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ABSTRACT

A new capability has been added to the general purpose finite element

program NASTRAN Level 17.7 to conduct forced vibration analysis of tuned

cyclic structures rotating about their axis of symmetry. The effects of

Coriolis and centripetal accelerations together with those due to linear
acceleration of the axis of rdtation have been included.

This report presents the Theoretical, User's, Programmer's and
Demonstration manuals for this new capability. The work was conducted
under Contract NAS3-22533 from NASA Lewis Research Center, Cleveland, Ohic,

with Mr. Richard E. Morris as the Technicel Monitor.
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FORCED VIBRATION AHALYSIS GF ROTAYING CYCLIC STRUCTURES
1.1 Introcduction

A new capability has been developed and implemented in NASTRAH Level 17.7 te
perform forced vibration analysis'of cyclic structures rotating about their axis of
symmetry. Fans, propellers, and biaded shrouded discs of turbomachines are some
exampies of such structures. The capability ihcludes the affects of Coriolis and
centripetal accelerations on the rotating structure which can be loaded with:

1) directly applied louds moving with the structure and
7). inertial loads due to the translaticnal acceleraticn of ths axis of
‘votation ('base' acceleration),

One rotaticnally cyclic sector of the N-sectorad structure is modelied and

analyzed. Steady-state sinuscidal or general periodic lcads are specified tc represent:

1) the physical loads on various segments of the complete structure, or
2) the circumferential harmonic cemponents of the loads in (1).

The sinusoidal loads are specified as functions of frequency and the general
periodic loads are specified as functions of time.

The translational acceleration of the axis of rotatien may be specified as a
function of frequency in an inertial coordinate system.

The details of the User's, Pregrammer's and Demonstration manuals are presented
in Sections 2, 3 and 4, respectively. The fcllowing sections preseat the salient
points in the theoretical development.

1.2 Theory

The theoretical development of Reference 1 to conduct forced vibration analysis
of rotating cyclic structures in cenjunction witn the theory of rotational cyclic

symmetry as presented in Section 4.5.1 of the NASTRAN Theoretical Manual (Reference 2)

is summarized in this section.

1.2.1 Equations of Hotion

The complete structure consists of H identical sectors. Tha displacement at
any grid point in any sector can be expressed in any body-fixed coordinate system
as a combination of:

1) the steady displacement due to the steady rotation of the Struéture, and

2) the vibratory displacement (suparpcsed on the steady,dfspiacemenﬁ) due to
the vibratory excitation prosided by the directly applied ioads and bases
acceleraticon.
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The vibratory resoonse of rotating cvclic structures may be determined by
this new capability.

As shown in Referesnce 1, the equations of forced respense can be written as

TR A UL LI LU s n=1,2, ..., N (1)

oR
For the nth cyclic sector, u" represents the vibratory degrees of freedom;

Hn.VB" and K"—represent its mass, damping and stiffness matrices respectively;
p" represents the directly applied loads on un, and —Mgﬁ-represents the inertial
Toads on u" due to base acceleration K. The damping matrix B" consicts of the
viscous and structural demping, and the contribution due to the Coriolis
acceleration, i.e.,

n_ oh o .
8" = Bviscous, + ZQBCorio]is’ (2)
structural

i

with Q as the (constant) rotational speed. The stiffness matriv K ceasists of
elastic and differential stiffness togather with the contrihbution duc to the
centripetal acceleration, i.e.,

n n n 2. N
= K, R S R o ¢ .
K Ke.astxc Kd1frerent1a? ”centrip:tu? (3)
The derivaticn of the coefficient matriceszﬁ s oae s 1" N | and MJ
Corielis?® "centripetal 2

is given in Referarze 1.

Equations (1) supplemented by the inter-segment boundary compatibility
conditions (Section 4.5.1, Reference 2},

n+l =1, 2, ... N, (4)

n
. = .
Uside 1 ° Yside 20 °

completely describe the vibratory forced motion of the rotating cyc]ié

structure.

1.2.2 Method of Solution

The method of solution of equations (1) consists of four principal steps:

1) Transformation of applied loads to frequency-dependent circumferential
harmonic components.

2) Application of circunferential harmonic-dependent inter-segment
compatibility constraints.
3) Solution of frequency-cependent circumferential harmonic components cof

displacements.

~—d
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4) Recovery of frequency-dependent response {displacements, stresses, 1oads,
etc.) in various sagments of the total structure.

An overall flgwchart outlining the solution algorithm is shown in Figure 1.

1. Transformation of Applied Loads

~ The transformation to frequency-dependent circumferential harmonic com-
ponents depends on the form in which the excitation is specified by the user.
The 7Tollowing options are made available in the prasent capability to specify
tha form of éxcitation due to the directiy applied loads and base acceleration
Toads:

Directly applied lcads specified as:

- periodic functions of time on various segments

- periodic functions of time for various circumferential harmonic indices
- functions of freguency on various segments

- functions of frequency for varicus circumferential harmonic indices.

Base acceleration specified as:
- function of frequency for circumferential havmonic indices 0 (axial)
and 1 (lateral).

Details of each of the above five loading conditions are as follows.
Directly applied loads (segment-dependent and periodic in time)

If Pn represents a general periodic ioad on sector n specified as a func-

tion of time at M egually siaced instances of time per period (F1gure 2),

th

the load at m~ time instant can be written as

m -0 OL Lc -£s ~M/2
Ph= PN T P cos(eT ab) + F" sin(@cTab)| + (-1)™ TP, (5)
" =1 :
m=1,2, ..., M ,

where b = 2i/M, o= (M-1)/2 for odd M, o= (1-2)/2 for even M. The last

term in equation {5) exists cnly when M is even, The coefficients Pn“
("2" = 0; 2C, 2S5, 51, 2, ..., 2 M/2) in eguation (3) are independent of
time, and arc defined by the relations

-0 M m
Pl = M ot (2 =0) part of {6)
m=1

1.3
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Each of the coefficient vectors P'' on the left hand sides of equations

(6) can further be expanded in a
k
tgn oo L l‘_:l "
Pn = + 1‘: ﬁi((%
k=1

o

wheren=1, 2, .... N ,

et = 05 fc, 25,0=1,2, ..., 8

a = 2n/H )
kL = (N-1)/2 for N odd
kL=(N-2)/2 for N even.

The last term in equation (7] oxists only when N is even.

_IIQII
coefficients

Bk (k" = 05 ke, ks, k=1, 2, .

circumferential (truncated) Fourier series
-:'Q’” 1-"%“
cos (n-Tka) + P*° sin(ﬁ:Tkazl + (-1 /e

L3 M/2

o
The Fourier

v kL; N/2) in equation (7)

do not vary from sector to sector, and are defined by

Hon o
-t vt
O
n=1
_tgn . A
ﬁkc ) % ) ph
n=1
-")1" -‘“2"
S —
P™ =51 P sin (n-Tka), and
n=1
n ’:’" N 1] ;..vn
.B‘”/Z - %5 (_})n‘1 rn
©op=

cos(n-Tka)

1.4
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The terms P K ("2" = 03 s2¢, 85, 2 = 1,2, ..., s M/2 and "k" = 03 kc, ks,
K=13, 2, ..., k3 N/2) ave the transiormed fr equency dependent circumferential
harmonic components of the directly eppiied loads PW (m = j, » «v-y land n = 1,

2, ..., N

Directly appiied loads (Civcumforential hakmonic—deg;ndent and periodic in

Such loads can be represented as
n -0 2, 2 -£s ~M/2
u Ay u [H N —— _Jn P T
p K ey ‘f’ " cos(oTib) + B K gin (“‘"m-ub)_i  ((0™IER (o)
£=1

wherem =1, 2, ..., M represent the time instances at which harmonic components
ke

"k" = 03 ke, ks, k=1, 2, ..., kL; N/72 of directly appiied loads are specified.
_nln
The coefficients §“k“ on the right hand side of equation (10) are obtained

using equations (6) with sector number n replaced by harmonic number "k".

Directly applied lnads (freguency-and segment-dependent)

This type of loads can be represented as

-"2," _IIQ'II
cos{n-Tka) + P"> sin{n-1ka) s

" Q," " n{l! {3 9’“ .
5kc — ks . ] + (_])n-1 5N/2 (1) :
=1 B

-3
=
1
hell
[=}
}.
xXi~1 X

where "&" (=1, 2, ..., F) now represents the frequencies at which excitation is

specified. The transformed frequency-dependent circumferential harmonic components
_Ilin‘ll

F K {("k" = 03 ke, ks, k=1, 2, ..., ks N/2) are obtained using equations (9)
with "¢" as defined above.

Directly appiied loads {frequency-and circunferential harmonic-dependent)

These loads are the transformed frzquency-dependent circumferential harmonic
components & ”k: ("k" = Q3 ke, ks, k=1, 2, ..., kL; N/2) with "2" (=1, 2, ..., F)
represent1ng the various frequencies at which the directl, applied loads are .
specified. '

Base acceleration (frequency- and circumferential harmonic-dependent)

In Reference 1. it is showrn that the components of the translational base
acceleration contribute o inertial loads on the rotating structure in the follow-

ing manner:
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1.  Axial component contribiuies %o 5"‘" whare "k" = 0, and "L" represents the
specified excitation frequencies. uyu ' :
2. Lateral components countribute e 3ﬂk" whare "k" = ic and 1s, and "2" re-
presents the effective excitation {reguencies which are shifted from the

specified frequencies by * 9, the rctational frequency.

The user specifies the components of the base zcceleration vector R as
functions of frequency. The program computes the inertial leads -Mgh and trans-
forms them to appropriate frequency-dependent circumferential harmonic components.

2. Application of Inter-Seament Compatibility -Constraints

n

As shown in Section 4.5.1 of Referance 2, equaticns (4) are used to derive
the compatibility conditions relating the c¢circumferential harmenic compcnent
degrees of freedom on the two sides of a rotationally cyclic sector:

side 2 side 1
\
- _ -0 =
u, =Y (k = o)
ﬁgc = E?c cos(ka) + E?s sin(ka)
(k=1,2 ., k) ¢ (12)
1.
vags = -Eﬁc sin(ka) + E?S cos(ka)
and w4 = W/ (k = 1/2)

: J
In order to apply thesa constrainc reiationships for any given harmonic k,
an independent set UK consisting of the circumferentiai harmonic component
{cosine and sine) degrees of freedom from the intericr and side 1 of the cyclic
sector is defined. GK is selected from the 'analysis' set degrecs of freedom,
and is defined as ' '

ﬁkc = Gck(k) EK, and
113)
- — ‘

—k . . .
Ekc and u<° cach contain all {and onlyv) the 'analysis' set degrees of

freedom from the interior and both sides of the cyclic sector. Eguations (12)
are used to define some of the elements cf the transformation matrices Gck and
GSk' For k = 0 and N/2, the matrix GsP is null.

S

1.6
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3.  Solution of Frequency-Denenycnt ilevwmonic O1,nlacements
D e bo

N —
For a given harmonic k, the intrsduction of ¢ n the equations of motion,
(1), results in the transformed oguaticns of motion (Reference 3)

AR AT AT A | | (14)
‘ -
w = L T .n.
where N = Gck 1 Ge + Gsk 3 bsk )
=K T n N
BE = 6oy 87 Goy # Gy B By s
wag T > {15)
ATl n
R =61, K" 6 + 6., K" Gy 5 and
K.l pke | oT pks
o= Goy P+ 6y P . J

—+c =ks

As discussed in subsaction 1 of Section 1.2.2, P"~ and P
frequency-dependent circumferential harmonic components of tne directly applied und

are the transfowmed

base acceleration ioads.

At any excitation frequency w”, let

oo PRt ng accordingly, ; ]
- 3 | } ;]6)
UK:a\elut . : J
K

where P and ﬁK are complex quantities., FEeuation {14} can be rowritten as

-_ :/

[0 B+ 0B« B0 = BR (17)

The excitation frequency w” is given by

w” = w for all directly applied and axial t e acceleration
loads, and (18)
= ) for lateral base acceleration loads.
Equation {17) is soived for GK for all excitation freguencies and 211 harmonics
as specified by the user. The cosine and sine harmonic components of displacements
are recovered using aquations {13).

4. Recovery of Freguencv-Dependent Displacements in Various Squent:

This step is carried cut only when the appiied loads are specified on the

various scsoments of the complete structure.
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For Toads spec1f1(r as functions of time, equaticn (7) is used to obtain tie
displacements n in various seguants with "Q" = 05 2¢, 85, 2=1, 2, ..., 2
The c1rcumfereﬂt1a1 hermonic ¥ 35 varied frem k . to k

nin max®
2 . ar .
max® kmm and km*

max
The user specifies

For loads specified as functions of frequency, equation (11) is used to
oota:n the displacementy unN in varicus segments wi*y; "y¢ representing the
excitation frequencies. The circumferential harmonic is varied fiom user speci-

fied Lmin to kmax'

The récovery of other rasponses such as stresses, internal Torces, etc., is
identical to that currently -existent in NASTRAN.

1.8
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FORCED_VIBRATIG% FNALYSIS OF ROTATING CYCLIC STRUCTURES . .- .

2.17 Introduction

Forced vibration analysis of cyclic structures rotating about their axis of

symmetry can be conducted using this capability. An extensive package of ALTERs
1nc1udinglnew Fﬁnctional Modules and»PARAMeters has been deve]oped:and used to
modify the existing Displacement Approach Rigid Format 8 (Direct Frequency and
Random Respohse), Series R, in NASTRAN Level 17.7. Example 2 of the_Demonstration
Manual (Section 4) illustrates the use of this ALTER package. The Theoretica]

 and Programmar's Manuals are described in Sections 1 and 3, respectively..

2.2 NASTRAN Kodel

The user models one rotationally cyclic sector (segmeﬁt) of the entire
structure as shown by the 12-biaded disc example in Figure 1. . A1l NASTRAN
coordinate systems {basic, location and displacement) are considered fixed to-
the rotating structure. The only additional requirement is that the X-axis of
the basic coordinate system be coincident with the axis of rotation. A positive
value of the rotational speed (PARAM RPS) indicates a clockwise sense of rotation
when the structure is viewed at in the positive basic X direction."

Except for the special features discussed in this section, the general

, rﬁ]es‘of modelling rotationally cyclic structures in NASTRAN (e.g. CYJOIN,

MSEGS, etc.) have been maintained.

The rotating structuré can be loaded with steady-state sinuscidal or generél
periodic loads classified as : '

1. directly applied loads moving with the structure, and

‘2i .inertial loads due to the translational acceleration of the axis of
rotation ('base’ acceleration).

The sinusdidai loads are specified as functions of frequency using the
RLOADi bulk data cards. The general periodic loads are specified as functions
of time using the TLOADi bulk data cards.

The following notes apply when using TLOADi bulk data cards:
1. Time de1ay T nust be set to zero.

2. Iﬁ cbnjunction with the TSTEP bu}k4data card, TLOADi informétion is
used to discretely define P(t) at M time instances as pW or p'kK'
(m=1, 2, ..., M), as discussed in Section 1.2.2 of the Theoretical

- 2.1
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Manual.
© N(1) of TSTEP bulk data card = M-2
DT(1) of TSTEP bulk data card = (72 - T1)/M

. 3. P(t) is defined in the interval [T}, T2] with (T2 - T1) as the period.

4. 40n1y one physical TSTEP bulk data céfd is allowed, i.e. continuation of
the TSTEP card is not permitted.

The following options are provided to specify the form of excitation:

Directly applied loads specified as:

périodic functions of time on various seaments (PARAM CYCIO = +1)

(PARAM CYCIQ = -1)

functions of frequency on various segments (PARAM CYCIO = +1) .,

functions of frequency for various circumferential harmonic indices
(PARAM CYCIO = -1)

Base acceleration specified as:

- function of frequency for circumferential harmonic indices 0 (axial)
and 1 (lateral) (PARAM CYCIO = -1) ' '

The base acceleration refers to the translational acceleration of thé axis
of rotation, and is specified in an inertial coordinate systém. The user defines
a rectangular inertial coordinate system with its X-axis parallel to and in the
direction of the basic X axis, as shown in Figure 1. The definition of this
inertial system, otherwise, is arbitrary. The user specifies the X, Y, 2 com-"
ponents (magnitude and phase) of the base acceleration vector as functions of
fréquéncy on TABLEDi bulk data cards. The use of these tables is activated by
the PARAMs BXTID, BXPTID, BYTID, BYPTID, BZTID and BZPTID. ‘ '

The user is provided with two options to include damping by specifying the
form of the matrices Kdd’ de and Hdd in the Functional medule GKAD as per
equations 16 through 21, pages 9.3-7 and 9.3-8, Section 9.3.3 of the NASTRAN
Level 17.7 Theoretical Manual. The PARAMeters GKAD and LGKAD have been defined
for this purpose. ' :

Section 2.4.4 of this manual describes all the PARAMeters applicable with
this new capability. A '

2.2

periodic functions of time for various circumferential harmonic indices
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2.3 Subcase Definitidns_

,The PARAMeters CYCIO {=%1) and KMAX (20,<NSEGS/2 for even NSEGS, <(NSEGS-1)/2 ;

for odd NSEGS) determine the number, ordeir and meaning of subcases as follows:

CYCIO=+i

SUBCASE

The number of subcases is equal to NSEGS, independent of KMAX.

1 (SEGMENT.NO. 1)

SUBCASE 2 (SEGMENT NG. 2)

SUBCASE
CYCIO=-1

NSEGS (SEGHENT NO. NSEGS)

* The number of subcases is equal to FKMAX, where

FKMAX =

SUBCASE

SUBCASE

SUBCASE
SUBCASE
- SUBCASE

SUBCASE

In the event that

1, if KMAX = 0,
1 + 2+ KMAX, if O<KMAXg{NSEGS-1)/2, NSEGS odd,

1 + 2« KMAX, if O<KMAXg(NSEGS-2)/2 NSEGS even, and

HSEGS, -if KMAX = NSEGS/2, NSEGS even.

1 (k' =0)

2 ("K' = 1c)
3 (k' = 1s)
4 (k' = 2)
5 (k' = 2s)

FKMAX ('k' = KMAX3)

NSEGS is even and KMAX = NSEGS/2, Subcase FKMAX will

represent 'k’ = KMAXc as KMAXs does not exist.

Directly applied loads on various segments (CYCIO=+1) or their circumferential ;é
"harmonic components (CYCIO=-1) are specified under the appropriate subcases. i
With RLOADi bulk data cards, nult loads need not be specified by the user,
TLOADi bulk data cards, the user is reguired to provide information tn generate
‘null loads where applicable. o

oo ere B4 B B i ot ot S i ottt s T ek e
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Base écce]eration is inciuded only when CYCIQ=-1. Based on the activating
PARAMeters BXTID etc., the corresponding inertial loads are internally calculated

and assigned to 'k* = 0, Yc and s as applicable.

2.4
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2.4 Riagid Format Description

2.4.1  Rigid Format Alters te Displecemant SOL

$$&$$$$£b&$3$bs$$$$$&$e$$$$$$$$$3$$$5$&$&$3&$$5$3&é$5$59$$$$$$S$5;§&§é£$

$ : - s
3 EEGLANING GF RF ALTER 851 - HF 8 / SERIES R {LL7.7} 7 1-28-82 / MeG. &
§ : : C B 4
$545U5L5h055538533305430808505885800055855¢85888365455555555558885538555%
FURPCSE = TO MCULFY THL DIRELT FRECGUENCY ANL RANUOH RESPUNSL R4GIL &
FUKMAT TC ENABLE THE USER TG PERFURM A FCKCED ViBRATIUN $

KRESPUNSE ANALYSLS LF RGTATING CYLLIC STKUCIURES. S

SR s
i&i&$$$b¢$$$b$év$u$$u$aa$$$$$$$$$$$$$$a$$$$b£$$ob$$$$a»&&&&Sk&&&b!$ub$

EltbLTth CECK INPLT -

L. SO0L €
Ze Refe ALU—LKS

CASE CONTRUL DECK INPUT -

1. ALL SPC AND MPL CUGNSIRAINTS MLST 5E ABUVE THE SUBLLASE LEVEL.

2e EITHER FRCQUENCY LK TSTEP MUST 8E SELLCTEC ANJ MUST BE ABUVE
THL SUBLASE LeVEL. .

56 If SLLELTED, FREWUENCY MUST BE USEL TG SELCCT UNE ANu CNLY
ONE FEwe FhEwl €1k FREWZ CARD FRULM THE BULK DuTA UELK AN
hMusSl 8E UDEFINED AbGVE Trt. SUBCASE LEVEL.

%o IF SELECTEZU., TSILP MJST BE USED Tu SELECT THE TIME-STEPS TU BE
USED FUR Lijab DLFINITICN ANMD MUST Bc UEFINEUD ABOVE THE SUULLASE
LEVEL.

S5e UIKECT IuPUT HATKILES AKE Nuf ALLGWLD.

0. CHFREWUENCY MUMT NUT BtE USLU.

7. A ScHFAKAT: GRGUP CF SUOCASES MUST Lt LEFINLL FUR EACH SYMMETRILIC
SECMENT.

8. DLGCAU MUST bt Udku TL UEFINE A FREGUENLY CR TIME-DEPENUENT

LUADING CuNDITIUN FUK EACH SUBCASE.
FUR FREQUENCY-UEPENUDENT LCADS» 2UUBCASES wlTHCUT LOADS NLED NOGT
RLFER TO A ulCAU CAKD. ' :
FGK TIME-DEPLENUeNT LGAUSy SUMCASLES wlTHUOUY LCAUS MUST REFER TGO
A LLOGAD CArD THAT GENEKATES A NULL tCAD. '

Fe A ALTERNATL LUAULKO METHLD 1S TU UEFINE A SEPARATE GRLUP CGF
SUBCASES FUR LACLH HARMUNIC INDEX. Ko THE PARAMETEK CYCIO IS
INCLULOUEL AND THL LUAL COMPONENTS FULR bACH INGLA ARL DEFINLD i
DIRECTLY WITHIN £ACH OGROUP FUR THe VARIGUS LUAUIRG CUNDIT LUNS &

BULK ULATA DLCK INPUT -

2.6
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1.
Le

3.

40
e

SUPGR1
EPUINT
SPOINT
CYJO IN

Ao

B

D.

1

NSEGS

Cyuig

CYCSEY
LTYPE
KMAX -

KMIN

LMAX

NLUAD

RPS

dxT1u
BYTID
BLTID .

BAPT IV

BULK

XECUTIVE

GRIGHAL P. SER

F POOR QUALITY o -

CONTRCL DECK cc

BULK DATA CARUS ARE NOT ALLU4ED.
BULK DATA CARDS ARL NUT ALLUWED.
BULK DATA CAKDS ARL NOT ALLCwED.

UATA LARGS ARE REQUIKED. : -
IF A TSTEP CARD IS USED THEN IT MUST NUT GE LUNTINJEU SINCE

UNLY ONE UNIFCRM TIME SIEP INTERVAL HUST. BE SPLLIFIFD.

THE SKIP FACTUR Fux CUTPLT, NG, Ul THL 1STEP CARD MUST BE 1.
PARAMETLRS USCU ARE - '

KEQUIREU =~ THE INTEGER VALUE NF THIS PARAMETER

IS5 THE NUMBER CF IDENTICAL SEGMENTS KN THE
STRUCTURAL MULEL.

REQUIRLY - THE INIEGER VALUE UF THIS PARAHcTtR
SPECIFIES THE FORM UF THE INPUT AND OJIPUT UATA.
A VALUE OF &1 IS USED TO SPECIFY PHYSICAL SEGMENT
REPRESENTATIGN. A VALUE GF -1 [L USED TO SPECIFY
CYCLIC TRANSHCKHATIUN REPKESENTATIUN. THEKE 1S au
VEFAULTs A VALUE MUST bE INPUT. :
FLACo -~ THE INTeokR VALUE UF THIS PARAMETER
SPECIFIES THE PHRUCEDURE FOR SEGUENCING THE
EUJUATIONS IN THE SULUTICN SLT. THE VALUE CF THIS
PAKAMETLR HAS OEEN SET TU -1 TC SPECIFY
ALTERNATING COSINE AND SINE TERMS.

FIXED ~ THE u8CL VALUE GF THIS PARAMETEw
OEFLIKES THE TYPE CF CYLLIC SYMMETRY. THE VALUE

Of THIS PAKAMETER HAS BEEN SEI TC -wUT- FOR
RUTATIGNAL SYMMETRY.

RECUIRED — THE INTEG:R VALUE OF THIS PARAMETER

CSPELIFILS THE MAXIMuM ValLUE GF THE HARMGNIC

[ivuEXe THEKE IS NU UEFAULT FCR THIS PAKRAMETER.
THE MAAIHNUM VALLE IHAT CLAN B SPECIFILD IS NSEGS/2

SUPTIUNAL - THE INTLGER VALUE OF THIS PARAMETER

SPECIFIES Tht MINIMUM VALUE LF THE HARMCONIC
INDEX TC BE USED Ih THE SOLUTICN LUOUP. KMIN CAN
LUUAL KMAX. THE CGEFAULT VALUE [5 0.

UPTLUNAL = ThE INTESER VALUE GF THIS PARAMETCR

CSPECIFLES THE MAXIMLM TIME HARMUNIC INUEX. THE

CWEFAULT VALUE IS NISTEPS/2s wHERE NTSTEPS EUUALS

N (FROM TSTEP CARL} PLUS 2.

FLXED = THL INTEGuR VALUE L THIS PARAMETER
IS THL NUMBER GF LGACING CCNUITIJUNS. THL VALUE
UF THLS PARKABETEK IS INTERMALLY CALCJLATED,
UPTIULNAL — THE REAL VALUE CF THIS PARAMETER
UDLFINES THk RGTATIULNAL SPEEL UF ThE STRUCTURE
IN KEVGLuIICNS PER UNIT TIiML. V-t DEFAULT VALUE

I5 J.C .
UPTLUNAL = JTHE POSITIVE INTEGER vAawLUES CF THESL

PARAMETERS DEFINE THE SET LUENTIFICAl [UN NUMbEKDS
Ut THE TabBLEUID BULK UATA CARULUS ~HICH DEFINE THE
COMPENENTS CF THz baSt ACLCELLRATIUN VECTUOR. THE

C2.7
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Ao

E XEGCUT I VE CUNTROL DECK ECHDO

TABLES REFLREL 10 oY BXTIU. 8YTI0 ANw BZT LD .
DEFINE MAGNITUDE(LT-2} AND THE TABLES REFERED 10
BY BXPTIUe YPTIU AND BIPTIC UEFINE PHASE(UDEGREE).
THL LEFALLY VALUES ARE -1 whlICH MEAN> THAT 1HE
RESPELTIVE TLRMS ARE [GHALREU.
OF TICNAL — AN INTEGLER VALUE LF &1 FGR THIS o
PARAMETER Will CAUSE THE CUARENT HAKMONIC I[HUEX.
KINUEA: TO BE PRINTEU AT THe TGP GF THE HARMOMIC
LLOP. THE ULEFALLT VALUE IS &l
OPTIGNAL - 4 PUSITIVE INTEGER VALUE OF ThIS
PAKAMETER wWlLL CaUSE THE GRIO PLINT wEIGHT
GENEKATGR TU BE EXELUTEL ANU THE HESJLT INo wEIOHT
BALANCE INFURMATICIN TO BE PRINTED. DEFAULT IS -~1.
UPTLONAL - THE TERMS OF THE STRULTURAL MASS
MATKIX ARE MULLTIFLIED BY THE REAL VALUE CF THIS
PARAME TER WHEN THEY ARE GENCRATEDU IN EMG. THE
UEFAULT 1S 1.GC » ,
FIXED - LKLY LUMPED MASS AATRILES MUST BE USED.
GPILUNAL — THE BCL VALUE CF fHIS PARAMElcR IS
JSED TU TELL THE GKAU MUCULE THE DESIRLD FURM OQF
MATRICES KUU: BUD ANU Mute THE OCU VALUE CAN BE
FRCUKESP GK TRANRESP. THE DEFAULT 1S TRANRESP.
NGTL = REMEHMBER TC OEFINE PARAMETERS Go W3 AND W4
SLE SECTICN 9.3.3 {(UIRECT DYNAWIC MATKIX
ASSEMLLY) PAGES 943-7 ANC 9.3-8 UF THE
NASTRAN THEGRETICAL MANUAL. _
UPTICNAL = THE INTEGEK VALUE GF THIS PARAMETER
IS USED [N CUNJUNCTILN WITH PARAMETER GKAD. (F
LKAU=FREQRESP THEN €7 LGRAU=1l. IF GRAL=TRANKESP
THEN StT LOKAD==le IHE ULFAULT VALUE IS ~l.
OPTICONAL = THE REAL VALUE Cr THIS PARAMETER IS
USED AS A UNIFURM STKUCTURAL DAMPING CGuFFILIENT
IN THE DIRECT FCRMULATICN OF DYNAMILS PROBLEMS.
UPTICNAL = Toth REAL. VALUE LF THI> PARAMETER IS5
UStU A> A PLVUTAL FREWUENKCY FCX UNIFGRM STRUCTUAL
UAMPLNL LF PARAMETLR oKAC=THRANRESP. Lih THIS CaStL
W3 1S REGUIRED IF UNIFOKMED >TRuUCTUAL UAMPING IS
DESIRED. THE DEFAULLT VALUE 15 0.0 .
CPTIOINAL - THE REAL VALYJE CF TH!S PARAMETER IS
USEL AS A PIVOTAL FREUUENCY FULR ELEMENT STRULCTUAL
ULMPING IF PARAMETEK GaAd=sTRANReSP. IN THIS CASE
Wé 1S KEWULKLD IF STRUCTUAL UAMPING I5 DESIREL O
ANY GF THE STRULTUAL ELLMENI3. DEFAULT IS 0.0 .

-bl&'&bb)&i&&iﬁ&&ib&&iiblréi&}i&ii:&.is%isiiab&&5$§££$‘a.‘a$$b$$$2~i55S$$$bi«$$$£$ ’

L. THEL ANALYSIS wILL LOGP TdAU A KAMGE GF THL CYLLIL INDEX,

10 KMaX,

2.8
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ALTER 3 &

FILL . . UXVF=APPEND/PDV=APPEND/PD=APPEND &

$ PERFORM INITIAL EKRUA CHECKS ON NSEGS AND KHMAX.

COMD - ERRURCL#HSELS 3 IF USER HAS NOT SPECIFIED N3EGSe
LLRU . ERRURCL,KMAX & IF USE& HAS NUT SPECIFLEC KMAX.
PARAM 770N EQ /VONGCYCLOERR VoY LYCIUSG /i cN:O $

LGRD ERRGRCLSLYLIOLKR & IF USER HAS NOT SPECIFIED cYCIO.
PAKAM 7/CerieD iV /VeNsRSEG2 /VeYoNSEGS /CeMe2 & NSEG2 = NSEGS/2
PARAM //CoN¢SUB /Ven o KMAXERR FVeNsNSEG2 /VsYsKHAK $

CChU LERCRCLsKMAXEKR » LF KMAX «GT< NSEGS/2

$ St1 LEFALLIS FOR PARAMETEKS.

PAKAM £7C oK yNOP /Y oY oNCKPRT=RL /VeYoLGKAL==2 &

b CALLULATE GMEGA,s 2%UMESA AND OMEGA%%2 FRUM KPS. SET DEFAULT nPS.
PARAME Z7C a1 MPY /VoineGMEGA ZV2YeRPS=0.0 /UiNvbe233185 %

PARAMR JIC e HPY IV eNJOMEGAZ2 FLoNe240 /V il LUMEGA b

PARAMR J/CeN s MPY 7V et ¢OMEGASHUR /V4yNJCHEGA /VaNoULMEGA $

$ CGeNEKATE NURPS FLAG IF KPS 1S ZERG. -

PAKAMK F/CsNeEBa /7 VoY KPS /CyNeCaQ ///77VeNNORPS $

$ MAXL SURE CUUPLEOD FALSES HAVE NGT BEEN RECUESTEU.

PARAM . FAC by NCT 2V N NJLUMP /Yo Y,CCUPMASS=~1 $
CUNDL L‘RRUKCZYQNOLLMP b ) )

A TLIL 2ledl » ADD SLT 10 GUTPUT FuUR TRLG.

GP3 : GEUM3yEwbEXINyuburn2 /4 SLTLGPTT / V.N.NOGRAV $

CRRPNT SLT,.GPTT 3
ALTEK 23 4
3 SINCE MULTIPLE CONSTRAINTS ARE NUT ALLUWED LXECUTE oP4 NUW SO THAT

8. MURE ERRGCR LHECKS CAN BE MAUE BEFOKE ELEMENT GENERAIIUN.

$ AuL YS NELUCL FOR P5f RELGVERY IN. 55G2.

PARAM J7UaNMPY SV NyNSKIP JCelNeQ 7CeNsO ¢

GP « LASELL » GEUMG v EQEXINsOPDT+BOFLT o CSTM/KG o YSWUSET »aSET/ VN LUSET/
SeNsMPCF L/S ¢NoMPCUEF2/S N SINGLE/S oNoOMIT/SoNoREACT/ S e NeNOKIP/
SeNeHREPLAT/S NG NOSET/Se e NC L/S ol e NGA/CoY S ASETLUT/S s Y ¢ AUTLSPC 3

PURGL  OMsCMU/ZMPLE L/GUbCD/CMLT/NESyPSFCPC/SINGLE 3

CithP vl u"l.hr“.;,nb'bh'bbl.)si(f's PSF +PC +USET,YS $

$ SUPUKT BULK CATA IS ivul ALLUWED.

PARAM 7/7Cav s NGT /N oNJREACUODATA /V,N.REALT §

CUNU ERRLRAL3ynEACUATA & h

P EXLOUTE LR NOW SU LHECKRS CAN of MAUE. aCu TRL Tu JulPUT DATA SLOCKS.
UPL - - DYNAMICSGPLSIL USET / UGPLOSILUUSETU«TFPOULOLT oPSOLsFRLs

TisL o s EGUYN 7/ Voo LUSET/SoNoLUSETO/VoNJNGIFL/S «NeNUULT/
SN sUL2SULZS o NexdSRLA Vo NcNU'\ILf‘T/J'NQNUT“L/Vl‘\'I\LEE})/L'Ni/
SNy’ NOUE &

$ MUST HAVE EITHER Fktwe OR TSTEP BULK DATA.

" PARANM F70C oty ANU/ZV NP TERK VNS NOFRL JVoNeNUTRL &

CURD ¢+ ERRLRCHFIERR 3 NC FKEw Ux TSTLP dULK DATA.

$ ONLY FREGULNCY UR TSTEP [S ALLUWED IN THE CASE CONTRCL
PArAML CASECC 770 NaliT L ZUeNel ZUoNola Z/VolioFiskwSET 8
PafAML. CASLLL 27U NsUTL ZUolel ZCaNe38 //7Vel s TIMESET 3
PAHAM 7/7C e AP Y IV eNsrrREGWTIME IV oNIFRESSET SV eNTIMESET %

2.9
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PARAM. //C;N'NUT N o Ny ETERILYL ZVeNFRESTIME O
PARAM F/ZCcNeLE SV LoNUFREYU FVINFREQSET /L oNoQ &
PARAM . J/CyN«LE /Velv o NUTIRE /arwxli&EZET JCsNoO &

“CONU  ~  ERRORCOWTERKL $  BOIH FREQ 4NJ TSTEP IN CASE CUNTRUL DECK

% EPCINT blLLK CATA NGT ALLCuiR
PARAH /FCeNGNUT ZVoNoEXTRAPTS /V,iNoNOUE §

CUND ERRUNRC A EXTRAPTS &

$ GtNEh&It DATA FOUR CYCT2 MGDULES

GPCYL - GEUM4,EQULYN,LUSETL /CYCDL leNeCTYPt RGLY /SvhohrGU 5
LChu ERRURCL »NOCEC &

CHRPNT CYLDL $
ALTER 22 %
$ PKE~PURGE DATA bLULAS (AT will NOT BE GERERATEU.

PARAM 770 eNeUR /VeNoNUBML ZVeNe NOMGG /VpN.hthS 3
PURGL BloLyMLuG ZhUBML 8

PURGL ,szL M2BASEXG /NUMGG §

ALTEK 35 3 '

$ CLNLRATL DATA SLUOCKS FRLX, d16GGe MlGus M2G6 AND BASLUX.

b CENERATE PARAMETchS FKMAX ANu: NCBASEXe )

LUMMODL CASELLCyuGPD T oULSTH DI ToFRL MGG e / FRLX+BLGGM1GG,
420G e BASEAGPDZERG s » /VoNQNUMGG/V'Y'LYL‘C/V!Y'NSEGS/
VoY o KMAX/SeNsEXMAXIV Y BXTID=~1/V,Y.8XPTID=~1/
VeYeSYTID==1/V oY BYPTID==1/Vv,Y82T[D=~1/
VeVYeDZFTIV==1/SsNeNUBASEX/VeNoNUFREQ/VoN+UMEGA 3

PARAIML FRUX /70 eNsPRESENLE //7/VeN, NLFRLX $

CUNG LEBLFRLAJNUFKLX $

[N A AY FRLXyFRL b

LADEL LbLFRLX §

ChHKPRT FRL ¢ 816G MLIGCeM206,BASEXL §

ALTLR 42 $ )
PARAM F{LeNADD 7V ey NUBULG / VN HNUBMIL JCoN:O & RESET NUUGG. .

ALTER D2 %

$ PLLEI INc BGu AND KULG.

CUND LALilANUBML $

PAKAMK F/C N JCUMPLEX /7 VN GMEGAZ /7 CeNeDeU / Vil LMPLXL 5
PARAMR /LN oSLE /4 Veh ¢eMUMLGASQ 7/ LeNe0aO / VoNJUMEGASOR 8§ -
PARKAMR Z7CeNsCUMPLEX /7 VoNoMOMEGASWY /7 CaNeUeO / VaNCHPLXZ $

ALL DUGeBLIGHL 7/ BuGL / CoNs(1eQeda0t / VoNCHMPLXL $
tauly 6GGlebGG &
ALL KRGGMLIGG / KGOL / CeNeallaQy0.0) /7 VoboCMPLEZ $
EwLlV KLGL.KRGL §

CHKPRT  BuGeKUG 8

LattL LiaL1llA

ALLTLK 53495 % GP4 HAS BLEN MUVeU-UP.

ALILR 88,48 % LPU RAS BELN MUVEO-UP. ,

ALTER 114 % PARAM ANU EoUlVv LUGIL UEPENLING UN LGKAD FUR FREW OR TRAN.
PARAL 77C oii s AND/ZV o iNa KDEKA Z/V o NoNCUE/V N . NOK2PP &

CUAND LUKADLISLGRADL & SRANCH IN NGT FRECKLSP.

AUTER 119 ¢ SLE ALTER 114 COMMENT.

JUke Lexave s
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E£LuUTIVE CONTROL DECK ECHO!
" LABEL LORADL & ' : v
Euliv “‘PPeM¢Ub/NOA/L?P”.U?OD!huﬂ/KRPPpKZDD/NOA/HAA.MDDIMDEHA/

NASTKAN E ¢

‘KAAKOD/KDEKA &
CHRPNT . KZPPoM2PP ¢B2PP ¢ KIDL ¢ MEDW ¢ 52DD sKDD MDD  $

LAEEL LGKADZ & . :
ALTER 1l7¢117 % WU PARAMETERS GiRADs W3 ANG wé TC GKAD.
GRAL © L USETD ¢GM 56U s RBA +BAL e MAA s RGAAKZPP H2PP < B2PP/KDDBOU 9 MDD+ GMD+

LUDsKZDDeH200 ¢B200/C Ve GRADS TRANRESP/ L sNoDISP/CoNoDIRELT/
CoYob=060/C )Y :0330.0/CoY 214600/ VoN,RUK2PP/V oNoNUKZP P/ .
VeNeNUBZPP/Z v o N MPCFL/V, NpaINGLL/VohaOH[l/VeNahOUt/VoNoNUK4GG/
) Vil oNUBGG/V o Ny KOEK2/L o No~1 &
ALTER 1i8 & SEE ALTER Ll4 CUMMENT. .

©Cuhu LCKAU3,LGKAD & UBRANCH IF NLT FRLskESPo
ALTLK 118 % SEE ALTER ll4 COMMENIT.
Jukp LCKAV4 $ .
S LABEL LCEKAU3 ¢
tavlv. b20L,BOU/NUGFOT /X200 « HDOI/NOSIHMP/R2DU» KDLAKDEKZ &

LAEEL LGKAD4 $

ALTLR 1204123 &

2 NeEWw SULUTION LuGlIC

$ GLNERATE TIME-UEPENODENT LGADS IF TSTEP wAS RLQUELSTED IN CASE CUNTRUL.
CCND LELTIRLLeNOTINME &

$ LGP THRU ALl SUSCASES FULR- TIME-DEPENDENT LGADS.

PARAM F70 N eMPY /VeNsREPEATT /CoNel /7CoNe=Ll $

PAKAM F7CoNsALD /v olisAPPFLG /CalNol ZCele0 $§ INITIALIZE FUR SOK1.

JUMP TRLGLULOP 3%

LAKECL TRLGLGOP &

CASE LCASLCCe /CASEYY/C e Ny TRAN/So N REPEATT/SeNeNOLGCPL $

CEKPNT CAasLyY &

PARAM . L7y NsMPY /Y oNoNCOL /CeNoO /Coebsl $

TRLG LASLYY USETG wULT o SLT WBGPUT ¢ SILeCOTMe THL 2L IT + GMUsGUU» +EST s MGUL/
poPLT Lol D Lo o TCLZ VeNsNCSET/SeNosPUEPLU/V SN NCCL $

Surl TRL ¢PDT Lo sanrsnns / 2PDiy /VeNsAPPFLG/CoN,DYNAMILS §

Sukl TRLUPOL swseorves /7 oPD o ZVeNAPPFLG/C+NZDYNAMICS S

PARAM F/7CyNoADD ZViNeAPPEFLL /VeNe i PPFLSG Z/CoNoel & AFPPFLG=APPFLULEGL.

CChU TRLCUCNE sREPEATT » :

KEP] TRLGLOGP, 10C &

JUNP LERRCK 3 %

LAbLEL TKLGUUGNL ¢

CHKPNT PLT, PO, TUL $

LJduily FL+PIOT/PLEPLQ §

CHRPNT PCT -3

S UMMUDE TULessr e / FRULZoFGLZ s RECKRDERL oRLCRUERZ2 ves s /

VUYQNSEGS/VoYvLYClD/b-Y.LMARz—l/VvaFKMAX/
SeNeFLMAX/S oNeNTSTEPS/SeNsNGRTLI/SWNoNGRLZ 8

T EQUIV FRLZSFRL /7 FOLZ.FCL &
CHEPNT “FRU o FUL yREGRDEK Lo KECRUERE §
CJUrp LBLERL2 3

LARDLL LOLTRLLY &

‘3 CeNeKalbt FrREQUENLCY-LLPENDENT LCADS IF FREQUENCY WAS SELECTED IN CC.

2.1
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_GF POOR QUALITY

®€

NASTRAN EXECuTIVYE CONTRGL DECHKh ECHD

FRLG "»ascxx.useru.UL?,'aa,u“u,bLu,asr. / BPF 4PSE,POFFOL PHEDAR /

“CeNGUIRECT/VNGFREUYIL NLFREQ §

LCNO  LBLFRLXL,NOFKLX & Z2ERU QUT LOAL COLUMIS IF FRLX WAS GENERATED.

MPYAD CEPFPOLERU / PPEX JCoNWO S

SLLLV. T PPFXPPF $

LALEL LBLFRL XL 8
3 FGRM NEW LOALUS.

(UNL LELFRLL,,NUDASEX § -

MPYAD M2G0LsBASEXG, ¢/ M2BASEXG /CvNo 5

ACC PPEWMEBASEXG /4 PPFL /CaNollc0+0. 0) fUoNo(-1.060.03 $
Ewlily PPELPPF

LEND LBLEASEL«NOSET & ;

SS¢2 USETD oMU e YSsKFSeGOD v o PPF /7 'PODUMI’PSFloPDFl s
iV PSFLsPSE // PDFLWPDF $ :

LALEL LBLBASEL §

LABEL LBLFRALYL $

(M WRY) PPFPUR/NOSLT 3

LCHRP N PP EPSFLPOFLOL S

$ LuAuS ARE FREQUENLUY-UEPENIENT

3 PLRFCEM CYCLIC TRANSFULRMATION O LUADS (F CYCIC=&]l.
PARAML PUF ZJ/JCoeN TRALILER /C ohel /YoNoPUFCOLS &

S LALLLLATE THE NUMBLR CF LUADS FCR CYLIG=~1.

FARAM F7GeNeDIV VMo NLLAD FVoNePDFLOLS /VoN.f\MAX 3 NLUAU =

twllv PUFPXF/LYLIL §

cukd LELPOGNE.CYLIU &

b CALCULATE THE NUMBER CF LUADS FCR CYCIU=1.

PARAM - J/7CoNOLV FVeiN NLCAD FVeNsPDFCCLS /Ve Y NSEGS & NLOAU =

LYLYIL - PCF 7/ PXFsOLYCFL /ZVeNsCIYPE ZCUeNoFURE /VeYoNSEGS=~]1 /
' VoY ek MAK==1 / VN NLGAD ISelh e NLDU &

COAU ERROURLLNULE $

CHKPNT PXF 3

JUM? LoLPUGNE - %

LAVEL - LOLFKRLZ $

» LUADS ARE TIME~-DEPENUENT

PARAM //C'NvaT FVeNINUTLYCIU IVeYCYCIU 3

o ERANCH ULPENDING UN VALUL OF CYLIC

CChU Lol TRLZ NUOTLYLIC »

$ CYCLIO==1 o

tavly PLTPDTRZL/NURUL §

LLNU - LBLRCIAZNUGRCL

MPYLD POT HEORGERL, / POIRZL / CeNsC $

LAEEL C LBLKCIA 3

LYerlt PDTIRZL / PXTIKZLeGUYLFZ /VelNsCTYPESJC s NeFUKE/VoNy NTbFLPS/
! V Yo LMAK/\/ hv}'KMMX/)QN'NrbU %

cUNU LRRGRCL+NUGU &

LhRPAT PXTRIL 8 _

JUUIV  PXTRZL.PXELL/NGREZ 5

CCNU LELRO2ANOKCZ § C

MPYAD PKTkilvkLUKULKZ' / PXFZL /CeNsO &

LAkl LEBLKOzA ¢ .

NF/EKMAX

NF/NS EGS
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EQuIV
ChKPNT
JuMp '
LAEEL

$ CYLlIu,
MPYAD .
LYLTL .

CGND

ChKPINT
EQulv
WIND

4PY AU

LALEL
CyCTl

CGhu

tautyv
CHAPNT
LAUEL -

Ri NBL PRSE i

G
. C:' ‘ ACR QUA' ,n' :

CONTRGL DECK,

ol
n

S TR AN EHECUT I

PXFLLPXFL §

PXFL $

LBLTRL3 3

LUBLTRLZ ¢

= &l ' ,

POTEORKDERLy /7 PDOTRLZ / C:NsO 3

PUTKLZ /ZPXTR22+GLYLF3 /Vehnyrth/L'NvfﬂhE/Veﬁ NTSTEPS/VeYc LMAXY/
 VeYSNSEGS/SeNeNCGE

ERRUKLLoNGGL ¢

PXTRZ2 %

PXTRZZyPATR2/NURGZ &

LBLKO«B NURGZ $

PXTKZZRLUORUERZy 7/ PXTRE_ /L oNs 0 $

LBLKGZ2E

PXTRZ / PXEZ22+GCYCF4 / VQNsLTYPE/C'NvFUR&/V9YoNSEbSIVv-OKMAX/

Veli e FLMAX/SeNoNUGL $ :

ERRUKL L +HGGG $

PAFL2+PXFL &

PXFLl ¢

CeBLTRL3 &

> TiME~-UEPENDENT LUADS ARE REAL. MAKE LOADS CUMPLEX TiL CUKRESPONU
$ TJ FREGQUENCY DePENUENT LCADS. ALSC SUR2 EXPECTS LUACS TO BE CUMPLEX
b IN FrEQRESP TYPE PROBLEMS.

LulPY

ADC .
$ LCFINL
PAKAM
LABEL
PAKAM

$

PXFlL / FPXxF2 $ CCNVERY KEAL PXFl TC LOMPLEX PeF.

PXELePXEZ2 / PAE / CoNs{OeS5eleaO) / Coene(0.50=-1.0}) $

NLUAD FGR UYL TZ. '

7/7C siisAUD /VoeNeNLUAD /VvNoFL“A( /CthO $  NLCAD = FLMAKL
LBLPDGNE % o :
FleaNsALU /N olle KINGEK /V oY KMIN=U /CoNoO » INTITIALIZE KINUEX .

$ INI11AL14E UXVE IF KRMIN IS NUT ZERU.

PARAM
ONu
FAKAM
JUNMP
LALEL
cycre

VCNu
AGC
CY(T2

wCNU
PAKAM
KEFT
LABEL
$
JUMP
LALEL

//\.'N'AUL) /Var\of(i"“\NL INeYoerMIN ZCoNy-1 §
NUOKMINL sKMINL 3

J/7CoeNsADU /V N KMINY ZC NeO /Z7CsNyO &
KMInNLLOP 3

KMIiLLUP $

CYCUUw e sPAF o¢ /2 oPKFLoe /7 CoNsFURE/ VY eNSEGLS/
VeNyKMINV/VNSCYLSEQD/VaNs NLCAU/S ¢ NoNUGL 8
ERRCRCLNOGE &

PRFZy /7 UKVFZ / LelieidaCs0.0) 3

CYCLuss s KVF Lo /o'UXVFoo / CoeNsBALK/ VY «NSESS/
VeNs KMINV/YervsLYUSEW/ Yo Ne NLLAD/S o NeNUGT 3
EXRURUL #WVIGC &

F/7CoyNsADD ZVeNeKHINV /V'thMlNV /CeNyl 8§
KMINLOUP JKMINL '

HUKMINL -3

TCPCYC . :
TCPLYL & LLCCP UN KINJEX

EcC

H O
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N ASTRAN EXEC YT

Q AL _ .
CONTROL DECK

 NOKPRTSNOKPRT &

COND
PRTIPARM  //7CsN:0 ZC+NgKINDEX 2
LABEL NOKPRT % C ‘ . :
cycre CYCUUIKDU W MDU e oy ZRREBF o liKKF 9o es /CoNeFOHE/Y oY NSEGS /
V'vaINDEX/VwN'CYCSbu“’l/VQNuNLUAD/StN NGGG &
COND ERRURC L ,NUGC &
CHRPNT KKKF ¢ MKKF $ o -
PAKRAM //LoNtSYﬁ] //brnobb /(QNad & METHOO 3T IN CYCT2 PROVULES )
$ UNDERFLUGWS FCR PXF. USE MCTHOD 2.
LYCTZ ' L?CUUoﬂUUv'PXFvv JOKKF oo Pl F o 7 LolNeFURE/V Yo NSEGS/
VeNs K INDEXZVoNyCYOSEQ/V N NLGADS SN NUGC 3
PAKAY 7/7CanoSYST 270 eNs58 7FLeiNoeU § RESET MPYAD RKETHUU UCCNTRCL.
- LGhD CERRURCLyhOGE $ :
CHRPNT BaK+PKF $
$ SGLUTICN
FRKDZ RKKF UhKfeMKKFc'PK?'FOL /O UKVF /7CelNs00/CoNs0O/CoNe=140 &
CHKPNT UAVF &
LYCTZ CYCDIsesuKVF e 2 sUXVFEoe ZCoNsBACK/VeToNSEGS/VeN, K[NUEX/
VQNQCYCSEJ/VthNLCAU/DoNpNCbC &
LOND CRRUKRCL NUGG &
LhRPNT UXVF % .
PAKAM J/CiNALbU /VONQKINJEA/VnN'KlNDEX/C'NQI $ KINDEX = KINDEX & 1
PAKAH /G Ny SUB ZVveNoDUNE / VoY KMAX / VoN KINDEX 3 '
CUND LEYL2,0UNE ¢ LF XINDEX «GFTo KHMAX THEN EXIT
RePT TLPLYLLCC 3
JUmMP CRROUA3 3
LAEEL LlyCe $
kEwulyv UXVE,UDVF /7 CYCiU ¢
CERPNT UDVE %
LOND LCYL3,LYLIU 3 IF LYCLO «GEe U THEn TRANSFOURM Tu PHYSICAL.
LYCTL UXVE 4 UuVEsulYLul /7 VeNsUTYPE/CeNeBACK/ Ve Y e NSEGS/ VY KMAX/
VeNenNLUAD 3 :
CEKPWT JCvE 3
- LABEL LCye3 3
JUND Lol TRLGNUTINE §
cwlilV PXFePUFZ /7 CYCIC 3
CUND LLYC4,CYLIU ¢ 1F LYLIO GEe. O THEN TRANSFUKM TU PHYSICAL.
CYeTl PXF 7 PLE2eul YLD2 / VeNoCTYPE/C o NeBACK/V Y s NSEGS/V oY 1 KMAX/
VeNsNLOAU 3
LABEL LCYCS &
b IF LOAVS wlil TiMe—=oCPENUENT THEN RECOVER PPF AND PSF FROM PXF.
SDk1 USETUssPUF2 s sLUOsuMDsews /7 PPFZaw /LeNel Z0CoeNDYNAHICS 3
§$SC2 JSETD+OMU 2 YSani-SeSULU vy o PPFZ /7 «PCDUM,PSFZ.PLUUN &
EQuUlv PPFLWPPE // PSEFZ,PSF 8
CHFRPNT PPF P SF $
LALEL LbLTRLY

ALTERK 124,124 & USE Ful INSTEAU GF PPF TG GET OUTPUT FREJJERNLY LIST.

VOR -

GIRECTZS oo NUSLRIZ2/S ol HWLD/SeNoNGP/CoND &

CASUXNXeEQDYN JUSETD yUDVF oFLL o XYCDUS o /QUDVLL s/ CoNyFREURESP/ Lo N,

ALTER 14C, 100 3 USt FUL INSYERD CF PPF TU GET LUTPUT FREQGJENCY LIST.
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Sezd
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AR

TR
'Y

SURZ

=)

NASTRARN.

“LABEL

U PRTPARM
CLABEL
CPRYPARM
SJUdMP
CLALEL
PRTP ARM
"LAJEL
TPRITP AKM
Jure
LALEL
PR TP AR

PRTFARNM
JUukp

LABEL

CPRTP ARV
Jume
CENLALTER

PPF/UPPLLOCPLL 0P HLL

' . SeNoNOSURTZ 3
SALTER 160

CRuGH ;p.L BAAT ; 7
OF PO OR QUALITY

Lﬁquafh‘oPUPVCL/CaNarREOhtSP/

a t}n. )

3 4DU LABEL Fux GRUGRH.

EKROR3 %
CALTER o3, 166 &
ALTER 168 % FURCEU VIBKATICN ERRCRS
TLABEL

ERRORC1L

KEMUVE ERRACR!

$  CHLELK NSEGS

ANU ERRORZ.

e KMAR  AND LTHER CYCLIC VATA.

J/CeNs=T 7Conel YCSTATICS 3

ERRORCZ

$ CUUPLED MAS

S NOT ALLOaALD.

J/7CeNeQ /CsY o ULPPASS 3

FINIS &

CRROKRCS .

$  SUPUKT pULK

UDATA NUT ALLCaED.

J/0aNe=6 70 el YLSTATICS $

ERRURC 4

flLeNVO

FINIS $
EKKURLY
//C 41,40

/704N 0

FINIS §
ERKROKL L
J/0N.O
/7/7C o0
FINIS ¢

& EPUlNT BULK
JONNUGUE %

% nNEITHLR FKE
7CoNeHNUFRL $
JCeNWNUTRL &

/C NI NOFREY $
JCaNINUTIHE 3

DATA NCT ALLOWED.

& OR TSTEP WERE XN BULK VDATA DECK.

FTIvE CONTROL DECK.

: CASEXX'LbTM.MPT'J‘Y,EJUYhaa‘L”r:chPDP FLLeGFCoUPVCYEST 1AYCOB,

s BUTH FREW ANL TSTEP wbRE SELECTED IN CASE CUNTRUL.
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FORCED VIBRATION AKALYSIS OF ROTATING CYCLIC STRUCTURES

4.2 DMAP Sequence for Forcad Vibration finzlysis of Rotating Cyclic Structures

: '
e e+ e e e st St 23 4 €TA

Rl A M LR R Ll €2
Qul(‘d’ﬁw!ll. IR s

- GF POOR QUALITY

E%rxnws IN EFFECT GO ERR=2  NOLIST NODECK NOREF  NOOSCAR

1 BEGIN  NO.8 FURCED VIHRATIGHS OF ROTATING CYCLIC STRUCTURES - SERIES R

_B=- 2 PKLCHK . ALL 5

5:' 3. FILE: Kscx=rApE/KGc=rﬁpe/Guu=SAvE/GMc=sAVE/HDD=savs/BDBQSAVE s

¥4 tiLe UXVF =APPEND /PO T=APPEND /PD=APPERD §

g; 5 COND ~  ERRLRCLoNSEGS & IF USER HAS NCT SPECIFIED NSEGS.

© 6 COND ERRORC1,KMAX § [IF LSER HAS NCT SPECIFIED KMAX.

E T PAYAM  SSC,NyEQ JVaNJCYCIGERR /V4Y,CYCIUS0 /C,N+O ¢

8 COND ERRIRCL,CYCIOERK & [F USER.HAS NOT SPECIFLED CYCIN.
9 PAIAM  £/CeNeDIV /¥ NoNSEG2 /V,V,NSEGS /CsNs2 § NSFG2 = NSEGS/2

3, 10 PARAM  //CiNySUB /VoNsKHAXERR /v,n.Nsécz_/v,v,xnax's

T 11 covo ERRURC1,KMAXERR § IF KMAX .GT. NSEGS/2

3 12 PARAM 77CoNGNUP VY NOKPRT=E1 /VsY,LGKAD=-1 $

13 PARANR  Z/CoNyMPY /¥ NJGMEGA /VeYsRPS=Ce0 /CoN6+263185 5
214 PARAMR  F/CANoNPY /VNiOMEGAZ /CyNy240 /VyNoCHEGA $ | |
3 L5 PARAMR  //C,NeMPY ¥ SN CHMEGASUR 7V N;CMEGA /VoNLVEGA $
16 PARAMR  //CeNpEQ /7N sY4RPS /CoNy0.0 7777V NoNURPS. §

3 LT PARAA //CoNJNOT 7V NJNOLUME /V,Y,COUPMASS=—1 § . :
. 18 COND ERRURC 2, NOLUMP & f
3 19 bARAY J/¥MPY & JCARDNG/0/C & :
Bl 20 oPL GEUM Ly GECM2Zy /GPL yEQEXINSGPO T LSTH,BGPOT S TL/S 4Ny LUSET/ Sy Ny :
Q NOGPOT & :
7 21 PLTTRAN BG?UT,5lL(BUPDPySiP/LUSET/S;NoLUSEP $
'gx- 22 PURGE  USETsGM,GOrKAA,BAA,HAR, KGAA (KF S¢PSF (QPCIEST,ECT( PLTSETX, PLTPAR,

GPSETS,ELSETS/NUGPOT 3

2.16
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B
g 28
g - 29
30
It 3 _31
E : 32
I %
TT :
g ‘34
g “35
4 36
jo
37
ia
39
;J
40
. (’l
f:
Y42
P43

WY e s e =

\.’0\!\! f\.n.. PAG’. G

2 #OO0R QU#L!W

LEVEL 2.0 NASTRAN DMAD CGMPZ{EK'—’SGURCE'L!STI 8]

coyv
Gp2
AR AML
PURGE
COND

PLTSET

PRTMSEC
P AR AM
PARAM

COND

PLOT

PRTMSG
LAB EL
6P3
CHCPN T

1Al
2URGE

P Ak AM

GP4

PUR GE

CHCPNT

LBLS.NOGPDT.ﬁ

GEOM 2, EQEXIN/ECT $
PLOB//#PRES®////NOPCOB &
PLTSETX,PLTPAR suP3ETS.ELSETS/NOPCDD &
PL,NUPCDE 3

PLDB ¢EQEXIN, &C:/PLTCE|X'PLTPARvbPSETSpELhETS/S1N1NSIL/ SolNe
JUMPPLOT=~1 $§

PLYSETX// %
(/*MPY*/PLTFLG/L/i.$
//¥MPYR/PFILE/Q/O S
PlsJUMPPLOT 5

PLTPAR yGPSETS (ELSETSyCASECC BGPDTEQEXINSIL 99 ECT ¢4/ PLOTX L/
NSIL/LUSET/S eNsJUMPPLOT/S Ny PLTFLG/SeNPFILE §

PLOTX1//$
213 |
GEOM3,EQEXINGEUMZ / SLT,GPTT / V,N,NOGRAV §
SLT,GPTT §

ECTEPToBGPDToSILsGPTT yCSTM/ESTeGEL yGPECT o/ LUSET/S Ny NGSIMP=
— 1/ L/SsNoNUGENL == 1/ Sy N,GENEL §

K4GG yGPSTo(UGPSTe MGG yBGH sKANN s K4FF K& AA g ANN ¢ MFF ¢ MA Ay BNNy BFF9 BAA,

KGGX/NUSIMP/CGPST/GENEL 3
J/C NgMPY /V MGNSKEP /CeNsO JCoNyO ¢

CASECC s GEOMG sEQEXINGPDTBGPDT 4CSTN/RS»YS ¢USET 9 ASET/ VN, LUSET/
SeNsMPUFL1/SyNyMPCF27SaNy SINGLE/S N UMET/S «N,REACT/Sy Ny NSKIP/

SyNIREPEAT/S yNyNUSET/SyNsNOL/SeNyNOA/C t\’"ASETOUT/SvaAUTUSPC 3

GHy GMD/MPCFL/G0.GED/OMIT/KF 5o PSF yQPC/SINGLE 8

GM e GHD RG UL yOCD s KF SePSF yGPC cUSET¥S &

T L

Y
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L opwstaiz

e
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| Apre

£

Y

Yl

48

" 49

‘58

59

‘00

61

62
63
64
65

06

P AR AM

CGND

uPD

P AR AM
CUND

P AR AML
P AR AML
P AK AM

P AR A%

PARAM

PARAM
CUND
PARAM
COUND
GPCYC
CUND
CHCPNT

CrNo

P AR AM

PARAM
D AR AM
P AR AM

EMG |

e e e e i e i e i e om0 w2 e e AT e e b i e O o)

CRIGINAL BAGY 2

"GF POOR QUALNTY

%

LEVEL 2.0 NASTRAN DHAP O ‘PI&CN ~ S0OLRCE LISTING

. 1/C, NsNOT /v,w REALOATA £y H,REACT §

ERRURC3.REACDA $

. DY%AMILS.GPL:&II'USCT / bPLDgSILD:USEIU:TFPOOL,?LT FSDL.PRL::

TRL: rEQDYN / Vo NsLUSET/SyNeLUSETD/VINRUTFL/SsNeNCDLT/
5,&,NGPSDL/S:K,NOFRLIVQN NONLFT/SoNNOTRL/Vs NeNCEED/Cs Ny /
SoNeNOUE $ '
FIC N ANL/ Vo NLFTERR /V'NvNCFRL FYsNINUTRL 9

ER#URC5:FTERR s NC FREQ CR TSTEP BULK DATA.

CASECC F/CsN DT JCaNsyl /CaNglh J/YaNFREGSET §
CASECC_//CwN'DTl FCaNyiL /CeNp}Bl/!VQN'TIMESET $

J/CoNgMPY /VNFREQTIME /V¢N,FREQSET /V,N,TIMESET $

T AIC NG NOT Vel GFTERRL /VyNyFREGQTIME $

JICNSLE /Y NNOFREQ /Yy NoFREQSET /CoNe0 &

J/CoNeLE ZVeNJNCTIME /VsNsTIHESET FC N0 $

" ERRORCG6,FTERRL § BCTH FREC AND TSTEP IN CASF COUNTRUL DECK «
CJ/C NeNOT /VeNel XTRAPTS /VeNsNCUE ¢

ERRKURC4,EXTEAPTS §

GEUM4, EQCYN, USETD /CYCDD /VyNyCTYPE=RGT /5,NsNGGG §

"ERRUORC LyNOG $

CYCLD 3
LBLLoNGSIMP &
//75000% /NUKGGX/L/C S

//7%ADD%/NOKGG/L/0 §

C //¥ADD®/NOBGG=-1/1/C &

J/4ADD% /NOKAGGZL/ 0. §

ESToCSTH  MPT oDIT $GEUMZ o/KELM ¢ KOICT (MELM, MDICT, BELM,BOICT/ Se
NeNDKGGX/S ¢N o NOMGG/SeNeNOBGG /S N gNGKAGS// C oY cCOUPMASS/Co Yy
CPBAR/C YyCPRUD/C Y CPUUADLZCy Y CPGUADZ/ CeY CPTRIAL/C,Y

2.18
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76

77
78
79
80
31
82
43
84
85
L6

37

88

—
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e s - e b S e e 0n 45 T (Y aBlh

L Sl ae foa g
CRNGCINAL PARE T

- UF POOR QUALITY

LEVEL 2.0 NASTRAN DIA® COMPYLER — SOURCE LISTING

CPTRIA2/Cy v :CPTUBE LoV sCOOUPLT/C o Yo CPTRPLT/C,Y eCPTRBSC

CoND LBLKGGX s NOKSGX &

E¥A GPECTKDICT s KELM/KGG X GPST &

LABEL LBLKGGX $ _

P AR AM ZICHNSOR /Wy N NDBML IV ols NOMGG 7V N NORPS &
PURGE  BILGG,MIGE /NCBML $

PURGE . 426G ,MZBASEXG )’NDHGG $

“COND LBLMGG s NCMGG ¢

EMA GPECTyMDICT ¢ MELM/MGG /=1 /C o ¥ s 0 THASS=1.0
LABEL LBLMGG $

ouMMG oL CASECC'BGPDToCS]MfDIT.FRLoMb’G,: / FRUX 481Gy M1CG,
H2GGyBASEXG,PUZERU, , FV 9N JNOMGG /Y, Y 4,CYCI OV oY 5 NS EGS/

VoY KMAX/S,N,FKMAX/V.‘:_-BXTiDa-llv.YoBXPl'[D=-II
VoY eBYTID==1/V,YBYPTI0=~1/V,Y,82T{0=~1/
v.v,ezptxo=-1/s.N,NusAsex/v.N,nCFﬂec/v,N,GVEGA

PARAML  FRLX //CoNPRESENCE ////VoNsNGFRLY §

COND LBLFRLX,NOFRLX §

EQUIV FRLX FRL $

LABEL  LBLFRLX s

CHCPNT FRLy3 LGG I MIGG 4M2GG ,RASEXG &

COND  LBLBGG/NUBGL 3

EMA  ° GPECT,B0ICT+BELM/BGG, $

LAB EL LBLBGG &

LOND LBLK 4GG NOGK4GG

EMA GPEC T KDICT yKELM/KAGG o /NOKGLG $
LABEL LBLK4GG ¢

PUR GE MNN . MEE cMAAZNOMGG

s

2.19
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PAR AM
PURGE
COND
coND
LPKG -
aF»
LABEL
tQuiIv
€ovND
SMA3
LABEL
LONO

P AR AMR

P AR AMR

P AR AMR
ADD
EQULV

ADUD

EQUIV

CHSPINT
LABEL
COND
COND
P AR AM

COND

o Ry

n
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LEVEL 2.0 NASTRAN DMAP CUMPILER — ZOUNCE LISTVING

FICoNGADD JV 580 (LBGG /¥ s HOBML /CoNy0 5 RESET NOBGG.

BNNy BFF BAAZLRES &

LBL1,GROPNT 5

. ERROR 44 NOMGG §

BGPDP ¢ CSTH o £ QEXIN MGG /GoPHG /Y » Y yGRDPNT=—L/C s ¥ o WT HASS 6
UGPHG y v+ es//SsN,CARDNG 3

LBLL §

KGGX » KGG/NOGENL

LBLLL,NGGENL &

GE L+ KGGX/KGG /LUSE T/NCGENL /NGSTHP $

LBLLi &

LBLL 1A ,NOBML §

JICoN,COMPLLX 7/ VyNyOMEGA2 /7 CoNe0.O / ¥, NeCHPLXI &

7/7CaeNySUB /7 VeNMOMEGASQ / CoNg0e0 / VNyCHEGASQR $

F/CoNCOMPLEX // VyNyMCMEGASGC / ColNsOJO / VeNyCHPLX2 ¢

BGGsBLGG / BGGL / CalNelle0:0a.0) / Y4N,CHPLXL $
BGGL,BGG §

KGGyM1GG / KGGL / CoNy(1.ToUs0} / VoN,CMPLX2
KGGLsKGG $

BGG,KGG &

LBLL1A

LBL4+GENEL

LBL4,NOSIMP 3

F/5EQ¥ /GPSPFLG/AUTEEPC/O 5

LBL%,GPSPFLG &

™
.
ny

P P
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LEVEL 2.0 NASTRAN DMAC COMPILER ~ SOURCE LISTING

114 GPSP - GPLsGPSTyUSE T 5L A0GFST/S, 0, HOGPST §
11 COND LBLAoNCGPST %

"1l6 3JFP OGP STyas90//S5eNsCAKDNG $
IL7 LABEL  LBL4 §

118 - EQUIV KGG{KNN/MPCF;/MGG;MNN/HPCFi/ BGG yBNN/MPCF 1/ K406y KANNFMPCFL &

119 "COND ~ LBL2,MPCF1 %
120 MCEL USET,RG/GM 3
121 MCE2 USET s GM s KGG ¢ MGG 9BGG 1 K4GG /KAN ¢ MAN s B NN o KGN §

122 LABEL LeLte ¢

123 EQJLv KNNy KEF/SINGLE/MNN o ¥FF/SINGLE/BNN»BFF/STNGLE/K4ANN,KaFE/SINGLE §

124 COND LBL3,5INGLE §
125 SCEL USET o KNN  MAN 1BNN s K4NNZKEE (KE S ) (MFF o BFE oK FF §

126 LABEL ~ LBL3 s
127 EQUIV  KFF,KAA/OMIT ¢
126 EQUIV  MFF,MAA/CMIT s
129 EQUIV  BFF.BAA/OMIT $

130 EQUIV .  K4FF K4AAZOMIT

131 COND  LBL5,0M[T $
132 SMP 1 USETKFF 4y s/GCsKAA(KCCoLCUrsrry §

133 COGND  LBLM,NOMGG $ |

134 SMP2 USET GO yMFF/MAA 8

135 LABEL - ouBLH s

156 CUNO  LBLE,NGBGG s

137 sMp 2 USET GO, 8FF/BAA $

138 LABEL. . LBLS $

N
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LEVEL 2.0 NASTRAN DMAP COMPILER —~ SQURCE LISTING

COND

432

LABEL
&QJIJ
P AR A4
P AR AM

BYG6

P AR AM

PUR GE
CON D
MTRXIN,
LABEL
Judp
L ABEL

PUKGE

CASE

MTRXIN

P AR AM
P AK AM
EQJ v
ADDS
CUND

TN SP

LBLS5 ¢NOK4GG &

USET 46O yK4FF 7K4AA 5

LBLS ¢
GD.GOD/NOUE/GH,GHO/NCL& 5
f/¢ADD* /REVER/L/O $

f/EMPY®/REPEATF/-1/L 3

HATPOGL 9 BGPD ToEQRXIN CSTH/BDPLUL/S e NeNCKBFL/S o N NOABFLY S» Ny -

MFACT $
//#AND® INOFL /NGABFL/NOKBFL §

KBFL/NUKBEL/ ABFL/NCABEL b

LBLFL3,NCFL §

VHUPOOL, CQDY Ny £ /ABFL +KBEL  /LUSETO/S o Ny NOABEL/S o Ny NOKBEL/O 5
LBLFL3 5 ;

LBLL3 8

LBLL13 s

- QUBVC LyULDVL 25 KYPLTFA,UPPCL,GQPCL o CUPV (L yCESCL 4GEFCL, UPPC™.
-OQPC 2,QUPVC240ESC2yGEFC2: XYPLTF ¢ PSOF yAUTGyXYPLTR KePr.M2pp,
B2PP 4K22D,M2DDsB2DU /NEVER 5

CASECC +PSDL/CASLXX/%FREQ®/S,N,REPEATF/S ,N,NOLOOP &

CASEKX.MATPUOLQEQUYNItTFP(OL/KZUPPQVZUPP@EZPP/LUSETD/S;“v
NUKZ2DPP/SyN, hOM2DPP /S NNCB2PP §

J/RAND X /NGOIMEPP /NOABFL/NCM2DPP
//HANGR/NOK2PP/HQF L /NCR2DPP ¢

M20P Py M2PP /NUABFL $

ABFL s KBFL, K2DPP,y fK2PP/(-1.0,0.9)

LYLFL2,NCABFL &

ABFL/ZAUGFLT 5

L)

FESU §

oo
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LEVEL 2.0 NASTRAN DFAP COHPILER - SCURCE LISTING

40D ABFL T M2DP 1/ H2PP FHFACT &

LABEL . LQLELZ s ;

PARAM  //¢AND®/BDEBA/NOUE /NCB2PP §

PAR AN //#&ND*/VDﬁkleDGENL/NDSINP 5

PAR AN l/*AND*/MDEHA/hUU:/hCM?PP '

PURGE  K20D/NCK2PP/M20D/NON2PP/520D/NGE2PP ¢

PAR AH | 77C+ N3 AND/ Vo N (KDEKA /V 1Ny ROUE 7V 4N sNCK2PP §

COND LGKADL,LGKAG § BRANCH IN NGT FREQRESP.

EQUIV  M2PP ¢H2DD/NOA/BZPP 8200 /NUAFK2PP (K2DD/ NOA/ HAA, NDD/MD“PA/BAA:
BOD/BDEBA $

JuMPp LGKAD2 $

LABEL . LGKADL 3 |

EQUIV  M2PP o M2DD/NUA/B2PP, B2D0/NCA/K2PP 1K20D/ NOAZ NAA, MDD/ HDEMA/
KAA, KDD/KDEKA $

CHEPNT. K2PP yM2PP ,B20P yK2DD » 420D, 8200 +KOU MDD

LABEL LGKAD2 § |

COND  LBL18,NOGPDT §

GKAD USETDy GM GOy KAA <BAA sMAA s K4AA yK2PP ,M2PP 4B2 PP/ KDDy DD, 40Dy GH Dy
GOD,K2DD ¢M20D ¢B2DD /C 5 Y 46 KAD= TRANRESP/C 4N, DISP/ Cy Ny DIRECT/
Co¥yG=020/Cy¥sH320.G/CoY s wo=0.07/V, N NOKZPP/V N eNOM2PF/
VoNyNOB2PP/V ¢NoMPCFL/V Ny SINGLE/VyNOMIT/V Ny NGIE/V 4N o NOK4 GG/
VoNsNCBGG/Vs Ny KDEKZ/CoNaml &

LABEL ~ LBL1G $

LOND LGKAD3,LGKAU $ BRANCH IF NOT FREQRESP.

EQUIV  B2DD,BOD/NOBGG/ M2BD,MDD/NUSIMP/ K200, KDD/KOEK2Z §

JUMP | LGKADS 3

LAREL  LGKAD3 5

EQU IV

B2DD BDD/NOGPD T/ M2D0 , HDO /NCSIMP/K2DD yKDO/ KDEK2 $

2.23
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LEVEL 2.0 NASTRAN DMAS COMPILER - SGURCE LISTING

LAB EL
LOND
.>A%AM
P AR AY
JUMP

LABLCL

-CASE

CHEEMT
P AR AM

TRLG

SDR1
SR
P AR AM
COND
REPT
JUYP
LABEL
CHKPNTY
LQJ IV
CHKPNT

DUMHOD2

LQUIYV
CHLPNT

Juyp

LGKAD4 $

LBLTRLIGNOTE E 8

FICANSHPY /V oREPEATT /CoNol /CoNe=l § |
£7C/NyAOD FVNAPPELG /CoNol /CsNeO 5 INITIALIZE FUR SDRL.
TRLGLGOP & |

TRLGLGUP §

CASECC ¢ /CASE YY/C yN¢ TRAN/S o Ny REPEATT/S 4 Ko NCLUCPL

CASEYY & . |

FIC N MPY Y NANCOL /CoNyO /CoNol 8

CASEYY:USETD)DLTQSLT'BGPDT’SIL'CSTM!TRL'DITvGHDOGOD{!EST'HCG/
rePDTLePDLes TOL/ VeNoNGSET/S:NPDEPDC/V+NNCOL ¢

TRL»PDTLevssvcors 7 sPDTy /VsNpAPPELG/CsN,LYNAMICS §
TRL.poi'.,....... / +PD /V.N.APPFLG/&)N,DYNAMICS $

7/7C 4Ny ALD /V.N.APPFLGV/VyNeAPéFLG JCaN,1 § APPFLG=APPFLGGIL.
TRLGDONE (REPEATT 8 o '
TRLGLOCP ,100 $

ERRUR3 ¢

TRLGOUNE $

PDT,PD,TUL $

PD.PUT/PDEPDG %

PDT ¢ |

TOLsersrar / FRLZFGLZ sRECRDERL yRECRDERZ 4y gy /

VeYs NSEGS/ Vs Y LYCIG/ 53 Y o LMAX==1/ VN FKMAX/

SeNyFLMAX/ Sy NyNTSTEPS/ S NsNGROL/S (N+NORO2 &

FRLZ JFRL /J FOLZWECL &

FRL,FOL,REORDERL, RECRBERZ ' $

CLRLERL2 $

- 2.24
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225
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231

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING;

LABEL

FRL G

COND -

MPY AD

£QJ IV

LABEL
CUND

MPY Al
ADD

EQJ IV
CuMD
$562

EQU IV
LABEL
LABEL

EQJ 1V

CHSPNT

P AR AML

PAAN
EQU IV
CoND

P AR AN

LYcrlL

COND

LBLTRLL &

CASEXXsUSETU oI TyFRL yGHD sGGD 00Ty / PPFoPSFPDFsFOLs PHFDUN /
CyN,DIRECT/Y yN,FREGY/CN,FREQ $ . -

LBLFRLXL,NOFRLX & ZERC OLT LGAD COLUMNS {F FRLX WAS GENERATED.
PPF,PDZERU, / PPFX /CeNsO $ ' ' |
PPEX,PPF $

LOLFRLXL §

LBLFRLY,NOBASEX $

M2GGyBASEXGs / M2BASEXG /C¢N,0 $

PPE,H2BASEXG 7/ PPFL /CyNy(le040.0) /CyNg{=1.0¢G.0)

PPTL,PPF $

LBLBASEL.NOSET &

USETD sGMO, Y5 \KFS26C0 o PPF / 4PODUML,PSFL,POFL 3

PSFL,PSF // PDEL1,PDF

LOBLBASEL $

LBLFRLL ¢

PPF,POF/NOSET §

PPE,PSE,PDF ,FOL $

POF //CyNoTKAILER /C,Ns1 /VeN,PDFCGLS §

J/CeN DIV /V4NJNLOAD /VyNyPDECCLS /VsNFKFMAX $§ NLUAD = NF/ FKMAX
PUF,PXF/CYCIC & |

LBL2>DUNELLYC 10 $

7/CsNsOLY /V 4N NLOAD /V,N,POFCCLS /V,YoNSEGS $ NLOAD = NF/NSEGS

POF / PXF4GCYCFL 7V N+CTYPE /C «N+FCRE /V Y NSEGS==1 "/
VeVYeKMAX==1 / VeNehLUAD /75 ,NsNTGGOE $ . :

EKRURC 1LyhGGG &
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~LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

240

241

242

243

244

CHKPNT
Juwpx'
LABEL
P AR AM
COND

EQUIV
CCND

uPY AD
LABEL

CyCTl

CeN G
CHKPNT
EQUIY
CovD
MPY AD

LABEL

EQUIV.

CHKPNT
Juup
LAB EL

MPY AD

cvetl

CUND

CHAPNT

PXF $

_LBLPDONE $

LBLFRLZ § \

F7C NgRUT 7V JNGNGTCYCID 7Y,Y,CYCIO $
LBLTRL2,NGTCYCIO S

POT:PDTRZL/NCROL &

LBLRULANORGL $

POTyREGRDERL, / PDTRIL 7 CoNs0 $
LELROLA §

PDYRZL / PXTRZL,GCYCF2 /VeNsCTYPE/C oNoFORE/V N4 NTSTEPS/
VeYs LMAX/V N FHMAX /S9Ny NUGO §

ERKURC 1,NOGD &

PXTRZIL1 &

PXTRZ1.PXFZL/NCROZ2 ¢
'LBLPUZA,NORLZ $

PXTRZ14KkEQRDER2, / PXFZL /CyNsO $

LBLRO2A §

PXsz.px#l-s

PXFL $

LBLTRL3 ¢

LBLTRLZ §

POT,REORDERLy 7/ PDTRZ2 / L oN,0 §

PDTRZZ /PXTP 22,GCYLF3 /VyNsCTYPE/CoN FCREZ/V,N, NTSTEPS/V,Y,LMAX/
V,Y,NSL(;S/S NeNCGO -3 :

ERRUEC Lo NSGO %

PXTRZ2 §
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LEVEL 2.0 NASTRAN DMADP COMPLILER - SOURCE LISTING

EQU IV
CGND

MPYAD

LABEL

CLYCT1

CONU

EQU IV
CHCPNT
L AB EL
CuPY
ADD

2 A AM
LABEL
P AR AM
P AR AM .
COND

P AR A
JuMPp

L ABEL

LYCT2

CONT
ADD

cycve

CUND

LBLRO23 3

PXTRZ2,P XTR2/NCEOZ ¢
LBLRO28.NORD2 $

PXTRZZ,REORDER2, / PRIR2 /C,N:0 &

PHXTR2 / PRFZ2+GCYCE4 / VoNosCTYPE/C N FORE/VeY s NSEGS/ Yo ¥ HMAX Y/
VelNoFLMAX/SeNaNCGU &

ERRURC 1,NOGO $
PXEZ2,PXFL &

PXFL s

LBLTRL3 $ |

PXFL / PXF2 & CONVERT REAL PXFL TC CCMPLEX PXF.
PXFLIPXFZ / PXE / CiNy(0.5,120) / Cohylde54-1.0) 3

//CyNeADD /¥ oNJNLOAD /veNsFLMAX /CoN,0 % NLOAD = FLMAX

LBLPDONE ¢ ' g o
NS
//CoNgADD /VyN.KINDEX /V,Y,KMIK=0 /C oN,0 § iN?}tJALIZE KINDEX .
) : Q\' )
J/CoNGADD /VoNeKMINL /VeY, KMHIN /CyNy=1 § )pja
NOKMINL, KMINL $ e,

F/CoNgADD /V N KMINY /CyN,O /CoN,O &
KMINLOUP 3 !
KMINLOOP $

CYCOD,  yPXF 4y F9+PRFZyy /7 CohyFORE/ZV Y o NSEGS/
VelNg KMINV/ Vo NyCYCSEQ/VeNe NLGAD/S ¢yN+ACGC &

ERRURC 1,NOGU &
PKFZ.f / LKVFZ / C'pf\'(OoOQO-D} $

CYCDD sy v UKVFE Zyy Z99UXVFrs # CahoBACKZV Y +NSEGS/
VeNs KMINV/ ViR CYCSES/V N RLCADZS {NoNCGC ¢

ERRURC 1 +NOGO ¢
2.27
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280
281
232
203

264

245
296
267

2P 8

289
200
291

292

243
294
295
é96
297
298
299
3.00

31

OF FOOR QUALITY

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LfST!NG‘

PARAM -
REPT

L AB EL
Jusp
LABEL
couD
PRIPARM
LABEL
CYCT2

CoND
CHSPNT
P AL AM

CyCTz

P AR AM
COND
CHKPINT
FRD2
CHEPNT

CYem2

(ovb
CHCPNT
P AR AM
P AR AM

CUND

FICANIADD /U a8t (KRINY SYsNoKHINY /CoN,L 8
KAINLOOP JKHI AL % ) |

NOKM INL

TOPCYC 5

TOPCYC $  LUOP ON KINDEX

NOKPRT ,NOKPR T 3

JICoN,O /CyNyKINDEX §

NOKPRT s

CYCOD DO I MDDy 4o /KKKE MKKF g 9 9° /CyNeFORE/ VY o NSEGS /
VvNoKINUEX/VoNvCYCSEQ=-1/VeNoNLOAD/SvNoNCGC $

ERRGRC L4NOGU $
KKKE MKKF $
7/CoNySYST //C¢N,58 /C}N,Z §  PETHCD 37 IN CYCT2 PRODUCES

CYCDD,BLD, tPXF oy /BKKF.,PKF'y / CprFURE/V'Y'NSEGS/
V’NvKlNDEX/V:N'(YCSEQ/VrNrNLCAD/SstNOGU $

FICaNZSYST Z/CoH,58 /C4N4O §  RESET MPYAD METHOL CONTROL.

ERRORCL,NOGE ¢

BKKF 4 PKF &

KKKF sBKKF ¢MKKF 3 ¢y PF L FCL /7 UK VF /CpNoO.O/CyNyO.O/C1Nyf1.0 $
UKVF ¢

CYCOD g9 s LKYF 99 /4 yUXVF 1 FCoNeBACK/V,Y NSEGS/ZV eNe KINDEX
VeNyCYCSEQ/V ¢ NyNLCAL /S NsNCSC ¢ .

ERRCRC L,AOGU $
UXVE $ .

7/CyNyALD /VONSKINDEX/V N KINDEX/C N1 5 KINDEX = KINDEX £ 1
J/CINYSUB /VoNSODONE / VaYoKFAX 7 Yok KINCEX

LCYC 200N & IF KINDEX «GTe KMAX THEN EXIT
2.28
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307

398

309

310

311
312
313
314
315

316

317
318

319

324
325
3206

327

REPT
JuMp
LABEL
EQU 1Y
CHCPNT
CuND
CYeTl

CHKPNT

LABEL

CuND

EdU IV

CUND

CYCT1

LABEL
Sukl
$S62

£QU IV
CHCPNT
LABEL

VDR

COND
LOND
SDR 3.

Orp

- PXFyPDF2 / CYCIO ¢

' PAF / PDF2,GCYCB2 / ¥oNrCTYPt/C NyBACK/V oY oNSEGS/Y Y s KMAX/
- VaN, NLUAD $

_USETD'GHD YS+KFES,GOU+4PPFZ / oPCOUNM,PSFZ,PLDUM s

CLBLL1S5,NOD 3

T DUDVCZ) [ K] ’."/SerCf«RnNC ¥

B 7 T T bl
SN el 1D

oF »O0R GQUALITY

LEVEL 2.0 NASTRAN DHAP CONPILER = SGURSE LISTING

iOPCYCcICO s
ERROR3 s

Leve? s

UXVF ,UDVE / CYCLD 5

UOVE $

LCYC3,CYCIO §  IF CYCID +GE. O THEN TRANSFORM TO PHYSICAL.

UXVF / UDYF +GCYLBL 7 v, hoLTY“F/CoNeBACl/V.Y;NSEGS/VeY,KMAK{
VeNyNLOAC '8

JOVF ¢
LCYC3 8
LBLTRL4¢NOTIME §

LCYC4.'YCIU $ IF CYCIO .GE. G IHEN TRANSEGRM TU PHISICAL.

LCYC 4 3§

USETO.,?DFZ,*.GUD sGMDysos / PPFZy, /CsN,sl /CstDYhAMiCS -3

PPFL PPF [/ PSFZ,PSF s
PPF,PSF $
LBLTRLG $

bAStAX'EQDY.beLTD LOVEFuL, !YCOB,/DUOVCI:/L,N FREQRESP/Cy Ny
DIPCCT/SeNysNOSORY2/SsNyNOD/S Ny NCP/CoN,D 8

LBLULISANOSDORTZ ¢

DUODVC Yy r9e s /CUOVE2 2 49es $

- 2.29
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LEVEL 2.0 NASTKAN DMAP COMPILER ~ SOURCE LISTING

XYTRAN
'xpr¢rv’
- JuMp
__LABgL
oF

CLABEL

COND
LQuU IV
COND
SOR 1

LABEL

SR2

ceNd

SOk 3

JIFP

XYTRAN

XYPLUT

COND

F AN DLM

CUND

XYTRAN -

LYeLor

'XYCDB;OUDVCérvvs/XVPLTFﬂlﬁFREQ*/*DSET“/S)N,PFILE/S;NpCﬁRDNG ]

XYPLTFAZr &

LBLLS §

LBLLSA §
QUBVC Ly ays s/ /SeNsCARDNC &

LBLLS &

LBL20,NUP s

UDVE ,UPVC/NOA ¢

LBLL9,NUA &

USETD4 sUDVF s +5GUD «GHD 1P SF yKF S 1 4 /UPVC 4 ,QPC/ 1/ SDYNAMICS 5 §
LBL1L9 3 ' '
caséxx.usrm.mpr,oxr,suovw,sto,.,Bcpop,FuL,opc.upvc.Esr,xvcou.
PPE/UPPC 1,0UPCLyOUPVCL yGESCL yCEFCL yPUPVCES €y Ny FREJRES P/
SIN/NUSURTZ & J !

LBLLT,NUSURT2 s | 3

OPPClvUQPCvaUPVClvUESClvDEFCl170?PC29UQPCZ'DUPVCZIUESCZv
OEFC2: $ . C

OPPC2,0QPC2,CUPVC24CEFC2,CESC24//5 3N sCARDNC &

XYCUB,UPPCZ,CQPCZyObPVCZ'CESCZ1CEFC2/(fPLTF/*FREQ*/*PSEI*/ S

NePFILE/S,N,CARDNG $
XYPLTF// $ !
LBL L6,NOPSOL $

XYCUB!UthpSDLnUUPVCZrCPPCZvCCpCZvLESC2|UEFL21CASEXX/PSDF'AUTU/
SyNeNGRD § .

LBLL6NORD ¢

XYCUB 4 PSUF yALTO sy o/ XYPLTR/XRANDE/%PSET3,S N PFILE/ SeNy -
CARLNO 3 _ S

AYPLTIRY// 5 -
2.30
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374

YAty ER AT Py
Caiamlimb, e s 1

- QF. FOOR QUALITY

LEVEL 2.0 NASTRAN DMAP CUMPILER - SOURCE LISTING

Juup
LABEL
OF»
LABEL
coND

PLOT

PRTMSG
LAB EL
CuND
KEPT
LABEL
PRTPARM
Jump
L ABEL
PRT P ARM
LABEL
PRTPARH
L ABEL
PRTPARM
JUMP

LABEL

PKTPARM

LABEL

PRTPARM

Juvp

LBLLG6 §
LBLLT § |
uupvc1,oppc1cquc1.Cch1;éescz,)/s,a;CARoac.s
LBLLG $ ' |

LBL20, JUNPPLOT $

PLTPAR yGPSET S ELSETSCASEXX BGPDTEQEXINSIP o PUPVCLy GPECT s

OESC 1/PLOTX2/NSIL/LUSEP/JUHPPLGT/PLTFLG/ SNy PFILE $
PLOTX2// | |

LBL20 $

FINIS:REPEATF &

LBL13,100 &

ERROK3 &

//=3/%D [KFRRD¥ §

FINIS $

ERRUR4 $

1/-4/*DIRFRRD®* 4%
ERRURCL $§ CHECK NSEGS, KMAX AND OTHER CYCLIC DATA.
//CyNy=7 /CoN,CYCSTATICS 8

ERRJRCZ $ COUPLED MASS NCT ALLChED.

Z7/CeNsQ /CY CCUPPASS &

FINIS §

ERRURC3 § SUPCRT BULK DATA NCT ALLCHED.

J/CoNg=6 /CyN,CYCSTATICS &

ERRORC4 & EPGINT BULK OATA'ﬁur ALLCWED.

J/CyN3Q /C4N,NUUE $

FINIS &

AT

)
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375
376
317

378

340
a1
382
333

284

An {3
npamst PAGE 15

iR
‘of POCR QUALITY

LEVEL 2.0 NASTRAN DMAP COMPILER ~ SGURCE LISTING -

LABEL .

PRTP ARM

PRTPARM

Jump

LABEL
PRTPARM
SRTPARM
Jump
LABEL

END

ERRORCS $ NEITHER FREQ OR TSTEP WERE IN BULK DATA DECK.

F/CoN:O /CoNJNOFRL $ -

T //CeNyO JC 4N NCTRL 8
CFINIS

-ERRORCE® § BOTH FREC AND TSTEP WERE SELECTED IN CASE CONTROL .

J/7C N0 /C s N NCFREQ 5

//CyN+O /CoN NOTIHE 5

CFINIS 3

"FINIS §

rs
-

poe
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2.4.3 Description of DNAP Guerations for Forced Vibration Analysis of Rotating

[32]

1

18.
20.

23.
24.
27.
28.
29.
32.
33.
34.
36.

38.
41,

45,
46.

48.

85,

Cyclic Structuras

. Go to DMAP No. 365 if user has not specified parameter MSEGS.

6o to DMAP No. 365 if user has not specified parameter KMAX.

Go to DMAP No. 365 if user has not specified parameter CYCIO.

.- Go to DMAP Mo. 365 1f KMAX > NSEGS/

“Go  to DMAP No. 367 if user has reguested consistent mass.

GP1 generates coordinate system transformation matrices, tables of grid point
locations, and tables to relate internal to external grid point numbers.

Go to DMAP No. 141 if only Direct Matrix Input.

GP2 generates Element Connection Table with internal indiées,

Go to DMAP No. 35 if no plot output is requested.

PLTSET transforms user input into a form used to drive structure plotter.
PRTHSG prints error messagas associated with structure plotter.

o to DMAP_No; 35 if no undeformed structure;plots are requeéted‘

PLAT generates all requested undeformed structur° plots.

PRTMSG prints plotter data and engineering data for each undeformcd plot
generated. _

GP3 gensrates Grid Point Temperature Table.
TA1 generates element tables for use in matrix as sembly and étress recovery.

GP4 generates flags defining members of various displacement sets (USET)'ahd
forms multipoint constraint equations [R ] {u } =0.

Go to DMAP No. 370 and print error message if free-bddy supports are present.

DPD generates flags defining members of various displacement sets used in dynamic
analysis (USETD), tables relating internal and external grid point numbers,
including extra points introduced for dynamic analysis, and prepares Transfer
Function Pcol, Dynamics Load Table, Power Spectral Density List and Frequency
Response List.

Go to DMAP No. 375 and pr1nt parare+ers NOFRL and NOTRL if there was no FREQ
or TSTEP bulk data. _ _ , :

Go to DMAP No. 379 and print parameters NOFREQ and NOTIHE if both FREQUENCY and -

TSTEP were requested in the Case Control deck.
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57.
58.
59.
61.

66.

67.
68.
73.
74.
76.

79.

82.

85.
86.
a.
92.
93.

94.

96.
97.
98.
100.
104.

S e 72 o -

‘Go to DMAP No. 372 and priht parameter HOUE if extra points are present.

GPCYC prepares segmeni boundary abie CYCDD)
Go:to DMAP No. 365 and nr*nt error f;adijz if CYJOIN data is 1ncons1stcnt
Go to DMAP No. 95 if there are ng structural elements,

EMG generates structural element stiffness, mass, and damping matrix tables
and dictionaries for later assembly.

Go to DMAP No. 69 if no stiffness matrix is to be assembled.

E'A assembles stiffness matrix [K } and Grid Point Singu]arity Table,
Go to DMAP Ho. 75 if no mass matrix is to be assembled. |

EMA assembles mass matrix [Mgg]. |

DUNNOD] generates modified Frequency Response List, FRLX, Coriolis acceleration
coefficient matrix [BIGGg 1. centripetal coefficient matrix [MIGGgg] Base
acceleration coefficient matrix [PZGGg 1, Base acceleration matrix [BASEXG } and
1oad modification matrix, [PDZERO ], for base acceleration problems..

Equivalence FRLY to FRL if FRLX was generated by DUMMOD1.

Go to DMAP No. 84 if no viscous damping matrix is to be assembled.

EMA assembles viscous damping matrix [ngj.

Go to DMAP No. 87 if no structural damping matrix is to be asserbled.
EMA assemb]es structural damping matrix [Kgg |
Go to DMAP No. 95 1if no weight and balance is requested.

Go to DMAP Mo. 363 and print error message if no mass matrix exists.
GPWG generates weight and balance information.

PFP formats weight and balance information prepared by GFWG and places it on the
system output file for printing.

Equivalence [Kig] to [KggJ if no general e}ements.

Golto DMAP Ko. 99 if no general elemznts.

SMA3 adds general elements to [k ] to obtain stiffness matrix [K g]
Go to_DﬂAP.Ho. 109 if parameter KPS = 0.0 or if no mass matrix is present._-
ADD assembles the Coriolis acceleration matrix into the viscous dampiﬁg métrix

3 1 1 = IRk -
(8661 gg] = [Byq] + (4 .RPS) [muegg]
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105. Equivalence fBGGlgg] to [o } v
106. . BDD assembles the CGHtF?“?ﬁa] acceleration matrix into the Jt1f‘nes‘ matr1x.

[KQGlgg]v" [Kgg] (2n. RPo)? rr1ceagj

“1067. Equivélence [KGG] ] tn Fun(,

110. Go to DMAP Mo. 11/ if general elements prasent.

111. " Go io‘DMA? Ho. 117 if.no_structura1 elements.

114. GPSP détermiﬁés if possib?e arid point singularities remain.
115;'7Go to DHAP'No..117 if no grid point.sfnguiaritfés exist.

116. QFP formats the tableof possible grid point singularities prepared by GPSP and
- places it on the system output file for printing.

: s 4 4
118. Equ;vq]ence [Kgg] to [Knn]‘ [Mgg} to [Mnn], [ng] to [Bnn] and [Kgg] to [knn],
: if no multipoint constraints. '

- 119. Go to CMAP No. 122 if MCEl and MCE2 have already been executed for current set

of multipoint constraints.

" 120. MCEY partitions multipoint constraint equations [F ] =-[R R ] and so1v‘s for

multipoint concura1nt transformation matrix [G 1= -IR, ]'][R 1.

121. MCEZ part1t1onc st1ffness, mass and damping matrlces

- puns

R il
(R _;F ] TR
Kl = | - I R

gg* . 99 : ,
' fmn _‘K%ml ;jmn | r%nL
o Eode ] P
B Bnn -.;_Bnm K4 Knn _{_knm
[Bggl = = 1 - > Dhggl =l T
7 Ban | Bl Keon 1 Ko

and performs matrig reductions
DKpd = [Repd #6700k, + K7 06,1 + (600K, MG, 1,
M1 = (% 1+ [6710m, 1 + 0 1063 + (60104, 3(6, 1,
(8,1 = [8,,1 + [61I08, 1 + [8] 1061 + (61108, 1(6 1,
[K SR CM IR (1A IR T U (O I (L i

, ' kg o 4 4
123.  Equivalence [Knn] to [Kff], (Hnn] to {Mffj,[Bnn] to [Bff] and [Knn] to [Kff]
if no singlepoint constraints.
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124. Go to DMAP No. 126 if no singlé-point canstraints. = CF POOR
125. SCE1 partitions out sing!e~poihﬁ constraints
F V b oot _ N 3
Akee T X Mee | Mg
Kl = f= A+ =L o Dl = = o
\Y W N "
po . “ 9 F-4 4"
o Bep | By e Kee | Keg
L B + 5 and [Kp,1 = @ '%_ ]
sf ] ss). ST | es
o wal — . ol
127. Equivalence [Keed te [K_ ] if no omitted coordinates.
128. Equivalence [HffJ to [Maa]_if'no omitted coordinates.
i29. Equivalence [B.] to [Baa] if no omitted coordinates.
130. Equiva]ence [Kif] to [Kg;] if no omitted coordinates.
131. Go to DMAP No. 141 if no omitted coordinates.
132. SMP1 partitions constrained stiffness matrix
Kaa | Kao -
[keed = |— -k — | .
Koa l Koof j
. . s - rp q-1
solves for transformation matrix [Go] -[hooj [Koa]

ang performs matriy reduction

133. Go to DMAP No. 135 if n- mass matrix.

134. SMP2 partitions censtrained mass matrix

[Mff.] =

and performs matrix reduction

[K;a] = DKl # [KaoJ[Goj'

] - Sz ' T ..T -~
[Maa] h [Maa-‘ ) liMaO.][GO-] * [MHOGOJ * [UUJ [MOOJ[(JO]

136. Go to DMAP MNo. 138 if no viscous damping matrix.

FAZE I

CUALITY

2.36
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137.

]39."_
140

142.

145,

148.

14:

151.

152.
154,
155.

158.

159.

MP2 partitions ccnztrained viscous damping matrix

.-
v, .
CRNFAL Las e

OF PoORrR GUAL Ty

_and performs reducting

81,1 = [By,] « [8,,116, + (8,6 01 + I ][BOOJ[G ]
Go to DMAP No. 141 if no’structural damping matrix.

SMpP2 part.t1ons constrained qtructural danplng matrix

K4 K4
[Kiel = %—
5 |

and performs matrix reduction . . :
45 _ b 8 e v, b 4
[Koad = [G,1+ 1K,006,7 + [k 6,17 + [6 J[KOOJ[GOJ
Equivalence [Go] to [GgJ and [Gm] to [GmJ if no extra points intrcduced for
dynamic analysis. : -

BMG generates DMIG card images describ{ng the interconnection of the fluid
and the structure. -

'Go to DMAP No. 150 if no fluid structure interface is defined.

. HTRXIN generates fluid boundary matrices [Ab :2] and [K ,£] if a fluid

structure 1nterface is defined. The matrix [Kb fgj is generated only for a
norzero 9rav1ty in the fluid. ' o

"Go to next DMAP instruction if cold start or modified restart. LBLi3 will

be altered by .the Executive System to the proper location inside the loop for

~unmodified starts within the loop.

Beg1nn1ng}o. loop for additional sets of direct input matrices.

CASE extracts user requests from CASECC for current loop.

MTRXIN selects the direct input matrices for the current 1oop, [kZd} [MZd]

and [82 1.

Equ1va]ence FP‘d] to [M“ Jif ro [Ab fp]

2d+

ADDS addf [KD ,o] and erp'

o . o,
and subtracts-[Ab,f%] from them to form [Kpp].
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160.

161.
162.

169.
170.

172.
S

176.
177.

- Transpose [Ay ¢,1 to obtain'{ﬁb P

. . e o5 ORIGINAL PAGE W
Go to DMAP No. 163 if ,_ SEORS n o oF PC’OR QUALITY

g
)

, o T, 2
- : L] T "' A
ADD assembles_1nput matrix [prJ .M: [Ab,fg + [Mppj.
Go to DMAP Ro. 172 if transicat {ype GKAD matrices are to be generated.

Equivalence [MSPJ to [FEH: LB“ ] t0 [B d] and [K ] to fK d] if no constraints

applied, [Maa] to [Mdd] if no durect input mass matvlces and no-extra points
and [Baaj to [B d] if no direct input damping matrices and no extra points.

Go to DMAP No. 175.

Equivalence [Mg ] to [Mdd_ [B ] to Lde, and [K ] to [Kgd] if no constraints
applied, [M ] to [M d] if no d1rect input mass matrices and no extra points,
and [K ] to [Kde if no direct input stiffnass matrices and no extra points.

Go to DMAP No. 178 if only extra points are definad.

GKAD assembles stiffness, mass, and damping matrices for use in Direct Frequency
Response, if parameter GKAD = FREQRESP.

[Kygd = (0 + ia)IkL,T + [K3,1 + ilkd,D
Myl = ‘d] + [quj and :
Byl = ()1 + (851 . L

Direct input matrices may be complex.

[or]

GKAD assembles stiffness, mass, and damping matrices for use in Direct Trans1ent
Response if parameter GKAD = TRANRESD

: [Kdd] = [Kdd] + [Kde ’
Mgl = [y + 01,
and [dej = [B;d] + [B(Zid] + ZU% [K;de] + ’3‘; [Kjd] ’

where ;-l-( | 0-]

aa | ]

_"T-— “:? [Kdd] s
0 0~

. |

-

M -0

e = il 7
o foj T dc™
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Py

By

Fag B

179.
180.

181.
183.

185.
189.
‘190.
193.

194,
195.
197.
198,
199,
202.
204,

=~ ! . .

i o]

o T o = gl

0, 0 -

and K4 } OW
. aa 4

s = L
(3t

10 4 0. :

ATl matrices are real.
Go to DMAP No. 182 if transient type GKAD matrices were generated.

Equivalence [Fde to Lhdd] if all stiffness is D]rECL Matrix Input, [Hdd] to
[Mdd] if-all mass is Direct Matrix Input and- [de] to [de1 if all damping
1sNDIrect Matrix Input.

Go .to DMAP No. 134,

Equivalence [B dJ to [de] if all .damping is D1rect Matrix Input [ dJ to
{Mdd] if all mass is Direct Matrix Input and [K d] to [Kdd] is all stiffness
is Direct Matrix Input.

Go to DMAP No. 203 if loading is frequency-dependent.
Beginning of 1oop_f0r additional subcases for time-dependent loads.
CASE extracts user requests from CASECC for th_ current loop.

TRLG generates matrices of loads versus time. {PIE} is generated with one
column per output time step. {Pld} is generated with one column per solution
time step, and the Transient Qutput List (TOL) is a list of output time steps.
SDR1 appends {P1%} to {PL}.

SDR! appends {Pld} to {Pd}.

Go to DMAP No. 2C0 if no additionai time~dependent loads need to be processed.
Go to DMAP No. 139 if additional time-dependent loads need to be processed.

Go to DMAP No. 360 and print message if more then 100 loops.

Equfva]ence {Py} to {Pg] if the output times are the same as the solution times.
DUMMOD2 generates a Frequency Response List (FRLZ) and a Frequency Output List
(FOL), from the Transient Output List (TOL). Load reordering matrices REORDER]
and REORDER2 are generated based on parameter values. This module, in effect,
generates data blccks necessary to convert time- deperdent ]0ud5 1nto frequency
dependent loads.

Equivqlence FRLZ to FRL and FOLZ to FOL.




fusriers ]

proyemeer

'Jzﬁﬂa

207.
208.

210,
211,
212.

. 214,
215,

o to DMAP No. 234.

-~

FRLG forms the dynamic load vectors {Pé},',{P;f=
(FOL) for frequency-depeﬁéant loads. -

Go to DMAP No. 213 if rR‘k was not qenerattd bv DUMMODT .

{Pg} and Frequency Output List

MPYAD uses PDZERO from DUWNOD] to zero out selected columns of {P } in base

acce]erat1on prob]ens

7Equ1va]ence {PX } to {P 3.

Go to DMAP No 222 if not a boSE acce]erat1on probiem.

MPYAD forns the complete base acce]erct1cn matr1x, {M2BASEXG
{BASEXG }.

= [M266,]. -

2.40
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216.

7.
218.
219.
228.
230.
231.
233.
236.
237.
233.
239.
241,
242.
244,
246.

248,

250

252.
253.
254,
256.
257.

£
b ye

ADD asscmb]e' the freq

g
w

*1 } = {p } - {u BASFXu 3

Note uhat the p-set -and g set are the same because no extra points are allowed.

.50u1va1encc P } to {P By 3

Ge to DMAP No. 2c1 if there are no $PC’s, APC's or OMITS.
SSG2 applies constraints to {Pp}.

Go to DMAP No. 268 if parameter CYCIO = -1.

CYCT1 transforms lcads on analyses points to symmetric components.

Go to DMAP No. 365 and print ervor message if a CYCT1 error was found.
Go to DMAP No. 268.

Go to DMAP No. 251 if parameter CYCIO =

Equivalence {Pg} and {PDTRZ1} if REORDERI was not generated by DUMMOD2.
Go to DMAP No. 240 if REORDERT was not generated.

MPYAD reorders columns of {Pg}.

CYCT1 transforms loads on analysis points to symmetric ccmponents, in time.

Go to DMAP No. 365 and print error message if a CYCT! error was found.
Equivalence {PXTRZ1} and {PXFZ1} if REORDER2 wés not generated by DUMMODZ.
MPYAD reorders columns of {PXTRZ1}. | o

Equivalence {PXFZ1} to (PXF1}.

Go to DMAP No. 264. -

MPYAD reorders columns of {Pg}.

CYCT1 transforms loads on analysis points to summetric components, in time.

Go to DMAP No. 365 and print error message if a CYCT! error was found.

Equivalence {PXTRZ?} to {PXTR2} if REORDzR2 was not generated.

Go to DMAP No. 259 if REORDER2 was not generated.

MPYAD reorders columns of [PXTRZ2}.

CYCTI fransform symretric components, in timet to summetric"compbhénts.
Go to DMAP No. 365 and prinf error message if a CYCT] error was found,

Equiva]ence {PXFZ2} to {PXF1}. |

copPY rnaLer a physical copy of {PXF1: called {PFX2}.- -

+2 s and the Toads .due to base acceleration.
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266,

2.
274,

 278.

279.
280.
281.

284.

288.

291.

294.
296.

. 298.

299.

ADD makes loads complex, s since SDR? »:perts comp]eA loads 1n a frequency res"onse
prob]em T1me dependenb ?uzca are r sal .,

(PR} (05,nuﬁ i wm}‘ us -lﬂ;)!{PHZ}
Go to DHAP No. 282 if kMIN = B
Beg1nn1ng of loop to Ciuube F“‘ null columas of {uvi} for | ’INDEX =0 to -

(KMIN-1). These Teading null columns are necessary because CYCT] expects
columns for KINDEX = 0:fc KMAX. :

CYCT2 transforms loads from symmetric components to solution set for rota-
tional symmetry. This operation is necessary to get a correct size matrix Tor
generating null {Uv{} co]umns - .

Go to DMAP No. 365 and print error message if a CYCT2 error was found.

ADD generates a null vector {UVZf} = {Pzﬁ}* 0.0.

CYCT2 finds synmetr1c components of displacements from solut1on set data and
appends it to {UVXJ

Go to DMAP No. 365 and print error message if a CYCT2 error was found.
PARAM increments the value of KMINV=KMINV+1.

Go - to DMAP No. 274 if more null vectors are to be generated for {UV }o. If
the initial {UV } for KINDEX values O to (KMIN-1) has been comp] ted then
go to DMAP Ne. 282

Beginning of loop for cyclic index value (KINDEX) for values KINDEX = KMIN
to KMAX.

CYCT2 transfofms stiffness and mass matrix from symmetric components to
soluticn set for rotational symmetry by the equat1on

Ty d = [6030K,,J06.] + [6]10K,, (6]

CYCT2 transform* damping and loads from symmetric components to so]ut1on
set for rotat1ona] symmetny by the equations:

8, = [61108,,106. + [611[8,,06.]

v, J

il

T el
6.J (P} + 16,1 {P}
Go to DMAP No. 365 arnd pfint error message if CYCT2 error was found.
FRRD2 solves for the displacements using the following equation:
2 . -
Mg+ By + K TG = (g,

CYCT2 finds symmetric components of displacement from solution set data and
appends to output for each KINDEX.

Go to DMAP'NOM 365 and print error nessage if CYCT2 error was found.

2.42
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318.

319.
320.
323.

324.
325.

326.
327.

328.
329.

332.

PARAM 1ncrements the v11ue o‘ KIHDEX VTNDEX + 7.

. Go to DMAP No. 306 if a]x cyc31c 1ndex vaIues are comp]ete.

Go-to DM AP No. 284 if"cdditfsnal indox -values are needed.

Go to DMAP Na. 360 and print error me55age if more than 100 1oops on KINDEX.
. 'Equ1Va1ence {U } to {Ud} if parameter cYCcIo = -1,
. Go to DMAP No. 312 if parameter CYCIO = -1.

CYCT1 transtorms disp]acements‘from symrzcrical eomponents to physical ccmponents.

Go to DMAP No. 322 if loads were frequency-dependent.

Equivalence {Px} to {P2d} if parameter CYCIO = -1.

Go to DMAP No."317 if parameter CYCIO = -1.

CYCT1 transforms loads frcm symmet.~ical components to phys1cal compo1ents if
loads were time-dependent.

SDR] recovers dependent Ioads'{Pzg}.

SSG2 app]ies_constraints to {PZ ;} to form {P%;}.

Equivaience {PZ f} to {Pf} and {PZf‘ to {Pf}

VDR prepares displacements, sorted by frequency, for output using only the

g1ndependent degrees of freedom

Go to DMAP No 333 if no output request for the independent degrees of freedom.

Go to DMAP No. 33] if no output request for independent displacements sorted
by po1nt number. .

SDR3 sorts the independent displacements by peint number.

QFP formats - the requested independent displacements, sorted by point number,
prepared by 'SDR3 and places them on the system output file for printing.

XYTRAN prepares the input for X-Y plotting of the independent dISplacements
vs. frequency.

XYPLOT prepares the requested X-Y p]ots of the independent dlsplacements
vs. frequﬂnc .

ﬁFP formats the requested 1ndependewt d1splacements, sorted by frequency,

prepared by VDR -nd places them on the system output file for printing.

2.43
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| 334,

335,
- 336.
:337,

-339.

340.

341.
342.

343.
344,

345.
346.

347.
343.
349,

350.

Go to DMAP Mo. 357 if no-c:ni.
for forces 1nd stresses,

wweTving dependent degrees of freedom
Equ1va]ence {ud} to {u } i no coj Lraints caP11ed
Go to DMAP-No. 338 if no corfiv ats applied.

SDRI recovers independent compnnzals of digplacements '

("

= fedir R ——=3 = {uc +u} ,

) = [651ugd i..”o £+ e

ug + uy v
- = {up +u} o, {u} = [G Jlup +ugl o

Up * Yo 1 ,
—— = {u}
U J
and recovers single-point forces of constraing {qs} = -{PS} + [K;S]{ﬁf} .

SDR2 calculates element forces (PEFC1) and stresses (@ESC1) and prepares load
vectors (PPPC1), displacement vectors (@UPVCY), and single-point forces of
constraint (gQPC1) for ocutput sorted by frequency .

Go to DMAP No. 351 if no output requests sorted by point number of element
number ) _

SDR3 prepares requested output sorted by point number or element number.

PFP formats tables prepared by SDR3, sorted by p01nt number or element rnumber,
and places them on the system output file for pr1nt1ng

AYTRAN prepares the input for requested X-Y plots.

XYPLDT prepares the requestad X-Y plots of displacements, forces, stres*es,
loads or single-point forces of constraint vs. frequency

Go to DMAP No. 353 if no Power Spectral Density List

RANDOM calculates power spectral density functions (PSDF) and autocorrelation
furnctions (AUTP) using the previously calculated frequency respinse.

Go to DMAP No. 353 if no RANDEM calculations requested.
XYTRAN prepares the input for requested X-Y plots of the RANDPM output.

XYPLQT prepares the reques ted X-Y p]ots of autncorre1at1on functxons and
power spectral density functions.

Go to DMAP No. 353 if no frequency response cutput requests sorted by frequency.
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352.

354.
355,
.356.

358.

359.

361.
364.

366.

373.
376.
380.

384.

FEY

PFP Formats frequey~r visnnase polpul requests prepared by SDR2, sorted by
?requ icy, and places ihem on tha systm output file fo. prlntlng '

Go to}DMAP No. 357.€f EXR &eiarmeu aLructure p]ota are requested
PLOT generates all. _rague ted :,ormeufplots.

'PRTHSG prints pTottcr data and-engineering data for each deformed p]ot generated

Go to DMAP No. 383 if no additional sets of direct 1nput matr1ces need to be
processed .

Go to DMAP Mo, 152 if additional sets of direct input matrices need to be-
processed. '

DIRECT FREQUENCY AND RAMDPM RESPGNSE ERR@R MESSAGE NO 3 - ATTEMPT T0 EXECUTE
MPRE THAN 100 LB@PS.

DIRECT FREQUENCY AND RANDPM RESPPNSE ERRPR MESSAGE NP. 4 - MASS MATRIX REQUIRED
FPR WEIGHT AND BALANCE CALCULATIPNS.

STATICS WITH CYCLIC SYMMETRY ERRPR MESSAGE N@. 7 - CYCLIC SYMMETRY DATA ERREZR.

. Coupled mass is not allowed - Print parameter COUPMASS.

STATICS WITH CYCLIC SYMMETRY ERRQR MESSAGE N@. 6 - FREE-B@DY SUPP@RTS NOT
ALLPWED.

EPoint bulk data not allowed - Print paramecer NOUE.
Neither FREQ or TSTEP_were in bulk data - Print parameters NOFRL and NOTRL.

Both FREQ and TSTEP were selected in case contro] - Print parameters NOFREQ
and NOTIME.

END of_DMAP sequence.
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2.4.4 CASE _CONTROL DECK Ahszu#lhﬂuluﬂﬁ P rORCED VIBRATICH AVALYSI

ROTATING cvcuc JT'{UCTURES '

The'fonlbw1ng items relate to subcase definition and data selection for
 Forced V1brat10n and Random Response of Rotating C'c]1c Structures:

S The SPF and MPC request must ‘appear above. thp subcase Tevel and -may not be

changed
2. Exther REQUENCY or TSTEP must be se]ected and must be ‘above the subcase level.

3. If selected, FREQUENCY nust be used to select- one and only one FREQ, FREQI or
FREQ2 card from the Bulk Data deck. _ _ S

4. If selected, TSTEP must be usad to select the time-steps to be used for load

definition via a TSTEP Bulk Data card and must be defined ebove the subcase
Tevel.

Direct input matrices are not allowed.
OFREQ must not be used.

A separate'group of subcases must be defined for each symnatric segment.

0o N oy O,

DLOAD must be used to defina a freguency or time-dependent loading condition
for each subcase. For freguency-dependent loads, subcases without loads need

" not refer to a DLOAD card. For time-dependerit loads, subcases without loads _
must refer to a DLOAD card that explicitly generates a null load.

9. An alternate loading method is to define a separate group of subcases for _
~each harmonic index, k. The parameter CYCIP is included and the load components
for each .index are defined d1rect1y within each greup for the various loading

condltwons _

10. If Random Response ca]cu’atxons are desired, RANDCM must be used to select
RANDPS and RANDTi. calds from the Bu]k Data Deck

" The following printed output, sorted by fregeuncy {S@RT1) or by point number .
or element number. (SPRT2}, is available, either as real and imaginary parts or
magnitude and phase angle (0° - 360° lead), for the list of fequencies specified-
1. Displacements, velocities, and accelerations for a list of PHYSICAL points

(grid po1nts and extra scalar points intreoducea for dynam1c analysis) or
SPLUTIPN points: (points used in formulation of the genidral X system).

2. ~Nonzero components of the applied load vector and single-point forces of
constraint for a list of PHYSICAL points.

3. Stresses and forces in selected elements (ALL available only for SORT1).

The fo]]cw1ng plotter outpuf is available for FreqLency Respunse
calculations: .
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1.

2.

The data used for prepar1ng X-Y plots may be punched or printed in tabuiar form

of constraint.

- X-Y plot of any stress or force component for an element,

. The fbl]owing'plotter output is availzble for Randbm Response
calculations:- '

RIS SR S

Undeformed piot of t?-,,Ltwubuxg. mndv?

X-Y plot of any componsz nt o. d1¢p1ucemenu. velocvty, or acceler atlon of a
PHYSICAL point or SELUTIZN point.

X-Y plot of any compenent of Lho app71ed 1oad vector or singie-pbint force

X-Y plot of the power spactral density versus frequency for the reéponse of
selected ccmponents for points or elenents. ’

X Y p]ot ‘of the autocorrelation versus time lag for the response of selected
components for points or clements.

e 4R

{see Section 4.3). This is .thc only form of printed output that is available !
for Randcm Response. Also, a printed summary is. prepared for each X-Y plot which
includes the maximum and mininum values of the plotted function.

The'following items relate to Bu]k Data restrictions:
SUPORT cards are not allowed. ‘ 7 v
EPOINT cards are not allowed. L | _ ' T
SPOINT cards are not allowed.

CYJOIN cards are required.

If a TSTEP card is used then it must nct be continued since only one uniform

time step interval must be specified. The skip factor for output, NO, on
the TSTEP card must be 1. ' .

The following parameters are used in Forced Vibration and Random Response

of Rotating Cyclic Structures:

1.

COUPMASS - ijed.- Only lumped mass matrices must be used.

GRDPNT - opticnal - A positive integer value of this parameter wi]I cause the
Grid Point Weight Generator to be executed and the resulting weight and
balance information to be printed. A1l fluid related masses are ignored.

WTMASS - optional - The terms of the structural mass matrix are multiplied
by the reail valte of this parameter when they are generated in EMA., lot o
recommended for use in hydroelastic problems. L . ¥
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10.

1.

12,

13.
14,

15.

GKAD - opt1cﬂa] - |hc <L“ valug of Lhnq paramater is used to tell the GKAD

moduie the des1red form of matrices. KDD, BDD.and HDD The BCD value can be

FREQRESP or TRANRESP. The default is T?QNPESP

NOTE: Remember to defing paraweturs G N3 and W4. See Section 2.3.3 (DIRECT
DYNAMIC MATRIX ASSEHBLY} Faces §.3-7 and 9.3-8 of the NASTRAN theoretical
manual for further details, o :

LGKAD - optional - The integer value of this parameter is used in conjunction
with parameter GKAD. If GKAD = FREQRESP then set LGKAD = 1, if GKAD = TRANRE)P
set LGKAD = -1. The default value is -1.

qg - optional - The real value of this parameter is used as a uniform structural
_damping coefficient in the direct formulation of dynamics problems. Not recon-

manded foruse in hydreelastic problems {use GE on MAT1).

W3 - optional - The real value of this parameter is used as a pivotal frequency
for uniform structural damping if parameter GKAD = TRANRESP. " In this case

W3 is requ1red if uniform structural darp1ng is desired. The default value

is 0.0.

W4 - optional - The real value of this parameter is used as a pivotal frequency

for element structural damping if parameter GKAD = TRANRESP. In this case W4
is required if structural damping is desired for any of the structural
elements. -The default value is 0.0

NSEGS - required - The integer value of this parameter is the number of

Jdentical segments in the structural mode]

CYCID - required - The integer va]ue of th1s parameter specities the form of
the input and output data. A value of +) is used to specitfy physical segment
representation, and a value of -1 for cyclic transform representation. There
is no default. :

CYCSEQ - fixed - The integer value of this parameter specifies the procedure

‘for sequencing the equations in the solution set. A value of +1 specifies

that all cosine terms should be sequenced before ail sine terms, and a value .
of -1 for alternating the cosine and sine terms. The value of CYCSEQ has
been set to -1.

CTYPE - fixed - The BCD value of this parameter defines the type of cyclic
summetry ‘as follows:

(1) RPT - rotational symmetry

KMAX - required - The integer value of this parameter specifies the maximum
value of the harmonic index. There is ro default for this parameter. The
maximum value that can be specifiev is NSEGS/2.

KMIN - optional - The integer value of this parameter specifies the minimum
value of the harmonic index to be used irn the solution loop. KMIN can
equal YMAX.. .The default is 0.

NLAAD - fixed - The integer value of this parameter is the number of static
lToading conditions. The value of NLOAD is internally computed.

e
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16.

19,

- NOKPRT - optional - AP.THLLgLY value of 41 for this parameter will cause the

“harmonic in the fourier docompesition of periodic, time-dependent loads.

TSTEP bulk data card. '

- . : ¥

currant harmonic index, KiNDEX, to be prznted at the top of the harmon1c loop
The default is +1.

LMAX - opt1ona1 - The zntngnr value of this parareter specifies the maximum
The default value is NTSTEPS/Z2, where NVSTEPS = N+2 where N is from the
RPS - optional - The real value of this parameter defines the rotatwonal
speed of the structure in revolutions per unit time. The default ic 0.0.

BXTID, BYTID BZTID, B\PTID BYPTID, BZPTID - optional - The positive integer

va]ues of these parameters define the set identification numbers of the TABLEL
bulk data cards which define the components of the base acceleration vector.
The tables referred to by BXTID, BYTID and BZTID define magnitude (LT-2) and
tables referred to by BXPTiID, BYPTID and BZPTID define phase (degrees). The
defauit values are -1, which means that the respective terms will be ignored.
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3.1 DATA BLOCK AND TARLE DESCRIPTION

3.1.1 Data Blocks Outpu$ from Madule DUHHOD]
3.1.1.1 FRLX (TABLE) |
Description ’

"Fréquehcy Response List

" The FRLX contains one l1og9.2u. record for each different set defined in the

bulk data. ’Each record contains a sorted list of frequencies defined in the sat.

Table Format .

Record Hord Type Item

0 1, 2 BCD Data block nama

3 I Set 1D,

2+n I " Set IDn
1 T-m R Radian frequencies belonging to set ID1
(w = 2nF)
n 1-k R Radian frequencies belonging to set IDn
_ (w =-2aF) ’ :

nyl End-of-file

Iggle Trailer

Word 1 = number of trequency sets
Word 2-6 = Zero - '

3.1.1.2 BIGG (MATRIX)

‘Description

[BTGGgg]'= quidlis acce1eration‘;oefficient matrix - g set.
3.1.1.3 HMIGG (MATRIX)
Descrigtfdn '
. [H]GGgg] - Centripetal accg]eration coefficient matrix - gvsgt.

3.1.1.4 M2GG (HATRIX)

Description

[MZGG§g3v- Base acceleration coefficient matrix - g set.

3.1
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3.1.1.5 BAsgxe (MATRIX)
| Descrigtioﬁ 3 » )
[BASEXG;J - Bésg accéié;affén matrix - g ‘et.
3.]f7.6 PDZERO (MATRIX)
Descrigfion .

[PDZERogJ - Load modificaticn matrix.in-base'acceleration prbb?emé - g éet;

3.1.2 Data Blocks Qutput from liodule DUMMOD2

“3.1.2.1 FRL (TABLE)

Description:
"Frequency Response List

The FRL output by DUMMOD2 contzirs one logical record. This-1bgiéal record
contains a sorted list of frequencies.

Table Format

Record _ Hord - Type Item
0 1,2 © BCD Data Block Name
3 ! Set ID=1 ‘
] 1-m R Radian'?keqUenciéé {w = 27F)

2 _ End-of-file
Table Trailer o .
Hord 1 = 1.
Nord 2-6 = zero
3.1.2.2 FOL (TABLE)
Descripticn _ |
Frequéncy Response Output List

Table Format

Record  Word Type  ltem
0 1-2 BCD Table Hame
3-NFREQ+2 R Frequencies F (w = 27F)
1 End-of-file




Table Trailer

i

Word 1 = Number of frequenciss {(NFREQG)
Word 2 = Frequency set racurd ausbar {=1)
Word 3-6 = zero N

A

3.1.2.3 REORDERI (MATRIX) .

Description {
[REORDERT] f'Load reordéring matrix in time-dependent frequency response problemé
for cyclic structures. - ‘

Matrix Trailer

Number of columns = Y\ NTSTEPS*FKMAX, if CYCIO = -1
Number of rows = }.NTSTEPS*NSEGS, it CYCIO = +1
Form ' = square '

Typu = real singer precisicn

3.1.2.4 REOGRDERZ (MATRIX)
Description

[REORDER27 - Load reordering matrix in time-dependent frequency response problems
for cyclic structures. '

Mafrix Trailer

Number of columns = 3 FLMAX*FKMAX, if CYCIO = -1
Number of rows = J FLMAX*NSEGS, if CYCIQ = +1
“Form : = square » |
‘Type ' = real single precision
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3.2.1 Functiona?'Modu‘e SUM0D?

3.2.1.7 Entrg’?oint DUMOD]
3. 2 1. 2 PurEosu

To gennrate the Corlol1s, centr1petaf and base acceleration coefficient

matrices and the base acceleration matr1x for a forced v1brau10n response
ana1y51$ of rota*ung structures. ’

3.2.1.3 DMAP Calling Sequence

DUHMOD1 CASECC, BGPDT, CSTH DIT, FRL, MGG,,/FRLX, B1GG, MiGG, MZuC,
BASEXG, PDZERO,,/V » NOMGG/V, Y, CYCIO/V, Y, NSEGS/V,

KMAX/V, T » FKMAX/V, Y, BXTID=-1/V, Y, BXPTlD—-I/V Y, BYTID -1/

v, Y, BYTID——]/V Y, BYPTID=-1/V, VY, BZTID~—1/V Y, BZPTID=-1/
, NOBASEX/V, M, NOFREQ/V, N, OMEGA §

3.2.1.4 Inpuf Data Blocks

CASECC - Case Control. ;
Basic Grid Point Definition Table..

BGPDT -
CSTM - Coordinate System Transformation Matrices.
DIT - Direct Input Tables -
FRL - Frequency Response List-{radians).
' MGG - Partition of mass matrix (g-set).

Notes: 1}‘ ANl input data blocks can be purced if - only parameLcrs FKMAX and °

. NOBASEX are to be computed.
2. CASECC, DIT and FRL can be purged if output data b]ocxs FRLX and
: BASEXG are purged.

3.2.1.5 Output Data. Blocks

FRLX - Frequency Response List (modified)

BIGG - Coriolis acceleration coefficient matrix {g-set)

MGG - Centr1peta1 acceleration coefficient matrix (g-set)

M2GG. -~ Base Acceleration coefficient matrix (g-set) '

BASEXG - Base acceleration matrix (g-set x f)

PDZERO - Load modificaticn matrix in base acceleraticn problems (g-set x f‘

© Notes: 1. All output data blocks can be purgad if parameter | NOMGG=-1.

2. B1GG and MIGG can be purged .if NOMGG=-1 or if OMEGA=0.0.

3.4
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3.2.1.6

NONGG
CYCIO

NSEGS
KMAX
FIMAX
NOBASEX
NOFREQ

OMEGA

- BXTID.

BYTID
BZTID
BXPT1D
BYPTID
BZPTID

3.2.1.7

Parameters NOBASEX and FKMAX are computéd depending on the values of various

FRLX and PRITRY oo

. FRLX, PDZERO;'IZEG and 6A:L}; can be purged if NOMGG=-1 or 1f

" NOFREQ=-1 or if CYCIO=+1 or if all three parameters BXTID=BYTID=

BZTID=-1. . - S

Parameters

Input-integer-no default. VGG was not generated if NOMGG=-1.

Input-integer-no default. This parameter specifies the form of the
input and output data from cyclic structures. A value of +1 is used

- to specify physical segment representation and a value of -1 for

cyclic transformation representation.

Input-integer-no default. The number of identical segments in the
structural model. .
Input-integer-no default. KMAX Specifies the maximum value of the
harmonic ‘index. The maximum value that can be specified for KMAX

is NSEGS/2.

Output-intager-no default. FKMAX is a function of KMAX.
Qutput-integer-no default. HNOBASEX=-1 if data block BASEXG is not

génerated.
Input-integer-no default. NOFREQQ;IEif FREQUENCY was not selected
in the Case Control deck. ' : :

Input-real-no default. Rotational speed of the structure»ih radians.

OMEGA = 2w-RPS.

Input-lnteger-defauits. The values of these parameters define the .
set identification numbers of the TABLEDi Bulk Data cards which define
the cemponents of the base acceleration vector. The tab]és-referrgd
to by BXTID, BYTID and BZTID define magnitude (LT-2) and the tables
referred to by BXPTID, BYPTID and BZPTID define phase (dégrees), The
default values are -1 which means that the respective terms are

ignored.

Method

input parameters. Paremeter NOBASEX is set equal to -1 if parameters NCMGG=-1

or CYCIO=+1 or NOFREQ=-1 or if parzmeters BXTID=BYTID=BZTID=-1, otherwise NOBASEX

is set equal to +1 indicating that bace acceleration data blocks are to be

generated.

3.9
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If parameter CYCIO=-1. thon parameter FRMAX is computed as follows. If NSEGS

is odd then FKMAX=2*KMAX+7.' 17 iSEGS is’even and KMAX=NSEGS/2, then FKMAX=NSEGS,
otherwise FKMAX=2*KMAX+1. L '

If parameter'NDMGG=-1 then no data blocks are generated and an exit is made

from module DUMMOD1, otherwise computations proceed in three phases. In the first

phase B1GG and M1GG are generated unless pardmeter OMEGA=0.0., M2GG is -generated
if parameter NOBASEX=+1. -The second and third phases gencrate data blocks asso-

ciated with base accederation prcblems and are only executed if NOBASEX=+1. In the

second phase FRLX and PDZERQ are generated unless parameter OMEGA=0.0. Data

. block BASEXG is generated and output in phase three.

3.2.1.7.1 Phasé'] - Generatioh of BiGG, MIGG and M2CG

Phase one begins with a request for open core and buffer allocation. I[f
OMEGA=0.0 then BI1GG anf MIGG are not output and their buffers, IBUF3 and IBUF4,
are not allocated and IBUFS is set equal to IBUF3. If ccordinate system trans-
formations exist then the CSTM data block is open and the coordinate system.in- .
formation is placed in core and readied for use by subroutine PRETRD. .. -

The primary loop in phase one is controlled by the number of arid points in
the Basic Grid Point Definition Table (BGPDT}, scalar points are not allowed by
DUMMODY. Each grid point in the BGPDT is considered in order and the corresponditg
columns of the mass matrix, MGG, are processed to form BTGG, M?GG'and'MZCG. When
all grid points have been processed the necessary trailers are written. For the
ith grid point in the BGPDT the corresponding translatidna] terms of MGG are un-
packed and the diagonal terms are isolated into a 3 x 3 matrix [M%]. If the .
grid point is not in the basic system then subroutine TRANSD'calculaies the 3 x 3
transformation matrix [Ti] from g]oba]chordinates to basic coofdinates for the
grid poirt and [M;] is transformed to the basic system to form [ﬁi). The average
of the three diagonal terms of [ﬁij is then used to form [ﬁTi], [ﬁTi] and {ﬁ?i].
These three submatrices are then transformed back to the glecbal coordinate system,
if necessary. The 3 x 3 matrices {ﬁTi], [ﬁTi] and [ﬁ?i} are then packed into the
B1GG, MIGG and M2GG matrices.

(a)
M1 _ -0 . S . :
[(Meel = [M2] where n = the total number of grid
19%9 . _ points.
: 0 . [M“] : -

3.6.




(c)

[a

(e)

whé}e a
: [”i]' =
. bx6
 ahdv
[M J =

Transform'[Hl] from global to basic coordinate system

; 'O -0
0 m¥2:‘ 0
[0 0 m;?

;] = 013 o) (0"

Compute average of [ﬁi]

3
=k§] at the i
3.0
Form B1GG
ey
[B1G6] = (81,1
gxg
0
where . '*f—él ]
. [B]i] = ,_..__..‘__.....
: 6x6 ; [0}
and - L 0 o
[B] ] =.[T]JT 0 0
13x3 1
. i
Form MIGG
ENILIPY
[M166] = M]
’ gxg .

Vv
where m? is the mass (in the basic coord

" 2]
. n '_J

\

0
[B]n]
0
My i
0

0

o
Lk

inate system)
h node point of the total of 'n' nodes in
the kth direction. ' ‘

3.7



QR PR < B s

Cuces S s

3

Wode

e Qo s <o R e

————— | WIS

vwheré : o
ORIGINAL FanT 1g
[ J =  OF Poor QUALITY
: V6x6 v o
) L
o o)
3] = 6 1 (1,]
T 133 =

(f) Formn M2GG

e, ] 0 —l
- [M266] = [M2,1

gxg .
0 [Mzn]
vhere
M2, i 1 =
- 6x6
and _
el - [r,1.
3x3 |

3.2.1.7.2 Phase 2 - Generation of FRLX and PDZERO

In this phase the FREQ”tNCY set selected in the Case Control deck is located
in data block FRL and stored in core. If parameter OMEGA=0.0 of if parameters
BYTID=-1 and BZTID=-1 then phase two is complete, otherwise phase two brbtessing
continues. The Frequency Response List must be modified to include an expanded'
set of frequencies. Read and copy from FRL to'FRLX record 0 and all logical
records up to the selected frequency set. The only set that will be modified in
FRL is the selected frequency set. Once the set of selected frequencies have
been found and stored in core a vector for FRLX and PDZERO are generated using
the FRL frequencies stored in ccre and parameter CMEGA. Let wy for i = 1, NFREQ
be the fregquencies (in radians) from FRL. S S

If w, fO 0, create 3 en¢r1°s, 0.0, 1.0 and 0.C for PDZERO and create 3 entries,
}u -QMEGA!, Wi gnd {w +OMEGA! for ‘FRLX.

3.8



o= BZD

R}t

St

merng

R |

If w; = 0.0, create 2 entrissy 1.0 and G.G for PDZERO and create 2 entries, C.0
and |OMEGA| for FalX. . S ‘ :

After the expanded 1ist of freguencies is ge\ulated call routine DUNO’E to sort

it in ascending order. DUMOIE also returns a sorting index so other vectors may _

be sorted the same as FRLX. Sort.PDZERO ua1ng ‘this sorting 1ndex. Qutput this

FRLX vector and continue copying the remzining records of FRL to FRLX. -Output

data block PDZERD by writing out the PDZLRO vector FKMAX times, thus crrating.

FKMAX columns. The original unexpanded frequencies from FRL and the sorting

index stored in core are retained for phase 3 pfoceséing. .

3.2.7.3 Phase 3 - Generation of BASEXG

If NCBASEX=-1 then this phase is Sklpped otherwise proce551ng continues.
A unique list of table iDs us ing parameters BXTID, BYTID, BZTID, BXPTID, BYPTID
and BZPTID is geaerated and a call to PRETAB is made so that tables TABLEDI,
TABLED2, TABLED3 and TABLED4 can be interpolated by calls to TAB. ‘Routines DUNMOIA,

DUMO1B, DUMOTC and DUMOID are used to gererate data block BASEXG. Routine DUHOIA calls

the routines to generate the BASE table and outputs the BASEXG matrix. "The BASE
table is used to generate up to three groups of NFREQX columns, whare NFREQX is
the number of expanded frequencies frem phase two, in the BASEXG matrix. Routine
DUMOIB is called to generate the BASE table if the original FRL frequency.list
was not expanded, see phase two, otherwise routine DUMOIC is called. Routine
DUMO1D sorts the columns of the BASE table s0 that they are arranged in the same

.order as the modified frequency set if FRLX was generated in phase two. Th

fo]]owing is a mathematical description of matrix BASEXG.

(a) Let- x (f ) P, (f ), Y (f )y ﬂ (f ), (f ) 2, (f be 1nput via frequency
depend°ne tables TABLFDI where the tab]n IDs'a“e defxneo by parameters

BXTID BXPTID, BYTID, BYP:ID BZTID and BZPTID respectively. Lo Yo and

(0
(b} Define control flag MOADFRL.

If parameter OMEGA=C.0 or parameters BYTID=-1 and BZTID=-1 then set MODFRL
to false, otherwise MODFRL is true.

(c) Let FRL be a vector of NF fregquencies (in radians).
FRL = fu], Woy Wy s wNFJ
(d) If M“DFRL is false then generate eomp1ex base table BASE o‘ order 3 x NF

: [BASc] = LJBase(F | DR {BASE(f )} ]
3xNF - . 3x! 3l

3.9

Z are maanitudes in L7-2 units while ﬂx, Qy and QZ are phase -angies in dearees,
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where £, = wi/zn for i'= 1,2, ..., F < OF POOR @Al

it
i
-
Ot
Tie
"

and .
' X (F3) s 0 (F1)
0 1
{BASE(f )} =<y (t) - 10, (fi)
. 3x1
| | L (7)) - e“@z(ﬂ)J

x1 -

(e) If MODFRL is true then generate complex base table BASE of order 3 x NFX
where NFX is an expanded numbei of frequencies as defined below.

[BASE%XNFX - [[BASE(fi)] [BASE(f,)] « - + - _[BASE(fNF)]]
where fi = w{/Zn for i . 1, 2, ..., NIF

- and. each {BASE(f{)} is either 3 x 2 if w; = 0.0 or 3 x 3 if w%i# 0.0.- .
(e.1) If ws = 0.0, theh_[BASE(fi)] is defined as follows:

“3x2
PR (I
BAS™(f, B
Ve 0 8
0 C
where .
SGN = 1.0 if paraneter OMEGA 3 0.0, otherwise SGN=-1.0 and -
B = Yo(f.)..yoJ(ﬂ ( ¥y - i -SGN..Zo(fi). cos(ﬂ?(fi)
. C = 1 (f ) - cos(p (fi)) + 4+ SGN . Yo (f,) - cos(gy(fi))
(e.2) If w, f 0.0, then [BASE(f;}] is defined as follows:
' 3x3 : .
3 A O
[BADE(f Y] = (B 0 ¢
.. 343 D 0 E
where ,
SGNA = 1.0 if (w; - OMEGA) > 0.0, otherwise SGHA = -1.0
SGNG = 1.0 if ((.:.]. + OMEGA) > 0.0, otherwise SGIB = -1.0
ahd o , : (: ) : '
S ST Py (fs
A= xo(fi)' e X | | o
1 eSGHAS . \1
B = Lo(f ) 1 «SGHA- ﬁj\f‘l) SGHA » (f]) . e'l SGHA (ﬂz(fn SGHA Z)J

3.10
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’”"x.zuf g"ﬂ:: Li‘
ram3s*ﬂuALFV
e ol ey JTeSBNBeB () e _
C = 0.5 Yo(fi) *e ) - (;}15 bZO i)oc

D05 SGhA ¥ (F i el SC"A(ﬂy(f1) SGNA'ﬁ? + 7,(1, ) "SGNA'Qz(fi{]

m
n

(f) Define the cemplex base acceieration matrix BASEXG of order G x (NF?FKMAX)

. as follows:

Let NF be the number of frequencies in the BASE matrix, i.e., iat NF = NF
if_MODFRL was false or NF = NFX if MODFRL was true.

[BASEXG] [ensexe']  [oAsExe®]  [BASEXGS] . . . [BASEXe NTAKj
gx (HF- FKMAK) gxNF gxN7 - gxXNF gxMF
- where = - T -
o [BASEX']
[BASEXG'] = BxHF Cfori=1, 2and 3
gxNF [8ASEX1]
ExNF
[BASEX '] :
SxNF ;
and - - - 5
[BASEXG'] = [0] for i = 4,5,6,..., FKMAX

gxNF

NOTE: [BASEXi] is repeated N times where N ="g/6 and g is the g¥set-size11.5ca1ar'

points are not allowed so-each node has 6 degrees of freedom.

["BASE(1,1) BASE{1,2) . . . . BASE(1,NF)
easex'] =l 0 0 0
6xNF 0 0 0
0 0 0
0 0 0
L 4] 0 0 |

§eSGNB (@ (f4)~SGNBen/2) -

05| BERAOE AL SCVJ(ﬂy(‘ )-SGHB~ ‘z) ‘7 (f ) -SGNB-QZ(fi)]_
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]

T 0 . .0 a0
[BASEX®] = |BASE(2,i)  RASE(2,20  BASE(2,NF)
OMF pase(a.1y BAsE(3.) BASE(3,NF)
0 0 | 0
o 0 o
. T0 o ..., 0
[BASEX®] = | BASE(3,1) BASE(3,2) BASE(3,NF)
OxNF |.BASE(2,1) -BASE(2,2)  -BASE(2,NF)
0 0 0
0 o 0
R 0 o |

3.2.1.8 Subroutines

UtiTity subroutines GMMATD, PRETRD, TRANSD, PRETAB and TAB are used.
See subroutine descriptions, Section 3-of MASTRAN Programmer's Manual,

3.2.1.8.1 Subroutine Name: DUMOTA

].

2.

Entry Point: DUMODIA

Purpose: To define and output the comp]ex single prec1s1on base
acceleration matrxx BASEXG.

Ca]]1ng Sequence. Call DUMOTA (BASE BASEl, Z, N BUF, INDEX, HODFRL,

BASEXG, NROW, NF NFX, FKMAX, OHEGA)

BASE - Storage for BASf matrix - comp1ex S.P. - input.
BASEY - Storage for sorted BASE matrix - complex S.P. - input.

Z - Storage for one column of matrix BASEXG - complex S.P. - input.

W - - Frequencies (radians) from data block FRL - real - 11put
BUF - GINO buffer for BASEXG - real - input
INDEX - Sorting 1ndex - integer - input

MODFRL - Flag to indicate if frequency list was expanded - logical - input.

BASEXG - GINO file number of BASEXG - integer - input.
NROW - G-set size - integer - input.

NFX - Expanded number of frequéncies'- integer - input.
FKMAX - Function of parameter KMAX - integer - input.
OMEGA - Rotationa]'speed of structure in radians - real - input.

NF - Number of frequencics in I'SL data block - integer - iqput.__

raey
W
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3.2.1.8.2 Subroutine Namz: DBUMOIR -~

1 L .
2,

Entry Point: Dd“G;B

Purpoée: To def1ne the complax 51ng1e precision BASE matrix used in
generating the cuinpiete base acceleration matrix BASEXG. This routine

" is only called if MODFRL is false.

~Calling Sequence: CALL DUKOIB (BASE, U, NF)

‘BASE - BASE. matr1v - complex S.P. - output'
_ W - Frequencies from data block FRL ~ real (radians) - input.
'NF -~ Number of frequencies in i - integer - input.

COMMCN/CONDAS/PI, NﬂPI, RADEG, DEGRA, S4PISQ
COMMON/BLANK/DUM(5), BXTID, BXPTID, BYTID, BYPTID, BZTID, BZPTID

3.2.1.8.3 Subroutine Name: DUMOIC

1.
2.

3.2.1.8.4

.
2.

Entry Point: DUMOIC

~ Purpose: To define the complex single prec151on BASE matrix used in

generat1na the complete base acceleration matr1x BASEXS. This routine

. is only called if MODFRL is true.

~ Calling Sequence: CALL DUVO]C (BASE OHEGA NF)

BASE - BASE matrix -'complex’s.p. - output.

W - Frequencies from data block FRL - real (radians) - input.
OMEGA ~ Rotational spepd of the structure in radians - real - 1nyut
NF . - Number of'freqLenc’es in - 1nteger - input.-

.COWMON/CONDAS/PI TWOPI, RADEG, DEPPA S4P1SQ

COMHON/BLANK/DUH(S) , BXTID, BXPTID, BYTID, BYPTID, BZTID, BZPTID -
‘Subroutine Name: DUMOTD

Entry Pointi- DUMC1D

Purpose: To sort the columns of matrix BASE in the same order as the
-expanded freguencies in data block FRLX.

Calling Sequence: CALL DUMOID (BASE, BASE1, INDEX, HFX)

BASE- - BASE matrix - complex S.P. - input/output
BASE] - Tcmporary storage used for sorting matrix’ BASE - cowp]ex
S.P. - input.
'INDEX - Serting key - integer - input

.
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3.2.1.9
a)
b)
c)
d)
e)

Phase I o
COMM@N/DUMIXX/ 2

NFX - Numbter of columns of w*vr x BASE a*d 1e"gtn of INDEX -

lntegcri~ Tnput. _

3. 2.1.8.5 Subroutine Name: DUMOIE-
Entry Point: DUNDIE

Purpose: To sort the list of expanded frequencies of data block FRLX
and to supply an index key sg the 'se vectors can be sorted the same way.

Calling Sequence: CALL DUMDIE(A,K,N)

A - Vector to be sorted - real - input/output.

K - Sort index key - integer - output
N - Length of A and K

Design Requirements

Open core is defined at ’DUHlXX/

No scratch files are used

DUMODT resides in LINKNSO7

Open core for five GINO buffers is needed.
The luyout for open core is as follows:

CoTumn oF TG NTYPE*G-set

Z(1)
FREE
Z(1CSTHM) | CSTM DATA ©LCSTH
Z(1BUFS5) M2GG GINO BUFFER
Z(IBUF4) |  M1GG GINO BUFFER
Z(IBUF3) B1GG _ GI1i0 BUFFER
- Z(IBUF2) BGPDT GINO BUFFER
Z(IBUF1) | CSTM/MGG GINO BUFFER+]

G
-

et

Rl
K
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" COMMON/DUMIXY/Z

“Z(IFRL) | FRL DATA
- Z(INDEX) | SORT INDEX KEY -

Z(IFRLX) | FRLX DATA
- z(1pDZ) | PDZERD DATA

 FREE
~ Z{1BUF3) | PDZERD
- Z(IBUF2) | CASELL/FRLX
FRL

- Z(IBUF1)

Phase 111

COMMON//DUMIXX/Z

Z(IFRL)

FRL DATA

Z{ INDEX)

SORT INDEX

- Z(I1TAB)

PRETAB TABLE DATA

NIV

BASE MATRIX

Z(N2)

BASE1 MATRIX

- z(n3)

COLUMN QOF BASEXG

- Z(1BUF1) |

FREE

DIT/BASEXG

3.2.1.10 Diagnosx': Messages

T
G NAL Seclan V2

;. OF PO QUALITY.

NF

3EhF

3ENE

SENF

GINO BUFFER

GINO BUFFER

"~ GINO BUFFERH

NFS
3*NFSX
NTABL -

(3*NESX)*2 )

(3*UFSX)*2 Complex

(G-set)*2 )

GINO BUFFER+]

The followin, fatal errcr messages may occur:
3001, 3002, 30063, 3008 and 3031,

3.15




3.2.2 Functional Module DUMMODZ
3.2.2.1 Entry Point: DUMODZ
3.2.2.2 Purpose

»To‘generate tables FRL and FOL and matriceé REORDER! and REORDER2 to be -

used in a forced vibration‘respons anu1ys1s of rotatxng cyclic structures
Parameters LHAS NTSIEPS FLMAX, NOROY and NOPO& are also computed

3 2 2. 3 DMAP Ca]11nq Sequenfe

puMiionz

TOL,5s5»s5/ FRL, FCL, REORDER1, REGRDERZ,,,,/V,Y,NSEGS/V,Y,
’CYCIG/VsY,LMAX?-T/V,H,FKMAX/V,N,FLMAX/V,N,NTSTEPS]V,N,NORO]/-

V,N,NCRO2 S

3.2.2.4 Input Data Blocks.

TOL

NOTES:

.Time‘output~]ist.

1. TOL must be uresent

3.2.2.5 Qutput Data B]ocks

FRL
FOL

Frequency Response |15t
Frequency Output List -

REORDERY - Load reordering matrix for time- dependent frequency response problems.’
REORDERZ - Load‘reorderingjmatr1x for time-dependent f\equency response problems.

NOTES:
3.2.2.6 Parameters

NSEGS

CYCIO

LMAX

~ FEMAX

FLMAY

1.

FRL and FOL cannot be. purged

Input-integer-nb default. NSEGS is fhe number of 1dent1ca1

"~ segments in the struetural mocel.

Input-integer-no default. The value of this parameter specifies
‘the form cof the input and output data for cvclic structures.. A

~ value of +1 is used to specify phys1ca1 seguent representat1on

and a value of -1 for cyclic transformation representation,

Input/output-integer-defau1t. LMAX specifies the maximum time-
harmonic index for cyclic structures. The default value is
NTSTEPS/2, where NTSTEPS is defined below.

Iraut-integer-no default. FKMAX is a function of parameter KMAX.
Output-integer-no default. FLMAX is a function of parameter LMAX.

-3.16
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~ NTSTEPS - Output-integer=no default.

~bleck TOL.
NORO1 - Output-intecuer-no-defauit.
generated, +1 otharwise. .
MORO2 - Output-integer-no defualt.:
gcnerated, +1 otherwise.

The -number ¢f time steps from data

“NORO1=-1 if matrix REORDERI is not

KOR0O2=-1 if matrix REORDER2 is not




S3.2.2.7 Method . '_1 R IR

are computed in Ppase I. Data biocks FRL and FOL are generated and ouepUe in
. Phase II.and matrix data blecks REORDERY and REORDERZ and their respective
; parameters NOPO] and NOR0OZ are generated and cutput in Phase III.

-3.2.2.7.2 Generat1on of tab?es FOL and FRL

then,  FOL(1)

*REORDER2.

‘multiplying the matrix whose columns are- to be reordered. Routine DUMO2A is

274

Computations praceed 1n_eh:“t ses. Parameters WTSTEPS, LMAX and FLMAX . o

3. 2 2.7.1 Computation of Pa.amnt :rS NTOTLPS LMAX and FLMAX

Data block TOL 1s oper and the list of output times is read from the header
record and stored for use by Phase II.- Let NTIMES be the number of times read.

a) Parameter NTSTEPS

If CYCIO=-1, then NTSTEPS=(NTIMES*FKIAX)/FKHMAX
If CYCIO=+1, then KTSTEPS=(RTIMES*HSESS)/NSEGS

b) Parameter LMAX
If LMAX<(0, then the defau]t va]ue of LMAX is set equal to NTSTEPS/2.
" ¢)  Parameter FLMAX i

If NTSTEPS is even and LMAX=NTSTEPS/2, then FLMAX=NTSTEPS, otherwise
FLMAX 2*LMAX+1. ' o

The 1ist of times read from TOL are now conver*ed to the .requency domaxn.
The number of frequenc1es, NFR[Q, is set equa] to FLMAX. v

Let PERIOD = TIHE(Z) + TIdF(NTSTEPS)

= 0.0
S UROL(d) = (i- M2yt O/PERIOD) for i = 2,4,6,...,NFREQ
and . FOL(j) = FOL{j-1) for j = 3,5,7,...,NFREQ-1 '

" Data block FOL is then output and data block FRL is then generated ‘
FOL by convert1ng the FOL frequencies in hertz to FRL frequencies in ra -.ns,
FRL(1) = FOL(1)*2n for i = 1, NFREQ. -

3.2.2.7.3 Computatlon of parameters (ORO] and NOROZ and matr1cea REORDER] and

REORDER 1 and REORDERZ are used for reorder1ng co]unns of a matr1x bj post-

called twice, once to generate and output REORDERT and once to generate and
output REORDER2. See the subroutine description of DUMO2A- for details.
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3.2.2:8 Subroutines

puMoD2 uses standard NAS: f\ CILC eoultrt: and ut1|1tv routines.

3.2.2.8.1

3.2.2.9

o o o
—

Subroutine Hame: DUV'ZA
Entry Point: DUMO2A

Purpose To generate and cutput colunn reorderlng matr1ce< REORDER]

and REORDERZ and to-compute parameters NOROT and NOR02

Cailing Sequence: CALL DUMO’A(rILE KK1, KK2, NORO, BUFFER)

FILE - GINO file numuer of REOuDERI or RnOQDERZ - 1nteger - 1nput.>
:'KKI - Reoxder1nu row 1ndex ~ integer - 1nput ‘

Kk2 - Reorderlng co]um1 index - integer. - input.

NORO '~ NORO=+1 1f reorderi ng matr1x was generated -1 otherwise -

1nteger ~-output,
BUFFER GINO buffer - rea] - 1nput

Method: If KKI =1 or KK2 = 1 then set parameter HORO--] otherw1se
set parameter NORC=+1 .to 1nd1cate that the reorderlng matr1x was
generated. If NORO=-1, then return otherwise continue processing,. .

‘Generate a real single precision reordering matrix-of order KKI*KKZ by
KKI1*KK2, This matrix can be used to reorder columns of another matr1x.

by post- -multiplying the matr1x whose coltmns are to be reordered
Column i of the reorder1ng matirix contains a 1.0 in row j if column J
is to becomz column i of the reordered matrix. For example, if .
column 5 is to become column 1 of ti2 new matrix then the reordering

‘matrix contains a 1.0 in row 5 of column 1.

Design Requirements -

Open core is defined at /CUM2XX/

DUMOD2 resides in LINKNSO?

No scratch files are used

Open core for one BUFFER+1 is required.

o
'
1
I
|

|

e
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~ The -layout of open core™is me fnllows: =

COMHON/ DUM2XX/

Z{1IT0L)
Z(IFCL)

~ Z(1BUF1)

TOL TIME DATA TIMES

FOL/FRL DATA . FLMAX
- FREE

TOL/FOL/FRL/REORDE&. GIMNO BUFFER+]

3.2.2.10 Diaagnostic Messages

The following fatal error_mcssageglmay_o;cqr:"3001,_3002;f3008;'3037

3.20
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+ FORCED VIBPATION ANALYSIS OF- ,.*a?z&e_CVCch STRUCTURES

. Frequency’ ?a*pan,9 of &’ 12-3laded Disc
(Examples 1-5) by the Direct Method

A. General Descr10t1on

F1ve inter-related exempias are preaentec to illustrate various features
of th1s new capab1l1ty to conduct forced vibration analysis of rotating cyclic
Jtructures. A 12-biaded disc is used for demonstration.

The capability_includes the eff ects of Coriolis and centrlpetal acce1era-
tions on the rotating structure which can be Toaded with:

1. directly applied'loads,mov1ng with the structure, and

2. inertial loads due to the translaticnal accelerau1on of the axis of
of rotation ('base’ acce]erat1on) '

Example 1 is conducted on a finite element model of the complete structure
(Figure 1). Examples 2 through 5 use a finite element model of one rotationally
cyclic sector (Figure 2). Results of example 1 are used to verify scme of the
résuits obtained in the remaining examples. Table 1 summarizes the principal
features demonstrated by these examples. '

Steady-;taté frequency-dependent (sinusoidal) or time-dependent (periodic)
lToads are applied to selected grid point degrees of freed m. The specified

" loads can represent either the physical Toads on various segments or their cir- .

cumferential harmonic cémponents. For illustration purposes only, the frequéncy
bard of excitation, 1700-1920 Hz, due to directly applied loads and base accel-
eration is seleéted to ‘include the second bendirg mode of the disc for a circum-
ferential harmonic index k = 2. The 'biade-to-biade' distribution of the
directly applied lodds also corresponds to k = 2. Table 2 lists the first few
natural frequencies of the bladed disc for k = 0, 1 and 2. Modes for k = 2 are
shown in Figure 3. '

B. General Input

1. = Parameters:

Diameter at blade tip = 19.4 in,
Diameter at blade root = 14.2 in.
= 4.0 in.

‘ Shaft diameter
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Bt P

isc thickness &~ = (.Z5-dny

5in
. Blade thicknass . . = 0.12§ x‘h"
Young's modulus = 30.0%10° Ibf/1n
Poisson's ratio. -- = 0.3
 Material density e o7 w1t 1bs- -sec’ 2,in?
Uniform structurai damping (g ) = 0.02

(3~

. Constraints:

Al conaura1nts are applied in body fixed globa] coordiwate system(s)

.A11 grid points on the shafi diameter aie completely fixed. Rotational

degrees of freedom 8, at remaining grid points are constrained to zero.
R Z
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T
2 §
g A.  Description
- L This example uses.the a’m.c‘,v;.*e%cmy response cspability in NASTRAHN,
- g RF8 and forms the basic to verify soms of the resuits of examples 2 through 5.
CS B. Input ' |
1. Parameters: |
Same as general inmput parameters.
E-{ B 2. Constraints:
B . Same as general ‘input constraints.
';.3 3. Loads: '
S - |
3 ﬁ P(f n) = A(f) cos (n [ @-@
8 where n is thp segment number
- E Orepresewt; k =2, .
Ll @D represents the total number of segments in the bladed
i disc. ’
: P is specified using RLOADi buik data cards,
- .
B ;
e C. . Results |
- Sample plots of grid point displacement and element stress response are
i shown in Figures 4 through 6. The expected behavior about a k = 2 natural
frequency of the bladed disc can be seen in all these figures.
T _ .
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D. Driver Dacks and Bulk Data

)
4P
SoL

TIHE -

0 o

2 £

o B e

ﬁ‘ m-sa " "f;. '-wg

RQ

— wpween  WERCD XDTY

i | NASTRAN EXECUTIVYE CONTROL ODECEK

8

NASA,EXAMPLEL .
DISP. o

15 S 184 37073031
14,21 ' o

o TR iR R BT e e L % D B e L e e e e s e v o
E‘Jt )

4.4

T e et e b X g L s

b
4
!

ECHO

oot T el

tE e

mivabee & CaiaLanion b

L T Wit S e 3

et

02 SR PLIPR SIS W b SRR e

,re
.
Carmam N

i i e ity <1 8

,) T I

n
5;‘



: ORIGHL Fis ’{g
FORCED VIBRATION ANALYSLS GF amf”* - OF POCR QUaLhiT
BLADED DiSC EXAHPLE 1 (FULL

KihDEX 2C TYPE LOADRS

s
o)

=

-
P

o

r~

. s E B ELCK EQ IO
CARD S
COUNT )

2 TITLE = FQQC?Q":ﬁ%ntﬂﬁﬁ qﬂLlexs OF ROVATING CYCLIC STRUCTURES
3 . SUBTITLE = BLADEDR TISH CHARPLE 1 {FULL HODEL.FREQC LOADS!
K3 LABEL = KENDEY 2C YYPE LOAQJ o )
5 $ ) .
6 SPe = 30
i FREQ =1
8 DLCAD = 1
Qe guTpurT s .- .
10 SET L = 392201Av50556978e92,lOGéIZQeﬁaéoiéao162r
11 16:30¢44:58¢T2:8601000110%41205246301585170
12 - : . "18632¢6526097%e88¢302¢1160130¢L84%y158¢172
13 CLOAD = 1 :
14 DISP(SORT2,PHASE) = ALL
15 ' - STRESS{SORTVZ«PHASE}Y = ALL
16 QUTPUTE¢XYPLOTI
17 PLOTTER NASTPLT. HODEL 0.0
18 XPAPER = 8.0 :
19 YPAPER = l1Q«S
20 XAXIS = YES
- 21 . YAXIS = YES
22 - “XGRID LINES = YES . i
23 YGRID LINES = YES . I
24 CURVELINESYHMBOL = 1 v
25 YLGG = YES !
26 XTITLE = : FREQUENCY (HERTZ) -
27 : YTITLE = GRID POINY DISPLACEMENYS § HMAGNITUDE, INCH 1}
28 TCURVE = L14{T3RM} ,I8(T37HM) 95(T2RM]}
29 XYPLOT XYPRINT DISP RESPONSE /14{T3IRM ). 28L{T3RH)+sS5(T3RM}
30 YTITLE = ELENENT SYRESSES ( MAGNITUDE,PSE 1}
3T . TCURVE = L3410 (5F 4Lié7) 110410),22 01223422014}
32 XYPLOT«XYPRINT STRESS RESPONSE 7X1(31e11(5)4l1(7}),
33 1L(10)- 200 22)o21(1242
34 CTCURVE = 109{3)4109(5)+109{7)¢109{20):109112),10G(14}3
35 XYPLOT . XYPRINT STRESS RESPONSE 7109(3)e109(5):109¢7}5,
36 1090203¢109812),10%L14)
37 : BEGIN BULK :

SER IVFORMAT!ON MESSAGE cO?e BULK DATA NOT bUkT“D.XSORT WILi, RE-ORDER DECK4
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. 1

cain2c
&CORL2
CQuUAD2
couupa
CQuUAD2

‘cquan2

caouad2
Cauabz
Cguag2
CQuap2
CQUAL2
cQuao2

"CQuUAD2

Couavz
CQuUAD2
couan2
CouAaDd2
CQuUAD2Z
Couau2
CouADZ2
cQuAD2

CRuADz -

Gauanz

.CJuAan2

CQuAaD2
CAUAD2
CQAUAD2
CQUAD2
CRuADZ
couan2
cQuaDpe
couAD2
cQuav2
couaD2
CQUAD2
CQUAD2
CQUAU2
COUADZ2
cQuAd2
£Quao2
CQUADZ
couan2
CQUAD2
CJuADd2
couab2
CQuAD2
CQUAD2
CQuUAv2
LQUAV2
CQuAD2
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2 sa 4 e
0 o
G.C
s 3
6 T
3 &
7 -8
% 5
a. 15
< 16
16 17
11 12
20 2%
12 13
21 22
13 14
22 2%
23 30
30 31
25 25
34 as
26 27
35 36
27 28
36 43
37 44
44 45
39 40
48 49
40 41
49 50
41 42
50 57
51 S8
58 59
53 5S4
62 483
54 55
63 64
55 56
64 71
65 72
72 73
6T 63
15 77
68 69
117 78
69 70

78 8%
75 34
84 87
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. 1
CQuAD2
CQUAD2

CQuAD2

CQUAD2
couan2
CQUAD2
£Quaos2
CQUAD2
couana
cQuAaD2
couaDd2
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Kiiamad

L3

AR g e

COUAD2
COUAD2
CQUAD2
CQuUA32
CQUAD2
COUAD2
3 couapn2

- CQuaD2
CQUAD2
CQuUAL2
COUAD2
CQUAD2
COUAD2
COUAD2
COoUAD2
CQUAD2
COUAD2
COUAD2
. COUAD2
4 COUAD2
CAuUAD2
mi COUAD2
| couap2
- MO CQUAD2
¥ CQUAD2
fl couav2
b. couap2
e © cQuap2
| = COUADZ

- COuAD2
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- COUAD2
. . COUAD2

COUAD2
COUAD2 -

COUAD2.
COUAD2

F 1 crriaz
F d o cTrIAZ

CQuUADZ2

116
118
il9
120
124
125
126
127
128
130
131
132
136
137
138
139
142
L42

143
144
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3

631

20 .

LY
91
83

gz -

23
100

164
%6
117
97
106
107
114
109
118
10
119
111
120
121

128

123
132
124
133
125
134
135
142

137 -

146
138
147

139
148
149
156
151
L60

152

l61
162
163
172

1

166

113
116
115
110
119

126
141
142
143
138
L47
139
148
140
155
156
i57
152
is1
153

162 .

154
169

172

171
&
2

] -

91
26
92
97
93
28
L02
103
105
110
106
ild
iez

- 112

116

DAT A

6

117

119
124
1206
125
121

126

130
131
133

138

134

139

135
140
144
145
147
152
148
153
149
154
i58
159
15613

162

. 163
5

';72

173

10
6

Q0
95
91
Q6
92
97
99
10z
104
109
LOB
1106
106
122
113
116
118
123
118
124

120
125
127
130
132
137
1332
138
134
139
142
144
146
152

147
152

148
153

EC H

7

156

158
160
2
16t
3
1562
4

La%
172
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. omemAaL pasE
.+ -4 OF POOR QUALITY

SORTED GUL® DATA ECHO

. 1 ee 2 ce 3 e & e . 5 @ 6 ce ? e 8
- CTRIA2 3 1] 10 6 i1
g CTRIAZ 9 1 a ? 15
CTRIA2 13 L 16 aw o 2%
© CTRIAZ L& i 16 Ll 20
1 CTRIA2 15 L 26 20 25
CTRiAZ 21 ] 22 23 29
CTRIA2 25 X 24 T34 38
13 CTRIAZ 26 1 4 25 34
HoOCTRIAZ 27 1 38 34 39
© CTRIA2 33 1 36 37 43
- CTRIA2Z 37 1 33 48 52
g CTRIA2 38 1 38 39 48
CTRIA2 39 1 52 48 53
. CTRIA2 45 1 50 . 51 5T
g CTRIA2 49 1 52 62 . 66
& CTRIA2 50 1 52 53 62
CIRIA2 51 t 66 62 &7
=  CTRIA2 57 3 64 65 71
g crriaz el 1 66 76 8G
CTRIA2 62 1 66 67 76
CTRIA2 63 1 80 76 8l
I CTRIAZ 69 1 18 . 19 85
. CTRIA2 73 1 . 80 90 94
CTRIAZ T4 1 30 81 20
* . CTRIA2 . 75 1 34 90 95
;L CTRIA2 81 L 92 93 99
CTRIA2 85 ] 94 104 108
CTRIA2 86 1 94 95 104
T CTRIA2 87 1 108 10% 109
*' CT7RIAZ 93 1 106 107 113
. CTRIA2 97 1 108 11e 123
H CTRIA2 98 1 108 109 118
2 CTRIA2 99 1 122 118 123
CTRIA2 105 1 120 121 127
¢ CTRIA2 109 1 122 132 136
é CTRIA2 110 1 122 123 132
CTRIA2 111 1 136 132 137
CYRIAZ 117 1 136 135 141
E CTRIAZ 121 1 136 146 150
<4 CTRIA2 122 1 136 137 146
CTRIA2 123 1 150 146 151
@ CTRIA2. 129 1 148 149 156
3 CTRIA2 133 1 150 - 160 1
CTRIA2 134 i 150 151 160
'1 CTIRIA2- 135 1 1 162 2
g " CTRIA2 141 1 i62 163 169
.~ DAREA 1 8 3 T =10
. DAREA -1 16 3. . 1.0
g DAREA I 18 3 1.0
¥ DAREA 1 22 3 ~0.5"
]
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SORTEN EULK DATE ECHG

I 2 L o0 2 os 3 o ® ) Q’ a2 e R 5 10‘0 - é ® o ‘; L] 8 ¥ 9 L -] iQ
DAREA 1 30 3. 5 : :
E DAREA 1 32 3 o5
" DAREA 1 36, 2 o5
. DAREA 1 44 © 3 - -0e5 -
ﬁ DAREA 1 46 3 ~0.5
LY DAREA 1 50 3 1.0
CDAREA 1 58 3 -1.0
'q " DAREA 1 &0 3 ~1.0
. £} DAREA 1 64 3 .5
 DAREA 1 72 2 ~0e5
g "DAREA 1 78 3 ~0e5
DAREA 1 . 86 3 o5
.. DAREA 1 88 3 05 -
il "DAREA 1 92 3 ~1.0
& DAREA 1 100 3 1.0
'DAREA 1 102 a 1.0 -
» DAREA 1 106 3 -0,5
3 DAREA 1 114 3 «5
DAREA 1 116 3 «5
~ DAREA 1 120 3 o5
? "DAREA 1 128 3 -0.5
% DAREA- 1 130 3 ~0.5
OAREA 1 134 3 1.0
T, DAREA 1 162 3 ~1.0
& DAREA 1 144 3 ~1.0
DAREA 1 148 3 o5
DAREA 1 156 3 -0.5
§ DAREA 1 158 3 =05
DAREA 1 162 3 ~0.5
DAREA 1 170 . 3 o5
T ovarea 1 172 3 o5 = |
& FREQ 1 1700.0 17500 1777.5 17957 1833.8541832.0 1850.1 &FRlL
EFR1 1880.0  1920.0 : -
3 GRD3ET L - 1
GRID 2 3.1 30.0 -0
g3 GRID 3 4.3 30.0 <0
E GRID 4 5.2 30.0 .C
GRID 5 7.1 30.0 .0 . : . .
GRID 6 3.1 45.0 .0 ‘ ®
g GRID 7 443 45,0 .0
J  GRID 8 5.2 45.0 <0
. GRID 9 701 "0.0 00
8 GRID 11 3.1  60.0 «0
GRID 12 4.3 60.0 .0 -
m. GRID 13 5.2 50.0 .0
e} GRID = 14 7.1 650.0 .0
“ GRID 15 7.1 50.0 .0

4.9
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[ gy |

"J L

1 L -1

GRID 16
© GRID i8
"GRID T 19

GRID 20
- GRID 21

GRID™ - 22
© GRID - 23

GRID - 24

GRID 25

GRID ~ 26
- GRID 27

GRID 28

GRID - 29

GRID 30

GRID 31
- GRID 32

GRID 33
. GRID 34
. GRID 35

GRID 36
- BRID 37
- GRID 38
" GRID 39

GRID 40
- GRID 41

GRID 42

GRID 43
- GRID 44
- GRID - 45

GRID 46

GRID 47

GRID 48
~GRID 49
“GRID 50

GRID 51

GRID 53
"GRID 54

GRID 55"
"GRID 56

GRID 57
. GRID 58
- GRID 59
:GRID 60

GRID 61
.GRID 62

GRID 63
“GRID 6%
‘GRID 65

vt B Rt b e =

3

SORT .

3

8.5
9.7
8,5
2.7
3.100
4,300

- 5.200

7100
2220C
3.100
42300
5200
T«100
T.100
84500
9,700
8.500
9.700
3.100
4300
5.260
7.100
2.0300.
3.100
4.300
5.2Q0
7.100
T.100
9.700
8.5G0
9.700
3.100
4,300
5.200
7.100
2.000
3.100
44300
5200
T.100
7.100
8.500
9.700
8.500
9.700
3.100
4.300
5200
7.100 -

- 5.
HQW0

4000
Egaa "
50.0
75.000
75.0C0
75,000
70.,00C
20,000
20.000
20.000
20.00G
90.600
80.000
7G.000
70.000
80.000
80.000

105.000

105.200
105000
100.0G0
120.C00
120.060
120.000
120,006
120,000
110.000
106.000
100 .0006
£110.00C
110.006G
135,008
135.000
135.000
130.000
150.000
150.000
150.000
150,000
153.000
140.000
130.000
130,000
140.000
140,000
165.090

165.000 .

165.000
160.000

cricteat FASE &
OF POCR QUALITY
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SORTED QUL

- e 3
GRID 66
GRID 67
GRID 68
GRID 69
GRID T0
GRID 7l
GRID -T2
GRID 73
GRID T4
GRID 75
GRID 76
GRID 77
GRID 78
GRID 79
GRID 80
GRIC =~ 81
GRID 82
GRID 83
GRID 84
SRID 85
GRID 86
GRIVL 87
GRID ‘88
. GRID 89
GRID 920
GRID 9t
GRID 92
GRID 93
GRID 94
GRID 95
GRID 96
GRID 97
GRID 98
GRID 99
GRID 100
GRID 101
GRID 102
GRID 103
GRID 104
GRID 105
GRID 106
GRID 107
GRID L08
GRID 109
SRID 110
GRID “itl
GRID L2 o
GRID 113
GRID 114
GRID 115

Bromedt

:
ater

[P RPN

oo v "‘&
2008
3..00
PRI

- 5,200

T.100
T.100
8.500
8.700

9,7G0
3.100

%300

5200
7100

2,000

3.100

40300

5.200
7.100
7.100
8.500
9.700
3.500
9.700
3.100
©.300
5.200
7.160
2.000
3.100
4.300
5.200
7.100
7.100
84500
3.700
8.500
9.700
3.100
4,300
5.200
7.100
2.000
3,100
4.3200
5.200
7.100
7.100
8.500

9.700 .

ve 8

166000
60 oG0S
165 0CE
180,500
150.€00
170.000
160.000
160 .GGG

1703800

i70.000
195,000
195,000
195.000
130 .000
210.000
210.000
2L0.000
210.000
210.000
200.000
133 .000
190.006¢C
200.000

200 .000

225.000

223,000

225.000
220.000
240,000
240,006
240,000
240.000
240.000
220,000
220,000
220,000
237.000
230.000
255.000
255,000
255,000
250,000
270.000
270.000
279.000
270.000
270.000
260.000
253.000
250,000

Comenal BARSE T

GF POOR QUALITY

£ 947 A4 EGCHO
Y 6
,O};

Ge

8.

Qe

Ga

Qo ’
~G+25C
-0.500
3250

ce 9 oo

o9 7 oe 3 .

10
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GRID
GRID
GRID
GRID
GRID
SRID

- GRID

GRID
GRID

GRID

GRID

GRID
~ GRID

GRID

" GRID
. GRID - -

GRID

. GRID

GRID

- GR1ID

Ey Y ;“v:.i

g IR

ivocts T fonn R wiORE:

s

SR10D
GRID

toR10

GRID
GRID

‘GR1D

GRID
GRIN
GR1D
GRID
GRID
GRID
GRID
GRID
GRID
GRIOQ
GRID
GRID
GRID
GRID
GRID
GRID
SRID
GRiO
GRIO
GRIJ
GRID
GRID
GRID
GRID

s

oe

11%

11T
113

120

121

122
123
124
125

126

127
i12e
129
130
131

132

133
134

135

L3&
137
138
139
140
141
142

143
144

145
146
147
148
149
150

151

152
153
154
155

156

157
158

159

160
161
162

163 -

169

“17G

LT PRCEE N 2

2 ) D‘C 3

SOR T &

LX) &

8.590G

b 010G
5.200
7.100
2.000

3.100 -

fHo 300
5.200
7.100
T~1GG
8.500
9.700
80500
S 700
" 3.100
44300
54200
T.100
2000
2.100
4.300
£.200
7.100
7.100
8.500
9,700
8.500
9.700
3.100

84500

o e . e o e e e

v
9\3 P2

3500

T QE POOR QUALITY

R EBROS - S FE T

oo 5
260,000
266045
2650000
265,800
285,000
280.006
300.000

300.G20

30oG.000

300,000
300.0G0
290,000
260 <000
280,000
290.000
220,000
315.000
315.000

. 315,000
310090
330.000
330.0006
330.00¢
330.000
3306.000
320.000
310.000
310.006
320.006
320.000
345.000
345.000
345,000
340.G00
0.000
0.3G0
0.0060
0.000
¢.000 .
350.C00
342.000
340.000
350.000
350.000
15.000
154000

© 10,000
20.000
10.000

#0AaTE ECHO
bl 5 s0 g
0.25G :
. 500
0a
2.
Go
a.
0w

LN ? © 9o 8

LR

4,12
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GRID

. GRID

GRID
MATL

- PARAH

PauAD2

PQUAD2
PTRIA2

RLUADL
SPel
SPC1L
SPC1

. SPC1

TABLEDL

- -&TBDL

ENDDA TA

CF O =t s foe o

123456

123456 .

1.0

s S U A

99

38

t2a

BUE K
LX ] 5 ee 6
10003 -=04500
204000 0.250
20.000. .0.500
03 A?ué‘*’?_
: 100
THRU 1563
THRU - 173
ig 2%
94 18
1.0 " ENDT
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. 0w

52
136
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g . , . EYAMPLE 2

A. Descrigtion

'This example uses the forced vibratibn capability with cyclic symmetry,
The usér'input/output data for loads, disp]acementé, stresses,'etc..‘pertain
to the physical representation of the various segments of the bladed disc.
The frequency-dependent appiied loads correspond to k = 2, and hence the solution
Toops on the circumferantial harmohic_index'k arc restricted to k = 2 only via
parameters KAIN and KMAX. _ -

ks I

8. Inout

1. Parameters:

In addition to general input parameters,

- CYCIO = 41 physical cyclic input/output data
KMIN = 2 minimum’circumferentia} harmonic index
& KMAX = 2 maximum circumferential harmonic index
i NSEGS = 12 number of rotationally cyclic segments
n RPS = 0.0 rotational speed ' ‘ :
E§ Z -GKAD = FREQRESP‘ Specify the form in which the damping parameters
o LGKAD = +] are used.
E 2 Constraints: -
f ‘Same as general input constraints.
= 3. Lloads:
n —_— 27
; P(F) = A(f) cos (n-T(2 >
i () ) cos (7T @ )
where n. is the segment number,

(:) represents k = 2,
. v @ represents the total number of segments in the bladed
F disc.

P is specified using RLOADi bulk data cards.

{g C. Results _
¢ : Displacement and stress output results for selected grid points and elements
%3 are presented.in Figures 7 through 10. -Agreement between results of Fiqures 7-8

and Figure 4, Figure 9 and Figure 5, and Figure 10 and Figure 6 is excellent. -

[ zisue]
winidseddt

4.14
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D. Dfiver Decks and Bulk Data

NASTRAN EXECUTEVE CONTROL OEGCKX ECHD

10 - ;s«.exanptcz

ARP . QE
SuL 8
b . .

.$$$$$$3$5$$$$$$$$o553$ szsaisai*s $4 ﬁ&*é$$$$$Sé$$$$$$$$5555$§$$50$ 55
¢ <8
$ LEGINNING UF RF ALIER B$s ~ KE 8 /. SERIES R {L1T.7) / i-28- 84 / He be_S )
$ S
$$$a$aa$$o$»$o$$$$$$$1$$$$a$55$o&$ﬂﬁb$$$$o€$$$a$§$$$$$$$o$a$$$$$;«$$$S$
$ $
$ PURPLSE = TO MOGIFY It O1ReCT bnudUENLf ANG RANDOM RESPUNSE RIGID $
b FORMAT TO ENABLE THE USER TC PERFUGRM A FCRCED VISRATION 5
$ - RESPUINSE ANALYS(S OF KROTATING LYCLIE STRUL?JRLS. ' 5

6
ia&&bébs&$$$‘$$$$$$b$$$‘$$$S$$b$$b5535*6$5Qb$$$$$$$a555§b$baSSbiSSSS&o&&

EXELCUTIVE LECA INPUT -

Pl

suL 8
A Rof o

ALTEKS

CASE CUNTRUL DECK INPUT -

Lo ALL SPC AND MPU CUNSTRAINTS MUST BE ADCVE IHE SUbLASE LEVEL.

2. EITHER FREQUENCY Uk TSTEP MUST Bt SELECTED AND MUST BE AduvE
THE SUBCASE LEVEL. '

3¢ LF SELELTED, FREUQUENCY MUST BE USED TC SELECT UMNE AND GNLY
LUNE FREQ, FKktQl OR FREwZ CLAKD FRUM THE BULK DATA UECK AND-

MUST 8L UDEFINED ABUVE THL SUBGASE LEVEL.

“e IF SELECTED, TSTEP MUST BE UstEv TO SELECT THE TIME-STEPS 1U BE
USED FUR LOAL WEFINLTICN AND MUST BE DEFINEU ABOVE THE SUBCASE
LEVEL.

5. DIRECT INPUT MATKICES ARE NOT ALLGWED.

6. OFREQUENLY MUST NUT BE USEU.

7. A SEPARATE GROUP OF SUBCASES MUST BE WwEFINED FLR EACH SYMMETRIC
SECMENT.

d« ULOAL MUST bE USES TU DEFINE A FREQUENCY CR TIME-UEPENOENT
LGADING CUNDLTICGN FUR EACH SUBCASE.

FUR FREQUENCY-UEPENDENT LUADSe SUBCASES wITHGUT LOAus NEED NOT
REFER TO A UDLUAU CaRD. _

FOR TIME-UEPENDENT LGADS, SUBLASES dITHOUT LCAUS MUST REFER Tu
A LLUGAD CARD THAT GENERATES A NULL LCAU. :

Ye AN ALTEKNATE LUAUING METHOU IS TU DEFINE A SEPARATE GRCUP UF
SUBCASES FUR LACH HARMUNLCL INUEXe Ke THE PARAMETER CYCIQ iS
INCLUVED AND THE LCAU CGMPGNzNTS FCR EACH INCEX AKE UEFLGED

CBIRELTLY WiTHIN EACH GROUP FOR THe VARIGUS LOAUING CUNDITIUNS .

EULK DATA DECK LHPUT -
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SUPORT BULK DATA CASDET ARE HOT ALLORWED. .

EPOINT BULK DATA CARDS ARE ROT ALLUWED,.

SPUINT BULK DATA CARDS ARE ROT ALLUWEDS.

4e CYJUIN BULK DATA CARDS ARE REQUIRED. '

IF A TSTEP LARD IS USED THEN IT MUST NOT BE CONTINJEU SINCE

UNLY UNE

LNIFGRM TIME SVEP INTERVAL MUST BE SPECIFIEU. -
- THE SKI1P FACTUR £UR QUTPUTe NOe U0l THE TSTEP CARD MUST BE 1e¢ -

PARAMETERS USELD ARE -

A, NSEGS

B LYLIO

Co CYUSEG

C. CTY?E
Eo KMAX
Fo KHIN
Lo LMAX

He NLOAU

le RPS

Jo BATIL

S BYTID
BZT1IO
BXPTIU

REQUIRED ~ THE INTEOER VALUE OF THIS PARAHETER

15 THE NUMBER OF IDENTICAL SEGMENTS IN THE
STRUrTU<AL HODEL .

REGQUIRED - THE INTELER VALUL UF THIS PARAHETCR
SPECIFIES THE FORH . OF THE INPUT ANU QUTPUT DATA.
A YALUE CF &1 IS USED TG SPECIFY PHYSICAL SEGMENT
REPRESENTATION. A VALUE UF ~1 E> USED IO SPECIFY
CyoLIC TRANSFCRMATIUN REPRESENTATIONS. THEKE IS NO
DEFALLT, A VALUE HU3T BL INPUT.

FIXED - THE INTEGER VALUE GF THIS PARAHETER
SPECIFIES THE PRUOCLUURE FUKR SESUENCING THE
EQUATIONS IN THE SOLUTIGN SET. THE VALUE OF THIS
PARAMETEK hAS JEEN SET TC =L TC SPECIFY
ALTERNATING CUSINE ANV SINE TERMS,

FLAED - THE B6CL VALUEL GF THIS PARAMETER

. DEFINES THE TYPE CF LYCLIC SYMMETRY. THE VALUE

UF THIS PARAMETER hAS BEEN SET 1C ~ROT- FOk
RUTATIUNAL SYMMETRY. o o o
REQUIREY - THE INTEGER VALUEL GF THI5 PARAMETER
SPELIFIES THE MAXIMUM VALUE CF THE HARMUNIC
INDEXs THERE I3 NL GEFAULT FOR THIS PARAMETER.
THE MAXIMUM VALLE THAT CAN BE SPECIFLED IS NSEbS/’
UPTICNAL = THE INTEGER VALUE OF THIS PARAMETER-
SPECIFIES The MINIMUM VALUE OF THE HARMCONIC
INCEX TC 8€ USED IN ThE SULUTICHKN LUGP. KMIn CAN
EQLAL KMaX. THE UEFALLT VALUE IS O. '
OPTICNAL = IHE INTECER VALUE CF [hIS PARAMETER
SPECIFIES THE MAXIMUM TIME HARMCONIC INDEX. THE
VDEFAULT. VALUE LIS NTSTEPS/2, AHERE NTSTEPS EQUALS
N (FROM TSTEP CLARUJ PLUS 2.

FLXED - THE INTEGER VALUL UF THIS PARAMETER
1S5 THE NUMBER OF LOAGING CONDITICNS. THE VALUE
OF TRHIS PARAMETER 15 INTERNALLY CALLJLATED.
UPTICIKAL -~ THE REAL VALUE UF THIS PARAMETER
DEFINLS THE KCTATIUNAL SPEEC CF THE STKUCTUKE
IN REVOLUTICNS PER UNIT TIME. THE. DEFAULT VALUE
1S G.0 o

CPTIUNAL =~ THE POSITIVE INTEGER VALUES OF THESE

PARAMETERS DEFINE THE StT IDENTIFICATION NUMA3LKS
UF THE "TABLEOI BULK DATA CARUS WHILH ODEFINE THE
COMPCNENTS CF THE BASE ACCELERATIOM VECTUR. THE
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NASTRAN EXRECUTIVE .;fiiu'N TROL DECK ECHO

gYPT1lmo TA8LES: kE{LAEU'*D By d TiB, BYTID AND BLYVID
32PTIU T O BEFINE: DAGHKRS TUGE{LT-23 JAND THE TABLES REFERED TO
o 8y BXP!EJ» BYPTi0 AND BZPTID DEFINE PHASE(NEGREE)W
THE DEFAULT VALUES ARE -1 WHICH HMEANS THAT ThE
) Lo RESPECTIVE TERHMS ARE IGNJRED.
Re NUKPRT — CPTIONAL -~ AN INTEGER VALUE UF &1 FOR THIS
S - PARAMETER wili CAUSE THE CURKRENT HARMOMIC  INDEX,
S RINDEXs TU BE PRINTED AT THE 70P OF LS HARMONIC
: - LGUP. THE UEFAU'T VALUE IS &l.
Le GRUPNT -~ = OPTIONAL ~ PGSITIVE INTEGEXR VALUE UF TH1S
: PARAMETER NILL CAUSE THE GRID PUINT WEIGHT
GENERATUR TGO BE EXELUTED AND THE RESULTING WEIGHT
BALANCE !NFGRHMATICN TO BE PRINTED. DEFAULT ]S =l.

Mo WIKASS . - UPTIUNAL — THE TERMS GF THE STRUCTURAL MASS
‘ MATRIX ARE MULTIPLIED BY THE REAL VALUE UF THIS -
PARAME TER WHEN THEY ARE GENERATEL [N EMG. THE
- DEFALLT 13 La0 .
No CUUPMASS - FIXED Z GNLY LUMPED MASS MATRICES MUST BE USED.

O« wkaD = UOPTIGNAL - THE BGCD VALUE OF THIS PARAMETER iS
. USEu TC TELL THE GKAD MUDULE THE DESIRED FORM UOF
MAIRICES KDV, DO AND MDD 1HE BLO VALUE CAN BE
FREJRESP OR TRANKESP. THE DEFAULT Is TRANRESF.
KNGTE = VSHMEMBER TG DECTNE PARAMETERS Ge W3 ANU HQ.
St~ SECTION 9.3.3 (DIRECT DYNAMIC MATKIX
ASSEMBLY) PAGES 9¢3-7 AND 9.3-8 UF THE
: NASTRAN THEURETICLAL ™MARNUAL.
P. LGRAD - CGPTiCNAaL — THE INTEGER VALUE OF THIS PARAMETER
IS USEL iIN CLNJUNCTICN WITH PARAMETER GKAD. IF
GRAV=FREGRESP THEN SE1 LOGKAL=l. IF GHAD=TRANRESP
THEN SET LGKAU==l. THE DEFAULT VALUE IS ~-l.
Je U - GPTLUNAL = THE REAL VALUL UF THI5 PARAMETER IS
‘ USc AS A UNIFORM STRULTURAL DAMPING LOEFFICIENT
Lis THE CIRECT FORMULATICN UF DYNAMILS PRCBLEMS.
? Re W3 —~ UFTIUNAL - THE REAL VALUE CF THIS PaRAMETER IS
$ USED AS A PLVOTAL FREWUENCY FUR UNIFORM STRULTUAL
$ UAMPING IF PARAMcTER GKAU=TRANRLSP. IN THIS CASE .
$ w3 LS REQUIRED [F UNIFURMED STRUCTUAL DAMPING IS -
3 DLSIRED. THE DEFAULYT VALUE IS G.C
$ Se HG - UPTIUNAL - THE REAL VALUE Lf THIS PAHKAMETER IS
$ USLEU AS A PIVOTAL FREWUENCY FUE ELEMENT STRUCTUAL
$ DAVPING IF PARAMETLR GKADL=TRANRLSP. LN THIS CASE
A ve 1S REWUIRED IF STRUCTUAL DAMPING TS DESIRED FOX
3 Al GF THE STKUCTUAL ELEMENTS. OFFAULT IS 0.0 .
$
$

3&$$$bb$&$b$$$$£$$b$$$$f555$$5$$5&Lb$&5$5$£$£$$$&3$&3$5&55$£$$3$§$$$$$$

» REMARKS = g
Lo THE AJALYSIS will LGUP THRU A KANGE GF THE CYCLIC INDoX.

»

.3
3 KINDEX = KMIN TU XMAX.
3 v _
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ALTER 3

CFILE

% PERFLn}

© LOND
.CChu

PARAM
CChb.
P AK/M
PARAM
CONL

% SET Oc

PARAM
» CALIULL

 BAKAMR
PARAMK

PARAMR
4 GLNERA
PARAIK
$ MAKL S
PARAN

- LChu

ALTER 21
P33
ChRPNT
ALTER 23
$ SINLL

4 MUKE t

¥ 4CL VS

" PARAM
. GP4

. PURCE
. LAKPN]
- % SUPURKT

PARAM

CCNw
3 EAELLT

oPU

v MUST H

C PARAM

CLND

$ UNLY F
PARAML .
PARAML .

CFAKAM
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s
JXV?~APPEND/PUT APQ hJ/PDv&PPLND $
M LIITIAL ERRUR CHECKS ON NSEGS AND KMAX.
ERRURCLoNSEGY & IF USER HAS WGT SPECIFIED NSEGS.
ERRURCL KMAX & [+ USER HAS NOT SPECIFIEN KMAX.
770N EQ /VNLCYCIOERR #V,oYeLYLLG=0 /CoNsD 8
ERRURCLCYLIUERR 5 IF USER HAS NUT SPECIFIED CYCIN
J/C0ida DIV /NN NSEG2 /Vo Y NSEGS /CeNsZ §  NSEGZ = NSEGS/E
F/CeNsSUB AV N KHAXERR /YeNeNSEG2 /VeVYoKHAX $
CRAURCL chMAXEKR . & IF KMAY e&T. NSEGS/2
FALLTS FOR PARAMETERS. .
F7C o NoNUP /VoY o NOKPRT=EL /VoY:LbKAU“—l 5 )
ATE LMEGA: Z2%LMEGA AND UMEGQA®%2 F&UH_RPSo SET. DEFAJULT RPS.
F/CoN¥PY /v eNyOMEGA /VeYoRPS=0.0 /LsNs0a283185 $
F/CoNMPY /VoliaUMEGAZ /CoNe2.0 /YN UMEGAE &
/0N HPY /V o NJOMEGASQR /VohrOMtbA /VeMNsUMEGA S
TE MURPS FLAG IF KPS IS ZEKO.
F/7CoNoEU //VeYoRPS /U eNeQe 0 7//7/7VoNNORPS o
JRL CLOUPLED MASSES HAVE NCT BEEN REQUESTED.
//7Ce N NUT /Yo NJNOLUMP /VeYoLLUPMASS=-1 %
. ERRORCZ NULLMP $ S
v21 %  ADL SLT TO CUTPUT FOR TRLG.
GEUM3BSEWERIN GEUMZ /7 SLTGPTT / VeN+NUGRAY 5
SLTGPTT 5
- ' . .
MULTIPLE LONbTRAINiS ARE NUT ALLGCWED bEXECUTE GP4 NGw SU THAT
RROR LhECKS CLAN oE MADE BEFUORE ELEMENT CENEHATICN- ‘
NEEVED FUR PSF RECOVERY IN SSGZ.
//CvaMPY IV elgNSRIP /S oaNeG /CeNsO 3
SECCouLOME ,EVEXLINWGPDT «BGPUT CbTM/RG'YS'USCToASET/V NoLUSET/
SQN MPCFL/S st oeMPCF2/5¢Ne SINGLE/S o NsOMIT/S -NoREALT/ Se NoeNSKIP/
SeNsREPEAT/S o NsNUSET/SeNeNCL/S 9N oNUGA/C oY+ ASETLUT/S Y »AUTUSPC 3
GMy GMD/MPCF 1/6UGLU/CMIT/KFSoPSF o GPC/SINGLE $ '
OMy GMUWKL2GUsUUD W KF 34 PSF 9 CPLJUSET YS 8
BULK DATA IS NUT ALLULUKEDS

g,‘\
-s\

SESSA5565565555555655655585556555

C2ICeNSNLT- /Y eNdREACDATA /VoNSREACT $

ERRURUL3¢REACUATA § .

E LPL NOw SO LHECKS (AN YE MAUE. ADU TRL 10 QuUTPUT DAV A BL{CKS.
DYNAMILS +GPLoSILWUSET / GPLUSILUWUSETD TFPOUL +OLT «PSDLyFKLo »
TRL 9 o EDYN / VaNoLUSET/SeNyLUSETD/VeNeNGTIFL/S+NoNOLLT/.
SeNINUPSDL/SsNeNUFRL/ZV, N,NLNLFT/boN'NDTKL/V NeNOEED/ CoeNe/
SyNeNOUE §

AVE EITHLRn FREXD OR TSTEP BULK VATA,.

L 7CWNGARD/VeNFTERR /Y oaNeNOFRL /V:NeNOTRL $
ERRURCS FTERK » NU FREQ C& TSTLP BULK DATA.-

‘REQUENCY UR 1STEP LS ALLUWED lN THE CASE CCNTRUL

CASECC //thgUTI'/Cohpl /Cy N 14 7/VylFREUSET $
CASECC /Z/7CaNOTL AL eNsl /7CeN238 //VeNeTIMLSET 3
JICINSHP Yt Ve NeFREQTIME /VCN'FREHS‘T IVeNTIMESET &
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5 NASTRAN EXECUT IV LCONTROL DECK ECHO
PARAN F/CoNoNOT /VoNeFTERR] /Yol FREQGTIHE &
a PAKAM F/7CoNeLE VN NUFRE G FVeNFREWSET /CaNWO 5)
£ PARAM F7CoNoLE JYeN NOTIHE /VeNoTIMESET #CeNeO S
CONv EKRURCOLFTERKL $ oOTH FREH AND TSTEP IN CASE CONTRUL DEGK.
. $ EPOINT oULK DATA NOT ALLCHWED , :
B PARAM F7CoNeNCT /VeNeENHTHARPTS SVeNNOUE 3 .‘
LGNG " EKKURC4 L XTRAPIS § o
_ $ GENERATE UDATA FOUR LVYCT2 MODULE. '
E CPeYe GEUM4  EULYN JUSETD /CYLDD /VeNeL?“P*—RUT /SehNoNOGU §°
~ CCND ERRURCLNUGL $
CHKPNT  LYCLO 8
3 ALTER 32 5 _
[ & PREF=PURGL DATA BLUCKS FHAY WiLL NOT DE GENEKATED
PAKAM  //CaNsOk /VoNNUSML /VeNoNGMGG /VelisNURPS &
o PUKGE  uolGG,MlLu /NCBML 3 {
2 PJURGE M2GGoM2bASEXG FHNUMGG § :
ALTER 3% 9 :
% GENERATE DATA BLOCKS FRLX, BLGGs MLGGs M2GG AND BASFUA.
E] & GENEKATE PAKAMETERS FKMAX AND NCBASEX.
& LUMMOLL  CASECCayBUPOTIC3THDITIFRLIMGGes / FRLXeBLGGMLGG,
: M2GG s BASEXGePDZLERCo e /VoliaNOMGG/ Ve Yo LYCIC/ V.Y eNSEGSY
VoY KMAK/SeNeFKMAX/V ¢ Y oBXTIUS~1/V,VBXPTIDS=1/ b
VeYaBYTIOS—1/V. Y BYPTIO=~L/V Y BITID=-1/ 3
_ VeYoB2PTID==1/SsNoNUBASEX/VeNsNOFREQ/ VN LIHEGA - § - 3
n PARAML  FKLX //CWN+PRESENCE /7//7VeNsNOFRLX 6 i
3 CuhC LBLFRLXsNOFKLX 3 : i
- EwLIV  FRLX(FKL 5 3
LAEEL LBLFRLX § - !
%1 CHRPNT  FRLyBIGGWMLIGGM2GG6BASEXG $ i
3 ALTER 42 $ ' : H
PAKAM /£CaN ADD /VeNeNUSGG JVaNsNUGML /CoNsU & RESET NUBGG. s :
3 ALTER 52 8 - o
3 4 RELEFINE bGu AND KGG. : - : ¢
CunNe LBLLIASNOBML & _ o 4
: PARAMK //7CeNsCGMPLEX // VeNoGMEGAZ2 / Lols0aO / voNLMPLXL $ ' "
E PARAMK  Z/CaiN,aSUB 7/ VoNoMOMEGASY 7/ CoNeta G / Vo NJOMEGASQK 6 ' . :
PARAMK  //CyNoCOHPLEX // VoNoMOMEGASG / CoNs0.0 / VaNiCMPLX2 S 4
Aut BLGGeBIGG /7 BULL 7/ CoNelLla040.0) 4 VoN,CHMPLXL 3 oo
8 EQUIV bGGLleBGC 3 i
E ALL KGGyMLGL / KGGL / CeNelle0s0.0) /7 VoN,CHPLX2 & ' :
EaClVv RCGLlenGG % ‘l
CHKPNT  UBEGsKLU » 3
E LAbeL LBL11A i
: ALTER 53,55 3 GP4 HAS BEEN MUVED-UP. : ‘ : S
' ALTEK dB8,68 & LPU HAS otkN MUVED-UP. i ‘ o
_ E ALTEK il& & PARAM AND EqulV LUGLIC DEPENDING GN LGKAD. FCR FHREQ OR THAN. i
PARAM 70 aN e AND/V o N o KDL KA /Y o No NLUE /V N JNGR2PP & : - T , K
CUNC LUKADL,LGKAD $ SRANCH IN NGT FREGRESP. :
} ALTEK 115 $ SEE ALTER Ll4 COMMENT.
JUMP LGKAUZ $




e s e e et - e A e gy Ay a A AVE S ¢ e e m AR (TR TieAal

JRSGII\‘AL PAGE
OF POOR QUAUTY
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LABEL LCGKADL 3 : TR -

EQUIV M2PP s M2DD/NCA/BZ2PP W B2ODFHUASEZPP s REVDDINGAL HAA - MDD/ MDEMAYS
f KAA¢KDD/KDEKA % : E

CHKPNT R2PP s M20P, BZPPoKZDDcHdDDoBZDO:ﬂDUoPJO $

LABEL LGKADZ 3

ALTER 1174117 % ADD PARAMETERS GKAUe n3 ANU woe TGO GKAD.

GRAD USFTOeGM yGU9KAA s BAA G MAASKGAAK2PP W M2PP,B2PR/KDD BUD, HUD bHUo
: GUD o6 2DD s M2DD y82L1B/C oY 9 GKAD=TRANRESP/CoN+DISP/Co Ny DIRECT/

CoYsG5=0.0/CeYoud= Ooc/CoYtu* Os 0/VthNOl’\ZPP/VoNtf\UHZf"P/ :
VeNeNCGBZ2PP/ VN h#fFl/VshoSItht’VpN:uHII/VnNoNbU‘/ « Na NOK 466/

, VaN NGB GGL/VeNeRDEK2/L oNe—-1 &

ALTER 118 & SEE ALTEK Ll= COMMENT,

Cuhu LGKAD3,LGKAD $ BRANCH LF NGT FREGRES Pe

ALTER 11S $ SEE ALTLK 1l1l% CUMMENT,

JUMP LGRAU4G 3

LABEL LOKAL3 3

EJUiV b2DD Y LID/NGGCPDT/M200 ¢ DO /NOSIMP/K2DD KDL/ KDERZ §
LAEBEL LCGKAU4 $

ALTER 120¢123 $
$ NLw SULUTIGN LUGIC '
5 GLNCHRATE THAE-OEPENUENT LOADS IF T6HTeP wAS REQUESTED IN CASE CONTROL.

LCOND LOBLTRLL .NOTIME 5

$ LUuP THnU ALL SUBCASES FOR TIME~UEPENDENT LCADS.

PARAM F/7CoNeMPY /ZVeNSJREPEATT /CeNol /CoNs—-1 $ ] ]

FABAM J/CeNeAPD ZVeNJAPPELG YU oNol /ZUsneu $ INITIALIZE FUk SDX1l.

JUMP TRLGLOCP 8 :

LALEL TRLGLUGP 3

CASE CASECC o JUASEYY/C s No TRAN/Se N REPEATT/S,NeNOLCCPL $

CEKPNT -CASEYY $

PARAM J/C N MPY /\IvNo\‘LOL ICalNeG FLeNel &

IXKLG CASEYY USETDWOLT ¢SLTy8GPUT 51 L,CSTH, 1RL'UlrvbNOoGUUooESTpob/
: s oPUTLePD Ly s TCLS VoNgNUSET/SeNsPUEPDO/V «N«NCGL 3

Sukl TRL sPDTLlewvenense /7 oPDT, FVeNsAPPFLG/ZC o N+ DYNAMILS &

SOR1 TRLePUL soavevens /7 PO » FYeNoAPPFLG/C W DYNAHLICS $

PARAM F/7CoeNgADU ZVoNJAPPFLG /VeNAPPELG /U eNel &  APPFLG=APPFLUGL.

CUNU TRLUGUCNL yREPEATT ¢

KREPT TRLGLLGP . 1UC &

JJMP LRRGR3 $

LAabtL TRLGDUNE $

CHRKIPNT POT+«PDILL §

EJUIV PL,PLUT/POEPDD $

LHKPNT PLT 3 i '

CUMNUDe  TULewrsors /7 FRLZWGLZWREGRDERYL ¢ ECKOERZ 000 /
VeYeNSEGS/VeYsC YCIGZSe Yo LMAR==1/V NoFKMAX/
SeNyFLMAX/S eNeNTSTEPS/SeNsMNGREL/S oNJHGREZ 3

EQUIV FRLZsFRAL £/ FOLZ,FG0L %
CHKPNT FKL o FCL ok ELRLER Ly KECRDERZ &
Jukp LBLFKLZ §

LABEL LELTIRLL 3

§ CENticATL FREQULNCY=-DEPENDENT LUADS IF FRrEGUENCY wWas SELECTLU INn CCe.

4.20
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NASTRAN EXELGTIvED ¢ CNTROL DECK ECH

e Em

T FRLG CASEXX s USETD DL T FRLeGHO 00 +DiTy / PPEPSELPOFFUL s PHF DN 2
v E S CtNOUKRELT/V:NQFREQ\'/CcNoFR&Q s ' _ . a .
©oowd COND. LBLFREXL,NOFRLY $ ZERO OUT LUAD COLUHNS IF FRLX HAS GENERATLD.
P MPYAD' . PPFPODZERU, / PRI JooMiG 5 _ _ :
e EQULY PPFX.PPF & - :

7 g LABEL CLBLFRLXL s

oo $ FURM NEW LGAUS.

: - UOND - LBLFRLL,NOBASEX %

I3 3‘ MPYAL M266eBASLXG, / MIBASEXG /CoN.D $- o -

Loa ADL PPFIMZBASEXG / PPFL1 /CoNella0:0.0) FCoi~{=140,0,0) 3

L EQUIV . PPEL,PPF &

I LCND LBLBASELNOSEY 8 o _

: 3? 5362 USETDGMD W VS, 8ESGUD, o PPF / ,PUDUML o PSEL WPUFL o

EJQUIV PSEFLyPSF // POFL,PDE 3
LABEL LBLBASEL 3 .

A N 2]
L

- LABEL LBLFRLL .3 ' ' .
_ £Quly PPF4PLF/NUSET & - C
s LHKPNT  PPF,PSF,PDF,FCL 5
;7§ LUADS AKE FREQUENCY-DLPENDENT
f 5 & 5 PLRFURM CYuLIC TRANSFURMATION GN LOADS IE CYCIC=61.
4 PARAML  pLF //CoNsTRAILER /CoNsl /VoNePUFCLLS &
“h§m 8 CALCULATE THE NUMBER UOF LUAUS FGR CYCIC=-i. v B
s é; PAKAM F/LeNoDIV /VoNyNLCAD /VoNoPDFLOLS /VeRiFKMAX $ NLUAD = NE/FKMAX
SRR (Y Ty Y PLF,PXF/CYCIL S ' _ ; - : :
i .. CCND LELPDLNE,CYCID & »
| % CALCULATE THE NUMBci OF LUAUS FCR CYCIU=1. :
o PAKAM JILaN DLV 7VeN NLCAD /V 4N, POECOLS /VeYsNSEGS ¢ NLOAU = NF/NSEGS
T LYCT1 PEF / PAF G LUYCFL /VoNoLTYPE CoN s FUKE /VeYoNSEGS==1 / :
T VoY eKiAA==1 / VyiNolILUAD /SyNeNLGG & o
e LLND ERRLRC L NGUU $ _
- © CEKPENT PXF $
T . JUsP LBLPOUNE 3
b I; LAGEL LBLFRL2 $
T LUADS ARE TIME-UEPENDENT
f: PARAN F/CodaNUT 7V NoNOTCYLLD /¥y Y sCYCIG §
i ET $ BRANLH DEPENDING UN VALJUE CF CYCIQ
: ©. CCNU LULTRLZ,NOTCYCIU 3
I % LYClO=-1
- EuLiV POT+PDIRZLI/NORUL &
% g CCNv LBLRKULA,NURGL s
i MPYAD PLTYREOKDERLy / PUTRZL 7/ CaNyu ¢
& . LABEL LELKC1A ¢
; E LYLT L PUTRZL 7 PXTRZL.GLYCF?2 IVeNsUTYPE/CoNoFGRE/VoNyNTSTEDPS/
Do VaYoLMAK/ Voo FKMAXZ 5N NCGE $
¥ . CCRD ERRURCL,NLGL $ -
a ChKPNT PXTRZL . $
8 touly PXTRZLPXFLL/WORGZ § -
" LGN LBLKO2ASNOKGZ ' .
G {PYAL " PXTRZLWREGRDER2: / PXFZL 7C+NvO 3
g CLLABEL - UBLRG2A § .
- 4.21
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NASTRAN. EXECI

CEQUIV  PXFLL1:PAF1 %

CHKONT PXFLl 3%

JUHP LELTRLI ¢

LABEL LBLTRL2 %

$ CYCIU = &l

MPYAD PDT.REORULRL. / PDTL&? ! CeNoO 5

CYCIL PDTRZZ /P XTRZIZ.GLYECF /VeNeCTYP&!CeN.FUKt/V N.NTSTEPS/VoV-LMAR/
' © Y eYeNSEGLS/S ey Nnur $

. LOND EKRORCL . OLG & -

CHKPNT . "PXTRlI2 § |

EQUIV PXTRLZoPATRZ2/NUROZ §

COND LBLROZBNGRUO2 3

MPYAD PXTRZ2+REORUERZy / P“TRZ /C R0 S

T LABEL 0 LELKO2D $
©CYCTL PXTR2 / PXF£2:GLYCF4 / v.N.crvpslc.N.FoqL/v Y’NSEGalva.KMAX/

Vel FLMAXZSNeNGGO 5
COND ERRUKCL NOGG &
EQUIV PXEL2PXEL &
CHKPNT® PXFL &
LABEL LBLTRL3 -$ _ '
& TIME-UEPENDENT LOADS ARE REAL. HAKE LGADS CUMPLEX TU CORRESPCND
3 Tu FKEUUENCY DEPENDENT LOUADS. ALSC SOR2 EXPECTS LUADS TU BE COMPLEX
$ IN FHEQRESP TYPE PRUBLEMS. ' : ' o : oo

Lory PXFL 7 PXFz ¢  CCNVERT KEAL PXF1 TU CGMPLEX PXFe
. AUL PRXFLPXF2 7 PXF F CoNalUa5:1.01 / CeNelOaDe-1.0) o
. 3 CErINE NLGAD FOR CYL12. :
T PARANM F70eNADD ZVsNeNLUAD /VoeNoFLMAX /CaNeO 3  NLCAD = FLMAX
LABEL LULPUCNE $
PARAM J7/CeNeAUD /VaNeKINCEX ZVeVoKMIN=0 /7CeNe0 & INTIVTIALIZE KINDEX.
$ . ’ ‘
© ¢ INITIALICE JUXVF [E RMIN I3 NUT ZERU.
s )
PARAM L7CeNsAUD ZVolioe KMINL /VoYoKMIN /LsNs—=L &
CCNU NOKMINL ykHINL $
- PARAM J/7CyNAUL Z7VeNoKMINV /C N2 O /UsN+Q $
JUMP KMINLOLUP $
. LAGEL KMINLLGULP §

YLT2 CYCUDseoPXFos ZoePKFZos / CoNeFUREZV Y NSEGS/
VeN KMINV/VeNoLYC SEW/VoNeNLCAD/S ofv o NLGE &

- CCNU ERRORCL1WNQGC ¢
ALL PKFes 7 UKVFEZ / CeNs(UsCe0eU)
- CYCT2 CYCOD e s LRVEZLr e JosUXVF e / CeN NeBACK/VeY s NSEGS/
. VN KMINV/Vein oL YO SEQ /V'N'NgOAolbrNoNOGL $
LURD ERRURCLWNOLC &
PARAM L ICeN ADU /VeHoRMINV /V  NoKMINV FCaNel &
L REPT KMINLGOP s KMINL $
LABEL NOKe IhE @
T
JUMP TLPLYC ® »
. LABEL TUPCYC % LOUGH N KINDEX
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¥ mOOR QUALITY,

VE CONTROL DECK ECHKO

)

R
<
.

NASTRAN EX&

WY} NOKPRT NOCKPRT 3 .

PRTPAKM  J/LoNeC /(o hanhDEA.s

LABEL - NUKPRT o . :

cyeyez r?bUUgKUU!HUQv'r /KKKF.HKKFesv /C NvFURE/VoY'NSEGb 7
VeNsKINDEX VvNobVLbEU-'l/VaN.NLDAD/SQN NDGL $

CGhu ERRORLC L JROGL -8

LHKPNY KWEK&FebinkF § . -

PARAN F/CNeSYST FZ0Na58 F0aNo2 $  METHCD 3T IN CYCT2 PROLUUES

$ v . ' ’ ’ UNDERFLUWS FOR PXF. USE HETHOD Z»

WYLTe CYCOQeBLDB e ePXFor /BKKFR cPKFoe £ CoNyIFURE/VeYASEGS/

VeN ok INUEX/V s HoCYCSEQ/VeNeNLOAD/SoNoNGGG '
PARANM F/CsNeSYST 770 eNe S8 SfCooNell 3 RESET MPYAU METRHOD CONTRGL.
COND ERRURL Ly NUGL & o . )
"ChKPNT BKKfaPKF Y
5 SULJTION
FRWDZ KKK o BKRFy MKAF:.PKFobbL / UKVF 70 oeNsUe U/LoNpOoO/utN'“l 0 $

CYCr2 LYCUU"leVFoe /e cUXVF g ¢ /CrN'BALK/VoY NSEGS/Y ¢ N K INDEX/
VoNobYCbLQ/V:NQ\LOAD/SGN ‘NCGC $
COND ERRURGCL +NOOGU $

- CHKPNT UXVF & : '
PARAM F7GeN AU IV e, thDtx/V: s KENDEX/CeNol & KINDEX = KINDEX & 1

PARAH 7/7CoNeSUB /Y eivsDUNE / VeV iKMAX / VsNoKINDEX S

“CUND LCYL2,0OUNE 8§ IF KINDEX oGTe KMAX THEN EXIT

RePT TLPLYLs 1CC & ' '

JuMP - ERROK3 3

LALEL LCY(c2 s _

EuLlv UXVF,UDVE / LYC1U $ A , : :
LhKPRT  UDVF - : : _ L ¥
CUNv LCYC3sCYLIU 5 - IF CYCIO «GE. O THEN TRANSFURM TU PHYSICAL. ' o

CYLTl UXVE. / UDVFLGLYCBLY 7 VeNWLTYPE/C Ny BALK/V'Yoh)LG‘/VoYoKWAXI
Vel NLOAD $ .
CHRPNT - " JDVE $ o

LABLL LLYL3

CaNu LBLIRL4.NOTIML .S

EQuUly PXELWPUFZ /7 LYLLIU $

LCND LLYLS,LYLIU & IF CYCLO +GEe O THEN TRANSFURM TO PHYSICaL,

CYLTL PXF / PDF2,GLYLB2 / VeNCTYPE/CoNWBACKIV oY W NSEGS/V WY o KMAX/
. VoNNLUAD &
LABEL LCYLA &

$ IF LUAUS WERL VIME-UEPENDENT THEN RECOVER PPF AND Psf FHUM PXF.

SOk1 USETUe e PLUT 20 e LUDyGMD s e e / PFFlos FUWNsL /CVNQUVNAMILS & .
SSC2 . USETOsGMU s YSeKFS»yLWU e o PPFZ /7 +PLOUMWPSELPLEUNM & :.
Latay PPFZPPF // PSFZ,.,PSH & . (W

CHKPNT  PPFPSF : S _ :
LAEEL LBLTRLG $ .. : o . o i
ALTER 1244124 § USE FULL INSTEAD UF PPE TU GET GUTPUT FREGJENCY LiST. o

VOK . CASEAKsEWDYN,USETD,UDVF sFLLeXYCDU o /QUDVEL e/ CoNeFREQRESP/ Lo N, —

DIRECTZS o Ny hGLURT2/S oNeNCD/ae N NUP/L oNWO 3
ALTER 140,14C & USE FUL INSTLAD OF PPF TU GET QUTPUT FREVJENCY LIST.
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ALTER 160
LABEL
ALIER 163
ALTER 1lo8
LABEL
PRTPARM
LALEL
PRTPARM
Jukp
LAEEL
PTPARM
LABLL
PRTPARM
JUNMp
Labiu
PrRTP ARM
PRTPARM
GNP
LABEL
PRIP AKH
PRTY AKM
JUMP
EMLALTLER
TIME
DIAG

. CEND

CRITINAL PASE 15

. C¥ FOOR QUALITY

TRAN EXECUTIYE CONTRGL DECK EC

CASEXXsCSTMyMPT UL T EWUDYNoSILU o+ 9BGPEPFLLoBPCUPYCoESTXYCDR,
VPF/UPPLlvaPLlsUUPVClpatJLer FCIQPUPVcL!CtN'FnEQRESP,
SeN oNOSORT2 5 ’ Lo
& ALD LABEL FOR ERRUR 3
ERRGRE & .
v 166 & REMOVE ERRORL AND ERRORZ.
$ FUKCEU VIBRATICIN ERKOCRS
EKHURCL & CHECK WNSEGSe ‘KMAX AND QTHER C(LLlr DATAo
7 4C Ny~ T7 /LtNoCYLSTAT‘CS %

CERRORCZ2 1 COUPLED MA3S NUY ALLDN:D.

F/7CeN»0 /Lo oLUUPMASS &

FINIS $

ERRORC3 3 SUPGRT BULK UATA'NUT ALLGAEGS

F/Ce0ie=56 JC eNsLYCSTATICS 8 : . .
ERRLRC4 5 EPCINT BULK DATA RNOT ALLOWED. i L
7/CeN.0 /CoNNCUE 5

FINLIS § g i ' :
ERRAUKLY $. NEITHER FREW UWR TSTEP WERE IN SULK DATA uUtCKe

SN0 /0N NULFRL 8
AICeN20 /CoNWNOTRL 8

EINIS § . . ’

LRRURLG ¢ BUTH FREQ AND TSTEP wiRE SELECTED IN CASE CONTROL.
77U eN 0 ZU o NeNOFREQ & . : '
7/CsNH0 /Cvf!tl't"UTlME $ !

FINIS & . v
5 $ IBM 370/303} :
14921
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SEL S <., S

g e AT AL A
ORIGIEAL Pall is

R QUALITY
-g

. CA SE COMTROL DECK ECHQO !
CARD : P o = i
COUNT K

1 $ , o _ ' 3

2 YITLE = FORCED VYIBRATION AMALYSIS OF ROTATING CYCLIC STRUCVURES :

3 - SUBTITLE = BLADED DISC EMAMNPLE 2 (CYL HODEL¢FREQ LOADS:DHYSICAL 170}

4 S 3

5 SPC = 30 : ' :

6 FREQ = 1 S :

7 QUTPUT . : 1,

8 SET L = Bolbel§ : . ' B . - : 3

9 OLOAD = 1 ' :
10 DESPISORT2,PHASE} = ALL 3
11 STRESS{SORT2,PHASE} = ALL H
12 SUBCASE 1 ] :
13 ' LABEL = SEGHENT 1 : ' i
14 DLOAD =1 & FREG DEPENDENT LOADS 3
15 SUBCASE 2 S - ' ;
16 - LABEL = SEGMENT 2 :
17 DLOAD = 2§ FREQ DEPENDENT LOADS i
18 - SUBCASE 3- . :
19 LABEL = SEGIINT 3 - : i
20 , DLOAD = 3 & FREQ DEPENDENT LOADS i
21 * SUBCASE 4 ]
22 i LABEL = SEGHMENT & - i
23 DLOAD = %  §¢ FREQ DEPENDENT LOADS i
24 SUBCASE § ' i
25 _ LABEL = SEGHENT § _ ' ‘
26 DLOAD = 5 ¢ FREQ DEPENDENT. LOADS :
27 SUBCASE 6

28 LABEL = SEGHENT 6 o P
29 , DLOAD = 6 ¢ FREQ DEPENDENT LOADS b
30 ' 'SUBCASE 7 ' , Sl
31 LABEL = SEGMENT T ‘
32 DLOAD =7  $ FREQ DEPENDENT LOADS :
33 SUBCASE 8 '
34 LABEL = SEGMENT 8

35 : oLoAD = 8 $ FREQ DEPENDENT LOADS o i
36 SUBCASE 9 i
37 LABEL = SEGMENT 9 - : i
38 DLOAD = 9 & FRED DEPENDENT LOADS

39 SUBCASE 10 . .
40 LABEL = SEGMENT 10 :
4l ODLOAD = 10 $ FREQ DEPENDENT LOADS .
42 SUBCASE 11 :

43 LABEL = SEGMENT 11

44 OLOAD = 11 $ FREQ DEPENDENT LOADS

45 SUBCASE 12 :

46- LABEL = SEGMENT 12 :

41 DLOAD = 12 3 FREQ DEPENDENT LOADS .

48 QUTPUTIXYPLOT) _

49 - ~ PLOTYER NASTPLY, MODEL D,0

50 XPAPER = 8.0
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é H
o CASE CONTROL OECK EQUHO
H  carp , : -
~ COUNT ' o S
= 51 - YPAPER = 10,5
g 52 . ¥ARLS = YES
. 53 © YAXIS = YES
, S4 | XGRID LIMES = YES
E . . 55 . YGRID LINES = YES
. 56 CUPVELINESYMBOL = 1
57 YLOG = YES
- 58 " XTITLE = EREGUENCY CHMERTZ)
E} 59 YTIYLE = GRID PGINT DISPLACEMENTS ¢ MAGNITUDE.INGH }
60 TCURVE = zetfsad),La(faaﬁb
. 61 . XYPLOT.XYPRINT DISP RESPONSE 1 /14(73Rhaoxacrsnnx
g . 62 TCURVE = 2(T3RM)
63 XYPLOT:XYPRINT DISP RESPONSE 8 /2(T3RM)
L 64 YTITLE = ELEMENT STRESSES { MAGNITUDE4LPSI }
g 65 TCURVE = 11{3Y,12(55 008701210208 ,011¢223 L2L25) .
66 XKYPLOT . XYPRINT STRESS RESPONSE 1 711(3)eLalS)sL1ITD,
67 o 11410}, 21412} 110142
- 68 TCURVE = 1031,21055,1(7)¢1(10)¢1012),1014)
g_ 69 ‘ XYPLUTqAYPRENT STRESS RESPGNSE 10 /1{23¢LE5¥c1( Ty
: 70 1102 2412)51(24)

7L BEGIN BULK

Tamy

‘;JFORMAT;")N MESSAGE 207, BULK DATA NOT SORTED,XSORT WILL RE-ORDER DECK.

bl ) B Bomid B
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L ] 1 L]
~CORD2C
8CURL2
CQUAD2
CQUAD2
CQuUAD2
CouaD2
COuAD2
LAUAG2
CQUAD2
cQuAaD2
CTRIA2
"CTRIA2
CTRIA2
CTRIAZ
i CYJOIN
& CYJOIN
DAREA
= DAREA
i DAREA
" DAREA
DAREA
% DAREA
=  DAREA
DAREA
7 DAREA
i DAREA
, DAREA
-~ DAREA
§ DAREA
** DAREA
DAREA
DAREA
+ DAREA
DAREA
DAREA
DAREA
DAREA
DAREA
DAREA
DAREA .
DAREA
_ CAREA
DAREA
DAREA 10
DAREA 10
_ DAREA 10
DAREA 11
OAREA ) B
DAREA 1l
NAREA 12
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.. UF FOOR QUALITY

SORTED BULK D&TA EchNo

32 ;o % ea’ 5 oo S ee Tloi .8 a0

_ oD .0 0 . 1.0 -0 «0
.0 0.0, _

2 : 3 7 S
6 7 12 C 1%
3 @4 8 7
T 3 i3 12
% 5 9 8
8 L5 14 i3
9 16 18 15
16 17 19 18
1 6 10 '
1 2 6
10 o it
8 9 15 _
i 2 3 b 5 .
10 Li 12 13 14

8 3 -1.G :

16 3 1.0

18 3 1.0

8 3 -0.5

16 3 5

18 3 5

8 3 5 .

16 3 -0.5 .

18 3 -0.5 :

8 3 1.0 ;

lé 3 -~1.0 ;

18 3 -1.0

8 3 #5

16 3 ~0.5

8 3 "005

15 3 5

18 3 «5

8 3 "1.0

16 3 L.0

18 3 1.0

8 3 _0‘5

16 3 5

18 3 5

16 3 -0e5

18 3 -0.5

8 3 1.0

18 3 =10

8. . 3 -5

16 3 ~0e3

18 3 - ~0.5

8 3 -0.5
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ee 10
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Ty oy

T

e : 1
DAREA
DAREA

‘FREQ

GFRL
GRDSET
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID

‘GRID

GRID
GRID
GRID
GR1D
GRID
GRID
GRID
GRID
GRID
MATL
PARAM
PARAM

PARAH

PARAM
PARAM
PARAM
PARAM

i. PARAM

pQuaD2
Pauan2
PTRIA2
RLOADL
RLOAO1
RLOA2L
RLOAD1
RLGADL
RLOAD1
RLOADL

RLOADL

RLOAD1

RLOADL

RLOADL

"RLOADL

=

[

SPC1
SPC1

L . .
138G.0

O~ BN

Yl Ol
Fohais bl

0 QUALIFY

SeRTED HULK BATA ECHO

" se. @

®o 3 o-a. "‘.‘ Vesa 5 ¢ > 6 - @0 ? ;.' >8 oo lo
LY 3. o9
LF00.0 1750,0 LT77.6: 1795.7 1823.85%:i832.0 - 1850,L &FRI.
1220.0 o
1 - _ 1
2.0 30.0 «0 :
3. 30.C -0
4ec2 20.0 0
5.2 30.G - G
Tal 3G.0 "0
3.1 45.0 -0
%s3 45,0 - o0
5.2 45.0 «0
7.1 400 «0
240 800 -0
3.1 60.0 o0
4¢3 4G.0 0
52 66,0 Q0
7.1 60.0 «0
7ol 50.0 <0
8.5 40.0 -e 25
9.7 , 40.0 -a50
8.5 5060 25
2.7 50.0 «50
30.086 o3 70‘?‘4
&1
«02
FREQRESP
2
2
1
12
«0
1 25
1 «125
1 «25
1 100
2 100
3 100
4 100
5 100
6 160
T 100
8 100
9 100
10 100
1L 100
12 : . 100
6 i THRU™ 19 -
1 . 10 4.28
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A. Descrigﬁion

¢h1s example uses the forced vibration capab111ty w1th cyb11c symmetry

Thg;user input/output data perru1n to harmonic representation, - Frequency-

loads.

8. Jnput

1. Parameters:

In addition to general input paramaters,

CYCIO = -1 harmonic cyclic input/output data

KMIN = 0 minimum circumferential harmonic index
KMAX = 2 maximum circumferential harmonic -index
NSEGS = 12 number of rotationaliy cyclic sectors
‘RPS = 600.0 revolutions peyr second

- dependent exc1tat1on is prov1und by both d1rectnv ap Tied und hase accelaration-

BXTID, BYTID, BZTID | Refer to TABLEDi bulk data cards to specify
BXPTID, BYPTID, BZPTID/ magnitude and phase of base'acceieration

components,
GKAD
LGKAD

+ [ used. .
2. Constraints:

Same as general input constraints.
3. . loads:

a) 79°%€ = A(f) specified on RLOADI bulk data cards.
b) Base acceleration as shown in Figure 11.

Cc. Results

Results are shown i1 Figures 12 through 20.

FREQRESP\ Specify the form 1n wh1ch damplng parameters are

NP

]
<

7

4 Y B G A D 20 B

[,

Figures 12 and 13 present k = 0 results (subcase 1). The excitation consists
of axial base acceleration and directly applied loads. The selected frequency
band of excitation; 17001920 Hz, lies between the second out-of-plane disc bending
‘mode-frequency (1577 Hz, k = 0, Table 2) and the first in-plane shea mode
frequercy (1994 Hz, k = 0, Table 2). Since the excitation is pa"a11e1 to the '
axis of rotation, only the" former mode responds.
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Figures 14 through 18 prosant k = i resuits (subcases 2 (k = 1c) and 3
(k = 1s)). The excitation is Gue to lateral base acceleration only. Althaugh
the frequency band of input base acceleration is 1700-1920 Hz, the rotation of
the bladed disc at 600 Hz {parameter RPS) splits the input bandwidth into tuo
effective bandwidths: ' e

1160 to (1920 - 500) =°1320 Hz, ‘and

(1700 - 60C) = =
(1700 + 600} = 2300 ts (1920 + 600) = 2520 Hz.
. The only k = 1 mode in these effective bandwidths is the first torsional

mode of the blade with the disc practically stationary (2460 Hz, k = 1, Table 2).
This is shown by the out-of-plane displacemenﬁ maqgnitudes of grid points 18
(blade) and 8 (disc) respectively (Figures 14 (k = 1c) and 17 (k = 1s)). The
corresponding phase responses of these grid points are shown in Figure 16,

Figures 1%and 20 present k = 2 results (subcase 4 (k = 2c)). The excitaticn
consists of directly applied k = 2¢ loads. The out-of-plane dispiacement magni-
tude of grid point 18 (Figure 19) compares well with that obtained in example 2
(Figure 7).. Table 3 lists the out-of-plane displacement response of grid poiat
18 as obtained in examples 2 and 3. The marginal difference in response in example 3
is due to the Coriolis and centripetal acceleraticn effects at a rotational speed
of 600 revolutions per second. ' '

No:k = 2s loads are applied in this example (subcase 5).
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CEND

D. Driver Decks and Bulk Dat:

NASTRAN EXECUTIVE CONTROL DECK ECHO

ID

APP .
SOL

. TIME

DIAG

NASA,EXAMPLE3

- DISP
v8

ALTER PACKAGE AS IN EXARMPLEZ

12 § IBM 370/3031

14,21

et e e v

A
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3

Ea )

&

PR ]

e

-y

"CARD

count

COUPESI W

- DUTPUT

o

et . R e A ot it 8 e e e s el e T C T gy

i
(-5

TITLF = FGRCLB VEBR&TZJﬁ 55 Vdaw s «MEMEKE Cﬁﬁ BG G¥EY ﬁ”ﬁﬁﬁ -
aUBYI?L‘ = Bu&D:B DESe Vﬂe’w&ﬁ 4 ebfw maEui&FQEESQQ € AZ5H &G&Bs&&ﬁﬂ !iﬁ?

8 ] - c e

SPC = 30
FREQ = i

L
[

SET 1 = 34306,18

SET 2 = 1§

GLOAD = R ;
DISPUSGRTR.PHASE? = ) 3
STRESSISORT2PHASE) = 2 . ‘ : ' i

4

SUBCASE 1
LABEL = KENMDEYX © - '
DLCAD = % $ FREQ DE Pmm:f? LeaAssS - ;
[ , $ ARIAL DASE ACCH LBADS VIA PARLYS BHTID.BXPYID
LABEL = KIKDSY 1C
$ g & LAVERAL BASE AGOLN LDABS VIA PARAKR BYTID
SUBCASC 3
EL = KIMDEX 1§
8 LATERAL BASE Arcw asaes YEA PARAK BZ¢£G
SUBCASE & _
LABEL = KINDEX 2C v
DLOAD = } $ FREQ DEPENDENT LOADS
SUBLASE § _ !
LABEL = XINDEX 2§ . A o
OUTPUT{XYPLOT) ,
PLOTTER HWASTPLT., MOOEL D,0
XPAPER = 8.0
YPAPER = 1Ga5
XAXES = YES
YAXIS = YES
XGRID LINES = YES
YGRID LINES = YES
CURVELINESYHBOL = }

XTITLE = FREQUERLY LHERTZ)

YTITLE = ~GRID POINT DEISPLACEMENTS { HAGNITUDE. INCH !

YLO0G = YES

TCURYE = B{T3RH) ,18{T3RK) ' : .
XYPLOT XYPRINY DISP RESPOMSE 1 luiT’RH).lGiY}!k ' .

XYPLOT.XYPRINY DISP RESFOMSE 2 /BET2RMN}13{T3RN)
XVPLOT XYPRINT DISP RESPONSE 3 /BETIRM)»LGETIRN)
XYPLOToKYPRINT. DISP RESPGNSE & /B8{T3RMD¢1L0{ T3}
VILTLE = GRID POINT DISPLACEMENTS ¢ DUASESDEGREE ).
YLOG = N0
TCURVE = BUT3IP} 10¢7312)
XYPLOT,XYPRINT DISP RESPONSE 2 /O{T3IP}.10(¥3IP}F .
YTITLE = - ELEKENT STRESSES { HAGHIBUDE.PSI )
YLOG = YES .
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1

i
)

f&lm‘lii

CARD

. COUNT

1

&
-

53
54
55

57
98
£9
60

TCUAYE = ilé“?ealéh

XYPLCT L MVYPRENT SYRELS

RYPLOT XNYPRENT SYRESS

XYPLOT - XYPRINT STRESS

KYPLOT - XVPRINT STRESS

BEGIN BULK

LMATION HESSAGE 207, BULK DAYA NOY

St

o8 PODR Qum.mf.. |

Lo

c @'@'%'a'ﬁrs ‘D EQR EGHO
ARE 0T v-gmb.« BURD0A1AERSY
DESFORSE 1 FLE0BBoRLSIALIRE Do

PRA X ) PR LRI TP EYT-Y.]
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A. Descriétion

“This example uses the forced vibration copability with cyclic symmetry.

.The user input/cutput pert11ww tn ohvsical vepresentation. Periodic loads are

specified as functions of tiwe on the segments of the bladed disc corresponding
to k = 2. For clarity of'i1iustraticn'dnly, sinusoidal loads of varying
amplitudes at a frequency of ‘1814 Hz are specified. The Fourier decombosition
of these sine functions obviously contains contributions from first harmonic

alone (& = 1)-- the parameter LMAX accordingly has been set at 1 (2 = 0, 1c, 1s).

B.  Input

1. Parameters:

Iin addition to general input parameters,

CYCIO = +1 physical cyclic input/output data
CKMIN = 2 minimum circumferential harmonic index
KMAX = 2 maximum circumferential harmonic index
LMAX = 1 maximum harmonic in the Four1er decomposition of periodic,
time-dependent. loads, .
NSEGS = 12 number of rotationaily cyclic sectors
RPS = 600.0 revolutions per second

: GKAD = ' FREQRESP Specify the form in which the damping parameters are
: f LGKAD = +] : used.

2. Cpnstraints:
Same as'general input constraints.
3. Loads:

i
V) Al

NN

P(t) = A(t) cos (n-T -

where " nis the seement number,
@represents k=2,
Q}Drepresents the total nunber of segments in the bladnd
" disc,
A(t) = A-sin (2m-1814-t).
P is spec1f1ed on TLOADi bulk data cards.
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C. Results
Results are presented in Table 4 and ure in good agresment with those from
exampie 3. ' ' ' ' '
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D. Driver Decks_and Bulk Daté
NASTRAN EXECUTIVE CONTROL DECK ECHO

ID NASA,EXAMPLE4
APP DISP :
SOL -3

$ ALTER PACKAGE AS IN EXAMPLE2

$ IBM 370/3031
14,21 _

4
DIAG 8,14

Wiy Boeiid

Eowniig [t |

[omweninist |

[ Favare

§ et mmai s s B T TRRTR e w2 L el 3 ara e ke S e e S bL s e L in o e - . . . e e o ..

©4.39
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- %
§ 'omewch ‘J o ! % } %
} R S RNt l" -,..:_, e é
. | LCASE.. & H'a,:t_g,- ESE EBECHO .
} C4RD . S B I
: COUNT _ - i
\ 1 s - _ L §
& 2 TITLE = FCRCED VIDRATION ANALESZS af na‘&?wm cYeLie S?RU€TU“ES _
i 3 SUSTITLE = DLADED CISC ENARPLE & (LY Raug Le?Eﬁ* 0GP LOADPHYS ilaa
, 4 ¥ . ’ s . o 1
5 . ©spC = 30 i.
‘E 6 © TSTEP = 1 :
7 OUTPUY - , ' o . i
3 3 SET. I = Bvlﬁela_ o T . . ) ‘
H 3 SEY 2 = 11 - o ~ :
10 OLOAD = 1 : :
11 DISP (SORT24REALE = 1 i
F 12 STRE SS(SORT2 REAL) = 2 i
) 13 'SUBCASE 1 ' ' :
14 LABEL = SEGHENT 1 - L s
15 . DLOAD = 1  $ TIPE DEPENDERT LOASS . :
Z 16 SUBCASE. 2 :
17 LABEL =" SEGMENT 2 :
18 DLOAD = 2 & TIWE DEPENBENT LOADS f
g 19 SUBCASE 3 - :
» 20 LABEL = SEGMENT 3 i
21 DLOAD = 3  § TEME DEPEMDEWT LOADS 4
r 22 SUBCASE 4 : :
. 23 LABEL = SEGMENT & : : : :
24 DLOAD =4 $ TEFE DEPEMDENT LOADS o =
2 25 SUBCASE 5 . A
' 26 LABEL = SEGHMENT 5 :
" 27 "DLOAD =5 & TIWE DEPENDENT LOADS :
. 28 . SUBCASE 6 :
29 - LABEL = SEG?&\T 6 L o : :
. 30 DLOAR = 6 TIvE os;euocwv LOADS . S .
‘ 31 SUBCASE 7 S . S
- 32 _LABEL = SEGMENT 7
) 33 . DLOAD = 7 ¢ TIFE DEPENDENT. LOAUS
34 . SLBCASE -8 -
; 35 " LABEL = SEGHENT 8
36 DLOAD = 8 & TINE DEPENDERT LOADS
. ©37  SUBCASE 9 :
i 38 A  LABEL = SEGHENT 9 - -
[ 19 . DLOAD = 9- 3 TINVE DEPEWDENT LOADS - ' J
LR 40 SUBCASE 10 o :
41 LABEL = SEGMENT 10 g
P 42 DLOAD = 16 ¢ TI¥E DEPENDENT LOADS ‘]
L 43 SUBCASE 11 : B
44 CABEL = SEGMENT 11° |
- 45 DLGAD = 11 & TIME DEPENDENT LOADS ]
46 SUBCASE 12 _ :
: 47 . LABEL = SEGMENT 12 :
48 DLOAD = 12 & TIRE DEPENDENT LCADS E
£ 49 BEGIN BULK - - 3
i ‘ ;
{FDIMATION MESSAGE 267 BULK DATA NCT SCRTED,XSCRT WILL RE-ORDER DECK. ?
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T ‘l"—'<. ke }

g _ S SORTED BULKX DAY A ECHO
Y 1 ae 2 <o 3 X & no 5 ca S o; T aa 8 s 9 o 1O
CORrRD2C 1§ -0 . 0 .oo 1.9 -0 o o3 'GCORIZ
ECORL2 0,0 1.0 0.0 . -
COUAD2 4 2 2 3 7 s
- CQUADZ 5 2 6 7 12 Bl
E CouanZ & 2 3 4 5 7
CQUADZ 7 2 7 8 3 12
- Couanz 8 2 % 5 o 8
E CUaD2 1O 2 8 15 14 13
CcouAd2 11 3 5 16 18 15
cQuad2 12 3 16 17 19 18
P CIRIAZ 1 1 1 6 10
g CcTrRIA2 2 1] 1 2 6
CTRIA2 3 1 10 6 i1
o CTRiAZ 9 1 8 9 15 ,
4 CYJOIN 1 : 1 2 3 % 5
CYJOIN 2 10 i 12 13 14
» DAREA 1 8 3 ~1.0 .
%  DAREA 1 16 3 1.9
& DAREA 1 18 3 1.0
CAREA = 2 8 3 -0.5 ;
™ DAREA 2 16 3 5 :
ﬁ' DAREA - 2 18 3 .5 :
DAREA 3 8 3 .5 :
-~ DAREA 3 16 3 -0.5 :
g DAREA 3 18 3 -0.5 ,
. DAREA 4 8 3 1.0
DAREA % 16 3 -1.0 ;
E . DAREA .4 18 3 -1.0
« DAREA 5 8. 3 .5
DAREA 5 156 3 -0.5
DAREA 5 is 3 -9.5
DAREA 6 3 2 =045
OAREX . 6 .16 3 .5
DAREA 6 18 3 .5
DAREA 7 3 . 3 -1.0
DAREA 7 16 3 1.9
JAREA 7 18 3 i.0
JAREA 8 8 3 -0.5
DAREA 8 16 3 .5
DAREA 8 18 3 .5
JDAREA 9 8 3 .5
[ DAREA 9 16 3 -0.5
DAREA 9 18 3 - ~0.5
r DAREA 10 8 3 1.0
{  DAREA 10 16 3 -1.0
* pAREA 10 - 18 3 -1.0
. DAREA 11 g 3 "5
P DAREA" 1L 16 3 -0.5
» DAREA 11 18 3 -0.5
DAREA 12 8 3 -0.%
5 ) 4.4
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SO
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,.5
5
330 o0
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30.0 Q
45 .0 0D
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61,0 <0
60.0 00
63.0 )
60,0 0.
50,0 o)
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40 QU --25
4.0 -«50
5.0 «25
530 oS0
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13
olJ
«0
N}
o0
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"o}
-0
o0
0
- o0
N
1
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T A ECHI.

5.5131-41813.854~-90.0

5.5131-41613.854-90.0
5+5131-41813.854-50.0
55121-41813.854-90.0
5.5131-41813.854-96.0
505131-41813- 85"‘90.0
5.5121-41813.854-90.0
$5.5131-41812.0854-90.0
5.5131”'181‘3. 85‘0-9000
5.5131-41613.£€54-590.0
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A. Description
This'exémple uses the forced vibration capability with cyclic symmetry.
The user inputf/output pertains to harmonic representation. Pericdic loads are :
specified as functicns of tima for the circumferential harmonic index k = 2.
. For clarity of illustration only, sinusoidal loads are selected.
8. Input
A 1. Parameters:

In additicn to general input parameters,

CYCIO = -1 harmonic cyclic input/output data
KMIN = 2 minimum circumferential harmonic index
KMAX = 2 maximum circumferential harmonic indey
LMAX = 1. maximum harmonic in the Fourier decom osition of periodic,. .
' time-dependent Toads. -
NSEGS = 12 number of rotationally cyclic sectors
RPS = 600.0 revolutions per second :
GKAD = FREQRESP\ Specify the form in which the damping parameters
LGKAD = +1 /| are used. f '
2. Constraints: ;
Same as general input constraints. - |
3. Loads: |

F2C(t) = Aecin (2141814-t)
specified on TLOADi bulk data cards. ' o o
C. - Results » | | | '

Results are presented in Table 4 and agrec well with those from exahple 3.
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HASTRAN EXECUTIVE CONTROL DECK ECHO

ID

"APP
-S0L

TIME

'DIAG
CEND

‘D; Driver Decks and Bulk Data

- NASA,EXAMPLES

DIsP
8

ALTER PACKAGE AS IN EXAHPLEZ

~3 $ I1BM 370/3031

8,]4,21
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WE

- ‘CASE CCNTROL DECK. ECHD
caRD B . ,

CIUMT -
1 $ : . ' :
2 TITLE = FORCEN "VIBRATICHh ANALYSIS CF ROTATING CYCLIC STRUCTURES
3 "SUBTITLT = BLADED DISC EXAWFLE 8 {CYC MODEL.TIME DEP,. LOAD.HARM I/0%
“ . b _ _
5 ©SpC = 30
6 YSTEP =} H
T oyTeLy : :
8 SET 1 = 8,16.18 1
9 SET 2 =11 !
10 ALNAD = ] . i
11 NPISP (SOOT2,REAL) =1 1
12 STRE SS(SCRT2 ,REAL} = 2 {
13 SLBCASE 1 ' 3
T ~ LABEL = KINDEX ¢ ;
15 CLOAD = 69 & NLLL LOAD !
16 SUBCASE 2 3
17 CLABEL = KIADEX 1 .- 3
18 - "OLOAD = 99 $ NULL LOAD :
19 SUBCASE 3 : 5
20 LABSL = KIADEX 1S X
21 DLOAD = 9S & AULL LOAD g
rY I . SLBCASE & . 3
23  LABEL = KINDEX 2C S :
24 ‘ DILOAD = 1 $ TIME DEPENDENT LOADS .
25 : - SL8CASE 5 : o s
26 LABEL = KIANDEX 2S5 . -
27 : - DLOAD = 99 & NLLL LCan 4
23 BEGIN BULK ' L :
~LMATTIN 'USTAGT 20T, BULYX DATA NCY SCPTED,XSCPT WILL FRE-JRDER DECK. o -
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TABLE 1: PRINCIPAL FEATURES DEMONSTRATED BY EXAMPLE PROBLEMS

B L

«;

TETUERIRT

CLRESERRY

A

- Firite Applied loads;§pecified as functions of R
Example Element Frequency {sinusoidal) Time (periodic) Base " | "Rotational
No. Model Physical | Circum.Harmonic | Physical | Circum.Harmonic | = Acceleration . Speed
of Componerts Components Components Components .
i Complete Yes ‘ No Ho
: Structure
2 ‘Cyclic Yes o No
Sector
3 Cyciic Yes Yes Yas
- Sector ‘
4 Cyclic Yes No Yes
. Sector
5 Cyclic Yes No - Yas
' ~Sector

ALVAD HOOd 40

S 3oYd WNIDINO ..
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THBLE 2: BL«TJ DUI5C mi -!@_‘*T‘v UERCIES

Frequency (Mode No.), Hz. o
i HMode Description‘

* .
k=0 k=i k=2
214 (1) 208 (1) 242 (1) ; e
|

591 (2) 594 (2) 622 (2) R

; | | |
1577 (3) . 1633 (3) 1814 (3) A i T

i | 2468 (5)%*. 2460 (4) 2433 (4) ] mm<\

* k is the circumferential harmonic index

- %% Mode No. 4 for k'= 0 at 1994 Hz represents an in-plane shear mode not exc1ted
by the app]1ed fOYCEo

|

|
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TABLE 3: ~EEFECT OF CORISLIS AD CRATRIPETAL ACCELERATIONS ON THE
'DISPLACEMENT RES

P

PONSE OF GRID POINT 18 AT 600 RPS.

Example 2

i . Example 3

eEm emm

Frequency ' Segment 1 (subcase 1) kX = 2¢ (subcase 4)
- Hz Mag. (in)/Phase (deg) Mag. (in)/Phase (deg)
1700 7.2555‘5-5/349.a | 7.6132 E-5/354.3

1750 - 1.3071 E-4/342.1 i', 13800 E-4/347.3
1778 .2.15804E-4/332.7 ; 2.3252 E-4/335.8
1796 3.4139 E-4/314.6 . 3.725? E-4/315.2
1814 4.8374 E-4/269.9 | 4.9177 E-4/266.8
1832 - 3.4146 E-4/224.9: ‘ 3.2655 E~4/225i5

- 1850 2.1451 E-4/206.6 2.0742 E;4/209;3
| 1880 ].2433.E44/195.6 1;2214 E-4/199.2
"]92Q : .6]25'E-5/190. 7.5397 E-5/194.3
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TABLE 4 COMPARISCH OF R

ESPONSE AT 1814 Hz

Example 3

Example 4 .-

Example 5

Grid Pt.Disp. or
Elem. Stresses

k = 2¢ (subcase %)
Mag.(in)/Phasa{dea}’

Hag.(in)/Phase(deg)

“Segment 1 (subcase 1)

k = 2c (subcase 4)
Mag.(in)/Phase(deq)

8 (T3RM),7uZ

5.4297 E-4/82.6

'5.4299 E-4/82.6

18 (T3RM), u?

- 4,9177 £-4/2€6.8

4.9180 E-4/266.8

4.9180 E-4/266.8

' 5.4299 £-4/82.6

. .]I (3), OXX,]*r

i suion B T

-11 (5), oyy,l

11 (7), Txyal

1.4841 £ 3/84.7

1.4842 £ 3/84.7

1.4842 £3/84.7

2.0891 E 2/83.4

12,0892 E 2/83.4

- 1.0774 E 2/64.7

~1.0775 .E 2/€64.7

2.0892 £2/83.4

R e |

1.0775 E2/64.7

‘11 (10), QXX,Z#

1.4677 E 3/263.3

1.4678 E3/263.3

1.4678 £3/263.3

All (12), cy

R T

Y52

2.2489 [ 2/260.3

2.2491 E 2/260.4

12,2491 E2/260.4

O P ORI

11 (14), .

XY $2 |

o e A e s
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