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FOREWORD

This report was prepared in compliance with Contract NAS8-

34964 under G.0. 945301.

ABSTRACT

Methods to evaluate the effect of casing flexibility on rotor
stability and component loads are developed. A survey of some
more recent Rocketdyne turbomachinery was made to determine
typical properties and frequencies versus running speed. A
small generic rotor was run with a flexible case wiﬁh para-
metric variations in casing properties for comparison with a
rotor attached to rigid supports. A program was developed for
the IBM-Personal Computer for interactive evaluation of rotors
and casings. The Root Locus method was extended for use in
rotor dynamics fo; symmetrical systems by transforming all
motion and coupling into a single plane and using a 90 degree

criterion when plotting loci.
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1.0 INTRODUCTION

High-speed, high-performance turbomachinery is as light in weight as possible. A
minimum of weight is added for the specific purpose of stiffness whether in the
rotor, casing or mount. The major purpose of this study was, therefore, to
develop tools to evaluate the effects of casing motion on the stability of such

high speed rotors.

Several approaches were used in this evaluation. First, a survey of typical
properties for the most modern pumps made at Rocketdyne was made. Second, a
brief study was made of a fairly simple rotor and casing which is generally
similar to the SSME main pumps. A third effort involved evaluating several
existing mainframe computer programs and adapting them into a single progranm
which could be run on a minicomputer (IBM-PC) in an interactive mode. The fourth
aspect of the study was to determiné' if the use of an entirely different
approach, the root locus, could be adapted for use in rotor dynamics to achieve
additional insight to the coupling and stability problems of turbomachinery with

flexible casings.
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2.0 SUMMARY
2.1 HIGH SPEED PUMP SURVEY

The physical properties of a number of existing h{gh>speed rotors was accumulated
and summarized. This summary is included in Appendix A. As an aujunct to this
survey, existing models for many of the machines were also reviewed to determine
the extent of models used to evaluate stability and loads. It was rather inter-
esting that initial models using a rigid mount for the bearings appeared to pro-
duce a pessimistic stable speed range. 1In later stages in pump development when
relatively complex casing models were added, the stable speed range was computed
to be higher. Two possible explainations were suggested. The first was that
casing motion itself may increase the stability range. The second was that an
increase in flexibility of the case in one plane might act like an asymmetric
bearing stiffness. This has been shown to be a stabilizing factor by several

studying this problem.

An additional bit of information found in the survey and review was that in one
study, modal truncation had been used to evaluate its effect on a pump model. 1In
this particular case, reasonable results were obtained when only modes through

the first rotor flex mode were retained.

This indicated that perhaps a very simple rotor model would be sufficient for

generic coupling studies.
2.2 GENERIC CASING MOTION MODEL

Analysis of six turbopumps demonstrates that asymmetric housing flexibility
increases the rotor stability. A rigid housing assumption predicts an instabil-
ity to occur at lower speed than an analysis with a flexible housing. Conse-
quently, a rigid housing assumption is more conservative than a flexible housing
model. The flexible housing acts as en energy absorber and dissipates some of

the destabilizing forces in the rotor/housing system.

RI/RD84-191
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A simple 20-lumped-mass turbopump model (10 mﬁss rotor, 10 mass casing) yields
consistent results with the more complex, detailed turbopump models. That is,
the rigid housing again renders conservative results. However, it is necessary
to comply with certain prescribed conditions which are very typical of turbo-
pumps. It was determined that the asymmetric spring stiffness ratio of the sup-
ports grounding the housing should be greater than or equal to 3. In addition,
there is an optimum value of the asymmetric spring stiffness ratio of approxi-
mately 5. It is not fully understood why stability decreases with asymmetry
greater than a 5:1 ratio. Another recommended condition is that the housing-to-
rotor weight be at least 6:1 based on this weight ratio being representative of
many existing turbopumps. Adherence to these conditions ensures that the simple
20-lumped-mass turbopump model will yield consistent results with the more

detailed models.
2.3 PC ROTOR-CASING MODEL

A full description of the Rotor-Casing model is included. The program is the
result of compacting a number of large existing codes written for CDC and IBM
mainframe computers. The language used throughout téb program is Microsoft-
FORTRAN and is compatible with IBM-PC, DOS-1.1 and subsequent operating systems.
Although the program is capable of handling many degrees of freedom, for inter-
active use it is recommended that simpler systems be used to minimize computing

time and maximize interaction.

A feature of the output>summary is a plot of the locus of roots as speed is
varied. Reference lines equivalént to various damping (percents of 'critical) are
included. As speed is increased, the small changes in modal frequency (due to
gyroscopics) and the change in damping (angle in the polar plot) are displayed
quite vividly. The transition of a root into the unstable right hand plane is

easily seen as is the migration of roots which remain stable.

A very significant feature is that a root which becomes unstable can easily be
traced back to its low-speed location. Since the cross coupling affects damping
with negligible change in mode shape, sensitive system mode shapes are easily

recognized.

RI/RD84-191
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2.4 THE ROOT LOCUS METHOD

Initially a Jeffcott rotor was examined to see if this approach had merit in
rotor dynamics. The result of this application was quite promising. Basically
the approach uses the dynamics of the system at zero speed as a baseline for
dynamics. As speed is increased, both direct planar coupling coefficients and
cross coupling coefficients increase. The'simple model showed that a meaningful

plot was the locus of system characteristic roots with speed as a parameter.

Most interesting was that the basic system dynamics could be evaluated in one
plane (X, Z) and that cross coupled forces could be transformed back into plane
by recognizing in-plane forces (F (X)) result in orthogonal motion (AY) but
that for a symmetrical system AY = iAX. Thus, only a planar model should be
necessary if root locus can be adapted for multiple feedback loops using a

90-degree angle criterion.

The problem was ﬁpproached from a number of directions. Basically the simplest
model must include a flexible casing with mass supported on two springs. Two
bearings connect the rotor and casing. gyroscopic cross coupling occurs at the
impeller and turbine, while cross coupled stiffness occurs between the rotor
masses and the casing. A shaft with an overhung turbine appeared to be the most
general case and was used exclusively. Deleting the turbine as an item and add-
ing its p;operties to the impeller would serve to estimate the dynamics of a pump

with outboard bearings.

Despite several attempts to generate closed form solutions which could be used
with a root locus approach, the problem soon became too unwieldy.” One attempt,
based on the Microsoft version of u-math, was successful in showing the com-

plexity and futility of this direct approach.

A less direct approach was used in which the planar model was described in terms
of matrices based on primary properties of the case and rotor. Modal transfer
functions at the two cross coupled stiffness locations and at the two rotor
masses were developed. A method for closing the cross coupling loops one by one
(firstlgyroscopic then hydrodynamic) was generated. A robt locus approach using
'a general angle criterion was also generated.
RI/RD84-191
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A program was written in Microsoft-FORTRAN to evaluate the locus of roots for a
single primative mode at a time. Major problems were encountered in impiementing
the loop closure section of the program. Some bugs were suspected in the double
precision implementation of the complex arithmetic statements of the issue of
FORTRAN. A later version is being obtained but has not yet been received. The

formulation of the loop closure techniques is also being reviewed.
At this time the only tool available for the case housing studies is the one pre-

viously discussed. A root locus display is included and an indication of the

sensitivity of stability to speed is readily seen.

®s
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3.0 REVIEW OF ROTORS AND CASINGS FOR ROCKETDYNE TURBOPUMPS

Table 1 lists pumps which have been built by Rocketdyne. Many of the earlier
pumps were driven through a gear box and were not capable of speeds where casing
flexibility would play a role inl rotor dynamics. Some used both a fuel and
oxidizer impeller on a common drive shaft, which normally results in a relatively
low-speed drive and a heavy, stiff casing. Some of the experimental pumps were
designed.with strong heavy rather than flight weight casings since details of
hydrodynamics were being studied. 1In summary, a flexible casing model was never
required to support many of the pump designs since the casing did not affect

rotordynamics.

Data for several recent pumps are contained in Table 2. The approach here is to
summarize pertinent design information for the pumps and to list the mass proper-
ties for the casing and rotor as well as free-free frequencies for the rotor and

frequencies for the casing attached to its mount points.
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TABLE 1.

ROCKETDYNE PUMPS

Discharge
. Flow, Pressure, Speed Units
Model Pump Type Application < Fluid gpm psia rpm hp Produced
MK-2 Single-Stage Redstone | Ethel 1268 450 4840 155
Centrigual Alcohol 836
LOX 1294 340 4840 155
MK-3 Single-Stage Jupiter, Atlas RP-1 2000 950 31,600 3550 2551
Centrifugal Thor, H-1 LOX 3210 800 31,600
MK~4 Single-Stage Atlas RP-1 730 300 10,000 1540 712
Centrifugal LOX 1180 900 10,000
MK-5S Barske AR RP-1 25 560 25,000 50 30
H202 107 860 25,000
MK-6 Single-Stage E-1 RP-1 3200 1300 7900 10.800 2
Centrifugal LOX 5100 1100 7900 '
MK-9 Seven-Stage Nuclear Feed LH2 10,600 1500 33,900 15,000 10
Axial
B Piston LH2 Micropump LH2 .06.3 2300 1200 !
MK-10 | Single-Stage F-1 RP-1 15,500 1960 5600 } 59,350 160
Centrifugal L0X 24,640 1550 5600 *
MK-14 | Centrifugal H-2 RP-1 2670 1260 14,300 7650 3
Mixed Flow LOX 2340 1175 14,300
MK-15 [ Six-Stage Axial J-2 LH2 7960 1050 26,050 5940 210
Centrifugal J-2 LOX 2840 920 8650 2340 200
Mk-19 [ Single-Stage x-3 LHy 3770 toto 27,000 4100 2
Centrifugal LOX 1160 680 8750 760 2
MK-22 | Hulti-Stage Experimental LH, 4000 5400 38,000 | 17,000 3
. Radial (MK-22)
MK-25 Four-Stage Nuclear Feed LHZ 18,500 2250 34,000 | 21,000 8
Axial
MK-29 | Two-Stage J-25 LH2 10,200 2000 30,500 [ 14,800 10
Centrifugal
MK-29 | Single-Stage J-25 LOX 3270 1520 10,350 3850 10
Centrifugal
MK~ 35 Nuclear Feed LH2 6100 1600 34,000 7300 2
MK-36 | Centrifugal F2 Fz 12 1500 72,000 22 2
MK-37 | Gear FZ : F2 12 1500 5200 15 2
MK-44 | Two-Stage APS LM2 4600 1600 60,000 800 2
Centrifugal
Singie-Stage APS LOX 100 1600 30,000 150 2
Centrifugal
—a- ---- Preinducer LOX 2300 90 3930 170
MK-39 | Three-Stage SSME LPFTP LH, 16,320 260 15,800 2950 18
MK-38 | Centrifuga) SSME HPFTP LHy 16,360 7000 37,355 |76,560 19
MK-39 | Two Stage SSME LPOTP LOX 6080 440 5450 1740 19
MK-38 | Centrifugal SSME HPOTP LOX 7240 8435 31,100 (27,770 17
MK-48 | Three-Stage ASE Fuel 628 4560 95,000 2543 2
Centrifugal
Single-Stage ASE LOX 225 4320 70,000 856 2
Centrifugal

RI/RD84-191
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TABLE 2.

TURBOPUMP DYNAMIC SUMMARY

DESIGN PARAMETERS

| ROTOR | CASE
PRESSURE, | FLOW, | POWER, | SPEED, | WEIGHT, | WEIGHT,
MODEL PSI GPM HP RPM | POUNDS | POUNDS
MK-38 (CH,) 7000 16,360 | 76,560 | 37,335 | 128.5 649
MK-38 (0,,) 4800 7,249 | 27,770 | 31,100 | 81.0 480
MK-48 (CH,) 4560 628 | 2,543 | 95,000 7.3 48
MK-49 (CH,) 4918 4.2 | 1,704 | 110,000 6.1 48
COMPONENT FREQUENCIES (HZ)
MK-38 (CHy) MK-38 (05) MK-48 (CHy) MK-49 (CHo)
ROTOR | CASING | ROTOR | CASING | ROTOR | CASING | ROTOR | CASING
643 51 429 | 45 351 | 683 247 | 1050 36
1319 | 116 900 | 73 375 | 1721 336 | 2528 611
135 | 86 432 537 1544
387 N2 468 798 1631
424 134 488 906
725 17 542 1010
188 57 1339
231 587 1400
278 613 1418
300 650 1621
310 705 1747
1769
2313
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4.0 COMPONENT MODELS

4.1 BEARINGS

The primary reaction of roller and ball bearings is that of a spring. 1In some
designs there is a small fluid-filled annular gap between the outer race and the
bearing carrier to allow axial shaft motion and casing growth. For purposes of
stability and bearing load, the annular gap is generally ignored because even
very small radial shaft motion closes the gap. Until the gap is closed, the

bearing loads are small.

~ Hydrodynamic bearings (journal bearings) do not have a direct stiffness compo-
nent. As shown in Fig. 1 the force has off diagonal terms: e.g., forces devel-

oped in one direction due to displacement in the other axis.
f— + —
:i::::> ‘ : :
rT

= 2urt®r fe?

€,5

;

)
<

+

X

Figure 1. Journal Bearing

Hydrostatic bearings are somewhat similar to journal bearings, except that
recessed pockets are designed into the nonrotating part. Fluid is fed through an
orifice associated with each pocket. A pressure drop is also taken across the
pocket land rotor clearance. Shaft radial motion causes an increase in pocket
pressure, which generates a direct stiffness component. In most high-performance
pumps, the pressure source for the bearing is the discharge pressure of the pump
80 thaf the stiffness is a function of speed. The lands themselves may contri-
bute forces similar to a hydrostatic bearing.
RI/RD84-191
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/
4.2 CONTROLLED LEAKAGE SEALS

Labyrinth and smooth annular seals can act as bearings contributing stiffness and
damping, which carry forces between the casing and rotor due to relative deflec-

tion. The grooves of a labyrinth .tend to distribute pressure circumferentially,

but the teeth operate as a series of individual straight smooth seals.

A straight smooth seal is shown schematically in Fig. 2. The dynamic properties
of the seal are written in coordinates of the fluid which rotate at half the
rotor speed. These can be transferred to the nonrotating coordinates of the
casing as shown. By changing the signs of off-diagonal terms, the equations
represent the equation in ‘coordinates rotating with -the shaft. The diagdngl :

terms are passive or damping components, while the off—diagonal'terms'can lead to

P |
1 O\
) D
]

HALF sPeed F= Ko 8 +D, S + M,Ss
COORDINATES

instability.

Kos TRLQT /E(1+4T/3)

D: mReQ (1420730 /6 V (1+4073)

Mo= mel’p /126 ( 1+ LY 3D)

Fiven Fy Ko Mo(P4)} D,J/e Sv( | Do vo |[Sy LMo © 3,,

CoORDINATES = . .
Fe —Do 9/2 K,—Ma(é_/g)a Se ~Mop - Dol|S2 o M <.§.¢.

Figure 2. Smooth Straight Seal
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4.3 TURBINE BLADE FORCES

Turbine disk (Alford) forces are generated by changes in radial clearance of the

turbine tips. These forces are generally written as

f oO-k||s
yi_ y

£E( |k o0]]8
z z

VK = Bx h x 31,500
" RxhzxN

1<B>2

While this relationship is not as clearly documented as some other effecés. it
difiﬁitely exists and due to its off-diagonal form, is a destabilizing whirl
driver. Since all the power to the pump is delivered by the turbine, only small
amounts of power oriented at 90 degrees to the deflection can result in large
rotor vibration. It must be absorbed by natural damping contained iﬁ nonrotating

elements.
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5.0 EFFECTS OF HOUSING MOTION ON ROTOR STABILITY

A rotor stability analysis has been performed for the six turbopumps specified in
Table 3. These turbopumps were selected because housing models currently exist
and. therefore, could be analyzed for both a rigid and a flexible housing assump-—
tion to determine the effect on rotor sfability. Figure 3 through 10 present a
stability map for each turbopump where the real part of the complex eigenvalue is
plotted as a function of the rotor spin speed. Eigenvalues with a positive real
part indicate the potential for unstable rotor motion. Stability maps for the
second rotor modes were excluded for cases where the second rotor mode is stable.
Observing Fig. 3 through 10, as the rotor spin speed increases, the roﬁor in a
flexible housing tends to approach an unstable condition subsequent to the rotor
in a rigid housing. Thus, the rotor with a rigid housing predicts an instability

prior to the rotor with a flexible housing assumption.

TABLE 3. TURBOPUMP DESIGN PARAMETER SUMMARY

- ’ ROTOR |  CASING BEARING
MODEL PRESSURE, FLOW, | POWER, | SPEED, | WEIGHT, | WEIGHT, SPAN,
PSI GPM HP RPM POUNDS POUNDS INCHES
MK-380 4312, 7093, 25351 28057 81 480 10.89
(104%) 7442 707.6
MK-380 4555, 7404, 29173 29374 81 480 10.89
(109%) 1861 174.8
MK-380 4800, 7240, 29000 26030 112 480 13.40
(REDESIGN) 8000 652
MK-38F 7000 16360 16560 37335 128.5 649 23.50
MK-48F 4560 628 12543 95000 8.25 87.75 1.74
MK-49F 4918 418.3 1704 | 110000 6.1 48 7.36
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In order to further evaluate how housihg flexibility affects rotor stability, a
simplified rotor-housing model was developed. This beam finite element model
consists of 10-lumped-mass locations for both the rotor and housing. A descrip-
tion of the model is provided in Fig. 11. In order to account for the dynamic
features significant to various turbopumps, three masses possibly simulating two
impellers and a turbine disk were added. Generic mass and stiffness properties
were selected and rotor/housing coupling coefficients from the ﬁPOTP.were chosen
at random. These coefficients include the wear ring seal coupling on the first
disk, the impeller cross-coupling coefficients on the second disk and the turbine
interstage seal coefficients on the third disk. These typically representative
coefficients are provided in Appendix A along with the resulting critical speeds,

stability maps and the lowest rotor/housing mode shape.

A stability analysis of this simple model was performed with multiple variations
of the housing. Critical speeds and stability information was calculated again
using a rigid housing and various flexible housing conditions. It was determined
that the asymmetry of the supports connecting the housing to ground directly
affects the stability threshold. The stability threshold shows a dependence on
the ratio of the asymmetry between the stiffness in the direction of the Y and 2
axes. Furthermore, there is an optimum value of approximately 5:1 for the ratio
of the asymmetric stiffnesses, as shown in Fig. 12. Each of these analyses was
executed with a housing/rotor weight ratio of 6:1 which 1is generically

representative.

Another study was conducted to examine the relationship between the housing/rotor
weight ratios and the stability threshold. Using the simple model and varying
only the weight of the housing, no relationship was observed between the weight

ratios and the stability threshold as shown in Fig. 13.

A comparison of the results of the 20-lumped-mass model using a rigid housing
versus a flexible housing, confirms that the rigid housing model is a conserva-
tive approach if the flexible housing meets certain prescribed conditions. Spe-
cifically, the support stiffness asymmetry ratio must be at least 3:1 and the
housing/rotor weight ratio should be 6:1. The stability map of Fig. 14 compares
the rigid housing model to the flexible housing model, with a 3:1 asymmetric sup-
port stiffness ratio.
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St

MODEL :
ROTOR SHAFT DIAMETER: 0.D. = 3.0", I.D. = 0.0"
- MATERIAL: STEEL, E = 30 X 105 psI
SIMULATED LUMPED MASSES: J13 = 10 LBS
‘ J16 = 15 LBS
J19 = 20 LBS
- JOINT LENGTH = 3.0"
ROTOR LENGTH = 27.0"
CASING
DIAMETER: 0.D. = 15", I.D. = 14" :
WEIGHT:  6/1 CASING/ROTOR WEIGHT RATIO
Ky, = Kgy = 500,000 LB/IN
_ 7 _
Kgg = 1.0 X 107, 1/3 =Ky /Kgy

Figure 11. 20-Lump-Mass Turbopump Model
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10 LUMPED MASS ROTOR/CASING

SPRING STIFFNESS RATIO VS. STABILITY THRESHOLD 20 MARCH 1984

45000

SHALIEUEEY LATA LRSI A AR LLNY LLALNEL AL EALALERRLT LARIAALEA] LIARLLNELS LRLLALEN) LALLLLLLAY LA IE LY LR L Lt

E 3

- 3

- 3
42500 3
gﬂGUJ 3
3

3

D37SCI] -
‘&,J 3
@ 3
3

a 3
g35000 =
- 3
> 32500 3
= =
= 3
= b
< 3
— 3
3000 3
27500k b~
= 3

- ]

- 3

STTYTTYTYY INTTTITIVI IYTITTTTTI ITTICTINTI (RUTTOTCTI [STTTITITI [TSTICITL [RTTCRIOTI [ITITITT\[TITIITICIITITINING:

lt' i 2 3 1 5 6 1 8 9 10 it

ASYMMETRIC SUPPORT STIFFNESS RATIO

Figure 12. 10-Lumped-Mass Rotor/Casing Spring
Stiffness Ratio vs Stability Threshold
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10-Lumped-Mass Rotor/Casing Weight
Ratio vs ‘Stability Threshold '
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An analysis of six turbopumps demonstrates that asymmetric housing flexibility-
increases the rotor stability. A rigid housing assumptibn predicts an instabil-
ity to occur prior to the same analysis with a flexible housing. Consequently, a
rigid housing assumption is more consetvative than a flexible housing model. The
flexible housing acts as an energy absorber and dissipates some of the destabil-

izing forces in the rotor/housing system.

Also, a simple 20—1uﬁped—mass turbopum§ model yields consistent results with the
more complex, detailed turbopump models. That is, the rigid housing again renders
conservative results. However, it is necessary to comply with certain prescribed
conditions which are very typical of turbopumps. It was determined that the
asymmetric spring stiffness ratio of the supports grounding the housing should be
greater than or equal to 3. 1In addition, there is an optimum value of the asym-
metric spring stiffness ratio of approximately 5. It is not fully understood at
this time why the stability decreases with asymmetry greater than a 5:1 ratio.
Another recommended condition is that the housing to rotor weight be at least 6:1
based on this weight ratio being representative of many existing turbopumps.
Adherence to these conditions insures that the simple 20-lumped-mass turbopump

model will yield consistent results with the more detailed models.

It follows that, in many cases, complex housing models need not be developed
since a rigid housing gives comparable and more conservative results. As a

result, time and money are conserved in the development of the rotordynamic model.
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6.0 RSTAB ROTOR STABILITY ANALYSTS PROGRAM FOR A DESKTOP COMPUTER

AAgeneral rotor stability analysis program used to obtain modal stability (Root-
Locus method) of turbomachinery with rpm-dependent rotor/casing coupling elements
(e.g., close-clearance seals, Alford forces) was revised for application to this
study. Figures 15 through 18 illustrate the principal procedures and subprograms
of the existing code. Based on previous progress wifh regard to the effect of
modal truncation on anaiysis accuracy in the operating speed range of interest,
substantial reduction in program size requirements has been demonstrated to be
possible while retaining the essential analytic capability fo study the casing

. flexibility effects on rotor stability and bearing loads.

A general rewrite of routines was necessary, and segmentation of the analysis
procedure into three well-defined steps (Fig. 19) greatly facilitated the adapta-
tion of the resulting program to a desktop computer. The code has been fully
tested and verified, and has demonstrated excellent agreement with equivalent

mainframe computer programs.

MAIN
PROGRAM

= READ TITLE CARD AND PROBLEM SIZE DATA (E.G., NUMBER OF D,O.F'S, MODES, ETC.)

- R

p—READ NORMALIZED EIGENVECTORS AND EIGENVALUES (EJGENVECTORS PRENORMALIZED }

MODAL

READ AND NORMALIZE EIGENVECTORS AND EIGENVALUES (EIGENVECTORS NOT
NORMALIZED) -

— READ GYROSCOPIC ADDITIONS

GYRO

LCOMPUTE THE NORMALIZED GYROSCOPIC MATRIX

>

Figure 15. Rotor Stability Analysis Flowchart: Pre-Processing
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[ 4
—

psemme R EAD SUBCASE TITLE CARD AND NUMBER OF SUBCASE COUPLING ADDITIONS
@

== READ START RPM AND PUMP SPEED INCREMENT FOR MAIN ROUTINE

MCDAMP READ CASING MODAL DAMPING VALUES

READ FUNCTION GENERATORS FOR RPM - DEPENDENT ADDITIONS

READ INTERGROUP COUPLING ADDITIONS
READ INTRAGROUP GENERAL MATRIX ADDITIONS

OouT A PRINT INTERGROUP AND INTRAGROUP ADDITION DATA

ouTs

READ D.O.F.’S FOR MODAL DISPLACEMENT CALCULATIONS

READ RESULT PROCESSING DETAILS

¢

Figure 16. Rotor Stability Analysis Flowchart: Sub-Case Input

7
>3
CALCULATE THE RPM FOR CURRENT ITERATION STEP

SCALE UPDATE FUNCTION GENERATORS

A
MATX == COMBINE INTERGROUP AND INTRAGROUP ADDITIONS
MAT 1
_MAT 4 NORMALIZE ADDITIONS TO PARTITIONS 1 THROUGH 4

COMBINE NORMALIZED ADDITIONS WiTH THE SYSTEM STIFFNESS AND DAMPING MATRICES

REPEAT FOR EACH RPM INCREMENT

DYN FORM THE NEW SYSTEM DYNAMICAL MATRIX
* 1 EIGRF SOLVE FOR THE SYSTEM EIGENVALUES (IMSL ROUTINE)

=1 ANSR UPDATE RESULT MEMORY ARRAYS, CALCULATE MODE SHAPES

ZSORT SORT EIGENVALUES
-9
SHPPLT = PLOT MODE SHAPES
WHIRL |= COMPUTE DIRECTION OF PRECESSION
Patd

Figure 17. Rotor Stability Analysis Flowchart: Main Routine
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— CRTPLT

PLOT CRITICAL SPEEDS VERSUS RPM

L— STBPLT

_r_ PLOT MODAL STABILITY VERSUS RPM

Figure 18. Rotor Stability Anaiysis Flowchart: Result Processing

PREPROCESSOR PROGRAM

® READ MISCELLANEOUS PROBLEM DATA

® READ (AND NORMALIZE) EIGENVECTORS,
AND READ EIGENVALUES

® READ AND NORMALIZE GYROSCOPIC ADDITIONS,
® READ SUBCASE DATA

e SAVE DATA ON DISK STORAGE

MAIN PROGRAM

® COMPUTE COUPLED SYSTEM EIGENVECTORS
AND EIGEN-VALUES

® CREATE ROOT LOCUS PLOT

® SAVE RESULTS ON DISK STORAGE

POST-PROCESSING PROGRAM
® BACKTRANSFORM AND PLOT MODE SHAPES

® PLOT STABILITY AND CRITICAL SPEEDS

® PLOT FUNCTION GENERATORS

Figure 19. Rotor Stability Analysis Implementation on a Désktop Computer:

Program Chaining to Improve Operational Efficiency

RI/RD84-191
33



Some effort was directed toward the sﬁudy of a variaﬁt matrix-method approach of
determining the effect of casing flexibility changes on the rotor stability by
considering their effect at a fixed rpm. This approach would take advantage of
the matrix symmetry of casing flexibility changes and is used in parallel with

the full-range analysis program.

Microsoft-FORTRAN Version 3.13 was used to develop the programs. The philosophy
of program organization has been to enhance efficiency in the desktop computer
environment and to provide clear subdivisions for chaining the programs to oper-
ate under main memory restrictions (the computer used for development was an IBM-

PC with 256K bytes of main memory).

The code has been divided into three executable programs (Fig. 20 through 22),
which are executed sequentially using the batch procedure RUNRSTAB. The first of
these three (PRERSTAB) entirely preprocesses the input files, including all sub-
case iterations. It creates a binary run data file, which is then used by the
main program (RSTAB). The main program, wich solves for the coupled system
eigenvalues and mode shapes as operating speed is varied, produces a root-locus
plot (upper half-plane) for each subcase run. This plot is the only graphics
produced by the main program. All other results information is written to binary
files for use by the postprocessbr program (PSTRSTAB). This last program pro-
duces all remaining plotted output, including function generator curves, critical
speed and stability plots and complex mode shapes. Restart capability is afforded
by the various binary files created by each program, which can be saved for this

purpose.

Details of critical speed and stability plot generation are provided in Appen-
dix B. Finalized versions of these plots, and the function generator plots, are
shown in Fig. 23 through 25. These plots were made on the IBM-PC using the PLOT
88 graphics library. As was previously described, the intersection of the modal
natural frequency curve with the diagonal ling representing synchronous speed
(Fig. 23) indicates a potential critical speed. Also of interest is the inter—
section of the modal natural frequency with the half-synchronous speed line (also
shown in Fig. 23). This indicates the potential subsynchronous response of the

rotor first critical mode.
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’ FPRERSTABR HE R KRR AR R R R B R R A B EEEREEELRRRERERERER AR R FRR SRR LR B RREL RS

s RoReNeNe)

FROGRAM PRERSTAR

ROTOR DYNAMICS ANALYSIS PROGRAM g

C 4 3 3 36 3 36 96 96 3 3 36 3 3 96 36 96 3 336 33 36 30 3 3 3036 36 9 3 36 96 36 30 36 30 36 36 26 30 96 96 96 30 36 I I 3 K 36 I I B I WX R I I P K F RN
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INPUT FILE NAMES

<USER-DEF INEABLE >

0000000000000 0N00000N00n

<USER-DEF INEABLE >

OUTPUT FILE NAMES

{USER-DEFINEAELE>

THE PRINCIFAL SUERDUTINES ARE USED 'IN THE FOLLOWING ORDER:

FORTOL. . . . .« « . . « « . « « READ PROBLEM SI1ZE DATA, READ AND
NORMALIZE GYROSCOFIC ADDITIONS ;
R1
MODAL
TRANS
FORTO2 . . . . . e » « - .« « READ SUBCASE DATA, MATRIX DATA
ADDS
ADDM
OUTARB
R3

- DESCRIFPTION

FORMATTED USER'S INPUT FILE, INCLUDING ANY
SUBCASE INFUT AND SUBSTRUCTURE MODE SHAFES

FORMATTED ROTOR NORMAL MODES (IF NOT INCLUDED
IN THE USER’'S INFUT FILE) .

FORMATTED CASING NORMAL MODES (IF NOT INCLUDED
IN THE USER’'S INFPUT FILE)

DESCRIPTION

{USER-DEFINEABLE >

RUNDATA. BIN

FGPLTS.RBIN

FIN.BAT

LOG. SAV

NO0OOO0N0DN00000N00NN00N0000

FORMATTED QUTPUT LISTING. CAN BE "PRN’ (FOR'
IMMEDIATE PRINTING) OR ANY DISK FILE

BINARY RUN DATA FILE FOR USE BY FROGRAM RSTAE

BINARY FUNCTION GENERATOR DATA FOR FPLOTTING BRY
FROGRAM PSTRSTAE

FORMATTED IBM BATCH FILE TO COPY OUTFUT
LISTING FILES CREATED BY FROGRAMS RSTAE AND
FSTRSTAR (IF NOT PRINTED IMMEDIATELY) TO THE
USER-DEFINED OUTFUT LISTING FILE

BINARY USAGE LOG FOR PRODUCTIVITY ACCOUNTING

W FF R WK Fe W TN WK W W IR R R IR WS RI IR RN RLR LSRR EREER LR R ER LR

Figure 20. Program PRERSTAB
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3

*RSTAB******************************************************************

0000000 0N000000000N0NN0NNO0N0A0NNO0N000N000N0OD0

***********************************************************************é

PROGRAM RSTAB

ROTOR DYNAMICS ANALYSIS PROGRAM

36 263 3 H I 3 I Ko H e T FE I I H He I I W N KA H I K e I I H A I IR IFE I W NI W IR I I I I I P E KWK KK

THE PRINCIFAL SUBROUTINES ARE USED IN THE FOLLOWING ORDER:

PLOT =« . . + « = = = -« . . . . SET UP RODT LOCUS PLOT

FORTO3 . . . « = « « « - . . % SOLVE FOR EIGENVALUES VS. RFM i
MATX
EIGRF
ANSR

|
INPUT FILE NAMES DESCRIPTION

- RUNDATA.BIN BINARY RUN DATA FILE CREATED BY PROGRAM
PRERSTAB i
. i
FIN.BAT FORMATTED IBM BATCH FILE USED TO DETERMINE !

WHETHER TO PRINT THE OUTPUT LISTING DATA
IMMEDIATELY, OR TO WRITE THE INFORMATION TO !
TEMPORARY FILE °‘LISTZ2° :

OUTFUT FILE NAMES DESCRIPTION

EIGENS.RBIN BINARY DATA FILE CONTAINING THE EIGENVALUES
FOR EACH RPM STEP. USED BY FPROGRAM PSTRSTAE
FOR CRITICAL SPEED AND STABILITY PLOTTING

SHAFES.EBIN BINARY DATA FILE CONTAINING THE COMFLEX MODE
SHAFES (IN NORMAL COORDINATES) FOR FLOTTING BY
PROGRAM PSTRSTAR

LIST2 FORMATTED OQUTPUT LISTING CREATED ONLY IF
OUTFUT IS NOT PRINTED IMMEDIATELY

IS LTI LTI LL LIS AT LIS LIRS I L LT L L LR D L0 L Lo Rt 2Rt kot ol bk b g

Figure 21. Program RSTAB
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) *PSTRSTAER. FOR************‘***********************************************.
FROGRAM PSTRSTAGB
ROTOR DYNAMICS ANALYSIS PROGRAM
***********************************************************************

THE PRINCIFAL SUBROUTINES ARE USED IN THE FOLLOWING ORDER:

c
Cc
c
c
Cc
c
c
(
c
c FNCPLT . . . . . . . . . FUNCTION GENERATOR FLOTS
c
c CRTPLT . - . . « « . . . CRITICAL SPEED PLOTS

C

c STBPLT . . . . « . . « . STABILITY PLOTS

C .

Cc SHPPLT . . . . . . . . . MODE SHAPE PFLODTS

C .

c

F 3 3 36 I I K I I W I W Fe I Fe I He I I I I I I I I K I I I T I A T I I I I F I I He Fe 6 I F I I K F I I I I I I ¥

INPUT FILE NAMES DESCRIPTION

FGPLTS.BIN BINARY FILE CREATED BY PROGRAM PRERSTAR
CONTAINING THE FUCTION GENERATOR DATA FOR
PLOTTING

EIGENS.BIN «  BINARY FILE CREATED BY PROGRAM RSTAB

CONTAINING THE EIGENVALUES AT EACH RPM STEF
FOR CRITICAL SPEED AND STABILITY PLOTTING

SHAFES.BIN BINARY FILE CREATED BY FROGRAM RSTAB
CONTAINING THE COMPLEX MODE SHAFES FOR MODE
SHAPE PLOTTING

FIN.BAT FORMATTED IBM BATCH FILE USED TO DETERMINE
WHETHER TO PRINT THE OUTPUT LISTING DATA
IMMEDIATELY, OR TO WRITE THE INFORMATION TO
TEMPORARY FILE ‘LIST3’

OUTPUT FILE NAMES DESCRIPTION

LISTS : FORMATTED OUTPUT LISTING CREATED ONLY IF
CQUTFUT IS NOT PRINTED IMMEDIATELY

VECT. TMP,MAFS. TMP BINARY TEMPORARY FILES CREATED BY THE FLOTTS8

LIBRARY. THESE WILL RE DELETED UFON NORMAL

c
c
c
c
c
Cc
c
Cc
c
c
Cc
C
C
c
C
C
c
C
C
C
C
C
c
c
C
C
C
c
C
c TERMINATION OF THE FLOTTB8 ROUTINES
c

C

*********************************************************************** ’

Figure 22. Program PSTRSTAB
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Rotor Stability Analysis Program Function Generator Plot
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A root-locus plot routine for the main program unit was developed. The plot is
generated while the program executes and the complex eigenvalues are computed.
The root-locus plot is a useful tool in examining turbopump dynamics. This capa-
bility also allows good visual feedback on execution status-which is particularly

valuable in the interactive mode of operation.

An example of a root-locus plot generated by RSTAB is provided as Fig. 26. The
crossover of the rotor first critical mode into the positive real half-plane at

half-synchronous speed is a clear indication of whirl instability initiation.

The critical damping ratios of the modes can also be graphically determined with
the root-locus plot. The complex eigenvalue is related to the critical damping

ratio by the following equation:
Re(\,] = £, vRe[A, 12 + ImA,)>
elhyl =6y vRelM i
where:

A,
i
¢.

i
Re[ki]. Im[xi]

It

complex eigenvalue of the ith mode

critical damping ratio of the ith mode

real, imaginary components of ki

On a root-locus plot, lines of equal damping are straight lines extending radi-
ally from the origin. Lines of equal damping for 1, 2.5, 5, and 10% of critical
damping are shown on the plot for indication purposes (exact calculation of the
damping ratio for any mode is easily made by referring to the data listed on the

output file by RSTAB for each rpm increment).

Appendix B contains background on modal modeling while Appendix C includes a
data/output” listing of typical model results. A users manual is contained as

Appendix D.
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7.0 USE OF THE ROOT LOCUS IN STABILITY STUDIES

Of the several basic methods used in control system analysis, the one that
appears to be most adaptable is the Root Locus. Basically, it examines changes
in the roots of the characteristic equation as changes are made in some param-
eter. The technique is commonly used in linear systems where the components are
described in terms of the Laplace operator, S. The characteristic equation is a

polynomial in S and roots of a polynomial can be written as:
S =R+ Ij

The real portion of the root (R) indicates exponential activity, i.e., exp (Rt).
Negative values of R indicate decay with time, while positive values indicate
divergence with time. The imaginary portion of the root (I) indicate oscillatory
activity. A root with non-zero values for R and I indicate oscillatory response

with an exponential envelope.

The concept of the root locus is to present the characteristic equation in such a
form that for changes in a specific paraméter. the variation in the resulting
roots can be easily seen. A graphical approach is used so that resonant frequen-

cies and tendencies toward instability due to parameter changes are easily seen.
7.1 AN EXAMPLE OF THE APPROACH
As an example, consider a characteristic equation of the form:

A + BS + cs2 + Ds3 +8% -0

where .
= K
A Al
= Bo_+ B1 K
C = c° + C1 K

RI/RD84-191
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The equation can be separated .into two'polynomials, one of which has K as a fac-

tor. It can then be expressed as a ratio of polynomials which are factored:

2 2 3
[Al + B1 S + C1 S]] K + S[B° + COS +DS" +81 =0
or
kc. (s? + B.S/C. + A, /C.]
e it Wil Y S
S[S3 + D82 +CS + B_]
o o
or

KCI[S + R1
S(s + Rzl[S + R

+ IlJ][S + Rl—IlJ]

+ I3J][S + R3—1331

= 1 £ -180 degrees
3

For any value of S(=r + ij), each factor of the numerator and denominator can be
expressed as a magnitude and angle so the left side can be expressed as a single
magnitude and angle. For a value of S to be a root (for any value of K greater
than 0 and less than infinity) the angle must be -180 degrees. The value of K
can then be chosen to produce unity magnitude. A numerical example is shown in
Fig. 27.

The position of roots of the numerator (zeros) are shown as "0" while the roots
of the denominator (poles) are shown as "X." When K = 0, the roots of the
characteristic equation .are the poles. As K is increased, the roots migrate
along loci as shown. The figure shows that for this system, the damping for the
resonant roots is decreased and actually becomes unstable (positive real value
for root) as K is increased. In addition, the increasing value of K results in
an additional resonance with significant damping. The figure shows how the angle

summation is obtained for a typical point shown as "0O."

While this technique can be used to obtain quantitative solutions, its great
strength is to quickly assess concepts of coupling and the effect of small
changes in components. It is 6bvious. for example, that if the resonant system
poles were initially much closer to the imaginary axis, much smaller values of K

would be allowed if stability is to be maintained.
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7.2 APPLICATION OF ROOT LOCUS METHODS TO A ROTOR

While the normal Root Locus techniques can be applied directly to many structural
and control system problems, a basic difference in the system equations exists in
rotating machinery. This difference is in cross coupling between axes. It is
this coupling that can lead to rotor instability. This type of coupling is most

often found in gyroscopics, fluid bearings and seals, and in turbines.

As a first step to evaluating the utility of the Root Locus we use a Jeffcott
rotor as shown in Fig. 28. The equivalent bearing-shaft dynamics in the X-Z and
Y-Z are shown as springs and dashpots to ground at both ends of the symmetrical
rotor. The restoring forces directly applied to the central mass are typical of

equations for a shaft seal.

For this axisymmetrical case a coordinate transformation may be made.

Y = -jix
X = jY
F
v b4 Y
”/y
<
G
P 4 “/g !
/e
Fx

EQUATICNS OF MOTION (8 2-2 AD &-y ‘Pcu.zg-:

(Mft'*Ds' 4“)x= Cy = —(“C,'0D'S’)X‘ -%D'Y

’
(M +DE s )Y =Fy = —(re’+d's)Y+ L DX
wHeee § = digde

Figure 28. Jeffcott Rotor With Seal Cross Coupling
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The characteristic equation of motion for either the X-Z or Y-Z plane can then be

written as either:

[H82 + (D+D')S +_(K+K')] = % D'j
QD' /2M

(s? + 2FwS + w’]

= ~-j = 1 £ -90 degrees

The second form of the characteristic equation is similar to the standard Root
Locus form except that for S to be a root, an angle criterion of -90 degrees

rather than -180 degrees must be satisfied.

In Fig. 29, the root loci for this system are shown. The in-place resonance
(complex poles) are assumed to have a resonant frequency of 3000 rad/sec and 10%
of critical damping at zero speed (R = 0). As speed is increased, it can be
seen that use of.90 degree criterion results in roots which are no longer complex
pairs. The root in the upper half plane (corresponding to forward precession)
shows decreased stability with increased speed while the lower root (backward
pfecessioh) shows increased stability. The speed at: thch ‘neutral stability

occurs is obtained from:
QD'/2M = 300 x 6000
It may be interesting to note that more standard rotor dynamics approaches solve

both of the equations shown in Fig. 28 simultaneously. If we, in fact, do this

for the simple case we obtain a characteristic equation of the form:

]
_ [H82 + (D+D')S + (l(+!(')]2 = - ("2—[2)")
or »
(ap* 72M) 2 '
2 2.2 - 1
[ + 2BwS + w ]
RI/RD84-191
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A Root Locus of the equation is very similar to Fig. 29, except that it shows
twice the nﬁmber of loci. Half the roots are realistic, while half are nonreal-
istic reflections of the true roots about the real axis. There is no direct
indication as to which roots are realistic. The problem here is that the in-plane
dynamics are squared and speed is squared. All information as to the direction
of rotation is lost. The roots of the equation include all possible roots for
both positive and negative rotation. For a real pump, rotation is only in one

direction and only half the roots will be of interest.

r
i
—“F o5 WEREASING
b 30 8 e N
STARLE 2000 VN STABCE
FoRrwaRD ’ Ferwap
PRECESSIONS Peccassion
' /000
- R
+iavo
-/000
STABLE VNSTABLE
B“KW4¢D BACKWA‘QD
PEG—'GESS_/oU R PPN Pleeessron
)/'x 3000 ll
L
. P
|

Figure 29. Root Locus of a Jeffcott Rotor With Seal Cross Coupling

RI/RD84-191
48



An example of how this approach éan be used in a realistic situation is indicated
by the configuration shown in Fig. 30. Here a symmetrical rotor is mounted on a
rigid casing which is supported to ground with springs and dashpots. In this
case, a two step approach is used. Step 1 essentially determines the roots of
the in-plane dynamics with no cross coupling. The second step determines the
destabilizing effect of the cross coupling. Although Root Locus approaches were
used for both steps (Fig. 31), the more common eigenvalue approach would be of
advantage for the in-plane dynamicé and the -90 degree Root Locus would be used

for the last step to demonstrate the speed-stability aspects.
7.3 A GENERIC HIGH-SPEED ROTOR-CASING MODEL

The rotof model shown in Fig. 32 was used as a basis for testing the various
analytical approaches. Basically, it is an overhung turbine configuration simi-
lar to the SSME high pressure liquid oxygen pump. A pump with both turbine and
iﬁpeller located inboard of the bearings can be simulated by combining their
inertia and cross coupling coefficients as the model impeller and deleting the

model turbine mass properties.

As shown in Fig. 32, there are eight masses, each with inertia in translation and
angulation. The casing is modeled as a uniform beam of total 1ength,-L. and sec-
tion modulus, I, in bending. The casing was divided into three Seams to obtain
stiffnesses. Masses and inertias for the end masses are half the values used for

the inboard masses.

The rotor shaft was divided in the same Qay as the casing. The impeller (mass ’
11, 12) and the turbine (mass 15, 16) are assumed to be disks added to the shaft
and described by their weight and radius of gyration. Gyroscopic and seal faces

are assumed to act only at the stations of the impeller and turbine.

Although the model is somewhat restrictive, it has enough generality to demon-
strate the significant interactions one would expect in a rotor design. The
restrictions simplify solutions and minimize computer time and allow more produc-

tive interactive computer sessions.
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7.4 EXTENSION OF THE ROOT LOCUS TO A TYPICAL OVERHUNG ROTOR

The result of a number of approaches led to a very significant simplification in
studies of rotor stability. The key is to assume that gyroscopic stiffening and
seal damping with its resulting cross coupled term has no significant affect on
mode shape, and that modal damping is small so that the resonant structural gain
is adequately defined by considering individual modes and ignoring residual

effects from other modes.

With these assumptions, the planar (no cross coupling) modes are computed for
various speeds by including the speed-dependent direct stiffness at seals. Modal
damping is assumed. The characteristic equation for an individual mode can then

be written as:

H[82 + 2CwS + mzl Xm = Y ¥Ym ¥n Fn
n

Angulation and deflection are defined in normalized form by mode shape, ¢ém. As
.usual, the modal mass, M, is defined with the largest deflection being unity.
Inputs, Fn, can be either forces or torques and the deflection, ¢n, at each

input is required.

The cross coupling equations shown in Fig. 32 are now included. 1In terms of the

system of Fig. 30, the equation of motion becomes:

D D

2 2 D35
§ * u (9159

A1 2

RIS +

2 2
= (31291527 716%16

2 2 2.,
[° = (B (6,-0,0 + B, (&,.6,)°) i/2M] = 0

For purposes of demonstration we can separate real and imaginery coefficients and

write:

2 . 2 .y
S + (R1 - 111)8 + (0 - 121) =0
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In real turbomachinery we find that the direct stiffness, damping and cross cou-
pled stiffness are speed related. If values are obtained at reference speed,

Q, the values at another speed are:

K = K (/@2
D = D ()

B=DR/2=DQ (9/5)2/2

Therefore,

: _ 2 - 2. -
R1 = 20w + [D11(¢11—¢3) + D15(¢15—¢7) 1(Q/Q) /M
2 2
Iy = Upobip * J16%167%
I = [D.. (b 402 +D.. - (6. 42212 (/@) 2r2M
2 = 01091779 15 = %1574 ,

Speed-dependent stiffness is added to the zero-speed stiffness matrix prior to

evaluation of the eigenvalue problem.

The cross coupling and damping effects on the system roots associated with each
mode are then determined by solving the quadratic in S where the coefficients are
complex. Physical systems where quadratics with complex coefficients arise are

unusual and perhaps unique in engineering to rotating machinery.

To demonstrate the effect of these complex coefficients, we can consider two

problems: one where I1 = 0 and one where 12 = 0. First, where I1 # 0,
Iz = 0, we have a rotating system with gyroscopic cross coupling. Assuming ¢
and Illw are small, solutions for S are:

81 ~ —fw (1+11/2m) + iw (1+11/2w)

82 ~ ~{w (1—11/2w) - iw (1—11/2w)
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The sign of the imaginery-coéfficient indicates forward (+) or backward (-) pre-
cession relative to shaft rotation. The more negative the real coefficient, the
more the damping losses. Thus, gyroscopic forces increase the frequency and
damping of forward precession while reducing the frequency and damping of back-
ward precession. For zero system damping (), gyroscopic forces do not cause

instability but simply change precession frequencies.

The case where I1 = 0, 12 # 0 can also be examined for small values of
Il/mz. This results in:

S, = ~fw + 1 /2w2 +iw

1~ 2

S, = ~fw - 12/2w2 -iw

In this case, the frequency is not affected, but the damping of forward preces-

sion can be driven to negative values. Backward precession has increased damping.

For a rotor-casing model with all the cross éoupling terms, as speed is increased
one would expect all the planar modal frequencies to increase due to nonlinear
stiffening of the direct spring rate. Gyroscopic forces would then cause the
forward precession frequency to increase slightly while the backward precession
frequency decreases slightly. Dependent on mode shape, the damping of forward
precession could increase due to gyroscopic forces or decrease due to seal coef-
ficients. The effect on the backward precession component should be opposite
that of forward precession. As speed increases one would finally expect the seal
forces to dominate (since they vary with speed squared) and negative damping to

prevail,

In order to evaluate this'approach, a FORTRAN program was written for the IBM-PC.
A program, ROTOR2, was written with five subroutines. Listings for these pro-
grams are contained in Appendix E. The program also calls two scratch data files
which contain data for the last system run with the program. They are contained
on the disk with the executable program file. The program is run using the CRT
display for user interrogation, while significant output is diverted to the
printer. During interrogation, the program has been written so that no zero val-

ues for geometric values are allowed. This simplifies logic and computer setup
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and maximizes running speed for best interactive performance. Using an 8087
chip, setup requires about 3 minutes while -each speed iteration requires 30 sec-
. onds (10 seconds of processing-and 20 seconds of printing) for 4 modes of

interest.

A printed output for a session is also contained in Appendix E. The data inputs
(which are called to the CRT screen) are indicated. After the frequencies for
the planar modes are printed, the program asks how many modes the user would like
to track in the speed increment.loop. Usually, only those 1ess than the poten-
tiai speed range are of interest, but all 16 modes may be tracked with an addi-

tional penalty due to printing.

The output shows the significance of relative motion between the case and rotor.
Modes which show high relative displacement at the seal connection points show
the most tendency to become unstable due to cross coupling. It is desirable to
have such modes appear at frequencies greater than half the running speed to

avoid degradation of inherent modal damping.

The tendency for half speed whirl is vividly displayed using this approach by

considering the equation for real forces.
-F = [K + DS - i DQ/2]AX

For @ ﬁo@al frequency where S = iw, all damping from the seal vanishes at Q =
2w aﬁdﬁbecomes negative for higher speeds. At higher speeds, negative damping
from the seal will eventually overcome inherent modal damping and result in
instability which will occur at a frequency of w. A slight increase in the
whirl speed (dhe to gyroscopic forces) and the violence of the instability (lim-
ited by physical nonlinearities) is observed in data as speed is increased past

the stable point.
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8.0 RESULTS AND OBSERVATIONS

The results of this study are significant in several areas and exceed the planned

scope of the work in some ways.

The initial phase produced a summary of a number of high speed rotors and their
properties. While not all of the existing pumps were applicableAto the type of
study being performed, several of them were. Where analytical models were avail-
able, properties such as component weight and system frequencies were obtained
for reference. Results of some of the stability analyses for these units are
included to demonstrate the stability activity with speed. 1In one case, upper
modes were deleted to determine the affect on computed stability and it was found

that severe truncation had little affect on the stability results.

An additional step used a simplified generic model of a rotor mounted through
bearing spring rates to ground in comparison with one where the bearing springs
were connected to a casing which was attached with unsymmetrical springs to
ground. Casing motion increased the speed at which instability occurred. The
clue to increased stability in this case may be the lack of symmetry of the
casing supports. Some investigations have indicated that unsymmetrical bearing
spring rates attached to ground also improve the stable speed range. This aspect

of rotor dynamics was not pursued in this study.

In order to have a tool to allow valid extensive models of turbopumps to be run
without step-by-step batch-processing, a number of mainframe codes were collected
and revised for use in an IBM-PC. This allows complex pump-housing configura-
tions to be run in a much shorter schedule and in an interactive mode. The code
has all the aécuracy and capability of the summation of the larger programs and
is written in FORTRAN. Some sample programs and a user guide are included in
this report. An interesting and useful output is the roots in the speed range of
the pump plotted in the complex plane as loci of speed. The plot indicates the
change in frequency and closed loop damping as speed is increased. Troublesome
system resonant modes can be easily tracked. The affect on these roots of system

changes are easily seen.
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During the course of this study, a more simplified approach to examining turbo-
pump stability was a goal. After a number of approaches to this part of the
study, it was found that an extremely simple concept could be developed by assum-
ing (1) a symmetric structural system, and (2) that including gyroscopic forces
and seal damping and cross éoupling.did not significantly affect mode shapes.
The first assumption leads to the transformations Y = -iX and. Fy = —in
allows evaluation of the dynamics in one plane followed by application of cross
coupled forces. The second assumption allows cross coupling effects on a mode to

be evaluated by determining the roots of a quadratic with complex coefficients.

Examining the equation for a seal with cross coupling, using the concept that Y =

—-ix the seal force becomes
-F = [K + DS - DiQ/2}AX

For a particular mode where s = iw we find that the imaginary coefficient (the
damping force) becomes negative for speeds greater than twice the modal fre-
quency. At some greater speed this negative damping will exceed inherent damping
in the system, causing unstable precession at less than half speed. This only
occurs for forward precession. The backward precession component (where S = -iw)-

receives increased damping as speed is increased.

Gyroscopic forces act as decreased mass in forward precession increasing the fre-
quency and as increased mass in backward precession decreasing the frequency.
The damping is increased for forward precession and decreased by backward preces-
sion. Gyroscopic forces can cause instability in backward precession if the mode
has inherent damping. A conservative mode, however, will not be destabilized by

small gyroscopic forces.

A generic rotor program was written in FORTRAN for the IBM-PC based on the
simplifications. These show the trends expected although the results have not
been checked numerically with a full model. The results indicate that modes with
high relative deflection between the cése and rotor at seals are most susceptible

to instability if the frequency is less than half the operating shaft speed.
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9.0 SUGGESTIONS FOR ADDITIONAL EFFORT
Several areas of additional effort are indicated.

First, it would be advisable to numerically compare the simplified rotor model
with results obtained with the complete model RSTAB.

A second area of activity would be to use the complex quadratic type solution for
single modes, but including a more realistic geometry; i.e., nonuniform rotor
stiffness, a more complex casing model, etc., to allow definition of more ele-
ments with cross coupling. The method appears to be quite general for axisym-

‘metric systems.

The third area where additional effort in the Root Locus vein may be significant
is for a casing with asymmetrical stiffness. While this complexity does not
allow direct application of the concept Y = -iX, it may be possible to generalize>
the problem into polar coordinates in a similar manner using one mode in each of
two planes to estimate the dynamic affect. Elliptical motion is obviously

expected. but the approach might pay large dividends in basic knowledge.
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NOMENCLATURE

Damping coefficient

Elastic modulus

Force

Frequency (Hz)

Horsepower

Turbine blade height

-1

Structural section modulus

Mass moment of inertia about Y or Z axis
p Polar moment of inertia

Stiffness coefficient

Length )

Mass )
(n) Mass associated with eigenvector n

Shaft speed (RPM)

Pressure

Dynamic pressure

Eigenvector

Radius

Laplace operator

Time

Velocity
.Y, 2 Coordinate system

Weight

EHRSCTLILOVZERC R U U AT MmO

Density

Relative case-rotor deflection
Radial clearance

Damping factor (fraction of critical)
Angulation about Z axis

Eigenvalue

Viscosity

Radial distance

Viscous pressure drop Q

Normalized modal displacement

Shaft speed (rad/sec)

Frequency (rad/sec) ‘ _
Frequency associated with eigenvalue
Shaft speed (rad/sec)
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‘RI/RD84-191
' 61/62



APPENDIX A

SUMMARY OF PHYSICAL PROPERTIES OF A NUMBER OF
EXISTING HIGH-SPEED ROTORS
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APPENDIX B

USE OF MATRIX METHODS AND SUBSTRUCTURE MODELING IN
ROTOR STABILITY ANALYSIS
This technique allows independently formulated component (rotbr and casing)
models, which should be réduced in degrees of freedom via a simplified modeling
approach or a Guyan reduction, to be combined in normal coordinates into a
coupled system representing & generic turbopump. Interaction befween the sub-
structures, as well as general stiffness and damping modifications internal to
the substructure components, may be specified in the physical (or original) coor-
dinate systems and incorporated with the system by proper transformation into the

coupled system normal coordinate system.

The coupled system is then solved for its complex eigenvalues and eigenvectors,
which yiéld the required information regarding the stability margins of the sys-
tem modes and, via backtransformation to the physical coordinate system, the
direction of precession of the rotor degrees of freedom. By permitting the spec-
ification of rpm-dependency of each system addition and modification, the behav-
ior of generic turbopump interaction elements; such as bearings, seals ahd tur-
bines, can be accurately modeled. The eigenvalue solution process is then

repeated while parametrically varying the pump speed.

The resulting information is presented in the form of critical sbeeds (from the
imaginary part of the complex eigenvalue) and modal stability margins (from the
real part of the complex eigenvalue) versus pump speed. A root locus diagram is
made, which combines the information contained in the critical speed and stabil-
ity plots. Backtransformation and plotting of the coupled system displacement

mode shapes also is performed.

The analytical method (Ref. 1) begins with normalization of the system eigenvec-

tors with respect to the mass matrix such that:

XTHX = HN = 1;

Ref. 1. Timoshenkg, S., D. H. Young, and W. Weaver, Jr., "Vibration Problems in
Engineering,"” Fourth Edition, John Wiley and Sons, 1974, pp 296-303.
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where
X

the eigenvector matrix (T denotes transposition),

the mass matrix (in physical coordinates),

M
HN normal mass matrix, and
I _

the identity matrix

It then follows by similar orthogonal transformation that:

— — pe -—

Sy = . » and DN = . H

where:

Sy = the normal stiffness matrix,

Dy = the normal damping matrix, -
wj = the natural frequency of the ith normal mode, and
Ei‘= the modal damping ratio of the ith normal mode.

The normalized system equations of motion may then be written as:

IH+DN}I+SN).I = 0;

where:

u = the normal coordinate displacement vector.

The substructure interaction elements and general modifications are specified in
physical coordinates and transformed via the normalized eigenvectors into the

system normal coordinates. For example:

XT ASX = ASN, and

RI/RD84-191
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where

AS = = the stiffness addition/modification matrix in physical coordinates

Asy = the stiffness addition/modification matrix in system normal coor-
dinates, and

SN' = the new system stiffness matrix

The new system equations of motion are then written in state-variable form:

which is then solved by an eigenvalue solution routine which solves the general’
nonsymmetrical dynamical matrix (IMSL routine EIGRF 1is being used for this

purpose).

Critical speed and modal stability data are obtained from the complex eigenvalues

computed at each rpm step in the analjsis. These are computed in the form::

W, = aj + ibj .for i=1, N

J
where
wj = jth coupled system complex eigenvalue,
aj = real component of wj
bj = imaginary component of w3,
i = V/:I? and
N = total coupled system degrees of freedom in normal coordinates (number of

casing substructure modes plus number of rotor substructure modes)

The aj represents the exponential decay (or growth, for aj > o) of the jth
mode when disturbed from its equilibrium position. When the aj component is
plotted versus pump speed, the result is a stability margin diagram. The mode is

stable  when aj is less than zero, and unstable when aj is greater than zero.
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The bj represents the damped natural frequency of the jth mode. When bj com-
. ponent is plotted versus pump speed, the result is a critical speed map. The
intersection of the bj curve with the diagonal line indicating synchronous
speed indicates a potential critical speed. The combination of the modal stabil-
ity and critical speed plots is the more familiar root locus plot, where the aj
and bj are plotted together on the imaginary plane. In this case, the pump

speed is represented parametrically as the locus of the complex roots.

The complex system eigenvectors can be backtransformed to the physical coordinate

system using the original normalized substructure mode shapes:

X' = XZ;
where
X' = the casing-rotor coupled system modal displacement vector matrix in
physical coordinates,
X = the ﬁriginal normalized substructure modal matrix, and
Z =

the complex system eigenvector matrix computed for each rpm step

The coupled system modal displacement vector is then printed/plotted to aid in

interpretation of its significance to rotor stability and bearing loads.

Immediate indications of strong casing-rotor interaction are available from the
coupled system mode shapes. Modes which exhibit comparable motion of both casing’
and rotor degrees of freedom will be most significant in assessing the influence
of casing flexibility on rotof dynamics. Large relative motion between casing
and rotor degrees of freedom representing a bearing coupling element inicates a

potentially significant contributor to bearing loads.

Using vector analysis methods, the direction of rotor precession is a simple cal-
culation involving the complex translational degrees of freedom (y, z) at a rotor
longitudinal "station."” Evaluated at any time, t (t = o is convenient), dis-

placement and velocity vectors are defined as (Fig. B-1):

A A
Relylj + Relzlk; and
Re[§15 + RelZ1k;

o
I 1}
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Calculation of Rotor Precession From the

Figure B-1.
Complex Displacement Mode Shape

where
Rel ] = the real component of the complex argument, and
AA '
j,» k = unit vectors aligned with the y and z axes, respectively

It then follows by vector cross-product, that the precession vector, p, is:

5 =RxR= (Rely] Re [;] ~ Rel(z]) Re[}])%

vthe unit vector aligned with the x (longitudinal) axis

RI/RD84-191
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The modal displacement and velocity quantities are related according to:

¥ = Ay, and Z = AzZ;

where:

A = the complex eigenvalue.

Substitution of these into the vector cross-product results (after some manipula-

tion) im:
P = Im(A] (Relz] Imly] - Rely]l Im(zD%;
where
Im{ ] = the imaginary component of the complex argument.

This equation is easily evaluated at each rotor station.
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APPENDIX C

' PROGRAM RSTAB OUTPUT LISTING FOR
PROGRAM VERIFICATION TEST CASE
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;**&I******l*******§i********i***l***l****&*l’****i*{****i*******&*************l

R
YT e e PROGRAM RSTAB
T e . -

s ‘ . 1BM PC VERSION 1.0

P

L2 22 2
L 22 2 2
B 9 N ¥
L2 2 2 2
L2 & L L

96 36 3 9 3 36 3 36 3 A 3 Db 36 36 36 9 36 36 3 36 3636 3 I 3 A U I I I A I WA J I W B I I T AU B IE I I S I I I A 36 I I b I 3 I I W IR

*+ ¥ DAMPED CRITICAL SPEEDS AND

ND. OF ROTOR DOF = 40
NO. OF CASING DOF = 40
= 1

ROTOR TAPE CODE
NO. OF GYROSCOPIC ADDITIONS

ACCELERATION OF GRAVITY

STABILITY-10 LUMPED

NO. OF ROTOR MODES
NO. OF CASING MODES

CASING TAPE CODE

20

386.40

RI/RD84-191
Cc-2

MASS ROTOR FLEX CASE

* ¥



# # * . ROTOR GROUP MODAL MATRIX # # %

MODE NO. 1

3.81387E+00
« 00000E+00
.DOOOOE+00
-1.52437E-01
1.52731E+00
. 00000E+00
« 00000E+00
-1.52437E-01

MODE NO. 2

« 00000E+00
3.3S6S6E+00
1.524357E-01

» 00000E+00

« O00COE+QO
1.07000E+00
1.52437E-04

« 0000Q0E+00

MODE NO. 3

=1.467022E+00
« 00000E+00

© « 00000E+0Q0O
1.91526E-01
1.20266E+00
« 00000E+00

« 00000E+00
1.91526E-01

MODE NO. 4

. OOOOOE+00
-1.0956SE+00
-1.91526E-01

. 00000E+00

. 000COE+00

1 7724E+00
-1.81526E-01
. 00000E+00

« 00000E+00
« 00000E+00
-1.52437E-01
1.98462E+00
+« 00000E+00
« 00000E+00
-1.52437E-01

-3.01937E-01

3.81387E+00
1.52437E-01
« 00000E+00
« 00000E+00
1.52731E+00
1.52437E-01
« 00000E+00
« 00000E+00

. 00000E+00
. 0000OE+00
1.91526E-01
6.28084E-01
. 00000E+00
. 00000E+00
1.91526E-01
3.50097E+00

=-1.67022E+00
~-1.91526E-01
« 00000E+Q0
-« 00000E+00
1.20266E+00
~1.91526E-01
« 00000E+00
« O0000E+00

- 00000E+00
-1.52437E-01
2.34194E+00
« 00000E+00
« 00000E+Q0
-1.52437E-01
1.5537SE-01

+« 00000E+00-

1.52437E-01
« 00000E+00
« 00000E+00
1.98462E+00
1.52437E-01
« 0O0000E+0Q0
« 00000E+00
-3.01937E-01

« 0000O0E+00
1.91526E-01
5.35071E-02

« 00000E+00O
. «00000E+00
1.91526E-01
2.92639E+00

- 00000E+00

-1.91526E-01
. 00000E+00
. 00000E+Q0
6. 2B8084E-01
-1.91526E-01
. 00000E+00
. 00000E+00
3.50097E+00

RI/RD84-191
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-1.52437E-01

2.89925E+00
» 00000E+00
+ 00000E+00

T ~1.52437E-01

6.12687E-01
« 000OOE+00
« 00000E+00

~« 00000E+00
« 00000E+00
2.4481934E+00
1.52437E-01
« 00000E+00
» O0000E+00
1.55375E-01
1.52437e-01

1.91526E-01
-S.21070E-01
« 00000E+00
. 00000E+00
1.91526E~01
2.35182E+00
. 00000E+00
. 00000E+00

. 000O0E+00
. O0000E+00
5.35071E-02
-1.91526E-01
. O00OOE+00
. 00000E+00
2.92639E+00
-1.91526E-01

3.3S6SELE+00
« O0000E+00 -

« 00000E+00
-1.52437E-01
1. 07000E+00
. O0000E+00

« 00000E+00
-1.52437E-01

< Q0000E+00
2.89925E+00
1.52437E-01
- « 00000E+00
« 0O0O00E+0O0
6.12687E-01
1.52437E-01
« O00O00E+0QQ

~1.0956SE+QO
« 00000E+00
« QOO0O0E+QO
1.91526E-01
1.77724E+00
« 00000E+00
« 00000E+00
1.91526E<01

« 0000Q0E+CQOQ
-5.21070E-01
-1.91526E-01

« 00000E+00

« O00QQE+QOQ

2.35182E+00
-1.91526E-01
« 000Q0E+00



MODE NQ. S

~4,23564E+00
« O0000E+00
« 00000E+00
4.14930E-01
2.20052E+00
« O0000E+00
-XD0000E+00
~5.79026E-01

MODE NO. 6

« 00000E+00
~2.37190E+00
~5.50129E-01

« 00000E+00

« GO000E+QO

1.46307E+00
4.70629E-01

« O0000E+00

* % *

MODE NO. 1

1.32586E+00
« O0000E+00

« O0ODOE+00
~6.0647SE-02
4.16151E-01
. QOQ00E+00

- O00OO0E+0O0
~6.06475E-02

MODE NQ. 2

.Yooooe+00
1.14392E+00
6.0647SE-02

. G0000E+00

. GODOOE+00
2.34208E-01
6.0647SE-02

. O0OCE+00

. 00000E+00
- 00000E+00
5.350129E-01
1.9130SE+00
. 00000E+00
. 00000E+00
-4,70629E-01
-2.94536E+00

-4, 23564E+00
—6.06796E-01
- 00000E+00
- 00000E+00
2.20052E+00
2.87072E-01
« QO000E+00
- 00000E+00

CASING GROUF MODAL MATRIX

-« OO000E+00
.« 00000E+00
-4.06475E-02
S.98093E-01
» 00000E+00
. OO000E+00
-6.06475E-02
-3.11620E-01

1.32586E+00
6.0647SE-02
« 00000E+00
+« 00000E+0Q0
4.16151E-01
6.0647SE~-02
« 00000E+00
« O0000E+00

« 00000E+00
6.06796E-01
9.20328E-01

« 00000E+00

« 00000E+00

-2.87072E-01

=1.17S21E+00

« 00000E+00

~6.21006E-01
« 00000E+00
- 00000E+00
1.921305E+00
4.19694E-02
« 00000E+00
« 0O0000E+0Q0
~2.94536E+00

E IR R

« 00000E+00
-46.06473E-02
7.80036E-01
. 00000E+00

« O0000E+0QO
-6.0647SE-02
-1.29677E-01
« 00000E+0O

6.06475E-02
« 0O0000E+00
« 00000E+00
5.98093E-01
6.06475E-02
. 00000E+00
« 00000E+QO
-3.11620E-01
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&6.21006E-01
-5.89780E-01
« 00000E+00
« 00000E+00
-4, 194694E~02
4.65316E-01
« O0000E+00
« 00000E+00

« 00000E+0Q0

« 00000E+Q0
?.20328E-01
-2.11594E-01
- « O000OE+00
« 00000E+00

—1.17521E+00

S.90858E-01

-6.06475E-02
?.61978E-01
« 0O000VE+00

-« 00000E+00
—-6.06475E-02
S.22656E-02
« 00000E+00

« 00000E+00

. 00000E+00

. 0000OE +00
7.80036E-01
5.06475E-02
« 00QOOE+00

. 00000E+00
-1.29677€E-01
6.0647SE-02

~2.37190E+00
. 00000E+00
. 00000E+00
2. 11594E-01
1.66307E+00
. 00000E +00
. 0000OE+00
-5.90858E~01

« OOOQOE+OO
-5.8%9780E~-01
~4.14930E~01

« 00000E+00

« O0000E+0Q0

4.65316E~-01
S.79026E~01
« 00000E+00

1.14392E+00
« O0000E+0Q0
« 00000E+00
=6.06475E-02
2.34208E-01
« 00000E+00
« OO0O0E+QO
=6.06475SE~02

. 00000E+00
9.61978E-01
b.06475E-02

. 00000E+00

. 0000OE+00
5. 22656E-02
6.06475E-02

. 0000OE+00



MODE NO. 3

« 00000E+00
-8.14498E-02
5.03815E-02
« 00000E+00

« 00000E+00
-8.37173E-01
5.03815E-02
-« QOO00E+00

MODE NO. 4

-b.96948E-02
. O000OE+00
. O000OE+00
5.03815E-02
6.86028E-01

. O0000E+00 .

« 00000E+00
5.03815E-02

MODE NO. S

. 00O00E+Q0
-4,99923E-01
-8. 0353S5E-02

. QO000E+0Q0

« QOOOOE+0O

S.733IB4E-01
8. 03S3ISE-02
« O000DOE+00Q

MODE NO. )
1.009S2E+00

« CO0O00OE+00
« 00000E+00

-5.33387E-02"

-8.58514E-01
« 00000E+0Q0
« 00000OE+00
9.70934E-02

&.94948BE-02
S5.03815E-02
« 00000E+00
+« 00000E+00
-6.86028E-01
5.03815E-02
« 00000E+00
« 00000E+00

. 0000OE+00
. 00O00OE+00
5.03815E-02
5. 34883E-01
. 00000E+00
. O0O0OE+00
5.03815E-02
1.29061E+00

=1.009352E+00
-9.70934E-02
« 0000O0E+CQO
« O0QOOE+00
8.58514E-01
S.33387E-02
« 00000E+0Q0
« 00000E+00

« 00000NE+CQO
« O000QE+00
-8.03535E-02
-8.58514E-01
« Q0000E+00
« 0000O0E+00
8. 03335E-02
1.00952E+00

5.03815E~02
« 00000E+00
« 00000E+00
-5.34883E-01
5.03815E-02
+ O0000E+00
.« 00000E+00
=1.29061E+00

. 0000CE+0
5.0381SE-02
3.83739E-01
. 00000E+00
. 0000OE+00
S.0381SE-02
1.13944E+00
. 00000E+00

-1.03B40E-01
. 0000OE+00

. 00QOOE+00
B.58514E-01
1.87125E-02
. 00000E+00

. OO000E+00
-1.00952E+00

« O0000E+00
-9.70934E~02
-5.73384E-01

- 00000E+00

« 000O00OE+Q0

S.33387E-02
4.99923E-01

« OO000E+00
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« 00000E+00
- 00000E+00
~3.83739E-01
S5.03815E-02
« 00000E+00
« 00000E+00
=1.13946E+00
5.03815E-02

S.03815E-02
2,.32594E-01
« 00000E+00
« 00000E+00
5.03815E-02
9.88317E-01
« Q0000E+00
- 00000E+00

. 00000E+00
« 00000E+00
5.73384E-01
~1.87125E-02
. OOO0OE+00

. 0000VE+00
-4.99923E-01
1.03840E-01

-1.03840E-01
~7.75425E~-02
« 00000E+00O

- 00000E+00
1.87125E~-02
=7.7S5426E-02
« O0000E+O0

. 00000E+0Q0

« 0O0000E+00
-2.32594E-01
S5.03815E-02
« 00000E+00

« O0000E+00
~9.88317E-01
S.03815E-02
« 0O000E+00

. 14498E-02
« O0000E+00
. QOOQOE+00
5.03815E-02
8.37173E-01
« OO000E+00 -
« OO00Q0E+0OC
S.03815E-02

« OOO00OE+00
7.7S425E-02
-5.33387E-02
« O0QOOE+OQO

« DOO0OE+QO
7:7S426E-02
Q.70934E-02
= O000QOE+0O

4.99923E-01
« 00Q00E+00

- OOOOOE+QO
-1.87125E-02
-5.73384E-01
« OO0OOE+00

« OOOVOE+0O
1.03840E-01



*

R

*

*

*

*

*

*

*

ROTOR GROUP NATURAL FREQUENCIES

RAD/SEC

2.94585E-03
2.94585E-03
3.464288E-03
3.64288E-03
3.09484E+03
3.09484E+03

HERTZ

4.468847E-04
4.68847E-04
5.79782E-04

- $5.79782E-04

4.92559E+02
4.92559E+02

CASING GROUP NATURAL FREQUENCIES -

GYROSCOPIC MATRIX ELEMENTS

ROW

RAD/SEC

2.53371E-03
2.53371E-03

3.133746E-03

3.13376E-03
7.67335E+03
7.67335E+03

coL

HERTZ .

4.03252E-04
4.03252E-04
4.98753E-04
4.987S3E-04
1.2212SE+03
1.2212SE+03

*

VALUE

-3.57800000E+00
3.57800000E+00
=7.15500000E+00
7.15500000E+00
-B8.27000000E+0Ot
8.27000000E+01
~7.15500000E+00
7. 15500000E+00
=7.1SS00000E+00
7. 15500000E+00
-1.60300000E+02
1.60300000E+02
=7.15500000E+00
7. 15500000E+00
~7.15500000E+00
7. 15500000E+00
-2.64400000E+02
2, 64400000E+02
~3.57800000E+00

3.57800000E+00

RI/RD84-191
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"% % # SUBCASE INPUT # % #

DAMPED CRITICAL SPEEDS AND STABILITY-10 LUMPED MASS ROTOR FLEX CASE

HPOTP LINEAR ADDITIONS TO MODEL/FLEXIBLE CASING

NUMBER OF GENERAL MATRIX ADDITIONS (STIFFNESS AND DAMPING)

“PARTITION 1 = © PARTITION 2 = ©
PARTITION 3 = O PARTITION 4 = 4
NUMBER OF INTERGROUP ADDITIONS = 5
NUMBER OF FUNCTION GENERATORS = 10
MODE SHAPE PRINTING CODE = 1 _ NEXT CASE CODE = 4
RPMI = 5.00000E+03 DRPM =  .00000E+00 P =

% % » CASING GROUP MODAL DAMPING FACTORS # # #

1.00000E-02
1.00000E-02
1.00000E-02
1.00000E-02
1.00000E-02
1.00000E-02

RI/RD84-191
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- % % # FUNCTION GENERATOR DATA . xon

FUNCTION NO.

FUNCTION NO.

FUNCTION NO.

FUNCTION NO.

1 UNITYS

2 PBP RWR DIRECT

RPM
1. 0000E+03
9. 0000E+04

RPM
1.0000E+03
1.0000E+04
2.0000E+04
2.5000E+04
3. 0000E+04
3.5000E+04
4. 0000E+04
4,.5000E+04

3 PBP RWR C-CSTIFFNESS$

RPM
1.0000E+03
1. 0000E+04
2.0000E+04
2.5000E+04
3. 0000E+04
3.S000E+04
4.0000E+04
4.5000E+04

4 PBP RWR DIRECT DAMPINGS

RPM
1.0000E+03
1.0000E+04
3. 0000E+04
4,5000E+04

M IMP DIRECT STIFFNESSs

RPM
1.0000E+03
5. 0000E+03
1.0000E+04
1.5000E+04
2.0000E+04
2.5000E+04
3. 0000E+04
3.5000E+04
4.0000E+04
4.5000E+04

RI/RD84-191
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STIFFNESS$

. VALUE
1.0000E+0O
1.0000E+00

VALUE

« 0O000E+0C
1.0000E+0S
4.2000E+05
6. S000E+0S
?.3000E+05
1.2400E+0&
1. 6000E+06
2. 1000E+06

VALUE

« 0000E+00
1.4900E+04
S.8000E+04
8. 6000E+04
1.2000E+03
1.SP00E+0S
2. 0400E+0S
2.5800E+05

VALUE

« O000E+00
6. 3380E+01
2. 1000E+02
3. 2100E+02

VALUE
8. 8900E+01
2.2222E+03
8.888%E+03
2.0000E+04
3.53S6E+04
S5.55546E+04
8. 0000E+04
1.0889E+0S
1,4222E+05
1.8000E+0S



FUNCTION NO. )

FUNCTION NO. 7

FUNCTION NO. 8

FUNCTION NO. 9

~

M IMP C-C STIFFNESS$

RPM .
1.0000E+03
S. 0000E+03

" 1.0000E+04

1.5000E+04
2.0000E+04
2.5000E+04
3. 0000E+04
3.5000E+04
4.0000E+04
4.5000E+04

M IMP DIRECT DAMPINGS

RPM
1.0000E+03
5. 0000E+03
1. 0000E+04
1.5000E+04
2.0000E+04
2.5000E+04
3. 0000E+04
3. S000E+04
4.0000E+04
4.S5000E+04

TURBINE DIRECT STIFFNESS#%

RPM
1.0000E+03
S. 0000E+03
1.0000E+04
1.5000E+04

2.0000E+04 -

2.5000E+04
3. 0000E+04
3. SO00E+04
4.0000£+04
4.35000E+04

TURBINE C-C STIFFNESS$

RPM
1.0000E+03
S. 0000E+03
1.0000E+04
1.5000E+04
2.0000E+04
2.5000E+04
3.0000E+04
3. 5000E+04
4.0000E+04
4.5000E+04
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VALUE
4.0000E+01
1.0000E+03
4.0000E+03
9.0000E+03
1.46000E+04
2.5000E+04
3.6000E+04
4.9000E+04
6.4000E+04
8. 1000E+04

VALUE
1. 0000E-01
S.0000E-01
1.0000E+00
1.5000E+00
2.0000E+00
2.S000E+00
3. 0000E+00
3. 5000E+0C
4. 0000E+0QQ
4.,.S000E+0Q

VALUE

« O000E+0Q0
2.1800E+03
8.7100E+03
1.9400E+04
3.4850E+04
4.7S00E+04
b6.8300E+04
9.5500E+04
1.26S0E+0S
1.6100E+0S

VALUE
« O000E+00
7. 1000E+02
1.9300E+03
3. 9700E+03
7.8800E+03
1.3250E+04
2.1100E+04
3.0950E+04
4.6000E+04
&.4300E+04



FUNCTION NO.

10

TUﬁBINE DIRECT DAMPING$

* # % INTERGROUP ADDITIONS # # #

UPPER LEFT PARTITION

NO. ROW
1 1
2 2
3 1
4 2
5 37
6 38
7 37
8 38
9 9

10 10
11 9
2 10
213 21
14 2
1S 21
16 22
17 33
18 34
19 33
20 34

coL.

33

C-10

RPM

1.0000E+03

S.0000E+03

1.0000E+04

1.5000E+04

2.0000E+04

2.5000E+04

3.0000E+04

3.5000E+04

4.0000E+04

4.5000E+04
* MATRIX ADDITIONS . *

STIFFNESS FUNC. DAMP ING
S. 00000E+0S 1 2.50000E+00
5. 00000E+05S 1 2.50000E+00
-« 00000E+00 1 « 00000E+00
« O0O000E+00 - 1 « 00000E+00
5. 00000E+05 1 2.50000E+00
S. 00000E+0S 1 2.50000E+00
« O0000E+00 1 « 00000E+00
« 0O0000E+00 1 « 00000E+0O0
1.00000E+00 2 1.00000E+00
1.00000E+00 2 1.00000E+00
1.00000E+00 3 « 00000E+00
=1.00000E+00 3 «00000E+00
=1.00000E+00 S 1.00000E+00
=1.00000E+00 S 1.00000E+00
1.00000E+00 ) « 00000E+00
=1.00000E+00 6 « 00000E+00
1.00000E+00 8 1.00000E+00
1.00000E+00 8 1.00000E+00
1.00000E+00 9 « 00000E+00
-1.00000E+00 9 - 0000OE+00
RI/RD84-191

VALUE

« 00Q0E+00
9.0000E-01
2.3000E+00
4.2000E+00
6.1000E+00
8. BOOOE+00
1.2800E+01
1.7300E+01
2.3000E+01
2.9600E+01

FUNC.

e
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Claaw

z
o

SONOCNDUNM

r4
[=]

P

NVONOCADUHN-

UPPER RIGHT PARTITION

STIFFNESS

=5.00000E+05
-5.00000E+05
« 00000E+00
« 00000E+00
-35.00000E+05
=5. 00000E+05
« 00000E+00
« 00000E+00
-1.00000E+00
-1.00000E+00
=1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
-1.00000E+00
1.00000E+00
=1.00000E+Q0
=1.00000E+00
=1.00000E+00
1.00000E+00

LOWER LEFT PARTITION

STIFFNESS

=5.00000E+0S
~5.00000E+0S
« O0000E+00

« 00000E+00
=5.00000E+05
=5.00000E+0S
« 0000CE+00

+ 00000E+00
=1.00000E+00
=1.00000E+00
-1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
=1.00000E+00
1.00000E+00
=1.00000E+00
=1.00000E+00
=1.00000E+00
1.00000E+00

FUNC.

CODBDOCCUUNUUNNS = = e e

FUNC.

CODMDO O U G LN N e e s e 1

R1/RD84-191
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DAMP ING

-2.50000E+00
-2.50000E+00
« O0000E+00
. O0000E+00
-2.50000E+00
-2.50000E+00
« 00000E+00
« 00000E+QO
-1.00000E+00

-1.00000E+00O

« O0000E+00
« O0000E+00

-1.00000E+00

-1.00000E+00
« 00000E+00
« 00000E+00
=1.00000E+00
-1.00000E+00
« 00000E+00
« 00000E+00

DAMP ING

-2.50000E+00
-2.50000E+00
« 00000E+00
« O0000E+00
-2.50000E+00
-2.50000E+00
« 00000E+00
« O0000E+00
-1.00000E+0C0O
-1.00000E+00
« O0QOOE+CO
« O0000E+00
~1.00000E+0Q0
-1.00000E+00
- 00000E+00
« O0000E+00
~1.00000E+0O
~1.00000E+00
« O0000E+0OC

. Q0000E+Q0

FUNC.

RO
e T O M e NN DD e e e e el et e e

FUNC.

e
o s O O et bt NN e s B s e et et et s b e



LOWER RIGHT PARTITION

NO. ROW coL. STIFFNESS FUNC. DAMP ING FUNC.
1 1 1 35.00000E+0S 1 2. 50000E+00 1
2 2 2 3.00000E+05 1 2.50000E+00 1
3 1 2 « 0O0000E+00 1 « 00000E+00 1
4 2 1 « 00000E+00 1 - O0000E+00 1
S 37 37 S5.00000E+0S 1 2.50000E+00 1
6 38 38 S. 00000E+0S 1 2. 50000E+00 1
7 37 38 « 00000E+00 1 « 00000E+00 1
8 38 37 « O0000E+00 1 « 00000E+0O 1
9 9 9 1.00000E+00 2 1.00000E+00O 4

10 10 10 1.00000E+00 2 1. 000Q0E+00 4
11 9 . 10 1.00000E+00 3 « O0000E+00 1
A2 10 9 ~1.00000E+00 3 « O000OOE+00 1
13 21 21 -1.00000E+00 S 1.00000E+00 7
14 22 22 ~1.00000E+00 S 1.00000E+00 7
15 21 22 1.00000E+00 6 « 00000E+00 1
16 . . 22 21 -1.00000E+00 & « 0000CE+00 1
17~ 33 33 1.00000E+QO 8 1.00000E+00 10
18 34 34 1.00000E+00 8 1.00000E+00 10
19 33 34 1.00000E+00 9 « 00000E+00 Tl
20 34 33 -1.00000E+00 9 « O000VE+00 1

# # # GENERAL ADDITIONS + #* *

LOWER RIGHT PARTITION

NO. ROW coL. STIFFNESS  FUNC. DAMP ING FUNC.

1 S S 1.00000E+06 1 « 00000E+00 1
2 ) é 1.00000E+07 1 « 00000E+00 1
3 33 33 1.00000E+06 1 . O0000E+00 1
4 34 34 1.00000E+07 1 1

« O0000E+00
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ROTOR DISPLACEMENTS WILL BE COMPUTED AT THE FOLLOWING DEGREES OF FREEDOM

1 ‘2 S ) 9 10 13 14 17 18 21 22
25 26 29 30 33 34 37 38

CASING DISPLACEMENTS WILL BE COMPUTED AT THE FOLLOWING DEGREES OF FREEDOM

1 2 S -] 9 10 13 14 17 18 21 22
25 26 29 30 33 34 37 38

# # PRINT AND PLOT CONTROL OPTIONS # =

FHIGH = 5.00000E+04 CPM FLOW = 1.00000E+04 CPM
XB = 5.00000E+03 _XR = &.00000E+04

YB = 5.00000E+03 YT = &.00000E+04

DX = 5.00000E+03 DY = 5.00000E+03
IPLTF = © IPRT2 = ©

XB1 = 5.00000E+03  XR1 . = &.00000E+04
YB1 = = =2.00000E+02 YT1 =  2,00000E+02
DX1 = 5.00000E+03 DY1 = 5.00000E+01
STABILITY PLOT CHARACTERS 1 2 3 4
IPRT3 = O

MODE SHAPES PLOTTED FOR 2 SPEED CASES AT FOLLOWING SPEEDS

10000. 30000.

MODE SHAPE PLOTTING DATA

"o

STATIONS= 10 IFLG= 3 IFLG1= 3 THETA= 210.0 SCALE= .0S50
STATION LOCATIONS

.000 3.000 6.000 9.000  12.000
15. 000 18. 000 21.000 24.000 27.000

RI/RD84-191
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APPENDIX D
PROGRAM RSTAB USER'S GUIDE
SUMMARY

The development of asn IBM PC version of the CDC program DAMCISS is complete.
This work was done to support NAS8-34964, titled "Effects of Case Flexibility on
Bearing Loads and Rotor Stability Study,” and was also designed to be of general
use in the analysis of current rotordynamic models and in future studies. Con-
siderable modification and revision to the program structure and subroutines was
necessary to accomplish this. The code has been tested and verified using three
independent models and has demonstrated very good agreement with the CDC equiva-

lent program.

This Appendix discusses the analytical methods used, which include subsiructure
modeling, general stiffness and damping modifications and complex eigenvalue
solution. Discussion of program implementation on the IBM PC computer includes
memory size, execution speed and disk storage considérations. A main memory
capacity of 256K bytes, an output buffer spooling program and temporary disk
storage space are essential to efficient program use for large models (typical of
current SSME turbopump analyses). However, small models used for generic study
purposes may be run efficiently under more restricted configurations.. Redimen--
sioning of the program can be done by the experienced user, thus enabling adapta-
tion of the code to various model sizes and computer configurations. A guide has
been provided for this, which relies on the DAMCISS User's Guide for definition

of the variables involved.

Program execution, using the batch file RUNRSTAB, is described. Some familiarity
with the IBM operating system will be needed to vary from the rigid procedure
provided, but it should be useful in getting anyone started. An example run ses-

sion has been provided to assist in this.

RI/RD84-191
D-1



GENERAL PROGRAM DESCRIPTION

RSTAB allows independently formulated component (rotor and casing) models to be
combined wusing normalized modes into a 'couplgd system. Interaction forces
between the substructures, as well as general stiffness and damping modifications
internal to the substructures, are specified in the physical coordinate system
and transformed by the program into the normalized coordinate system. The
coupled system is then solved for its complex eigenvalues and eigenvectors, which
yield the required information regarding the critical speeds and stability mar-
‘gins of the system. Via backtransformation to the physical coordinate system,
the resulting mode shapes and the direction of rotor precession are computed. By
permitting the specification of RPM-dependency of each system addition and modi-
fication, the behavior of such turbopump interaction elements as bearings, seals
and turbines, can be accurately modeled. The eignevalue solution process is then .

repeated while parametrically varying the pump speed.

‘A root-locus plot is produced as the program executes. This plot combines the
information contained in the critical speed and stability plots and also provides
visual feedback on the program's execution status. The critical damping ratio of
each mode can be graphically determined from the root-locus plot. Lines of equal
damping_are straight lines extending radially from the plot origin. Lines for 1,

2.5, 5 and 10% of critical damping are indicated on each plot.

Microsoft FORTRAN Version 3.13 was used to develop £he programs. The philosophy
of program organization has been to enhance efficiency in the desktop computer
environment and to provide clear subdivisions for chaining the programs to oper-
ate under main memory restrictions (the computer used for development was an IBM

PC with 256K bytes of main memory).

The code has been divided into three executable programs, which are executed
sequentially using the batch procedure RUNRSTAB. The first of these three
(PRERSTAB) entirely pre-processes the input files, including all subcase itera-
tions. It creates a binary run data file, which is then used by the main program
(RSTAB). The main program, which solves for the coupled system eigenvalues and

mode shapes as operating speed is varied, produces a root-locus plot (upper

RI/RD84-191
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half-plane) for each subcase run. This plot is the only graphics produced by the
main program. All other results information is written to binary files for use
by the post-processor program (PSTRSTAB). This last program produced all remain-
ing plotted output, including function generator curves, critical speed and sta-
bility plots and complex mode shapes. Resgart capability is afforded by the var-

jous binary files created by each program, which can be saved for this purpose.

All plotted output is directed to a dot-matrix printer, which must be present for
execution of RSTAB (for the root-locus plot) and PSTRSTAB (if any other plots are
requested). The output listing, however, may be printed as the programs execute

(immediate printing), or may be directed to disk storage.

The amount of main memory required to execute the programs is determined by the
size of the main program (RSTAB), which is the largest of the three. The size of
this program as currently dimensioned is 198,544 bytes. This includes plotting
and CRT control functions which are not mandatory for successful execution of the
three programs if root-locus plots are not desired. ‘A non-plotting version of
the main program (RSTABNP) has also been provided, and requires only 177,120
bytes. Altering the dimensioning of variable arrays to accommodate problems of
different sizes would affect the program size. Table C.1 details the dimension-
ing of Version 1.0 of RSTAB.

RESTAB REDIMENSIONING

Array redimensioning is the most likely modification to be necessary on a routine
basis. Three source files will require modification for redimensioning. These
are: PRERSTAB.FOR, RSTAB.FOR, and PSTRSTAB.FOR. Note that thesé need not be
dimensioned identically. The only requirement is that each be dimensioned to at
least the sizes required for the problem to be analyzed (such that the user's
input does not exceed the capacity of any one program). The user must be aware
that any other software modification may adversely affect the program operation
and validity. A guide is provided for the experienced user to redimension the

program.
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After recompiling the modified source codes, the executable files can be
re-linked by following the 1linking guides also provided. The object modules
TKNULL, EPNULL and NULE6 are PLOT88 and FORTRAN "null" object modules (to elimi-

nate unnecessary code) and should be used when linking the main program (RSTAB).
PROGRAM USAGE

The IBM PC program XTALK should be used to transmit input data files from the CDC
computer. With XTALK in "Capture" mode, any formatted files can be transmitted
by using the CDC NOS command "COPY, file" (where "file” is the local name of the
CDC formatted file). For transmitting binary mode shape files created by the

finite-element analysis program V9568, the following procedure is provided:

GET, V956IBM/UN = YQA31l4
V956 1IBM

This procedure will invoke a translator program, which will read the binary file -
and transmit it formatted for use by program PRERSTAB. All leading and trailing
lines in input files (including CDC JCL) will be ignored by RSTAB; therefore, no

special editing of the imput files will be necessary.

An IBM batch file, RUNRSTAB, has been provided to facilitate the execution of the
three programs. The user should execute this batch file from a directory with
enough space for program output and temporary files (this requirement will vary
considerably with problem size and plot requests). RﬁNRSTAB will pause with mes-
sages to direct the interchange of the diskettes containing the executable
files. Provided with the executable files is a program usage log (SAV.LOG) for
productivity accounting. This file is mandatory for program execution. An

example run session is included.

RI/RD84-191
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Execution speed is greatly enhanced if the output listing is directed to disk
storage, or if a spooler program is used to establish an output buffer of at
least 30 Kbytes. For this reason it is recommended to execute under the DOS 1.1
operating system using Superspool, and have at least 256 Kbytes of main memory.
With this amount of memory, 26 Kbytes of output buffer can be allocated, leaving

enough memory for execution of RSTAB.

RI/RD84-191
D-5



174

01

0¢

0¢

0z

0¢

0s

0¢

%<

0s

LA

STt

91

9NILIOTd/ONIININA AdVHS FAON 04 SIALS WY
1ndLno nwaaoqm W04 SNOIIVIS quw<u\moaom
104100 QILNTYd ¥0d HOQAENA- 40-STTAOIA HNTSYD
INdLNO QIINI¥d ¥Od HOAFA¥A-I0-SITYHIAA YOLOU
SNOILIIQQV TVENIOMALS dNOYSTAINI

SNOILIAAV TVEALONYLS m=o¢w<mazH

SINAWAYONT WdY

JOLVIANIS NOILONNA ¥3d SINIOL

SWOIVNINAS NOILONNA

WOQATEd 40 SITYHAQ ONISVD

SAQOH HNISYD

WOqaA¥d 40 SITYOAA WOLOY

S3A0H ¥0oLOY

ONINOISNIHIA 0°T NOIS¥IA SVISId 100 TIEVL

RI/RD84-191



~1. PROGRAM RSTAB RE-DIMENSIONING GUIDE

In order to run problems requiring larger array dimensions than provided in
Version 1.0 of RSTAB, or to run smaller problems using less main memory, it
will be necessary to re-dimension the program. Only the three principal
source files PRERSTAB.FOR, RSTAB.FOR, (or RSTABNP.FOR for non-plotting
version) and PSTRSTAB.FOR will need any modification for this. It is not
necessary to dimension these identically, provided that each is dimensioned
large enough to accommodate the problem at hand.

For definition of variables not defined in this guide, refer to the DAMCISS
User's Guide . These variables are identified by italies type.

RI/RD84-191
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Program File PRERSTAB.FOR

ARRAYS

TYPE NAME DIMENSION(S)
INTEGER*2 JFUN (Lsd,2)
INTEGER*2 NFP NPT (NFGEN)
INTEGER*2 NRC (LSA,2 ,4)
INTEGER*2 IROT (nzrOT)
INTEGER*2 ICASE (NCASE)

REAL*4 AC (NcDOF, NCMOD)
REAL*4 AR (NRDOF, NRMOD)
REAL*4 WC, ZETAC (wemoD)

REAL*4 WR (mRMOD)

REAL*4 DMP,S (LSA,4)

REAL*4 SPEED,FG (LPT, NFGEY)
REAL*4 G (NRDOF, NRDOF)
REAL*4 ZRPM -(KrPM)

REAL*4 X (NsTAT)

REAL*8 GBAR (NRMOD, NRMOD)
REAL*8 WK (NRDOF)

VARIABLES IN DATA STATEMENTS (ALL INTEGER*2)

LCMOD =
LRMOD =
LRDOF =
“LCDOF =
LSA =
LSJ =
LPT =

NCMOD
NRMOD
NRDOF
NCDOF

A*NSL + MAXP (NSA1, NSA2, NSA3, NSA4)
A*NSL + NSAI1 + NSA2 + NSA3 + NSA4
Maximum number of points in any function generator

RI/RD84-191
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II.

LINKING -

OBJECT MODULES: PRERSTAB
- FORT@1
FORT@2

GRAFMS3
FORTRAN

LIBRARIES:

Program File RSTAB.FOR

ARRAYS

TYPE NAME DIMENSIONS*

INTEGER*2 JFUN SAME AS IN PRERSTAB.FOR
INTEGER*2 NPT SAME AS IN PRERSTAB.FOR
INTEGER*2 NRC  SAME AS IN PRERSTAB.FOR
INTEGER*2 IROT SAME AS IN PRERSTAB.FOR
INTEGER*2 ICASE SAME AS IN PRERSTAB.FOR
REAL*4 AC SAME AS IN PRERSTAB.FOR
REAL*4 AR | SAME AS IN PRERSTAB.FOR
REAL*4 WC, ZETAC SAME AS IN PRERSTAB.FOR
REAL*4 WR SAME AS IN PRERSTAB.FOR
REAL*4 DMP,S SAME AS IN PRERSTAB.FOR
REAL*4 SPEED,FG SAME AS IN PRERSTAB.FOR
REAL*4 G ' SAME AS IN PRERSTAB.FOR
REAL*4 ZRPM SAME AS IN PRERSTAB.FOR
REAL*4 X SAME AS IN PRERSTAB.FOR
REAL*4 W (Z,LDYN)

REAL*4 FUNC (NFGEN + 1) _
REAL*S GBAR SAME AS IN PRERSTAB.FOR
REAL*8 WK (LWK) '
REAL*8 A (LDYN, LDYN)

REAL*8 Z (2, LDYN, LDYN)

Where: LDYN = 2*(NRMOD + NCMOD) AND

LWK
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D-9
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III.

"VARIABLES IN DATA STATEMENTS

Same as for PRERSTAB.FOR

LINKING

OBJECT MODULES: RSTAB (or RSTABNP for non-plotting version)
FORTP3 (o FORTPINP Lor n.a—Pl:f+:o3 vu-s.‘o:\
EIGRF
TKNULL
EPNULL
NULE6 -

LIBRARIES: GRAFMS3 (required when linking with RSTAB)

PLOT88 (required when linking with RSTAB)
FORTRAN

Program File PSTRSTAB.FOR

ARRAYS
TYPE NAME DIMENSION(S)
INTEGER*2 IROT SAME AS IN PRERSTAB.FOR
INTEGER*2 " ICASE SAME AS IN PRERSTAB.FOR
REAL*4 AC | SAME AS IN PRERSTAB.FOR
REAL*4 AR . SAME AS IN PRERSTAB.FOR
REAL*4 X SAME AS IN PRERSTAB.FOR
REAL*4 FG,SP (LPT + 2) |
REAL*4 VECT (2, NIROT + NCASE)
REAL*4 - W (2, NRMOD + NCMOD, NI + 1)
REAL*4 Z | (2, NRMOD + NCMOD)

Where: LPT = Maximum number of points in any function generator.

VARIABLES IN DATA. STATEMENTS (ALL INTEGER*2)

LRDOF = NRDOF
LCDOR = NCDOF
LMOD =

NRMOD + NCMOD
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LINKING
OBJECT MODULES:

LIBRARIES:

PSTRSTAB
SPDPLT
SHHPLT

GRAFMS3
PLOT8S

FORTRAN -
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2. EXAMPLE RSTAB RUN SESSION USING BATCH FILE RUNRSTAB

Use of the RUNRSTAB batch file is a nine-step process. User action is
only required in the first five steps.

STEP 1

Copy the batch file into the run directory (one with enough space to
execute the programs).

ENTER:

COFY F:RUNRSTAR.RART
1 File(s) copied

STEP 2

Run the batch file. The parameter required ("F" in this example) is
the drive letter for the removable disks containing the executable files.

ENTER:

RUNMRSTGAE F

STEP 3

Respond to the batch file prompts directing the 1nterchange of disks
containing executable files.

D*Fauce — INSERT RSTAE/FSTRSTAE DISH IMTO DRIVE F
Strike a key when ready . . .
D>*COFY F:RSTAE.EXE
1 Filet(s) copied
D>COFY F:FSTRSTRR.EXE
1 File(e) copied
D*Fause — INSERT FRERSTAE DISKE 1NTDO DRIVE F
Strike a kevy when ready . . .
D*F: FRERSTAE

RI/RD84-191
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STEP 4 .

PRERSTAB displays a program banner, then prompts for three inputs. The
output listing file name many be "PRN" for immediate printing of output
data. ’

2 X R e R ey Y T T e e e e Y

EXEES e
EERRRE FROGRARM RSTAHE =REY
EEXEER %
rEEEE IEM FPC VERSION 1.0 I
EEEEE : ¥ AE
EERER AFRIL 1984 ' ] EEx
R R R
B A L LT T 2 S T R R R G U R R PR A S A S NS S

DATE: 7/26/1984 BEGIN TIME: 1&6:58:4

ENTER OQUTFUT LISTING FILE NAME: LIST.DAT
ENTER FILE NAME FOR INFUT DATA: F:HF26CSS.CDC

ENTER DRIVE CONTAINING THE PROGRAM USAGE LOG: F

- RI/RD84-191
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STEP 5

 PRERSTAB then displays the modal section input data and prompts for
the file(s) containing the input normal modes. This will be repeated
for each modal input section in the user's input file.

"» ¥ ®» # MODAL INFUT SECTION 1 % x

SSME HFOTF 26000 RFM REDESIGN AFR. 84

It
-
(]

NO. OF ROTOR DOF = 113 NO. OF ROTOR MOLES “

L]
(=
I

NO. OF CASING DOF = 39 NO. OF CASING MODES

CASING TAFE CODE

]
[

ROTOR TAFE CODE

NQO. OF GYROSCOFIC ADDITIONS = 64

ACCELERATION OF GRAVITY 386.40

ENTER THE ROTOR MODE SHAFE FILE NAME:  F:HFIZG6MDO.CDC
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STEP 6

PRERSTAB then displays the subcase input data. This will be repeated
for each subcase input section in the user's input file.
*« % * * S UECASE INFUT * * * *
MODAL INFUT 1 SUBCASE 1
SSME HFOTF 26000 RFM REDESIGN AFR. 84
S R FREE SEALS, R T SEAL, OV IN 0.5
NUMEREFR OF GENERAL MATRIX ADDITIONS:

FARTITION =
FARTITION 4

FARTITION 1§
FARTITION =

2L 3]

[N ]

NUﬁEER OF INTERGRDUF ADDITIONS = 14
NUMBER OF FUNCTION GE&ERATORS = 24
MODE SHAFE FRINTING CODE = 1

NEXT CASE CODE = 4

RFM1I = 1.00000E+04 DRFM = 1,C0000GE+03 IF =

A1l user inputs and input files have been read in as of this point,
and the program will run until completion. A root-locus plot will be
displayed for each subcase, indicating the status of the run.

STEP 7

Upon completion of PRERSTAB, the batch file next executes RSTAB.

D=RETAR
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STEP 8

Upon completion of RSTAB, the batch file will delete the RSTAB program
and RUNDATA files from the run directory (to conserve space). Then
the post-processor program will be executed.

D:DEL RSTAE.EXE

D=DEL RUNDATA.BIM

D:*FSTRSTAR

*x * x * SUBCASESE FLOTTING * ¥ ¥ »
MODAL INFUT 1 SURCASE 1

SSME HFOTF Z&6000 RFM REDESIGHN AFR. 84

S R FREE SEALS, R T SEAL, OV IN 0.5

NO. OF ROTOR DOF = 113 NO. OF ROTOR -MODES = 13
NO. OF CASING DOF = 29 NO. OF CASING MOPES = 14 i
RFM1 = 1.00000E+04 DRFM = 1, 00000E+D3 IF = O

A1l plotable output, for each subcase, will be output to the dot-matrix
printer. :

s H
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STEP 9

Upon completion of PSTRSTAB, a completion banner will be output. Then
PSTRSTAB will execute the wrap-up batch file (FIN), which will copy
the output listings together (if output was directed to disk storage).

K Y FEREFEREEFEEFREREREE R E R R PR EE I EEEE P RREE SRR LS R EE R R R RS I F R E P EFEF R R FER LR ELRF )

FEE R L2 2 )
FRXEH EXECUTION COMFLETED AT 17:31:29 LR
EEERE ErE

B A Y T PP
DHFIN
D>COFY LIET.DAT +LIST2+LISTS
. 1 File(s) copied v
D>DEL LISTZ2
D:*DEL LISTS

D>
D
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PREPARED BY:

c

(]
CHECKED BY:

OATE:

‘l' mmm REP:R:'ONO’
DAMCLSS ‘
USERY (UIDE

2. pAMCISS USERS GUIDE

L e
Lol |,
LE TITLEC(I 1) [ 7ni0,182
37
I i i | I S
Leo e
ol
foentiFication 13} /000 /0l

PROBLEM TITLE CARD.

1 CARP REQRUIRED
MAY OCCueY Colurins 11— 72

NOTE : THE FIRET 60 CHARACTERS OF
THIS TITLE wWILL APPEAR ON
ALL PLOTS CREATED BY THIE
PROGRAM
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PREPARED B8Y:

PAGE NO.

ON e

CHECKED BY:

REPORT NO.

DATE:

IRMN YERSICH MoDS

e

MODEL SIZE CARD

L] NRD@F;.NRM@D 716
ls] INCPOF NCM®@D .
L2s) NGZR@. NRTAP
7]l INneTAP, . GRAV El2.6
Lo L MLIST|TC
[e1] e l
IDENTIFICATION - n 100020\

NRD@F = NO. OF ROTOR DEGREES OF FREEDOM

( € 125) |
NRM@D = NO. OF ROTOR MODE SHAPES (£20)
NCDOE = NO. OF czisru‘% PEGPEES OF FrezDPoM
L)

AL__ZQ NO. OF CASING mODE SraFes (£20)

NRTRE = FLAG FOR ReEADLNG ROTCR #MOPECZ
AND FREQUENCIE'S

NRTAP O ROTOR MODES AND FREQUEMNCIES
WLt B ReERD FeomMm CARARPE

NRTF}P= 1 RO7TOR MODES AND FREGUENCIES
Wil BE READ FRoM TAPEY,
CREATED T A PRevIOUS vqgef
RuNe CARDES S5XXX AND (O|XX
NOT RERUIRED.

NRTAP =2 RoTork MoDES AND FQEOJ»-N IES
. WILlL B READ FrROM TAPEH,
CREATED IN A PREVICUE
- STARDYMNE RUN. CRRDS £xXX
AP 601 XX WNOT REQRUIKED,

NRTAP=3 RoToR MCDES oLty WILL RE
RER»D FRom TRPEL, CARD SxxX
ForkmaT. CHRPS f‘x)’x NCT
FEQUTLED.

NCTE ! 1F NR7T#P={ ) PRSP MUST ERUAL THE NAMEE
ST MRS KERILETED ZTry THE wPSEE LK,

NGYRD = NO. OF GYROSCOPIC MATRIX ADPDITIONS

¥4
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PREPAREDBY:

CHECKED B8Y:

[\ Josmtokions 3R

REPORT NO.

DATE:

TRM VEASICN _MOD S

MLIST = FLAG For. PRINTING oE Aafo&/c,asmev-

MoDEL sSIz€ CARD ((CONTINUED)

NCTAP = FLAG FOR READING CASING MODES
AUD FREQUENCIES
NCTAP= O CASING MODES AWD FREQUENCIES
- WILL BRE CERD FROM CARVE.
NCTAP= | CASING mMoDES AND FREQUENCIES
WILL BE REARD FRoM TAPE 3,
CRERTED BY A PREVIOUE V9588
RUM. CARDE sEXXX AND o2 XX
NOT FEQUIRED.
NMCTARP=2 CASItIG MODES AWMD FLEQUINCIE
Wi Fe REARD FRCIA TRFPE %
CRERTED EY A PREyIOUS STARLYNC
RUN, CARDSE ESXXX AVD (Lo XX
NOT RERUIRED,
NCTAP= 3 CASING MODES owneY WILL PE
READ From TAPEL , CARD SEXXX

FORMAT, CARRT £ xX» N
REQUIRE D,

NoTE : TIF NCTAP=1, 1Jc:M:>D MUST EQUAL THE NYME: (]
O PIOIXTT KE'GMQ;"—TED IN The vq*‘é-é; INVTUR

GRAV = ACCELERATION OF GRAVIT
NORMALLY GRAV: TFL.6

MO DE SHAPES FRom [NPuT PILES

MUST= O PRINT mope sHAPES  (DEFAULLT)
MLISTZ) Do WOT PR/NT MIDE SHAPES
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PREPARED BY:

‘l‘ W“m Oivision PAGE NO. q

CHECKED BY:

REPORT NO.

DATE:

ROTCR MODE SHAPES

L] [AR(.T, .J')
La] RS
EH IS 6EI2.8
o] T
[ 1A R.( NRPSF, NRMOD ). _
| IDENTIFICATION - 73 XX . s

REPEAT THIS CARD wuTIL NRPOF ENTRIES ARE
MaPe Folk EACH OF MRAtOD ROTOR 2122E L,

REQUIRED ONLY IF NRTAP=O

NCTE . THESE ™MODES MUST BE NORMALIBZE D
SucH THHT

L?] [M&][_é.] [IJ

CASING MODE SHAPES

IREYNEINED)
El I
L2s .. .| 6EI2.%
El L
ol | &
o] 1AL (NGDGF, Metop
| (DENTIFICATION BlSS XXX, | (s

REPEART THIE CARD UNTIL NCDOF ENTRIES ARE
MARPE FOR EACH OF NCrdp CASIING MODES.,

REQUIRED ONLY IF NCTAP=O

NCTE ! THESE MODES MUST BE (NOKMgLIZED
SUCH THAT
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ROTOR NATURAL FREQUENCIES
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o
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- R
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JwR(NRMOD)

| IDENTIFICATION

13

6ol XX, .

REPERT THIS CARD UNTZIL NRmOD ROToR

FREQUENCLIES

wR ARE RADIANS

REQULRED

NAT

ARE £/JT5K'£'D ’
/SEC.

TF

UNLTE OF

HNRTAP= O 0R 2,

QUEIICIES
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;00.00
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IDENTIFICATION

13

80 -

REPEAT THIS CARD UNTIL NCMOP CASING

Q’?LO.?-AX.XI 1 Y

FREQUEN/CIES ARE ENTERED, UNETS =
WC ARE RAPIANS /SEC.

REOQUIRED IF NCcT7TAP =0 oR 32,
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CYROSCOPIC MATRIX APPITIONS

Ly IR, . T 21¢

Lo RO (1R, IT)  Eiz.g
R !

of T

e T

JwenTiFicaTIoN . 13[6 O3 s
IR = ROTOR GROuUP RowW NUMBER.

IJT = RoT7ToOR e«ouP coz.uw/ NUMBER

GYRO(IR,IT)= WEIGHT) MOMENT oF
IA/EKT’[A 70 Be ADPDED
AT THeSE DOFS

NGYRO CARDE REWUIRED
(wavko musT BE > 1)

NMOTE: GYROSCOPIC ADPPITIONS ARE
MOKMALLY ENTERED IN FALRS, WITH
A (+) Mozt T FoR IR>IT m/D
A (=) MomeNT FoR IT > IR
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IDENTIFICATION 136040002 0Ol -

SUPPLEMENTARY TITLE

| CARD REQUIRED

NOTE: THE FIRET po CHARACTERS CF
THIS TITLE WILL APPEAR. OM ALL
PLCTE CREATED BY THIS PROGRAM
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CONNECTING ELEMENT pfsc:QIPT Tor CARD
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By | K _K.T: L NXTC
llf NFGEN, . .

BENTIFICATION —__ 131& O |80

| CARD REQUIRED

MEAL = NO. OF UPPER LEFT FARTITION
— . GENERAL STIFFNESS AMD
DAMPING ADPDPITIONS

NO. OF UPFER RIGHT PARTITICN
GENERAL STIFFNESS AWNMD -
DAMPIING ADDLTIONS

NO, OF LOWER LEFT PARTITIor/
GENERAL STIFFNESS AND
DAMFIN G ADPITIONS

MNO. OF LOweR RIGHT PARTITIO/J
GENERAL STLFFNESS AND
DAMPING ADPITIONS

NO. OF STATIONS WHERE
IMNTERGROUP ApDI TIONS SUCH AS
BeEARINGS AnD SEALS Acc 7o
BE ADDED

E
\
)
o
"

<
(%}
Y
w
n

B
n
LY
£
“

<
n
~

IPRT = CONTROL FLAG FoR PRINTIIG OF

' COUPLED SysTEM MODE SHARFES
JPRT = O  PRINT Mode S#/hFis
IPRT = |/ NO PRINTING
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CONNECTING ELEMENT DESCRIPTIN) CARD

(CONTINUED)

KCRT = conTRO_ FLAG Foe STABILITY
PLOTS

KCRT= O  PLOT STABILITY CURVE OF
4 MODES PER FRAME

KCRT = | PLOT STACILLTY CURvE OF
AlLL mODES ON 1 FRAME

NXTC = COMNTROL FLAG FOR MULTIFPLE

CASE RUNS

NXTC= | UPON ComPLETTON DJF THZS
CASE , RETURN TO REARD CAKRL
000/ Ad CONTIUE,
NXTC= 2. RETURN TO LEAD CARD
o240 0020 AND CONTINVUE
xX7C= S RETULN TO REAL CARP
GOSXKXXK L1l CONTIWCE,
NXTC = 4  TERMIIETE AF7&R THIS
CRIE . :

NEFGEN = NO. OF Fu/lTZoOoN

SENMNERATLRS FOR SPEED
SCRLING OF STIFFNNESS
D DAMPING _[RECPITZIornE

(NEGEN £ 25)
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SPEED DESCRIPTION CARD
J [RP.MI - 2E12.8
13 DJRPMAﬁ a
s | | . NI Ii2
o .
49 7. —
2 N
- | IDENTIFICATION" BlO6O . [0
1 cAaRD REQUIRED
RPMi = LOWEST ROTOR SPIN SPEeD AT
WHICH SYSTEM MNATULAL FREQR'S
SHouL,D RBE CALCULATED Aw~D
PRINTED
NOTE: PRINTING OF THE MODE StarFES IS
COMTROLLED LYy IPET ON CARD 605 XX
DRPM = Ro70R SPIN SPEED ILncReEMENT
To NEXT SPEED FOR CALLULATING
MATURAL FREQDUEMNCIES
ANIL = TOTAL NUMBER OF INCREMENTS
(1< n1s s0)
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s N 6Eiz.8
Y N
bl | -
] |ZETAC(NeM@D),
IDENTIFICATION 1B 0 69 X X[so- = -

ZETAC (I) = MODAL DAMPING VALUE

To BE APPLIED TO EACH
CASING MODE, IN TERMS
OF CRITZICAL DPAMFAING

(Z..e. 27 DAMPING wourLp e EWE@&’D
As BETAC = 0,02 )

NCMBD EWTRIES REQUIRED
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37 '
61 - : ’ o
IDENTIFICATION BGOT X X, |80
NP7 = NUMBER OF POINTS In THIS
FUNCTION GENERATOR (£25)
IPLT = O NO PLOT
= 1 CREATE A AT OF FHIs
FuncTLON

FPLACED AT THE

70 OF THE RLCT of 7#HLS
FUNCTION — MAY occufy
CoLUMMNS 25 - 72 MuST E~D

WETH $
Ll lsPEED (L) .
HEENEH N
25 . '
g 4 5 ; . LEI2.8
o] [SPEED (NPT)
Ll [Fa (NPT), . .
IDENTIFICATION BleO7 XX O]]|s0
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FUNCTION GENERATOR DATA (couTd)

SPeeD (1) = ROTOR SPIN SPEED OF [T
PoINT IN THIS FUNCTION

FG (’_T‘! = FUNCTLON VALUE OF IT¥ POINT

REPEAT THIS CARD UNTIL NPT FPOINTS

' HAVE BEEN DESCRIBED - ALL FuNCTIownS
SHOWLD BE DEFINED oVER THE ENTIRE
SPEED RANGE COVERED IN THLS LFun
AS DESCRIBED BY cARD 6060

REPEAT THIS SET OF CARPS WUNTIL NFGEN
SETS ARE ENTERED. FunNCTION GENERATERS
ARE TNDEXED 1 THROUGH NFGEN IN
THE ORDeR THEY ARE RERD.
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O] Tk, K2 k3 K4 413

Lol 1€D.CID). .

=] [¢D.(2), H4£12.8

@) 1P (37

o 1¢D.CHD

o l —

~ [ENTIFICATION B0 O, ] [0

NSL ADDITIoNS
DEFILNES STIFFNESS AND DAMPING
ADDITIONNS CONMNECTING GROUPS

LYZIRRITI.RCICRITCC 213

bsb 1L 1 L2, L3 LY

sl le.sC1 ), _ 4EI2.8

@l les (.2.), .

ol ¢S (3), . .

by leSCYyd -
IDENTIFICATION Bl60BO. . | Ols

THIS CARD DeECCRTIEES THE STIFFWESS
ADDITIONE FOR THE ELEMENTA L
[FATRIX EBETWEEN TwoO POINTS

FY} _ festaiesay JY
F) es@es@) | 2

THIS CARD DESRIBES THE DAMPING
ADPITIONS cou/vec;rzue THE SHrmc

PortiTS

R |eparesed {Y
|7 |eoiesy |2

z
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1RR = ROToR GRouP Y DOF

IRC = RoT7ToR GRouP 2 DOF

ICR = CASING GRoOUP Y DoF

[cc = CASING GRouP z DOF .

AL.l = FuNCTION 66N52ﬁfoe HNUumMBeE g

— OPERATING OnJ COEFFICIENT €S (12

L2 = FUJICTIeN GENERRTOR WUMEER

- OPERATING ON CoEFFICLENT €5(2)

L3 = FUNCTION EENERATOR NUMBER

OPERATING ON COsFFICILENT i:._c_a_)_

) LY = Func7zon GEWERATOR NUMEEK.

Kil, K2,K3,K4 = FunCTIon GENERATOR

NSL ADDITIONS (copTINUED)

OPERATING ON COEFFICILENT CS(C4)

MUMBER OFPERATI NG or/
PAMFPLNG COEFFECLENTS
LD, e(2), cD(R), COCY)
RESPECTIVELY

NSL PAIRS OF CARDS REQUIRED
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GENERAL ADDITIONS

Ll L2 413
2€12.8

TR T S S I

IDENTIFICATION 13160 F.7. . |

THESE CARLS DEFINE GENERAL STIFFNEESS
AUD DAMPING ADDITIONS ELTHER BETWEEN
ROTOR. AND CASING , WITHIN THE RoTOR
OIJLY) OR WITHIN THE CASING ONLY.

S = STIFFNESS ADDLTIoN CoeFFICLeNT
D DAMPING ADDLTION COEFFTCIENT

IR = Row yJbo.

IC = cowtumy HNo,

L1 = FUNCTION GENERATOR MUMBER
CPERATING ON COEFF. S

L2 = FuNcTION GENERATOR NutBER
CPERATING on COEFF, D

CARDS Are THE SAME FeRMAT Fo&
ALl GENERAL ADDLTISNE.

RI/RD84-191
D-33

FORM R 152-R«2 REV. 10-73




PREPARED BY:

PAGE NO.

/7

CHECKED BY!:

N e

REPORT NO.

DATE:

GENERAL. KDDITIonS (conT'D)

ALL GENERAL ADDI TIoN CARDS HMUST BE
ENTeeeD I THE FolLOWING ORDER

FARTI TIoN N ey | AR2

UPPER LEFT | NSA L 6ol
UPPER RIGHT | wsaz 0092
LOWER LEFT NMNSA3 0093

LOWER RIGHT NSAY e A4

UPPEQ LEFT ADDINS ARE FORLES ON THE EOTOR

DUeE TO MOTLON OF THE ROTER

UPPEE RIEHT ADDNS ARE FoRCES oM THE RO7TOR

DUE To MOTIon OF THE CRSING

LOWER LEFT ADDNS ARE FoRCES oN THE
CASING Dy To MOTLoN OF THE RCTOR

CASING PUE To MOTIon o THE CASING

| OR SPRINNGS To SROUND,
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OUTPUT DEGREES OF FREEPor]

L IMIR@OT, NCASE] 2I6

13

-2: L i 2 A } " 3 P

EZ' L { PR

49 : —

G

"V IDENTIFICATION 5747 73 @: /00 80+ |

1 CARD REQUILED

MIROT = NO, O0F RO7OR GRouP PEGREES
OF FREEDoOM T AFFPEAR TN
FRINTED OQUTPUT MODE SHAFES
AP /OR PLOTTED MoDE SHAPES

NCASE = NO, OF CASING GRoOUP DEGREES

OF FREEDOM TO AFPFEAR TN
PRINTED OUTPAT MODE SHFPES
AVD/OR. PLOTTED MOPE SHAPES

NOTE : LF ROTT7TED MODe SHAPES ARE 70
Be REGUESTED , THE PLOTTED P.O.F'S
MusT APPeEArR AT THE FRONT OF THESE
LISTS , IN ORDER OF TWCREASING AXIAL
COORDINATE. NON-PLOTTED P.0.F 'S
MAY THEN g LEISTED. |
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[\ Joemsodovion 20

OATE:

SPEED LIMITS

LIFIHIGH . | 2€r2.8
JE.F: 4QLUJ 1 P S '
2 B
37 ! —
I S TN W T | e
l_6—l- 1}
IDENTIFICRITDR

{ CARD REGUIRED

MODE SHAPE PRINT /PLOT ConTROL

ONLY MODE SHAFES WILITH MATUKFAL
FREQUEIICTES GRERTER. THAN) FLOW AnND
LESS THAN FHIGH wILL BE PRINTED
ANP/OR POTTED (LF REQUESTED).

UNITS OF FHIGH ALD Frow ARE
CYcLES PER MINUTE . |
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CRITICAL SPEED PLOT GRID DATA

M ixB .

By IR . .y bFIR2.0

s VB . .| .

L YT L

ol DX, ., .

!l oy, . .
DENTIFICATION = v 13| /O Y L

1 CARD REQUIRED

vTHE' GRIP USED IN THE CRITIcAL
SPEED PLOT WILL BE DEFINED ) THESE
PACAME TELS ) AS USED BELOW,

YT =

NAT. FRER,

by §

Y -
x6 PX seru seeep XR

UNITS OF XB,XR, AWD DX ARE RPM.
UNITS ofF YB,YT, ANDDY ARE CPM.

NOTE : DY mAr BE ERUAL To ZERD, Tl wWHICH CASE
THE PROGCAM Wil DETERMINE A1)
APPROPRIATE )Y -AXIS IMCREMENT.
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- JCHECKED 8Y:

- JREPORT NO.

PREPARED BY: | ‘l W”m 22-

OATE:

PLOTTING FLAGS

n Y

L C’,R&D RE'Q(A IRED

IPLTF = PLOTTING FLAG FOR CRITICAL
SPEED MAP
=0 PLoT CRITICAL SPEEDS
= | NO PLOT

-y

W " A

y W E | A 2

IJP,K.‘T,Z.; 112

9

) S i

6 1

i . I P

_EElsEE]

§ U S W 1

enTFicaion 1316106 Tw
1 CARD REQUIRED |

IPRTZ2 = PLOTTING FLRG Foa STALILLTY
MAP
= 0O C(REATE STALILLITY PLOTC)
=] N® PLoT

NOTE: THE FORMAT OF THE STAEILLTY PLOT I
DETER-TED BY KCRT |
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STABILLTY PLoT GRID DATA

Ll Ixed, .

I O D bFl12.0

] Y B, )

FI YT

Ll [(PX |, .

“pys .1
ADENTIFICATION: &7 w3 Q | o] e

{ CARD REQUTIECED

THE GRID USED IN THE STAEILITY PLOTS
WILL BE DEFINED BY THESE PARAMETERS,
AS DEFINED BELOW.,

A REAL

o

, o
B oxt i
XBI <PEED XRI

UMLITS OF XBI, XRl, AND DxI ARE KPM
UNLTS OF YBI,YTi, AND DYi ARE cec™
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2L

STABILITY PLOT CHARACTERS

Cl &1 22 23 Z24] 413
sl |

[2s !

I3 ! J

o

(o] ' 1

: 1316 108

1 CARD REQUIRED

IF ouLY 4 MODES ARE To Bg PLOTTED
PER FRAME, THE PROGRAMMER MAY CHOOSE, |
FROM THE LIST OF sYmBoLS BELOW,
WHICH PLOTTING SYMEOL TO ATTACH
TO EACH MODE.

Symbol OA+XOVRXSOBOXERNO®OO R

-1 2 3 456 7 8 91011121314151617 18

NOTE | ILF ALL MODES ARE PLOTTED ON
ONE FRAME , syméor & wWILL B¢
SED FOoR ALL MODES, BUT THIS
CARD MUST STILL Be gpTeERED.
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PAGE NO.
[\ Joomietims /2

CHECKED BY;

« JREPORT NO.

OATE:

OUTPUT DEGREES oF FREEDOM

REDUIRED ONLY IF NIROT# O

WrR@T (), . . |
13 1 A i A [ i a A 2 24-[3
25 ¥
L] |
Ii ]
[4_9J A T‘l l I
IDENTIFICATION B lof 0 s

IROT(I) = LIST OF ROTOR GROUP DOF IS

TO APEAR TN PRINTED ANUP/OR
PLOTTED OUTPUT — NIROT ENTRITEL
REQUIRED

REQUIRED OMNLY TF NCASE# O

Llzleas ECI) .
bof [ Z249I3
25 :
151 R
[‘9_ T
] E
JDENTIFICATION: = 13| ) 0.2 80

ICASE (I) = LIsT OF CASING GRouP DOF'S

To BPPEAR TN PRIUTED AwD/OrR

PLOTTED OUTPUT — NCASE
ENTRIES REQUIRED

FORM R 152-R-2 REV, 10-73
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cnsc'xeo 8y : ‘l‘Whm ~RE,;;T‘;;,25
MODE SHAPE PLOTTING FLAG
LiIlpPRT3 -, . . | 322
13 - '
Wi o6 (09,
1 CARD KEOMIKEP
IPRT3 = © PLOT SYSTEM MODE SHAFPES
= 1 NO MoDg SHAPE PLCTS
noTE: IF IPRT3=14, THIS I THE FIuAL
ZMPUT CARD REBUILED
IKIRPM . I3
13
o |
3 ;14' —
lo] .
e |, e |
- [menTiereation =[G [ /O el
RER'D oMLY IF IPRT2=0
KRPM = NO. OF ROTOR SPIn SPEEDS
 FOR WHTICH Mope srmfﬂ WILL
B fLOTTED.
] KRPM € NI (NO. oF SPeep LrickemenTs)
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[\ Jovmsirkbos

CHECKED BY:
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MODE SHAPE PLOTTING SPEEDS

-ERPM(I D,

' e

6‘»
a )
N
0

L "

b
o Refeeoepe
—— -nr- L alien ot
r-
-
P

=]l ]le [ )fE]

ZRPH. { KKPM) , |
pENTIEICATION: ksl G g 4 ] L lseiit

ZRPM(I) = AKRAY OF SPeeps Fok
| WHILoH MODE SHAPES ARE

70 8e FPLOTTED

REPeRT THIS carD (IF pECESSARY) ULTIL
KRPM SPEEDS HAVE BeenN ENTERED

NUTE: ZRPM CAN ONLY BE exAcT SPLM
SPEEDS FOoR wHICH THeE SYySTemMm [S
BETIG SOLVED

ie. ZRPM = RPML+ DRPM ¥1
I<NI
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PREPARED BY: ] i . '
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DATE:

MODE SHAPE PLOTTING PARAME TERS

LY NS T.A TIEFLG [IFLGE Ib, 213
(13} ITHETA, . . .. 2 FI12.b
s |[scAaLE, - '
o

o

e I

- IDENTIFICATION

l°~
-
-

T PN N

NSTAT = MUMBER OF KOTOR/CASING
. STATIonS To BE PLOTTED (410)

IFLG = FLAG To conuTeolL ' Y-z DoF
' ORBLT PLOTS
'l PLOT Ro7oR SHAPES OtLY
2 PLOT CASING SHAFES LY
3 PRoT &OTOK, CASING , AuD
RoTor—CASING RELATIVE
SHAPE < > Fo& eACH MODE

"

W

—
—
- .

IFLGY = FLAG FoR PLOTTING AXLAL DoF
SHAPES IF X, Y, AD 2 DOFS ARE
JHICLUYED I THE ROTOR MOPEL
=0 POT X vs. Y DEFLECTION
=1 PLOT X Vs. 2 DEFLECTION
= 3 NO AXIAL DoF MODE PLSTE
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PAGE NO.

CHECKED BY:

O rocmmmons 28

REPORT NO.

DATE:

ALOTTING PARAME TERE (CoNT'D)

THETA = ANGLE OF ALIGNMENT OF THE

X-AXIS WHEN VIEWING THE
y-2 ORBLT PLoTs (IN DEGREES)

NORMAL OPTION.
- P=210°

X

SCALE = A PARAMETER. USED TO SCALE

CTHE DEFLECTIONS To AN
AfPROPLKIATE SIZE For.
PLOTTING PURPOSES,

NORMAL. OPTION. SCALE =0.I0

A SMALLER RCALE wILL |
INCKERSE THE SIv-e OF THE
0€6L7$) A LACGER. SCALE WILL

YeCRence THE SIz2e OF THE
ORBITS.
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AXITAL COORDINATES
b— x 1 ( i l A ) N ; .
lﬁ A 1 .: " A L e ' 'P F "ZLQ:
[ P .
'E&. s i —
h?_ 3 M : 1 : s - YJ N
o] X (NSTAT) ,_
ADENTIFICATION 55 2] 805

X(I) = THE X-COORDINATE OF THE
| T8 sTATION TO B
PLOTTED. THE STATIcHS
rUST EE IN ORDER OF
ASCENDING X- CooDINATE.

te. X (I+1) > x(T)
REPERT THIS CARD (LF NECESIARY)
UNTIL NSTAT ENTRIES ARE MAPE.

[ﬁﬁ), o F I; 3

NOTE : REMeMBER. THAT THE IZDFS IN

| IRoT(L) AwD ICASE (T) mMUST
CORKESPOND  TD THz COORTINATES
I X(I),
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SOURCE LISTINGS

t - R Fage 1
08-13-84

18:10:30

D Line# 1 7 Microsoft FORTRAN77 V3,13 8/05/83%
*PRERSTAE**********#*************i*ii****i***&**************************

FROGRAM P RERSTAE

ROTOR DYNAMICS ANALYSIS PROGRAM

36362 26 I I I I I I I I A I I I I I I I IEIE I T I NI I I I I I I I I IEIE I I I I KNP N R

SONDCUDUUR -

FRINCIFAL SUBROUTINES UTILIZED IN PRERSTAE ARE CALLED
IN THE FOLLOWING ORDER:

4

FORTOL . . « « « +» =« = « « » « =« READ FROBLEM SIZE DATA, READ AND
: E BYROSCOFIC ADDITIONS

. NORMALIZE GYROSCOFIC ADD
R1

c
c
c
c
c
c
C
c
c
C
C
C .
14 € .
15 C MODAL
i6 C TRANS
17 C : i . . ,
18 C FORTO2 « + = & « =« « = « « «» - » READ SUBCASE DATA, MATRIX DATA
19 C : ‘ :
20 C ADDS
21 C ADDM
22 C OUTAE
2z ¢ R3
24 C , »
22 C**-*********************i_-***************‘******************************!-*
2& C )
27 C INFUT FILE NAMES DESCRIFTION
:B C _____________________________________________________
29 C o
30 C {USER-DEFINEABLE> FORMATTED USER’S INPUT FILE, INCLUDING ANY
1 C SUBCASE INFUT AND SUBSTRUCTURE MODE SHAFES
Iz C o :
I C JUSER-DEFINEABLE>  FORMATTED ROTOR NORMAL MODES. (IF NOT INCLUDED
4 C IN THE USER"S INFUT FILE) :
IS C : .
36 C ZUSER-DEF INEABLE > FORMATTED CASING NORMAL MODES (IF NOT INCLUDED
7 C : IN THE USER’S INFUT FILE) ,
38 C
39 C .
40 € QUTFUT FILE NAMES  DESCRIFTION
A1 [ e e e
42 C . , ,
4= © <USER-DEF INEAELE>  FORMATTED QUTFUT LISTING. CAN BE “FRN® (FOR
44 C IMMEDIATE PRINTING) OR ANY DISK FILE
45 € . ] : .
46 © RUNDATA. BIN BINARY RUN DATA FILE FOR USE BY PROGRAM RSTAE
47 -C ,
48 C FGFLTS. BIN - BINARY FUNCTION GENERATOR DATA FOR FLOTTING BY
49 C : - FROGRAM FSTRSTAE
50 C- _ '
51 C FIN.BAT FORMATTED IEM BATCH FILE TO COFY OUTFUT
52 C LISTING FILES CREATED BY PROGRAMS RSTAE AND
53 C FSTRSTAE (IF NOT PRINTED IMMEDIATELY) TO THE
54 C USER~-DEF INED QUTPUT LISTING FILE
55 C _ .
S6 C LOG. sAV BINARY USAGE LOG FOR FRODUCTIVITY ACCOUNTING
57 C
58 C***************************************************************i****l»tc(-

o9 $STORAGE: 2
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&0
61
62
6=
&4
&5
X3
&7
&8
69
70
71
72
73
74
75
76
77
78
7%
a0
81
8
83
84
85
86
87
88
8%
>{8]
gi
Q3
4

=
)

Qé

27

78

99
100
101
102
107
104
105
106
107
108
109
110
111
11z
1173
114
115
1146
117
118

Fage =
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C
FROGRAM FRERSTAE
C
CHARACTER#*1 TITL(72,2),C1,C2
CHARACTER  BANNR (3) #351,L0GFIL*14,FIN®14,FOUT*14
C
INTEGER NSA (4) ,NZ (4) ,NDATE (3) ,NTIME (4)
C
REAL RZ (&) ,RI1 (&)
C
LOGICAL FRN
C
EQUIVALENCE (Ci,FOUTY, (CZ,LOBFIL)
C
Cx ARRAY DIMENSIONS MOST LIKELY TO CHANGE %%¥58%KK KKK XHEEERIEEHH L EHIAN K

C

Cmmmmm NOTES: DIMENSION WE TO LRDOF
C DIMENSION G TO (LRDOF,LRDOF)
C

REAL %8 GBAR (16, 14) (WK (115)
C :

INTEGER JFUN (160, 2) (NFT (24) ,NRC (100,72, 4) , IROT{20) , ICASE (20)

C

DIMENSION AC{50,14),AR(115,14) ,WC(14),WR(16),ZETAC(14),

+ SPEED (20, 24) , DMF (100, 4) , S (100, 4) ,FG (20, 24) ,

+ G(115,115), ZRFM(25) , X (10)
C

36 23 3 96 20396 3 96 3 3 U 3 H 36 39636 3 3 26 3336 I 96 I W I I I NI We I I I TN I N A WD I KN NN
C .

COMMON /DATA/NGYRO, NCMOD, NRMOD , NCDOF , NRDOF , TITL , NCASE , NROT,
+ KRFM, NFGEN, NSA,NSL, IPLTF, IFRTZ2, IFRTT, IFRT, KCRT,
+ NXTC,RFM1,DRFM,NI,FHIGH, FLOW,NSTAT, IFLG, IFLG1,
+ THETA, SCALE, MAXPTS, IFCNT, ISCNT
C
COMMON  /MEM/G
C
DATA BANNR /PR OG R A M RSTAE,
+ 1BM FPC VERSION 1.07,
+ *AFRIL 19847/
DATA LOGFIL/" :LOG.SAV"/
»

g T T LT L LL ST LIL LT LRI LS LA LIS SIS LITLL SIS LILILE L S LS L 2L 2883

[ ARRAY DIMENSIONS
C
DATA LCMOD,LRMOD/14, 16/, LSA,LSJ 7100,220/
DATA LFT /207, _ LRDOF, LCDOF /115, S0/
C

C*********%************f********************************************
c
LG=LKDOF
c
Crm=—= SET UF SCREEN
C
CALL QCLEAR(1,7)
CALL RBORD(1)

CALL QCSIZ(0,0)
CALL GCMOV(0,24)

RI/RD84-191
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167
168

170
171
172
17=
174
175
176
177

4 .
5
&
8
5

. C

7 Microsoft FORTRAN77 V3,13

FROGRAM BANNER

CALL GDATE (NDATE (3) ,NDATE,NDATE (2))

CALL GOTIME(NTIME,NTIME (2) ,NTIME(3) NTIME(4))
NTIME(3I) = NTIME(3) + NTIME(4)/100. + 0.5

WRITE (#,8004) BANNRK
WRITE (%,8005) (NDATE(I),I=1,7), (NTIME(I),I=1,3)

OFEN QUTFUT LISTING FILE

CALL QCS12(0,7)
WRITE(»,8001) “ENTER OUTFUT LISTING FILE NAME: ~©

- READ (%,59000) FOUT

w

+

15

IF(FOUT.E®." ") FOUT="FRN*
IF(CL.EG. " 7)) THEN
READ(FOUT, " (1X,A) ") FOUT
GOTO 5
ENDIF
OFEN(S,FILE=FOUT,STATUS="NEW")
WRITE (6,8004) BANNK :
WRITE (6,8005) (NDATE(I) ,I=1,3), (NTIME(]),I=1,3)

CREATE WRAF-UF BATCH FILE

OFEN(2,FILE="FIN.BAT" ,STATUS="NEW" )
FRN=FOUT.ER. *FRN’ .OR.FOUT.EQ@. "LPT1:".0R.
FOUT.EQ. prn*.0OR.FOUT.EQ. 1pti:”
IFC(.NOT.FRN)Y WRITE(Z2,8002) FOUT ’

CLOSE(2»

OFEN INFUT FILE

WRITE (#,8001) "ENTER FILE NAME FOR INFUT DATA: ~
READ (%, 92000) FIN

OFEN(S,FILE=FIN,STATUS="0LD")

OFEN RUN DATA FILE AND FUNCTION GEN FLOTTING FILE

OFEN (1 ,FILE="RUNDATA.BIN’ ,STATUS="NEW" , FORM="UNFORMATTED" )
OFEN(2,FILE="FGFLTS.BIN® ,STATUS="NEW’  FORM="UNFORMATTED" )

OFEN LOG FILE

i

tage
08-135-84
18:10:30

8/05/87

WRITE {(%,8001) *ENTER DRIVE CONTAINING THE FROBRAM USAGE (MalcH

READ (%, 000) C2

OFEN(7,FILE=LOGFIL,STATUS="0LD" ,ACCESS="DIRECT",
FORM="UNFORMATTED" , RECL=242)

READ(7,REC=1) NRECS

NXTC=4
IFCNT=0

IFPCNT=IFCNT+1
ISCNT=0

CALL GCLEAR(1,7)
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178 CALL QCMOV(O,24) ) ’
179 C
180 CALL FORTO1(AC,AR,G,LG,GERAR,LCDOF, LRDOF, LRMOD, Wi, WC, WK
181 C

————— SAVE RESTART DATA

WRITE (1) (TITL(I,1),I=1,72),NCDOF,NCMOD, NRDOF,NRMOD, IPCNT

WRITE(1) ({AC(I1,J),1=1,NCDDF),J=1,NCMOD), ({AR(I,J),1=1,NRDOF),
+ J=1,NRMOD) , ((GEAR(I,J),I=1,NRMOD),J=1,NRMOL), (WC (1),
+ I=1,NCMOD), (WR(I), I=1,NRMOD) ‘

T e M
]

: e oA oo
————— r U R UL

20 ISCNT=ISCNT+1

CALL QCLEAR(1,7)
CALL BCHMOV (0, 24)

WRITE(Z2) IFLCNT, ISCNT

CALL FORTOZ(ZETAC,FG,SFEED, NPT, NRC, S,DMF, JFUN,LFT,LSA, LS,
+ ZRFM, ICASE, IRQT, X, NZ,RZ,RZ1) '

j————— SAVE SUEBCASE DATA

WRITE(1)Y (TITL(I,2),I=1,72),NSA,NSL, IPRT,KCRT,NXTC, NFGEN, MAXFTS,
+ RFM1, DREM, NI, NROT,NCASE, FHIGH, FLOW,RZ, IFLTF, IPRTZ,RZ1,
+ NZ, IPRTS, KRPM,NSTAT, IFLG, IFLGL, THETA, SCALE, TSCNT

NEJ=4%NSL+NSA (1) +NSA (2) +NSA (3) +NBA (4)
NNSAH=4ENSL+MAXO (INSA (1) \NSA(Z) ,NSA () ,NSA(4))

WRITE (1) (ZETAC(I),I=1,NCMOD), (NFT(J), (FG(I,J),SFEED(I,J),
+ 1=1,MAXFTS) ,J=1 ,NFGEN) , ( (JFUN(I,J),I=1,NSJ},d=1,2),

+ ((S(I,J),DMF(I,J), (NRC{I, k,J),k=1,2),I=1,NNSA) ,J=1,4),
+ (IROT (1), I=1,NROT), (ICASE(I),I=1,NCASE), (ZRFM(I),

+ I=1,KRFM), (X{1),1=1,NSTAT)

————— UFDATE LOG FILE

WRITE (7,REC=NRECS+1) NDATE,NTIME,TITL,FIN,FOUT,NGYRO,NCMOD, NRMOD,

+ NCDOF , NRDOF , NCASE , NROT , KERFM, NFGEN, MAXF TS, NSA,
+ NSL,NSJ,NNSA, IFLTF, IFRTZ, IFRTS, IFRT, KCRT,
+ NXTC,NI,NSTAT, IFLG, IFCNT, ISCNT

NRECS=NRECS+1
————— RERUN?

GOTO(15,20,20) NXTC
CALL QCSIZ (0,0)

CLOSE FILES
CLOSE (1)
CLOSE (2)
CLOSE(7)

FORMAT STATEMENTS
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237 C

8001 FORMAT(//2X,A,1X\)
8002 FORMAT ("COFY * A, "+LIST2+LIST3* /" DEL LIST2’/°DEL LISTI)
8004 FORMAT (1HL1,S(/) 42X, 78 (1H#) ,3(/7H #%%%%,68X,SHe*%x%/7H *xx»%, 16X,

+ A 1TX, SHE*XXX) /TH  wsx%x, 68X, SHE*x%%/2X, 78 (1H*))
8005 FORMAT (2X,SHDATE: , I, 1H/, 12, 1H/, 14, 42X, 1 1HBEGIN TIME:, 13,
+ 21H:,I12),6¢(/))

000 FORMAT (724)

END
Name Type Dffset F Class
AC REAL 12886
AR REAL 15686
BANNE  CHAR*T1 12792
G1 CHAR* 1 1238
(wn, CHAR® 1 252
DMF REAL 9272 .
DRFM REAL 188 /DATA  /
FG REAL 10872
FHIGH REAL 194 /DATA /7
FIN CHAR* 14 23070
FLOW REAL 198 SDATA 7/
FOUT  CHAR*14 1238
G REAL : 0 /MEM /
GEBAR REAL %8 6504 )
1 INTEGER®Z 2I0LT .
ICASE  INTEGER%*Z G2I2
IFLG INTEGER*2Z 204 /DATA  /
IFLB1  INTEGER»Z2 206 /DaTa v/
IFCNT  INTEGER»2 218 /DATA 7
IFLTF  INTEGER%*Z 172 /DATA 7
IFRT INTEGER*D 178 /DATA  /
IFRTZ  INTEGER*Z 174 /DATE /
IFRTI  INTEGER#*Z 174 /DATA  /
IROT INTEGER#*2 9192
ISCNT  INTEGER#Z2 220 /DATA  /_
INTEGER®Z 23086 N
INTEGER»Z ass2
INTEGER®Z 23104
= INTEGER2 180 /DATA 7
KREM INTEGER#*Z /DATA 7
LCDOF  INTEGER#*Z
LCMOD  INTEGER*Z
LG INTEGER*2
LOGFIL CHAR%14
LET INTEGER#*2Z
LKDOF INTEGER®Z
LRMOD  INTEGER*Z2
L54 INTEGER#Z
LSJ INTEBER®Z
MAXO INTRINSIC
MAXFTS INTEGER®2 216 /DATA  /
-NCASE INTEGER#*2 154 /DATA  /
NCDOF  INTEGER»Z 6 /DATA
NCMOD  INTEGER#*Z 2 /DATA 7/
NDATE  INTEGER#Z 4850
NFGEN INTEGER#*Z 150 /DATA  /
RI/RD84-191
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NEGYRD INTEGER*Z 8] /DATA 7/
NI INTEGER*2 192 /DATA  /
NNSA INTEGER*2 23102
NFT INTEGER*Z2 4856
NRC INTEGER*Z 4904
NRDOF  INTEGER#%Z -8 /DATA  /
NRECS INTEGER#*Z 27084
NRMOD INTEGER>Z 4 /DATA /
NROT INTEGER*Z2 156 /DATA  /
NSA INTEGER*2Z . 162 /DATA  /
NS J INTEGER®*Z 23100
NEL INTEGER*»Z2 170 /DATA /
NSTAT INTEGER#*2 202 /DATA  /
NTIME INTEGER¥*Z 4842
NXTC INTEGEFR*2 182 /baTa /s
NZ INTEGER*Z2 1266
FRN LOGICAL %2 27068
RFMI REAL 184 /DATA  /
KZ REAL 1274
RrZ1 REAL. 1298
8 REAL. 3242
SCAL.LE REAL 212 /DATA 7/
SFEED REAL S22
THETA EREAL 208 /DATA 7/
TITL CHAFR#* 1 10 /DATA /7
(] REAL 1182
Wk REAL*8 2
Wk RESL. Q22
X REAL 1142
IETAC REAL 286
ZRFM REAL 1042
Namie Type Size Class
222 COMMON
SUBROUTINE
‘SUBROUT INE
52900 COMMON
FRE FROGRAM
CIEORD SUBRROUT INE
GCLEAR SUEBROUT INE
GOy SUBROUT INE
wCs1Z SUEBRDOUT INE
EDaTE SUBROUT INE
&7 IME SUEROUT INE
Fass One No Ertrors Detected
244 Source Lines
RI/RD84-191
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HEORTOL o FORM RN I I T I I AT I TN I H R
c
c SUBROUTINE FORTO 1
c

3 36 3 3 36 3 3 3 3 96 36 36 3 36 96 3 336 336 26 3 36 3 3 36 36 3 2 F6 3 F I I W I3 3 I I T I I IR I A IR

SUEROUTINES UTILIZED IN FORTO! ARE CALLED
IN THE FOLLOWING ORDER:

Kl. . . . . . . READ THE MODE SHAFES AND NATURAL FREQUENCIES

TRANS . . . . . TRANSFORM THE GYROSCOFIC ADDITIONS
INTO NORMAL COCRDINATES

1 L L

CM 3696 3 3960 3 3 333333233 0 9 B 2 06 D3 3 3 I 6 I3 M I I AN RN KK
$STORAGE: 2 '

- SUEROUTINE FORTO1 (AC, AR, G,LG, GBAR,LCDOF ,LRDOF, LRMOD, WK, WE , WF)

- CHARACTER TITL(72,2),TAFE4A*14, LINE1*72, INE2*72

© EQUIVALENCE (TITL,LINE1) o

¢ DIMENSION AC(LCDQF,1),AR(LRDUF,1),wcc1$,wR(1),G<LG,1)

- REAL*8 GEAR (LRMOD, 1), Wk (1) '

¢ COMMON /bATA/NGVRo,NCMDD,NRMDD,N:DOF,NRDOF,TITL,NCASE,NHDT,

KRFM, NFGEN, NSA (4) ,NEL, IFLTF, IPRT2, IFKT3, IPRT,
KCRT,NXTC, RFM1 . DRFM, NI, FHIGH, FLOW,NSTAT, IFLG,
IFLG1, THETA, SCALE, MAXFTS, IFCNT, ISCNT

FROBLEM HEADER

WRITE (6,8002) IFCNT
WRITE (#,8002) IFPCNT

c
Cmm—— READ TITLE 1 AND FIRST INFUT DATA LINE.
C SKIP THROUGH ANY FPREDEEDING JCL.
c .
READ (S5, 9000, END=80) LINEZ
c :
10 LINE1=LINEZ
READ (5, 9000, END=8() LINEZ
READ (LINEZ, 8001,ERR=10) NRDOF , NRMOD, NCDOF , NCMOD, NGYRO, NRTAF , NCTAF,
+ GRAV,MLIST
c .
WRITE(6,6) (TITL(I,1),I=1,72)
WRITE (&6, 8000) NRDOF , NRMOD, NCDOF , NCMOD, NRTAF, NCTAF , NGYRO ,, GRAY
WRITE (%,6) (TITL(I,1),1=1,72)
WRITE (%,B8000) NRDOF , NRMOD,NCDOF , NCMOD, NKRTAF , NCTAF , NGYRO, GRAV
C
Cam—— GET FILE NAMES FOR MODAL DATA
c

IF (NRTAF.NE. 0} THEN
WRITE (#,8003) *ENTER THE ROTOR MODE SHAFE FILE NAME:®
READ (¥,9000) TAFE4
OFEN (4,FILE=TAFE4, STATUS="0LD")
ENDIF
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NMame

[a1m

AR

84

=
]

GO

RETURN

80 WRITE (#,+%) "ERRDOR READING INFUT FILE®
STOF .

————— FORMAT STATEMENTS

& FORMAT(RX,72R//7)
8000 FORMAT (55X, *NO. OF ROTOR DOF

+ I12,4¢° ** Y/
OO FORMAT (///2X,A,2%\)
FOOO FORMAT (7Z2A)

END
Tvpe NDffset F Class
REAL O *
REAL 4 %

RI/RD84-191
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C
IF(NCTAF.NE.O) THEN :
WRITE (#,8003%) "ENTER THE CASING MODE SHAFE FILE NAME:*®
READ (*,2000) TAFPE4
OFEN(3,FILE=TAFE4,S5TATUS="0LD")
ENDIF
C
C———= READ AND FPRINT ROTOR AND CASING MODAL
Cc MATRICES, NATURAL FREQUENCIES, AND
C GYROSCOFIC ELEMENTS
[
CALL K1 (AC,AR,G,LG,LCDOF, LRDOF (NCTAP, NRTAF WC, WR, GRAY, MLIST,. TAFES)
C
. C————— CLOSE THE MODAL DATA FILES
[
IF(NRTAF.NE. Q) CLOSE(4)
CIF(NCTAF.NE. Q) CLOSE(3)
c .
C---~--Z2ERD THE GBAR MATRIX
c
DO 30 I=1,NRMOD
DO 20 J=1,NRMOD
F0 GEARCILJ)=0,0D0
IF(NGYRO.EG. O} RETURN
C
C———--FORM MDODAL GYROSCOFIC MATRIX GEAR
cC
CALL TRANS (AR, LRDOF , NRDOF , NKMOD, G, LG, AR, LRDOF , NRDOF , NRMOD,
+ GBAR, LRMOD, W)
C
Dt 70 I = 1,NRMOD
po 7¢ J = 1,NRMOD
70 GBAR(I,J) = GBAR(I,J) / GRAY

g
J14/,

+ 5X, "NO. OF CASING DOF =*,I4,3X, NQO. OF CASING MODES =" ,I14//
+ SX, "ROTOR TAFE CODE =",14,9X,"CASING TAFE CODE =", 140/
+ S¥, NO. OF GYROSCOFIC ADDITIONS =",14// )
+ SX, "ACCELERATION OF GRAVITY =" ,F3.2)

8001 FORMAT (BN, 7I16,E12.6,16)

8002 FORMAT(////5X,4(°% *),"M O DAL INPUT SECTION T



D Line#
DRFM
FHIGH
FLOW
G
GRAFR
BRAYV
I
IFLE
IFLG1
IFCNT
IFLTF
IFRT
IFRT2
IFRTS
ISCNT
J
KCRT
KRFM
LCDOF
LG
LINE1
LINEZ
LRDOF
LRMGD
MAXETS
MLIST
NCASE
NCDOF
NCMOD
NCTAF
NFGEN
NGYRO
NT
NFDOF
NEMOD
NROT
NRTAF
NSA
NSL
NSTAT
NXTC
RFM1
SCALE
TAFE4 .
THETA
TITL
We

Wi

WK

114
115
116
117
118
119
120
121

1 7

REAL

REAL

REAL

REAL
REAL*8
REAL
INTEGER#*2
INTEGER#*2
INTEGER*2
INTEGER*2
INTEGER»*2
INTEGER#*2

INTEGER*2

INTEGER#*2
INTEGER*Z
INTEGER*2
INTEGER#*2
INTEGER*2
INTEGER*Z
INTEGER*Z
CHAR*72
CHAR* 72
INTEGER*Z
INTEGER®Z
INTEGER*Z
INTEGER*Z
INTEGER*2
INTEGER*Z
INTEGER#*2
INTEGER*Z
INTEGER*Z
INTEGER*Z
INTEGER*Z
INTEGER#*Z
INTEGER®Z
INTEGER*2
INTEGER*2
INTEGER#*2
INTEGER#*2
INTEGER*Z
INTEGER*2
REAL

REAL
CHAR%14
REAL
CHAR* 1
REAL
REAL*8
REAL.

188
194
198

16 %

84
204
206
218
172
178
174
176
220
108
180
158
20 *
12 %
10

e
-~

24 *
28 %
216
82
154
)
2
74
160
&}
192
8
4
154
74
162
170
202
182
184
212
88
208
10
36
JI2 *
40 *

/DATA
/DATA
/DATA

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA
/DATA
/DATAH

/DATA
/DATA

/DATA

/DATA

/DATA
/DATA
/DATA

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

" /DATA

/DATAH

NN NN NN NN N ~ NN NN NNNN NNN

NN N NN N

~

Microsoft FORTRAN77 VZ.13

Page 3
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R . FOR WM HH W W I I I H I I H W T I H NI W T I I W W WA W IR I W N W N

c
C
Cc

R1

READS AND WRITES THE MODAL INFUT DATA

(ac 22322 22222 IL LSS LSS SRS LSS S SS IR L sy R

C

SUBROUTINE R1 (AC,AR,G,LG,LCDOF,LRDOF,NCTAF, NRTAP, WC, WR, GRAV,MLIST,

+

LINEL)
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DIMENSION AC (LCDOF, 1), AR(LRDOF, 1) ,WC (1) ,WR(1),G(LG,1)
CHARACTER LINE1#14,TITL(72,2)*1
COMMON /DATA/NGYRO, NCMOD , NRMOD , NCDOF , NRDOF , TITL , NCASE , NFOT,

KRFM, NFBEN, NSA (4) ,NSL, IPLTF, IFRT2, IFRTS, IFRT,
KCRT,NXTC, RFM1, DRFM, NI, FHIGH,FLOW,NSTAT, IFLG,
IFLG1, THETA, SCALE, MAXPTS, IFCNT, ISCNT

READ AND WRITE THE MODAL MATRICES

IF(MLIST.ER. O WRITE(H,D) )
CALL MODAL (AR, LRDOF , NKDOF ,NRMOD, 4, WFR, GRAV,NRTAF ,MLIST,LINE1)

IF(MLIST.EE. D) WRITE(&L,10) .
CALL MODAL (AC,LCDOF,NCDOF ,NCMOD, 3, WC, GRAV__. NCTAF,MLIST,LINE1)

READ AND wRITE THE NATURAL FREQUENCIES
GOTO(710,711) NRTAF

READ(5,6) WR(D), I=1,NRMOD)
GO 7O 711%

147 710 READ(4,7 (A) ") LINEL

148 IF (LIMEL.NE. "FREQUENCIES™) GUTO 710
149 READ (4,6) (WR{I),I=1,NRMOD)
150 C
151 711 CONTINUE ,
152 WRITE (&4, 24)
153 WRITE (&, 305)
154 C©
155 DO 20 1 = 1,NRMOD
1 15 T20 WRITE(H,80) WR(D ,WR(1)/46.28716853 i
157 C
15¢ GOTO(720,721) NCTAF
159 C
140 READ(S,6) (WC(I),I=1,NCMOD)
161 GOTO 721
162 C
163 720 REAL(3Z,7" (A)7) LINEL
" 164 1IF(LINE1.NE.  FREQUENCIES™) BOTO 720
165 READ (3,6} (WC(I),I=1,NCMOD)
166 C .
167 721 CONTINUE
168 WRITE (&, 25)
169 WRITE (&, 30%)
170 C
171 DD 330 I = 1,NCMOD
T - 172 IT0 WRITE(6,80) WC(I) ,WC(I)/6.2821853
172 IF (NGYRO.EG. () RETURN
174 C
175 C-——=- ZERD THE GYROSCOFIC MATRIX
176 C
177 DO 340 I1=1,NRDOF
1 178 DO Z4¢ J=1,NRDOF
2 179 340 G(1,3)=0.0
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181
182
183
184
185

188
189
190
171
i72
193
194
195
1946
197
198
199
200
Z01
202
203
204

205
Name

ac

AR
DRFM
FHIGH
FLOW
G
GRAV-
I
IFLG
IFLGY
IN
TFCNT
IFLTF
IFRT
IFRTZ2
IERTS
ISCNT
d

[
ECRT
FRFM

L.
L.CDOF
LG
LINEL
LRDOF
MAYXFTS
MLIST
NCASE
NCDOF
NCMOD

Fage S

08-13-B4
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C—~-—- KREAD GYROSCOFIC MATRIX ELEMENTS
C
WRITE (6, 27)
C
DO 40 IN=1,NGYRO,Z
READ (5,300 1,3,6(1,3),K,L,G(K,L)
40  WRITE(6,26) 1,J,6(1,3),K,L,G(K,L)
C
C~—m——= FORMAT STATEMENTS
C
5 FORMAT(1H1//5X, % % % ROTOR GROUF MODAL MATRIX % * %°/)
& FORMAT (BN, &E12.6)
10 FORMAT(1H1//S5X, % * % CASING GROUF MODAL MATRIX * % #°/)
24 FORMAT(1H1//SX, % % * ROTOR GROUF NATURAL FREDUENCIES - WR * *
1 %7, 77
25 FORMAT(////SX, % % % CASING GROUFP NATURAL FREGUENCIES - WC * *
1 %7 ,77)
26 FORMAT(2(218,1F1E20.8,1X)) :
27 FDRMAT(1H1//SX,*% * % GYROSCOFIC MATRIX ELEMENTS * % %°///
1 2(5X, ROW® ,5X, "COL*, 10X, *VALUE" ,6X) /)
20 FORMAT(BN,Z2I1&6,E12.8) '
80 FORMAT(10X,i1FE1S5.5,7X,1FE1S.S)
T0S FORMAT (16X, "RAD/SEC™, 16X, "HERTZ", /)
c .
END
Type Offset P Class
REAL O *
REAL 4 =
REAL 188 /DATA 7/
REAL. 194  /DATA 7/
REAL 198  /DATA  /
REAL g8 =
REAL 840 %
INTEGER#®Z 622
INTEGER*2 204  /DATA 7
INTEGER*2 Z06  /DATA /7
INTEGER*2 652
INTEGER*Z 218  /DATA /
INTEGEFR®2 172 /DATA. 7/
INTEGER#*2 178  /DATA  /
INTEGER* 2 174  /DATA /7
INTEGER*Z 176  /DATA /7
INTEGER*Z 220 /DATA" /
INTEGER*Z 644
INTEGER®Z 660
INTEGER*2 180  /DATA" /
INTEGER*Z 158  /DATA _ /
INTEGEFR*2 562
INTEGER#*Z T 16 =
INTEGER*2Z 12 *
CHAR*14 " 4B =
INTEGER*Z 20 *
INTEGER*2 216 /DATA /
INTEGER*Z 44 :
INTEGER*2 154  /DATA /
INTEGER*2 6 /DATA /
INTEGER*2 2 /DATA /
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D Line# 1 7
NCTAF  INTEGSER®Z z4
NFGEN INTEGER#*2 160
NGYRO INTEGER#*2 Q.
N1 INTEGER*Z2 192
NRDOF INTEGER+*Z2 8
NRMOD INTEGER*Z 4
NROT INTEGER#2 156
NRTAF  INTEGER=*2 28
NSA INTEGER%2 162
NSL. INTEGER#®2 170
NSTAT INTEGER*Z 202
NXTC INTEGER#*2 182
REML REAL i84
SCaALE  REAL 212
THETA REAL 208
TITL CHAR*1 10
WC REAL 32
W REAL Té

208

207 C

Z08 C MODAL

209 C

210 C

213

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA
/DATA
/DATAH

NNNNN N

NN N NN NN N
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HMODAL « FORM #5352 W3 I35 WI935 396 362650323 233 K FJ NPT XA WN R

READS MODAL INFORMATION,
FROM STARDYNE TAFEA4.

I.E.MODE SHAFES,

E***********&*******************%*************************************
c

300

400

401

407

LHO0

SUEROUTINE MODAL (AR, LRDOF, NRDOF , NRMOD, NDEV, WR, GRAV . NRTAF,MLIST,
LINEL)

+

CHARACTER

T4, INEL1*12

DIMENSION AR(LRDOF,1),B(2) ,WR (1)

GOTQ 400, 600, 407)

DO Z00 I=1,NRMOD
(AR(J,1),J=1,NRDOF)

READ (S, 4)
60 TO 420

NRTAF

READ (MDEV, * (A) ") LINE1L

CIF(LINETLNE.?

DO 401 I=1,NRMOD
READ (NDEV, " (/2 7)

READ (NDEV, &)

GO TO 420

READ (NDEV, 5)

GO TO 420

READ {iN
IF(T

E
F

READ (NDEV, 110)

DEV,  {(f)7)
-NE. *DISF") GO TO &00

Vo368 MODES®)

CF=1.0/S0RT (GENWT/BGRAV)

WR (MODE)

FREQ «

6.2831835%

READ (NDEV, 120) J,1,E

RI/RD84
D-58

GOTO 400

(AF (3, 1) ,J=1,NRDOF)

((AR(J, 1) ,d=1,NRDOF), I=1,NRMOD)

MODE , FREQ, GENWT

-191
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-

D Line# 1 7
245 IF(J .LT. 1) GO TO 20
244 IDOF=4%(J-1)+I
247 IF(I .EQ. 4) IDOF=IDOF-1
248 AR (I1DOF,MODE) =R (1) *CF
249 AR (IDOF+1,MODE) =R (2) *CF
250 GO TO 15
251 C
252 20 IF(MODE .NE. NRMOD) GO TO &00
283 C
254 420 IF(MLIST.NE.O) RETURN
285 C
256 C——m=—--— LINE COUNTER
257 C
25 LCOUNT=4
S Z89 C
260 DO 605 I=1,NRMOD
1 261 LCOUNT=LCOUNT+NRDOF /5. +4.9
1 262 IF (LCOUNT.GT.563) THEN
1 267 WRITE (&, * (1H1) ")
1 264 LCOUNT=NRDOF/S.+5.9
1 2465 ENDIF :
1 266 605 WRITE(6,8) I, (AR(JI,I),Jd=1,NRDOF)
267 C '
268 6 FORMAT (BN, SE1Z2. 6)
269 B FORMAT(//5X, MODE NO.’,I16//(3X,1PSEL15.5))
27C 110 FORMAT(IZ,FL7.0,F1Z.Q) .
271 120 FORMAT(2X,19,11,20X,2F20.0)
272 C
273 END
Name Type Qffset F Class
AR REAL 0 *
3] REAL 1140
CF REAL 1182
FREG REAL 1174
GENWT REAL 1178
GR&Y REAL 24 %
I INTEGER*®Z 1148
IDOF INTEGER*2Z 1186
J INTEGER®2 1156
LCOUNT INTEGER*2 1188
LLINEl CHAR#*12 36 *
LRDOF INTEGER#%*Z 4
MLIST INTEGER#*Z 320w
MQODE INTEGER*2 1172
NDEV INTEGER#*2 16 =
NRDOF  INTEGER*2 8 %
NRMOD  INTEGER#*2 12 =
NRTAF  INTEGER#*2 28 =
- BERT INTRINSIC
T CHAR=4 1168
WH REAL 20 *
274
275 C
276 C SUBROUTINE TRANS
277 C
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278 C*******%******************i*}**************************************&-***
279 C
c FURFOSE: MATRIX TRANSFORMATION DEFINED AS:
pt
. C - _ .
% C tDl. = [D1 - [Al == ([G1 == [CJ
»
C
C LATEST REV: MARCH 21, 1984
c
C USAGE: CALL TRANS (A,LRA,NRA,NCA,G,LRG,C,LRC, NRC,NCC,
; O + Oy LRD WD
C
» ARGUMENTS: A - MATRIX TO BE TRANSFOSED AND USET TO
- C PRE-MULTIFLY MATRIX E.
1 C LRA - ROW DIMENSION OF MATRIX A EXACTLY AS
o . DEFINED IN CALLING FROGRAM.
» NRA - ROW DRDER OF MATRIX A (NUMEER OF ROWS
C USED) .
C NCA - COLUMN ORDER OF MATRIX A (NUMBER OF
C COLUMNS USED) .
C G - THE MATRIX OFERATED ON.
C LRG - ROW DIMENSION OF MATRIX G EXACTLY AS
C DEFINED IN CALLING FROGRAM.
> C - MATRIX C TO RBE USED TO FOST-MULTIFLY
. C MATRIX E. ’
c LRC - ROW DIMENSION OF MATRIX C EXACTLY AS
C DEFINED IN CALLING FROGRAM.
C NREC - ROW ORDER OF MATRIX C.
c NCC — COLUMN ORDER OF MATRIX C.
3 C D - MATRIX D. NOTE: D 1S DOUBLE FRECISION.
C LRD - ROW DIMENSION OF MATRIX D EXACTLY AS
C DEFINED IN CALLING FROGRAM.
c Wk - WORK AREA DIMENSIONED TO AT LEAST NRA.
- C NOTE: WE 1S DOUBRLE FRECISION.
. O
C**************************************-)H(_»***********************-I»**** EE.&.3
C

SUEROUTINE TRANS (A, LRA,NRA,NCA, G,LRB,C,LRC, NRC,NCC,D,LRD, Wk)

17 C
DIMENSION ALRA, 1) ,CLRC,1) ,G(LRG, 1)
[
REAL»8 D(LRD, 1), Wk 1)
[
Do 100 I = t,NCC
DO S0 J = 1,NRA
WEKJ) = 0,0DO

DO S50 k = 1,NRC
50 WE(J) = Wi (J) + G(J, K)#C (K, I)

[N N 5 T % S

Do 100 L =
DO 100 M = 3, NRA
D(L,1) = D(L,I) = ACML)*WK (M)

i

END
Name Type . Dffset F Class

[ REAL O %
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D Line# 1 7
[ REAL

D REAL*3

G REAL

I INTEGER*2
J INTEGER»2
K INTEGER*2
L INTEGER*2
LRA INTEGER*Z
LRC INTEGER#*Z
LRD INTESER*R
LRG INTEGER%*2
M INTEGER*Z
NCA INTEGER*Z
NCC INTEGER*Z
NRA INTEGER%2
NRC INTEGER®Z2
WH REAL %3
Name Type

DATA

FOR7TO1

MODAL

R1

TRANS

Fass One

PR

24
40
16
1320
1328
13346
1344

28
44
20

1352
36
32
43

* %

* x k%

* k Kk Kk X

Class

comMMON

SUBROUT INE
SUBRDUTINE
SUBROUT INE
SUBROUT INE

No Errors Detected
Source Lines
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D Line#

>0 M N DR

n#OOO0O0NNODONONO00OO000

36

38

40
41
4z
4%
44
45
44
47
48
A9
=50
5i

=
o ey

ey

o

S4
[

S5

=

-

57
58

59

. . Fage 1
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#FORTOD . FOR¥ %3 99 36 36 3 35630 3 3636 3 3 3 36 36 3 336 36 363 36 96 336 36 3 6 2 3 336 3 3 396 36 36 36 963 3 36 3 3 96 3 336 3 3 3% 3%
C
c SUBRDUTINE FORTOZ
c
C{»*****************_*-!»**************************************{-*********** *
SURROUTINES UTILIZED IN FORTOZ ARE CALLED
IN THE FOLLOWING ORDER:
ADDS. . . . . . READ INTERGROUF ADDITIONS
ADDM. . . . . . READ INTRAGROUF ADDITIONS
OUTAE . . . . . OUTFUT ALL ADDITIONS
X%, +« « » . . . READ FLOTTING DATA
*************************************‘**********************************
STORABE: 2
SUBROUTINE FORTOZ (ZETAC,FG,SFEED,NFT,NRC, S, DMF, JFUN,LFT,LSA,LSJ,
+ ZRFM, ICASE, IROT, X, NZ,RZ ,RZ1)
c .
CHARACTER#*1 TITL(7Z2,2),TYTL (48)
C ,
INTEGER JFUN(LSJ, 1) ,NFT (1) ,NRC(LSA,2,1) ,NSA(4) ,NZ(4),ICASE (1),
+ IRDT (1)
c ’ .
DIMENSION  DMF(LSA,1),FG(LPT,1),5(LSA,1),SPEED(.FT,1),ZETAC (1),
+ ZRFM(1), X (10) ,RZ (&) ,RZI1 (&) :
C
COMMON /DATA/NGYRO, NCMOD, NRMOD, NCDOF , NRDOF , TITL , NCASE , NROT,
+ ' KRFM, NFGEN, NSA, NSL, IFLTF, IFRTZ, IFRTS, IFRT, KORT,
+ NXTC,RFM1, DRFM, NI ,FHIGH,FLOW,NSTAT, IFLG, IFLG1,
L+ . THETA,SCALE,MAXFTS, IFCNT, ISCNT :
c
C~~-~-—READ THE SUERCASE TITLE
[
IF (NXTC.NE.3) READ(S,S) (TITL(I,2),I=1,72)
I
C———— SUBCASE HEADER
c
WRITE(&,19) IPCNT,ISCNT,TITL
WRITE(%#,1%) IFCNT,ISCNT,TITL
C - )
o READ NUMEBERS OF MATRIX ADDITIONS,FRINT/FLOT FLAGS,
C NEXT CASE FLAG,AND NUMBER OF FUNCTION GENERATORS
C .
READ(5,15) NSA,NSL, IFRT,KCRT,NXTC, NFGEN
WRITE(6,16) {(I.NBA(I),I=1,4)
WRITE (&,17) NSL,NFGEN, IFRT,NXTC
WRITE (#,16) (I,NSA(I),I=1,4)
WRITE (#,17) 'NSL,NFGEN, IFRT, NXTC
c .
L READ BEGINNING RPM, RPM INCREMENT,
C AND TDTAL NUMEER OF STEFS
C

READ (S, 18) RFM1,DRFM,NI
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95

7

78

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
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CALL ADDM(DMF, JFUN,
LSA,LSJ, NRC, 8)

1 7
WRITE(6,40) RPM1,DRFM,NI
WRITE(#,40) RFMi,DRFM,NI
C N
C———— READ CASING MODAL DAMFING DATA.
c
WRITE (6, 100)
READ (5, 200) (ZETAC(I),I=1i,NCMOD)
WRITE(6,300) (ZETAC(I),I=1,NCMOD)
C
C———- READ FUNCTION GENERATORS
c
WRITE (6,50)
MAXFTS=0
[
c LINE COUNTER
C
LCOUNT=6
DO 130 I = 1,NFGEN
READ (S,10) NRET(I),IFLT,TYTL
READ (5, 200) (SFEED(J, 1) ,FG(J, 1) ,J=1 NPT (I))
MAXFTS=MAXO (MAXFTS,NFT (1))
LCOUNT=LCOUNT+NFT(I1)+5
IF(LCOUNT.BT.63) THEN
3 WRITE (6,7 (1H1) ™)
LCOUNT=6+NFT (1)
ENDIF
WRITE(6,60) I,TYTL .
WRITE (6,75) (SFEED(J,I),FG(J,.1)J=1,NFT(I))
130 IF(IFPLT.EQ.1) WRITE(2) I,TYTL,TITL,NFT(I),
+ : (SFEED(J . I) ,FG(J,1),Jd=1,NFT(I))
C .
Cm——-= WRITE END-OF-CASE RECORD ON FUNCTION GEN FILE
C.
WRITE(Z2) 999, TYTL,TITL,1,SFEED(1,1),FG(1,1)
C )
L= READ AND FRINT MATRIX ADDITIONS
C
WRITE (6,22)
IF(NSL .NE. 0) CALL ADDS(DMF,JFUN,LSA,LSJ,NRC,S)
IF ( (NSA (1) +NSA (2) +NSA (3) +NSA (4) ) LNE. 0)
+ )
CALL OUTAB(DMF,JFUN,LSA,LSJ,NRC,S)
c -
[ READ THE REMAINDER OF THE INPUT FILE
c ,
CALL R3(ZRFM, ICASE, IROT,X,NZ,RZ,RZ1)
c
RETURN.
[
C————- FORMAT STATEMENTS
Cc .
S FORMAT(72A)
10 FORMAT (BN, 2112,48A)
15 FORMAT (BN, 1018) )
16 FORMAT (5X, "NUMBER OF GENERAL MATRIX ADDITIONS:® // (10X, FARTITION’,
+ : 12,7 =?,14,10X,*PARTITION®, 12,7 =7,14))
17 FORMAT (/5X, "NUMBER OF INTERGROUF ADDITIONS =’,14//5X, NUMBER °,
+ *0OF FUNCTION GENERATORS =",14//5X,
+ "MODE SHAPE FRINTING CODE =’,14//8X,
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D Line#
119
120

Name

_DMF
DRFM
FB
FHIGH
FLOW
1
ICASE
IFLG
IFLGL
IFCNT
IFLT
IFLTF
IFRT
IFRTZ
IPRTS
IROT
ISCNT
J
JFUN
KCRT
KRFM
LCOUNT
LET
LSA
LSJ
MAX )
MAXETS
NCASE
NCDOF
NCMOD
NFGEN
NGYRO
NI
NFT
NRC
NRDOF
NRMOD
NROT
NS6
NSL
NSTAT
NXTC

+
18
19
+
40
SO
&0
75

100

Fage =
08-13-84
18:24:27
7 Microsoft FORTRAN77 V3. 12 8/05/8%
*NEXT CASE CODE =7,14)
FORMAT (BN, 2E12.6,112)
FORMAT (1H1///5X,4(°% "), S UBCASE INFUT *“,4¢ * ) //
17X, "MODAL INFUT?,12,5X, "SURCASE", I12,2(//SX,72R) /)
FORMAT (1H1//7/5X,B8(" % ") ,4X,’MATRIX ADDITIONS  ,4X,8( % 7))
FORMAT (/SX,’RPM1 =" ,1FE13.5,8X, "DRFM =" ,E13.5,8X, NI .=",14/)
FORMAT (1H1///,5X,> % % # FUNCTION GENERATOR DATA * % %7 ,///)
FORMAT (//SX, "FUNCTION NO.*,14,6X,48A/)
FORMAT (45X, "RFM™ , 17X, "VALUE" / (27X, 1IFE1S5.4,6X,E15.4))
FORMAT (/7/7/75X, 7% # * CASING GROUF MODAL DAMFING FACTORS * * *x°///)

END
Type Offset F Class
REAL 24 =
REAL. 188 . /DATA /
REAL 4 %
REAL 124 /DATAR ./
REAL 198 /DATA  /
INTEGER*Z S0
INTEGER*Z 48 «
INTEGER*Z 204 /DATA  /
INTEGER*2 206 /DATA  /
INTEGER*2 218 /DATA  /
INTEGER*2 2
INTEGER*2 172 /DATA 7/
INTEGER*2 178 /DATA 7/
INTEGER*2 174 /pATA /
INTEGER*Z2 176 /DATA 7
INTEGER*2 52 *
INTEGER*Z2 220 /DATA /
INTEGER+2 &4
INTEGER*Z 28 =
INTEGER*2 180 /DATA  /
INTEGER*Z 158 /DATA  /
INTEGEF*2 54
INTEGER*Z 32
INTEGER*Z 36 *
INTEGER*2 40 %

' INTRINSIC
INTEGEFR*2 216 /DATA  /
INTEGER*Z2 154 /DATA  /
INTEGER*Z b /DATA  /
INTEGER*2 2 /DATA  /
INTEGER®2 160 /DATR  /
INTEGER*2 o /DATA "/
INTEGER*Z 192 /DATA  /
INTEGER*Z 12 »
INTEGER*2 16 *
INTEGER*Z 8 /DATA  /
INTEGER*2 4 /DATA /
INTEGER*2 156 /DATA  /
INTEGER*2 162 /DATA  /
INTEGER*Z 170 /DATA /
INTEGER*2 202 /DATA  /
INTEGER*2 182 /DATA  /

200 FORMAT(EN,6E12.5)
Z00 FORMAT (10X, 1FE14.5)
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NZ

RFPM1

RZ

RZ1

. 8

SCALE
SFEED
THETA
TITL
TYTL
X
ZETAC
ZRFM

172
174
175
176

Ll Tl o B S I I 0 B T 2 e T T e e =
-
o~
o~

Fage 4
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INTEGER®*2 &0 »
REAL 184 /DATA /
REAL - b4 %
REAL &8 *
REAL 20 *
REAL 212 /DATA /
REAL 8 *
REAL 208 /DATA 7/
CHAR#*1 10 /DATA /
CHAR#*1 2
REAL S6 *
REAL (a3
REAL 44 %
*ADDS. F'OR'-I-**************************************************************
C
Cc ADDS READS INTERGROUF STIFFNESS AND DAMFING ADDITIONS WHICH
.C ACT IN THE Y AND Z DIRECTIONS. SFEED DEFENDENT FUNCTION
c GENERATORS ARE ALSO ASSIGNED BY ADDS.
c
C*********************************i*************************i-*******k**-l_»
[ : :
SUBROQUTINE ADDS (DMF, JFUN,LSA,LSJ.NRC,S)
Cc
INTEGER IN(4) ,NZ(4),IJFUN(LSI,1),NRC(LSA,2,1),IR{(4),NSA4)
C
DIMENSION CD(4) .CS¢4) ,DMF (LSA, 1), S(LSA 1)
c
CHARACTER TITLA(72,2)%1
c
COMMON /DATA/NGYRO, NCMOD , NRMOD , NCDOF , NRDOF, TITL , NCASE, NROT,
+ ERFM, NFGEN, NSA, NSL, TFLTF, IPRT2, IFRT3, IFRT, KCRT,
+ NXTC,RFM1, DRPH NI, FHIGH, FLON NSTAT IFLB IFLGI.
+ THETA SCALE MAXPTS IFCNT ISCNT
C
DATA IQ/1,—-1,-1,1/
c
DO 300 N = 1, NSL
IN(1) = 4 #* N - X
IN(Z) = 4 * N - 2
IN(Z) = 4 # N - 1
IN(4) = 4 % N
C .
READ(S,5) NZ, (JFUN(I.1),I=4%N-3,4%N), (CS5(1),I1=1,4)
c .
READ(S,7) (JFUN(I,2),I=4%N-3,4%N), (CD(1),I=1,4)
c
DO 101 = 1,4
DO 10 II=1,4
SCINC(II), 1) = CS(II) = QD
*DMF (INCII),I) = CD(II) * IQ(I)
10 CONTINUE
C
NRCC(INC(1),1,1) = NZ(1)
NRC(IN(2),1,1) = NZ(2)
NRCC(IN(I) ,1,1) = NZ(1)
NRC(IN(4),1,1) =. NZ(2)
NRCC(IN(1) ,2,1) = NZI(1)
-RI/RD84-191
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Name

Cr

=]
DMF
DRFM
FHIGH
FLOW
I
IFLG
IFLG1
11

IN
IFCNT
IFLTF
IFRT
IFRTZ2
IFRTS
Ie
ISCNT
JFUN
KCRT
ERFM

FORMAT (BN, BIZ,

7
NRC{IN(2),2,1) = NZ(2)
NRCCIN(3) ,2,1) = NZ(2)
NRCC(IN(4),2,1) = NZ(1)
NRCCIN(1Y,1,2) = NZ(1)
NRCCIN(R2),1,2) = NZ(2)
NRCOIN(T) ,1,2) = NZ(1)
NRC(IN(4),1,2) = NZ(2)
NRCCIN(1),2,2) = NI{(D
NRC(IN(D),2,2) = NZ(4)
NRCCIN(Z) ,2,2) = NZ(D
NRC(IN(S7,2,2) = NZ{(Z
CNRCCOIN(1),1,3) = NZ(D
NRCCINC(D) ,1,3) = NZ(D
NRCCIN(I) ,1,3) = NZ(®
NRCC(INC4) ,1,3) = NZ(4)
NRC(IN(1),2,3) = NZI(1)
NRCCIN(2)Y ,2,3) = NZ(D)
NRC{IN(I) ,2,3) = NZI(D)
NRC(IN(4) ,2,3) = NZ(1)
NRC{IN(1),1,4) = NI
NRCCIN(2) ,1,4) = NZ(4)
NRCCIN(I) ,1,4) = NZ(3)
NRC(IN(4) ,1,4) = NZ(4&)
NRC(IN(1),2,4) = NZ(3
NRC CIN(Z) ,2,4) = NZ(4)
NRC(IN(T) ,2,4) = NZ(48)
NRC(IN(4) ,2,4) = NZ(3)

4512.5)

FORMAT (BN,413,4E12.5)
END
Type Offset F Class
REAL 256
REAL. 98z
REAL O *
REAL 188 /DATA /
REAL 194 /DATA 7
REAL 198 /DATA /
INTEGEFR*2 1006
INTEGER*Z2 204 /DATA /
INTEGER*2Z 206 /DATA /
INTEGER*Z2 1012
INTEGER*2- FI0
INTEGER*2 218 /DATA /
INTEGER*2 172 /DATA  /
INTEGER*?Z2 178  /DATA /
INTEGER*2 174 /DATA  /
INTEGER*Z 176 /DATA  /
INTEGER*2 ?58
INTEGER%Z2 220 /DARTA 7/
INTEGER*2 4 *
INTEGER*2 180 /DATA 7/
INTEBER#Z 158 /DATA  /
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D Line# 1 7
L.SA INTEGER*2 8 =
LSJ INTEGER*2 12 =
MAXFTS INTEGER#*2 216
N INTEGER#*2 998
NCASE INTEGER#*2 154
NCDOF  INTEGER#*Z2 6
NCMOD  INTEGER#*Z 2
NFGEN INTEGER#*2 160
NGYRQ INTEGER#*2 0
NI INTEGER*2 192
NRC INTEGER+2 16 =
NRDOF  INTEGER*2 8
NRMOD INTEGER#Z 4
NROT INTEGER*2 156
NSA INTEGER#2 162
NSL. INTEGER*2 170
NSTAT INTEGER#*Z2 202
NXTC INTEGER*Z 182
NZ INTEGER*Z 942
RFM1 REAL 184
S REAL 20 *
SCALE REAL 212
THETA REAL 208
TITL CHAR*1 10

/DATA

~

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

NONNNNN

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

NN N NN NN

/DATA /.

/DATA
/DATA
/DATA

NN N
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212 ®ADDM. FOR M 534 33633 3 3 263 3 3 39 3 363 330 3630302636 330 3090 3 303336 96 3 36 36 363 36 36 9696 3 36 33 36 36 490 3 3 963 - ¢

)

-

o
o000 n

ADDM READS INTRAGROUF STIFFNESS AND DAMFING ADDITIONS
WHICH ACT IN Y AND Z DIRECTIONS. SFEED DEFENDENT FUNCTION
GENERATORS ARE ALSO ASSIGNED EBY ADDM.

217 .

DLE SRR T I H I 263639636 36366363 236 36 3636 3696 696 3 36 636 36260696 36 36 3696 36 9696 36 96 3 36 9696 96 3 3636 36 96 96 39636 36 996 0
219 .

220 SUEROUTINE ADDM(DMF,JFUN,LSA,LSJ,NRC,S)

221 C

222 INTEGER JFUN(L.SJ, 1) ,NRC(LSA, 2, 1) ,NSA{4)

223 C : ‘

224 DIMENSION DMF(LSA,1),8S(L8A, 1)

225 C ’

226 CHARACTER TITL(72,2) %1

227 C. .

228 COMMON /DATA/NGYRO, NCMOD , NRMOD, NCDOF , NRDOF, TITL , NCASE, NROT,

KRPM, NFGEN, NSA, NSL, IFLTF, IFRT2, IFRT3, IFRT, KCRT,
NXTC,RPM1,DRPM, NI ,FHIGH, FLOW, NSTAT, IFLG, IFLG1,
THETA, SCALE, MAXFTS, IFCNT, ISCNT -

ADDITIONS FOR UFPPER LEFT PARTITION
ADDITIONS FOR UFPER RIGHT FARTITION
ADDITIONS .FOR LOWER LEFT FARTITION
ADDITIONS FOR LOWER RIBHT FARTITION
3 K =0
239 DO 105 11=1,4
1 240 IF(NSACIT) .EQ. O) GO TO 105
1 241 READ (5,5) ((NRC(I,L,II),L=1,2), (JFUNCI+KE,L),L=1,2),
1 24z 1 S(I,1I),DMF(I, 115, I=4#NSL+1,4#NSL+NSA(II))
1 24T KE=KE+NSA(IT)
1 244 105 CONTINUE
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245 C
246 S FORMAT(EN,413,2E12.64)
247 C
248 END
Name Type Offset F Class
DMF REAL O *
DRFM REAL 188 /DATA  /
FHIGH REAL : 194 /DATA  /
FLOW REAL 198 /DATA  /
I INTEGER®2 1094
IFLG INTEGER®Z 204 /DATA /
IFLG1 INTEGER®Z 206 /DATA 7
I1 "INTEGER*2 1092
IFCHNT  INTEGER*Z 218 /DATA 7
IFLTF  INTEGER#*Z 172 /DATA  /
IFRT INTEGER*2 178 /DATA  /
IFRTZ  INTEGER*Z 174 /DATA  /
IFRTZ  INTEGER»Z 176 /DATA 7
ISCNT  INTEGER*Z 220 /DATA / .
JFUN INTEGER%2 4 x
ECRT INTEGER®*Z 180 /DATA 7
Kk INTEGER*Z 1090
ERFM INTEGER*2 158 /DATA  /
L. INTEGER*Z 1096
LSA INTEGER®*Z 8 *
LSJ INTEGER*Z 12 =
MAXFTS INTEGER®Z 216 /DATA  /
MCASE INTEGER*Z 154  /DATA 7/
NCDOF  INTEGER#*Z 6 /DATA  /
NCMOD INTEGER#*Z z /DATA 7
NFGEN  INTEGER®Z 160 /DATA 7
MGYRD INTEGER#*2 0 /DaTa 7
NI INTEGER*2 192 /DATA  /
NRC INTEGER*Z 16 *
NRDOF  INTEGER#Z 8 /DATA  /
NRMOD INTEGER#*2 4 /DATA 7
NROT INTEGER*Z 156 /DATA  /
NSA INTEGER*2 162 /DATA  /
NSL INTEGER*Z 170 /DATA  /
NSTAT INTEGERZ 202 /DATA  /
CNXTC INTEGER*Z 182 /DATA  /
RFM1 REAL 184 /DATA  /
s REAL 20 *
SCALE REAL 212 /DATA  /
THETA REAL 208 /DATA  /
TITL CHAR*1 : 10 /DATA 7

249 #0QUTAE. FORM %3353 36 3 3 33 55 33 3 396 3 3633 3096 336 3300 352603 0 3 %X e R e H KRR HFAFRHEEAL XL

OUTAE IS AN 10 ROUTINE FOR STIFFNESS AND DAMFING ADDITIONS
AND THEIR RELATED FUNCTION GENERATORS.

NRC, S, JFUN,DMF COME FROM SUE. ADDM

J

]

4
ococooOn

25 5 3 3 3t 3 3 5 536 36 3 3 3 996 I 9636 9 3 I 363 I 36 3 I 36 3 3 I F I I I H e IS T e I I IR IS H NN KR
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258
259
260
261
262
263
264
265
266
267
=68
269
270
271
272
273
274
273
276
277
278
279
280
281
282
283
284
285

286
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SUEBROUTINE OUTAB (DMF, JFUN,LSA,LSJ,NRC, S)

INTEGER  JFUN(LSJ, 1} ,NRC(LSA,2,1),NSA(4)

DIMENSION DMF(LSA,1},S(LSA, 1)

CHARACTER FORMS (8) %21, TITL(72,2) %1

COMMON /DATA/NGYRO, NCMOD,, NRMOD , NCDOF , NRDOF , TI TL , NCASE , NROT,
+ : KRPM, NFGEN, NSA, NSL , IFLTF, IPRT2, IFRT3, IFRT, KCRT,
+ NXTC,RFM1,DRFM,NI,FHIGH, FLOW,NSTAT, IFLG, IFLG1,
+ THETA, SCALE, MAXFTS, IFCNT, TSCNT

WRITE A CONNECTIVITY MATRIX FOR EACH INTERGROUF ADDITION

DO 100 J=1,NSL,3

WRITE (6,B002)

DO 90 I=J,J+2 :

WRITE(6,38) I,°ROT Y:® ,NRC(I#4-3,1,1), ROT Z:° ,NRC(I%4-2,1,1),
"CAS Y:’,NRC(I%#4-3,2,2),°CAS Z:’ ,NRC(I*4-2,2,2

WRITE(&, 22

WRITE (6,24)
WRITE(&,26) o .
WRITE(6,40) S(I*4-3,1), S(I*4-1,1), DMF(I*4-3,1), DMF(I*4-1,1)
WRITE (&, 26) - :
WRITE(6,42) JFUN(I%4-3,1),JFUN(I*#4-1,1),
JFUN(I%4-3,2) ,JFUN(I*4-1,2)
WRITE (6,26)
WRITE(6,32)
WRITE (6,26) :
WRITE(&,40) S(I%*4,1), S(I*#4-2,1), DMP(I%4,1), DMF(I*4-Z, 1)
WRITE (6,26)
WRITE(6,42) JFUN(I*4,1),JFUNCI*4-2,1),
JFUN(I#4,2), JFUN (I%4-2,2)
WRITE (6,26)
WRITE (6,24)
IF(1.EQ.NSL) GOTO 200
WRITE (6, BOO3)

FORMAT (12X, " INTERGROUF STIFFNESS®, 21X, INTERGROUF DAMPING®) -
FORMAT (2 (SX, " %#%" , 27X, " %#%7 , 2X))

FORMAT (2 (SX, %7 ,15X,° 17, 15X, "%* , 2X))

FORMAT (2 (55X, 2 %7 ,15(7.°), 717, 15¢°.?) " %, 2X))

FORMAT (//5X, *NSL NUMBER®,I3,4(5X,A,I14)/)

FORMAT (2(SX, % °,1PE13.5,% @ *,E13.5,7 #7,2X))

FORMAT (Z(SX,” % FB (",12,°)°,5%X,%: FG (7,12,7)7°,5X, %" ,2X))
FORMAT (//5X, "% % % INTERGROUFP ADDITIONS % % %)

S FORMAT (1H1)

WRITE 'INTRAGROUF ADDITIONS

IF (NSA (1) +NSA (2) +NSA (3) +NSA (4) .NE.0) THEN
WRITE (6,101) :
KE=0

DO 300 11=1,4

IF(NSA(ID) .EQ.O) 60 TO 300

WRITE (&,8000) FORMS (II+4) :
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Name.

DMF
DRFM
FHIGH
FLOW
FORMS
1
IFLG
1FLBG1
11
IFCNT
IFLTF
IFRT
IFRT2
IFRTI
ISCNT
J
_ JFUN
KCRT

MAXFTS

[\
NCASE
NCDOF
NCMODD
NFGEN
NGYRO
NI
NREC
NRDOF
NEMOD
NROT
NSA
NSL.
NSTAT
NXTC
RFM1
S
SCALE

c

7

N

1

1

Type

REAL
REAL
REAL
REAL
CHAR#*221
INTEGER*Z
INTEGER*Z
INTEGER»Z
INTEGER*Z
INTEGER*2
INTEGER*Z
INTEGER®Z
INTEGER*2
INTEGER*2

INTEGER#*2-

INTEGER#Z
INTEGER*Z
INTEGER*Z

INTEGER*Z.
INTEGER*2:
INTEGER*2:
INTEGER®Z -

INTEGER*Z
INTEGER®?Z
INTEBER*Z
INTEGER*?Z
INTEGER*Z
INTEGER#*Z
INTEGER*?
INTEGER*Z
INTEGER*2
INTEGER*2
INTEGER*D
INTEGER#*2
INTEGER*Z
INTEGER*2
INTEGER#*2
INTEGER*Z
REAL

REAL

REAL

299 WRITE(6,28)

END

WRITE (6,8001)
DO 299 1 =

4%NSL-

Offset F

0O *
188
194
198

1144
1340
204
206
1736
218
172
178
174
176
220
1332
4 *
180
1732
158

8 *

12 »
216
1744
154
-

o

160
0

192
16 #

8

4
156
162
170
202
182
184

20 *
212

Fap W

1,NSA(ID)

I

I, (NRC(N,J,11),3=1,

JFUN (N+KE, 2)

TOO KE=KE+NSA (1)
ENDIF

28 FORMAT((5X,3(I3,4X),1PE12.5,4X,13,4X,E12.5,4X,13))

101 FORMAT(1H1///,5X,” % * * GENERAL ADDITIONS * % %°//)
BOOO FORMAT(///10X,A,//)
8001 FORMAT(SX, NO. ",

Class

/DATA
/DATA
/DATA

/DATA
/DATA

/DATA
/DATA
/DATA
/DATA
/DATA
/DETA

/DATA

/DATA

/DATA

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

/DATA
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208 /DATA  /
10 /DATA  /

*#R3. FDR********************************************* g 222222222 LTSS

R3 READS AND PRINTS THE ROTOR AND CASING DEGREES OF
FREEDOM WHERE DISFLACEMENTS WILL BE CALCULATED.

€96 9 3 36 36 3 36 36 3 3 46 I 9 3 36 36 5 3 9 2 H 3 W I I I I I3 I H 0 W H I I I I T H I I T TN N W I I I N N

SUEROUT INE R3(ZRFM, ICASE, IROT, X,NZ,RZ,RZ1)
.

INTEGER ICASE (1), IROT (1) ,NZ (4)

DIMENSION ZRFM(1),RZ(6) RZ1{&),X(10)

CHARACTER TITL (72,2) %1

COMMON /DATA/NGYRO, NCMOD , NRMOD , NCDOF , NRDOF , T1TL , NCASE,, NROT,

- KRFM, NFGEN, NSA (4) ,NSL, IPLTF, IFRT2, IFRT3, IPRT, KCRT,
+ NXTC,RFM1, DRFM, NI, FHIGH, FLOW, NSTAT, IFLG, IFLG1,
+ THETA, SCALE, MAXFTS, IFCNT, ISCNT

—-READ DISFLACEMENT DOF DATA

READ (5, 200¢) NROT,NCASE

IF (NROT.NE.O) THEN
READ (5,210) (IRDT(I), i=1,NROT)
WRITE (6, 229)
WRITE (4, 221) (IROT(I),I=1,NROT)
ELSE
WRITE (&, 600)
ENDIF

IF (NCASE.NE. Q) THEN
READ (5,210) (ICASE(I),I=1,NCASE)
WRITE (6, 215)
WRITE(6,221) (ICASE(I), I=1,NCASE)
ELSE
WRITE (6,610
ENDIF :

--READ PRINT/FLOT FREQUENCY RANGE

WRITE (&6, 320)
READ (5, 300) FHIGH,FLOW
WRITE(6,310) FHIGH,FLOW

-—-READ CRITICAL SPEEDS AND STAERILITY FLOTTING FLAGS AND DATA

‘READ (5, 12) RZ
WRITE (6,61) RZ

READ(5,101) IPLTF,IFPRT2
WRITE(6,51) IFLTF,IPRT2

IF(IPRTZ .EQ. O) THEN
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READ (S, 12) RZ1
WRITE (6,53 RZIl
READ(S,Z10) NZ
WRITE(6,54) NI
ELSE .
RZ1(3)=-2Q0Q
RZ1(4)= 100
ENDIF
————— READ MODE SHAFE FLOTTING DATA
IFRTS
IPRTZ

READ (5, 101)
WRITE (6, 63F)

IF(IFRTI .EQ@. 0) THEN o
READ (S, 210) KRFM .
WRITE (&6,5%) KRPM
READ (5, 12) (ZRFM(I),I=1,KRFM)

WRITE (6,59) (ZRFM(I),I=1,KRPM)
READ(S,92) NSTAT, IFLG, IFLGE1, THETA,SCALE
WRITE (6,58) ,

WRITE (6,55) NSTAT, IFLG, IFLGL, THETA, SCALE
READ (S, 12) (X(I),I=1,NSTAT)

WRITE (&, 5&)
WRITE (6,57)

ENDIF

(X(I), I=1,NSTAT)

FORMAT (EN, 6F 12, 0)
FORMAT (/10%, " IFLTF =", 13,19X," IFRT2 =7, 13)
FORMAT (/10X , " MODE SHAFES FLOTTED FOR °,12,°

12
S

=
e PO

SFEED CASES AT,

1 * FOLLOWING SFEEDS®)

53 FORMAT (710X, ° XE1 =", 1FE13.5,9%, " XK1 = E13.5/10X,
1 831 =" E13.5,9%X, " YT1 = ,E13.5/10X%,° DX1 =0,
2 E13.5,9%, " DY! =" E13.5)

S4 FORMAT (10X,  STARILITY FLOT CHARACTERS® ,2X,4(3X,I13))
55 FORMAT(/10X, STATIONS=",13,4X,  IFLG=",12,4X,  IFLGL=",
1 12,4X,  THETA=" ,F&.1,4X, "SCALE=",F5.3) -

56 FORMAT(/10X,° STATION LOCATIONS /) :

57. FORMAT (15X, SF11.3)

58 FORMAT(//10X,” MODE SHAFE FLOTTING DATA®™)

59 FORMAT (/15X,5F11.0)

61 FORMAT (/10X XB
E13.5,9X,° YT

z DY =" ,E13.5)

FORMAT (/ 10X, " IFRTS =’ ,13)

=, 1FE13.5,9X, ' XK
=* ,E13.5/10X, > DX

=" ,E13.5/10X, " YE "y
= ,E13.5,9X,

6T

?2 FORMAT (BN, 16,213,2F12.6)
4 101 FORMAT (BN, I2)
434 200 FORMAT (BN, 216)
4325 210 FORMAT (BN, 2413) : . ’
436 215 FORMAT (6(/),5X, CASING DISFLACEMENTS WILL BE COMFUTED®,
437 1 " AT THE FOLLOWING DEGREES OF FREEDOM®//)
4738 220 FORMAT (1H1///5X, "ROTOR DISFLACEMENTS WILL EBE COMFUTED®,
439 1 " AT THE FOLLOWING DEGREES OF FREEDOM®//)
440 221 FORMAT (10X,121I9)
441 Z00 FORMAT (BN, 2E12.5) . : .
4472 10 FORMAT(///10X, FHIGH =" ,1FE13.5," CFM ,5X, FLOW =" ,E13.5," CFM")
447z I20 FORMATA(1H1///5X,"* # FRINT AND FLOT CONTROL OFTIONS % *7)
444 600 FORMAT (1H1///5X, " ROTOR DISFLACEMENTS WILL NOT BE COMFUTED™)
445 610 FORMAT(6(/) ,5X, "CASING DISFLACEMENTS WILL NOT BE COMFUTED")
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444 C ’
347 END
Name Type Offset P Class
DRFM REAL 188 /DATA /
FHIGH REAL 194 /DATA 7/
FLOW REAL 198 /DATA /
I INTEGER*2 1980
ICASE INTEGEFR*2 4 +
IFLG INTEGER*2 204 /DATA /
IFLG1  INTEGER#*Z2 206 /DATA /
IFCNT INTEGER=*Z2 218 /DATA  /
IFLTF INTEGER#*Z2 172 /DATA  /
IFRT INTEGER*2 178 /DATA /
IFRTZ INTEGER*Z2 174 /DATA 7/
IFRTZ INTEGER*2 176 /DATA 7/
IRODT INTEGER*Z2 8 *
CISCNT  INTEGER#*2 220 /DATA 7/
FCRT INTEGEFR*2 180 /DATA  /
ERFM INTEGER#*2 158 /DATA 7/
MAXFTS INTEGEFR*Z 216 /DATA  /
NCASE INTEGER+Z2 154 /DATEH /
NCDOF  INTEGER#*2 & /DATA /
NCMOD INTEGER#*Z < /DATA 7/
NFSEN  INTEGER*Z 160 /DRTA  /
NGYRO INTEGER*Z 0 /DATA  /
NI INTEGEFR*2 192 /DATA 7/
NRDOF INTEGER#*Z 8 /DATA /
NRMOD INTEGER*Z 4 /DATA /
NROT INTEGER=Z 1356 /DATA 7/
NSA INTEGER*Z 162 /DATA  /
NSL INTEGER#*Z 170 /DATA /
STAT  INTEGER=Z2 202 /DARTH  /
NXTC INTEGER*Z 182 /DATA /
NZ INTEGER*Z 16 *
RFEM1 REAL 184 /DATA  /
RZ REAL 20 »
RZ1 FEAL 24 »
SCALE  REAL =212 /DATA  /
THETA REAL 208 /DATA  /
TITL CHAR®*1 10 /DATA 7
X REAL 12 *
IRFM REAL 0 *
Name Type ) Size Class
ADDM . . SUBROUT INE
ADDS : SUBROUT INE
DATH 222 COMMON
FORTOZ2 . SUEBROUTINE
QUTAR : SUBROUT INE
RZ SUEBROUT INE
Fass Onre No Errors Detected

447 Source Lines
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F RS T OB H A3 329 32T 22 365693626 96369636 366 2 3203696 3 3696 3696 36 36206 30 3696 3606 3636 36 9696 3096 3636 30 3636 36 26 6 06 96 96 26 %
c )
C FROGRAM RS TAHEBE
C _ .
C ROTOR DYNAMICS ANALYSIS FROGRAM
C
46369696 9693696 369696 36 36 969696 36 6 206 F6 3690 646 96 3 360 36 062636 06 263 630 36 36 20 26 30030 23T 0 2 XN
C , » ,
c FRINCIFAL SUEBROUTINES UTILIZED IN RSTAE ARE CALLED
C IN THE FOLLOWING ORDER:
[
[ FLOT &« . &+ & & &« « « « « « « « « SET UF ROOT LOCUS FLOT
C
C FORTO3 . . . . « + « o » « « «» «» SOLVE FOR EIGENVALUES VS. RFM
C
[ MATX
C EIGRF
C ANSR
c
59636 36 36 34 06 369636 2636 0 96 36 36 363696 36 36 93 J 3 2096 90 90 6 F6 36 3606 006 36 36 06 06 6 9 6 36 0600 90203026 30 36 636 6 236 3 06 96N KM N
INFUT FILE NAMES DESCRIFTION
RUNDATA.EBIN BINARY RUN DATA FILE CREATED BY PROGRAM
FRERSTAE _ . ‘
FIN.BAT : FORMATTED iBM HATCH FILE USED TO DETERMINE

WHETHER TO FRINT THE OUTFUT LISTING DATA
IMMEDIATELY, - OR TO WRITE THE INFORMATION TO
TEMFORARY FILE °LIST2" :

OUTFUT FILE NAMES DESCRIFTION

EIGENS.RIN EINARY DATA FILE CONTAINING THE EIGENVALUEE
FOR EACH RFM STEF. USED BY FROGRAM FSTRSTAE
FOR CRITICAL SFEED AND STABILITY FLOTTING

SHAFES. BIN BINARY DATA FILE CONTAINING THE COMFLEX ™MODE
SHAFES (IN NORMAL COORDINATES) FOR FLOTTING EY
FROGRAM PSTRSTAE )

LISTZ2 FORMATTED OQUTFUT LISTING CREATED ONLY IF
OUTPUT IS NOT PRINTED IMMEDIATELY

WA B NI I JE W NI N I TN N W I WY NN
STORAGE: &

FROGRAM RSTAB

C
CHARACTER TITL(72,2)%#1, TAFE4A®14
INTEGER NZ (4) ,NSA(4)

c
REAL RZ(6),RZ1(6)

EQUIVALENCE (G,2) , (TITL,TAFES)
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L&
63
&4
&S
&b
&7
&8
&9
70
71
72
7
74
75
76
77
78
79
80
81
Bﬂ

-
g

a4
85
86
87
8
87
Q0
1
Q2
3
4
QG
b
7
98
ey
100
101
102
1073
104
1085
106
107
108
109
110
111

Loy
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C* ARRAY DIMENSIONS MOST LIKELY TD CHANGE 3% %3R5 K HH XX R XX KR X R X XA
c
Cr—— NOTES: DIMENSION WK TO (MAXO(LRDUF,LCDOF,Z*LDYN))
c FUNC TO (NFGEN + 1)
c Z TO (2,LDYN,LDYN)
c W TO (2,LDYN)
C -

DIMéNSIDN AC (S0, 14) ,AR(115,16) ,WC(14) ,WR (16} ,ZETAC(14) , X (1),

+ SFEED (20,24) ,DMF(100,4) ,S(100,4),FG(20,24),
+ G(115,115) ,FUNC(25) , ZRFM(2S) ,W(2,60)
c
INTEGER JFUN(160,2) ,NFT(24) NRC(100,2,4), IROT (20), ICASE (20)
Cc
REAL %8 GBAR (156, 18) ,A(460,480) ,WK (120) , Z(2,60,40)
C .

(o O e s R ey R e T e
c .
COMMON /DATA/NGYRO, NCMOD , NRMOD, NCDOF  NRDOF, TITL , KRFM, NFGEN,

+ NSA, NSL IPRT KCRT,NXTC, RPMI DRFM NI FHIGH FLDW

+ IPLTF IFRT:.IPRT;

COomMMON /MEM/Z

COMMON /MOD/AR, AC
C .
L DEFAULT UNITY FUNCTION GENERATOR
C

DATA FUNC(1)/1.0/
c

C* DATA STATEMENTS NEEDED FOR ARRAY REDIMENSTONING #5444 4K 4 40 KH A H K% ¥
c _ :

DATA LCMOD,LRMOD/14,14/, LSA,LST ~ /100,140/
DATA LFT /207, LRDOF ,LCDOF/115,50/
c :

(S5 96 3 36 36 269 36 3 36 36 3 3 36 3 3636 96 36 9 3 30 K3 3 I I WA I I I I I W I NI I I I I I NI K KA
o .

LDYN=2% (LRMOD+LCMOD)
LE=MAXO (LRDOF , LCDOF)

c
C——~—- OFEN OUTRFUT FILE
c NOTES: FILE FIN.BAT IS EMFTY IF OUTPUT IS BEING LISTED ON FRN,
c ELSE TAFE4=’LIST2’
c
c CHANNEL 4 IS USED FDR PRINTING THE ROOT-LOCUS FLOT.
C
OFEN(Z,FILE="FIN. BAT",STATUS="OLD")
TAFE4="FRN’
READ (2, 9000, END=5) TAFE4
5 CLOSE(2)
OFEN(&,FILE=TAFES,STATUS="NEW")
OFEN (4,FILE="FRN" ,GTATUS="NEW")
C
o OFEN RUN DATA, EIGENVALUE, AND MODE SHAFE DATA FILES
p ‘ :
OFEN(1,FILE="RUNDATA. BIN’ ,STATUS="0LD" , FORM="UNFORMATTED")
DFEN (2,FILE="EIGENS. BIN" ,STATUS="NEW" , FORM="UNFORMATTED" )
OFEN (3, FILE=" SHAFES. BIN" , STATUS=’ NEW’ , FORM="UNFORMATTED" )
c . )
C——-~- READ FPROBLEM DATA

0

10 READ(1) (TITL(I,1),1=1,72),NCDOF,NCMOD,NRDOF, NRMOD, IFCNT
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119 C
120 READ(1) ((AC(I,J),I=1,NCDOF),J=1,NCMOD), ((AR(I,J),I=1,NRDOF),
121 + J=1,NRMOD), ((BBAR(I,J), I=1,NRMOD),J=1,NRMOD), (WC (D),
122 + 1=1,NCMOD), (WR(I), I=1,NRMOD)
123 C .
124 C-—~-— READ SUBCASE DATA
125 C .
124 20 READ(1) (TITL(I,2),I=1,72),NSA,NSL, IFRT,KCRT,NXTC,NFGEN,MAXFPTS,
127 + RFM1t, DRFM, NI, NROT,NCASE, FHIGH, FLOW,RZ, IFLTF, IFRT2,RZ1,
128 + . NZ, IPRT3,KRFM,NSTAT, IFLG, IFLG1, THETA, SCALE, ISCNT *
129 C ; '
130 NSJI=4%NSL+NSA (1) +NSA (2) +NSA (I) +NSA(4)
171 NNSA=4#NSL+MAXO (NSA(1) ,NSA(2) ,NSA () ,NSA(4))
132 €
133 READ (1) (ZETAC(I),I=1,NCMOD), (NFT(J), (FG(I,J),SFEED(I,J),
124 + 1=1,MAXPTS) ,J=1,NFGEN), ((JFUN(I,J),I=1,NSJ),d=1,2),
135 + ¢(S(1,J),DMF(I,3), (NRC(I,K,J),E=1,2),1=1,NNSA) ,J=1,4),
136 + (IROT(I),I=1,NROT), (ICASE (1), I=1,NCASE), (ZRFM(I),
137 + I1=1,KRFM), (X (I}, I=1,NSTAT)
178 C
139 C———-- SAVE CRITICAL SFEED AND STABILITY FLOT DATA
140 C ;
141 WRITE(2) IFLTF,IFRTZ,TITL,RZ,RZ1,RFM1,DRFM,NI,FHIGH,FLOW,
142 + " NRMOD , NCMOD,NZ , KCRT, IPCNT, ISCNT ,NXTC
147 C
144 C~——- SAVE MODE SHAFE FLOTTING DATA
145 C
146 WRITE(3) IFRT, IFRT3, NCDOF,NCMOD, NRDOF, NRMOD, NCASE,NROT, TITL,
147 + NSTAT, IFLG, IFLG1, THETA,SCALE, IFCNT, ISCNT,NXTC
148 € :
149 WRITE(Z) ((AC(I1,J),1=1,NCDOF),Jd=1,NCMOD), ((AR(I,J),I=1,NRDOF),
150 + J=1,NRMOD), (ICASE(I),I=1,NCASE), (IROT (1), I=1,NROT),
151 + (X(I),I=1,NSTAT)
152 C '
153 C————- SET UF FLOTTING GRID
154 C
155 CALL FLOT(RZ,RZ1,RFM1)
154 C
157 Cmm——n FORTO?ZS
158 C
159 WRITE (6,9002) IFCNT, ISCNT
160 CALL FDRTO3I(A,AC, AR, DMF,FG, GBAR, JFUN, NFT,NRC,W,S, SFEED, WC, WR,
161 + ZETAC,FUNC(2),LCDOF, LRDOF ,LLRMOD, LDYN,LSA,LSJ,LFT,
162 + LB, ICASE, IRDT, WK, B, Z, ZRFM)
167 C
164 [—=w—m MAKE HARDCOFY OF THE ROOT LOCUS DISFLAY
165 C ) :
166 WRITE (4,9001)
167 . CALL GFSCR
168 C '
169 C=----RERUN?
170 C v
171 GOTO(10,20,20) NXTC
172 C
177 C———=—— CLOSE DATA FILES
174 C
175 CLOSE (1)
176 CLOSE (2)
177 CL.OSE (3)
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D Line#
178
179
180
181
192
1873
184
185
184
187
188
189
190
191

v 192
193

Name

A

AC

AR
DMF
DRFM
FG
FHIGH
FLOW
FUNC
G
GEAR
1
ICASE
IFLG
IFLGT
IFCNT
IFPLTF
IFRT
IFPRT2
IPRTX
IROT
ISCNT
J
JFUN
[
FCRT
FRFM
L.CDOF
LCMUD
LDYN
LG

LFT
LRDOF
LRMOD
LSA
LSJ
MAXOD
MAXFTS
NCASE
NCDOF

1 7
[
C———- TERMINATE PLOTTING MODE
Cc
CALL @SMODE (3)
CALL QCSIZ(0,0)
CALL QOCLEAR(1,7)
CALL G@BORD(1)
c
C—— FORMAT STATEMENTS
C .
000 FORMAT(/4X%,A)
Q001 FORMAT(1HL1//7777)
RO02 FORMAT(1H1//7/710X, 7 # » *
+ *MODAL INFUT
C
END
Type Offset F Llass
REAL %8 13370
REAL 73560 /M0OD /
REAL Q /MOD /
REAL 7SO
REAL 178 /DATA  /
REAL. 113350
REAL 184 /DATA  /
REAL 188 /DATA 7/
REAL 13270
REAL 0O /MEM /
REAL %8 7702
INTEGER#*Z 42188
INTEGER*Z 7662
INTEGER*2 42218
INTEGER*Z /2220
INTEGER*2 42192 .
INTEGER*Z 172 /DATA  /
INTEGER*2 168 /DATA  /
INTEGER*2 194 /DATA  /
INTEGER#*#Z2 196 /DATA  /
INTEGER®Z 7622
INTEGER*2 42270
INTEGER#2 42194
INTEGER*2 d
INTEGER®*Z
INTEGER*Z2 . /DATA  /
INTEGER*2 15 /DATA /
INTEGER*2 42182 :
INTEGER*2 42170
INTEGER%2 42184
T INTEGER®*2 4218646
INTEGER#2 42178
INTEGER=2 42180
INTEGER*2 42172
INTEGER#*2 42174
INTEGER*Z 42176
INTRINSIC
INTEGER*2 42210
INTEGER*2 42214
INTEGER#*2 ) /DATA 7/

MAIN

RI/RD84-191
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Fage ]

08-13-84
: . : 18:35:56
D Line# 1 7 Microsoft FORTRAN77 VI, 13 8/05/83
NCMOD INTEGER#*2 b /DATA /
NFGEN INTEGER*Z2 156 . /DATA /
NGYRO INTEGER+*Z o /DaTA /7
NI INTEGER*Z 182 /DATA . /
NNSA INTEGER*2 42234
NFT INTEGER*2 5974
NRC INTEBER*2 6022
NEDOF INTEGER#*2 8 /DaTA /7
NRMOD INTEGER¥*Z 4 /bata 7/
NROT INTEGER+#+2 42212 .
NSA INTEGER*2 158 /DAaTA /7
NSJ INTEGER*2 2232
NSL INTEGER#*2 166 /DATA 7/
NSTAT INTEGER*Z 42216 |
NXTC INTEGER*2 172 /DATA  /
NZ INTEGER*2 175 :
RFM1 REAL. 174 - /DATA  /
¥4 REAL , 1746
RZ1 REAL. 1790
g FEAL 3734
SCALE REAL 42276
SFEED REAL 1814
TAFE4 CHAR*14 10 /DATA 7/
THETA REAL gyl
TITL CHAR* 1 10 /DATA 7
W REAL 1278
WweC REAL 158
W REAL #8 18
WK REAL 214
X REAL 278
z REAL %8 v} /MEM /
IETAC  REAL z
ZRFM REAL =8

HELOT o FORE W H IR IK AN W W IR I I KRN WK I W I TN W H XA HH

C
c SUEBEROUTINE FLOT
c
o RDTOR DYNAMICS ANALYSIS FROGRAM
C
C**-l-**i‘***************************************************************-}*
C .
SUEROUTINE FLOT(RZ,RZ1,RFM1)
c
CHARACTER NUMEER*& , NUM2 (10) #1
C
EQUIVALENCE  (NUM2(S) , NUMBER)
c
DIMENSION K2 ¢b),RZ16),ZETA(4)
C
EXTERNAL JcoL, JROW
c
Cm———= COMMON
C
COMMON /@@YTIC/ENTY,JYTICC (30) ,JYTICR(30)
COMMON /RANGE / XRANGE (5) , YRANGE (5)
c

217 C~—=—— ZETA = S@RT(1-CR*CR)*%,54929 / CR 3

RI/RD84-191 -,
D-78



D Line#
218
219

20

22
A
PRt
~mey
PRoEN

224

bl —4
Faptae |

226
227
228
229
230
231
ST
ot L

o
FapCE

2Z4

'-\-v_S

36

-~
e

238
279
240
241
247
247
244
245
244
247
248
249
‘_‘J‘)

1

DES T
prae

=
P

254

e
PLig pus)

—
257
258
20%9
260
261
262
263
264
265
266
267
268
269
270
271

272
2773
274
275

276

Fage 5
08--13-84

18:35: 54

1 7 ‘Microsoft FORTRANY7 V3.13 8/05/83
» WHERE: CR=CRITICAL DAMFING RATID
C .
DATA ZETA/954.9,381.8,190.7,95.01/
DATA NUMZ/’R®,°P",IM", =", &% 7/
paTA I11,12,13,14,15,18/1,2,3,4,5,8/
[ .
L= INITIALIZE. CRT FLOT
C
CALL BGSMODE (&)
C
Cmmmm= SCALE AXES
C .
XRANGE (11} = RZ1(I3)
XRANGE(IZ) = RZ1(I4)
S CALL SCALE (XRANGE,8.,I12,11)
XRANGE (IS) = XRANGE(IZ) + I8 % XRANGE(I14)
€.....ENSURE ENOUGH ROOM FOR TITLING .
IF (XRANBE (15) /XRANGE (14) .LT.1.9) THEN
XRANGE ( 12) =XRANBE (12) +XRANGE (14)
GOTO S
ELSEIF (XRANGE (IZ) /XRANGE (14) .GT..~1.9) THEN
XRANGE (11)=XRANGE (I1)-XRANGE (14)
6OTO S
ENDIF
c
YRANGE(I1) = 0.
YRANGE(IZ) = RZ(14)
CALL SCALE(YRANGE,S.,I2,11) ,
YRANGE(IS) = YRANGE(I3Z) + IS % YRANGE(I4)
c
C—mmmm DEFINE PLOT PIXEL WINDOW
c
CaLL @FLOT (11,438, 11,198, XRANGE (13), XRANGE (I15), 0., YRANGE (15),
+ 0uy0uaDy1.,1.)
c :
L DRAW AXES
C
CALL BAXES (XRANGE (13) , XRANGE (15) , YRANGE (17) , YRANGE (15) , XRANGE (14) ,
+ XRANGE (14) /12, YRANGE (14) , YRANGE (14) /12)
c . .
C———m— LABEL AXES
c .
CALL GFTXT(14, REAL®,I13,74,11)
CALL BFTXT (10, IMAG. (CPM) *, 13, JYTICC(KNTY) /18+13,
C .
WRITE (NUMBER, B00O0) XRANGE (14) _
CALL OPTXT (&,NUMBER, I3, JCOL (XRANGE (14)) /18-13,11)
c
WRITE (NUMBER,8000) YRANGE (14)
CALL GFTXT (6, NUMBER, 13,JYTICC(KNTY) /18+13, JROW (YRANGE (147 ) /187
c
Cmm—mm DRAW EDRDER
C
CALL QLINE(0,11,0,198,1I3)
CALL BRAST(I1,198,13,636)
CALL GLINE (&3 7 197, 647 11,13
C
e~ DRAW DAMFING INTERVALS
C
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Name

I1
- I2
B 1
14
15
18
JC
JCOL
JR
JROW
JYTICC
JYTICK
ENTY
NUMZ
NUMEER
RFM1
RZ
RZ1
XRANGE
YRANGE

7 .
JC=JCOL (-YRANGE (15) /ZETA(11))
IF(JC.GT.B0) THEN
CALL GLINE(JC,197,3C,196,13
CALL @FTXT(I2,"1%°,13,3C/18,23)
ENDIF ’

JC=JCOL (--YRANGE (15) /ZETA(1Z))
IF(JC.BT.80) THEN

CALL BLINE(JIC,197,JC,196,13)

CALL BDFTXT(14,°2.5%4",13,3C/1I8~-11,23)
ENDIF

JR=JROW (- XRANGE (I1Z) #ZETA(IT))
IF(IJR.LT.174) THEN ‘

CALL BRAST(I1,dR,IZ, I

CALL @FTXT (12, S%",I13,1,JR/IB+I1)

ENDIF

JR=JROW (—XRANGE (1) *#ZETA(14))
IF(IJR.LT.174) THEN

CALL GRAST(I1,JR,I3,I3)

CALL OFTXT (I3, 71047 I3, 1,JR/I8+11)
ENDIF

CALL QFTXT(7, DAMFING®,13,I11,2%)

Microsoft FORTRAN77 V3,13

END

Type Dffset F Llass
INTEGER*2 42420
INTEGER*2 42452
INTEGER*Z 42424
INTEGER*Z 42424
INTEGER=*Z2 42428
INTEGER»2 42470
INTEGER*Z2 42433

' : EXTERNAL
INTEGER*2 42434

EXTERNAL
INTEGER#*2 2 /RQRYTIC/
INTEGER*2 = /QYTIC/
INTEGER%2 ¢ /QQYTIC/
CHAR*1 42410 )
CHAR*S 42414
REAL. 8 %
REAL O *
REAL 4 x
REAL O /RANGE 7/
REAL 20 /RANGE /
RI/RD84-191

8000 FORMAT(F&H.0)

——— WRITE STARTING RFM

WRITE (NUMEER, 8000) RFM1 .
CALL BFTXT(10,NUMZ, 13,69

————— FORMAT STATEMENTS

D-80

Fage 7
08-13-84
18:35:56
8/05/8%



D Line# 1

ZETA

Name

X

REAL

o000 o0an

0

Type

REAL

XRANGE REAL

YRANGE

Name

XRANGE
Y
YRANGE

Name

DATA
FORTOZ
JCOL
JROW
MEM
MOD
FLOT

REAL

Fage 8

08-13-84

18:35:56

. Microsoft FORTRAN77 V3.13 B/05/82
42394

H T COL % 9 33 3 36 36 3 3 3 3696 363 3 9 I3 3 9 336 I 3633 30 303336 3 36 36 I3 56 3636 33 56336 96 2 36 36 36 96 I 36 3 36 3 2 36 3 % 3 3 %

FUNCTION JCOL

ROTOR DYNAMICS ANALYSIS FROGRAM

(222222 XIS LL LSS ISR S22 XSS 2l a2 s s s R 2 T s

FUNCTION JCOL(X)
COMMON /RANGE/XRANGE(S);YRANGE(S)
JCOL=6T7% (X-XRANGE (3)) / (XRANGE (35) ~XRANGE (3) ) +1
END '
Offset P Class
0 =

O /RANGE /
20 /RANGE 7/

He TR OIW 3 339 3 36 36 3 56 3 336 3 96 3 36 9 3696 6 W 3 36 I 36 9636 36 36 3636 3 36 33 3636 3 3 26 I J6 96969 43 36 3636 6 3 3 3 H 3K H

C B
c FUNCTTION JROW
C
c ROTOR DYNAMICS ANALYSIS FROGRAM
c
et Yy IR T Ry Yy I RS RS R LT T
C .
FUNCTION JROW(Y)
C
COMMON  /RANGE/XRANGE (5) , YRANGE (3)
c
JROW=197% (Y-YRANGE (3)) / (YRANGE (5) ~YRANGE (3) ) +1
c
END
Type Offset F Class
REAL (o] /RANGE /
REAL O * .
REAL 20  /RANGE / -
Type Size Class
198 COMMON
SUBROUT INE
INTEGER#*2 FUNCTION
INTEGER#*2 FUNCTION

57600  COMMON
10160  COMMON
SUBROUT INE

RI/RD84-191
D-81

-



o
»
’

|

Microsatt FORTRAMTT ¥I.13 2
SUBROUT INE
SUBROUT INE
SUBRDBUT INE
SUBROUT INE
© SUEBROQUTINE
SUERDUT INE
SUSROUT INE
SUEBRQUT INE
122 CaOmMMEaN
SUBRROUT INE
SURROUT INE
41 CaOMMOr
FRIGRAM

—

SUSROUTINE

[(R A

et [T) T 1) e

n

A
fal
o
-
[

:
L
=
E]
I

At Loy 3

oy T

N

ss=z Ons N E-rcrs Dezected
I42 Source Lines
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Fage * 1

08-13-84
18 4'?-2”\
D Line¥# 1 7 Microsoft FORTRAN77 VI, 13 B/05/8%
1 *FDRTU;_FOR************************************************************
2C
3C SUBROUTTINE FORTOSZ3
4 C
(RS 2 X Y I TR LRI R Y R T T T e I I T TS
6 C
7 C SUBROUTINES UTILIZED IN FORTOZ ARE CALLED
8 C IN THE FDLLONINB DRDER:
g C
10 C MATX = = +« + + « « « » . FORMS THE MATRIX ADDITIONS INTC THE
11 C NORMAL.IZED DYNAMICAL MATRIX "A"
12 C
17 C EIGRF. = + 4+ « « « « « « FROM THE IMSL LIBRARY. SOLVES A GENERAL
14 C i MATRIX FOR COMFLEX RODTS AND EIGENVECTORS
15 C
14 C ANSFE = . . +« « « « » « « SAVES ITERATION STEF RESULTS AND FLOTS
17 €, - EIGENVALUES ON CRT (ROOT LOCUS)
18 C .
19 OR300 30 2696 36 36 3 36 36 36 36 3 30369 26 363 39036 3636 36 2 36 36 36 36 336 33 6 96 636 390369 3 9696 3 36 3 36 9 36 336 36 9636 336 3 36 6 36 36 4 3 4 2
20 C '
21 $STORAGE: 2
22 C ' .
23 SUBROUTINE FORTOZ (A,AC,AR,DMP,FG,GEAR,JFUN,NFPT,NRC,W,5,SFEED, WC,
24 + WR, ZETAC, FUNC, LCDOF, LRDOF,LRMOD,LDYN,LSA,LET,
25 + . LPT,LG, ICASE, IROT, Wk, G, Z, ZRFM)

CHARACTER TITL(72,2) %1
REAL*8 A(LDYN, 1), WK (1) , GBAR (LRMOD, 1) , Z (2,LDYN, 1)

INTEGER JFUN(LSJ,l),NPT(lY,NRC(LSA,E,i),ICASE(I),IRDT(I),NZ(4)ﬂ
+ ) NSA (4}

I DIMENSION AC(LCDOF, 1) ,AR(LRDOF, 1) ,WC(1), NF'I) S(LSA, 1) ,G LG, 1),

5 + DMF (LSA, 1) ,FG(LFT, 1) , SPEED (LFT, 1).LETAC(1),FUNC(1)
6 + ZRFM (1) ,W(2,1)
37 C
33 COMMON /DATA/NGYRO, NCMOD, NRMOD , NCDOF , NRDOF , TITL., KRF'M, NFGEN,
C e + NSA, NSL, IFRT, KCRT,NXTC, RFM1 , DREM, NI FHIGH, FLOW,
40 + IFLTF, IPRTL.IPRTG
41 C
42 G————— mMAaIN ROUTINE
47 C
44 NMODES=NRMOD+NCMOD
45 DO 200 IRFM = 1,NI+1
1 44 RFM = . RFMI + (IRPM - 1) % DRFM
1 47 WRITE (6,346) TITL,RFM
1 48 C ' :
1 49 Cm——m—mm UFDATE FUNCTION GENERATORS
1 50 C
1 S DO 100 I=1,/NFGEN
2 Sz DO 10 J=1,NFT(I)-1
3 53 10 IF (RFM.LT.SFEED(J, 1)) GOTO 100
2 54 100 FUNC(D)=FG(J-1, D) +(FG(J, ) -FB(J-1,1)) % (RFM-SFEED(J—-1,1))/
2 55 + (SFEED (J, 1) ~SFEED(J-1,1))
1 56 C ‘
1 57 C-—emm—m—— ZERO THE DYNAMICAL MATRIX
1 58 C
1 59 DO 400 1=1,2#NMODES

RI/RD84-191
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Name

o
AC

AR
DMF
DRFM
FG
FHIGH
FLOW
FUNC
G
GEBAR

89 Cm—m——e

90 C

92 €
9% 200 CO

95 C————= WF

97 WR

00 C-=m—— FO

02 36 FO
O C
04 EN

Type .

REAL #8
REAL.

e Al
nEee

REAL
REAL
REAL.
REAL
REAL
REAL
REAL
REAL %8

Fage- 2
08-12-84
‘ : 18:4=:52
) Microsoft FORTRAN77 V3.132 8/05/83
DO 400 J=1,2*NMODES
A(I,Jd)=0.0

SET THE IDENTITY MASS PARTITION DF A

DG 300 1 = 1,NMODES
A(I+NMODES,I) = 1.0

LOAD NSL’S AND NSA’S INTO A

CALL MATX(AC,AR,DMF,JFUN, LCDOF,LRDOF,LSA,LSJ,LDYN,NRC, S,
A, G, LG, WK, FUNC)

ADD SFECTRAL MATRIX, DAMFING MATRIX, AND GYROSCOFICS 7O A

DG 410 I = 1, NRMOD :
A(I,NMODES+I) = A(I,NMODES+I) — WR(I)*WR(I)
DO 410 J = 1, NRMOD

A(I,J) = A(I,J) — GBAR(I,J)*RFM*0. 1047197

DO 430 I = {, NCMOD
IR = NRMOD + 1
ACIR,IR) = A(IR,IR) - 2.#ZETAC(D) *WC(D)

A(IR,NMODES+IR) = A(IR,NMODES+IR) — WC(I)*WC(I)

CALCULATE E1GENVALUES AND EI1GENVECTORS
CALL EIGRF (A, 2%*NMODES,LDYN, W, Z,LDYN, W, IEF)
STORE RESULTS '
CALL ANSK (Z,LDYN,RFM, W, ZRFM)

NT INUE

ITE END-DF~CASE RECORD ON EIGENVECTOR FILE

ITE(3) RFM,-9999, (W{J,1),J=1,2),
((SNBL(Z(J,L,1)),J=1,2),L=1,NMODES)

RMAT STATEMENTS
RMAT C1H1/5X,72A/ /5%, 72A/ /75X, "ROTOR SFIN SFEED =°,F8.0,7 RFM7)
5 .

Dffset F Class

10 H O
*x k % kK

~

178 /DATA 7
16

184 /DATA

188 /DATA 7/
&0 *

108
20 %

*
~

*

- RI/RD84-191
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D Line# 1 7
I INTEGER*2
ICASE INTEGER*2
1ER INTEGER*2
IFLTF  INTEGER#*2
IFRT INTEGER*Z -
IFRT2 INTEGER#*Z
IFRT3 INTEGER#*2
IR INTEGER*2
IROT INTEGER%*2
IRFM INTEGER*2
J INTEGER*2
JFEUN INTEGER»*Z
KCRT INTEGER*2
kK RFM INTEGER*2
L. INTEGER*2
LCDOF INTEGER#*Z2
LDYN INTEGER*2
LG INTEGER*Z2
LFT INTEGER»*2
LRDOF INTEGER#*2
LRMOD INTEGER#*2
LSA INTEGER*Z2
LSJ INTEGER*2
NCDDF  INTERBER*2
NCMOD  INTEGER*Z
NFGEN INTEGER*2
NGYRO INTEGER#*Z2
NI INTEGER*2
NMODES INTEGER%*Z
NFT INTEGER*2
NRC INTEGER*Z
NRDOF INTEGER*Z
NRMOD INTEGER¥*2
NSA INTEGER*2
NSL. INTEGER*Z2
NXTC INTEGER*2
NZ INTEGER#*2
RFM REAL
RFM1 REAL
s REAL
SNGBGL.
SFEED REAL
TITL CHAR%*1
W REAL
wWC REAL
Wk REAL*B
WR REAL
z REAL #8
ZETAC FREAL
ZRFM REAL

105

106 C

107 C

108 C

109 C

110 C

111 C

24
6
78
192
148
194
196
76
100
12

-
-l

24
170
154

82

64

G2
88
68
72
80
84

156
¢
182
10
28

T
Ll

8
4
158
166
172

2

20
174
40

44
10
36
48
104
52
112
56
116

* ok K ok K x K X

*

*x Kk %k % k ¥ Xk

- /DATA

/DATA
/DATA
/DATA
/DATA

NNN N

~

/DATA
/DATR /7

/DATA
/DATA
/DATA
/DATA
/DATA

NN N NN

/DATA
/DATA
/DARTA
/DATA

NN NN N

/DATA /
INTRINSIC

/DATA 7/

Fage =
08-1%-84
18:43:52

Microsoft FORTRAN77 V3.13% B8/05/863

HMAT X o FOR 35395 33 355 36 3 36 35 34 3 35 3 3 33 3303 36 3636 96 3 396 3 3 3 36 36 36 3 3 3 036 3 336 36 2 36 2 36 36 3 36 3 96 36 3 390 3 4 3 o %

MATX

COORDINATES THE INTRAGROUF,

INTERGROUF,

MATRIX

ADDITIONS AND THE CALCULATION OF THEIR STIFFNESS

AND DAMFING VALUES
FUNCTION GENERATOR).
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D Line# 1 7 Microsoft FORTRAN77 V3.13 8/05/83
312 DR300 2605033303000 36560 0 36 3 060 366 3 636 3 3 30 36 30 30 330 30 3 3 30 35 36 36 3 34 36 30 36 390 I 06 3 3 353 I 00 3 3 6 30 I 3 W 3 WM
113 C . :
114 SUBROUTINE MATX (AC, AR, DMF, JFUN,LCDOF,LRDOF,LSA,LSJ,LDYN,NRC, S,
115 + A, G, LG, Wik, FUNC)
116 C
117 INTEGER JFUN(LSJ, 1) ,NRC(LSA,2,1),NSA(4)
118 C
119 DIMENSION AR(LRDOF,1),AC(LCDOF,1),DMP(LSA,1),5(LSA,1),
120 + G(LG,1),FUNC (1)
121 C
122 REAL #8 A(LDYN, 1), WK (1)
123 C
124 CHARACTER TITL(72,2)#%1
125 C
126 COMMON /DATA/NGYRO, NCMOD, NRMOD, NCDOF , NRDOF , TITL , RPM, NFGEN,
127 + NSA,NSL, IPRT,KCRT,NXTC, RFM1, DRFM, N1 ,FHIGH, FLOW,
128 + . IPLTF,IPRT2, IFRT3
129 C s
130 Cmemm—— ZERO THE G MATRIX
131 C
132 DO 100 I =1,L6
1 33 DO 100 J = 1,LG
2 134 100 G(J,1) = 0.0
35 C
136 C~———- TRANSFORM MATRIX ADDITIONS INTO NORMAL COORDINATES,
137 C AND ADD THEM TO THE SYSTEM DYNAMICAL MATRIX "A".
138 C .
139 C 1) ROTOR-TO-ROTOR ADDITIONS
140 C Z) ROTOR-TO-CASING ADDITIONS
141 € J) CASING-TO-ROTOR ADDITIONS
142 C 4) CASING-TO-CASING ADDITIONS
147 C
144 N = 4#*NSL
135 NMODES = NRMOD + NCMOD
144 IE=0
147 C '
148 DO 1000 IF = 1,4
1 149 C
1 50 IF ( NSL+NSA(IF) .EQ. 0 ) GOTO 1000
1 151 C
1 152 Cr—emmme ADD STIFFNESS ADDITIONS
1 5% C
1 154 IF(NSL.NE.G) THEN
1 55 DO 200 1 = 1,N
o 6 200 G(NRC(I,1,IF),NRC(I,2,IF)) = GS(I,IF)#FUNC(JFUN(I, 1)) +
Iy 157 1 G(NRC(I,1,IF),NRC(I,2,1F))
1 158 ENDIF
1 159 C -
1 160 IF(NSAC(IF).NE.O) THEN
1 161 DD 250 I = 1,NSA(IP)
2 1472 NN=N+I
2 1632 250 G (NRC (NN, 1,IF),NRC(NN,2,IF))=5 (NN, IF)#FUNC{SFUNINN+IK, 1))+
2 164 1 - G (NRC (NN, 1, IF) ,NRC (NN, 2, IF))
1 165 ENDIF
1 166 C
1 167 IF(IF.EQ@.1) CALL TRANS (AR,LRDOF,NRDOF,NRMOD,G,LG, AR, LRDOF,
1 168 1 NRDOF , NRMOD, A(1,NMODES+1),LDYN, Wk)
1 149 IF (IF.ER.2) CALL TRANS (AR,LRDOF,NRDOF,NRMOD,G,LG,AC,LCDOF,
1 170 1 NCDOF , NCMOD, A (1, NMODES+NRMOD+1) , LDYN, Wk

RI/RD84-191
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D Line#
1 171
1 172
1 173
1 174
1 175
1 176
1 177
1 178
2 179
1 189
b 181
1 182
1 183
1 184
2 185
2 186
1 187
1 188
1 189
1 190
2 191
2 192
2 193
1 194
1 195
1 196
1 197
1 198
1 199
1 200
1 201
1 202
1 203
1 204
1 205
1 206
1 207
2 208
1 Z07
1 210
211
2172
Name:
A
AC
AR
DMF
DRFM
FHIGH
FLOW
FUNC
G
I
1K
IF
IFLTF
IFRT

400

cC
1000 Ik

c
EN

Type

REAL*8
REAL.

REAL

REAL

REAL

REAL

REAL

REAL

REAL
INTEGER*2
INTEGER»*Z
INTEGER*2
INTEGER*2
INTEGER*2

Fage S
08-13-84
18:43:52
Microsoft FORTRAN77 V3.13 B/0S/87
IF(IP. EQ 3) CALL TRANS(AC,LCDOF,NCDOF,NCMOD,G,LG, AR,LRDOF,
NRDOF, NRMDD A(NRMDD+1 NNDDES+1),LDYN W)
IF(IF.EQ.4) CALL TRANS (AC, LCDOF NCDOF , NCHOD G,LG,AC,LCDOF,
NCDODF , NCMOD, A(NRMDD+1 NMDDES+NRMDD+1) LDYN W)

RESET G
DO TG0 I = 1, NSACIF)+N
G(NRC(I,1,IF),NRC(I,2,IF)) = 0.0

ADD DAMFING MODIFICATIONS

IF (NSL.NE.0) THEN

DO Z50 I = 1,N
G(NRC(I,1,IP),NRC(I1,2,IF)) = DMF({I,IF)#FUNC(JFUN(I ,2)) +
T GI(NRC(I,1,IF) NRC(I,Z,IF))
ENDIF : ’
IF(NSA(IF).NE.O) THEN
DO 400 I = 1,NSACIP)
NN=N+1

G(NRC(NN 1, IF) NRC(NN,‘.IF)) =DMP (NN, IP)*FUNC(JFUN(NN*IP.Q))*
G(NRC(NN 1,IF) JNRC (NN, 2, IF))
ENDIF

IF(IF,E@.1) CALL TRANS(AR,LRDDF,NRDOF,NRMOD,G,LG,AR,LRDDF,
' NRDOF , NRMOD, &, LDYN, WK)
IF(IF.E@.2) CALL TRANS (AR, LRDOF,NRDOF , NRMOD, G, LG, AC, LCDOF,
NCDOF , NCMOD, A (1, NRMOD+1) , LDYN, WK)
IF(IF.EQ.3) CALL TRANS (AC,LCDOF,NCDOF ,NCMOD, G, LG, AR, LRDOF,
‘ . NRDOF , NRMOD, A {NKMOD+1, 1) , LDYN, W)
IF(IF.E@.4) CALL TRANS (AC,LCDOF,NCDOF,NCMOD,G,LG, AC, LCDOF,
NCDOF , NCMOD, A (NRMOD+1 , NRMOD+1) , LDYN, WE)

RESET G

DO 450 I =1, NSA(IF)+N
G(NRC(I,1,IF),NRC(I,2,1F)) = 0.0

= Ik + NSA(IF)
D
Dffset F Class

44

S
* %k x ¥

178 /DATA /
184 /DATA
188 /DATA  /
60
48 #

148

168

170

192 /DATA  /
168 /DATA /

~

*
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D Line#
IFRTZ2
IFRTS
J
JFUN
ECRT
KRFM
LCDOF
LLDYN
LG
LRDOF
LSA
LSJ

N
NCDOF
NCMOD
NFGEN
NGYROQ

NRC
NRDOF
NRMOD
NSA
NSL
NXTC
RFM1
S.
TITL
W

13
214
215
216
17
218
219
220

221

Ay
POyt

-~
234
s
e

226
227
228
229
230
251

ne
2DI2
23T
234
235
236
e

<ot

239

1 7
INTEGER#2
INTEGER*2
INTEGER*2
INTEGER*Z2
INTEGER*2
INTEGER*Z2
INTEGER#*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*Z
INTEGER®Z
INTEGER*Z
INTEGER*Z2
INTEGER*Z
INTEGER*2
INTEGER*Z2
INTEGER*2
INTEGER#*2
INTEGER*Z
INTEGER*Z
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*Z2
REAL
REAL
CHAR%*1
REAL %8

194
196
156
12
170
154
16
32
52
20
24
ze

164

156
(8]
182
166
184
36
8

4
158
166
172
174
40
10
56

ok ok %k ok k

/DATA
/DATA

/DATA
/DATA

/DATA
/DATA
/DATA
/DATA
/DATA

/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

/DATA

NN NN N

NN NN N

Fage b
0B-12-84
18:43:52
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HANSR . F ORI 23625339 3 39205 363636 336 396 3 363 363 36 9659636 3936 3 36 363636 36 036 36 36 3 96 36 396 96 336 36 2 W%

ANSR ORGANIZES QUTFPUT INFORMATION AND FLOTS,SAVES
THAT INFORMATION PER USER REQUEST.

(™

)

C

c ANSR CALLS SUBROUTINE ZSORT.

C

0 R R R T L s s y L s e s
c .

SUBROUTINE ANSK (Z,LDYN, RPM, W, ZRFM)

y REAL*8 Z(2,LDYN, 1) ,WZ

c DIMENSION ZRPM(1),W(2,1),NSA(4)

© LOGICAL PLOT

c EXTERNAL JCOL . JROW

z CHARACTER TITL{72,2)%1,TAPEA=10
COMMON /DATA/NGYRO, NCMOD, NRMOD , NCDOF , NRDOF , TITL , KRFM, NFGEN,
+ NSA, NSL, IPRT, KCRT, NXTC, RFML , DRPM, NI, FHIGH, FLOW,
+ IPLTF, IPRTZ, IFRTS

y COMMON /RANGE / XR (S) , YR (S)

g ————— COMFRESS THE EIGENVALUE AND EIGENVECTOR ARRAYS

RI/RD84-19]

D-88.
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Line#
240
241
242
243
244 C
245
246
247
248
249
250
281
el
253
254
285
256
257
258

259

o0~

260 C

261 C

262 C

263
264 C
265
266
267
268
2469
270
271
272
273
274
275
276
277
278
279
260
281
282
28 C
284 C
285 C

7 ’ Microsoft FORTRAN77 V3.13
(CORRECTING FOR- REAL ROOTS)

N = NRMOD + NCMOD

K=1

DO 20 I = 1,N
IFIX=1%2-K
IF(W(Z,IFIX).EQ.0.) THEN
IF (K.ER. 1) THEN
k=2
ELSE
K=1i
IFIX=1%2-K
ENDIF
ENDIF
W, D)=W(1,IFIX)
W2, I =W(2, IFIX)
DO 20 J=1,N
7(1,J,1)=Z¢1,J+N, IFIX) .
20 2(2,d,1)=2(2,J+N, IFIX)

--—~-SORT THE ARRAYS WITH RESFECT TO FREQUENCY

DO 9 I=1,N-1

NZ=NZ-1 :

DO § J=1,N2
IF(W(Z,J).LE.W(2,J+1)) GOTO 9
WZ=W(1,J+1)

W1, J+1)=W(1,d)
W(1,d)=WzZ
WZ=W(2,J+1)
W(2,3+1)=W(2, 1)
W2, ) =Wz
DO 8 K=1,N
WZ=Z(1,K,J+1)
201, K+ =2 ¢1,K, )
Z(1,K,J)=WZ
WZ=Z(2,K,d+1)
Z(2,K,J+1)=2(2,K, )
8 Z2(2,,J)=WZ
9 CONTINUE

—-——DETERMINE WHETHER THE MODE SHAFES SHOULD BE STORED FOR

FRINTING/FLOTTING LATER

PLOT=.,FALSE. )
IF(IFRT3.ER.0.0OR. IPRT.EQ.0) THEN
J=1 .
24 IF(J3.LE.KRFM) THEN .
IF(RFM.ERQ.ZRFM(J)) PLOT=.TRUE.
J=J+1
GOTO 24
ENDIF
ENDIF

-—-=5TORE AND FLOT RESULTS

RI/RD84-191
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R T T S S T T Ty

Frma-nonbd

LR#A
LRC
LRD
LR

NCA
NCC

1 7

I=
J=

-+

C

69

21

ITE(6,7)

WRITE (TAFE4,8000) RPM

CALL OFPTXT(10,TAFE4,3,1,J)
WF:
€.....FOR EACH MODE,

WRITE RESULTS AND FLOT ON THE CRT
DO 35 I=1,N .

C = W2, 1} * 9,.54929
WRITE (6, 30)

ENDIF

CALL
CALL
CALL
CALL
CALL
EMDIF
ENDIF

C.......IF IN CRT WINDOW,
JIF(C.LE.YR(5) .AND.W(1,1).GE.XR(3) .AND. W(1,I) .LE.XR(5)) ‘THEN
CALL QRAST(JCOL (W(1,1))-1,JROWCCY,3, 2)
.. IF FIRST RFM STEF,
IF (RFM.EQ.RFML.OR.RFM.EQ.RFM1+DRFM*NT)
CALL QSFENT(JCOL (W(1,1)),JROW(C) +1,3)
CALL QSPNT(JCOL(W(1,I)),JROW(C)-1,3)

Civveeee..lF LAST RFM STEF,
' IF (RFM.EQ. RFM1+DRFM*NI)
@SFNT(JCOL (W(1,1))—1,JROWC(C)I+1,3)
OSPNT(JCOL(W(1,1))-1,JROW(C)Y=-1,3)
QSPNT (JCOL (W1, 1))+1,JROW(CY+1, )
ESFNT (JCOL (W1, 1)) +1,IROW(C) -1, F)
OSPNT (JCOL (W(1,1)),JROW(C) ,O)

I,MWW,0,J=1,2),C
PLOT EIGENVALUE

IF(.NOT.FLOT) GOTO 35

IS5 CONTINUE
C.....STORE EIBENVALUES
WRITE(2) ((W(J,1),3=1,2),1=1,N)

END
Type Offset
REAL [}
REAL 24
REAL*8 40
REAL 16
INTEGER#*2- 424
" INTEGER#*Z 2
INTEGER*?2 440
INTEGER®*2 448
INTEGER*Z 4
INTEGER#*2 28
"INTEGER#*2 44
INTEGER*2 20
INTEGER*2 456
INTEGER*2 12
INTEGER#*Z 36

F

x ok ox X%

* k x Xk

* *x

Cevrwews IF THIS MODE SHAFE IS TO EE FLOTTED, STORE SHAFE
IF(C.GE.FLOW.AND.C.LE.FHIGH)

Crm—e FORMAT STATEMENTS

JF&.0)

Class

RI/RD84-191
D-90

Microsoft FORTRAN77

FLOT SPECIAL SYMBOL

FLOT SPECIAL SYMROL

Fage 8
08-17-84
18:43:52
V3. 13 8/705/82

WRITE(3) REM, I, (W(J,1),J=1,2),
((SNBL(Z(J,L,1)),d=1,2),L=1,N)

7 FORMAT(//SX, MODE",11X, REAL®,14X," IMAGINARY’, 14X, CPM’ /)
0 FORMAT (4X,14,3(5X, 1FE15.5))
8000 FORMAT (4H TO



~

D Line# 1 7

NRA INTEGER*Z2

NRC INTEGER*2

WH REAL %8
400 $LIST

Name Type

ANSR

DATA

EIGRF

FORTOZ

JCOoL INTEGER+2

JROW INTEGER*2

MATX

QFTXT

PRAST

BSFNT

RANGE

TRANS

Fass One

32
48

40

* k &

Class

SUBROUTINE
COMMON
SUBRODUTINE
SUEBROQUTINE
FUNCTION
FUNCTION
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUEBROUTINE
COMMON
SUBROUTINE

No Errors Detected
400 Source Lines

RI/RD84-191

D-91

Microsoft

Fage 9
0B-1Z-84
18:43:52

FORTRAN77 V3.13 8/05.8%



Fage i
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_ 18:51:59
D Line# 1 7 Microsoft FORTRAN77 V3I.13 8/05/83
1 $STORAGE:?Z
2 € ROUTINE NAME - EIGRF.FOR (FROM IMSL ROUTINE EIGRF)
4 L = e . - Ak S ———— {———— ——— T ——— " —_— . o " T — o k. e Sk . e i ke . i . . e e e
=] .
6 COMPUTER ‘ - IBM/SINGLE
7 .
8 LATEST REVISION - MARCH 19, 1984
q .
10 FURFOSE - EIGENVALUES AND (OFTIONALLY) EIGENVECTORS OF
11 A REAL GENERAL MATRIY IN FULL STORAGE MODE
12 '
13 USAGE - CALL EIGRF (AN, IA,W,Z,IZ,WE, 1ER)
14
15 ARGUMENTS A . - THE INPUT REAL GENERAL MATRIX OF ORDER M
14 WHOSE EIGENVALUES AND EIGENVECTORS ARE
17 TO BE COMPUTED. INFUT A IS DESTROVYEL.
18 N - THE INFUT ORDER OF THE MATRIX A. _
19 1A - THE INFUT ROW DIMENSION OF MATRIX A EXACTLY

AS SFECIFIED IN THE DIMENSION STATEMENT IN
THE CALLING FROGRAM.
W - THE OUTFUT COMFLEX VECTOR OF LENGTH N,
CONTAINING THE EIGENVALUES OF A.
NOTE - THE ROUTINE TREATS W AS A REAL VECTOR
OF LENGTH Zx*N. AN AFFROFRIATE EQUIVALENCE
STATEMENT MAY BRE REQUIRED. SEE DOCUMENT
EXAMFLE.
z " = THE QUTFUT N BY N COMFLEX MATRIX CONTAINING
THE EIGENVECTORS OF A.
THE EIGENVECTOR IN COLUMN J OF Z CORRES-
FONDS TO THE EIGENVALUE W(J).
NOTE -~ THE ROUTINE TREATS I AS A REAL VECTOR
OF LENGTH Z#N*N. AN AFFROFRIATE EQUIVALENCE

ot

28
29
0
1
32

|
ﬂr?nf?n(ﬁﬂ[70[10(70(1@[7ﬂf70[70[70[70(70[70[70[70[70[70(30[70[10[70(1?10
|
1

a4 STATEMENT MAY EE RECUIRED. SEE DOCUMENT
35 EXAMFLE. ‘

36 12 - THE INFUT ROW DIMENSION OF MATRIX Z EXACTLY
7 ' AS SFECIFIED IN THE DIMENSION STATEMENT Iwn
38 THE CALLING FROGRAM. IZ MUST BE GREATER

39 THAN OR EQUAL TO N.

40 Wi - WORK AREA, THE LENGTH OF WK 18§ AT LEAST 2#N.
41 1ER - ERROR FARAMETER. (QUTFUT)

4z TERMINAL ERROR

47 1IER = 128+J, INDICATES THAT EGRHIF FAILED
a4 TO CONVERGE ON EIGENVALUE J. EIGENVALUES
45 J+1,J+2,...,N HAVE BEEN COMFUTED CORRECTLY.
44 EIGENVALUES 1,...,J ARE SET TO ZEROQ.

47 EIGENVECTORS ARE SET TO ZERO.

48 :

49 REGD. .SUBROUTINES - EBALAF,EBBCKF,EHBCHF, EHESSF, EORHIF

S0

$1 Com—mm—m———— - T e
32 C

53 SUBROUTINE EIGRF (A,N,IA,W,2,1Z,WE,IER)

S4 C SFECIFICATIONS FOR ARGUMENTS

S5 INTEGER : N,1A,1Z,1EK

=1 REAL #8 ACIA, 1), WK(N,1),2Z(1)

5 REAL*4 W)

58 © SPECIFICATIONS FOR LOCAL VARIAELES
S5 INTEGER 122, K,L, I,N1 N2, I1,JJ,NF1,NFL,JIW,J,

RI/RD84-191
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D Line#
60
61
&2
63
b4
65
[=1-)
&7
&8
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
883
89
0
91
ez
935
G4
95
Fé
2?7
93
EAd

100
101

102
103

1 104
105
106
107
108
109
110
111

112
113
114
115

116
117

118

[ RS (S O Bt

e e B RY B e

[Py

Fage =2

08-13-684
18:51:59
7 : Microsoft FORTRAN77 V.13 8/05/83
* 15,16, 1GZ
REAL %8 2ERO, ONE
DATA ZERD,ONE/0.0,1.0/
INITIALIZE ERROR FARAMETERS
FIRST EXECUTABLE STATEMENT
IER = O
122 = 1Z+12
PACK A INTO AN N BY N ARRAY
K =1 :
L =1
DO 20 J=1,N ‘
DG 20 I=1,N
Ak, L) = AW,
E o= K+l
IF (K .BT. 1A) K =1
IF (K .EQ. 1) L = L+1
CONT INUE
Ni = 1
N2 = N1+1 .
’ BALANCE THE INPUT A
CALL EBALAF (A, N, Wk, K,L) ) .
' IF L = 0, A 15 ALREADY IN HESSENEERG
FORM .
CALL EHESSF (A K,L,N,WK{1,N2))
SET. Z IDENTITY MATRIX
11 = 1
Jg =1
NP1 = N+1
DO 20 I=1,N
PO 25 J=1,N
Z(11) = ZERO
IT = 11+1
CONT INUE
Z(JJ) = ONE
JJ = JI+NF1
CONT INUE

40

S0

60

CALL EHBCEF
CALL EQRHIF

(Z,A, WKL, N2) N L L)
(A Ny E L, W1 WIN+1),2Z, IER)

IF (IER .GT. 128) GO TO 40
CALL EBBCEF (WH,Z,FK,L,N)
. ) CONVERT W (EIGENVALUES) 70O COMFLEX
FORMAT
DO 45 I=1,N '
NFI = N+I
CWE AT GNL) = WINFID)
CONTINUE
JW = N+N
J =N
DO 50 I=1,N
W(IW-1) = W)
WIW) = WK (JN1)
JW = JW-2
J = J-1
CONTINUE
CONVERT Z (EIGENVECTORS) TO COMFLEX
FORMAT Z(IZ,N)
J =N '
IF (3 .LT. 1) GO 70 9000

IF (W3+J) .E@. ZERD) GO TO 75

RI/RD84-191
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D Line#

— e e e

—_ e s

bt g b e bt

119
120
121

138
129
140
141
142
147
134
14%
146
147
148
149
150
151
152
157
154

155

156

Name

A

I
I
IER
iG
162
11
Is
1z
1z2
P
Jdd
JW
k!

L

N
N1
NZ

75

c
OO0

Type

REAL %8

INTEGER*Z
INTEGER*2
INTEGER*2
INTEGER*2
INTEGER*Z
INTEGER*2
INTEGER*2
INTEGER®2
INTEGER*2
INTEGER*Z - 2
INTEGEFR*2
INTEGEFR*2
INTEGER*Z
INTEGER*D
INTEGER*Z2
INTEGER*2
INTEGER*2

-I8

IS
16
162

Z2#{(J-1)+1
*(J=-2) +1
IG+N

I
N

DO 65 I=1,N
2{(18) = Z(IB)
Z(IS+1)
IS = 1842
16 = IG+1
167 = IG7Z+1

CONT INUE

122» (J-2)+1
IS+122

70 I=1,N

Z(19)
Z(IS+1)
IS = 1S+2
16 = 1G+2

16
Do

Z2(1G)

» CONT INUE

J
GO

J-2
TQ &0

18
16
DO

IZ2# (J~1)+N+N
= N#*J

80 I=1,N
2¢18-1)
Z(IS)
15 =
16
CONTINUE
J J-1
GO 7O &0

Z(IB)
ZERD
I18-2

16—1

CONTINUE
END

Of fset
O *

2

8
28
80
82
44
73
20

18
4
44
70
20

22

L

*
*

40
4z

-

Fage 2
08-~-13-84
18:51:59
Microsoft FORTRAN77 V3.13 8/05/832
MOVE FAIR QF COMFLEX CONJUGATE

EIGENVECTORS

MOVE COMFLEX CONJUGATE EIGENVECTOR

-2 (IGZD)

MOVE COMFLEX EI1GENVECTOR

—Z(IG+1)

MOVE REAL EIGENVECTOR

Z IS NOW IN COMFLEX FORMAT-Z(IZ,N).

F Class

RI/RD84-191
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D Li
NF1
NF'I
ONE
W

W

Y4
ZERO

N A RS N A B R S 3§ SN

Fage 4
08-13--B4
18:51:59
Microsoft FORTRAN77 V3.13 8/05/83

SFECIFICATIONS FOR ARGUMENTS

SFECIFICATIONS FOR LOCAL VARIAEBLES

L1,K1,K1F1,K11,33,J,1,LL, NOCONY

REDUCE NORM A BY DIAGONAL SIMILARITY
TRANSFORMATION STORED IN D
FIRST EXECUTABLE STATEMENT

SEARCH FOR ROWS ISOLATING AN EIGEN-
VALUE AND PUSH THEM DOWN

SEARCH FOR COLUMNS ISOLATING AN
EIGENVALUE AND FUSH THEM LEFT

ne# 1 7
INTEGER*Z2 48
INTEGER»2 48
REAL #*8 10
REAL 2 %
REAL*8 24 =
REAL*8 16 =
REAL#8 2
157 C
158 C—=————mm——~— - -
15% C
160 SUBROUTINE EBALAF (A N,D,k,L)
161 C
162 INTEGER Ny KL
14673 REAL & A(N,1),D(1) :
164 C
165 INTEGER
166 REAL*8 rR,E,F,G,B,S,B2,0NE, ZERG,F95
167 DATA B/16.0/,B2/256.0/
168 DATA ZERO/0.0/,0NE/1.0/,F95/.95/
149 C
170 C
171 C
172 L1 =1
17% Kl = N
174 C ‘
175 C
176 S K1IF1 = K1+l
177 IF (K1.LT.1) 6O TO 2S5
178 kK11=k1
179 DO 30 JJ=1,K11
180 J = K1IF1-3J
181 R = ZEROD
182 DO 10 I=i,Kl
182 IF (1.E@.J) GO TO 10
184 R=R+DABS (A (J, I))
185 10 CONT INLE
186 IF (R.NE.ZERO) GO 7O 30
187 D(k1)y = J )
188 IF (J.EQ.EL) GO TO 25
189 DO 15 I=1,K1
150 F = A1,d)
191 AlLl,J) = A(I K1)
192 ) AlI.K1) = F
193 15 CONT INUE
194 DO 20 I=L1i,N
1935 F=AWG,D
194 TOAWGLD = AL, D
197 AL, I) = F
198 20 CONT INUE
199 25 K1 = k1-1
Z00 GO TO S
201 30 CONTINUE
202 €
203 C
204 3% IF (K1.LT.L1) GO TO 65
205 LL = L1
206 DO 60 J=LL,K1

RI/RD84-191
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l‘-.Jf-.Jn-ns-;-nv-p-MHH)—AH.—-—-rs»Hmus-r-.Jr-.Jf»,Jt-,_]y‘b-H

4Q

QO

RS

100

105

C = ZERD

DO 40 I=L1,K1l
IF (I1.EQ.J) GO TO 40
C = C+DABS(A(I,J))

CONTINUE

IF (C.NE.ZEROD) GO TO &0

D(L1) = J

IF (J.ER.LD)

DO 45 I=1,Kl
F = AT,
A(I,J) = A(T,LD)
ACI,L1) = F

CONT INUE

DO S0 I=L1,N
F =AW, D
AL = a1, D
A(LL1,I) = F

CONT INUE

L1 = L1+41

GO TO IS

CONTINUE

GO TDO S5

8 L1

L k1

IF (K1.LT.L1)
DO 70 I=L1,k1

D(I) = ONE
CONTINUE
NOCONV = ©
IF (1.LT.L1)
DO 115 I=t1,k1
C = ZEROD
R = ZERO
DO 80 J=L1,K1

IF (J.ER.I) GO TO 80

C = C+DABS (A3, 1))

R = R+DABS(A(I,d))
CONT INUE
R/EB
ONE
C+R
F (C.GE.G!
F * B
CxB2
GO TO 8%5
6 = R*R
IF (C.LT.G)
F = F/E
C = C/B2
GO TO 95

GO T0O 75

GO TO 120

[

GO 70O %90

OM=mTe

GO TO 100

1F
G = ONE/F
D(I) = D(I)*F
NOCONV = 1
DO 105 J=L1,N

AL,J) = ACL,J)%G
CONT INUE

RI/RD84-191
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-

NOW BALANCE THE SUEMATRIX IN ROWS

L1 THRODUGH K1

NOW EALANCE

((C+R) /F.GE.FPP5%S) GO TO 115



D Line# 1 7
1 266 DO 110 J=1,K1
2 267 AW, I) = AW, 1) *F
2 268 110 CONTINUE -
1 269 115 CONTINUE
270 120 IF (NOCONV.EG.1) GO TO 75
271 END :
MName Type Offset F Class
A REAL %8 O *
E REAL*8 102
B2 REAL *B 110
C REAL %8 204
D REAL %6 g .
DAES INTRINSIC
F REAL *B 182
G REAL*8 250
I INTEGER*2 168
J INTEGER#*2 158
JJ INTEGER#*2 150
K INTEGER#*2 2 *
k1 INTEGER*2 144
K11 INTEGER*2 148
K1F1 INTEBER*2 146
L INTEGER*2 16 *
L1 INTEGER*Z 142
LL INTEGER*Z 196
N INTEGER*2 4 *
NOCONY INTEGER#*Z 23
ONE REAL*B 1246
Fos REAL.*8 174
R REAL*8 160
= REAL*8 25
ZEROD  REAL*8 118
272 C
bl B -
2?74 C
275 . SUBROUTINE EEECEF (D, Z,H,LsN)
276 C
277 INTEGER E,L N
278 REAL*8 D(1)
279 REAL*8 Z(N, 1)
280 C
281 INTEGER
287 REAL *8 s
283 C
284 C :
285 IF(L.ER.0) 6O TO &
286 . DO 5 I=k,L
1 287 S=D (1)
1 268 DU S J=1,N
z . 289 . Z(1,0)=2(1,J)%5
z 290 5 CONTINUE '
291 C
292 C .
297 & IF (K .ED. 1) GO TO 20
254 EML=k~1
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SFECIFICATIONS FOR ARGUMENTS

SPECIFICATIONS FOR LDCAL VARIAELES

1,J,KM1,11,37,LF1

RI/RD84-191
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COLUMN SCALE Z BY AFFROPRIATE D VALUE
FIRST EXECUTAELE STATEMENT

INTERCHANGE ROWS IF FERMUTATIONS
OCCURRED IN EBALAF




=}

Li

(RS IS W S IS IS

R R RIR) e e e

= S,
o

N ZOCT ARG S
T
 ad

ne¥# 1 7

295 : DO 1S I=1,kEM1
II=k-1I
JJI=D(II1)
IF (I1 .EC.

10 CONTI
S CONTINUE

LF1=L+1

JJ=D(
IF (1

25 CONTI

Z0 CONTINUE

35 RETURN
END

Type Of

_ REAL*8
INTEGER»2
INTEGER#*Z
INTEGER*S
INTEGER*Z
INTEGEFR#2
INTEGER
INTEGER®Z
INTEGERZ
INTEGER*Z
REAL#S
REAL *8

i1l C

INTEGER
REAL.*B
" REAL*8
INTEGER
REAL %8
DATA

LMZ=L~2

NUE

1D

1 .EQ. Jd)

DO 25 J=1,N
S=Z(11,d)
Z¢11,3)=2¢3J, )
7(33,3)=8

NUE

set

O
278
=10
294
12

8

TE0L

12
IZ20
16
2848
4

IF(LMZ.LTWE)
LTEMF=LMZ2+K
DO 20 ElI=E,LMZ
M=L TEMF—}1
MA=M+1

DO 10 J=1,N
§=Z (11, )
Z(I11,3)=2(3d,3>
2(33,3)=8

20 IF (L .E@. N)

DO F0 II=LF1,N

GO 71O

Page 7
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GO TO 15

35

G0 TO Z0 - - : - - .

F Class

¥

SUBROUTINE EHBCEF

'RI/RD84-191

E? C___.__...._..__._A_._.._._._.____..._..._..__...__.___.__._._.___.__ e e e e e e e e e e e e e e

(ZyH,DyN K, L)

SPECIFICATIONS FOR ARGUMENTS
N, K, L :
H(N,1),D(1)
Z(N,1) »
SFECIFTCATIONS FOR LOCAL VARIABLES
LMZ,KI,LTEMF,M,MA,MF2,1,J
T, TINV, ZERU, ONE, G
ZERO,ONE/0. 0, 1.0/
FIRST EXECUTABLE STATEMENT

QOOS

D-98
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SFECIFICATIONS FOR ARGUMENTS

SPECIFICATIONS FOR LOCAL VARIARLES

FIRST EXECUTABLE STATEMENT

D Line# 1 7

1 IZ7 T=H(MA,M) .

1 3368 IF(T.E@.ZERO) GO TO 30

1 339 T=T#D (MA)

1 340 MF2=M+2

1 341 IF(MP2.GT.L) GO TO 10

1 JF42 DO S I=MF2,L

2 343 D(I)=H(I,M)

2 344 S CONT INUE

1 F45 10 IF(MA.GT.L) GO TO 30

1 346 TINV = ONE / T

1 347 DO 25 J=1,N

2 348 G=ZERO

2 349 DO 15 I=MA,L

It 350 G=G+D(I)*Z(1,d)

) 351 15 CONTINUE

2 352 G = G*TINV

by 353 DO 20 I=MA,L

z 354 Z(I1,3)=Z(1,0)+G*D (1)

3 355 20 CONTINUE

2 356 25 CONT INUE

1 357 30 CONTINUE
358 Q005 RETURN
359 END

Name Type Offset F Class

D REAL*8 8 *

G REAL*B 400

H REAL %8 4 %

I INTEGER*2 376

J INTEGER*2 392

K INTEGER*2 16 *

k1 INTEGER*Z2 354

L INTEGER*Z2 20 =

LMz INTEGER*Z2 350

LTEMF INTEGER#Z2 352

M INTEGER#*Z2 362

MA INTEGER*Z2 364

MFZ INTEGER#*2 374

N "INTEGER*2 12 =

ONE REAL *B 342

T REAL %8 3bb

TINY REAL*#3 34

Z REAL*8 G o®

ZERO REAL*8 3Z4
F60 e e e e e e e e e e e -
361 C :
62 SUBROUTINE EHESSF (A,K,L,N,D)
363 C '
364 INTEGER Ea.L,N
365 REAL*B A(N,N) ,D(N)
366 C
367 INTEGER LAKP1,M, I, MFP,11,J,dd
368 REAL*8 F.G,H,SCALE, ZERO
369 DATA : ZERG/0Q. 0/
370 C
371 LA =L -1



ba b e 8) b DR P L G G B R B e e b G Gl B b el Gl G Y R 1T s s b e a B R R B bs ke g b D ) s b e b b

Name

A
D
DARS
D516

420
421
42z

42

Type

<

10

20
=5

0

45

S

REAL %8
REAL*8

N

7
KFL = K + 1

Page S
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IF (LA .LT. KP1) GO TO 50

DO 45 M = KF1, LA
H = ZERD
DM = ZERO
SCALE = ZERO

DOS I ="M, L

SCALE COLUMN

SCALE = SCALE + DABS(A(I,M-1))

CONTINUE
IF (SCALE .tG. ZERC
MF =M+ L

DO 10 IT = M, L
1 =MF - 11

GO 1O 4

DO 10 I=L,M,-1

D(I) = ACI,M-1) / SCALE

H=H+ D(I) * D(I)
CONTINUE

G = —~DSIGN(DSCERT (H) D(M))

H=H - DM * G
Dy = DMy - G

DO 25 J = M,N
F = ZERO

DO 15 II = M, L
I = MF - II
F

CONT INUE

F=F /H

Do 0 I =M, L
ACL,J) = AT,

CONT INUE

CONT INUE

won

DO 40 I = 1,L
F = IEROD

DO 30 JJ = M, L
J = MF - JJ
F =
CONTINUE
F=F tH
DO 35 J =M, L
A(I,U) = A(I,J)
CONTINUE
CONTINUE
‘D(M) = SCALE « D(M)
AM,M-1) = SCALE # G
CONTINUE
RETURN
END

Of+set F Class

O =

1& #
INTRINSIC
INTRINSIC

FORM (I-(L*UT)/H) * A

DO 15 I=L,M,-1

F + D(I) *» ACI,J)

- F * D(D)

FORM (I—-(U*UT) /7H) #*Ax {I-(U*UT) . H)

DO 30 J=L,M,~1

F + D(J) # A(I,3)

- F # D(J)

RI/RD84-191
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DSQRT . INTRINSIC i
F REAL*8 430
G REAL*8 474
H REAL*8 440
1 INTEGER#*Z2 456
11 INTEGER+2 446
J INTEGER®2 482
Jad INTEGER*2 516
14 INTEGER*2 4 =
KF1 INTEGER*2 470
L INTEGER#*2 8 *
LA INTEGER*2 428
M INTEGER*2 32
MF INTEGER+2 4564
N INTEGER#*2 12 %
SCALE REAL#*8 448
ZERO REAL.#8 420
424 C—-————=—r——m———— - e e e —————— e
425 ¢ _ o :
42 SUBROUTINE EQRH3IF (H,N,k,L,WR,WI,Z, 1ER)
427 C SFECIFICATIONS FOR ARGUMENTS
428 INTEGER ’ N, K, L, IER :
429 REAL*B HNSN) , Z (N, N)
470 " REAL#*4 ST WRAIN) aWI (N
431 C SFECIFICATIONS FOR LOCAL VARIAELES
432 INTEGER I,IEN, ITS, IENM2,NPL,LL,LE, NAML, MM, M, MF2, KA, NA,
3 * J,JJd
473 REAL #8 . RDELP F4,FS,P7,2ERQ,ONE, T,W,S,F,X,Y,22,0,R,
435 * RNORM, RA 5A, VR, VI
4736 LOGICAL. NOTLAS
437 DATA RDELF/7.1034273357401001859E- 14/
438 DATA F4/0.4375/,FS/0.57,P7/0.75/,ZERQ/0. 0/ ,ONE/ 1. O/
439 C ' FIRST EXECUTAELE STATEMENT *
440 IER = O
441 C° STORE ROOTS ISOLATED BY EBALAF ?
Az DO S I=1,N
1 447 IF (I.GE.K.AND.I.LE.L) GO 70 S
1 444 WR(I) = H(I, D)
1 445 WI(I) = ZERO
1 444 S CONTINUE
447 IEN = L
448 T = ZERO
443 C c SEARCH FOR NEXT EIGENVALUES :
450 10 IF (IEN.LT.E) GO TO 140
4% ITS = O .
452 NA = IEN-1
53 IENM2 = NA—-1
454 C LOOK. FOR SINGLE SMALL SUE- DIADDNQ‘
4535 C© ECLEMENT
454 15 NFL = IEN+K
457 DO 20 LL=K,IEN
458 LB = NFL-LL
459 IF (LB.EG.K) B0 TO 25
4560 IF (DABS(KH(LB,LE~1)).LE.RDELF#* (DABS(H(LEB-1,LE-1))
4461 1 +DABRS (H(LE,LE)))) GO TO 25
/62 20 CONTINUE '
463 C
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464 25 X = H(IEN, IEN) : .
465 IF (LE.EQ.IEN) GO TO 105 .
466 Y = H(NA,NA)
467 W = H(IEN,NA)*H (NA, IEN) ;
4468 IF (LB.EQ.NA) 60 TO 110
469 IF (ITS.E@.30) GO TO 259 C ) .
470 C . FORM SHIFT. . :
471 IF (ITS.NE.10.AND.ITS.NE.20) GO TO 35 '
72 T = T+X
4773 DO 30 I=K,IEN c
1 474 H(I, 1) = H(I,1)-X
475 - 30 CONTINUE
474 S = DAES (H(IEN,NA))+DARS (H(NA, IENMZ) )
477 X = P75
478 Y = X
479 W = -F4¥5*8
430 35 ITS = 1TS+1
481 C - LOOK FOR TWO CONSECUTIVE SMALL :
482 ¢ _ SUB-DIAGONAL ELEMENTS i
487 NAML = IENMZ+LE '
484 DO 40 MM=LE, IENMZ
1 485 : M = NAML-MM
1 486 ZZ = HM, M
1 487 R = x-22Z
1 488 8 = Y-11
1 439 F o= (R¥S—W) /H(M+1,M) +H (M, M+1)
1 450 @ = H(M+1,M+1)-22~-R-S
1 491 R = H(M+Z,M+1)
1 492 8 = DARES(F)+DABS () +DARS (R)
1 497 F = F/S
1 464 Q= e/5
1 495 R = R/S
1 496 IF (M.EQ.LE) GO TO 45
1 497 IF (DAES(H(M,M—1))* (DABS(®) +DABS(R) ) . LE. RDELF*DAES (F) *
1 498 1 (DABS (H(M-1,M~1))+DABS (ZZ) +DABS(H(M+1,M+1)) ) GO TO 45
1 459 40 CONTINUE
SO0 45 MP2 = M+Z2
501 DO SO I=MFZ, IEN
1 S0z H(1,1-2) = ZERD
1 S0T IF (1.EQ.MFZ) GO TO S0
1 S04 H(I,I-3) = ZERO
1 805 S0 CONTINUE
506 C DOUEBLE @R STEF INVOLVING ROWS :
507 C L TO EN AND COLUMNS M TO EN e
508 DD 100 KA=M,NA
1 S0% NOTLAS = KA.NE.NA
1 Si0 - IF (HA.E@.M) GO TO 5SS
1 511 F = KH(EA,HA-1) “
1 512 0 = H(EA+1,kEA-1)
1 S13 R = ZERQO
1 514 IF (NOTLAS) R = H(KA+2,KA-1)
1 515 X = DABS(P)+DABS (@) +DAES (R)
1 516 IF (X.EG.ZERO) GO TO 100
1 S17 F = F/X
1 =518 e = G/X
1 519 R = R/X
1 520 S5 CONTINUE
1 521 & = DSIGN (DSORT (F*F+0#0+R#*R) ,F)
1 522 IF (KA.EQ.M) GO TO 60
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Line#
S23
S24
S25
S26
S27
328
S2
520
531
S32
€37

Sz4

e e
[ ppw ]

536,
537

S8
33

o440
S41
S42
S43
S44
545
S48
547
548
549
S50
8951

[ Al
= R oy

383
554
558
556
557
558
559
5S40
S61
562
5673
564
565
5566
5467
5468
569
S70
571

572

573
574
575
S76
577
578
579
S80
581

&0

80

100

105

110
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H(KA,kKA~1) = —S*X
GO TO &5
IF (LB.NE.M) H(KA,KA-1) = -HKA,KA-1)"
F = P+S :
X = F/S
Y = @/S
22 = R/S
e = Q/F
R = R/F
ROW MODIFICATION .
DO 75 J=KA,N
F = H(KA,J)+OxH(KA+1,J)
IF (.NOT.NOTLAS) GO 1O 70
F o= F+R*H (EA+2,J)
H(kA+2,J) = H(KA+2,J)~F*22Z
H(kA+1,J) = HKA+1,J)~F*Y
H(A,J) = H(KA,J)-P*X
CONTINUE .
J = MINO(IEN,KA+Z)
COLUMN MODIFICATION v »
DO 85 I=1,J .
F o= X#H{I,KA)+Y#H (I, KA+1)
IF (.NOT.NDTLAS) GO TO BO
F o= F+ZZ#H(I,KA+2)
H(I,kA+2) = H(I,KA+2)-Fx*R
H(I,EA+1) = H(I,KA+1)-F*Q
H(I,KA) = H(I,KA)-P
CONT INUE
, ACCUMULATE TRANSFORMATIONS :
DO 95 I=K,L
F o= X#Z(1,EA)+Y*Z (I KA+1)
IF (.NOT.NOTLAS) GD TO 90
F o= P+ZZ#2(1,KA+2)
Z(1,EA+2) = Z(I,KA+2)~-F*R
I(I,KA+1) = Z(I,HA+L)—FP*Q
Z(I,EA) = Z(I,KA)~F
CONT INUE
CONT INUE
GO TO 15
ONE ROOT FOUND :
H{IEN, IEN) = X+T

WR{IEN) = H(IEN,IEN)
WICIEN) = ZERO

IE

GO TO 10

=]

-z

N

nou

= NA

TWO ROOTS FOUND -
(Y=X) *FS

FoF+W
= DSORT (DABS(®))

HC(IEN, IEN) = X+T
X = H(IEN, IEN)
H(NA,NA) = Y+T

IF

22z

(B.LT.ZERO) GO TO 130
- REAL PAIR :
= F+DSIGN(ZZ,F)

WR(NA) = X+2Z

WR(IEN) = WR(NA) :

IF (ZZ.NE.ZERO) WR(IEN) = X-W/ZZ
" WI(NA) = ZERO

RI/RD84-191
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582

S83

584

8%
586
557
568
sg9
590
591
s9n
593
594

o
[ i g |

56

S97.

598
S99
HOO
&01
LOZ
&L&O%
604
&HOS
&0
&0O7
603
&OF
610
&11
&H1%
613
6143
&15
61
617
613
511G
&20
621

120
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7
WI(IEN) = ZERD

X = H(IEN,NA)

R.= DSORT(X#X+Z2%11)
F = X/R

@ = ZZ/R

ROW MODIFICATION ,
DO 115 J=NA,N

77 = H(NA,J)

H(NA,J) = G*ZZ+F*H(IEN,J)

H(IEN,J) = O%H(IEN,J)-F*ZZ

» CONTINUE

COLUMN MODIFICATION :
DO 120 I=1,IEN
ZZ = H(I,NA)
H(I,NA) = @%ZZ+P*H(I,1EN)
HUILIEN) = Q#H(I, IEN)~F%ZZ. - - - - -

CONT INUE
ACCUMULATE TRANSFORMATIONS
DO 125 I=k,L : ,
77 = Z(I,NA)
Z(I,NA) = D*ZZ+F*7(I, IEN)
Z(I,1EN) = @*Z(I,I1EN)-F*Z2Z.
125 CONTINUE

o=
arl

140

GO TO 138

COMFLEX FAIR :
WR(NA) = X+F C
WR{IEN) = X+F
WI(NAY) = 22
WI(IEN) = -ZZ
IEM = IENMZ
GO 70 to
ALL RODTS FOUND, NOW :

BACESUBSTITUTE
RNORM = ZERQ
Efd o= 1
DO 150 I=1,N
DO 145 J=kA.N
RNORM = RNORM+DARS (H(I,J))
CONT INUE
KA = 1
CONTINUE , ,
IF (RNORM.E@.ZERO) GO TO 9000
DO 225 NN=1,N
IEN = N+1-NN
F = WR(IEN)
2 = WI(IEN)
NA = IEN-1
IF (B.6T.ZERD) GO TO 225
IF (B.LT.ZERQ) GO TO 185
, REAL VECTOR ;
M = IEN _ .
H(IEN, IEN) = ONE
IF (NA.EQ.O) BD TO 225
DO 180 II=1,NA

I = IEN-II
W= H{I,I)-F
R = H(I,IEN)

IF (M.GT.NA) GO TO 160
DO 155 J=M,NA

RI/RD84-191
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Line# 1
641
642
643
644
&45
646
647
648
649
&350
651
&52
&D3
654
655
654
657
658
&59
&L6O
661
662
667
&L64
665
bbb
&67
668
669
&70
&71

=~
£

&7
674
675
676
&677
678
679
&80
681
682
&8
684
685
6846
687
688
689
690
691
652
693
694
695
695
697
698
699 C

0

ooo0 0

g

155
160

170

175
180

185

190

195

200

[N
i=
w

= R+H(1,J)*H(J, IEN)
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R
CONTINUE
IF (WI(D).GE.ZERD) GO TD 145
27 = W
S =R
GO TO 1BO
M= 1
IF (WI(I).NE.ZERD) GD TD 170
T=WuW
IF (W.EQ.ZERD) T = RDELF#RNORM
H(I,IEN) = -R/T ‘
GO TO 18O _
SOLVE REAL EQUATIONS :
X = H(I,I+1)
Y = H(I+1, D)
@ = (WR(I)=F)# (WR(I)=F)+WI (1) *#WI (D)
T = (X%5-ZZ#R) /0
H(I,IEN) = T
IF (DAES(X).LE.DABS(ZZ)) GO TO 175
H(I+1,IEN) = (—R~-W#*T)/X
GO TO 180
H(T+1,IEN) = (-5-Y%T)/2Z
CONT INUE : : _
END REAL VECTOR ;
GO TO 225 , -
LAST VECTOR COMPONENT CHOSEN :
IMAGINARY SO THAT EIGENVECTOR °
MATRIX IS TRIANGULAR .
M = NA
COMPLEX VECTOR .
IF (DAES (H(IEN,NA)).LE.DABS (H(NA, IEN))) GO TO 190
H(NA,NA) = @/H(IEN,NA)
H(NA, IEN) = —(H(IEN, IEN)-F)/H(IEN, NaY
G0 TO 195
CONT INUE

CALL CMFDIV(H(NA, NA),H(NA IEN).ZERO ~H(NA, IEN) , H(NA,NA) ~F, )
) = ZERD
H(IEN, IEN) = ONE

H(IEN, NA

IENM2 =

NA-1

IF (IENMZ.E@.0) 6O TO 225
DO 220 II=1, IENM2
I = NA-11

W =H
RA
SA

(1, 1)-F
ZERO
H(I, IEN)

DO 200 J=M,NA
= RA+H(I,J)*H(J, NA)
= SA+H(I,J) *H(J, IEN)

RA
SA
CONTI

IF (WI(I).GE.ZERD)

=1

IF (WI(I).NE.ZERD)

NUE

W

GO TO 205

GO TO 210

CALL CMPDIV(H(I,NA),H(I,IEN),~RA,-SA,W,0H)

GO 1O

220

SOLVE COMFLEX EQUATIONS
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700
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706
7Q7
708
709
710
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71z
714
71S
716
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719
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H(I,I+1)
H(I+1,1)
(WR(ID)~FP)# (WR(I)=-P)+WIC(I)*#WI (1) -0x*0Q
(WR(1)~P)*#R
VI+VI
IF (VR.EQ@.ZERO.AND.VI.EQ.ZERQ) VR = RDELF+RNORM
1 # (DABS (W) +DABS (0) +DABS (X ) +DABS (Y) +DABS (22))
CALL CMPDIV(H(I,NA) ,H(I, IEN) , X*R~ZZ%RA+O*5A, X*#5~ZZ*#S5A~-Q+#*RA,
1 VR, V1)
IF (DABS(X).LE.DABS(ZZ)+DAEBS(C)) GO TO 215
H(I+1,NA) = (—RA=W*H(I,NA)+0*H (I, IEN)) /X
H(I+1_TEN) = (-SA-WxH(TI,IEN)-@*H(I,NA)) /X
60 TO 220
215 CONTINUE
CALL CMPDIV(H(I+1,NA) ,H(I+1,IEN) ,-R-Y*H(I,NA),-S-Y*H(I, IEN)
1 W22, 00
220 CONT INUE

<
]
nonn

END COMFLEX VECTOR :
225 CONTINUE
END BACKSUBSTITUTION :
VECTORS OF ISOLATED ROOTS -
DO 235 I=1,N
IF (I.GE.K.AND.I.LE.L) GO TD 235
DO 230 J=I,N
Z(I,0) = H(I,D
230 CONT INUE
235 CONTINUE
IF (L.EQ.0) GO TO 9000
MULTIFLY BY TRANSFORMATION MATRIX®
DO

MINO (J, L)
0 245 I=k,L
77 = IERD
DG 24C KA=k,M
17 = ZZ+Z(1,KA)*H(KA,J)
240 CONT INUE .
Z(1,3) = 22
245 CONTINUE
250 CONTINUE
GO TO 9000
NO CONVERGENCE AFTER 30 ITERATION®
SET ERROR INDICATOR TO THE INDEX®
OF THE CURRENT EIGENVALUE »
55 1ER = 128+IEN
DO 260 1=1,1EN
WR(I) = ZERO
WI(I) = ZERD
260 CONTINUE
DO 270 I=1,N
DD 265 J=1,N
Z(1,3) = ZERO
5 CONT INUE
O CONTINUE
O CONTINUE
END

26
27
OO

Type Offset F Class
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Fage 16

08-13-84
18:51:59

D Line# 1 7 - Microsoft FORTRAN7? V.13 B8/05/83

DAES INTRINSIC : : :

DSIGN . INTRINSIC

DSERT INTRINSIC

H REAL *8 O *

I INTEGER#*2 578

1EN INTEGER#*2 . S86

IENM2 INTEGER*2 &00

1ER INTEGER#*2 28 *

11 INTEGER#*Z 780

1TS INTEBER*2 596

J INTEGER*2 714

JJ INTEGER*2 850

[ INTEGER#*Z 8 »

KA INTEGER*Z 704

L INTEGER#*Z 12

LE INTEGER#*2 612

LL INTEGER*2 604

M INTEGER*2 662

MINO INTRINSIC

MM INTEGER*?2 654

MF2 INTEGER#*2 696

N INTEGER*2 4 *

NA INTEGER*2 598

NAML INTEGER#*2 652

NN INTEGER*Z 772

NOTLAS LOGICAL*2 712

NFL INTEGER#*2 602

ONE REAL*B S570

F REAL*8 680

F4 REAL*B 533

FS REAL*8 S46

F7 REAL*8 =54

e REAL*B 688

R REAL*8 672

RA REAL #8 . 800

RDELF FREAL*E S30

RNORM REAL*8 752

5 REAL*8 644

SA REAL*8 808

T REAL*8 S88

VI REAL#8 830

VR REAL*B 822

W REAL*8 &70

WI REAL 20 *

WK REAL ) 16 *

X REAL %8 614

Y REAL*8 22

z REAL*B ) 24 »

ZERO REAL*8 562

27 REAL*8 . oYY

756 HCTMPD IV 5539 3 336 3 396 3 3 9 336 3 3 3 36 96 3 3 3 3 36 3 3 3 36 36 3 3 3 I 36 96 96 36 3 I 3 36 I I 36 I 96 36 336 9 363 3 3 I 33 9 X% 0 K%

757 C
758 C SUBROUTINE CMFDIV
759 C
761 C

TEQ  CRWH 5360936363536 302636096 3696 26 36 96 2 36 36 96 36 96 36 36 369 3696 363636 36 36 33 36 36 036 3696 36 3636 3 3 3636 96 36 2 30 3 4 3 9696 2 2 X

762 C LATEST REVISION - MARCH 19, 1984
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D Line#
76=
764
765
766
767
768
76%
770
771
772
773
774
775
774
777
778
779
780
781
782
783
784
785
784
787

Name

D

DI

DR

NI

NR

FI

RR

Name

CMFDIV

EBALAF

ERRCEF

EHBCEF

EHESSF

EI1GRF

EGQRHEF

noOoocooooo0on0000 -

O

Type

REAL*G
REAL *8
REAL %8
REAL*8
REAL%B
REAL*8
REAL*»B

Type

Fass One

7

PURFOSE

USAGE

ARGUMENTS

REMARKS

Fage 17
08-13-84
18:51:59
Microsoft FORTRAN77 V3.13 B/05/8%

- DIVISION OF TWO COMFLEX NUMBERS

-~ CALL CMPDIV(RR,RI,NR,NI,DR,DI)

RR,RI ~ REAL AND IMAGINARY FARTS OF RESULT
NR,NI - REAL AND IMAGINARY PARTS OF NUMERATOR
DR,DI - REAL AND IMAGINARY FARTS OF DENOMINATOR
RR AND RI WILL BE UNCHANGED IF THE MAGNITUDE OF THE
DENDMINATOR IS ZERD (I.E., IF DR«DR + DI#*DI = 0.0)

32 F I I T I I I I I I I PN I I I I I I I I I I I I I A I I A I MW N

SUBROUTINE CMFDIV(RR,RI,NR,NI,DR,DI)

REAL*8 RR,RI,NR,NI,DR,DI,D

D = DR#DR + DI#DI

IF (D .ER.
RR = (NR*DR
RI = (NI*DR
END
Of fset
888
20
16
2
8
)
N Size

0.D0O) RETURN

+ NI®DD) / D
- NR¥DI) / D

F Class

* k ok ok ok X

Class

SUBROUT INE
SUBROUT INE
SUBROUT INE
SUBROUT INE
SUBRDUT INE
SUBROUTINE
SUBROUT INE

No Errors Detected
787 Source Lines
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D Line#

STOMNOCWU DR -

0O oenooonoOonoonooon0nn0nnn

30

=z
33

z4
5
36
=
3

39
40

Fage 1
08-137-84
19:08:10
1 7 Microsoft FORTRAN77 V3.13 8/05/8%
HRST AENF 952 5 538 3 36 3 36 050 36 3036 3696 36 36 36 3636069636 36 9636 369696 3636 36 36 30 96 3036 366 6 26 36 26 309626 36 96 96 6 36 06 96 96 0 36 3 36 36 36 3¢

FROGRAM RSTABNF
ROTOR DYNAMICS ANALYSIS FROGRAM (NO PLOTTING)

*******************I'*************************************‘***********I*-l

SUEROUTINES UTILIZED IN>RSTAB ARE CALLED
IN THE FOLLOWING ORDER:

FORTOS . . « « « & + =« « « « » « SOLVE FOR EIGENVALUES VS. RPM
MATX
EIGRF-
ANSK

P I T R R Ry L T T I T

STORAGE: 2
FROGRAM RSTAE

CHARACTER TITL(72,2)%1,TAFE4*14

C

INTEGER NZ (4) ,NSA(4)
c

REAL RZ(&),RZ1(8&)
C

EQUIVALENCE (G, Z) , (TITL,TAFEA4)
[
C* ARRAY DIMENSIONS MOST LIKELY TO CHANGE %% %% # %% 5065 % 56 3 3 3 85 34 696 5 3 %
C
C——~=—- NOTES: DIMENSION Wk TO (MAXO(LRDOF,LCDOF,2Z#LDYN))
[ FUNC TO (NFGEN + 1)
Cc Z TO (2,LDYN,LDYN)
C W TO (2,LDYN)
[

DIMENSION AC(S0,14) ,AR(115,16),WC(14) ,WR(1&6),ZETAC(14),X{10),

+ SFEED (20,24) ,DMF (100,4) ,5(100,4) ,FG(20,24),

+ G(115,115) ,FUNC( g),ZRPM(QS),w(E,éo)
C

INTEGER JFUN (160,2) NFT (24) ,NRC(100,2,4) , IROT (20), ICASE (20)
[

REAL#*8 GEAR (16, 16) ,A(60,60) ,WE (120) ,Z(2, 60,560)
c i

09696 36436 36 9 36 36 36 36 96 36 3636 3 36 336 36 302363 3096 2 20 3036 9636 3 I 36 9636 36 36 6 336 3 396 I 36 3636 3 J 2 36 I3 X 63 RN

c . .
COMMON /DATA/NGBYRC, NCMOD, NRMOD, NCDOF , NRDOF , TITL , KRFM, NFGEN,

+ NSA,NSL, IFRT,KCRT,NXTC, RFMI DRPM NI FHIGH, FLON
+ IFLTF IPRTZ,IPRT@
COMMON /MEM/Z .
COMMON’ /MOD/AR, AC
[
DATA FUNC(1)/1.Q/
c

Cx DATA STATEMENTS NEEDED FOR ARRAY REDIMENSIONING #3335 %3 3363 3 59 3 56 6 4 26 % %
c
DATA LEMOD,LRMOD/14,16/, LSA,LSJ /100, 160/
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rage P

08-12-84
19:08:10
D Line# 1 7 Microsoft FORTRAN77 V3. 13 8/05/6=

&0 DATA LFT ) 720/, LRDOF,LCDOF/115,S0/

61 C

Pl ag X R e I XTI SRR R R N I LYY

63 C ’

b4 LDYN=2# (LRMOD+L.CMOD)

65 LG=MAXO (LRDOF, LCDOF)

66 C

67 C-—=—— OFEN OQUTFUT FILE

68 C NOTES: FILE FIN.EBAT IS EMPTY IF QUTFUT 1S BEING LISTED ON FRN,

69 C ELSE ’LISTZ® 1S READ INTD TAFEA4.

70 C CHANNEL 4 IS USED FOR PRINTING THE ROOT-LOCUS FLOT.

71 C

72 OPEN(2,FILE="FIN.BAT?,STATUS="0LD")

73 TAFE4="FRN?

74 READ (2,9000,END=5) TAFE4

75 $ CLOSE(2)

76 OFEN(6,FILE=TAFE4,STATUS="NEW")

77 C

78 C——~—= OFEN RUN DATA, EIGENVALUE, AND MODE SHAFE DATA FILES

79 C

80 OFEN(1,FILE="RUNDATA.BIN® ,STATUS="0LD" ,FORM="UNFORMATTED )

81 OFEN(2,FILE="EIGENS. RIN* ,STATUS=">NEW" ,FORM="UNFORMATTED")

8z OPEN(3,FILE="SHAFES. BIN* ,STATUS="NEW" ,FORM="UNFORMATTED)

8= C

84 Cr——-— READ FROELEM DATA

85 C

86 10 READ(1) (TITL(I,1),1I=1,72),NCDOF,NCMOD,NRDOF,NRMOD, IFCNT

g7 C .

88 READ (1) ((AC(I,J),I=1,NCDOF),Jd=1,NCMOD), ((AR(I,J),I=1,NRDOF),

89 + J=1,NRMOD) , ( (BEAR(I,J), I=1,NRMOD),J=1,NRMOD) , (WC (1),

QO + I1=1,NCMOD), (WR(I),I=1,NRMOD)

S1 C

N S READ SUBCASE DATA

g% C

4 20 READ(1) (TITL(I,2),I=1,72),NSA,NSL, IFPRT,KCRT,NXTC,NFGEN, MAXFTS,

oS + RFM1, DRPM,NI,NROT,NCASE,FHIGH,FLOW,RZ, IFLTF, IFRT2,RZ1,

Q& + NZ,IPRTZ,KRFM,NSTAT, IFLG, IFL.G!, THETA,SCALE, ISCNT

97 C

98 NSJI=4 %#NSL+NSA (1) +NSA (2) +NSA (3) +NSA (4)

9 NNSA=4¥NSL+MAXO (NSA (1) ,NSA(2) ,NSAR(3),NSA(4))

1060 C

101 READ (1) (ZETAC(1),I=1,NCMOD), (NPT (J), (FG(1,Jd),SFEED(I, ),

102 + 1=1,MAXFTS),J=1,NFGEN), ( (JFUN(I,J),I=1,NSJ),J=1,2),

107 + ((S(1,3),DMP(I,J), (NRC(I,K,J),k=1,2),]I=1,NNSA),J=1,4),

104 + (IRDT(I),I=1,NROT), (ICASE (1), I=1,NCASE), (ZRFM(I),

105 + 1=1,KERFM), (X (I),1=1,NSTAT)

106 C

107 C===~ SAVE CRITICAL SFEED AND STABILITY PLOT DATA

108 €

109 WRITE(2) IFLTF,IFRT2,TITL,RZ,RZ1,RFM1,DRFM,NI,FHIGH, FLOW,

110 + NRMOD, NCMOD, N2 , KCRT, IFCNT, ISCNT,NXTC

111 C

112 C-~=—~ SAVE MODE SHAFE FLOTTING DATA

112 C

114 WRITE(3) IFRT, IPRT3Z, NCDOF,NCMOD, NRDOF , NRMOD, NCASE, NFOT,TITL,

115 + NSTAT, IFLG, 1IFLG1, THETA, SCALE, IPCNT, ISCNT,NXTC

116 C

117 WRITE(Z) ((AC(I1,J),1=1,NCDOF),J=1,NCMOD), ( (AR(],J),1I=1,NRDOF),

118 + J=1,NRMOD), (ICASE(I), I=1,NCASE), (IROT(I), I=1,NROT’,
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D Line#
119
120
121
122
123
124
125
126
127
128
129

4T
1083

131

o
-t

Name

A

AC

AR
DM
DRFM
Fi
FHIGH
FLOw
FUNC
G
BEAR
1
ICASE
IFL.G
IFLG1
IFCNT
IFLTF
IFRT
IFRTZ2

v e -

P9l o W RN
IROT
ISCNT
J
JFUN
b
KCRT
KRFPM
LCDOF

WRITE (6, 9001)" IFCNT, ISCNT
WRITE (%, 9001)

1 7
+
o
C-—-—— FO
C
c
+
+
C
C————— RER
c

(X(¢I), I=1,NSTAT)

IPCNT, ISCNT

Fage 3
08-1Z%-84
19:08:10

NicrosoftvFORTRAN77 V3. 13 8/705/8%

CALL FDRT03(A,AC,AR,DHF;FG,GBAR,JFUN,NPT,NRC,N,S,SPEED,WC,NR,

ZETAC, FUNC (2) , LCDOF, LRDOF, LRMOD, LDYN, LSA, LSJ,LFT,
LG, ICASE, IROT, WK, B, Z, ZRFM)

GOTO (10, 20,20) . NXTC

CLO
cLo
CLO

SE(1)
SE(2)
SE(3)

CLOSE DATA FILES

FORMAT STATEMENTS

Q00O FORMAT (/4X,A)

Q001 FORMAT (1H1///710X, "% * *
*MODAL INFUT

-+
Cc
END

Type

REAL*8
REAL

REAL

REAL

REAL

REAL

REAL

REAL

REAL.

REAL
REAL*8
INTEGER*Z
INTEGER*Z
INTEGER*2
INTEGER*Z
INTEGER*2

INTEGER#*Z -

INTEGER#*2
INTEGER*2
INTEGER#®Z
INTEGER*Z
INTEGER*2
INTEGER*Z
INTEGER#*2
INTEGER*2
INTEGER*2
INTEGER*Z2
INTEGER*Z2

Of fset

IT70
TIE0
o
750
178
11350
184
188
13270
Q
7702
47188
76672
47218
42220
42192
192
168
194
i96
7622
2270
42194
5334
42234
L1770
154
42182

F Class
/MOD 7/
/MO0D 7/
/DATA 7/
/DATA 7
/DATA 7
/MEM 7/
/DATA  /
/DATA  /
/DATA 7
/DATA 7
/DATA /
/DATA  /

RI/RD84-191
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D Line# 1 7
LCMOD INTEGER*2
LDYN INTEGER*2
LG INTEGER*2
LFET INTEGER*Z2
LRDOF INTEGER*2
LRMOD INTEGER#*Z2
LSA INTEGER#*2
LSJ INTEGER*2
MAaxo

MAYXFTS INTEGER*2
NCASE INTEGER=*Z
NCDOF INTEGER®2
NCMOD INTEGER*2
NFGEN INTEGER*2
NGYRD INTEGER»*2
NI INTEGER*Z2
NNSA INTEGER*Z2
NFT - INTEGER*Z
NRC INTEGER*2
NRDOF  INTEGER*2
NRMOD INTEGER#*Z
NROT INTEGER+2
NSA INTEGER*Z
NG J INTEGER%2
NSL INTEGER*Z2
NSTAT INTEGER*2
NXTC INTEGER*Z2
NZ INTEGER*2
RFM1L REAL

RZ REAL

RZ1 REAL

s REAL
SCALE REAL
SFEED REAL.
TAFE4 CHAR*14
THETA REAL .
TITL CHAR*1

W REAL.

WC REAL

Wk REAL*B

WR REAL

X REAL

4 REAL*8
ZETAC REAL

IRFM REAL

Name Type

DATA

FORTOZ

MEM

MOD

S TAE

Fass One

42170
42184
42186
42178
42180
42172
42174
42176

42210

182
42234
5974
6022
8

4
42212
158

QAT
Lt

166
42216
172
1758
174
1766
1790
F734
42226
1814
10
42222
10
1278
158
i

Size

198

S7600
10160

INTRINSIC
/DATA  /
/DATA 7/
/DATA 7/
/DATA 7/
/DATA  /
/DATA /
/DATA  /
/DATA 7/
/DATA  /
/DATA /
/DATA  /
/DATA  /
/DATA /
/MEM /
Class
COMMON
SUBROUTINE
COMMON
COMMON
FROGRAM

No Errors Detected
1446 Source Lines

RI/RD84-191
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Fage 1

08-13-84
19:12:03
D Line# 1 7 ’ ’ Microsoft FORTRAN77 V3.13 8/05/83
1 %FORTOI . FOR %% % 36 3 3% 33 3 36 3 3 3 3 % 36 3 363 3 3 3 3 3 96 9 3 3 36 3 96 36 3 3 356 9 36 93 3 36 3 3 96 3 36 3 3¢ 36 3 9 3 9 3 % X %
2C .
3IcC SUBROUTTINE FORTOS3
4 C .
T T 9 9% 3 3 I3 963 36 3 9 39 3 I 3 363 33 3 366 I W I I I I W I I NI I I W I I NI WA NN K
6 C
7 C SUBROUTINES UTILIZED IN FORTOZ ARE CALLED
8 C IN THE FOLLOWING ORDER:
9 C
10 C MATX = = =« « =« =« « - . - FORMS THE MATRIX ADDITIONS INTO THE
11 C 'NORMALIZED DYNAMICAL MATRIX “A"
12 C
13 C EIGRF. « « = = + - . . . FROM THE IMSL LIBRARY. SOLVES A GENERAL
14 C ' MATRIX FOR COMPLEX ROQTS AND EIGENVECTORS
15 C -
16 C ANSR = = « =« = - . . . . SAVES ITERATION STEFP RESULTS AND PLOTS
17 C EIGENVALUES ON CRT (ROOQT LOCUS)
18 C v o ,
19 969 3 36 T 9 3 3 96 3 6 3 33 33 9 I W 3 I ¥ I I I W W F I A6 WA NI W I I I K I I I I I I AN WK NN

N S SN W N

27

it
30
-
3
)
PP,

=
)

35
36
37
39
40
41

~

47
44
45
46
47
48
49
50
51
52

93

54

55

57
58
59

c
$STORAGE: 2
[

SUBROUTINE FORTO3(A,AC,AR,DMF,FG,GEAR, JFUN,NPT,NRC, W, S, SFEED, WC,

+ WR, ZETAC, FUNC, LCDOF , LRDOF , LRMOD, LDYN, LSA, L5J,
+ LFT,LG, ICASE, IRDT, WK, G, Z, ZRFM)
C . :
CHARACTER TITL(72,2)#%1
C » - :
: REAL*8 A(LDYN, 1) ,WK (1) ,GBAR(LRMOD,1),Z ¢2,LDYN, 1)
C
INTEGER  JFUN(LSJ,1) ,NFT(1),,NRC(LSA,2,1), ICASE (1), IROT (1) ,NZ(4),
+ NSA(4)
c .
DIMENSION AC(LCDOF, 1) ,AR(LRDOF,1),WC (1) ,WR(1),8(LSA,1),6(LE,1),
+ DMP (LSA, 1) ,FG(LFT,1),5PEED(LFT, 1), ZETAC (1) ,FUNC (1),
+ IRFM(1) ,W(2,1) '
C _
COMMON /DATA/NGYRO, NCMOD, NRMOD , NCDOF , NRDOF , TITL , KRFM, NFGEN,
+ NSA,NSL, IFRT, KCRT, NXTC, RFM1, DRPM, NI, FHIGH, FLOW,
+ IFLTF, IFRT2, IPRT3
C
(S MAIN ROUTINE
C
NMODES=NRMOD+NCMOD
DO 200 IRFM = 1,NI+1
RFM = RFM1 + (IRFM - 1) #* DRFM
WRITE(6,3&) TITL,RFPM
WRITE (#,36) TITL,RFM
C _
C————— UFDATE FUNCTION GENERATORS
C
DO 100 I=1,NFGEN
DG 10 J=1,NFT(I)~1
10 IF(RPM.LT.SPEED(J, 1)) GOTO 100
100 FUNC(I)=FG(J-1, 1)+ (FG(J, 1) ~FG(J-1, 1)) % (RFM-SFEED (J-1,1))/
+ " (SPEED(J, 1) ~SPEED(J~1,1))
C
C————— ZERO THE DYNAMICAL MATRIX
c ) ,

RI/RD84-191
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D—*l—‘b—*‘h‘l—‘b—aHHHH;-.J.Q-J‘“.JHﬂl::l’u_]h}.—‘hbb-‘v-"HH-ﬁHH'-.JD-‘I-‘H)—ll;"hJU-“O

410

200 CO
L= WF

WR

C———-- FO
36 FO
EN

Type

REAL *8
REAL
REAL
REAL
REAL
REAL

 REAL

Line#
60
61
62
&3
L4
65
b6
&7
68
69
70
71
72
73
74
75
76
77
78
79
80
81
8z
84
85
86
87
88
89
0
g1
92
93
94
S
?6
.97
98
99
100
131
102
103
104
105
Name
A
AC
AR
DMF’
DRFM -
FG
FHIGH
FLOW
FUNC
G

REAL
REAL
REAL

Fage 2
08-13-84
192:12:03
Microsoft FORTRAN77 V3.13 B/0%/83
DO 400 1=1,2#NMODES
DD 400 J=1,2#NMODES
A(I,J)=0.0

SET THE IDENTITY MASS FARTITION OF A

DO 300 I = 1,NMODES
ACI+NMODES, 1) = 1.0
LDAD NSL’S AND NSA’S INTO A

[

CALL MATX(AC, AR, DMF, JFUN, LCDOF, LRDOF,LSA, LSJ, LDYN,NRC, S,
A, G, LG, WK, FUNC)

ADD SFECTRAL MATRIX, DAMFING MATRIX, AND GYROSCOFICS TO A

DO 410 I = 1, NRMOD

A(I,NMODES+I) = A(I,NMODES+I) - WR(I)#*WR(I)
DO 410 J = 1, NRMOD
ACI,d) = A(I,J) — GBAR(I,J)*RFM*0. 1047197
DO 430 I = 1, NCMOD
IR = NRMOD + I
AUIR,IR) = A(IR,IR) - Z2,#ZETAC(I)*WC(I)

A(IR,NMODES+IR) = A(IR,NMODES+IR). — WC (I)#*WC(I)
CALCULATE EIGENVALUES AND EIGENVECTORS

CALL EIGRF (A, 2#NMODES,LDYN, W, Z, LDYN, Wk, IER).
STORE RESULTS

CALL ANSR (Z,LDYN,RFM,W, ZRFM)

NT INUE

ITE END-DF-CASE RECORD ON EIGENVECTOR FILE

ITE(3) RFM,-9999, (W(J,1),J=1,2),
‘ ((SNBL (Z(J,L,1)),Jd=1,2),L=1,NMODES)

RMAT STATEMENTS
RMAT (1H1/5X,72R//5X,72A///SX, "ROTOR SFIN SPEED ;’,FB.O,’ RFM™)
D

Offset P Class

Q
4
8
12
178  /DATA 7
16 :
184  /DATA 7/
188  /DATA ¢
&HO *
108 *

* % %k %

*
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D>Line# 1 7

GBAR REAL %8
I INTEGER*2
ICASE INTEGER*2
IER INTEGER*2
IPLTF INTEGER#*2
IFRT INTEGER*2
IFRTZ2 INTEGER*Z
IFPRTS INTEGER*2
IR INTEGER*2
IROT INTEGER*Z
IRFM INTEGER*2
J INTEGER*2
JFUN INTEGER*2
KCRT INTEGER*2
KREM INTEGER*2
L INTEGER*Z
LCDOF INTEGER*Z
LDYN INTEGER*2
LG INTEGER*2
LFT INTEGER*Z2
LRDOF INTEGER*Z
LRMOD INTEGER*Z
LSA INTEGER*Z
L&8J INTEGER*Z
NCDOF  INTEGER*2
NEMOD  INTEGER®*Z2
NFGEN INTEGER#*2Z
NGYRO INTEGER*Z2
NI INTEGER®Z2
NMODES INTEGER*Z
NFT INTEGER*Z
NRC INTEGER*Z
NRDOF  INTEGER*Z
NRMOD  INTEGER%*Z
NSA INTEGER*2
NSL . INTEGER*2Z
NXTC INTEGER*Z
NZ INTEGER*2
RFM REAL
RFM1 REAL
S REAL
SNGL
SFEED REAL
TITL -~ CHAR#*1
W REAL
WC REAL
LU REAL #8
WR REAL -
z REAL %8
ZETAC REAL
ZRFM REAL

20
24

Q6

192
168
194
1946

100
2
32
24
170
1354
82
&4
76
92
88
68
72
80
84

1546
O
182
10
2
z2
8
4
158
166
172
2
20
174
40

54
10
36
48
104
s2
112
S6

116

K oKk K kK kK

*

x ok ok ok ¥ ok X

/DATA  /
/DATA  /
/DATA  /
/DATA 7/
/DATA - /
/DATA 7/
/DATA 7/
/DATA  /
/DATA 7/
/DATA  /
/DATA  /
/DATA 7
/DATA  /
/DATA  /
/DATA  /
/DATA /
/DATA 7
INTRINSIC
/DATA  /

Fage =
0B8-13-84
19:12:03
Microsoft FORTRAN77 V.13 B/0S/B3

1086 #MATX ., FOR® %% 323 3696 36 36 36 46 36 3 3696 96 9 3 36 3 0 3 36 3 96 3696 3 3 3636 3 96 3636 36 36 96 3 36 3 3 36 96 36 96 36 9 I 6 3 2 96 3 06 9 3¢
107 €
108 C
109 C
110 C
111 C

MATX

COORDINATES THEAINTRAGROUP, INTERGROUF, MATRIX

ADDITIONS AND THE CALCULATION OF THEIR STIFFNESS
AND DAMFING VALUES (MULTIPLIED BY THE RESPECTIVE

FUNCTION GENERATOR).

RI/RD84-191
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Fage 4
08-12-84
19:12:03

D Line# 1 7 Microsoft FORTRAN77 V3.13 8/05/87

T =

T Ll D T B N e N O R T T T WO iy

112 C
113 03555 %23 969 9 56 3 996 36 3 9635 36363 3 36 36 3696 36 36 369696 36 36 96 36 36 36 9 36 3636 336 J6 3 3606 696 96 36 3036 369636 9630 06 23 36 06 2 3 3 X X
114 C '

115 SUEROUTINE MATX (AC,AR,DMF,JFUN,LCDOF , LRDOF ,LSA,LSJ,LDYN,NRC, S,
116 + A, G, LG, WK, FUNC)

117 €

118 INTEGER JFUN(LSJ, 1) ,NRC(LSA,2,1) ,NSA(4)

119 €

120 DIMENSION AR (LRDOF,1),AC(LCDOF, 1) ,DMF(LSA,1),S(LSA, 1),

121 + G(LG. 1) ,FUNC (1)

122 € ‘ ‘
123 REAL#8 AGLDYN, 1), Wi (1)

CHARACTER TITL(72,2) %1

COMMON /DATA/NGYRO, NCMOD, NRMOD , NCDOF , NRDOF , TITL , KRFM, NEGEN,
NSA, NSL, IFRT, KCRT, NXTC, RFM1, DRPM, NI, FHIGH, FLOW,
IPLTF, IPRTZ, IPRTS

ZERO THE G MATRIX
DO 100

1
DO 100 J
G(J. 1) = 0.0

= 1,L6

C .
1727 Commmm— TRANSFORM MATRIX ADDITIONS INTO NORMAL COORDINATES,
138 C AND ADD THEM TO THE SYSTEM DYNAMICAL MATRIX "A".
1729 C
140 C© 1) ROTOR~-TO~-ROTOR ADLDITIONS
141 C 2) ROTOR~-TO-CASING ADDITIONS
142 C 3) CASING-TO-ROTOR ADDITIONS
14% C 4) CASING-TO-CASING ADDITIONS
144 C
145 N =  4*NSL
146 NMODES = NRMOD + NCMOD
147 IE=0
148 C
149 DO 1000 IF = 1,4
150 C
181 IF ( NSL+NSA(IF) .EQ@. O ) GOTO 1000
182 C
153 C——~mmm ADD STIFFNESS ADDITIONS
154 C
155 IF ¢NSL.NE.O) THEN
156 DO 200 1 = 1,N
57 200 GI(NRC(I,1,IF) ,NRC(I,2,IF)) = S(I,IF)*FUNC(JFUN(I,1)) +
158 1 G(NRC(I,1,IF),NRC(I,2,IF))
159 ENDIF : .
160 C ’
161 IF(NSA(IF).NE.O) THEN
1462 DO 250 1 = 1,NSA(IFM)
163 NN=N+1I
144 250 G(NRC (NN, 1, IF) ,NRC (NN, 2, IF))=S (NN, IF) #*FUNC (JFUN (NN+Ik, 1))+
165 1 G (NRC (NN, 1,IF) NRC(NN,2,IFP))
166 ENDIF
167 C ‘ .
168 IF(IF.EQ. 1) CALL TRANS (AR, LRDOF,NRDOF,NRMOD,G,L.G, AR, LRDOF,
1469 1 NRDOF , NRMOD, A (1, NMODES+1) ,LDYN, WE)
170 . IF(IF.EQ.2) CALL TRANS (AR, LRDOF, NRDOF,NRMOD,G,LG,AC,LCDOF,
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1 171 1 NCDOF,NCMOD, A (1 ,NMODES+NRMOD+1) , LDYN, WE.)
1 172 IF(IP.EQ. 3) CALL TRANS (AC,LCDOF,NCDOF,NCMOD,6,LG,AR,LRDOF,
1 173 1 ) NRDOF , NRMOD , A (NRMOD+1 , NMODES+1) , LDYN, WE)
1 174 IF(IP.EB.4) CALL TRANS (AC,LCDOF,NCDOF,NCMOD,G,LG,AC,LCDOF,
1 175 1 NCDOF , NCMOD, A (NRMOD+1 , NMODES+NRMOD+1) , LDYN, WE)
1 176 C :
1 177 C——————- RESET G
1 178 C
1 179 DO 300 I = 1, NSA(IP)+N
2 180 300 G(NRC(I,1,IF},NRC(I,2,IF)) = 0.0
1 181 C
1 182 C-~—-n—- ADD DAMFING MODIFICATIONS
i 163 C
1 184 IF {NSL.NE.O) THEN
1 185 PO 350 I = 1,N
2 186 350 G(NRC(I,1,IF) NRC(1,2,IF)) = DMF(I,IF)*FUNC(IFUN(I,2)) +
2 187 1 . G(NRC(I,1,IF) ,NRC(I,2,IF))
1 183 ENDIF
1 189 C
i 190 IF (NSA(IF).NE.O) THEN
1 191 DO 400 I = 1,NSA(IF)
.2 192 NN=N+1I : _ _
2 193 400 G (NRC (NN, 1, IF) , NRC (NN, 2, IP) )=DMF (NN, IF) *FUNC (JFUN (NN+IK,2))+
2 194 1 , G (NRC (NN, 1, IF) , NRC (NN, 2, IF))
1 195 ENDIF ) ’
1 196 C .
1 197 IF(IF.ER.1) CALL TRANS (AR, LRDOF,NRDOF,NRMDD, G, LG, AR, LRDCF,
1 198 1 NRDOF , NRMOD, A, LDYN, WK)
1 199 IF(IF.EQ.2) CALL TRANS (AR, LRDOF,NKRDOF,NRMOD, G, LG, AC,LCDOF,
1 200 1 NCDOF , NCMOD, A (1, NRMOD+1) ,LDYN, W)
1 201 IF(IF.EG.3) CALL TRANS(AC,LCDOF,NCDOF, NCMOD, G,LG, AR, LRDOF,
1 202 1 NRDOF , NRMOD, A (NRMOD+1,1) , LDYN, W)
1 203 IF(IF.ER.4) CALL TRANS(AC,LCDOF,NCDOF,NCMOD,G,L.G,AC,LCDOF,
1 204 1 NCDOF , NCMOD, A (NRMOD+1, NRMOD+1) . LDYN, Wk}
1 205 C - - - - -
1 206 Cmm—mmwe RESET G '
1 207 C
1 208 DO 450 I = 1, NSA{IF)+N
2 209 450  BINRC(I,1,IP),NRC(I,2,IF)) = 0.0
1 210 C .
1 211 1000 Ik = IK + NSAUIP)
212 € '
213 END
Name Type Offset F Class
A REAL*B . 44 %
AC REAL O *
AR REAL 4 *
DMF REAL B *
DRFM REAL 178 /DATA 7/
FHIGH REAL 184 /DATA /
FLOW REAL 188 /DATA /
FUNC REAL ’ &0 *
G REAL 48 *
I INTEGER*2 148
Ik  INTEGER#2 168
IP INTEGER*2 170
IPLTF INTEGER#*2 192 /DATA /
RI/RD84-191
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IFRT
IFRT2
IFRT3
J

JFUN
ECRT
KRFM
LCDOF
LDYN
LG
LRDOF
LGA
L8J

N
NCDOF
NCMOD
NFGEN
NGYRO
NI
NMODES
NN

NFRC
NRDOF
NRMOD
NSA

NS
NXTC
RFM1

=
TITL
Wi

D-118
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INTEGER*Z 168 /DATA 7
INTEGER#*2 194 /DATA 7/
INTEGER*2 196 /DATA 7/
INTEGER*?2 156
INTEGER#2 12 =
INTEGER#Z 170 /DATA 7
INTEGER*Z 154  /DATA /
INTEGER*Z 16 *
INTEGER*Z I2 %
INTEGER*2 52 «
INTEGER®Z 06 =
INTEGER*Z 24 *
INTEGER*Z 28 *
INTEGER*2 164
INTEGER®Z &  /DATA /
INTEGER®2 2  /DATA /
INTEGER®Z 156  /DATA /
INTEGER*Z . O  /DATA /
INTEGER®Z 182  /DATA /
INTEGER®2 166
INTEGER*2 184
INTEGER*Z 36 %
" INTEGER*Z 8 /DATA /
INTEGER*2 4 /DATA /
CINTEGER*2 158  /DATA /
INTEGER*2 166  /DATA 7
INTEGER*2 72  /DATA /
REAL 174  /DATA /
REAL 30 *
CHAR*1 16 /DATA /
REAL *8 56 *
HANSF L F RS9 5 % 5 23 9 3 39 9 336 36 33 36 36 303 9 36 3 96 36 360 30 36 362 363 96 36 3 50363 2636 3 396 3 9 3 3023 06 9 K
C
C ANSR ORGANIZES OUTPUT INFORMATION AND FLOTS, SAVES
c THAT INFORMATION FER USER REQUEST.
c ANSK CALLS SUBROUTINE ZSORT.
C ° .
96 36 3 36 96 369 3636 36 26 3 3636 30 96 3 J6 336 I 30 3626 W I 2 I I3 I 463636 J I I I I I I3 I I AT NI W I I K I T TP K NI K
C
SUBROUTINE ANSR (Z,LDYN,RFM, W, ZRFM)
REAL*8 Z(2,LDYN,1) ,WZ
C
DIMENSION ZRPM{1),W(2,1),NSA(4)
C
LOGICAL PLOT
C : _
CHARACTER TITL(7Z,2) %1, TAPEA®10
c .
COMMON /DATA/NGYRO, NCMOD , NRMOD , NCDOF , NRDOF , T I TL , KRFM, NFGEN,
+ NSA,NSL, IFRT,KCRT,NXTC,RPM1 , DRFM, NI, FHIGH, FLOW,
+ IPLTF, IPRT2, IPRTT
c
Cmmmmm COMPRESS THE EIGENVALUE AND EIGENVECTOR ARRAYS
C (CORRECTING FOR REAL ROOTS)
c
N = NRMOD + NCMOD
RI/RD84-191
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240 K=1
241 C .
242 DO 20 I = 1,N
1 243 IFIX=1#2-K
1 244 IF(W(2,1IFIX).EQ.O0.) THEN
1 245 IF(K.EQ.1) THEN
1 246 K=2
1 247 ELSE
1 248 =1
1 249 IFIX=]#2-K
1 250 ENDIF
1 251 ENDIF
1 252 WL, I)=Ww(1,IFIX)
1 253 W2, I =W(2, IFIX)
1 254 DO 20 Jd=1,N
Z 255 2(1,3,1)=Z(1,J+N,IFIX)
2 256 20 2(2,3,1)=Z(2,J+N,IFIX)
257 C
258 C-—m--- SORT THE ARRAYS WITH RESPECT TO FREQUENCY
289 C
260 N2=N
261 C
262 DO 9 I=1,N-1
1 263 NZ=N2-1
1 264 DO 9 J=1,N2 -
2 265 IF(W(2,0).LE.W(2,J+1)) GOTO 9
2 266 . WZ=W(1,J+1)
2 267 W(l,J+1)=W(1,d)
2 268 Wel1,J)=WZ
= 269 WZI=W(2,J+1)
2 279 W(2,J+1)=W(2,J)
2 271 W(2,J)=WZ
2 272 DO 8 K=1,N
3 273 WZ=Z(1,kK,J+1)
3 274 Z2(1,K,d+1)=2(1,K,J)
z 275 2(1,K,J)=WZ
3 276 WZ=2(2,K,J+1)
X 277 Z(2,K,0+1)=2(2,K,J)
= 278 8 2(2,K,J)=WZ
2 279 9 CONTINUE
280 C
201 Cm—=m—e DETERMINE WHETHER THE MODE SHAPES SHOULD BE STORED FOR
282 € FRINTING/FLOTTING LATER
28> C
284 FLOT=.FALSE.
285 IF({IFPRTZ.EQ.0.OR. IPRT.EQ.0) THEN
286 J=1_
287 24 IF(J.LE.¥RFM) THEN
288 IF(RFM.EQ. ZRPM(J)) PLOT=.TRUE.
289 J=d+1
290 G0TD 24
291 ENDIF
292 ENDIF
292
294 C-———- STORE AND PLOT RESULTS
295 C
296 WRITE (4,7)
297 WRITE (%,7)

298 C.....FOR EACH MODE, WRITE RESULTS
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D Li

e et et e

Name

rr7ma=-n20>

LRC
LRD
LRG

NCA
NECC
NRA
NRC
W

Name

ANSR
DATA
EIGR
FORT
MATX
-TRAN

Fass One

ne#
299
300
301
302
303
304
J08
J06
307
308
309
310
311
12
313
Z14
318
316
317

378

F
(¢

3]

1 7
DO

C.......IF THIS MODE SHAPE IS TO BE FLOTTED,

+
3% COo

C.....8TORE EIGENVALUES
WRITE(2) ((W(J,1),d=1,2),1I=1,iN)
c .
C——e- FORMAT STATEMENTS
c
7 FORMAT(//SX, MODE",11X, "REAL"
30 FORMAT(4X,14,3(85X,1FELS.5))
8000 FORMAT (4HRPM=,F&.0)
[
END
Type Dffset P Class
REAL O *
REAL. 24 %
REAL %8 40 %
REAL 16 *
INTEGER®*Z2 414
INTEGER%2 422
INTEGER®2 430
INTEGER*2 438
INTEGER*2 4 *
INTEGER*2 28 «
INTEGER*2 44 »
INTEGER=%2 20 =
INTEGER*Z2 444
INTEGER*2 12 »
INTEGER*Z2 36 *
INTEGER®2 8 %
INTEGER*2 I2 Ok
REAL #8 48 %
$LIST
Type Size Class
SUBROUT INE
198° COMMON
SUBROUTINE
SUEROUT INE
SUBROUTINE
SUEROUTINE

35 I=1,N

C = w2,

WRITE (&6, 30)
WRITE (%,30)
IF (.NOT.FLOT) GOTO 3S

* 9.54929
I, W3, 1),3=1,2),C
I,(W(J,1),3=1,2),C

Microsoft FORTRAN77 V3.13

STORE SHAFE

Fage 3
08-13-84
19:12:03
8/05/8%

IF(C.GE.FLOW.AND.C.LE.FHIGH) WRITE(3) RPM, I, (W(J,1),d=1,2),

NT INUE

No Errors Detected
378 Source Lines
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D Line#

DODNOCWU DAL -

Z0

39

40

45

S0
51
S2
53
S4

=
SS

Sé
57
=12

S9
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#FSTRSTAE .. FOR® M 39639 36 3 36 596 96 3696 3 33 3 9630 30 360 3 33 3636 36 W 363 36 36 396 3 36 36 96 236 936 3696 396 36 36 3 36 96 96 36 9 o -
Cc ’ '
C FPROGRAM FSTRSTAB
c
c ROTOR DYNAMICS ANALYSIS PROGRAM
c : o .
362039 36 0063006 3 0 03 I 90 06300 300 I 60 00T 0 I I 36 I I I T I I3 T 00T I 3636 90 T I 40 2
C .
c FRINCIFAL SUBROUTINES UTILIZED IN PSTRSTAE ARE CALLED
c IN THE FOLLDWING ORDER:

FNCFLT o « . . . « « .. FUNCTION GENERATOR FLOTS
CRTFLT = v « & &« « « . CRITICAL SPEED FLOTS
STBFLT . . . . . . . . STABILITY PLbTS

SHFPLT . . & . . .« ﬂODE.SHAPE FLOTS

W36 3 I I I3 I I 3 I I 3 I W I I I I H I I I I I I I I I I I I I I K I I I I P I I I W I I I W I I I N MK

INFUT FILE NAMES DESCRIFTION
FGFLTS.RIN BINARY FILE CREATED‘BY FPROGRAM FRERSTAR
‘ o CONTAINING THE FUCTION GENERATOR DATA FOR
PLOTTING
EIGENS.BIN BINARY FILE CREATED BY FROGRAM RSTAE

CONTAINING THE EIGENVALUES AT EACH RFM STEF
FOR CRITICAL SFEED AND STARILITY FLOTTING

SHAFES.BIN BINARY FILE CREATED BY PROGRAM RSTAR
CONTAINING THE COMFLEX MODE SHAFES FOR MODE
SHAFE FLOTTING .

FIN. BAT FORMATTED IBM RATCH FILE USED TO DETERMINE
WHETHER TO PRINT THE OUTPUT LISTING DATA
IMMEDIATELY, OR TO WRITE THE INFORMATION TO
TEMFORARY FILE ’LISTI" L .

QUTFUT FILE NAMES DESCRIFTION

LISTS ’ - FORMATTED OUTFUT LISTING CREATED ONLY IF
_ OUTPUT 1S NOT PRINTED IMMEDIATELY

VECT;TMP,MAPS.THP BINARY TEMFORARY FILEé CREATED BY THE FLOTTS3
LIERARY. . THESE WILL EBE DELETED UFON NORMAL
TERMINATION OF THE FLOTT88 ROUTINES

oooooooonon0ocoOnOooOaO0oOonoOo0ooonono0o00a0onNaonn

09 3 360 3 306 3 3 36 36 96 36 6 9696 96 36 36 36 9 3 36 36 36 96 36 6 96 3 36 3 96 3 00 3 969636 36 36 3 36 36 36 36 396 363 36 96 396 96 95 96 336 96 3 36 2 3 3 30 K-

$STORAGE: 2
c
FROGRAM FSTRSTAE
[ .
CHARACTER TITL(72,2)%1,TYTL(48) *#1,BANNR(3) ¥31, TAFE4#%14
c .

EQUIVALENCE (AR, W), (AR,FG), (TITL, TAFE4), (AC,SF)
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D Line#
&0
61
&2
&=
64
&g

&6

&7
48
69
70
71
72
73
74
75
76
77
78
79
80
81
82
ez
84
85
86
87
86
89
Q0
21
92
23
Q4
95
96
?7
98
9
100

101,

102
103
104
105
106
107
108
109
110
111
112
113
113
115
116
117
118

-
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c
C* ARRAY DIMENSIONS MOST LIEELY TO CHANGE 9555 3463 36 5 3 5 3 3 55 34655 050 6 3 5 5 % %
c
C——~—— NOTE: DIMENSION VECT 2, NROT+NCASE .
[ W 2, LMOD , NI+1
Cc z 2, LMQD
I FG, SF NFTS+2
C

DIMENSION AR(115,14),AC(S50,14) ,FG(22),SF (22), ICASE (2() , IROT (20 ,
+ X (10) , VECT (2,40} ,W(2,30,51);, Z(Z, 30)

C**********************************i‘i‘ri‘rv‘?%ﬁ'***!‘.‘*****************'*******
c .

COMMON /MEM/ AR, AC, VECT, Z, ICASE, IROT
C
COMMON /DATA/NCMOD , NRMOD , NCDOF , NRDOF, TITL, TYTL,RZ (&), IFLTF,
+ IPRTZ, IPRT3,RZ1(6) ,NZ (4) ,NCASE,NROT,NSTAT, IFLG,
- 1FLG1, TH,SC, IPRT, KCRT, REM1 , DRFM, NI, IFCNT, ISCNT
C .
COMMON /DIMS/DIMX,DIMY,FNX,FNY,FACTX,FACTY, XASF, VECTX (4),
+ . VECTY (&)
C

CXx DATA STATEMENTS NEEDED FOR ARRAY REDIMENSIONING %% %% 5% K511 NK R AR
¢ DATA LCDOF,LRDOF,LMOD/S0, 115,30/
g***********************************************"***********************
¢ DIMX=6.1125

DIMY=4.8900

XASF=, 890
c
G OFEN LISTING FILE
c
DFEN(2,FILE="FIN.BAT® ,STATUS="0LD")
TAFE4="FRN’
READ (2, 9000, END=5) TAFE4
5 CLOSE(2)
OFEN(5,FILE=TAFE4, STATUS="NEW")
[ .
[ — OFEN FLOT DATA FILES
C
’ OFEN (1,FILE="FGPLTS.EIN®,STATUS="0LD" ,FORM=" UNFORMATTED" )
OFEN{Z,FILE="EIGENS.RIN®,STATUS="0LD’ , FORM=" UNFORMATTED" )
OFEN(3, FILE=" SHAFES. RIN’ ,STATUS="0LD’ , FORM=" UNFORMATTED")
c
Cmrmmm INITIALIZE CRT
C
CALL G@BORD(1)
CALL Q0SIZ(0,0)
c
C—m—m INITIATE PLOTE8 USAGE
C .
10 CALL PLOTS(0,0,1)
C
Cmmmm READ SUECASE DATA
o .
READ(2) IPLTF,IFRT2,TITL, RZ,RZ1,RFM1, DRPM, NI, FHIGH, FLOW, NRMOD,
+ NCMOD, NZ, KCRT, IFCNT, ISCNT, NXTC
RI/RD84-191
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147
148
149
150
151
152 C
153 C
154 C
155
1856 C
157
1 158
1 159
160
161
162
162
164
165
146
167
168
169
170
171
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READ(3) IPRT, IPRT3,NCDOF, NCMOD, NRDOF , NRMOD, NCASE , NROT, TITL,

+ . NSTAT, IFLG, IFLG1, TH, 5C, IFCNT, ISCNT,NXTC

SURCASE HEADER

CALL QCLEAR(1,7)
CALL GCMOV (0, 243)

WRITE (6,8002) IPCNT, ISCNT,TITL
WRITE (%,8002) IPCNT,ISCNT,TITL

WRITE(&,800%) NRDOF, NRMOD,NCDOF , NCMOD
WRITE (%, 8003) NRDOF, NRMOD, NCDOF , NCMOD

WRITE (6,8004) RFM1,DRPM, NI
WRITE (%,B8004) RFM1,DRFM,NI

————— FUNCTION: G GENERATORS

20

READ (1) IFCNT, ISCNT

FNY=10,
FNX=ANINT (FNY*1,25)

FACTY=DIMY/FNY
FACTX=DIMX/FNX

READ (1) IFGEN,TYTL,TITL,NFT, (SF(I),FG(I),I1=1,NFT)
IF (IFGEN.GT.0) THEN ' :
CALL FNCFLT (FG,SF,NFT)
GOTO 1S
ENDIF
CRITICAL SFEEDS/STABILITY
N = NCMOD + NRMOD
DO 20 J=1,NI+1
READ(Z) ((W(K,1,d),K=1,2),I=1,N)
CONT INUE
IF (IFLTF.EQ.0.0R. IPRT2.EQ.0) THEN
CALL CRTFLT (W, MOD, MHIGH) .
*IF (IFRT2.EQ. 0. AND.MHIGH.NE. ) CALL STBFLT (W,LMOD,MHIGH)
ENDIF
ROOT LOCUS (TO BE WRITTEN)
caLL LOCUS (W,LMOD) '
MODE SHAFES
READ (3) ((AC(I,J),1=1,NCDOF),J=1,NCMOD?, ((AR(I,J),I=1,NRDOF),
J=1,NRMOD) , (ICASE (1), I=1,NCASE), (IROT(I),I=1,NROT),
(X(I),I=1,NSTAT)
CALL SHFFLT(VECT, Z,AC, AR, ICASE, IROT, LMOD, LCDOF , LRDOF, X)

DUMFP PLOT BUFFER
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178 C
179 CALL PLOT(0.,0.,999)
180 C ’
181 C—~—-—- RERUN?
182 C
183 IF(NXTC.NE.4) GOTO 10
184 C
185 C—~——- CLOSE DATA FILES
186 C
187 CLOSE (1)
184 CLOSE(2)
189 CLOSE (3)
190 C
C—-—- COMFLETION BANNER
Cc
CALL @TIME(NZ,.NZ(2),NZ(3),NZ(4))
NZ(3) = NZ(3) + NZ(4)/7100. + 0.5
WRITE (4,8000) (NZ(1),1=1,3)
WRITE (%,8000) (NZ(I),I=1,3)
c
Cm———= CLOSE LISTING FILE
c
CLOSE (&)
c
i FORMAT STATEMENTS
C
8000 FORMAT (6 (/) ,2X 78 (1H®) /7H  #%%##, 68X, SH¥*%%%/T7TH #xx%x%, 18X,
+ 22HEXECUTION COMFPLETED AT, I3,2(1H:,IZ2),19X,SHexkexx/
+ TH  #xnex, 68X SHE#x%%/2X 78 (1H*))
8002 FORMAT(1H1///SX,4¢'% "), S UBCASE FLOTTING ",
+ 4(° #°)///20%X, MODAL INFUT®,12,5X,’SUBCASE",12/2(//SX,72R)
+ /77) :
8003 FORMAT (53X, *NO. OF ROTOR DOF =7,14,5X, NO. OF ROTCR MODES =7",14//
+ SX, "NO. OF CASING DOF =°,14,5X, "NO. OF CASIMNG MODES =°,14/)
8004 FORMAT (/3X, RFM1 =",1FE13.5,8X,"DRFM =",E13.5,8X,7IF =",14)
000 FORMAT(/ /74X, R)
C
END
Name Type Offset P Class
AC REAL 7360 /MEM /
ANINT INTRINSIC
AR REAL (¢] /MEM /
BANNR CHAR#*I1 42
DIMX REAL (o] /DIMS  /
DIMY REAL 4 /DIMS 7/
DRFM REAL 288 /DATA 7/
FACTX REAL 16 /DIMS 7/
FACTY REAQL 20 /DIMS 7/
FG REAL o] /MEM /
FHIGH REAL 142
FLOW REAL 1446
FNX REAL 8 /DIMS /
FNY REAL 12 /DIMS  /
I INTEGER*Z 156
ICASE INTEGER#*2 10720 /MEM /
IFGEN INTEGER*2 152
IFLG INTEGER»2 268 /DATA 7/
RI/RD84-191
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IFLG1 INTEGER#*2 270 /DATA / . B
IFCNT INTEGER#2 294 /DATA /
IFLTF INTEGER#*2 22 /DATA /
IFRT INTEGER#*2 280. /DATA /
IFRTZ INTEGER#*2 226 /DATA /
IFRT3 INTEGER#2 22 /DATA /
IROT INTEGER#*2 10760 /MEM /
ISCNT INTEGER#*2 296 /DATA /
J INTEGER*2 162
8 INTEGER=*D2 170 !
KCRT INTEGER*2 282  /DATA- /
LCDOF INTEGER#*Z2 136 '
LMOD INTEGER#2 140
LRDOF INTEGER%*2 13
MHIGH INTEGER*Z . 174
N INTEGER#2 160
NCASE INTEGER#*Z 262 /DATA  /
NCDOF INTEGER#*Z2 4 /DATA 7/
NCMOD  INTEGER#*2 (o] /DATA /
NI INTEGER*2 292 /DATA. 7/
NFT INTEGER#*2 - 154
NRDOF INTEGER*2 6 /DATA /
NRMOD INTEGER#2 2 /DATA 7/
NROT INTEGER*2 264 /DATA  /
NSTAT INTEGER*2 . 266 /DATA  /
NXTC INTEGER*2 150
NZ INTEGER*2 254 /DATA /7
RFM1 REAL 284 /DATA . /
RZ REAL 200 /DATA  /
RZ1 REAL 230 /DATAR  /
SC REAL . 276 /DATR - /
SF REAL 7360 /MEM /
TAFE4 CHAR*14 8 /DATA /7
TH REAL 272 /DATA /
TITL CHAR*1 8 /DATA 7/
TYTL CHAR*1 152 /DATA 7/
VECT REAL 10160 /MEM /
VECTX REAL 28 /DIMS 7/
VECTY REAL 44 /DIMS  /
W REAL (0] /MEM /
X REAL 2 :
XASF REAL 24 /DIMS . /
z REAL - 10480 /MEM /-
Name Type Size Class
CRTFLT SUBROUTINE
DATA 298 COMMON
DIMS 60 COMMON
FNCFLT SUBROUTINE
MEM 12240 COMMON
FPLOT SUBROUT INE
FLOTS SUBROUT INE
FSTRST PROGRAM .
QBORD SUBROQUT INE
QCLEAR SUBROUTINE
QacmMav SUEBROUT INE
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D Line# 1
QCs1z
OTIME
SHFPLT
STEFPLT

Fass One

SUBRQUTINE
SUBROUTINE
SUBRQUTINE
SUBROUTINE

No Errors Detected’
215 Source Lines
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D Line# 1 - 7 ' Microsaft FORTRAN77 V3.13 8/05/83
- 1 RFNCEL T 9% 3556 9 9 3636 3 36 36 98 3 3 3 35 36 36 36 36 36 3 36 6 36 3 6 3 96 336 96 9096 36 36 9 96 36 36 36 96 96 3 96 628 2 36 36 26 9 3 96 9 I 9 3 96 3 9 9 3 %
2 C .
3cC SUBROUTINE FNCPLT
4 C
5 C PLOTS FUNCTION GENERATORS
46 C .
AW I TSRS LIS ET IS SIS LIS ST ISI LIS L ST L LR TR R L ETRE
8 C
9 $STORAGE:?2
10 C '
11 SUBROUTINE FNCFLT{(FG,SF,N)
12 C o
iz DIMENSION FG(1),5F (1)
14 C : ‘
15 CHARACTER*1 TITL(72,2),TYTL (48)
16 C ) ) . ’
17 COMMON /DATA/NCMOD, NRMOD, NCDOF , NRDOF, TITL, TYTL RZ (&), IPLTF,
18 + IPRT2, IPRT3,RZ1 (&) ,NZ (4) ,NCASE, NROT,NSTAT, IFLG,
19 + ~ IFLG1;TH, SC, IPRT,KCRT, RFM1, DRPM, NI, IPCNT, ISCNT
20 C ' : ' .
21 COMMON */DIMS/DIMX,DIMY,FNX,FNY,FACTX,FACTY, XASF,VECTX(4),
22 + "VECTY (4} : . : .
23 C o :
24 C-—-—~ FLOT HEADING AND SET PLOT ORIGIN
25 C . :
26 CALL HEADIN(.193)
27 C ’
28 C-———- SCALE FUNCTION GENERATOR
29 C
30 CALL SCALE(SF,FNY,N, 1)
3 CAlLlL SCALE(FG,FNX,N, 1)
2 C
33 Cm—m—— DRAW X/Y AXES
34 C
35 CALL AXES ("AMPLITUDE®,9,FG(N+1) ,FG(N+2),
b6 + *SPEED (RFM)’,12,SP(N+1),SF(N+2))
37 C : ' . .
38 C-—~—~ FIX X AXIS5 FOR PLOTTING ON 180. DEGREES
39 C AND DISTORTED SCALE s
40 C : :
41 FG(N+2)=—FG (N+2) #FACTY/FACTX
42 C :
3 C--—— PLOT FUNCTION
44 C
45 CALL LINE(FG,SF,N,1,1,2)
44 C ]
47 C————=— FLOT BORDER
48 C .
49 CALL NEWFEN(2) )
50 CALL BOX (0. ,0., -FNX*FACTX/FACTY, FNY)
51 CALL NEWFPEN(1)
52 C . : :
53 C————- FLOT DASHED LINES IN X DIRECTION
54 C :

55

S6
S7
58

59

CALL STDASH(.037&0/FACTY, .03760/FACTY)
DO 10 I=1,INT(FNY)
CALL PLOTD(O.,FLOAT(I),3)
10 CALL FLOTD(-DIMX/FACTY,FLOAT(I),2)
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D Line# 1 7

&0 C=——=m PLOT DASHED LINES IN Y DIRECTION

C .

2 DO 1S I=1,INT(FNX)
1 63 CALL PLOTD(-I*FACTX/FACTY,0.,3)
1 64 1S CALL PLOTD(-I#FACTX/FACTY,FNY,2)

5C .

&4 C————- END OF PLOT

67 C .

68 CALL PLOT(Q.,0.,-999)

&% C

70 END
Name Type Cffset P Class
DIMX REAL o /DIMS  /
DIMY REAL 4 /DIMS /v
DRFM REAL. 288 /DATA /
FACTX REAL 16 /DIMS  /
FACTY REAL 20 /DIMS 7/
FG REAL O
FLOAT | INTRINSIC
FNX REAL 8 /DIMS  /
FNY REAL 12 /DIMS  /
1 INTEGER*Z 2
IFLG INTEGER*2 268 /DATA 7
IFLGL INTEGER*Z2 270 /DATA ./
INT INTRINSIC
IFCNT  INTEGER#*2 294 /DATA 7/
IFLTF INTEGER#*2 224 /DATA 7/
IFRT INTEGER*Z 280 /DATA 7/
IFRT2 INTEGER#*Z 226 /DATA  /
IFRTI INTEGER*Z2 228 /DatTa /
ISCNT INTEGER®*Z 2946 /DATA  /
ECRT INTEGER#*2 282 /DATA  /
N INTEGER®2 8 * '
NCASE - INTEGER%2 262 /DATA  /
NCDOF  INTEGER%*Z 4 /DATA /
NCMOD  INTEGER*2 [} /DATA /
NI INTEGER*2 ' 292 /DATA /
NRDOF  INTEGER#*Z 6 /DATA  /
NRMOD INTEGER*Z2 2 /DATA T/
NROT INTEGER#*2 244 /DATA 7/
NSTAT INTEGER#*Z2 2646 /DATA 7/
NZ INTEGER*Z 254 - /DATA 7/
RFM1 REAL =84 /DATA  /
RZ REAL. 200 /DATA /
RZ1 REAL 230 /DATA /7
sc REAL. 276 /DATA  /
SF REAL 4 x
TH REAL 272 /DATA /7
TITL CHAR*1 8 /DATA 7/
TYTL CHAR*1 182 /DATA 7/
VECTX REAL 28 /DIMS 7/
VECTY REAL 44 /DIMS /
XASF REAL 24 /DIMS 7/

Microsoft FORTRAN77 V3,13

2

Fage 2
08-13-84
19:24:34
8/05/82

71 RCRTPLT . FORMMEI NI N300 0000 05203000 30 303000300 0030 3030203038306 000 3030900090 3 9030 00 9430 3696 34 - 9
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73 C SUBROUTINE CRTPLT -
74 C B ’ .
75 € CRTPLT PLOTS CRITICAL SPEEDS
76 C - . : I )
77 C NOTE: CRTPLT RETURNS MHIGH (HIGHEST MODE NUMBER FITTING INTO
78 C THE SFECIFIED EBOUNDS FOR THE CRITICAL SPEED FLOT). THIS
79 C NUMEBER IS NEEDED BY SUBROUTINE STBPLT, SD IT MUST BE
80 C CALCULATED REGARDLESS OF WHETHER THE CRITICAL SPEED FLOT
81 C WAS RERUESTED. . T
82 C : .
BT (S99 7 9 396 336 36 3 3 96 3369690 F T 95 F 505 S M AU A 22 W WK I HE T I H I I PN
84 C . : :
85 SUBROUTINE CRTPLT(W,LMOD, MHIGH)
84 C :
87 . CHARACTER TITL(72,2)#1,TYTL#+48
88 C .
89 DIMENSION W(2,LMOD,1),VECTX(4),VECTY(4)
90 C i
1 EQUIVALENCE (VECTX(2),CRITM) , (VECTY(2),RFM)
?2 C . ) .
Q= COMMON /DATA/NCMOD, NRMOD, NCDOF , NRDOF, TITL, TYTL, XEB, XR, YE, YT,
24 + DX, DY, IPLTF, IPRT2, IPRT3,RZ1 (&) ,NZ (4) , NCASE , NROT,
4} + . NSTAT, IFLG, IFLG1,TH, SC, IPRT,KCRT, RPM1, DRFM, NI,
26 + IFCNT, ISCNT
?7 C s . ) :
98 COMMON /DIMS/DIMX,DIMY,FNX,FNY,FACTX,FACTY, XASF, VECTX,VECTY
?e C : S :
100 TYTL="ROTORDYNAMIC CRITICAL SFEED FLOT®
101 N = NRMOD+NCMOD
102 C
103 IF(IPLTF.ER.O) THEN
104 C '
105 C-—~=—-~- FLOT HEADER
106 C ’
107 CALL HEADIN(,.232)
108 C
109 C-——em~u Y DIRECTION SFECS
110 C
111 FNY=(XR-XE) /DX
112 FACTY=DIMY/FNY
113 VECTY (3)=XB
114 VECTY (4)=DX
115 C
116 C———=——~ X DIRECTION SPECS
117 C ] )
118 IF(DY.GE.1.) THEN
119 FNX=(YT-YB) /DY
120 ELSE S
121 ) FNX=ANINT (FNY#*1.25)
122 C NOTE: SQCALE DESTROVYS DX
123 CALL SCALE(YB,FNX,2,1)
124 YB=DX
125 YT=YB+FNX*DY
126 ENDIF
127 VECTX (3)=YB
128 VECTX (4)=DY
129 FACTX=DIMX/FNX
130 € -
131 C-~-—----DRAW X/Y AXES
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132 €
133 CALL AXES ("NATURAL FREQUENCY - CYCLES/MINUTE®,X3,VECTX(3),
134 + VECTX (4) , "RDTOR SFEN SFEED - RPM’,22,VECTY(3),
35 + VECTY(4)) o
1246 C
137 C———-———= FIX VECTX(4) FOR PLOTTING ON 180 DEGREE AXIS
138 © AND DISTORTED SCALE
139 C
140 VECTX(4) = —-VECTX(4)#FACTY/FACTX
141 C '
142 C————-—~ DRAW SYNCHRONOUS LINE
14T C
144 VECTY (1) = AMAX1(XE,YE)
145 IF(VECTY(1).GT.XR) GOTO S
144 VECTY(2) = AMINI(YT,XR)
147 C )
148 VECTX (1) = VECTY(1)
149 VECTX(2) = VECTY(2)
150 ¢ '
151 CALL LINE(VECTX,VECTY,2,1,0,0)
152 C : v
153 C————mmm DRAW HALF-SYNCH. LINE
154 C
185 5 VECTY (1) = AMAX1 (XE,YB*2)
154 IF(VECTY(1).GT.XR) GOTO 10
157 VECTY(2) = AMINL{(YT#*2,XR)
18 C -
159 VECTX (13} = VECTY(1)/2
160 VECTX(Z2) = VECTY(2)/2
161 € :
162 CALL L INE(VECTX, VECTY,_,I 0,0
163 ENDIF
164 C ’ ' :
165 C-~—=— FLOT A SYMEOL AT EACH DATA FOINT IN THE PLOT WINDOW
166 C
167 10 MHIGH=0
1468 DO 200 I=1,NI+1
1 169 RPM = RFMI + DRPM*(1-1)
1 170 IF (RFM.GE. XB. AND.RFM. LE. XR) THEN
1 171 DO 100 J=1,N
e 172 CRITM = Wt:,J 1) %9,.54929
2 17% IF(CRITM.GE.YE.AND.CRITM.LE. YT THEN
2 174 IF(IFLTF.EQ.O) CALL LINE(CRITM,RFM, 1 1,-1,11)
z 175 MHIGH=MAXD (MHIGH, J)
z 176 ENDIF
2 177 100 CONTINUE
1 176 ENDIF
1 179 200 CONTINUE
180 C :
181 IF(IFLTF.EQ.0) THEN
182 C
183 C—-mmm— FLOT EORDER
184 © .
185 CALL NEWFPEN(Z)
186 CALL BOX(0.,0.,-FNX*FACTX/FACTY, FNY)
187 CALL NEwFEN(X)
188 €
189 C~—~—~—~ FLOT Y DIRECTION DASHED LINES
C

190
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191 CALL STDASH(.03760/FACTY, .03760/FACTY)
192 DO 25 I=1,INT(FNY)
1 193 CALL PLOTD(O.,FLOAT(I),3)
1 194 25 CALL PLOTD(-DIMX/FACTY,FLOAT(I1),2).
165 C
196 C-—=——=- FLOT X DIRECTION DASHED LINES
197 C
198 DO 30 I=1, INT(FNX)
i 199 CALL FPLOTD(-I®FACTX/FACTY,0.,%)
1 200 30 CALL PLOTD(-I#FACTX/FACTY,FNY,2)
20t C : )
202 C————~—- END PLOT
03 C
204 CALL PLOT(0.,0.,-999)
2095 ENDIF
206 C
207 END
Name Type Dffset P Class
AMAX 1L INTRINSIC
AMINI INTRINSIC
ANINT .~ INTRINSIC
CRITM REAL 32 /DIMs  /
DIMX REAL 0o /DIMS  /
DIMY REAL 4 /DIMS  /
DRFM REAL 288 /DATA /
DX REAL 216 /DATA /
DY REAL 22 /DATA /
FACTX REAL 16 /DIMS  /
FACTY REAL 20 /DIME  /
FLOAT INTRINSIC
FNX REAL 8 /DIMS  /
FNY REAL z /DIMS  /
I INTEGER#*Z 18
IFLG INTEGER*2 268 /DATA /
IFL.G1 INTEGER#*Z2 270 /DATA /
INT INTRINSIC
IFCNT  INTEGER*Z 294 /DATA /
IFLTF INTEGER#*2 224 /DATA /
IFRT INTEGER*2 280 /DATA  /
IFRT2 INTEGER#*2 226 /DATA /
IFRTZ INTEGER#*2 228 /DATA  /
ISCNT INTEGER#2 296 /DARTA /
J INTEGER#2 26
ECRT INTEGER#*2 282 /DATA 7
LMOD INTEGER*2 4 =
MAXC INTRINSIC
MHIGH INTEGER#*Z2 8
N INTEGER*2 16
NCASE INTEGER®Z 262 /DATA /
NCDO¥  INTEGER#*Z 4 /DATA /
NCMOD  INTEGER#*Z (] /DATA /
NI INTEGER%2 292 /DATA /
NRDOF  INTEGER#*2 &6 /DATA /
NRMOD INTEGER#2 2 /DATA  /
NROT INTEGER#*2 264 /DATA /
NSTAT INTEGER#2 266 /DATA /
N2 INTEGER*2 254 /DATA 7/
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FFM REAL 48 /DIMS  /
RFM1 REAL 284 /DATA  /
TRZ1 _REAL 230 /DATA /
sC REAL 276 /DATA 7/
TH REAL 272 /DATA /
TITL - CHAR*1 8 /DATA /
TYTL CHAR#48 152 /DATA 7/
VECTY REAL 28 /DIME  /
VECTY REAL - 44 /DIMS 7/
v REAL 0 *
XASF REAL 24 /DIms 7
XB REAL 200 /bata 7
XK REAL 204 /DATA /7
YE REAL 208 /DATA 7/
YT REAL 212 /DATA /.

208 xSTRFLT. FDF\'****************************i****************i************
209 C

210 C SUBROUTINE STEFLT

211 C

212 C STEFLT EXECUTES THE STABILITY FLOT OPTION
21T C :

=14 C******'!'***************************************************************
- .-
215 C

214 SUBROUTINE STBFLT (W,LMOD,MHIGH)
217 C

CHARACTER TITL(72,2)%1,TYTL*48

DIMENSION W(E,LMDD,I),VECTX(4),VECTY(4),NZi(1Sf
EQUIVALENCE (REALM,VECTX(2)), (RFM,VECTY (2))
EXTERNAL XDISP,YD&SP

COMMON /DATA/NCMOD, NRMOD, NCDOF , NRDOF , TITL, TYTL,RZ (&) , IFLTF,

+ IPRT2,1IPRTZ, XB1,XR1,YB1,YT1,DX1,DY1,NZ (4) NCASE,
+ NROT,NSTAT, IFLG, IFLG1,TH, SC, IFRT,KCRT, RPM1 , DRFM,
+ NI, IFCNT, ISCNT

COMMON /DIMS/DIMX,DIMY,FNX,.FNY,FACTX,FACTY, XASF,VECTX,VECTY

C~--~——-DEFINE THE FLOT SYMEOL CORRESFONDENCE WITH DISFLAY

DATA NZ1/1,2,3,4,6,7,0,11,10,12,8,9,13,1,2,3,4,&/

[
Lo Y DIRECTION SFECS
C
279 VECTY (Z)=XE1
240 VECTY (4)=DX1
241 FNY=(XR1~-XE1) /DX1
242 FACTY=DIMY/FNY
243 C
244 C——-m— X DIRECTION SFECS
245 C
244 . VECTX(3)=YB!
247 - VECTX (4)=DY1
248 FNX=(YT1~-YE1) /DY1
249 FACTX=DIMX/FNX
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FIX VECTX(4) FOR FLOTTING ON 180. DEGREE AXIS
VECTX (4) = -VECTX(4)
MAIN ROUTINE

NFLTS = MHIGH/4. + 0.9
IF(KCRT.EQ.1) NPLTS=1

DO ZO0 KOUNT = 1,NFLTS
--FLOT HEADER

TYTL="ROTORDYNAMIC STARILITY FLOT®
CALL HEADIN(.232

--FLOT THE SYMBOL KEY

IF (KCRT.NE. 1) THEN
DD S I=1,4" ' v
IF ((KOUNT—-31) %4+I.GT. MHIGH) GOTO S5
WRITE(TYTL, ¢I2)7) I+4%(KDUNT-1)
CALL SYMBOL(-5.65+(1-1)%.160,.271,.075,NZ1(NZ2(1)),90.,~1)
CALL SYMBOL (-5.61+(1-1)#%,160,.380,.118,7=",90.,1)
CALL SYMEOL (-5.61+(1-1)#,160,.540,.118, "MODE *,90.,5)
caLL SYMBDL(—J.61+(1 1) %, 160,.990,.118 TYTL, 90.,_
CONT INUE
CALL SYMEOL (~5.76,.381,.118, " SYMEOLS® 90.,7)
CALL BOX(-5.08,.200,-5.93,1.21)
ENDIF

~-FLOT UNSTABLE/STABLE LABELS
CALL SYMBOL(-S.13,2.94,.119,” UNSTABLE"® 90..8)
CALL BOX(-35.08,2.89,-5.28,3.69)
CALL SYMBOL(—.870,2.94,.119,"STABLE*,90.,6)
CALL BOX(-.B30,2.89,-1.02,3.51)

~-DRAW X/Y AXES

CALL AXES (LAMBDA REAL — 1/SEC  (DAMPING FACTOR)® ,38,VECTX (3),
~-VECTX(4), ROTOR SFIN SPEED - RFM",22,VECTY(3),
VECTY (4))

~-PLOT SYMBOLS AT DATA PDINTS IN THE PLOT NfNDON

NZ9=11
N=MHIGH
DO 150 L=1,NI+1
RFPM=RFM1+ (L-1) #*DRFM
IF (RFM.LT.XB1.0R.RFM.GT.XR1) GOTD 150
Y=YDI1SF (RFM)
IF (ECRT.NE. 1) N=4
DO 100 1 = i,N
1K= (KOUNT-1) #4+1
IF(IK.GT.MHIGH) GD TO 150
IF (KCRT.NE. 1) NZ9=NZ1(NZ(I1))
REALM = W(1,IK,L) '
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IF(REALM.LT.YE1.OR.REALM.GT.YT1) GOTO 100
X=XDISF (REALM) .
——————————— CHECKE, FOR FLOT KEY WINDOW
IF(KCRT.NE.1.AND.
(X.LE.-S.08.AND.Y.GE..200.AND. X.GE. -5.93.AND. Y.LE.1.21))
GOTO 100
——————————— CHECK FOR UNSTABLE/STABLE LABEL WINDOWS ’
IF((X.LE.-5.08.AND.Y.GE.2.89.AND. X.GE.-5.2B.AND. Y. LE. 3. 469) . OR.
(X.LE.-.B830.AND.Y.GE.2.82.AND. X.GE. -1 .02.AND. Y. LE.Z.51))
) GOTO 100
CALL SYMBOL (X/FACTY,Y/FACTY,.O07S/FACTY,NZI9,90.,~1) ¢
CONT INUE
CONT INUE

FL.0T BORDER

CALL NEWFEN(2)
CALL BOX(O.,0.,-FNX*FACTX/FACTY,FNY)

FLOT REALM=0 LINE

CALL FLOT(XDISF(0.)/FACTY, YDISP(XBI)/FACTY,B)
CALL FPLOT(XDISF(O. Y /FACTY, YDISP(XRI)/FACTY,
CALL NEWFEN(1)

FLOT X DIRECTION DASHED LINES (AVOID FLOT LABELING)

CALL STDASH(.0I760/FACTY,.03760/FACTY)
DU 10 I=1,INT(FNY),
Y=FLOAT (1) *FACTY '
CALL PLOTD(O.,Y/FACTY,3)
IF (KCRT.NE. 1.AND. (Y.GT..200.AND.Y.LT.1.21)) THEN
CALL FLOTD(-S5.08/FACTY,Y/FACTY,2) :
CALL FLOTD(-5.93/FACTY,Y/FACTY,3)
ENDIF
IF{Y.BT.2.89.AND. Y.LT.3.51) THEN
CALL FLOTD(-.BZ0/FACTY,Y/FACTY,2)
CALL PLOTD(-1.02/FACTY,Y/FACTY,
ENDIF
IF(Y.GT.2.89.AND.Y.LT.3.69) THEN
CALL FLOTD(~5.08/FACTY, Y/FACTY, )
CALL FLOTD(~5.28/FACTY,Y/FACTY,3)
ENDIF
CALL FLOTD(-DIMX/FACTY,Y/FACTY,2)

FLOT Y DIRECTION DASHED LINES (AVOID FLOT LABELING)

DO 15 I=1,INT(FNX)

X==FLOAT (I)*#FACTX

CALL FLOTD(X/FACTY,0.,3)

IF (KCRT.NE. 1.AND. (X.6T.-5.93.AND. X. LT.—u.UG)) THEN
CALL PLOTD(X/FACTY,.200/FACTY,2)
CALL FLOTD(X/FACTY,1.21/FACTY,3)

ENDIF

IF(X.GT.-5.28.AND. X.LT.-5.08) THEN
CALL FLODTD(X/FACTY,Z.89/FACTY,2)

165 CALL FLDTD(X/FACTY.o.bq/FACTY,3)
366 ENDIF
367 IF(X.BT.-1.02.AND. X.LT.-.830) THEN
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D Line# 1 7
z 368 CALL PLOTD(X/FACTY,2.89/FACTY,2)
2 369 CALL PLOTD(X/FACTY,3.51/FACTY,3)
2 370 ENDIF _ :
2 371 15  CALL PLOTD(X/FACTY,FNY,2)
1 372 ¢C
1 373 200 CALL PLOT(0.,0.,-999)
374 C
375 END

Name Type

DIMX  REAL
DIMY  REAL
DRFM  REAL
DX1 REAL
DY1 REAL
FACTX REAL
FACTY REAL

FLOAT

FNX REAL

FNY REAL

1 INTEGER*2

IFLB INTEGER*2
IFLG1  INTEGER*2
! INTEGER*2

IFCNT INTEGER*Z2
IFLTF INTEGER*2
IFRT INTEGER*2
IFRTZ INTEGER%2
IFRTS INTEGER*2
ISCNT INTEGER*2
KCRT INTEGER*2
EOUNT - INTEGER#*2

L INTEGER*2

L.MOD INTEGER*2
MHIGH INTEGER#*2
N INTEGER*2
NCASE INTEGER*2
NCDOF  INTEGER#*2
NCMOD  INTEGER#*2
NI INTEGER*2
NFLTS INTEGER#*2
NRDOF  INTEGER*2
NRMOD  INTEGER#*Z
NROT INTEGER*2
NSTAT INTEGERx*Z

NZ INTEGER#*2
NZ1 INTEGER*2
NZD INTEGER=Z
REALM REAL
RFM REAL
RFM1 REAL
RZ REAL
sC REAL
TH REAL

TITL CHAR*1
TYTL CHAR*48
VECTX REAL

Offset P Class

O

4
288
244
250
16
20

8
12

>
“=

268
270
120

294
24
280
226
22
296

82
98

96
262

292

.82

264
266
254

o4
32

' 284

200

276
272

182

28

" /DATA

/DATA
- /DATA

~ /DIMS

/DIMS 7/
/DIMS ¢/
/DATA  /
/DATA 7/
/DATA /.
/DIMS  /
/DIMS  /
INTRINSI
/DIMS 7/
/DIMS 7/

c

NS

/DATA

INTRINSIC
/DATA
/DARTA
/DATA
/DATA
/DATA
/DATA
/DATA

SNSNN NN

/DATA
/DATA

NN N N

/DATA
/DATA
/DATA
/DATA
/DATA

NN NN

/DIMS
/DIMS
/DATA
/DATA
/DATA
/DATA
/DATA
/DATA

NN NNNNNNN
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D Line# 1
VECTY

W
X

XASF

XE1

XDISF

XK1

Y

YE1

YDISF

YT1

Name

X1
Xz
Y1
Y2

376
377
=78
79
380
81
382
87
g4
85
84
z87
=88
89
IO

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

44 /DIMS 7/

.0 *
122
24 /DIMS 7/
230 /DATA /
EXTERNAL
234 /DATA 7/
106
238 /DATA /
EXTERNAL
242 /DATA 7/

fage 10
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#BOX . FOR %% % 5% 3 3% % 9 3% 3 3 % 3 9% 3 3 36 3 3 3 3 33 3 3 36 3 9 336 3 3336 3 3 3 336 36 3 3 98 3 096 26 34 3 3 36 36 3 3 4 39 3 3 3¢ 9 32 %

c
c
cC

SUBRODUTINE B OX

C******{***********l***l*************%**‘*************}*****************

Cc

C

Type
REAL
REAL
REAL.
REAL.

c
c

C

SUBROUTINE BOX{(X1,Y1,X2,Y2)

CALL
CALL
CALL
CALL.

CatL

END

SUBROUTINE

PLOT(X1,Y1,3)

PLOT (X2,Y1,2)
FLOT(X2,Y2,2)
FLOT (X1,Y2,2)
FLOT(X1,Y1,2)

Offset F Class

b @O
* k % *

SUEROUTINE HEADIN (KIGHT)

CHARACTER TITL(72,2),TYTL(48)

COMMON

COMMON

HEADTIN

FHEAD TR 3053369 36 3333 20 3 3 3 236 336 36 3 30 3606 36 3696 20 2636 36 3630 6 36 3 36 696 396 3 96 36 3636 36 36 9696 3 3636 3 M3 36 3 3 3

(0365 300 0 3 36 3 36 3 3 B 06 3606 3 32 36 30 96 3 H 3 336 336 3 336 6 3 3 3 36 362690 330 6 36906 JE 3 I I 96 PN

/DATA/NCMOD, NRMOD, NCDOF  NRDOF , TITL, TYTL,RZ (&), IFLTF,

1FRTZ, IPRT3, XEB1, XR1, YB1,YT1,DX1,DY1,NZ (4) ,NCASE,
NRDT,NSTAT, IFLG, IFLB1, TH, 5C, IFRT, KCRT, REM1 , DREM,

NI, IPCNT, ISCNT

VECTY (4)

/DIMS/DIMX,DIMY,FNX,FNY, FACTX,FACTY, XASF, VECTX (4) ,

DETERMINE LENGTH OF PLOT TITLE FOR CENTERING

L=48

IF (L.

NE.O.AND. (TYTL (L) .E@."

RI/RD84-191
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THEN



D Line# 1 7
413 L=L
414 Gar
415 ENDIF
416 C
417 C———~— PLOT
418 C
419 cAaLL
420 CALL
421 CALL
422 cAaLL
423 CALL
424 cALL
425 C
e SET P
427 €
428 CALL
429 C
430 END
Name Type
DIMX REAL
DIMY REAL
DRFM REAL
Dx1 REAL
DY1 REAL
FACTX REAL
FACTY REAL
FNX REAL
FNY REAL
HIGHT REAL
IFLG INTEGER*2
IFLG1  INTEBER*Z
IFCNT INTEGER#*2
IFLTF  INTEGER#*Z
IPRT INTEGER#*Z
IFRT2 INTEGER*2
IFRTS INTEGER#*Z
ISCNT  INTEGER#*Z2
KCRT INTEGER*2
L INTEGER#*2
NCASE INTEGER*2
NCDOF INTEGER#*Z
NCMOD  INTEGER*2
NI INTEGER*Z
NRDOF INTEGER*Z
NRMOLD  INTEGER#*2
NROT INTEGER*2
NSTAT INTEGER#*2
NZ INTEGER*2
RFM1 REAL
RZ REAL
sc REAL
TH REAL
TITL CHAR*1
TYTL CHAR%1
VECTX REAL
VECTY - REAL
XASF REAL

Microsoft FORTRAN77 V3.13
-1
05

HEADER

ASFECT (XASF) . :

SYMEOL (2. 03, (8-L#HIGHT#,872#XASP) /2, HIGHT, TYTL, 90, ,L)
FLOT (2. 07, (B-L*HIGHT*.872%XASF) /2, 3)
PLOT(2.07, (B+L*HIGHT*.872%#XASP) /2,2)
BOL(2.30,1.58,.120,TITL,90.,60)

SYMBOL (2.52,1.58,.120,TITL(1,2),90.,60)

ma

LOT ORIGIN

PLOT (8.90,1.58,-3)

Dffset F Class

O /DIMS 7/
4 /DIMS s
288 /DATA /
246  /DATA /
250 /DATA /
16 ° /DIMS  /
20 /DIMS 7/
g /DIMS ./
2  /DIMS /
QO *
268 /DATA. /
270 /DATA /
294 /DATA  /
224 /DATH 7/
280 /DATA 7/
226 /DATA /.
228 /DATA  /
294 /DATA  /
282 /DAaTA  /
158
262 /DATA /
4 /DATA  /
o /DATA /
292  /DATA /
& /DATA /
2  /DATA /
264 /DATA 7/
266 /DATA 7
Z54 /DATA 7
284 /DATA 7
200  /DATA /
276  /DATAR 7/
272  /DATA /¢
8 /DATA 7
152 /DATA /
28 /DIMS /
44 /DIMS 7/
24 /DIMS 7/
RI/RD84-191
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D Line#
XE1
XR1
YE1
YT1

4?1

433
4=4
4zs
436
437
428

439,

440
441
4472
447
444
445
446
. 447
443
449
450
451
452
453
454

Name

DIMX
DIMY
FACTX
FACTY
FNX
FNY
LX

LY
VECTX
VECTY
XASF
XE

XD
XTIT
YE

YD
YTIT

45
456
457
458
459
440
461

1 7 Microsoft FORTRAN77 V3.13 8/05/83%

REAL 230 /DATA  /

REAL 234 | /DATA /

REAL. 238 /DATA /

REAL 242 /DATA /
*AxEs***************iﬁ***l*******i********l********i&fu*******¥*******«*
C
C SURROUTTINE AXES
[ .

(0636 3 36 36 3696 36 369696 3 96 6 396 6 06 36 36 6 96 2636 3696 366309606 36 30 036 36 30 363636 3606 30 0 30 630 9046 36 30 3696 3606 36 36 3636 36 96 3 9636 3600 N 96 6 6
[
SUBROUTINE AXES(XTIT,LX,XHE,XD,YTIT,LY,YE,YD)
C
CHARACTER XTIT(LX),YTIT(LY)
C
COMMON /DIMS/DIMX, DIMY FNX,FNY,FACTX,FACTY, XASF, VECTX(4),
+ VECTY (4)
Cc
Cmmm—= DRAW X/Y AXES
[
CALL. FACTOR(FACTX)
CALL STARXISC. 09/FACTX,.1”4/FACTX..O?a/FACTX,.O?/FACTX o)
. CALL AXIS(0.,0.,XTIT,LX,FNX,180.,XE, XD)
C .
CALL FACTOR (FACTY)
CALL STAXIS(. 09/FACTY,.174/FACTY,.074/FACTY,.07/FACTY o)
CALL AXIS(O.,0.,YTIT,-LY,FNY,?0.,YB, YD)
C
END

Type Offset F Class

REAL O /DIMS  /

REAL 4 /DIMS /

REAL. 16 /DIMS  /

REAL. 20 /DIMS  /

REAL 8 /DIMS /

REAL 12 /DIMS 7/

INTEGER*2 4 *

INTEGER*Z 20 *

REAL 28 /DIMS  /

REAL 44 /DIMS ¢/

REAL 24 /DIMS 7/

REAL 8 %

REAL 12 =

CHAR*1 O %

REAL 24 =

REAL 28 =

CHAR* 1 16 =

C

Fage 12
0B8-13~-84
19:24:34

S XD T SF %33 933 360630636 3 3 363t 3 36 36 3 30 3 96 I 366N I I I I I I I I I I I I KB RN

c FUNCTION XDISP

c

C***********#********%***{**{**i****l**i***********************%i******i

c

FUNCTION XDISF(X)

RI/RD84-191
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D Line#
4462

463

464

o] ) -

465

467

Name

DIMX
DIMy
FACTX
FACTY
FNX
FNY
VECTX
VECTY

XASF

468
469
470
471
472
473
474
475
476
477
478
479
480

Name

DIMX
DIMY
FACTX
FACTY
FNX
FNY
VECTX
VECTY
XASF

Name

ASFECT
AXES
AXIS
BOX
CRTFLT
DATA
DIMS

Type

REAL
REAL
REAL
REAL

- REAL

REAL
REAL
REAL
REAL
REAL

7

Microsoft FORTRAN77 V3.1
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COMMON /DIMS/DIMX,DIMY,FNX,FNY,FACTX,#ACTY,XASP,VECTX(4),VECTY(4)

XDISP=(X—VECTX(3))/VECTX (4)*FACTX

END

Offset P Class

Q
a4
16
20
B8
12
28
44
Q

.24

- /DIMS

/DIMS

/DIMS
/DIMS
/DIMS
/DIMS
/DIMS
/DIMS

NN N NNN NN

~

/DIMS

YD T SF 099625 996963636 26 56 96 96 36 36 9636 36 3 36 3696 36 3696 26 2696 90636 96 36 3 263696 36 T 96 396 26 96 966 36 96 6 96 3 H 6 3 96 3 3 363 36 36 9 ¥

c
Cc
c

c
C
c

c

Type

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

Type

FUNCTTION

FUNCTION YDISF{(Y)

YDISF

C*****ﬂ-********************************************.*********************

COMMON /DIHS/DIMX,DINY,FNX,FNY;FACTX,FACTY,XASP,VECTX(4),VECTY(4)

YDISF=(Y-VECTY (3))/VECTY(4) *FACTY

END

Offset F Class

(9]}
4
16
20
8
12
28
44

b
<

298
ao

/DIMS

/DIMS

/DIMS
/DIMS
/DIMS
/DIMS
/DIMS
/DIMS
/DIMS

TN N NN NNNN

Class

SUBRRDUTINE

- SUBROUTINE

SUBROUTINE
SUBROUTINE
SUBROUTINE
COMMON
COMMON

RI/RD84-191
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D Line# 1
FACTOR
FNCFLT
HEADIN
LINE
NEWFEN
FLOT
FLOTD
SCALE -
STAXIS
STERFLT
STDASH
SYMEOL
XDISF
YDISF

REAL
REAL

Fass One

SUBROUT INE

- SUBROUTINE

No Errors Detec
480 Source Lines

SUBROUTINE
SUBROUTINE
SUBROUT INE
SUBROUT INE
SUBROUTINE
SURROUT INE
SURROUT INE
SUBROUTINE
SUBRDUT INE
SUERROUT INE
FUNCTION

FUNCTION

ted
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D Line#

» DO NOU WS-

OsoCoOo0O0O00000D00O000000ON00000

34
37

40
41
42

44
45
44
47

49
50
S1
o2
S
S4
S5
g6
57
S8
=
-

1
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STORA

SUBRDUTINE SHFPLT

ROTORDYNAMICS INTERACTIVE MODE SHAPE FLOTTING

***************************************************{--***************i %%

RYR, RYI, RZR, RZI. = ROTOT Y AND Z REAL AND IMAG

CYrR, CYI, CZR, CZI = CASING Y AND Z REAL AND IMAG
FHIR,FHIC = WHIRL DIRECTION FWD=FORWARD, REV=RACKWARD
NSTAT = NO. OF STATIONS, .LE. 10
IFLG = CONTROL FLAG.... =1 FLOTS ROTOR ONLY,
' =2 PLOTS CASING ONLY,
=3 PLOTS ROTOR, CASING, AND
" ROTOR~CASING : :

IFLGI = UNUSED
TH = VIEWING ANGLE (DEGREES)
SC = BCALE FACTOR

¥ ¥ ¥ ¥ ******************************************************************

GE: 2

SUBROUT INE SHPFLT(VECT,Z,AC,AR,ICASE,IROT,LMOD,LCDUF,LRDOF,X)
CHARACTER TITL(72,2),FREC(2)*3:TYTL*48.

LOGICAL FHIR(10) ,PHIC(10)

EXTERNAL. CABS,XDISP,YDIS#

EQUIVALENCE (IFHIC, FHIC),(IPHIR FHIR)

DIMENSION AC(LCDDF 1), AR(LRDOF, 1),ICQSE(1),IROT(1) VECT (2, 1),

+ Z(2,1),%¢1)

id b)Y e

+

+

DIMENSION CYBAR(250),CZBAR(250),RYR(10) ,RYI(10), RZR(iO),RZI(iu‘
RYBAR (25C) ,RZBAR (250) ,CYR (10) ,CYI (10) CZR(ln).CZI(ln;,
YCL (1) , YREL (2 50),IPHIC(iO),IFHIR(IU).‘CL(lﬁ‘ WZ(2),
ZREL (250)

COMMON /DATA/NCMOD , NRMOD , NCDOF , NRDOF, TITL, TYTL,RZ (&) , IFLTF,
IPRT2, IPRT3,RZ1 (&) ,NZ (4) ,NCASE, NROT,NSTAT, IFLG,
(IFLG1, TH, ST, IPRT,KCRT, RPM1, DRPM, N1, IFCNT, 1SCNT

COMMON /DIMS/DIMX DIMY, FNX FNY FACTX FACTY, XASP,VECTX (4),

+ VECTY(4)

DATA FREC/’REV® ,"FWD’/ , 11;12/1,2/
NMODES=NRMOD+NCMOD

DEFINE DATA FOR MODE SHAPE FLOTTING
IF(IPRT3 .EQ. 0) THEN'

THETA=TH*.01745
PO S I=I1,NSTAT
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YCL(I) = X(I) * COS(THETA) : :
ZCLCI) = X(I) * SIN(THETA)
S  CONTINUE

CALL STDASH(.0376,.0376)
XL = X(NSTAT) - X(I1)
FACTX=8.2
FACTY=4.&6
DIMX = FACTX-I2%#SC*XL
DIMY = FACTY-I2%#SC*XL
IF (ABRS(SIN(THETA)) .LT.DIMY/CABS(DIMX)) THEN
VECTX (Z)=YCL (NSTAT) -SC* XL
VECTX (4)=YCL(I1)+SC*XL-VECTX (3)
VECTY (4)=VECTX (4) #FACTY/FACTX
VECTY (3)=(ZCL (NSTAT)+ZCL(I1)~-VECTY(4)) /12
ELSE
VECTY (Z)=ZCL (NSTAT) ~-SC*XL.
VECTY (4)=ZCL (I1)+SCxXL-VECTY ()
VECTX (4) =VECTY (4) *FACTX/FACTY
VECTX (Z)=(YCL (NSTAT)+YCL(I1)-VECTX(4)) /12

ENDIF
ENDIF
C .
o MAIN ROUTINE
C .
10 READ(I) RFM,JMODE,WZ, ((Z(J,1),Jd=I11,12),I=11,NMODES)
IF (JMODE.LT. Q) RETURN
WRITE(&, " (1H1) ™)
" IF (RFM.NE.RFMLST) THEN
WRITE (6, 8001)
WRITE (6, 8000) TITL,RFM
RFMLST=RFM
ENDIF
c
G~-~-—-BACKTRANSFORM THE ROTOR DOFS
C A
DO 1S5 I = I1,NRDT
VECT (11, 1)=0.0
VECT(12,1)=0.0
DD 15 J=I1,NRMOD
CVECT(I1,I) = VECT(I1,I) + AR(IROT(I),)*Z(I11,d)
15 VECT(12,1I) = VECT(IZ,1) + AR(IROT(D),J)*Z(I2,0}
C
T BACKTRANSFORM THE CASING DOFS
C
DO Z0 I = I1,NCASE
VECT (I1,NROT+I)=0.0
VECT (IZ,NROT+1)=0.0
DO 20 J = I1,NCMOD
VECT(I11,NROT+I) = VECT(I1,NROT+I) + AC(ICASE(I),J)*Z(I1,NRMOD+J)
20 - VECT(I2,NROT+I) = VECT(I2,NROT+I) + AC(ICASE(I),J)*Z(I2,NRMOD+J)
C .
XE = WZ(IZ) * 9.54929
C
o WRITE MODE SHAFE
C

IF(IPRT.EQ.0) THEN
Covoe o o NORMALIZE VECTOR WITH RESFECT TO ALL DOF’S
: FMAX = 0.0
DO 25 I = 11,NROT+NCASE
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25  PMAX=AMAX1 (PMAX, CABSI(VECT(I1,1)))
c
WRITE (6,2000) JMODE,WZ, XE~
C
IF(NRQT .NE. 0) THEN
WRITE (&6, 2500)
WRITE (6,4010) b
WRITE(6,2150) (IROT(I),CABS(VECT(I1,1))/FMAX,ATANZ(VECT(IZ, 1),
+ VECT(I1,I)), (VECT(J, I) /PMAX,J=11,12),I=I1,NROT)
ENDIF .
C
IF(NCASE .NE. 0) THEN
WRITE (6, 2600)
WRITE (6,4010)
WRITE (6,2150) (ICASE(D), CABS (VECT (11, NROT+I))/PMAX ATANR(VECT (12
+ ,NROT+1), VECT(II NRDT+I)),(VECT(K NRDT+I)/PMAX.
+ k—Il 19),1 =11, NCASE)
ENDIF .
»
ENDIF
C
Cemm—m FLOT MODE SHAPE
C
IF(IPRT3.NE.O) GOTD 10
C
C.....NORMAL.IZE WITH RESPECT TO STATION DOF’S ONLY
PMAX=0.0
DO 30 I=I1,NSTAT
FMAX=AMAX1 (PMAX,VECT(I1, I*I2-11) ,VECT(I1,Y#12),
+ VECT(I1,NROT+I*#I2-11),VECT(I1,NROT+I*12))
I0 PMAX=AMAX1 (FMAX, VECT(IL.I*IL-II) VECT(I2,1+12),
+ VECT(I:,NROT+I*I°-11).VECT(I JNROT+I*IZ))
C .
DO 35 I=11,NSTAT
RYR(I) = VECT(I1,I1*12-11)/FMAX *® XL * SO
RYI(I) = VECT(IZ,I%I2-11)/FPMAX * XL # SC
RZR(I) = VECT(I1,I+%I12)/FMAX * XL % SC
RZI(I) = VECT(IZ,I#I12)/FMAX * XL % SC
CYR(I) = VECT(I1,NROT+I%I2-11)/FMAX % XL * SC
CYI(1) = VECT(I2,NROT+I#I2~11)/PMAX . * XL * SC-
CZR (1) = VECT(I1,NROT+IxIZ)/FMAX ® XL * SC
CZI(I) = VECT(IZ,NROT+I*I2)/FMAX *# XL * SC
35 CONTINUE : o
c
WRITE(&6,95) RPM,JMODE, XE
C
C——— RDTOR GROUF MODAL DATA
C
IF(IFLG.NE.I2) THEN
WRITE (6, 1160)
WRITE(6,1159)
DO 40 1 = I1,NSTAT
PHIR(I) = RYI(I)®RZIR(I) - RYR(I)#RZI(I) .GE. 0.0D0
40 WRITE(6,1161) I,RYR(I),RYI(I),RZR(I),RZI(1),FREC(IFHIR(I)+11)
ENDIF ‘ .
c .
C———-- CASING GROUF MODAL DATA
C X X )
IF(IFLG .NE. I1) THEN
RI/RD84-191
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178 WRITE(&6,1190) i . :
179 WRITE(&,1159)
180 DO S50 1 = 11,NSTAT
181 FHIC(I) = CYI(I)*CZR(I) — CYR(I)*CZI(I) .BE. 0.0DO
182 S0 WRITE(6,1161) I,CYR(I),CYI(I),CZIR(I),CZI(1),PREC(IFHIC(I)+I1)
183 ENDIF : _
184 ¢ - '
185 C-———— COMFUTE ORBIT DATA FOR FLOTTING
186 C
187 DO &0 1 = 11,NSTAT
188 DD &0 J = 11,25
189 . N = J + 25#(1-1i>
190 . FRECS = .2618%(J-11)
191 IF(IFLG.NE. I2) THEN _
192 Y1 = RYR(I)*COS(FRECS) — RYI (I)#SIN(PRECS)
193 ) Z1 = RIR(I)*COS(FRECS) -~ RZI(I)#SIN(PRECS) -
194 CYREL(N) = ¥Yi - B
195 . ZREL(N) = 21
196 RYBAR(N) = YCL(I) + VYi
197 RZEBAR(N) = ZCL(I) + 21
198 ENDIF
199 IF(IFLG.NE. 11) THEN
200 Y1 = CYR(I)*COS(FRECS) - CYI(I)*SIN(FPRECS)
201 21 = CIR(I)*COS(FRECS) - CZI(I)*SIN(PRECS)
202 CYBAR(N)Y = YCL(I> + Y1
203 CZBAR(N) = ZICL(I) + Z1%
204 ENDIF :
205 IFC(IFLG.E@.3) THEN
206 YREL (N) = (YREL(N) = Y1) + YCL(I)
207 ZREL(N) = (ZREL(N) - Z1) + ZCL<¢I)
208 ENDIF

209 60 CONTINUE
FLOT MODE SHAFES

IF(IFLG.NE. 12) THEN
TYTL="Rotor Group Mode Shape’
CALL SFLOT(PHIR(Il),YCL, ZCL,RYBAR, RZEBAR, RPM, XE) .
CALL PLOT(O. ,0.,~-999)

ENDIF

IF(IFLG .NE. I1I1) THEN
TYTL="Casing Group Mode Shape’
CALL SFLOT(FHIC(11),YCL,ZCL, CYBAR, CZBAR RPM XE)
CALL PLOT(H.,U.,—999)

ENDIF

IF(IFLG.E@.3) THEN
TYTL="Relative Deflection Mode Shape’
CALL sFLOTC(IZ,YCL, ZCL,YREL,ZREL ,RPM, XE)
CALL PLDT(O.,O.,—???)

ENDIF

G070 10

FORMAT STATEMENTS

n4
35 95 FORMAT (///,SX, "RPM=",F12.3,5X, *MODE=", I13,5X, *CFM=",F12.3)
36 1159 FORMAT (SX, "STATION’,SX,” YR ,12X,*YI’,12X,” ZR", 12X, 217 ,6X,
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237 + > PRECESSION® /)
238 1160 FORMAT(///,10X,’ ##* ROTOR GROUP MODE SHAPE FLOTTING DATA %*%%°_,//)
239 1161 FORMAT (7X,12,1X,1P4E14.5,4X,A)
240 1190 FORMAT(///,10X,” #*# CASING GROUP MODE SHAPE PLOTTING DATA *%%~,//)
241 2000 FORMAT(///SX,”MODE’,13,4X, REAL=",1PE12.5,4X, " IMAG=",
242 1 E12.5,4X,’CPM =" ,0PF10.3). o
243 2150 FORMAT (10X, 13,1X, 1P4ELIS.S) .
244 2500 FORMAT(///10X,  #x# ROTOR GROUP MODAL DISPLACEMENT DATA *%x%’//)
245 2600 FORMAT(///10X,”#%x* CASING GROUP MODAL DISPLACEMENT DATA *%#%°//)
246 4010 FORMAT (10X, *DOF",6X, " AMPLITUDE’ ,5X, *PHASE ANG.’ ,8X, REAL®,9X,
247 1 * IMAGINARY® /) ~ ’ . EE
248 8000 FORMAT(/SX,72R//SX,728///5X, ROTOR SPIN SPEED =’,F8.0,7 RFM")
249 BO01 FDRMAT (//5X, " #*%% ROTORDYNAMICS MODE SHAPE FLOTTING FROGRAM %%’ //)
250 ' : . : oL ’
251 END

Name Type Offset F Class

ABS INTRINSIC

AC REAL 8 % C

AMAX 1 _ INTRINSIC

AR REAL 12 * :

ATANZ INTRINSIC

CAES EXTERNAL

cos INTRINSIC

CYBAR REAL 4296

Ccyl REAL 6416

CYR REAL 6376

CZBAR REAL | 5296

cz1 REAL 336

CZR REAL 6296

DIMX REAL 0 /DIMS  /

DIMY  REAL 4 /DIMS  /

DRFM  REAL 288 /DATA  /

FACTX REAL. 16 /DIMS  /

FACTY REAL 20 /DIMS  /

FNX REAL 8 /DIMS  /

FNY REAL 12 /DIMS /

1 INTEGER*2 6466 ' -

11 INTEGER#*2 6456

1z INTEGER*Z 6458

ICASE INTEGER*2 16 »

IFLG INTEGER*Z 2648  /DATA '/

IFLG1 INTEGER#*2 270 /DATAE  /

IFCNT  INTEGER#*2 294 /DATA " /

IFHIC INTEGER*Z 4276

IFHIR INTEGER#*2 . 4254 :

IFLTF INTEGER#*2 224 /DATA  /

IFRT INTEGER#®2 280 /DATA /

IFRT2  INTEGER+Z 226 /DaTa /

IFRTZ  INTEGER#*2 228 /DATA 7/

1ROT INTEGER*2 20 =

ISCNT INTEGER*2 2946  /DATA /

J INTEGER*2 6488

JMODE  INTEGER*2 6486

K INTEGER#*2 6548

KCRT INTEGER*Z 282 /DATA /

LCDOF INTEGER#*2 28 *

LMOD INTEGER#*2 24 *

RI/RD84-191



¢ S Fage &

08-13-84
’ . 19:37:08
D Line# 1 7 Microsoft FORTRAN77 V3.13 8/05/83
LRDOF INTEGER#*2 32 »
N INTEGER*2 6580
NCASE INTEGER#*2 262 ° /DATA /
NCDOF INTEGER#2 4 /DATA 7/
NCMOD INTEGER#*2 <) /DATA 7/
NI INTEGER#*2 292 /DATA 7/
NMODES INTEGER#*2 - &460
NRDOF INTEGER#*2 6 /DATA 7/
NRMOD  INTEGER#Z 2 /DATA /7
NROT INTEGER#*2 264 /DATA 7/ ,
NSTAT INTEGER%Z2 266 /DATA 7/
NZ INTEGER#*2 254 /DATA 7/
FHIC LOGICAL#*2 276
PHIR LOGICAL*2 4254
FMAX REAL , 6526
FREC = CHAR®*3 2090
FRECS REAL ‘ 6582 - : a - - o T
REM REAL. 6482 '
RFM1 REAL . ' 284 /DATA 7/
REMLST REAL 6494
RYBAR REAL 3256
RYI REAL 3216
RYFR REAL 2094
RZ REAL 200 /DATA 7
RZ1 REAL 230 /DATA  /
RZBAFR REAL 2216
RZI REAL 2176
RZIR REAL. 2138
sC REAL 276 /DATA /7
SIN INTRINSIC
TH REAL 272 /DATA /.
THETA REAL 64672
TITL CHAR®1 ' 8 /DATA 7/
TYTL CHAR*48 152 /DATA /
VECT REAL O = '
VECTX  REAL 28 /DIMS  / N
VECTY REAL 44 /DIMS  /
Wz REAL 2082
X REAL 36
XASF REAL 24 /DIMS 7
XDISF EXTERNAL
XE REAL 6522
XL REAL. 6474
Y1 REAL 6586
YL REAL 2042
YDISF EXTERNAL.
YREL REAL 1042
7 REAL 4 x
Z1 REAL - 6590
2CL REAL 2
IREL REAL 42

252 HSEL_OT 335596 5965 33 3 36 96 36 36 I3 23 50 3 34 320 I 63633696 3 236 36 3 36 36 96 06 96 96 3 30 16 36 96 96 36 6 90 3 T 9 36 2 6 96 36 36 3 %
il

=
257 C
254 C SUBROUTTINE SPLOT
285 C
i T2 TR ST RT XL ETTETFTLTTTELLTLETE TN 2R T TR TR R TN AR AR R AR P 2R R R ey
~er N
287 C
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258 SUBROUT INE SPLOT(NPHI YCL ZCL,RYBAR, RZBAR, RFM, XED
259 C
260 DIMENSION YCL(1),ZCL(1),RYBAR(1),RZBAR(1),NPHI(1)
261 C : ’
262 CHARACTER TITL(72,2),TYTL(48) ,MESSAG(S)#31,M(31,2) M1*10,M2%10
263 C i o o
264 EQUIVALENCE (MESSAG,M), (M(17,1),M1), (M(17,2) ,M2)
265 C '
266 EXTERNAL XDISF, YDISF
267 C : .
248 : COMMON /DATA/NCMOD, NRMOD, NCDOF , NRDOF , TITL, TYTL,RZ(6), IFLTF,
269 + IPRTZ2, IFPRT3, RZI(b),NZ(4) NCASE NRDT NSTAT, IFLG,
270 + IFLGl,TH sC, IFRT, KCRT,RPMI DRFM, NI, IPCNT 1SCNT
271 C .
272 COMMON /DIMS/DIMX,DIMY,FNX,FNY,FACTX,FACTY, XASF,VECTX (4),
273 + VECTY(4) ’
274 C ) ST
275 DATA MESSAG/’Spin Speed - RFM®>
276 + ’Nat Frequency : - crme
277 + * ORBIT - BACKWARD FRECESSION P
278 + * ORERIT — FORWARD PRECESSION o,
280 DATA HIGHT/.220/ :
281 C . . ' . - S
282 C-———— DETERMINE LENGTH OF FLOT TITLE FOR CENTERING
- 283 C : : )
284 L=48 o .
285 S IF(L.NE.O.AND.TYTL(L).E@.> ") THEN
286 t=1L—-1 ) o
287 GOTO 3
288 ENDIF P
289 C '
290 C-———— FLOT HEADER
291 C ]
292 CALL ASFECT (XASF)
293 C : '
294 RATIO=,872%XASF
295 CALL SYMBOL((11- L*HIGHT*RATID)/ s 6. 74, HIGHT, TYTL,0.,,L)
296 CALL FLOT((11-L*HIGHT®*RATION)/2,6.70,3)
297 CALL PLOT((11+L*HIGHT*RATIO) /2,6.70,2)
298 caLL SYMBDL((11—L*HIGHT*RATID)/2,6.52,.13,TITL,0.,60)
299 CALL SYMBOL ((11-L*HIGHT*RATID)/2,6.34,.13,TITL(1,2),0.,60)
00 C : . -
301 WRITE (M1,9000) RFM )
202 CALL SYMBOL(1.93,5.48,.119,MESS5AG(1),0.,31)
303 WRITE (M2,2000) XE o .
304 CALL SYMBOL(1.93,5.24,.119,MESS5AG(2),0.,31)
305 € . .
306 C-——-— DRAW AXES
307 C
368 CALL PLOT{(2.,2.2,3}
309 CALL SYNBUL(?.U,L.4,.1 2,270.,—7)
310 CALL SYMBOL (9.36,2.18,.150,7 0.,1)
11 C
312 CALL PLOT(9.,2.2,3)
I3 CALL SYMBDL (9.,2.5,.1,2,0.,-2)
314 CALL SYMBOL (8.98,2.57,.150,727,0.,1)
315 C :
316 THETA=TH#.01745
RI/RD84-191
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CALL PLOT(9.,2.2,3)
CALL SYMBOL (9. +. SfCOS(THETA),Z 2+.3#SIN(THETA), . 1,2, TH~90.,-2)
CALL SYMBOL (9.+.44%COS(THETA) , 2. 2+.44%SIN(THETA), .150, "%’ ,0.,1)

SET PLOT ORIGIN
CaLL PLOT(1.4,1.,-
WRITE STATION NUMBERS
Do 70 I = §,NSTAT
WRITE (M1,9001) 1
CALL SYMEOL (XDISF(YCL(I))=.04,YDISF (ZCL (1)) ~.16,.12,M1,0.,2)
CONT INUE

FLOT THE MODE SHAFE

CALL FLOT (XDISF(RYBAR),YDISF (RZBAR) ,3)
DO 75 1=2,25«NSTAT

CALL PLOT (XDISF(RYBAR(1)),YDISP(RIBAR(I)),2)
CONT INUE ‘

FLOT THE PRECESSION ARROWS

IF(NPHI (1) .NE.2) THEN
[T ]
CALL NEWPEN({(2)
DO B8O I=1,NSTAT

1 345 J=(1-1)%#25+13

1 346 X=RYBAR(J?}

1 47 XD=RYRAR (J+1i)-X

1 Z4d Y=RZBAR(J)

1 349 YD=RZBAR (J+1)-Y .

1 350 IF(XD.NE.O..0R.YD.NE.0.) THEN

1 351 THETA=AMOD (ATAN2(-XD, YD) /. 01745+360. ,360.
1 352 CALL SYMBOL (XDISF (X),YDISP(Y), .090,2, THETA,~1)
1 353 IF(K.EQ.0) K=1

1 354 ENDIF

1 355 80 CONT INUE

CALL NEWFEN(1)
IF(K.NE.O) THEN
WRITE (M1, (BHSTATION ,I12)") K
CALL SYMBOL(3.73,.35,.119,M1,0,,10)
CALL SYMEROL (99%9.,99%9.,.119,MESSAG (NFHI(K)+3),0.,31)
ENDIF
ENDIF

CALL PLOTD(XDISF(YCL),YDISF(ZCL),3)
DO 83 I=2,NETAT
CALL PLOTDI(XDISF(YCL (1)), YDISF(ZCL(I)),2)
B85 CONTINUE

R FORMAT

371 9000 FORMAT(F10.3)
372 9001 FORMAT (I2)
27z END
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D Line$# 1 7
Name Type

AMOD

ATANZ

cos

DIMX REAL

DIMY REAL

DRFM  REAL
FACTX REAL
FACTY REAL

FNX REAL

FNY REAL
HIGHT REAL

1 INTEGER#2
IFLG INTEGER#2
IFLE1  INTEGER=*2
IFCNT  INTEGER#Z2
-IFLTF  INTEGER+#*2
IFRT INTEGER*Z2
IFRTZ INTEGER#*2
IFRTZ INTEGER*2
ISCNT INTEGER#2
J INTEGER*2
K INTEGER#*2
KCRT INTEBGER*2
L INTEGER#*2
M CHAR#* 1

M1 CHAR¥*10
M2 CHAR#¥10
MESSAG CHAR*31
NCASE INTEGER#*2
NCDDF  INTEBGER#*2
NCMOD INTEGER#*Z
NI INTEGER#2
NFHI INTEGER#*2
NRDOF INTEGER#*2
NRMOD INTEGER*2
NROT INTEGER#*2
NSTAT INTEGER*2
NZ INTEGER*2
RATIO REAL

REM REAL

RFM1 REAL
RYBAR REAL

RZ REAL

RZ1 REAL
RZBAR REAL

sC REAL

SIN

TH REAL
THETA REAL

TITL CHAR*1
TYTL CHAR#*1
VECTX REAL
VECTY REAL

X " REAL

XASF REAL

XD REAL

Offset F Class-

288
20

12
7450
7464

268
270
294
224
280
226
228
2946
7510
7502
282
7454
7294

INTRINSIC
INTRINSIC
INTRINSIC
/DIMS 7
/DIMS  /
/DATA 7/
/DIMS 7
/DIMS 7/
/DIMS /
/DIMS /
/DATA /7
/DATA /
/DATA 7/
/DATA  /
/DATA 7
/DATA /
/DATA 7
/DATA /
/DATA /
/DATA /7
/DATA 7
/DATA /
/DATA  /
/DATA 7
/DATA 7
/DATA /
/DATA /
/DATA 7/
/DATA 7
/DATA /
/DATA /
/DATA 7
INTRINSI
/DATA - 7
/DATA /
/DATA 7
/DIMS  /
/DIMS  /
/DIMS /
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XDISF EXTERNAL
XE REAL 24 =
Y REAL 73520
YCL - REAL 4
YD REAL 7524
YDISF EXTERNAL

ICL REAL

w
*

F74 ®CABS. FOR % %3 % 3 3 3 % 5 3 3 3 9 3 3 3 36 3 36 36 96 3 3 96 36 3 3 0 26 96 3 36 2 3 96 36 96 % 36 96 36 36 96 I 36 3 3 96 36 36 3 3 3 2 3t I 36 K- 9 3¢ 3 % %

378 €

376 C REAL FUNCTTION CAERS

377 C

Ky I T TETT ST TRFFRLESTSTLERL LTI SLLLL LIS L LTSI SIS LSS S LSS Y )

379 C

380 REAL FUNCTION CABRS(Z)

381 C

382 REAL*4 Z (1)

383 C

384 CABS=DSERT(DBLE(Z(1)#Z (1)+Z(2)%Z(2)))

Igs C

- 386 END
Name Type Dffset F Llass
DELE : INTRINSIC
DSORT ’ INTRINSIC
z . REAL O #
Name Type Size Class
ASFECT ) SUBROUT INE
CABS REAL FUNCTION
DATA 298 COMMON
DIMS &0 COMMON
NEWFEN SUBROUT INE
FLOT SUBROUTINE
FLOTD SUBROUTINE
SHFFLT SUBROUTINE
SFLOT SUBROUTINE
STDASH SUBROUT INE
SYMEOL SUBROUT INE
XDISF REAL FUNCTION
YDISF REAL : FUNCTION
Fass Gne N rrors Detected

%
®
[+ 3]
0wim

ource Lines
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D Line# 1 7 Mlcrosoft FORTRAN77 VZ.13 8/05/83
1 *LDGINIT************************************l**l***********l************
2C
3 C FROG R A M LOGINTIT
4 C
S C ROTOR DYNAMICS ANALYSIS. PROGRAM
6 C .
PARSE T TR N R e e et e s e e R R R R R X R e R Y
8 C
? $STORAGE: 2
10 C
11 PROGRAM LOGINIT
12 C
13 CHARACTER - BANNR(Z)#31,C1, INPUT*40, CULINE (80)
14 C :
15 INTEGER NDATE (3) ,NTIME (4) , TULINE (20)
16 C X
17 EQUIVALENCE (CI,INPUT),(CULINE(41),IUL1NE)
18 C . )
19 DATA BANNR /’F R OG R A M LOGINTIT,
2 + *ROTORDYNAMICS ANALYSIS?,
21 + ) *JUNE 1984°/
22 DATA CULINE /740%°_°,40%” "/ , TULINE /20%$0808/
23 C ’ '
24 C————~ SET UP SCREEN
25 C
26 CALL RCLEAR(1,7) .
27 CALL GOBORD(1) :
28 ] CALL QCsSIZ(0,0)
2 CALL @CMOV(0,24)
30 C
31 C-—~—~ PROGRAM BANNER
32 C
33 CALL ODATE{(NDATE(3) ,NDATE,NDATE (2))
4 CALL OTIME(NTIME,NTIME(2) ,NTIME(3) ,NTIME (4))
359 NTIME(3) = NTIME(3) + NTIME(4)/100. + Q.5
36 C .
37 WRITE (#%,8004) EBANNR
38 WRITE (%,800%5) (NDATE(I),I=1,3), (NTIME(I),1=1,3)
9 C : : T o
40 C~——-— VERIFY THAT LOG FILE 16 TO BE UPDATED (DESTROYED)
41 C. . .
42 CALL @CSIZ<(0,7) : ) ’
4% WRITE (%,3000) * -#%*% THIS_PRDGRAN INITIALIZED (ERASES AND °,
44 + : RECREATES) THE RSTAE USAGE LOG  ##x°
45 WRITE (#,8001) DO YOU WANT TO ERASE AND RECREATE THE RSTAE A
46 + *USAGE LOG EY/N]7 i
47 - READ (#,9000) INPUT
48 IF(INFUT.EQ.® ?) GOTO 1000
49 S IF(C1.ER." ) THEN
S0 READCINPUT,* (1X,A)°) INFUT
51 ’ GOTO S
S2 ENDIF )
S3 IF(C1.NE.”Y?) BOTD 1000
54 C '
$8 C-~——— GET USER®'S NAME
56 C
S7 WRITE (%,” (//2X,81A\)*) *ENTER YOUR NAME: °,CULINE
58 READ (%, 2000) INFUT
59 IFC(INFUT.EQ." *) GOTO 1000
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D Line#
&0
61
62
&3
64
65

82
83
84
85
86
87
88
89
Q0
91

Name

EANNR
c1
CULINE
I
INFUT
IULINE
NDATE
NT IME

Name

LOGINI

MILOe ™
GROND

BCLEAR
GCMOv
ocs1z
GDATE
BTIME

Fass O

~

Fage 2
08-13-84
19:46:41
1 7 Microsoft FORTRAN77 V3.13% 8/03/8%

C———=- CREATE LOG FILE

OPEN(7,FILE="L0G.SAV" ,STATUS="NEW" , ACCESS="DIRECT",
+ FORM="UNFORMATTED” , RECL=242) :
WRITE(7,REC=1) 1,NDATE,NTIME, INFUT

CLOSE (7)

C-om—- NORMAL TERMINATION

WRITE (%,9001) *UFDATE COMPLETE®
GOTD 2000

C-mm— NO UFDATE
1000 WRITE (#,9001) °*NO UFDATE MADE®

L= TERMINATION

2000 CALL BCSIZ (0,0
C————- FORMAT STATEMENTS

8001 FORMAT(//2X,2A, 1X\)
BOO4 FORMAT (1H1,5(/),2X,78 (1H*) ,S{/TH xxx%x,6BX, SHexu#%/7H  *xax%, 18X,
+ A, 19X, SHx#x¥%) /TH  *%xx%, 68X, SHEX%EX /DX, 7B (1H*))
8005 FORMAT (2X,SHDATE: , I3,1H/,12,1H/,14,42X, 11HBEGIN TIME:, 13,
+ 2OIHIL I2) ,6(/))
9000 FORMAT (724)
9001 FORMAT (//2X,A/)
C
END

Type Offset P Class

CHAR*Z1 2
CHAR*1 95
CHAR*1 150
INTEGER*Z2 30
CHAR#*40 S
INTEGER*2 190
INTEGER#®Z2 136
INTEGER*2 142

Type Size Class

FROGRAM

SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUT INE
SUBROUTINE
SUBROUTINE

ne No Errors Detected
' 9?1 Source tLines
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PROGRAM LISTINGS

F5TORAGE: 2

aan0n0

100

110

10

SUERDOUT INE CMASS (FDATA1 .CM, SERTM, SRRTMI) :
COMPUTES [M1 TRACE WITH ALTERNATE M. I ELEMENTS
COMPUTES M*x%1/2 (SBRTM) ANLC INVERSE (S@RTMI).
DIMENSION CM(1&) .SERTM(16) .SERTMI (16) .FDATAL (Z0)
EL=FDATAL (5) /6.

G=786.

CM(1)=FDATA1(10) /6. /G

CHM(3)=CMi1) %2,

CM (5 =0M (3)

CM{7)=CM(1)

CM(2)=CM (3 ) %EL¥*2/ 3.

CM(4)=CM(2) %2,

Ci (&) =CM (4}

CM(8)=CM(2)

CM{9)I=FDATAL(1S) /6. /6 .
CM(11)=CM (9} %2. +FDATAL (&) /G

CM(13)=CM{9) *2.

CM(15)=CM(9) +FDATAL (8) /G

CHMi10)=CM (D) ¥EL*%2/3.

CM(12)=CM(10) #2.+PDATAL (&) /G*PDATAL (7) #%2/2,
CM{14)=CM(10) *2.
CM(16)=CM(10) +FDATAL (B) /G¥FDATAL (T) #%2/2.

WRITE (6,100)

FORMAT ( ' OFLANAR MASS TRACE ')

WRITE(S,110) (CMCI) ,I=1,16)

FORMAT (1F&E12.4)

DO 10 I=1,16

SERTM( 1) =SERT (CM (1))

SORTMI (1)=1,/SORTM(I)

END
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$STORAGE:
. SUBF\DUTINE JACORI (CKQ8, T EIGEN)
-G EIGENVALUES AND EIGENVECTORS BY .THE JACOBI METHDD.

IMFLICIT REAL*8 (A-H, 0-2) A
DIMENSION A(16,16), T(16,16&), AlK(16), EIGEN(16)
1 L,CHEEB(16.18) :
WRITE (%,205)
1 DO 2 I=1,16
PO 2 J=1,16
TE1,J)=0,0
AT, =CKOB (I,
N=16
ITMAX=S50
EFS1=1.D-12
EFS2=1.D-12
EFG3=1.D-6.
S NM1=N-1
SIGMAL1=0.0
OFFDSE=0.0
DO S I=1,N
SIGMAl= SIGMA1+A(I 1) #%2
T(I,1)=1.D+0
IP1=1+1]
"IF(I.GE.N) GOTO &
DO S J=IF1,N
5  OFFDSQE=0FFDSQ+A(1,J) #%2
&  S=2.%0FFDSO+SIGMAL
DO 26 ITER=1,ITMAX
DO 20 I=1,NMi
IF1=I+1
DO 20 J=IP1,N
E=DARS (A(I, 1) -A(J,J))
IF(Q.LE.EPS1) GOTO 9 .
IF (DABS (A(I,J)).LE.EFPS2) G60TD 20
P=2.D+0%A(1,J) %@/ (A{I, 1) -A(J,I))
SPO=DSQRT (F*F+0%@)
CSA=DSERT ( (1. D+0+Q/SPQ)/2.D+0)
SNA=F7 (2. D+0*CSA*SPR)
- GOTO 10
9  CSA=1.D+0/DSERT(2.D+0)
SNA=CSA

8]
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10

11

14

15

16

18

19

20

CONT INUE
DO 11 K=1,N

HOLDKI=T (K, I)

T (K, 1) =HOLDK I*CSA+T (K,J) ¥SNA

T (K, J)=HOLDKI*SNA-T (K,J) #CSA

DO 16 K=I,N

IF(K.GT.J) GOTO 15

ATK () =A (1K)

AL, E)= CSA®ATE (K) +SNA*A (K, J)

IF{K.NE.J) GOTO 14 :

AT, E) =SNAXATE (K) ~CSA%A (J , K)

GOTO 16

HOLDIK=A{I,K)

AT, K) =CSA*HOLD IE+SNA%A (J ,K)

AT, K) =SNA%HOLD IE~-CSA*A (J ,K)

CONT INUE

ALK (J)= SNA*AIK (1) —CSA*®AIK (J)

DO 19 K=1,J

IF(K.LE.I) GOTD 18

ALK ,J) =SNA*ATE (K) —~CSA%A (K ,J)

G0TO 19

HOLDKI=A (K, I}

ALK, 1) =CSA*HOLDE I+SNA%A (K ,J)

A (K ,d) =SNA*HOLDK I-CSA*A (K ,J)

CONT INUE

ACI,J)=0.0

SIGMAZ=0. O

DO 21 I=1,N

EIGEN(I)=A(I,I)

SIGMAZ=SIGMAZ+EIGEN (1) #%2

IF (1.D+0-SIGMA1/SIGMAZ. BE.EFS3) GOTO 25

WRITE (#,204) ITER,SIGMAZ,S

RETURN

WRITE (%,202) ITER,SIGMA1,SIGMAZ

SIGMA1=SIGMAZ

WRITE (%,203) ITER,S,SIGMA1,SIGMAZ

RETURN

FORMAT (1FSD14,5) ,

FORMAT (' ITER=',I4, ' SIGMAl=',1F1D10.2, ' SIGMAZ=',1F1D10.2)
FORMAT (© NO CONVERGENCE WITH',I4,  ITERATIONS /' S=°,1F1D10.2,
 SIGMAL=’,1FID10.2,  SIGMAZ=',1F1D10.2) " _
FORMAT ( © COMVERGENCE OBTAINED WITH',14,° ITERATIONS /' SIGMAZ="
LJIFIDIO.E, © S=' ,{PLD10.D)

FORMAT ( *OEIGENVALUE ITERATION LOOF )

END
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#¥STORAGE: 2

!

OO0«

1o

1000

20

110

SUBROUTINE CENORM{CE ,SGRTMI,.CHQ)
REAL*8 CEO(16,14) :
REAL*4 CH{16,16) ,SBRTM1 (16)
GENERATE [CKIELCMI=CEKF :

DO 10 I=1,16

DO 10 J=1,16

CMQ(I,J)=CK(I,J)*SQRTMI(Ji*SQRTMI(I)»

WRITE (6,100) ,
FORMAT ( ‘ ONORMAL IZED STIFFNESS MATRIX.
DO 20 I=1,16& : .
WRITE(6,110) I,(CKRI,J),J=1,1)
FORMAT (' ROW', I3/ (1FGELZ.4))

END S
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$5TORAGE: 2
- O SURBROUTILIRE STIFFPDATAL,CED
REAL®4 PDATAL 2 L CE (LS 1)
EL=FDATAL (5 /
ALFA=FDATAL (5 #FDATAL (4) /EL¥+3
BETA=FDATAL (1) *FDATAL (&) /EL %7

C CASING TRIAMGULAR STIFFNESS MATRIX

22y =4 #EL=*2¥ALFA

(3,3 =240 #ALFA+FDATAT (16)

S2OHCHEAZ (2

4. %ALFA+FDATAL (14) +FDATAL (17)
F (4,4

2. RALFA+FDATAL (1)

8,5)=CH(Z,1)

{7 &) ==CE(2,1)
CRAB,7)==CK(2,1)
CE (3, 1) =12, *ALFA

CEA(7,5) (3, 1)
CK(9.1)=-FDATAL (13)
CE(4,2)=CK(2,2) /2.
CEAS,4)=CF(4,2)
CEA8,6)=CK{4,2)
CE(13,5)=~FDATAL(14)

C ROTOR TRIANGULAR STIFFNESS MATRIX
CE(9,9)=12. *BETA+FDATAL (13)
CE(10,10)=4. *EL**2%BETA
CK(11,11)=24, *BETA
CK(12,12)=2.%CK (10,10}
CK(13,13)=CKE(11,11)+FDATAL (14)
CEA(14,14)=CKE(12,12)
CE(15,15) =12, *BETA
CE(16,16)=CK(10,10)

CE (10,9)=4. *EL*BETA
CE12,9)=CE{(10,9)
CH(11,10)==CE(10,9)
CH(14,11)=CE(10,9)
CKA(13,12)=-CK (10,9)
CE(16,13)=CK (10,9
CK(15,14)=-CE(10,9)
CK (16,15 =~CK(10,9)
CK(11,9)=-12.%BETA
CE(13,11)=CE(11,9)
CE(15,13)=CE(11,9)
CE(12,10)=CK (10,10) /2.
CH(14112)=CK(12,10)
CK(16,14)=CK(12.10)
C FILL IN SYMMETRICAL MATRICIES
DO 10 I=1,15
po 10 J=1,1
10 CKJ,I+1)=CK(I+1,d)

WRITE (6,100)

100  FORMAT ( ‘OFLANAR STIFFNESS MATRIX, LOWER LEFT TRIANGLE ‘)

: DO 20 I=1,16 .

20 WRITE(&6,110) I,(CE(I,J),d=1,1)

110 FORMAT (' ROW' ,I3/ (1P6E12.4))

END

coonon
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$STORAGE: 2

SUBROUTINE SORT (EIGEN,SHAFE,CM,GM,RPS,CPS,SQRTM)
REAL*8 EIGEN(16) ,SHAPE (16,16) ,DUM

REAL*4 CM(16),6M(16) ,RFS(16) ,CPS(16) ,SORTM(1&)
SORT SMALLEST EIGENVALUES (F*%2) AND MODE SHAFES FIRST.
COMPUTES FRE@ IN RAD/SEC AND CYCLES/SEC
PI=3.14159 "

DO 10 I=1,15

Ji=1+1

DO 10 J=J1,16

IF(EIGEN(I).LE.EIGEN(J)) GOTO 1o

DUM=EIGEN(I)

EIGEN(1)=EIGEN(J)

EIGEN (J) =DUM

DO 20 K=1,16

DUM=SHAFE (I ,K)

© SHAFE (I ) =SHAFPE(J,K) _ -

s
P

10

t)
[

SHAFE (J,&) =DUM

CONTINUE

NORMALIZE MODE SHAPES
DO 40 I=1,16

GM(I)=0. .
RFS(1)=DSERT (EIGEN(I))
EPS(I)=RPS(I1)/2./P1

b0 25 J=1,16

_SHAFE(J, I)—SHAFE(J I)*SQRTM(J)

DUM= DRBS(SHAFE(I I))

JIMAX=1

DO 30 J=3,15,2 _
IF (DUM. GE. DABS(SHAP&(J 1)) 6OTO 30
IMAX=J

‘DUM= DABS(SHAFE(JMAX 1)

30

40

CONTINUE

DO 40 J=1,16

SHAFE (J, I)"SHAFF(J I)/SHAFE(JNQX 183
GM(I)—CM(I)*SHAPE(J I)**°+GM(I)
CONT INUE

END '
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FSTORAGE: 2
: " PROGRAM ROTORZ

REAL*8 EIGEN(16) ,SHAFE(16,16) ,CHEE(16,16)

REAL*4 CK(16,16),EM(16) ,SORTMI {(1&) ,SORTM(16) ,CKF (16,16) ,CFG{16;

1 ,GMASS(16&) ,RFS(16) :

CHARACTER*28 W1 (20) ,W2{20)

DIMENSION FDATAL (20),FDATAZ (ZO)

Wi (1)="ROTOR SECTION MODULUS, I

Wwi{2)="ROTOR ELASTIC MODULUS, E

Wi (3)="CASE SECTION MODULUS,I

Wi (4)="CASE ELASTIC MODULUS,E

W1(S)="ROTOR LENGTH, L

Wil ie)="IMFELLER WEIGHT, W

W1 (7)y="IMPELLER RADIUS OF GYRATION

W1 (8)="TURRINE WEIGHT

W1 (9)="TURBINE RADIUS OF GYRATION

W1(10)="CASING WEIGHT

W1(11)="CASING SFRING
W1(12)="CASING SFRING
W1l (13)="ROTOR BEARRING

TO GROUND K1
TO GROUND K4
BFRING K31

Wi(14)="ROTOR HBEARING SFRING K7Z
Wi (15)="ROTOR SHAFT WEIGHT
Wi (16)="CASING SFRING TO GROUND K
W1(17)="CABING SFRING TO GROUND K
W2{1)="REF. RFM FOR COUFLING COEF.
W2(2)="DIRECT STIFFNESS AT IMFELLER’
W2 (3)="DIRECT DAMFING AT IMFELLER
W2(4)="DIRECT STIFFNESS AT TUREINE
W2(5)="DIRECT DAMFING AT TUREINE
W2(6)="ALFORD COEF AT IMFELLEKR
W2(7)="ALFORD COEF AT TUREBINE
W2(8)="LOWEST RFM OF INTEREST
W2(9)="HIGHEST RFM OF INTEREST !
W2(10)="RFM INCREMENT : ‘
W2(11)="MODAL DAMFING, % OF CRITICAL’
PI=3.14139
=386.
OFEN(S,FILE="CON")
OFEN(&,FILE="PRN")
OFEN(7,FILE="FDATAL.STR ' ,STATUS="0LD")
OFEN(8,FILE="PDATAZ.STR" ' ,STATUS="0LD")
WRITE (&6, " (A) ) "1ISIMPLIFIED OVERHUNG ROTOR MODEL.*NO ZERO COEF* -’

(RS

c REVIEW AND UFPDATE SFPRING-MASS-GEOMETRY COEF
1 READ(7,1035) (FPDATAL1(I) ,I=1,20)
REWIND 7 :

WRITE (%,110)

110 FORMAT ( 'OUFPDATING INSTRUCTIONS '/

1 <RETURN> ACCEFTS CURRENT VALUE'/

2 ‘’NEW VALUE ' ‘<RETURN> UPDATES DATA VALUE ')
WRITE (%,100)
DO 20 I=1,17

9 . WRITE(%.115)1,W1(I),FDATAL(I)

a
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100 FDRMAT( OSPRING-MASS INPUT DATA STRING')
' READ (%,130) X
IF(X.ER.0) GOTO 20
FDATAL (I)=X
20 CONTINUE -
WRITE(7,105) (PDATAL (1) ,I=1,20)
REWIND 7 . :
WRITE (6,100)
DO 29 I=1,17 o
.29  WRITE(6,13%) 1,W1(1),PDATA1(I)
- CALL STIFF (PDATAL,CK) :
CALL CMASS (PDATA1,CM,SGRTM,SERTMI)
CALL CKNORM(CK ,SORTMI,CKE8)
CALL JACOBI (CK@8,SHAFE ,EIGEN) .
CALL SORT (E1GEN,SHAPE,CM,GMASS,RPS,CFS,SERTM) -
WRITE (6,140) :
140  FORMAT( '0ZERD SFEED SYSTEM CHARACTERISTICS /.
1 PLANAR STIFFNESS. LOWER LEFT TRIANGLE ')
DO 10 I=1,14 : o
10 WRITE(4,149) I,(Ch(I J),d=1,1)
T WRITE(&L,141) : . - _ -
141 FORMAT ( OTRACE OF MASS MATRIX).
WRITE(6,105) (CM(I)yI=1,16)
WRITE (6,142) S
WRITE (5,142)
142 . FORMAT ( ‘OMODE NUMBER, FRED(HZ) GENERALIZED MASS ")
WRITE(6,162) (I CPS(I),GMASS(I),I=1 16)
WRITE (%, (A\)’ ) ‘OINPUT MAXIMUM MODE NUMBER OF INTEREST.
READ (#, 125) MAXMOD
NRITE(6 126)
126  FORMAT ( 'OMODE SHAPES ({CASE,ROTOR) | TRANSLATION RDTDTIDN)
DO 25 I=1,MAXMOD
WRITE (&, 128) 1 :
128  FORMAT(1X,  MODE=',I3)
: WRITE (6,167) (SHAPE(J 1),J=1,15,2)
25  WRITE(&,167) (SHAPE(J,I) J—‘,lb 2)
40  READ(8,105) (PDATAZ2(I),1=1,14)
REWIND 8
WRITE (%,150)
150  FORMAT ( 'OCOUFLING COEF DATA STRING")
Do 70 I=1,7 .
59  WRITE (%, 115) I,wz(I),PDATAz(I)
READ (#,130) X
IF(X.EQ.O) GOTO 70 o
FDATAZ (1) =X ‘ . o
70  CONTINUE | ' S
© WRITE(8,10%5) (PDATA2(I),I=1,14)
REWIND B
WRITE (6, 150)
- DO 79 I=1,7 , :
79  WRITE(6,135) 1,W2(I),PDATAZ(I)
S50  WRITE(%,170)
170 FORMAT ¢ ORFM RANGE PARAMETERS AND MODAL DAMPING )
DG 80 I=8,1
WRITE (+, 1;5) I,W2(I),FDATAZ(I)
READ (% ,130) X ‘
IF(X.EQ.0)GOTD 80
FDATAZ (1) =X
80  CONTINUE
90  WRITE(&6,7170)
DU 89 1=8,11 ,
89 WRITE(6,135) I,W2(I),PDATAZ(I)
WRITE(8,105) (FDATAZ(1),1=1,148)
REWIND 8 _
START LOOF FOR SPEED VARIATIONS
RPMNOW=FPDATAZ (8) ~PDATAZ(10)
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200

160

YR e

i
o

210

180

B e

105
115

25
130
135
145
195
165
162
167

85

RFMNOW=FDATAZ (10) +RFMNOW

CPSNOW=RFMNOW/&0.

OMEGA=2Z. #F I *CFSNOW

WRITE(&,160) RFMNOW,CFSNOW,OMEGA

FORMAT ( "OSHAFT SFEED "/’ REV/MIN=, "1F1E13.6,

REV/SEC="',1F1E13.6,  RAD/SEC’,IPLE13.6/

'ONDDE',SX,’REAL',?X,JIMABINARY',4X,'FREQUENCY(HZ)',4X,
‘DAMFING, .

COMFUTE MDDES WITH SFEED DEFENDANT c‘TIFFNESS

CK1=PDATAZ (2) % (RFMNOW/PDATAZ (1) ) #%2

CE2=FDATAZ (4) % (RFMNOW/FDATAZ (1) ) %2

DO 30 I=1,16

DO 30 J=1,16

CER(J, 1} =CK(J,I)

C}F(S,?‘-ClF(?,3)+C}1

CKF(7,7)=CKP(7,7)+CKZ
CHP(ll,ll)ﬂCKP(il,11)+CH1
CEF(15,15) =CKF (15, 15) +CE2

CALL CENORM (CEF , SERTMI ,CEO8)

CALL JACORI (CKES8, SHAPE ,EIGEN)

caLL SORT (EIGEN,SHAFE,CM,BMASS,RFS,CFS, SERTM)
COMPUTE DAMFING AND CROSS COUPLING TERMS
BUADRATIC FORM IS "G*%2+ (BR-EIi)*S+(CR-CIi)=0
DO 210 I=1,MAXMOD

DUM= (FDATAZ (3) % (SHAFE (3, 1) ~SHAPE (11, 1)) #%2+FDATAZ (5) * (SHAPE (7, I
) ~SHAPE (15, 1) ) %*2) /BMASS (1) *RPMNOW/FDATAZ (1)
BR=FDATAZ (11) *RFS (I) /S0. +DUM

BI=(FDATA1 (&) ¥FDATAL (7) *¥2%SHAFE (12, 1) #%24FDATAL (8) ¥FDATAL (9) %52
%*SHAPE (16, 1) #%2) *OMEGA/GMASS (1) /G :
CR=RFS (1) #%2

CI=DUM*OMEGA/Z.

COMFUTE ROOTS OF GUADRATIC

ARGR= (BR%*2-BI*%2) /4. ~CR

ARGI=CI-BR*EI/2.

‘AMAG=S0RT (ARGR**2+ARGI ##2)

AMAG=SERT (AMAG)

FHI=ATANZ (ARGI ,ARGR) /2.

DR=AMAG*COS (FHI)

DI=AMAG*SIN (FHI)

SR1=DR~EBR/2.

SI1=DI+RI/2.

SRZ=~DR-BR/2.

S12=RI/2.-DI

FREQ1=SIGN (SORT (SR1%*2+511##2) ,511)

FREQ2=SIGN (SORT (SR2**2+512#%2) ,512)

ZETA1=-8R1#100. /ABS (FREG1)

ZETAZ=-SR2%100. /ARS (FREQZ)

FREGI=FREQ1/2./FI

FREQ2=FREQ2/2./F1

WRITE(s,155) I,SR1,S511,FRE@1,ZETAL

WRITE(&,165) SR2,S512,FREQZ, ZETA?

CONTINUE

IF (RFMNOW. LT.FDATAZ (9) )GOTO 200

WRITE (%,180) .

FORMAT (1X/° INSERT KEY TO REENTER PROGRAM AS FOLLOWS '/
1 RPM RANGE AND MODE NUMBER /' 2 COUFLING COEF+RFM RANGE ETC’

/° 3 MASSES, SFRINGRATES, ETC. '/’ 4 QUIT FROGRAM',2X,\)

READ (%,125) NSTART ) . :

GOTO(50,.40,1,85) NSTART

FORMAT(LIPSELS, &)

FORMAT (1X, 14,430, 1F1EL14.6,2%X\)

FORMAT (BN, I14)

FORMAT (BN,5F 12, 0) )

FORMAT (1X,14,.631,1F1E14.4)

FORMAT ( ROW’ , I35/ (1IFSE14.5))

FORMAT ("0 ,I3,1F4E14.5)

FORMAT (44X, 1FSE14.5)

FORMAT (1X, 13, 1F2E14,5)

FORMAT (1Y, 1FAE14.5)

END :
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SAMPLE RUN

SIMFLLIFIED OVEF\'HUNG RQTOF; MODEL . N0 ZERQ COEF%

SFRING-MASS INFUT

S ONCAOD L=

10 CASING WEIGHT
11 CASING SPFRING TO GROUND K1
2 CASING SPRING TO GROUMD. k4
13 ROTOR BEARING SFRING K351

14 ROTAOR BEARING SFRING k73

) ROTOR SHAFT WEIGHT -
16 CASING SFRING TO GROUND K2
17 CASING SFRING TU GROUND K3

DATA STRING
ROTOR SECTION MODULUS, I
ROTOR ELASTIC MODULUS, E
CASE SECTION MODULUS,.I
CASE ELASTIC MODULUS,E
ROTOR LLENGTH, L
IMPELLER WEIGHT, W
IMPELLER RADIUS OF GYRATION
TURBIME WEIGHT '
TURBINE RADIUS OF GYRATION

DOE+0O7
QOFE+01
OOE+O1

2.500000E+02

1.000000E+06

1. 000D00E+06
1.0C
1.0

I0O0E+0Q 6

2. S500000E+01

1. 000000E+0b
1. 000000E+06

QOE+D2

YOOOE+0O6L -

ZERO SPEED SYSTEM CHARACTERISTICS

FLANAR STIFFNESS.

ROW 1
1.42625E+08
ROW 2
5. 6H2500E408
ROW 3=
-1.40623E+08
ROW 4

5. 62500E+08

ROW S
< OO0OOE+00
ROW &
« QOOOOE+QO
&4 Q00O0E+0Q
ROW 7
. QOOOOE+O0
-5 . 62500E4+08
ROW 8
« QOOOOE+QO
1.90000E+09
ROW 9
~1. 00000E+06
« QQOOOEAOD
ROW 10
« QOOOOEAOO
« QOOO0OE+OO
ROW 11
< OOOO0E+0OO
GOOOOETGO
1., 40625E+07
ROW 12
« QOOOOE+00Q
< QOOOOE+00
ROW 13
. OO0O00E+OO
- QOOO0OE+QOQ
-7 .. 03125E+06
ROW 14 .
< OO0QOE+0QO
. O0000E+O0
2.81250E+07

3. 00000E+0R

—5. 62500E+Q8

1.50000E+09
. QOO0OE+00

. DOOOOE+0Q0D

- QOOOOE+00
1.41623E+08

« QOOOOE+OO
-5, 62S00E+08

« QOOOOE+QO
. QOOODE+QO

. OOOOVE+00
. DODOOE+OO

- OOOQOE+0QD

e N
L OOCGO0ESCD

« OOOQOE+00
« OOVOQOE+QO
F.00000E+08

. QOOOOE+00
. OO00QE+QOQ
-2.81280E+07
 QOOOOE+0OO
- QOOQOE+OQO
7.SOOQDE+Q7

LOWER LEFT TRIANGLE"

2. 82250E+08
. OOOOOE+00
~1.40625E+08

5. 62900E+08
. QOOGOE+OO

e OOOOOE+00
3. 00000E+09

. OOOOOE+OD
. OOOO0E+QO

« OO00OE+OO
- QO0QQE+QO

. DOO0OE+00

AANNNE LN
LI AL WA T R i

© L 00000E+0O
.« OO000E+O0

. QOOO0E+OO
- DOOOOE+QO
1.50625E+07

. D0OO0E+OQO
« OO000E+OO
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6. 0000OE+09

~5.62500E+08

1. SO000E+0?
__.doooos+oo
. DOOOOE+00
. DOOOOE+00

-8.03125E+06

. 00000E+OO

2.81230E+07

. OO0O00E+QO
=7.03125E+04

e QOOOOE+OO

| 2.81250E+07

. DOOOOE+DO
. OOOGOE+QO

LOOO00E+00
. 00000E+08

2.83250E+08

- O000VE+00
—1.40625E;08
5. 62500E+08

700000E+00

.OOOODE+00
1.30000E+08

. 00

QOOE+OQO
-2.812

SOE+Q7

- DOQOOE+QO
7. SO000E+OT7

—1.00000E+06&
- DOOOOE+O0

< QOOOOE+CQO
« DOOOOE+OQO



ROW

13

2.81250E+07

1. 50000E+28

TRACE OF MASS
1.079447E~01
1.13141QE+00

6. 044905802

1.611973E~01

MATHIX

5.757052E~-01

1.077447E~01
1.928612E~01

2.158895E~--01
S 757032601
2.158895E-02

. MODE NUMBER,FREG(HZ) ,GENERALIZED MASS

0 0N DU R e

2.618863E+02
3L 48282E+02
4,84212E+02
7.24182E+02

1.61548E+073

2.04658E+03
2.69900E+03
4.58589E+03
4.64621E+03
6. 40026E+03
8. 12393E+03
8.66155E+03
Q. 63382E+03
1.16468E+04
1.45149E+04
1.49164E+04

8.07490E~01
2. T4R21EFO0
?.62453E-01
1. 23855E+00
8.85749E-01
1.75973E+01
1.929852E-01
4.97898E+00
1.95787E-02
?.82856E-01
2.18926E+00
2.79019E-01
1.99477E-01
4.17392E-01
6.52244E-02
?7.11640E-01

. QOO0O0E+00

g

L QODOOE+QD
7. S0000E+OQO7

1.151410E+00 -
1.079447E--02
1.151410E-01

o QOOOOE+OC
- OOOOOE+OO

7. ON125E+406

2.158895E-01
5.797052E-02
6.260794E-02

 CHOOSE MHAxImMUM

MODE SHAPES ((CASE,ROTOR) TRANSLATION ,ROTOTION) HODE ' OF )WTEREST

MODE= 1
-2.60334E~01
3.40498E£-02
2. 11494E+00
~9.12374E-03

‘MODE= 2
6.46777E-04
4.40293E-02
1.51386E+00
—-1.79786E~04
MODE= 3

-1.93820E-02

3.62490E-02
1.81115E+00
~1.94077E-02
MODE= 4
-1.68797E-09
~5. 39936E-09
8. 15980E~08
~2.23465E-10

1.66227E-01
=-1.3714353E-02
1.24333E+00
—-2.27254E-02

. 2T64T7E-0O1
GOOOOE+QO
QFF66E--O3
2.57811E-06
1. QOOOOE+O0
77466E-02
1.70266E-01
26701E-04

 24507E-08
1. 00000E+Q0
7.75198E-09
1.41076E-10

COUFLING COEF DATA STRING

1. 00000E+0QO
~1.37603E-03
5.92217E-01

C-2,22519E-02

1.58477E-04
2.68783E-03
-4.58423E-01
~1.69041E-01

1.17288E-02
-6, 598832E-03
3.446877E-01
-6.08625E-02

b.37635E-09
-2.26407E~11
-4, 75846E-08
1.95909E-01

3.54022E-02
-1.17430E-02
~5.43198E-02
~1.78992E-02

~2.42736E-04
-1.08623E-01
~3.71146E-05
-1.74776E-01

~3.57168E-02
~-6.483599E-02
" 5.59443E-02

1.08033E-01

1.32224E-09
-1.02150E~01
-1.86178E-09
1.63909E-01

1 REF. RFM FOR COUFLING COEF. 3. 000000E+04
2 DIRECT STIFFNESS AT IMFELLER. - 1.000000E+04
3 DIRECT DAMFING AT IMPELLER 1. 500000E+01
4 DIRECT STIFFNESS AT TUREBINE 1. 000000E+03
5 DIRECT DAMFING AT TUREBINE 1.000000E+01
6 ALFORD COEF AT IMPELLER 2. 000000E+03
7 COEF AT TURERINE 4, QOOQO0E+OT

ALFORD
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RFM RANGE FPARAMETERS AND MODAL DAMPING .
8 LOWEST RPM OF INTEREST 1.000000E+04

4 HIGHEST RFM OF INTEREST 3. 0D00OQVE+04

10 RPM INCREMENT 1.000000E+04
11 MODAL DAMPING, %Z OF CRITICAL 1.000000E+0Q0
SHAFT SFEED .
REV/MIN=, 1.000000E+04 REV/SEC= 1.6&66667E+02 RAD/SEC 1.047197E+03

MODE REAL " IMAGINARY FREQUENCY (HZ) DAMPfNG;Z.

1 -1.65323E+01
~1.65988E+01

[N

-2.37844E+01
~Z2.74128E+01

3 -3.23904E+01
~-3.31736E+01

4 —4.73379E+01
~4.,77S63E+01

SHAFT SFEED

MODE REAL

17 —1.465536E+01°

-1.68248E+01

[

~2. 69885E+01

—-3.35455E+01

1.54583E403
-1.64564E+073

2. 29734E+03
-2.29474E+03.

O4Z65E+03

3.
-3.04102E+073°

4.55356E+03

—-4.54885E+03.

REV/MIN=, 2.000000E+04 RéV/SEC= 3.

IMAG INARY

1.6473BE+OT

~1.64701E+03

2.30177E+03
—2.29437E+03

2.61936E+02

- =2.61926E+02

3. 656G6E+02
~3.63246E+02

4.84439E+02
. ~4.84022E+02

.24762E+02.
~7.24013E+02

FREQUENCY (HZ)

2. 62203E4+02
—2.62143E+02

3. 66363E+02

-3.65549E+02

4.,B84704E+02

1.00484E+00

1.00860E+00

1.12229E+00
1.194S1E+00°

1.06414E+00 .

1.09081E+00

1.0395ZE+00 .

 1.04980E+00 -

ITITIFE+02° RAD/SEC 2.094394E+03

. DAMFING,%

 1.00479E+00.
1.02149E+00

" 1.17283E+00

1L 46052E+00

1 10165E400 "

3 -3.3SS06E+01 3. 04530E+0F
~3.673Z0E+01  ~3.04003E+03 -4.83872E+02  1.20829E+00
4  -4.87351E+01  4.55977E+03 ° 7.25752E+02 . 1.06B74E+00"
. ~5.05016E+01

SHAFT SPEED

-4,.SS03SE+03

=7.24256E+02.

" 1.10977E+00.

3.000000E+04 REV/SEC= 5.000000E+02 RAD/SEC 3. 1415906403

REV/MIN=,
MODE  REAL IMAGINARY ~ FREQUENCY(HZ)  DAMPING,%
1 -1.65156E+01  1.64990E+03  2.62603E+02 ©  1.00096E+00
~1.71361E+01 —1.64934E+03 -2.62515E+02  1.03891E+00
2 -2.65769E+01  2.30829E+03  3.67400E+02 1, 15129E+00
-4.13355E+01 -2.30049E+03 -3.66193E+02  1.79453E+00
3 -3.39049E+01  3.04717E+03  4.85003E+02  1.11260E+00°
-4.11080E+01 ~3.03928E+03 -4.83760E+02  1.35244E+00
4 -4.96955E+01  4.56856E+03. 7.27152E+02  1.08771E+00
-5.37354E+01 ~4.55444E+03 sELEcT ADDY

~7.24912E+02

1,17976E+00

RPM RANGE PARAMETERS AND MODAL DAMPING RoN 1WFoR MATION)

8 LOWEST RPM OF INTEREST 4. 000000E+04

© @  HIGHEST RFM OF INTEREST 6. 000000E+04

10 = RPM INCREMENT 1..000000E+04

11 MODAL DAMPING, % OF CRITICAL 1.000000E+00
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SHAFT SFPEED : .
REV/MIN=, 4,000000E+04 REV/SEC= 6.666667E+02 RAD/SEC 4.188787E+03

FRERQUENCY (HZ)

MODE REAL IMAGINARY DAMPING, %
1 -1.68155E+01  1.65337E+03  2.63156E+02  9.92B00E-01
-1.75390E+01 —1.65264E+03 | —2.63040E+02 . 1.06121E+00
2 -2.45717E+01  2.T1689E+03F  3.6876SE+02 . 1.06049E+00
~5.07607E+01  ~2.30649E+03  ~3.67178E+02°  2.2002SE+00
3 -3.34540E+01  3.04930E+03  4.85341E+02  1.09704E+00
-4,62931E+01  ~3.03877E+03  —4.83692E+02  1.S52324E+00
4 -5.0223SE+01  A4.S7994E+03  7.2B964E+02  1.096SIE+00

-S5.74532E+01

SHAFT SFEED .
REV/MIN=, 5.000000E+04 REV/SEC= 8.333333E+02

MODE

1

REAL

~1.62483E+01
~1.B0O413E+01

=4, S6110E+03

IMAGINARY

1.65779E+03
~1.65689E+03

-7 .25980E+02

FREQUENCY (HZ)

2. 63852E+02
~-2.63718E+02

1.25933E+00

RAD/SEC S.235983E+03

DAMPING, %

?.80072E-01
1.08880E+00

2 =2.10020E+01 2.32750E+03 3. 7044%E+02 ?.02304E-01"
~6. 17F01E+01  ~2.31450E+03 ~3.6B496E+02 2.66874E+00
3 -3.219B&E+OL 3.05167E+03 4.85716E+02 1. 05505E+00
~3.22898E+01 -~I.03831E+03 ~4.83665E+02 1.72065E+00
4 -5.03245E+01 4.959387E+03 7.31185E+02 1.09540E+00

~6.146497E+01

SHAFT. SFEED

REV/MIN=, 6&.000000E+04

—4.S7035E+03

=7 27461E4+02

1.34878E+00

REV/SEC= 1.000000E+03 éAD/SEC 6.283180E+03

MODE REAL IMAGINARY FREGQUENCY (HZ) DAMPING, %
1 —1.60070E+01 1.66F14E+03 2. 64709E+02 9.62410E-01
—1.846836E+01  —1.4L6208E+07 ~2.64T45E+0Q2 1, 12223E+00
2 ~1.89080E+01 2.34011E+03 3.72449E+02 b.79656E-01

-7.43859E+01

243B0E+073

=3.70146E+02

3. 19844E+0C

3 ~E.01400E+01 3.05428E+03 4.86127E+02 ?.86764E-01 ‘
~S.P0P7IERGL ~DLO3847EF03 —4.8T68B0EFOR 1.74460E+00
4  -3.00049E+01 4.61043E+03 1.08454E+00

~6.63184E+01

~4.58218E+03

h ]
=7 293G54E+0O2

RI/RD84-191

E-14

1.44716E+00






