, OMEGA) EIGENOQO

C _ EIGENOOL
c SOLVE FOR THE VYATURAL FREQUENCIES. : EIGENDO2
DOUBLE PRECISIUN CUEF, EIGVR, EIGVI EIGENOO3
DIMENSLON SK(50,50), SM(50,50}, OMEGA(50), COEF{50,50), EIGVR{50) ,EIGENOD4
1EIGV1(50), FREQ(50) EIGENOOS
DATA CUEF , EIGVI 4 EIGVR / 2600 * 0.0D0 / EIGENOO6
READ (2'1) ({SK(T14J)yJ=1450),1=1,417) EIGENOOT
READ (292) ((SK(1,J),J=1,50),1=18,34)  EIGEN0OSB
READ (2'3) ({SK{I,J),J=1,50),1=35,50) EIGENDO9
READ {2°43)1(USMII4J)¢J=1450)41=1,17) EIGENO10
READ (2944) ({SMIT,J),0=1,50),1=18,34) EIGENO11
READ  (2945) ((SMUT,J),4=1,500,1=35,50) EIGENO12

£O 30 K = 1,N EIGENO13

IF (SMIK,K))15, 5, 15 EIGENOL4

5 WRITE {6,10) EIGENOLS
10 FORMAT (35H REDUCEL INERTIA MATRIX IS SINGULAR ) EIGENOLG
N = -N : EIGENOLT
RETURN E1GENO18

15 X = 1.0 / SM{K,K) EIGENOL9
SM{K,K) = 1.0 E1GENO20

CO 26 4 = 1,N EIGENO21

20 SMIKsJ) = SMIK,J) * X EIGENO22
IF (K - N) 25, 35, 25 EIGENO23

25 M = K + 1 EIGENO24
0O 30 [ = MyN EIGENO2S

X = SMIT,K) EIGENO26
SM{I,K} = 0.0 EIGENO27

DO 30 J = 1,N EI1GENO28

30 SMUT,d) = SMUL,J) -~ X * SM(K,J) EIGENO29
35 LL = N = 1 ETIGENO30
DO 40 1 = 1,LL EIGENO3L
b=+l EIGENO32

DO 40 K = MyN EIGENO33

X = SMUILK) EIGENO34
SM{T,K) = 0.0 EIGENO3S

CO 40 J = 1,N EIGENO36

40 SMUL,J) = SMII,J) ~ SMIK,J) * X EIGEND3T
DO 45 1 = 1N EIGENO38

DO 45 J = 1,N EIGEND39

DO 45 K = 1,N EIGENO40

45 COEF(1,3) = COEF(I,d) + SKUI,K) % SM{K,J) EIGENO41
M= N _ EIGEND42
CALL €133 (CUEF, Ny M, EIGVR, EIGVI) EIGEND43
KOUNT = U EIGENO44

0O 50 1 = 1,N EIGEN04S

1€ {SNGLIEIGVI(I)) .NE. C.0) GU TG 50 EIGENO46

IF ( EIGVR(I) .LT. 0.0B0 ) GU TO 50 EIGENO4?
KOUNT = KDUNT + 1 EIGEND48
SIGNS = 1.0 EIGEND49
OMEGALKDUNT) = SIGNS % DSQRT( DABS(EIGVR(I))) EIGENOSO
FRECIKCUNT) = UMEGA(KBUNT) / 6.283185 EIGENDOS]

50 CONTINUE EI1GENDS2
IF (KCUNT .GT. 0) GO TU 60 : EIGENO53
N=-N E1GENDS4
WRITE (6,55) EIGENDS5S

55 FORMAT {49H ALL CALCULATED FREQUENCIES ARE IMAGINARY NUMBERS ) EIGENOS6
RETURN EIGENOS7
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60 WRITL (6,65) ( FREQIKOUNT+1-1),y1=1,KUUNT)

65 FORMAT {1H1,// 40X,
N = KOUNT
RETURN
END

19HNATURAL FREQUENCIES //143X,

E12.5

"

EIGENOSS
EIGENDS9
EIGENO6Q
EIGENOG6L
EIGENO62
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1

10

11

200
201

aNelnl

13

(aNeXal

14

15

16

17

202

90

SUBROUTINE LAGERUALZEPS,NL NUJNRTR,RTI)
IMPLICIT REAL%*B (A-H, 0-Z)
DIMENSION A({50,50),P(6,101}
DIMENSION RTR{501,RTI(50148(6)
REAL SSSSSS
4%k DOUBLE PRECISION LAGER La
ONCE=0.0
DATA X /0.0D0 /
OATA Z /1.000/
8L1=1.0
NUGQ=NU~-1
LLY=0
DELOLD=1.0
ROLD=1.0
EGSUM1=0.0
EGSUM2=0.0
DO 10 L=1,6
0O 10 LLX=1,101
PlLyLLX}=0.0
NU1=NU+1
cupP=0.0
DO 11 J=NU1lsN
CUP=CUP+DABS(A({J-1,J )}
IF (N «NE. NU) GO Tu 200
CuP = Q.
GO TO 201
CuP=CUP/DFLOAT (N-NU)
CAP=0.
PllsNUI=1.0

FIND TRACE OF H AND F SQUARED

SPURL=A(NUsNU) .

SPURZ=AINU,NU)**2

CO 13 J=NU1,N

SPURL=SPURL+ALJ,y I}

SPUR2=SPURZ+A{J, J)*%2+2.0D0%A(J-1,J)%ALJ,J-1)

INITIAL ITERATE FROM INFINITY

SIR=EGSUM1-SPUR1
S2R=SPURZ2-EGSUM2

Fl=N-NUQ

[F{CABS (S1R) + DABS({S2R) -1.D-7%CAP)} 15,15,16
XBAR=CUP

YBAR=0,0

GO T 23

F2=F1~-1.0D00
DR=F2%*(F1%¥52R~5]1r%*%2)
ER=CSGRT (DABS(DR)}
TIFICR)17,18,18

IF(Fl1 «NE. 0.0D0)} GU TO 202
XBAR=0.

YBAR=0.

GO TQ 23

XBAR=-2,0D0%S1K/F1
YBAR=2,000%ER/F1

GO TC 23

LAGROO10
LAGRO020
LAGR0030
LAGROD40
LAGROO50
LAGRO060
LAGROOTO
LAGR008D
LAGR0090
LAGRO100
LAGRO110
LAGRO120
LAGRO130
LAGRO140
LAGRO150
LAGROL60
LAGRO170
LAGRO180
LAGRO190
LAGR0200
LAGRO210
LAGR0220
LAGR0230
LAGR0240
LAGRO250
LAGR0260
LAGRO2T0
LAGR0280
LAGR0290
LAGR0300
LAGRO310
LAGR0320
LAGRO330
LAGRO340
LAGRO350
LAGRO360
LAGRO370
LAGRO380
LAGR0O390
LAGR0400
LAGRO410
LAGR0420
LAGR0430
LAGR0440
LAGRO450
LAGRO460
LAGRO4TO
LAGR0480
LAGRO490
LAGRO500
LAGRO510
LAGR0S520
LAGROS30
LAGRO540
LAGRO550
LAGRO560
LAGROS570
LAGROS580



InEaXei

18

20
22

203

23
24
25

26
21

29

30

305

204
205

32

34

206

207

39

39

YBAR=0.0

SIRX=S1R

F2 = CSIGN{ 1.0D0y SIRX )
IF{SIR)22,20,22

F2=0.0

IF(F1.NE. 0.0003 GO TU 203
XBAR=0.

GO 10 23

XBAR= ~{S1R+F2*ER}/F1

EVALUATE PULYNUMIAL AND DERIVATIVES

IF (DABS(YBAR)}-DABS{XBAR) *1.0-6 124,425,25
YBAR=0.0

M=6

IF{YBAR)2T,26,217

M=3

DO 207 K=NU,N

T=-A{K,K+1)

DO 207 L=1,4M

S = DSIGN( 1.0D0, 3.5D0-DFLOATAL) }
S5§S8S8S = S

Ml=L+3*TFIX{SSSSSS)

R=~XBAR®P (L, K)+YSAR®SKP (M] K )~DFLOATIMOD(L-1,3))1#P(L~1,K)
L0 28 J=NU;K

R=R+P{ L, J)*A(K,J)

1FL2129432,29

I=0.0

PULyNU)I=1.D-10%P {1,NU)
IF{P(1,NU)Y30,30,27

TF{N-NU+1) 204,305,204

F=0.

GO TO 295

F=OFLGAT(K-NU)/DFLOAT (N-NU+1)
CONTINUE

XBAR=XBAR*F

YBAR=YBARXF

Pll,NU)=1,.0

60 Tu 27

[F{N-K}33,33,34

T=1.0

If {(T.NE. 0.000) GO Tu 206 -
Pi{L,K+1)=0.

GO TOU 297

PILyK+1)I=R/T

CONTIENUF
SCALE COWN

DO 39 K=1,6

B(K)=0.0

N 35 Jd=1,M

B{J)I=P{J,N+1)

Gl= DABS(B{1))}+DARS(B(4))
G2= DACGS(HIZ2))+DABS(R(5))
G3= DARS(B(3))+CABSIB(6))
C=CABS(s(1))

DO 36 K=2,M

LAGR0590
LAGRO600
LAGRO610
LAGR0620
LAGRO630
LAGR0640
LAGRO650
LAGRO660
LAGRO6TO
LAGRO680
LAGR0690
LAGROT00
LAGROT10
LAGROT720
LAGRO730
LAGROT40
LAGRO750
LAGRO760
LAGRO770
LAGROT80
LAGROT90
LAGR0800
LAGRO810
LAGR0820
LAGRO830
LAGRO840
LAGR0850
LAGRO860
LAGROBTO
LAGROBBO
LAGR0890
LAGRO900
LAGRO0910
LAGRO920
LAGRO0930
LAGR0940
LAGR0950
LAGR0960
LAGRO970
LAGR0O980
LAGR0990
LAGR1000
LAGR1010
LAGR1020
LAGR1030
LAGR1040
LAGR1050
LAGR1060
LAGR1070
LAGR1080
LAGR1090
LAGR1100
LAGR1110
LAGR1120
LAGRI130
LAGR1140
LAGR1150
LAGR1160

121



36

OO

20

43

21

8

209

OO0

19

21
21

21
21

21

21

192

44

J
1

2
3

4

4

5

D= DMAX1(D,DABS(B(K)}))
CALL SCALE(D,8,M)
IF (Gl) 41,441,443

REMOVE KNOWN ROOTS

QlR=0.0

Ql11=0.0

Q2R=0.0

Q21=0.0
TFINUQ~NU}194+21,21
D0 44 J=NU,NUQ
D1=RTR(J)~-XBAR
D2=RTI(J)-YBAR
D=D12%2+D2%%2

IF (D.NE. 0.0D0) GO Tu 2.8
Ol=0.

C2=0.

GO Tu 209

Di=D1/C

D2=-D2/D

QIR=Q1IR+D1
Ql1=Q11+D2
Q2R=Q2R+D1**2-D2%%*2
Q21=Q21+2.0D00%D1%*D2

FIND S1 ANDL S2

IF (B(1) .NE. 0.0D0) GO 7O 210
TIR = 0.

GO Y0 211
TiR= B(2)/8(1)
Tll= O.

IF(B(2) NE., 0.000) GO TO 212
T2R = 0,

GO TU 213
T2R = B(3)1/8(2)
121 = 0.

[F{YBAR)45,46445

Di=Bl{1)*%2+B(4)%*%2
D2=BL2}%%24B(5)%%2

IF {1 .NE. 0.0C0) GO TO 216

TIR = 0.

T11 = 0.

GO TG 215
TIR=(B(2)*B(1)+B(5)*8(4))/D1
TII=(B{5)%B(1)-B(4)*8(2))/D1

IF (D2 .NE. 0.0C0) GU TU 315

T2R = 0.

T21 = 0,

GO YL 46

T2R=(B(3)%B(2)+B(6)%B(5) ), 2
T2I=(B(A)*R(2)-B(5)1%B(3} ", )2
SIR=T1R4QI1R

SLI=T11+411
S2R=TIRS{TIR~-T2R)-TI1I*{T1[-T21)-Q2R
SZISTIRRX(TLI-TZ21I)#T11I%(TIR~T2R)~Q21

LAGR1170
LAGR1180
LAGR1190
LAGR1200
LAGR1210
LAGR1220
LAGR1230
LAGR1240
LAGR1250
LAGR1260
LAGR1270
LAGR1280
LAGR1290
LAGR1300
LAGR1310
LAGR1320
LAGR1330
LAGR1340
LAGR1350
LAGR1360
LAGRL370
LAGR1380
LAGR1390
LAGR1400
LAGR1410
LAGR1420
LAGR1430
LAGR1440
LAGR1450
LAGR1460
LAGR1470
LAGR1480
LAGR1490
LAGR1500
LAGR1510
LAGR1520
LAGR1530
LAGR1540
LAGR (550
LAGR1560
LAGR1570
LAGR1580
LAGR1590
LAGR1600
LAGR1610
LAGR1620
LAGR1630
LAGR1640
LAGR1650
LAGR1660
LAGR1670
LAGR1680
LAGR1690
LAGR1700
LAGR1710
LAGR1720
LAGR1730
LAGR1740



C

41
42
48
491
49
216
50
65
66
67
51
92

53
54
59

56

219
220

[sNaXel

w7
510
512

571

FIND THE NEXT ITERATE

LLY=LLY+1

D= DABS(XBAR)+DABS(YBAR )

IF (1,047 ~D *(DABS(SLR)I+DABSISLIIN)) 41,41,42
MARK=])

GO 70 100

G=N-NUQ

1F (YRAR~-DABS(X))150,50,491

ITF {(YBAR .NE. 0.000) GO TO 49
GO TU 216

S1I=S11¢1.000 /7 { 2.0D0 * YBAR )
S2R=S2R+1.0D0 / ( 4.0D0 * YBAR**2 )
G=G-1.000

IF(BL1)65,65,66

H = 0.500 * ( G ~ 2,000 )

GO TU &7

H=6-1.000
DR=H%{C*S2R-S1R**2+S11%%2)
DI=H&{G*x521-2.0D0%S1R*S511)
IF(DI}53,51,%53

EI=0.0

ER=CSCRT{DABS(LR))
IF{DR}S52,54,54

FI=ER

ER=0.0

GO TO 54

CALL CXSQRT(CRyDIJER4EI)
IFIS1IR*ER+S1I*E1)55,56,56
ER=-ER

El=-El

D1=S1IR+ER

D2=S11+E1

D=D1%%2+D2%%2

IF (€ .NE. 0.000) GO TO 217
X=0.

Y=0,

GU TO 218

X==C*L1/D

Y=G*D2/D

XBAR=XBAR+X

YBAR=YRAR+Y

CELNCW =DABS{X)+DABS(Y)

IF (DELOLD oNE. 0.0DO) GU TO 219
RNEW = v

GO TG 220

RNEW =CCLNEW/CCLOLD

D= DABS{XBAR)+DABS({YBAR)

TEST FCR LINEAR CONVERGENCE

TF{LLY~3162,062,51

IF (DELAEW-DMAX1{3.0LC*DELOLD,.5D0%N) 571,571,570
IF (BLL1) 571,571,512

BELOLE=CAP

RULD=3,0

IF (LLY-15) 14,14,10C

IFIRNFW=, TDO*RILT) 62+458,98

LAGR1750
LAGR1760
LAGR1770
LAGR1780
LAGR1790
LAGR1800
LAGR1810
LAGR 1820
LAGR1830
LAGR1840
LAGR1850
LAGR1860
LAGR1870
LAGR1880
LAGR1890
LAGR 1900
LAGR1910
LAGR1920
LAGR1930
LAGR1940
LAGR1950
LAGR1960
LAGR1970
LAGR1980
LAGR1990
LAGR2000
LAGR2010
LAGR2020
LAGR2030
LAGR2040
LAGR2050
LAGR2060
LAGR2070
LAGR2080
LAGR2090
LAGR2100
LAGR2110
LAGR2120
LAGR2130
LAGR2140
LAGR2150
LAGR2160
LAGR2170
LAGR2180
LAGR2190
LAGR2200
LAGR2210
LAGR2220
LAGR2230
LAGR2240
LAGR2250
LAGR2260
LAGR2270
LAGR2280
LAGR2290
LAGR2300
LAGRZ2310
LAGR2320

193



59
60

61

OO

62

[gNaNe)

[aNakel

1

(nEaRel

19k

38

00

30
8l
83
31

MARK=3

IF(DELNFK-.001D0*EPS*CAP) 70459,59
IF(BLL)I61,61,60

XBAR=XBAR-X

YBAR=YEAR-Y

BL1=0.0

GU TO 48

BL1=1.0

GO TO 63

TEST FOR AN EIGENVALUE

IF (DELNEW-EPS*OMAX1 (Dy-00LDO*CAP) 164,64 ,63

DELOLD=DELNEW
ROLD=RNEW
IF {(LLY-15) 23,23,100

DO WE HAVE A COMPLEX APPRUOACH TO A REAL ROQGT

MARK=2

BL1=1

IF(YBAR)7141C0, 71

1F(G2 #*DABS(YBAR)}-G1) 72,100,100
IF(ONCE} 73,73,100

X=0.0

ONCE=1.0

YBAR=0.0

GO TO 63

WE ACCEPT (XBAR,YBAR) AS A ROOY

NUQ=NUC+1

RTR{NUQ)=XBAR
IF{DABS{YBAR)~.00100%DABS(XBAR) I T4, 74,75
YBAR=0.0

TF{NUC-NU) 94764 9
IF(RTTI(NUQ-1))T76,476,77
¥YBAR=CABS(YBAR])

RTI{NUQ)=YBAR

Ga TO I8

RTI(NUQ) =-DABS(YBAR)

CONTINUE

LLY=0

CAP=DMAXL{D, CAP)

CELOLL=1.0

ROLD=1.0

EGSUMLI=FGSUML+RTR(NUQ)
EGSUMZ=EGSUM2+RTRINUQ) %% 2-RTI(NUQ)*%2
[FINUQ-N1)804101,101 ’
IF(YBAR)IB3,84,81

YRAR=-YBAR

GO 10 23

TF{NUQ-NU) 31,84, 31

RTIANUQ-1)=a5DO* (RTT{NUQ-1}-RTI(HUQ))
RYTANUGQ)=-RTI{NUQ~-1)

A NEWTUN ITERATE TOWARDS NEXT ROOT

LAGR2330
LAGR2340
LAGR2350
LAGR2360
LAGR2370
LAGR2380
LAGRZ2390
LAGR2400
LAGR2410
LAGR2420
LAGR2430
LAGR2440
LAGR2450
LAGR2460
LAGR2470
LAGR2480
LAGR2490
LAGR2500
LAGR2510
LAGR2520
LAGR2530
LAGR2540
LAGR2550
LAGR2560
LAGR2570
LAGR2580
LAGR2590
LAGR2600
LAGR2610
LAGR2620
LAGR2630
LAGR2640
LAGR2650
LAGR2660
LAGRZ26T0
LAGR2680
LAGR2690
LAGR2700
LAGR2T10
LAGR2720
LAGR2730
LAGR2740
LAGR2750
LAGR2760
LAGR2770
LAGR2780
LAGR2790
LAGR2800
LAGR2810
LAGR2820
LAGR2830
LAGR2840
LAGR2850
LAGR 2860
LAGR2870
LAGR2880
LAGR2890
LAGR2900



84 CNCE=0.0 LAGR2910

1=0.0 LAGR2920

IF(( DABSIQIR)}+DABSIQLIINI*D-10000.00)85485,14 LAGRZ2930

b I1F (DABS (EGSUM1-SPUR1)+ DABS(EGSUMZ2-SPUR2)-1.D-5 *CAP}15,15,86 LAGR2940
86 DR=B(3)+2.0D0*(B(2)*QLR-B(S5)*Q11) LAGR2950
Ci=B(61+2.000*(B(2)*QLI+B(5)*Q1IR) LAGR2960
D2=DR*%2 4D T1%%2 LAGR2970

IF (D2 .NE. 0.000) GG TO 221 LAGR2980
YBAR= CABS(YBAR) LAGR2990

GO TO 23 LAGR3000

221 CONTINUE LAGR3010
XBAR=XBAR=-2.0D0*(DR*B(2)4+DI*B(5})/D2 LAGR3020
YBAR= DABS{YBAR~-2.0D0%(DR*B(5)-D1%8{2))/D2) LAGR3030

GO 10 23 LAGR3040

101 RETURN LAGR3050
END LAGR3060

195



SUBRUUTINE EIG3(ANyM,RTR,RTI) E1G30010

IMPLICIT REAL%8 (A-H, U-1) E1G30020

C EI1GENVALUES UF NON-SYMMETRIC MATRICES E1G30030
CIMENSION A(50,50) EIG30040
DIMENSTUN NC(SO0}RTR{50),RTI(50) EIG30050

c *ox% DOUBLE PRECISION EI1G3 bkl s : E1G30060
TRACE=A{1,1) EI1G30070

CO 10 I=2,N £1630080

10 TRACE=TRACE+A(I, 1} E1630090
B= l.€-7 EIG30100

CALL TRING (A,B,N,NC )} EIG30110
TRACE=A(1l,1) £1630120

DO 11 I=2,N E1G30130

11 TRACE=TRACE+A{I,1) ) EIG30140
NU=0 EIG30150

NV=0 E1G30160

13 IF (w7-N)14y12,14 EIG30170
14 NV=NV+1 EIG30180
NU=NV E1630190

16 IF (NC(NV))I1Y, 17,15 E1630200
15 NV=NV+] E1G30210
GO Y0 16 E1G30220

17 IF (NV-NU)19,18,19 £1G30230
18 RTR{NU)=A(NU,NU) E1G30240
RTI(NU)=0.0 E1G30250

GuU TO 13 E1G30260

19 1F (NV-NU-1)20,21,20 EL1G30270
20 NP=MINO(M,NV) EI1G30280
CALL LAGER(A;1.D-44NP,NUyNVRTR,RTI) E1G30290

GO TO 13 E1G30300

21 RR=.5CO0%(A{NU,NU)I+AINV,NV)) EIG30310
E1=RR*®%2~A{NU, NU)*A(NV,NV)+A(NU,NV)I*A(NV,NU) E1G30320
S=DSQRT{DABSIEL))} E1G30330
IF(EL1)22,23,23 E1630340

23 RTR(NU)=RR*S E1630350
RTI{NUI=0.0 E1G30360
RTR{NV)=RR~S E1G30370
RTI(NV)=0.0 E1G30380

25 CUNTENUE €16G30390
GO TG 13 EI1G30400

22 RTR{NU)=RR E1G30410
RTT(NU)=S E1G30420
RTR(NV)=RR E1G30430
RTI(NV)==S E1G30440

GO Tu 25 EIG30450

12 X=0.0 E1G30460
CO 24 J=1.M EIG30470

24 X=X+RTR{J) EIG30480
RETURN E1G30490

END . E1G30500

196



11
12
13

131
14

141
i5
16

17

31
30

181

19
16
20
21

22

SUBROUTINE TRING(A,EPS,N,KOOOFX)
IMPLICIT REAL*8 (A-H, U-1)
ALMOST TRIANGULAR (HESSENBERG) SUBROUTINE
DIMENSION A(50,50) .
DIMENSION KOOOFX{50)
LA AL DUUBLE PRECISIUN TRING *Rk
N1=N-1
N2=N-2
DO 21 J=1,N1
S=DABS (A{JyJ+1))
Jl=J+1
J2=J+2
L=J1
NJ1=N-J1
IF (NJ1) 15,15,6
CO 12 K=J42,N
T=DABS (A(J,yK))
IF(T-5)12,12,11
L=K
S=T
CONTINUE
IF{L-J1313,15,13
DO 131 K=1,N
T=A(KyJ+1)
A(KyJ+1)=A(K,L)
AlK,L)=T
DO 141 K=1,N
T=A(J+1,K)
A{J+1.K)=A{L,K)
AlL¢K)=T

IF(S-EPS* DMINLIDABS(ALJ,J)),DABSIA({JI+L,J+1)))) 16416417

L=0

NJ1=0

GO TO 181
T=A(J,J¢1)

L0 18 K=J2)N
IF(T) 30,31,30
AlJyK)=0.

GO T 18
AlJyK)I=ALJ K/ T
CONTINUE

DA 20 I=1,N

M= MINOUlJ,1~-2)
U=0.0

IF (NJL) 19,19,7
DO 8 K=J2yN
UsU+A(K, 1) %ALJ,K ]
IF (M) 20520,9

CO 10 K=14M
U=U-A{Ky T1#A(J#1,K+1)
AlJ+l,1)=A0J+1, 1)+
KOOOFX{J)=L
KQOOFX(N)=0
RETURN

END

TRINOO1O
TRINQO20
TRINOO30
TRINOO4O
TRINOOS0
TRINOCGO
TRINOO70O
TRINOOBO
TRINGOS0
TRINOL10GO
TRINOL1O
TRINO120
TRINOL30
TRINOL140
TRINO150
TRINO160
TRINOLTO
TRINO18O
TRINO190
TRINOC20O
TRINO210O
TRINO220
TRINO230
TRINO240
TRINO250
TRINO260
TRINOZT70
TRINO280
TRINO290
TRINO300
TRINO31C
TRINO320
TRINO330
TRINO340
TRINO350
TRINO360
TRINO370
TRINO380
TRINO390
TRINO4OO
TRINO410
TRING420
TRINO430
TRINO440
TRINO450
TRINO460
TRINO&TO
TRINO48O
TRINO490
TRINOS00
TRINOS10
TRINOS520
TRINOS30
TRINOS540
TRINO550
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198

23
21

10

SUBRUGUTINE SCALE (Dy8B,M)

SUBROUTINE SCALE - FOR USE WITH DECK NO

DIVMENSION BL6)

EQUIVALENCE {GyIG),lEeJE)},{ELsIEL)»(GP,IGP), (Q,1Q)

COUBLE PRECISION D,B,DP
FMASK = SwWL(127,24)
FMASK1= SWLI(7,21)

Q = SWL(1,30)

DP = SNGL (DABS(D))
E = ANCA(DP,FMASK)
1€ = IE-1Q

G ANCA(DPy FMASK])
G SWR{1G,21)

1Gl1= 1G/2

IF (161 - 1)21,10,23
161 = O

GO TO 10
IF (16 "Q.0)IG1l=1
IGl = 1G1+2

El = SWR(IABS{IE), 22}
1E1 = 1E1 - IG1
IF{ELT0 ) IEL=~1E]L

DB 5 1 = 1,M

B(I) = B(1)/2.000%*[E1
RETURN

END

FORTRAN 1V

SCALOO010
SCAL0020
SCALO0030
SCALOO040
SCALO0050
SCALO0060
SCALOOT0
SCAL0080
SCALOQ0OS0
SCALO100
SCALOL1O
SCALO120
SCALOL130
SCALO140
SCALOL150
SCALOL60
SCALOLT70
SCALO180
SCALO190
SCALO200
SCALO210
SCALO220
SCALO0230
SCALO240
SCAL0250
SCALO0260



——-~

i1

10

SUBRCUTINE CXSWURT{A;ByXyY)
IMPLICIT REAL%*Y (A-H, 0-7)
COMPLEX SQUARE RUOT
F=DMAXL{DABS(A),CABS(E))
IFIF) S,745
F=FRUSQRT((A/F)*%2 + (B/F)%%2)
IF(A) Ly1,.2
Y=DSGURT((F-A)*¥,.5(C0)

IF{Y) 8,9,8
X=0a.
GO Y0 3

X=.,500 * B / ¥

IF(X)4,y3,3

==X

Y=~Y
GO 70 3

X=DSQRT ((F+A)*,50D0)

IF(X) 10411410
¥=0.
GO 10 3
¥Y=,500 # 8 / X
RETURN
END

€XSQ0010
€x5Q0020
CXSQ0030
CX5Q0040
€X5Q0050
CX5Q0060
€XSQ0070
€XxsQo080
€Xx$Q0090
€x5Q0100
CXsQol10
Cx5Q0120
CXSQ0130
CXSQ0140
€X5Q0150
CXsQ0160
CXsQo170
€x5Q0180
CXSQ0190
€X$Q0200
€X5$Q0210
€XSQ0220
€X5Q0230
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200

1o

15

1o

20

25
30

35

40

XN W

SUBRUUTINE AMPL (M, OMEGA, [POS}) AMPL0OO1
SOLVE FUR THE AMPLITUODES AT EACH REQUESTED FREQUENCY. AMPLOOO2
AMPL0O003

COMMON X ( 100) 4 ¥ ( 100) , 2 { 100} o TH ( 100) ,AMPLOOO4
XL ( 100,3) , YL ( 100,3) , AMPLO0OS

RAPANG{ 50) , ZIGL ( 50) 4 RHUB ( 50) , RTIP { 50) ,AMPLOOO6

THHUB (  50) , THTIP ( 50) , EDCM (" 3,3) ,AMPLOOO7

RHO POISSO » YOUNGS » RADGEN AMPL 0008

NGENLT o, LINEL , NEXT ( 100,3) , NP + NT , AMPL 0009
ELMSM{646) 5 AMNIN(6,&) , ELBSM(9,9) 4 ABNIN{9,9) , AMPLOO10
SIGMAX{100) » SIGMAY(1C0) , ELSTIF(18,18) , AMPLOOL1
TAUXYL100), ELSSM{9,9), MEX{100,8), IMEX({100) , AMP(100)AMPLOO12

DIMENSION SM{505501,5K(50,50),RUN{S0),1P0OS(100) AMPLOO13
PO 11 = 1,100 . AMPLOOL4
AMP(I) = 0.0

FREQ = OMEGA / 6.283185 AMPLOO1S
N=M-=-1 AMPLOO16
READ (2°'1) ({SK({IyJ)y J=1,50}), I=1,17) AMPLOOLTY
READ (2%2) ((SK({I1,4)y J4=1,50), 1=18,34) AMPLOO1B
READ (2'3) ((SK(14d)y J=1,50), 1=35,50) AMPLOO1L9
READ (2°43)1(SM{Tsd)y J=1,50), I=1,1T7) AMPL0020
READ (2*44)((SM{1,J), J=1,50)y 1=18,34) AMPLOO21
READ (2*45)1(SM{1,J)y J=1,50), 1=35,50) AMPLOO22
DO 7 I = 1.N AMPL 0023
DO 5 J = 14M AMPLO0O24
SM{T,d) = —UMEGA ** 2 % SMIT,J) + SK{I,J) AMPL0025
SMUI4M) = =~ SMII,M) AMPLOO26
K =1 AMPLOO27
I =K+ 1 AMPL Q028
IF (ABSUSMIK,K)) .GT. 1.0E-10) GO TO-30 AMPLO029
00 15 4 = I,N AMPLO0OO30
J1 =4 AMPL 0031
IF (ABS({SM{J,K)) .GT. 1.0E-10) GO TU 20 AMPLOO32
CONTINUE AMPLO0033
WRITE (6,16) AMPLGO34
FORMAY (// .29H AMPLTTUDE MATRIX IS SINGULAR) AMPL0O35
N = =N AMPLOO36
RETURN AMPLO037
CO 25 J = 1M AMPL0038
ROW(J) = SM{J1,J) AMPLO0039
SM(J1,J) = SM(K,J} AMPLO004O
SM{Ked) = ROWLJ) AMPLOO41
IM = SMUI,K) /7 SMIK,K) AMPLOO42
SM{I,K) = 0.0 AMPLOO43
J =K + 1 AMPLOO44
SM{Td) = SMUL,J) - M ¥ SMIK,J) AMPLOO4S
IF {J .€Q. N} 50 TO 40 AMPLOO4G6
J =4+ 1 AMPLOD4GT
GO TO 35 AMPLOO48
SM{T¥) = SM(L,M) — IM * SM(K4M} AMPLOO49
IF (I +EQ. N) GO TO 45 AMPLOOSO
I=14+1 AMPLOOS1
GO TY 3% AMPL00S52
IF (K .EQ. N-1) GO TU 50 AMPLO0S53
K==xr +1 AMPLO0S4
GO TG 10 AMPLOOSS
RUW(M) = 1.0 AMPLOOSSE
ROWIND = SMINyM) /7 SMIN,N) AMPLOOST



80

82

55

60 ¢

65

70

a5
90

I = N-1

J = I+l

S = 0.0

S =S ¢+ SMUI,J) * A0OWLJ)

IF (J .EQ. N) GO YO 65

=9 ¢ 1

GO Tu 60

ROW(I) =(SM{I1,M) ~ S) / SM(1,1}

1F (I .EQ. 1) GO TU 70
1=1-=-1

GO TO 55

CONTINUE

K =20

00 75 1 = 2,NP

IF {1PCSIL) LT. O) GU TD 75
K=K+ 1

AMP(1) = ROW(K)

5 CONTINUE

WRITE (6,8C) FREQ

FORMAT (/750X 12HFREQUENCY =
AMX = 0.0

DO 82 1 = 2,NP

E1l2.5/748%,4HNODE y1 6X o 9HAMPLITUDE /)

1F [ IPOS(1) .LT. O ) GO 7O 82
IF ¢ ABS(AMP(I)) .LE. AMX ) GO TO 82

AMX = ABS{ AMP(]) )

CONTINUE

DO 90 I = 1,NP

IF (IPCS(I) .LT. O) GO TO 90
AMPI) = AMPLI) [/ AMX

WRITE (64+8%) 1, AMP(1}
FORMAT (47X, 1S5, 10X, E15.5)
CONTINUE

RETURN

END

AMPLOO0OS8
AMPLOOS9
AMPLO06C
AMPLOOG 1
AMPLO062
AMPLOOG63
AMPLOOG4
AMPLO06S
AMPLO066
AMPLOO67
AMPLOO6S
AMPLOO69
AMPLOOTO
AMPLOOTI1
AMPLOOT2
AMPLOOT3
AMPLOO74
AMPLOOTS
AMPLODT6
AMPLOOT7
AMPLOO78
AMPLOOT79
AMPLOO8BO
AMPLOOBL
AMPL0082
AMPL0083
AMPLOOB4
AMPLOOSBS
AMPLOOB6
AMPLOOBY
AMPLOOSBE
AMPLOOBY
AMPLO090
AMPLO091

201



OO

10

15

20

25

3¢
35

202

SUBRCUTINE STRESS ( 2CG0S, IPUs ) STRS0010
SOLVE FOR THE RELATIVE VIBRATORY BENDING STRESSES AT THE CENTRCID STRS0020
CF EACF ELEMENTY . STRS0030

STRS0040
COMMON X1100) , Y(100) , Z(1CO) o TH{1CO) , XL(1C0,3) , YL(100,31,5TRS0050

1 RAPANG(SC) 4, ZGLI{S0) , RHUB(50) , RTIP{S0) , THHUB(SO0) , STRS0060
2 THTIP(50) » EDCM(3,3) » RHO , PCISSC , YOUNGS , RADGEN STRSCOT0
3 NGENLT 4 LINEL , NEXT(L1CO:3) 4 NP 4 NT , -ELMSM{6,6) , STRS0080
4 AMNIN(G6,6) 5 ELBSM{S9,5) , ABNIN(S,9) , SIGMAX(100) , STRS0090
5 STGMAY(1CC) » ELSTIF(18,18) , TAUXY(100) , ELSSM{9,9) , STRSO100
6 MEX({1CCs8) » IMEX(100) , AMP{150) STRSO110
CIVENSICN IPCS(1CO) , ZCOS{1CO) ,'BK(1CO,1CO) » CK(100,50) , STRS0120
1 BC(100,50) , RE(1B,18) 4 WL(S) , SIG1(100) , SIG2(100) ,STRSO130
2 TAUMAX(1CO) , SIGEFF{100) STRSO135
EQUIVALENCE ( R6{1,1) , ELSTIF{1,1) )} STRS0140
J =20 STRSO150
£C 5 1 = 1,NP ’ STRSO160
1F { IPOSI(I)} .LT. C ) GO TO 5 STRSO170
J=J+1 STRS0180
AMP(J) = AMP(T) STRSO190
CCANTINUE STRS0200
Kl = -¢ STRSO0210
K2 = € - STRS0220
O 10 K = 1,11 STRS0230
Kl = K1 + 9 STRS0240
K2 = K2 + 9 STRS0250
L=K + 3 STRS0260
REAL (2°L) ((BK{1,4);5J=1,100),1=K1,K2} STRS0270
REAC (2'15) (RK({10CsJd),d=1,1CO) . STRS0280
K1 = -8 STRS0290
K2 = C STRS0300
£O 1% K = 1,5 STRS0310
Kl = K1 + 9 STRS0320
K2 = K2 + 9 STRS0330
L =K + 15 STRS0340
REAL (2°'L) ((CK{Iy4J)91=1,100),J=K1,K2) STRS0350
REAC (2'21) ({CK{I4d),1=1,10C)4d=46,50) STRS0360
M = NP - NGENLI STRSO370L
M2 = 2 & M STRS0380
CO 30 K = 1,M2 STRS0390
XX= 1.C / BK{K,K) STRS0400
BK{K,K) = 1.C STRS0%10
DO 2C 4 = 1,4M2 STRS0420
BK{K,J) = BKIK,d}) * XX STRS0430
IF { K - M2 ) 25,35,25 STRS0440
M=K ¢+ 1 STRS0450
CO 30 1 = M,M2 STRSQ460
XX= BK(],K) STRS0470
PK{I,4K) = 0.0 STRS0480
CO 20 J = 1,¥2 STRS0490
BRK{IyJd) = BK{I,d) = XX* BKIKyJ) STRS0500
tL = v2 -1 STRS0S10
CC 40 1 = 1,LL STRS0520
M=14+1 STRS0530
CO 40 K = M,¥2 STRS0540
XX= BK(I,K) STRS0550
BEK{1,K} = 5.0 STRS0560
CO 40 J = 14M2 STRSO0570



40

45

50

55

BK{T,J)

M = NP - NCENLI
CO 45 | = 1,M2
CO 45 J = 1.M
BC(1,4) = 0.¢C
CC 45 K = 1,M2
BClI,J) =

CO SC I = 1,M2

AMP(M+1) = 0.0
CC 50 J = 1,¥
AMP(M+T) = ANMP(M#I) + BC(1,J) * AMP(J)

= YOUNGS / 2.0 /7 { 1.0 ~ POISSU**2 )

= BK{I,J) ~ BK(KyJ} * XX

COEF1

£0 120 I = 1,NT
LA = NEXT(1,1)

LB = NEXT(I,2)

LC = NEXT{(I,3)

NA = IFOS(LA) + 1
AB = [FOS(LB) + 1
NC = TPOS(LC) + 1
XLC = { XL(I,1)
YLC = { YL{T,1)

BCLI,J) ~ BK{I,K)} * CK(K,J)

+ XL{T,2) ¢ XL{T,3) )} ./ 3.0
+ YLIL,2) ¢+ YLIT,3) ) /7 3.0

TBAR =  XL{1,2) * YL{I,2) + ( XL(T,3) - XL(1,2) ) % YLC -

—

2

COEF = CCE
CC 55 4 =
{ec 55 K =

ABNIN{JsK)
ABNIN(1,1)
ABNIN(2,3)
ABNIN(2,2)
ABRNIN(4,4 1)
ABNIN{4,3)
ARNIN(4,4)
ABNIN(4, &)
ABNINLE, 1)
ABNIN(5,2)
ABNIN(S, 3)

ABNIN(E,4)
ABNIN(S,6)
ABNIN(S, T)
ABNIN(E,8)
ABNINIS5,9)
ABNINIE, 1)
ABNIN(E, D)
ABNIN(Ey4)
ABNIN(E,6)
ABNIN(T,2)
ABNINGT,9)
ABNIN(E, 1)
ABNINLEy2)
ABNIN(B, 3)
1

ABNIN{E, 4)
1

APNINGB,5)
ABNIN(8,€)

YL{T,3) * XLC ) * TH{(LA) +

{ = XL(I,3) * YLC + YL(T,3) *

XLC ) * TH{LB) + { XL(I,2) * YLC ) * TH(LC)

F1 #» ABS{ TBAR / XL{I,2) /7 YLil43) )

1,
1,

(O T N T { N [N N I

L T T T N T | I [ T T TR I 1]

9

9
C.0
1.0
-1.C
1.0

=3.0 /7 XL{1,277 XL{1,2)

2.0 /7 XL{1,2)

- ABNIN{4,1)

1.C / Xt{l,2) .
3.0 % (XL(T93)%¥2 — XL{T2)222)/(XL{T,2)%YL(1,3))%%2
=240 / YLUI,3)

2.0 * (XL{1s2) = XL(T1,3)) * XL(E,3)/XLU1,2)/7YL(],3)

/7 YL{1,3)

=3.0 * ( XL{T,3)/ XL(T42)7 YL(1,3))%%2

P NX T W

ABNIN(643)
ABNIN(6,3)

- ABNIN(E,3)
G CHEXLAT3)/XLLIE2)%%3/YL T3} %%2# XL (1,2)-XL(1,3))

{ XLET,3)7 YLUT3))%%2 / XL(1,2)
«0 /7 YLUT42)/ YL{I,3)
1.0 /7 YL{I,+3)
LUT,3)7 YLIT3)/ YL(T,3)
«0 / XL{1,2)%%3
1.0 /7 XL{1+2)/7 XL{1,42)
- ABNIN(6,1)

2.C ¥ XL{I,3)7 XULUI,2)/ XL{1,2)/ Yii1,3)

(XL(T42) =

3.0 ¢ XL{T1,3)) % (XL{[,2) = XL(1,3)) /

{ XL{I,2)% YL(T,3))%%2

6.0 * XL{I,3) =%

YLUTy3)2%2

(XLOT,3) = XLA{142)) /7 XL(L,2)%%3 /

- 2.0 % XL{1,3)7 XL(1,2)7 XL(142)7 YL{1,3)

Xelt,3)% (

STRS0580
STRS0590
STRS0600
STRS0610
STRS0620
STRS0630
STRS0640

STRS0650

STRS0660
STRS0670
STRS0680
STRS0690
STRSO700
STRSO710
STRS0720
STRS0730
STRS0740
STRSO750
STRS0760
STRSO770
STRSO780
STRSO0790
STRS0800
STRS0810
STRS0820
STRS0830
STRS0840
STRS0850
STRS0860
STRS0870
STRS0880
STRS0890
STRS0900
STRS0910
STRS0920
STRS0930
STRS0940
STRS0950
STRS0960
STRS0970
STRS50980
STRS0990
STRS1000
STRS1010
STRS1020
STRS1030
STRS 1040
STRS1050
STRS1060
STRS1070
STRS 1080
STRS1090
STRS11C0
STRS1110
STRS1120
STRS1130
STRS1140

2.0 % XL{1,43)= 2.C % XL(1,2)) / ( XL{1,2)*STRS1150

203



204

1
ABNIN(E,9)
ABNIN(9,1)

1
ABNIN(S, 2)
ABNIN(G,3)

1
ABNIN(9,4)

1
ABNIN{G,5)
ABNIN(G,6)

1
ABNIN(9,7)
ABNIN(G,8)
ELESM(1,1)

1

2
ELBSM{1,2)

1
ELBSM(1,3)

1

2
ELBSM{1,4)

1

2
FLBSMU1,5)

1
ELEBSM(]1,6)

1

2
ELBSM(1,7)
ELBSM{1,8)
ELBSM(1,9)
ELBSMI2,1)

1

2
ELBSM(2,2)

1

2
FLBSM(2,3)

1

2
ELBSM(2,4)

1

2
CLESM(2,5)

1
ELRSM(2,6)

1

2
ELBSM(2,7)
ELBSM(2,8)
ELBRSM(2,9)
ELBSM(3,1)
ELBSM(2,2)

1
FLBSM(2,3)
ELESM(3,4)

L] H

H

Heonowowon

YLUI,3) ) %82 STRS1160

~1.0 7 YL{I,43)/7 YLIL,3) STRS1170
2.0 % { 2.0 *XL{I,3)%%3 — XL{1,2)% ( 3.0 *XL{I,3)%*2 STR51180
- XLUT,2)%%2) ) / U XL(1,2)% YLUI,3))%*3 STRS1190

(XL(T4201%%2 = XLU{T,3)%%2) / (XL(T42) * YL(1,3))%%2 $STRS1200
—2.0 #XL(I,3) % (XLU1,2) = XLAI,3))*%2 /XL(1,2)%%2 / STRS1210

YL{T,3)%%3 STRS1220
2.0 % XLALo3)%%2% ( 3,0 * XLAI,2)- 2.0 * XL(1,3)) / STRS1230
( XLtIs2)% YL(I,3))%*3 STRS1240
C XLU143)7 XLUT42)7 YLUL,3))%%2 STRS1250
2.0 % XL{T1,3)1%%2% ( XL{I,2)~ XL({1,3)) /7 XL(I,2)%#%2/ STRS1260
YLUT, 3) %23 ) STRS 1270
=2.C / YLUI43)%%3 STRS1280
10 /7 YL{T,3)%%2 STRS1290
~2.0 * POISSO * ABNIN(4,1) = 2.0 * ABNIN{5,1) - { 6.0STRS51300
# PCISSO * ABNIN(6,1) + 2.0 * ABNIN(B,1) ) * XLC - STRS1310
6.0 * ABNIN(9,1) * YLC STRS1320
-2.0 % ABNIN(542) - 2.0 * ABNIN(B,2) # XLC - ( 2.0 #* STRS1330
POISSG * ABNIN(7,2) # 6,0 * ABNIN(9,2) ) * YLC STRS1340
-2.C * ( POISSO * ABNIN{4,3) 4 ABNIN(5,3) ) - 2.0 * STRS1350
( 3.0 * POISSD * ABNIN16,3) + ABNIN18,3) ) * XLC - STRS1360
6.0 % ABNIN(9,3) * YLC STRS1370
-2.0 % ( POISSO * ABNIN(4,4) # ABNIN{S5,4) ) - 2.0 * STRS1380
( 3.0 % POISSO * ABNIN(6,4) + ABNIN(Bs4) ) * XLC STRS 1390
- 6.0 % ABNIN{(9,4} * YLC STRS1400
-2.0 * ABNIN{(8,5) * XLC - 2.0 * ( PQOISSO * ABNIN(7,5)STRS1410
+ 3,0 * ABNIN{9,5) ) * YLC STRS1420
~2.C % { POISSU * ABNIN{4,6) + ABNIN(5,6) ) ~ 2.0 * STRS1430
( 3.C #= POISSC * ABNIN(6,6) + ABNIN(8s6) ) ® XLC - STRS1440
6.0 * ABNIN(9,6) * YLC STRS1450
-2.C * ABNIN{(S,7) - 6.C % ABNIN(9,7) * YLC STRS 1460
-2.C * ABNIN{S,8) -~ 6.0 * ABNIN{(9,8) * YLC STRS 1470
-2.0 * ABNINI(S,y9) - 2.0 * ABNIN(B8,9) * XLC STRS1480
~2.0 * { ABNIN{4,1) + PUISSO * ABNIN(S,1) ) - 2.0 * STRS1490
{ 3.0 * ABNIN(6,1) # POISSO * ABNIN(8,1) ) * XLC .= STRS1500
6.C * PUISSC * ABNINI(9,1) * YLC STRS1510
~2.C * PUISSO #* ABNIN{5,2) - 2.0 * POISSO * ABNIN(8, STRS1520
2) % XLC - 2.0 # { ABNIN(7,2) + 3.0 * POISSO * STRS1530
ABNIN{(9,2) ) % YLC STRS 1540
-2.C * { ABNIN(4,3) ¢ POISSO * ABNIN(5,3) ) - 2.0 * STRS1550
{ 3.0 * ABNIN(6,3) + PCISSC * ABNIN(By3) )} * XLC —- STRS1560
6.0 * PLISSO * ABNIN(9,3) * YLC STRS1570
~2.C % [ ABNIN{4,4) + PUISSO * ABNIN(S.4) } - 2.0 * STRS1580
{ 3.0 * ABNINIG,4) + POISSO * ABNIN(8,4) ) * XLC - STRS1590
6.0 % PLISSC * ABNIN{9,4) * YLC STRS1600
-2.0 * POISSU * ABNIN(R,5) #% XLC - 2.0 * ( ABNIN(7,5)5TRS1610
+ 3.C % POISSO * ABNIN(9,5) ) * YLC STRS1620
—2.C % { ABNIN{4,6) + PQISSO * ABNIN(5,6) ) - 2.0 * STRS1630
( 3.0 * ABNIN{&,6) + PUISSO * ABNIN{B.6) ) * XLC - STRS1640
6.0 * PCISSU * ABNIN{G,6) * YLC STRS1650

-2.C * POTISSO * { ABNIN{S,7) + 3.C*ABNIN(9,7)%YLC ) STRS1660
~2.C * PUISSO * ( ABNIN(5,8) + 3.0%ABNIN{9,8)*YLC ) STRS1670

-2.C % POISSO * { ABNIN(5,9) + ABNIN{(B,9) * XLC ) STRS1680
2.0 * AENIN{(8,1) #* ( 1.0 - POISSO ) * YLC STRS1690
2.C % { 1.0 - PCISSQ ) % { ABNIN{T7,2) * XLC + STRS1700
ABNIN(B,2) * YLC } STRS1710
2.C % ABNIN(8,43) * { 1.0 - POISSO ) * YLC STRS1720
2.0 % ABNIN(B,4) * { 1.C - PDISSO ) * YLC STRS1730



60

65

70

80

85
30

9%

1C0
105

115
120

125

ELBSM(3,5)
1

ELBSM(3,6)
ELBSNM{3,7)
ELBSM (3, 8)
ELBSM(2,9)
CoO 6C J =
EC 6C K =
ELBSM(J,K)
Lo 65 J =
WL(J) = 0.
IF { hNA L
REAC (3'LA
IF ( IMEX(
R6(3,2)
R613,3)
R&(2,2)
R6(2+3)
co 75 J
WiL{J) = AM

Ré&
IF ( NB oL
READ (3'LR
IF ( IVMEXU
R6(3,2)
R6{ 3, 3)
R6{2,2)
R612,43)
cC 90 J
WL{J+3)

[T U T )

IF { NC L
REAC (2+LC
IF { IvEX{
R6(3,2)
R6(3,3)
R&(2,2)
R612,3)
o 105 J =
wbLid+6) =

0o o

£c 115 K =
SIGMAX(])
SIGMAY(T)
TAUXY (1)
CONTINLF

e

[ =

~N
wononon
-yt

* ( 1.C - PCISSO ) * (
INU8,5) * YLC )
ABNIN(B,6) * ( 1.0 -

*

* ABNIN(B,9) # ( 1.0 -~

SwhhoOooNnNDPN

e e g HW

- -

ELBSM({J,K) * COEF

1.9
0
Es. 0 ) GC TO 80

)} Re&
LA) .EQ. 1 ) GC TO 7C
SIN{ Re(3,3) - ARCOS( ZCCS(I)
COS({ R&(3,3) = ARCOS( ZCCS(I)
R6{3,13)
=R6{3,42)

1,3
P{NA} # R6(1,J) + AMP(M4NA) =
(3,31
E. 0 ) Gu T0 95

) RO
L8) +EG. 1 ) GO TO 8%
SIN{ ReE(3,2) -~ ARCCSL 2C0S(t1)
COS({ Re(3,3) — ARCOSL ZC£oS(I)
R6(3,3)
-R6(3,2)

1,3
AMP (NB) % R6(1,J4) + AMP(M4NB)
R613,J)
E. 0 ) GC TO 110

) R6
LC) .EQ. 1 ) GC YO 1CO
SIN{ Re(3,3) — ARCUS( ZCUS{1)
CCSt R&(3,3) — ARCOSt ZCCS( 1)
R6(3,3)
=R6(3,42)

1,3

AMP(NC) * ReE(1,4) + AMP(MHNC)
RE{3,4)
149
SIGMAX{

TAauxy |

LoNT
SICMAX(T) + SICMAY(I) ) / ?.C

ABNIN(7,5) * XLC +

POISSO ) * YLC

POISSC ) = YLC

R612,J) + AMP(M+M+NA) *

¥ R6{2+J) + AMP{M+M+NB) *

* R6E(244) + AMP{M+NMENC)

1) + ELBSM{2,K) * WLIK)
SICGMAY(T) + ELBSML1,K)} * WL(K)
1) ¢ ELASM(3,K) * WLIK)

RY{ ( SICMAX(I) - SIGMAY{I) )#*%2 / 4,0 + TAUXY(])*#2

TERM1 + TERM?2
TERM1 - TERM2
= ( SICLt1) - SIG2(1) ) / 2.C

SCRTE SICHIT)%%2 + SIG2(1)#*%2 -~ SIGI(I) * SIG2(1) )

*

STRS 1740
STRS1750
STRS1760
STRS1770
STRS 1780
STRS1790
STRS1800
STRS1810
STRS 1820
STRS1830
STRS1840
STRS1850
STRS1860
STRS1870
STRS1880
STRS1890
STRS 1900
STRS1910
STRS1920
STRS1930
STRS1940
STRS 1950
STRS1960
STRS1970
STRS 1980
STRS1990
STRS2000
STRS2010
STRS2020
STRS2030
STRS2040
STRS2050
STRS 2060
STRS2070
STRS2080
STRS2090
STRS2100
STRS2110
STRS2120
STRS2130
STRS2140
STRS2150
STRS2160
STRS2170
STRS2180
STRS2190
STRS2200
STRS2210
$TRS§2220
STRS2230
STRS2240
STRS2250
STRS2260
STRS2270
STRS2280
STRS22490
STRS2300
STRS2310

205



206

130

135

140

145

165

170

115

Js =1 STRS2320

J6 = 1 STRS2330

AMX = C 3 STRS 2340

BMX = C.u STRS2350

CFX = C.0 STRS2360

CMX = C.0 STRS2370

EMX = C.C STRS2380

FMX = C.C STRS2390

GMX = C.0 STRS2400

LC 160 J = 1,NT STRS2410

IF ( ABS( SIGMAX(J) ) .LE. BMX ) GO TO 130 STRS 2420

J =4 STRS2430

BMX = ABS( SIGMAX(J) ) STRS2440

IF { ABS{ SIGMAY(J) ) .LE. AMX ) GO TO 135 STRS2450

Jo = 4 STRS 2460

AMX = ABS({ SIGMAY(J) ) STRS2470

IF { ABS[ TAUXY(J) } .LE. CMX ) GO TG 140 STRS2480

J2 = J STRS2490

CMX = ABS( TAUXY(J) ) STRS 2500

IF ( ABS( SIGL(J) ) .LE. OMX ) GU TO 145 STRS2510

J3 = J STRS2520

C¥X = ABS( SIGL(J) ) STRS2530

IF ( ABS( SIG2(J) ) .LE. EMX ) GO TC 150 STRS 2540

J4 =g STRS2550

EMX = ABS( SIG2(J) ) STRS2560

TF ( ABS( TALMAX(J) ) .LE. F¥X ) GO TO 155 STRS2570

45 = 4 STRS2580

FMX = ABS{ TAUMAX(J) ) STR$2590

IF ( AES( SIGEFF(J) ) .LE. GMX ) GO .TO 160 STRS2600

46 = J STRS2610

CMX = ABS( SIGEFF(J) ) STRS 2620

CONTINLE STRS2630

AVX = SIGMAY(JO) STRS2640

PMX = SICGMAX(J1) STRS2650

CMX = TAUXYIJ2) STRS 2660

CMX = SIG1(J2) STRS2670

EVX = SIG2(J4) STRS2680

FVX = TAUMAX(JS) STRS2690

GMX = SIGEFF(J6) STRS2700

LO 165 J = 1,NT STRS2710

SIGMAY(J) = SICMAY(J) / AMX STRS2720

SICVMAX(J) = SIGMAX(J] / BMX STRS2730

TAUXY (J) = TAUXY (J) / CMX STRS2740

SICL  (J) = SIGL (J) / CMX STRS2750

S162 (J) = SIC2 (J) / EMX STRS2760

TAUMAX(J) = TAUMAX(J) / FMX STRS2770

SIGEFF(J) = SIGEFT(J) / GMX STRS2780

WRITE (65,1700 (1,SIGVMAYUI),STIGMAXTI),TAUXYLI),SIGLIT),SIG2(1),  STRS2790

i TAUPAX( 1) ySIGEFF(T) o [ = LyNT ) STRS2800
FCRMAT ( *1% //4CX 'RELATIVE VIBRATORY BENDING STRESSES' / 45X  STRS2810

1 'FVALUATEC AT CFNTRUIDS® // ' ELEMENT  SIGMAYBAR S TGMAXSTRS 2820
2HAR SHEAR PRIN SIGMALIBAR PRIN SIGMA2BAR MAX SHEASTRS2830
3R FEF. STRESSY / S0(4X,13,7E1645 /),%1% //// S0(4X,13,7E16.5 STRS2840
4 7)) STRS2850
WRITE (64175) JO,AMXyJLeBMX4J2,CMXyJ34CMX 34 ,EMX 5 FMX,J6,GMX  STRS2860

FORMAT ( / 4X,13,616.5 / 4Xy13,16X,E1645 / 4X,13,32X,E1645 / STRS2870

1 4%y 13,48X,E16.5 / 4Xy13,64X,E16.5 / 4X,13,80%X,E16.5 / STRS2880
4%y 13,96X,E1€.5 ) STRS2890

RETURN STRS2900
ENC STRS2910



- T LO6IC TSTARY 0 B o _* T
ENTRY ANDA
i _ENTRY ORA - _
TTTTT T U ENTRY XOR - - e ) T
e eENTRY COW /o oo
T _ENTRY SWR = B IR e
e _ENTRY SWL . B e R
ENTRY 1ANDA
. e ENTRY IORA e
_ _ENTRY IXOR - N . e o
. ENWRYy ICOW e B . _ .
7 ENTRY ISWR T T T o B
- T ENTRY ISWL - o
oc C*AND®
B _.bC_Xxf03°¢ e N - R - .
I "USING ANCA,15 L B e
ANDA STM 2,3, 28(13) L e . o e
kM 243,001) e o B . . .
X L 2.0C2) e - } e
3,0(3)
~2¢3_ j — T i -
T i 2.0 T T o T B - i o T
- _v_f vao L e o B ) e
— o'xo —_ e - — — - ———— — —
_ 253,28(13) T T )
15,14
o . ._bc  CeOR * e e I _
T e X'03® S -
T USING ORA,15 o T
- ORA_  STM ~ 2,3,28(13) R —
T WM 2,300 ,_ ~ e
i cTT L 2+0(2)
L 3,0(3) __ - T
o OR 243 e e
ST 2:X0 - - T
o - LE 0,X0 T -
- L 04 X0 T e
LM 2+3,28(13)
BCR 15,14 ,_
nC CYXOR? - e
i pC X*Q03? - -
i USING XOR,15 K
~_XOR T STH Z7,3,28(13) - e
Tt (] 2+3,0(1)
,_A_ _ L 2+0(2) - - _
L 3,0(3) o e ~ _
T XR 2,3 e
ST 24 X0 - e B
R X - 0, X0 T - _w
D L 0,X0
_ T LM 253,28(13) - o B
B BCR 15,14 - B __, - -
DC C COM®
— DC Xv037 T
- USING COM,15 7 N
” CoM STM  2,3,28(13)
LM 203,0(1!_ .
oo L 2,0{2) 0
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— T BT Si— — T
ST 24 X0 ]
e LE 0, X0 e o ]
e L OeX0 . . o o B o
— LM 2.3,28013 . e et
- - BCR 15,14 T T T T
S DC  CYSWRY T T ST
ocC X%03¢
e USING SWR,15 o e e _
o SWR STM  2,43,28B113) e e B
e LM__2.3,000y R
_ o b 2,002) e e
e L 3,043 I -
SRL 2,0(3) N
ST 2eX0 B e
e LE _0,x0 S . e
e L 0.X0 e S - - - e
i LM 243,28(13) e e e
L BCR 15414 o o e )
DC C*SHWL*
o L oC X®03* o o B e
USING SWL,15 o L o e
N SHL STM 293,28(13) o e e
o LM 243,0(1) o e S
L 2+0(2) o e e
L 3,0(3)
SLL 2+,0(3) . B o o
ST 24X0 o o o
LE 04y X0 B e
L 0, X0 o R e -
LM 293,28(13) e : e
BCR 15514
X0 DS 1F e
TIANCA EQU ANDA o e .
I0RA EQU ORA _ . L
IXOR EQU XOR o .
1COM EQU COM ) o ) B
ISWR EQu SWR
ISWL EQU SHL o o
END —
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. CLOCK,  STARTY O __ e e _ ..CLOKO0O0O
BRO EQU 0 CLOKO0010
BRI EQU 1 I e e ... CLOKQO02)
o _BR2 EQU 2 SR e e o ...._CLokoo22
. BR3 ~ EQU 3 e e e CLOK0023
e _o.___..BR&  EQU 4 S O U __._CLOK0024
_ _BR5 EQU 5 . I R ... LLoko025 . __
- BR& EQU 6 CLOK0026
e _.BRT = EQU 7 B S __CLOKO0Q2? =
v, BR8_ EQU 8 B e ... CLOKOO28
) _..BR9 = EQU 9 e ._..LLOKGCO29 =
L _.BR1O EQY 10 _ S _ . _ . LLOK0030
e _.. BRi1 EQU 11 R . e e, . _ELOK0Q031
BRIZ FQU 12 CLOK0032
_ BR13 EQU 13 - B _ . CLOK0033
BR14 EQU 14 . A _  CLOK0034
BR15 EQU 15 . o CLOK0035 B
"ENTRY HCLOCK, ICLOCK,SCLOCK, DATE -
T 7T U TUSING #48R15 o o
HCLOCK SAVE (14,5), 4% CLOK0100
o LR BR1,BR13 .LLOKOo103 =
LA 7 BR13,SAVE o ~ CLOKO0105
) ) © ST TBR13,8(0,BRLY - ~ €iLokoio?
T ST BR1,4(04BR13} B } __CLOK0109 . -
- R Time _ N . . _CLOKO1l0
L BR13,4(0,BR13)} CLOKO112
B L _ BR15516(04BR13)  RESTORE BASE REGISTER _CLOKO115
T 0 BRO,ZFBYT " INSURE PROPER SIGN FOR PACKED DIGIT. CLOKO120
"7 ST BROSPTIME ~_7TeMP STORAGE FOR PACKED TIME.  CLOKOl130
T __UNPK ZTIME(7),PTIME(4)  UNPACK TIME TO ZONED DECIMAL.  CLOKO140
- D " BR3,ZTIME '~ " 'HOURS AND MINUTES. o T CLOoKO0150
- T sSLDL BR2,16 SRIFT IN CLOKO160
StL BR2,16 ~_  HOURS WITH CLOKOl70
0 BRZ,BLNK2 " " TRAILING BLANKS. - - CLOKO180 e
o - L BR1,24(0,8R13) T - ~_€rokor9e T
T L T BR54,0104BR1Y " ADDRESS OF FIRST PARAMETER. CLOK0200 -
T T ST BR2,0{0,BR5)  SAVE TIME. - tLoKO210
oo SLOL BR2,16 SHIFT IN CLOKD220
___ _StL  BR2,16 " MINUTES WITH CLOK0230
- N 0 BR2yBLNK2 T YRAILING BLANKS, T CLOK0240
- L BR5,410,BR1IY , - CLOKO0245
- ST BR2,0(0,BRS5) SAVE MINUTES, - CLOKD250
o , BR3,ZTIME+4 ~~~~"WINUTE AND TENTHS T CLOK0260 —
T TTTUSLDL BRZ,16 SHIFT IN CLOK0270
~ _ SLL  BR2.16 __ _ SECONDS WITH -~ - i CLOK0280 -
o T 0 BRZ,BLNKZ T TRATLING BLANKS. o ) CLOK0290 ‘_
L BR5,8(0,BR1) S - CLOK0295 -
- ST "BR2,0{0,8R5) SAVE Seconds. @ o e CLOK0300
T T RETURN (1445),T7 S CLOKK310
B USING ¥,BR15
, ICLOCK SAVE (14,5)¢4% - - CLOK0100
o F T AR BRlgBRI3 e - T ¢tLoko. T
kA BR13,SAVE _ N R _ CLOKO -
D BR13,8(0,BR1) R 1 X )
o ST BR1,4(0,BR13) B ~ _ CLOKO
TIME BIN CLOK0330
i BR13,4(0,BR13) CLOKO0333 —
L BR15;16(0,BR13) ~ RESTORE BASE REGISTER B CLOK0335
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~ LR _BRIJBRO T CLOK0337
SR BRO+BRO CLOKO339
D BRO,F100 CHANGE TO SECONDS FROM HUNDREDTHS CLOKO340
LR BRO,BR1 CLOKO0350
- L BRI,24(0,BR13) ~"RELOAD ADDRESS OF PARAMETER LIST. __ CLOK0360
L BRS,0(0,BR1) - CLOK0370 —
ST BRO,0(0,BR5) STORE TIME T CLOK0380
RETURN {14,5),7 CLOK0390
USING *,BR15 -
SCLOCK SAVE {(1455)4.% - — CLOK0100
LR BR1sBR13 - CLOKO
LA BRI3,SAVE T eLoko
ST BR13,8(04BR1) _ CLOKO
ST BR1,4{0,BR13) CLOKO
TIME BIN T CLOK0%410 N
} L BR13,4(0,BR13) o L CLOK0420 R
L BR1s24(04BR13) T CLOK0430
_ L BR5,0(0,BR1) s T CLOK0440
ST _BRO,0(0,BR5) STORE TIME T CLOK0450 N
RETURN (14+5),7 CLOK0460
USING ¥,BRI15 — —
DAYE SAVE (1455} 9e* CLOK0L100
LR BRI,BRI3 T CLOKO -
LA BR13,SAVE B CLOKO
ST BR13,8(0,BR1L) __ CLOKO )
ST " BR1s4({0,BR13) CLOKO
TIME DEC CLOK0480
L BR13,410,BR13) T T TTCLOK0483
L BR15,16(0,8BR13) RESTORE BASE REGISTER . CLOK (0485 o
LR BR4yBR1 LOAD DATE INTO EVEN REGISTER. CLOK0490
SROL _BR4,16 SHIFT DAY OF YEAR 7O ODD REGISTER. ~ CLOK0500 B
SRL BR5y16 RIGHT JUSTIFY IT WITH LEADING ZERDES. CLOKO0510
SLL BR4%y 4 SET-UP YEAR TO ACCEPT A SIGN CLOK0520
0 BR5,ZFBYT INSURE PROPER SIGN FOR DAY OF YEAR. CLOKO0S30
0 BR4,IFBYT INSURE PROPER SIGN FOR YEAR, ) CLOKO0540
ST BR4,PYEAR STORE YEAR. . CLOKO0550
ST BR4,LYEAR “STORE _YEAR T CLOK0555
ST BRS5,PDOFY STORE DAY OF YEAR. CLOKOS60
* IS THIS LEAP YEAR. — CLOK0570 ~
pP LYEAR(4), PFOUR(1) CLOK 0580 —
ce LYEAR#3(1),ZFBYT+3(1) REMAINDER = 0 — MEANS LEAP YEAR CLOK059Q
BE LPYER BRANCH IF LEAP YEAR, ~ CLOK0Q600
* IS IT DECEMBER CLOKO0610
FINDT L BR4sDEC12 CLOK0620
cp PDOFY{4),PK334{4) IS 1T DECEMBER. CLOK0630
BH DECSI YES. CLOKQ0640
* IS IT NOVEMBER — CLOK0650 T
[N BR4,NOV1l CLOK0660
cP PDOFY(4) ,PK304(4) 1S 17 NOVEMBER. - CLOK0670 -
8H NOVST YES CLOKO0680
* IS 1T OCTOBER - CLOK0690
L BR4,0CT10 . . CLOKO700
CP__ PDOFY(4),PK273(4) T T CLOKOT10
BH 0CTSI1 CLOKO0720
* IS IT SEPTEMBER CLOKQ730
L BR4, SEPQ9 . CLOKOT40
cP PDOFY(4),PK243(4) IS IT SEPTEMBER. CLOKOQ750
B8H SEPSI YES CLOKO760
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e * __1S IT AUGUEST e CLOKO770
L BR%,AUGOB CL0K078Q

. CP_ PDOFY{4),PK212(4) 1S 17 AUGUEST ' CLOKO790
e . BH __ AyGs: YES . _ CLOK0800
* XIS AT JULY CLOKO0810

_ L BR%,JULOT e - CLOKO0820
e ... CP  PDUFY(4).PK181(4) IS IY SULY CLOKO0830
BH JULST YES CLOKG840

B * 1S IT JuNe - CLOK 0850

L BR%4, JUNOS o CLOK0860

cP PDOFY(4) ,PK151(4) IS IT JUNE - CLOK0870

BH_ _ JUNSI _ o YES CLOK0880

e * IS IV MAY CLOK0890
L BR4 ,MAY0S CLDK0900

- cP PDOFY(4),PK120(4) 1S IT MAY - CLOKO0910
T 8H MAYST YES - T CLOK0920
T * IS IT APRIL - CLOK 0930
T T L BR4APROA - CLOK0940
T cP PDOFY{4),PKO90(%) 1S IY aPRIL CLOK0950
B8H APRSI YES CLOK0960

- * IS 17 MARCH ] - - R CLOKO0970
- L BR4,MARO3 e CLOKO0980

_ [ PDOFY{4),PK0O59(4) IS IT MARCH CLOKO990
o BH MARSI TYES T B CLOK1000
- * IS 17 FEBRUARY S CLOK1010
FERJA L BR&,FEBO2 CLOK1020

- cP PDOFY{4) ,PKO31(4) 1S 17 FEBRUARY CLOK1030
BH FEBSI YES CLOK 1040

*“_ * IT MUST BE JANUARY CLOK1050
L BR&4, JANO1 CLOK1060

T STDAT L BR1,24{0,BR13} - L - CLOK 1070
L BR5,0{0,B8R1} CLOK1080

ST BR4,0({0,BR5) STORE MONTH — MH . CLOK1090

UNPK ZTIME+2(2),PDOFY+2(2) UNPACK DAY OF MONTH. CLOK1100

- L BR%, 271 IME CLOK1110
SLL__ BR&.16 LEFT JUSTIFY. CLOK1120

0 BR4, BLNK2 PUT_IN TRAILING BLANKS. CLOK1130

[N BRS+4{0,B8RLY CLOK1140

ST BR4,0({0+BR5} STORE DAY - DD . CLOK1150

UNPK  ZTIME+2(2),PYEAR+2(2) — CLOK1160

L BR%4.ZTIME - CLOK1170

SLL BR4.16 ) CLOK1180

0 BR% , BLNKZ CLOK1190

L BR5,8{0,BRL} CLOK1200

ST BR4,0{0,BR5} STORE YEAR - YY . CLOK1210

T RETURN (14+5)¢7 CLOK1220
* ITS LEAP YEAR - €LOK1230

LPYER CP PCOFY(4),PK0601(4&) IS 1T JANUARY OR FEBRUARY CLOK1240

- BNH  FERJA YES CLOK1250
SP PDOFY{4),PR001(4) REDUCE DAYS BY ONE. CLOK1260

B FINDT GO FIND DATE. CLOK12T70

- * CALCULATE DAY OF MONTH. CLOK 1280
DECSI SP PDOEY(4),PK3341(4) CLOK1290

8 STDAT CLOK1300

NOVST sSp POOFY(4),PK304(4%) CLOK1310

B STDAT CLOK1320

OCTSI__SP PDOFY{4),PK273(4) CLOK1330

8 STDAT CLOK1340
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SEPST __SP PDOFY(4),PK2431(4) CLOK1350
8 STOAT CLOK1360
AUGST SP PDOFY(4),PK212(4) CLOK1370
8 STDAT . CLOK 1380
JULST SP __ PDOFY(%),PK1B1(%) CLOK1390
B STDAT v CLOK1400
JUNST _SP____PDOFY(4),PKI51(4) CLOK1410
B STDAT CLOK1420
MAYST SP PDOFY(4),PK120(4) CLOK1430 “_
8 STDAT i CLOK1440
APRST 'SP PDOFY(4),PKO90(4) CLOK1450
_ — B STDAT CLOK1460 _
MARST _SP PDOFY(4),PK059(4) CLOK1470
B STOAT CLOK1480
FEBST SP_ PDOFY(4),PKO31(4) CLOK1490 —
8 STDAT _ CLOK1500
JANOL _DC__ C*' 1 ° ~ CLOK1600
FEBO2Z DC__ C*' 2 ¢ CLOK1610 -
MARO3 DC €% 3 + T CLOK1620
APRO4 DC___C' 4 ° CLOK1630
MAYO5 DC____C' 5 ¥ — CLOK1640 ",
JUNOE DC__ C' 6 7 CLOK1650
JULOT_DC___Cv 7 _® CLOK1660
AUGO8 DC__ _C* 8 ¢ CLOK1670
SEPG9  DC €' 9 ¢ CLOK1680 __
OCT10_DC__ _C°'10 ° CLOK1690
NOVI1 DC _ C'11 ° — CLOK1700
OECi2 DC _ C°'12 ' CLOK1710
BLNK2 DC__ _C°00 ¥ CLOK1720
ZFBYT _DC___ PL4%0O" CLOK1730
PYEAR DC PL470" CLOK1740
LYEAR__ DC PLAYOY CLOK1750
POOFY  DC PL4 0" CLOK1760 —
PK334  DC PL&' 3340 CLOK1770
PK304 OC PL4"304" CLOK1780
PK273_ OC PL4"273° CLOK1790
PK243  DC PL4'243" CLOK 1800
PK212 DC___ PL4"212° CLOK1810
PK181_ DC PL&'181° CLOK1820
PK151  OC PL4°151° CLOK1830
PK120  DC PL4"120° CLOK1840
PK090__DC PL4'090° CLOK1850
PK059  DC PL4°059° " CLOK1860
PKO31_ OC PL4031° CLOK1870
PK0O60  OC PL4'060" CLOK1880 -
PKOO1 _ OC PL4T00LT CLOK1890
PFOUR _DC Pege CLOK 1900
ITIME DS 2F CLOK1910
PTIME DS IF CLOK1920
F100 _ OC F*6000° CLOK1930
SAVE 05 18F SAVE AREA FOR THIS PROGRAM. CLOKO705
END CLOK0720
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T T ZEROC ~ FILL DESIGNATED AREA OF CORE WITH ZERO OR WITH ZERD0000 -
* ""A_CONSTANT SUPPLIED IN THE CALLING SEQUENCE. ZERO0010
. * - ZERG0020
T * | T T CALLING SEQUENCE ZER00030
o * T CALL ZEROC (FROM,T0) _ ZERD0040
T R OR ZER00050 —
o * CALL ZEROC (FROM,TO,CONST) ZERO0060
* ZERD0070
* - — WHERE-FROM-1S THE STARTING ADDRESS ZER00080 —
— * ‘ TO-FINAL ADDRESS TO BE CLEARED ZERO0090 i}
* "CONST-THE CONSTANT CORE IS TO BE ZER00100
* ___ FILLED WITH. IF NOT SUPPLIED ZER00110
* T - IN CALLING SEQUENCE, CORE ZER00120
* WILL BE FILLED WITH ZEROES. ZER0OO130
— * - — - ZERG0140 -
. PWZERD START O o ZERO0150
o BRO EQU_ 0 - " BASE REGISTER O ZER00160
~ T T TRl EQU_ 1 T - ZER0O0170
B " BRZ QU 2 - B ZERO0180
BR3 €QU 3 ZER0O0190
— BR4 EQU 4 - B — ZERD0200
B8RS EQU__ 5 ZERD0210
) T BR6 EQU_ 6 ZER00220
oo BRY EQU 7 ZERD0230
- BR8 EQU 8 __ ZERD0240 -
BR9 EQU__ 9 ZERD0250
- BR10 _EQU 10 ZER00260
BRIl _EQU 11 ZER00270
BR12 EQU 12 ZER00280
BR13 ___EQU 13 ZERD0290
BR14 EQU 14 ZERG0300
BR15 __EQU 15 ZERD0310
* ZER00320
ENTRY ZERO ZER0D0325
USING #,BR1S ZER0D0340
Z7ERG ~ SAVE (1491201s+% ZER00330
‘_, ST BR13,;SAVE+4 ZERD0350
LA _BR10,SAVE ZER00360
ST BR10,8(0sBR13) ZERO0370
L BR3,0(0,BR1) ZER0D0390
L BR4p4(0,BR1) ZERD0400
~ N BR3,BIGAD INSURE ADDRESS ONLY. ZERDO0410
N BR4,BIGAD INSURE ADDRESS ONLY. ZERDO0420
CLR __BR3,BR4 1ST ARG. LESS THAN 2ND ARG. ZER00430
BNL __ SWITCH NO, THEN SWITCH REGISTERS. ZERD0440
MODEL__TH 4(BR1)+X*80° ZERDO470
BZ NTZRO MORE ARGUMENTS. 7ER00480
MODE A BR4, FORBT YES,CALCULATE BYTES TO BE CLEARED.  ZER00450
SR BR4,BR3 BR& EQUAL NO. OF BYTES. ZERO0460
MORE € BR4, THO56 OVER 255 BYTES TO CLEAR ZERO0500
BL LESTN YES ZERD0510
s BR4,THO56 REDUCE BY 256 ZER00520
L BRS, THO56 ZERD0530
MONE S BR5, THO ZER0D0540
- STC  BR5,MOVE+1 ZERG0550
MOVE _ XC 0(0,B8R3),0(BR3) ZERD0560
A BR3, THO56 ZER0O0570
LTR  BR4BR4 ZERD0580

213



BC 2, MORE ZER00590

RETRN__RETURN (14512),7 RESTORE_AND RETURN ZERD0600

LESTN LR BR5,BR4 ZER0O0610

— LA BR4,y0 ZER00620

B MONE ZERD0630

SWITCH LR ____BR5,BR3 ZERD0640

LR BR3,BR4 ZERD0650

- LR __ BR4,BR5 ZER00660
B MODEL ZERD0670 —

NTZRO L BR6,8(0,BR1) ZERD0680

L BR6,0(0,BR6) ZERD0685

NTZRL ST BR6,0(0,BR3) _ ZERO0690

CR ___BR3,BR& ZERDOT00

BE __ REIRN ZEROOT10

~ A BR3,FORBT ZERDO720

- B NTZR1 ZEROOT30

SAVE DS 18F ZER01000

i ~_BIGAD DC X OOFFFFFFY ZERO1010

FORBT _DC___ F'4" ZER01020

T TW056 _0OC____F#256° ZERD1030

TWO oC Fii' ZERD1050

- T END ZERD9990
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